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Introduction
Cancer is one of the leading life-threatening diseases all over the 

world with over 200 types identified and higher than 1500 deaths 
occurring every day. Despite of recent technological advancements, 
late diagnosis and poor prognosis are leading reasons for poor survival 
rate of cancer patients. The conventional methods, including magnetic 
resonance imaging, biopsy and ultrasound are not efficient for early 
stage cancer detection, due to their dependence on the phenotypic 
properties of the tumor.1 Cancer is a multistage disease, and a complex 
range of genetic and epigenetic alterations which disturb the cellular 
signaling are associated with its onset and progression and result 
in tumorigenic malignancy and transformation.2 The biomarkers 
are molecules which undergo important alterations during cancer 
and carry high clinical significance. Biomarkers may be proteins, 
isoenzymes, nucleic acids, metabolites or hormones and are classified 
as prognostic, predictive and diagnostic.3 Diagnostic biomarkers are 
used for the detection of the disease, whereas the information about 
course of recurrence of the disease is given by prognostic biomarkers. 
On the other hand, the response to treatment is estimated by predictive 
biomarkers.4,5 The change in the level or presence or absence of specific 
biomarkers in a cell often is an indication of cancer development. 
Cancer-specific detection and identification of these biomarkers 
could help in early monitoring and diagnosis of disease progression.6 
The traditional enzyme-linked immunosorbent assay (ELISA) or 
Polymerase chain reaction (PCR) based methods for biomarkers 
detection; suffer technological limitations such as consumption of 
expensive reagents in every assay and slow detection.7 Also, being 
manual techniques, these methods are not proficient in the continuous 
monitoring of the patient during treatment. Besides, within the cell 
multiple events are associated with all cancers involving more then 
one molecule. Thus simultaneous detection of multiple biomarkers for 
correct diagnosis and prognosis is required.8,9 

Why biosensors for cancer diagnosis? 
Clinical cancer diagnosis is now focusing on developing analytical 

techniques, which are clearly capable of sensitive and parallel detection 

of biomarkers rendering useful point-of-care testing. For detecting 
cancer monoclonal antibodies, aptamers and antigens are used to bind 
micro Ribonucleic acids (miRNAs) corresponding single stranded 
Deoxyribonucleic acid (ssDNA). The recognition signal is converted 
to electrical signal by a device called transducer. The transducer may be 
optical (luminescence, fluorescence, interferometry and colorimetric), 
calorimetric (thermistors), electrochemical (by, Amperometry, 
potentiometry and conductometry/impedimetry), or based upon mass 
changes (acoustic waves/ piezoelectric), and are needed because 
they give high noise signals and radios, high performance, have 
great resolution, cheap instrumentation and give consistent results.10 
Electrochemical biosensors are the widely used and calorimetric are 
the least explored.11 Low levels of biomarkers can be measured by 
them in physiological samples which can assist in the diagnosis of 
cancer at an early stage because of their lower minimum detection 
limits. Besides, the reuse of biorecognition molecules and avoidance 
of a time lapse between the sample preparation and analysis is also 
facilitated by them. Moreover, high potentiality for simultaneous 
detection of multiple biomarkers is shown by biosensors.3 Detection 
of several biomarkers has been successfully done by different types of 
biosensors (Figure 1).

Figure 1 Common biomarkers utilized for cancer detection.
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Abstract

Due to its high death rate, cancer has been one of the most researched diseases all 
over the globe. A biosensor is an analytical device, used for the detection of an analyte 
that combines a biological component with a physicochemical detector. Nowadays, 
there is an increasing interest in developing cancer biosensors as they show superior 
analytical performance and real-time measurement. Further with recent advances in 
molecular biology and bioengineering, biosensors diagnosis of cancer has taken a 
new direction. Due to high specificity and promise of early diagnosis, biosensors are 
prime candidates for current and future cancer diagnosis. With ever increasing list of 
biomarkers associated with various types of cancer and innovation in bioengineering, 
the future for diagnosis of cancer seems promising. In present article we have 
discussed various biosensors and biomarkers as a promising tool for cancer diagnosis. 
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Biosensors types and uses in the diagnosis of 
cancer
Electrochemical biosensors

Due to low cost, portability, small size and ease of use, 
electrochemical biosensors are the most commonly preferred. They 
can be operated in a doctor’s office or from. Glucose biosensor is the 
most widely used example of an electrochemical biosensor which 
is based on a screen-printed amperometric disposable electrode. 
Bringing diagnosis to on site analysis, this type of biosensor has been 
widely used all over the world for glucose testing at home. Hand held 
i. STAT clinical analyzer is another development which combines 
many electrochemical biosensors on a single chip and is used for 
multiple metabolites and electrolytes in clinical samples. Early cancer 
diagnosis is provided by electrochemical affinity sensors based on 
antibodies with great see and sensitivity. A range of electrochemical 
transducers are used and these include potentiometric, impedimetric/
conductivity and amperometric devices. Amperometric and 
Potentiometers biosensors are the two most common electrochemical 
biosensors.12 Ion selective electrodes which detect electrical response 
whenever a specific element’s molecular recognition occurs is used 
by potentiometric sensor. These biosensors have high potential in the 
diagnosis of cancer. They have been reported to highly selectivity 
detect breast tumor cell’s MDA / MB231 marker hPRL-3.13 Potential 
placed between electrodes produces current which is measured 
by amperometric transducers. The current produced by oxidation- 
reduction reactions is measurable. Use of amperometric biosensors 
have be reported for cancer detection by utilizing DNA sequences. 
Presence of tumor conjoined which posses genetic mutations 
can be detected by these sensors; the recognition occurs through 
hybridization of tumor-specific DNA sequences which occur within 
the genome of tumor cells. Mutations like BRCA1 and BRCA2 
which are linked with hereditary breast sarcoma are screened by this 
type of biosensors.14 Electrochemical biosensors help in detection of 
damaged DNA along with carcinogens that cause the damage. Protein 
scans and immunoassays and also uses electrochemical transducers. 
Antibodies are attached to an electrochemical transducer in immuno 
sensors, which are also used to detect of cancer.14 The best method 
of detection and prevention of cancer are the biosensors that are able 
to detect multiple varieties of tumors. Such biosensors with several 
transducers are functionalized individually to detect specific antigens 
or proteins. Such biosensors can be inexpensive and reliable designed 
with semiconductor materials.15

Optical biosensors

Optical biosensors measure the variations in wavelengths of light. 
These, transducers can be colorimetric, fluorescent, interferometric or 
luminescent. Changes of the wavelengths in response to their cognition 
of the analyte are converted by optical transducers and electrical 
readings/ provide digital.12 A new type of sensors with the use of an 
optical transducer is a biosensor which has photonic crystals. Such 
sensors are designed for capturing the very tiny volumes or light areas, 
which allows measurements at a high susceptibility, and to display 
results the light is transmitted to a higher electromagnetic field. This 
technique detects where and when the molecules or cells dissociate 
or bind to the surface made of crystal through the measurement of 
the light reflected in the crystal. Implementation of these biosensors 
has been done to monitor changes in apoptosis and proliferation of 
breast tumor cells with exposure to doxorubicin. The values were used 
for measuring the rate of cytotoxicity. Thus have an important role in 

monitoring the progression of disease.14 Laser-induced fluorescence is 
another optical biosensor for the monitoring and diagnosis of throat 
cancer. The patient swallows the biosensor, laser beam is directed by 
the device and on the surface of the esophagus a specific wavelength 
of light is emitted. The walls of the esophagus reflect light of very 
specific wavelengths, and the variation in the visualization of various 
wavelengths is influenced by the presence or absence of cancer cells 
or normal cells. Over 200 patients have been tested by this sensor 
and have been found to be highly useful as compared to conventional 
methods. Surgical biopsies and the pain associated recovery are 
prevented by this biosensors.14

Mass sensitive biosensors

Acoustic and piezoelectric biosensors are two types of biosensors 
that rely on mass changes. Piezoelectric sensors are based on changes 
in the mass of a quartz crystal when the potential energy is applied to 
them. The frequencies generated by mass changes can be converted 
to signals. Micro cantilever and immunosensors biosensors which are 
based upon piezoelectric technologies are useful for detecting of tumor 
biomarkers. Over expression of human p53 gene’s point mutations 
in several types of tumors has been reported with piezoelectric 
biosensors coupled with PCR amplification.12

Calorimetric biosensors

Calorimetric biosensors measures exothermic reactions and are 
not used widely in the detection of cancer. Temperature changes 
due to heat produced during many enzymatic reactions are used in 
measurement of the desired molecules. By measuring enthalpy the 
reactions are monitored, which indirectly gives the information 
required to measure the amount of the molecules. They are less 
widely used in the detection of cancer, even though there have been 
few useful characteristics of these biosensors for diagnosis of cancer. 
Successful detection of sarcoma by using calorimetric biosensors with 
gold nanoparticles based aptamers has been done by a research group. 
Detection of two different types of cells: Cells of Burkitt’s and acute 
leukemia cells were done. Medley et al claim that this strategy may 
differentiate between cancer and normal cells.16

Cancer biomarkers

 Biomarker is molecule of biological origin found in tissues, blood 
or other body fluids that is indicative of a abnormal or normal process 
or of any disease or condition. Body’s response to treatment can also 
be monitored by biomarkers.17 Biomarkers can have many molecular 
origins, which includes RNA, protein (antibody, tumor suppressor, 
oncogene or hormone) DNA (translocation, specific mutation, loss 
of heterozygosis, amplification) or protein. These biomarkers are 
unarguably the very important for early tumor diagnosis, determining 
Cancer’s response to the treatment, monitoring disease progression 
and accurate pretreatment staging.18,19 Biomarkers are usually detected 
in fluids such as urine, serum, cerebral spinal fluid or blood, but they 
also can be present on or in tumor cells.12 

Prostate specific antigen

Prostate specific antigen (PSA) was the first identified tumor 
biomarker and used in clinical routine for detecting and screening 
prostate cancer. It has been reported that prostate cancer is directly 
correlated to increased PSA levels. 4.0 nanogram per milliliter is 
normal value of PSA. Approximately 30% of individuals with PSA 
level in the range of 4.1 - 9.9 nanograms per milliliter have prostate 
cancer.20 Increase in PSA levels can also indicate small tumors which 
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are not fatal, benign prostatic hyperplasia or prostatitis (inflammation 
of the prostate). Thus, levels of PSA are not always indicating 
malignant tumor, a fact which has prompted many controversies for 
the use of routine PSA test for prostate tumors. Death due to small 
tumors is impossible in an individual’s life span due their slow growth 
that is detected by PSA screening due to their slow growth.21 False 
positives are common which is another problem with PSA test and 
many individuals with above normal PSA levels have no signs of 
prostate tumor at all.22,23 This drawback of PSA screening can be 
taken care by biosensors by removing few uncertainties surrounding 
the usual screening methods in use right now.17

Cancer antigen 125

Increase in cancer antigen (CA) 125 correlates to ovarian tumor 
and also is connected with cancers of cervix, uterus, pancreas, colon, 
liver, breast, digestive tract and lungs. Pregnancy and menstruation 
which are non pathological conditions can also lead to an increase in 
CA 125 levels.24 90% women who have advanced cancer of ovaries 
and 40% patients who have intra-abdominal tumors show elevated 
CA 125 levels. However, CA 25 levels are normal in 50% patients 
with 1st stage ovarian cancer.24,25 Lactate dehydrogenase (LDH), 
alpha-fetoprotein (AFP) and human chorionic gonadotrophin (HCG) 
are other biomarkers for ovarian cancer which origin from germ 
cells.26 Further, progression of benignancy to malignancy is identified 
by increase in CA 125.27,28 Thus CA 125 is useful biomarkers for its 
progression monitoring along with its usefulness in diagnosis.

Cancer antigen 15-3

One of the most important biomarker for diagnosis and 
monitoring of breast cancer is CA 15-3. BRCA1, BRCA2, CA 27 
and carcinoembryonic antigen (CEA) are additional biomarkers that 
correlates with breast cancer.12,29 CA 15-3 is often mostly used in 
monitoring therapy in advance breast cancer cases. CA 15-3 values 
rises by 10%, 20%, 40% and 75% in 1st, 2nd, 3rd and 4th stages of breast 
cancer respectively.29 Increase in CA 15-3 levels post treatment is 
an indication of disease recurrence.30 Negative risk factors (PR/ER 
status and ilHer-2), tumor size and cancer stage are considered along 
with CA 15-3 level to determine treatment protocols. Endometriosis, 
hepatitis, pregnancy, lactation and pelvic inflammatory disease are 
conditions other then cancer that can increase CA 15-3. 

Cancer antigen 19-9

Cancer antigen 19-9 (CA19-9) is an isolated Lewis antigen of the 
MUC1 glycoprotein with an average molecular weight of 1000kDa. 
It was first discovered in serum of patients with colon cancer and 
pancreatic cancer in 1981.31 The normal range of serum CA 19-9 is 
less than 37U/ml. In recent years, this tumor marker has become the 
gold standard for pancreatic cancer diagnosis in clinical use.32 The 
concentration of CA19-9 in human serum also plays a significant role 
in clinical detection of gastric and urothelial carcinomas. Therefore, 
there is a real need to develop operationally highly sensitive methods 
to detect levels of CA 19-9 in cancer patients. 

Alpha-fetoprotein

Alpha-fetoprotein (AFP) represents the most prominent biomarker 
with a molecular weight of about 70,000Da. The yolk sac and liver 
of the developing baby in early fetal life produces the protein during 
pregnancy. AFP may also be found at high levels in the serum of adults 
having certain malignancies. It was first introduced as an antigen 
specific for human hepatocellular carcinoma by Yuri Semenovich 

Tatarinov in 1963.23 Studies have shown that AFPs are clarified into 
three subtypes, including LCA nonreactive AFP (AFP-L1), LCA 
weakly reactive AFP (AFP-L2) and LCA-reactive AFP (AFP-L3), 
based on different affinities to lens culinaris agglutinin (LCA).24 The 
normal level of AFP is below 20ng 8mL-1 in healthy human serum.25 
It is widely used for the diagnosis of hepatocellular carcinoma. In 
addition, elevated AFP concentration may be present in ataxia-
telangiectasia syndrome, hereditary tyrosinemia, cirrhosis, alcoholic 
hepatitis, viral hepatitis or in several malignant diseases including liver 
metastasis from gastric cancer, testicular cancer and nasopharyngeal 
cancer. Thus, the detection of AFP is absolutely necessary in clinical 
assay. Because of the specific and strong binding of affinity probes 
to their targets, electrochemical affinity bioassays have recently 
gained increasing attention in the quantitative detection of AFP. A 
key area of electrochemical biosensors research is the use of various 
nanomaterials because they improve biosensor signal. 

Receptor binding cancer antigen (RCAS1)

RCAS1 over expression has been reported in most of gastric 
malignancy and it linked with gastric cancer progression.33 RCAS1 
has further been used as a biomarker for prognosis in cancers of breast, 
gallbladder, endometrial and esophageal and with tumor relapse 
in pharyngeal and laryngeal cancer.34 Therefore it is an important 
biomarker for cancer diagnosis and prognosis.

Conclusion 
Biosensors are the most reliable and cost effective tool available at 

present. Accurate and early diagnosis of cancer will help in reducing 
the death rates. Further biomarkers can also be used to monitor 
treatment progression and thus biosensors can provide information 
about the effectiveness of the treatment. There is no doubt that 
this decade will extensively involve biosensors due to their above 
mentioned uniqueness. 

Acknowledgements
None.

Conflict of interest
The author declares no conflict of interest.

References
1.	 Altintas Z, Tothill I. Biomarkers and biosensors for the early diagnosis 

of lung cancer. Sensors and Actuators B: Chemical. 2013;188:988–998.

2.	 Del Sol A, Balling R, Hood L, et al. Diseases as network perturbations. 
Curr Opin Biotechnol. 2010;21(4):566–571.

3.	 Sankara VSPK, Jayanthi A, Das AB, et al. Recent advances in biosensor 
development for the detection of cancer biomarkers. Biosensors and 
Bioelectronics. 2007;91(15):15–23. 

4.	 Fong ZV, Winter JM. Biomarkers in pancreatic cancer: diagnostic, 
prognostic, and predictive. The Cancer J. 2012;18(6):530–538. 

5.	 Hayes DF, Bast RC, Desch CE, et al. Tumor marker utility grading 
system: a framework to evaluate clinical utility of tumor markers. J Natl 
Cancer Inst. 1996;88(20):1456–1466. 

6.	 Chatterjee SK, Zetter BR. Cancer biomarkers: knowing the present and 
predicting the future. Future Oncol. 2005;1(1):37–50.

7.	 Kumar S, Mohan A, Guleria R. Biomarkers in cancer screening, 
research and detection: Present and future: A review. Biomarkers. 
2006;11(5):385–405. 

https://doi.org/10.15406/ijbsbe.2017.03.00072
http://www.sciencedirect.com/science/article/pii/S0925400513008757?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0925400513008757?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/20709523
https://www.ncbi.nlm.nih.gov/pubmed/20709523
http://www.sciencedirect.com/science/article/pii/S0956566316312428
http://www.sciencedirect.com/science/article/pii/S0956566316312428
http://www.sciencedirect.com/science/article/pii/S0956566316312428
https://www.ncbi.nlm.nih.gov/pubmed/23187839
https://www.ncbi.nlm.nih.gov/pubmed/23187839
https://www.ncbi.nlm.nih.gov/pubmed/8841020
https://www.ncbi.nlm.nih.gov/pubmed/8841020
https://www.ncbi.nlm.nih.gov/pubmed/8841020
https://www.ncbi.nlm.nih.gov/pubmed/16555974
https://www.ncbi.nlm.nih.gov/pubmed/16555974
https://www.ncbi.nlm.nih.gov/pubmed/16966157
https://www.ncbi.nlm.nih.gov/pubmed/16966157
https://www.ncbi.nlm.nih.gov/pubmed/16966157


Biosensors and biomarkers: promising tools for cancer diagnosis 316
Copyright:

©2017 Patel et al.

Citation: Jainish P, Prittesh P. Biosensors and biomarkers: promising tools for cancer diagnosis. Int J Biosen Bioelectron. 2017;3(4):313‒316. 
DOI: 10.15406/ijbsbe.2017.03.00072

8.	 Carpelan Holmstrom M, Louhimo J, Stenman UH, et al. CA 19-9 and 
CA 72-4 improve the diagnostic accuracy in gastrointestinal cancers. 
Anticancer Res. 2002;2(4):2311–2316.

9.	 Hayakawa T, Naruse S, Kitagawa M, et al. A prospective multicenter 
trial evaluating diagnostic validity of multivariate analysis and individual 
serum marker in differential diagnosis of pancreatic cancer from benign 
pancreatic diseases. Int J Pancreatol. 1999;25(1):23–29. 

10.	 Zhang Y, Yang D, Weng L, et al. Early lung cancer diagnosis by 
biosensors. Int J Mol Sci. 2013;4(8):15479–15509.

11.	 Villarreal LJ, Soria Mercado IE, Hernandez Gómez M, et al. Detection 
of molecular markers of cancer through the use of Biosensors. Biol Med. 
2015;S2:002. 

12.	 Tothill IE. Biosensors for cancer markers diagnosis. Semin Cell Dev Biol. 
2009;20(1):55–62.

13.	 Jia Y, Qin M, Zhang H, et al. Label-free biosensor: a novel phage-
modified Light Addressable Potentiometric Sensor system for cancer cell 
monitoring. Biosens Bioelectron. 2007;22(12):3261–3266.

14.	 Bohunicky B, Mousa SA. Biosensors: the new wave in cancer diagnosis. 
Nanotechnol Sci Appl. 2010;4:1-10.

15.	 Asphahani F, Zhang M. Cellular impedance biosensors for drug screening 
and toxin detection. Analyst. 2007;132(9):835–841. 

16.	 Medley CD, Smith JE, Tang Z, et al. Gold nanoparticle-based 
colorimetric assay for the direct detection of cancerous cells. Anal Chem. 
2008;80(4):1067–1072.

17.	 NCI. Biomarker; 2009.

18.	 Basil CF, Zhao Y, Zavaglia K, et al. Common cancer biomarkers. Cancer 
Res. 2006;66(6):2953–2961.

19.	 Clinical practice guidelines for the use of tumor markers in breast and 
colorectal cancer. J Clin Oncol. 1996;14(10):2843–2877.

20.	 Smith DS, Humphrey PA, Catalona WJ. The early detection of prostate 
carcinoma with prostate specific antigen: the Washington University 
experience. Cancer. 1997;80(9):1852–1856.

21.	 Bill Axelson A, Holmberg L, Ruutu M, et al. Radical prostatectomy 
versus watchful waiting in early prostate cancer. N Engl J Med. 
2005;352(19):1977–1984.

22.	 NCI. Prostate specific antigen (PSA) Test; 2009.

23.	 Thompson IM, Ankerst DP. Prostate-specific antigen in the early 
detection of prostate cancer. Can Med Ass J. 2007;176(13):1853–1858.

24.	 Meyer T, Rustin GJ. Role of tumour markers in monitoring epithelial 
ovarian cancer. Br J Cancer. 2000;82(9):1535–1538.

25.	 Tuxen MK, Soletormos G, Dombernowsky P. Tumor markers in 
the management of patients with ovarian cancer. Cancer Treat Rev. 
1995;21(3):215–245.

26.	 Neesham D. Ovarian cancer screening. Aust Fam Physician. 
2007;36(3):126–128.

27.	 Kui Wong N, Easton RL, Panico M, et al. Characterization of the 
oligosaccharides associated with the human ovarian tumor marker CA 
125. J Biol Chem. 2003;278(31):28619–28634.

28.	 Seelenmeyer C, Wegehingel S, Lechner J, et al. The cancer antigen 
CA 125 represents a novel counter receptor for galectin-1. J Cell Sci. 
2003;116(Pt 7):1305–1318.

29.	 Duffy MJ. Serum tumor markers in breast cancer: are they of clinical 
value? Clin Chem. 2006;52(3):345–351.

30.	 Bast RC Jr, Ravdin P, Hayes DF, et al. 2000 update of recommendations 
for the use of tumor markers in breast and colorectal cancer: clinical 
practice guidelines of the American society of clinical oncology. J Clin 
Oncol. 2001;19(6):1865–1878.

31.	 Hilary K, Meenhard H, Zenon S, et al. Specific antigen in serum of patients 
with colon carcinoma. American Association for the Advancement of 
Science. 1981;212(4490):53–55.

32.	 Poruk KE, Firpo MA, Adler DG, et al. Screening for pancreatic cancer: 
Why, How, and Who? Ann Surg. 2013;257(1):17–26.

33.	 Kubokawa M, Nakashima M, Yao T, et al. Aberrant intracellular 
localization of RCAS1 is associated with tumor progression of gastric 
cancer. Int J Oncol. 2001;19(4):695–700.

34.	 Dutsch Wicherek M, Tomaszewska R, Lazar A, et al. The association 
between RCAS1 expression in laryngeal and pharyngeal cancer and its 
healthy stroma with cancer relapse. BMC Cancer. 2009;9:35.

https://doi.org/10.15406/ijbsbe.2017.03.00072
https://www.ncbi.nlm.nih.gov/pubmed/12174919
https://www.ncbi.nlm.nih.gov/pubmed/12174919
https://www.ncbi.nlm.nih.gov/pubmed/12174919
http://europepmc.org/abstract/med/10211418
http://europepmc.org/abstract/med/10211418
http://europepmc.org/abstract/med/10211418
http://europepmc.org/abstract/med/10211418
https://www.ncbi.nlm.nih.gov/pubmed/23892596
https://www.ncbi.nlm.nih.gov/pubmed/23892596
https://www.ncbi.nlm.nih.gov/pubmed/19429492
https://www.ncbi.nlm.nih.gov/pubmed/19429492
http://europepmc.org/abstract/med/17329093
http://europepmc.org/abstract/med/17329093
http://europepmc.org/abstract/med/17329093
https://www.ncbi.nlm.nih.gov/pubmed/24198482
https://www.ncbi.nlm.nih.gov/pubmed/24198482
https://www.ncbi.nlm.nih.gov/pubmed/17710258/
https://www.ncbi.nlm.nih.gov/pubmed/17710258/
https://www.ncbi.nlm.nih.gov/pubmed/18198894
https://www.ncbi.nlm.nih.gov/pubmed/18198894
https://www.ncbi.nlm.nih.gov/pubmed/18198894
https://www.cancer.gov/publications/dictionaries/cancer-terms/?searchTxt=biomarker
https://www.ncbi.nlm.nih.gov/pubmed/16540643
https://www.ncbi.nlm.nih.gov/pubmed/16540643
https://www.ncbi.nlm.nih.gov/pubmed/8874347
https://www.ncbi.nlm.nih.gov/pubmed/8874347
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-0142(19971101)80:9%3C1852::AID-CNCR25%3E3.0.CO;2-3/full
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-0142(19971101)80:9%3C1852::AID-CNCR25%3E3.0.CO;2-3/full
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-0142(19971101)80:9%3C1852::AID-CNCR25%3E3.0.CO;2-3/full
https://www.ncbi.nlm.nih.gov/pubmed/15888698
https://www.ncbi.nlm.nih.gov/pubmed/15888698
https://www.ncbi.nlm.nih.gov/pubmed/15888698
https://www.cancer.gov/types/prostate/psa-fact-sheet
https://www.ncbi.nlm.nih.gov/pubmed/17576986
https://www.ncbi.nlm.nih.gov/pubmed/17576986
https://www.ncbi.nlm.nih.gov/pubmed/10789720
https://www.ncbi.nlm.nih.gov/pubmed/10789720
https://www.ncbi.nlm.nih.gov/pubmed/7656266
https://www.ncbi.nlm.nih.gov/pubmed/7656266
https://www.ncbi.nlm.nih.gov/pubmed/7656266
https://www.ncbi.nlm.nih.gov/pubmed/17339973
https://www.ncbi.nlm.nih.gov/pubmed/17339973
https://www.ncbi.nlm.nih.gov/pubmed/12734200
https://www.ncbi.nlm.nih.gov/pubmed/12734200
https://www.ncbi.nlm.nih.gov/pubmed/12734200
https://www.ncbi.nlm.nih.gov/pubmed/12615972
https://www.ncbi.nlm.nih.gov/pubmed/12615972
https://www.ncbi.nlm.nih.gov/pubmed/12615972
http://clinchem.aaccjnls.org/content/52/3/345
http://clinchem.aaccjnls.org/content/52/3/345
https://www.ncbi.nlm.nih.gov/pubmed/11251019
https://www.ncbi.nlm.nih.gov/pubmed/11251019
https://www.ncbi.nlm.nih.gov/pubmed/11251019
https://www.ncbi.nlm.nih.gov/pubmed/11251019
https://www.ncbi.nlm.nih.gov/pubmed/22895395
https://www.ncbi.nlm.nih.gov/pubmed/22895395
https://www.ncbi.nlm.nih.gov/pubmed/11562743
https://www.ncbi.nlm.nih.gov/pubmed/11562743
https://www.ncbi.nlm.nih.gov/pubmed/11562743
https://www.ncbi.nlm.nih.gov/pubmed/19175908
https://www.ncbi.nlm.nih.gov/pubmed/19175908
https://www.ncbi.nlm.nih.gov/pubmed/19175908

	Title
	Abstract
	Keywords
	Introduction
	Why biosensors for cancer diagnosis?  
	Biosensors types and uses in the diagnosis of cancer 
	Electrochemical biosensors 
	Optical biosensors 
	Mass sensitive biosensors 
	Calorimetric biosensors 
	Cancer biomarkers 
	Prostate specific antigen 
	Cancer antigen 125 
	Cancer antigen 15-3 
	Cancer antigen 19-9 
	Alpha-fetoprotein 
	Receptor binding cancer antigen (RCAS1) 

	Conclusion
	Acknowledgements
	Conflict of interest 
	References
	Figure 1

