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Background: The rapid gains in science and technology during the last century resulted in an 
epidemiological shift from infectious diseases to non-communicable diseases like cancer, diabetes 
mellitus, and cardiovascular diseases. However, despite the large funding put into the understanding of 
etiology of cancer, identification of novel diagnostic markers, and advancing cancer treatment, the 
translation of research findings into clinical practice leaves much to be desired for. Methods and 
Results: The translation of cancer biomarkers into clinical practice is a great challenge that needs to be 
promptly addressed for better cancer outcomes. This review discusses the characteristics of clinically 
useful cancer biomarkers, and how biomarkers identified by research can be used for the improved 
cancer management and patient outcomes. We also explored the underlying reasons for the less than an 
optimal translation of biomarkers research into clinical practice, how basic medical sciences can 
undertake more clinically relevant research, and provide suggestions on how to improve the clinical 
translation of research findings from such studies. The reason delaying the clinical translation of 
biomarkers are: lack of systematic analyses on existing cancer biomarkers; inadequate sample size; lack 
of an optimal scoring system and threshold; limited use of panels of biomarkers; technical differences 
between laboratories; and the need for well-designed validation studies (biomarker clinical trials). 
Conclusion: Clinical translation of biomarkers could potentially be facilitated through a systematic 
approach taking into account the reasons highlighted in the current study. 
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INTRODUCTION 
The last century saw groundbreaking medical inventions 
such as isolation of penicillin, development of vaccines 
and improved living conditions because of public health 
measures.1 Consequently, life-threatening infections 
could be treated and the life expectancy increased.2 As a 
result of this change in epidemiologic patterns of 
disease, non-communicable diseases such as cancer 
have gained more importance and despite improvement 
in cancer survival during the past decades, it is still 
largely a killer disease.3,4 In recent times, the focus of 
cancer research has shifted to a better understanding of 
cancer biology and improved stratification of cancers 
conventionally considered as a single entity.5 Cancer 
cells frequently express aberrant genes or protein 
products not expressed by their normal counterparts. 
These proteins may provide survival advantage or 
resistance to chemotherapy to these cancer cells. 
Translational medicine has exploited this property of 
cancers for the diagnosis, risk stratification and 
monitoring of cancers.6 Such proteins may be called 
cancer biomarkers, a classic example being alfa-
fetoprotein secreted by the liver or gonadal cancer. 
Despite ongoing research in the field, the list of useful 
clinical cancer biomarkers is short.7 

Clinical translation of basic research is a 
priority for both academia and industry.8 Translational 
research has gained more importance from the fact that 

the level of investment in research is not reflected in 
clinical practice, and there is a concern that the benefit 
from the ‘genetic revolution’ is slow.9 

The amount of diagnostic biomarker research 
in every cancer type is enormous. There is an ever-
increasing number of articles published each year 
(Figure-1), yet the list of clinically validated biomarkers 
is short.10 This review discusses the characteristics of 
clinically useful cancer biomarkers and how biomarkers 
identified by research can be used for the improvement 
in diagnosis and clinical outcome. In the following 
sections, the main factors that contribute to the hurdles 
in clinical translation of the candidate diagnostic 
biomarkers under investigation are discussed. The 
principles of the current review could be used for all 
tissue based biomarkers detected in body fluids and 
tissue sections using any biochemical technique. 

 
Figure-1: Articles indexed in PubMed containing the 

term ‘Biomarker’ in title 
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METHODS AND RESULTS 
Based on the literature, the following six main reasons 
have been identified, which delays the clinical 
translation of biomarkers (Figure-2). 

 
Figure-2: Diagrammatic representation of reasons 

delaying clinical translation of biomarkers 

1. Lack of systematic analyses on existing cancer 
biomarkers 
The most important first step is the identification of 
existing diagnostic biomarkers. Biomarkers have been 
investigated purposefully to address a clinical 
problem11,12 and in some cases, they have been 
investigated in more than one study13,14. The results of 
some of these studies show promising results for 
differentiating one tumour type from another12 or 
subtypes of the same tumour11. These studies also show 
the utility of biomarkers in the differentiation of benign 
disease from malignant disease.15,16 Importantly, 
research studies on a specific biomarker may show 
varying, sometimes contrasting, results. For example, 
maspin has been shown to be a good prognostic 
biomarker in pancreatic cancer and a bad prognostic 
biomarker in breast cancer.17 Therefore, there is a need 
to perform more focused systematic reviews and 
subsequent meta-analysis of biomarkers intended for 
specific clinical (diagnostic or prognostic) problems. A 
meta-analysis will provide the statistical evidence for 
the effectiveness of a particular biomarker. The clear 
advantage of this approach is the identification of 
suitable candidate biomarkers that have previously been 
investigated. The other important advantage of this 
selection process is that biomarkers investigated in 
different studies showing promising results are compiled 
for investigation in one potential validation study. This 
will surely provide more strength for a future validation 
study investigating these better biomarkers in a single 
setting.  

2. Inadequate sample size 
The sample size for biomarkers reported in the literature 
is relatively small and this is especially true for novel 
biomarkers assessed in pilot studies.18,19 This is realistic 
because a vast tissue resource will not be available for a 
new biomarker under investigation. Sufficient statistical 

power is thus not reached in most of these pilot studies 
which could potentially lead to promising biomarkers 
being overlooked in the enormous biomarker research 
field. Biomarkers identified in the meta-analysis might 
be carefully investigated in a sufficiently powered study 
using a large sample size. Obviously, investigation of 
biomarker expression in large sample size will further 
elucidate the diagnostic performance (sensitivity and 
specificity) of biomarkers. Biomarker expression is not 
homogenous in tumor tissue extracted from different 
patients.20,21 This Inter-tumour heterogeneity of 
expression of biomarkers can be shown more clearly if 
the sample size is large. This will help in better defining 
the diagnostic role of biomarkers in cancer. Biomarkers 
showing more inter-tumor heterogeneity are less 
sensitive in identifying the disease and are thus less 
accurate. 

The other issue with sample size is the 
distribution of the number of samples between the two 
groups (diseased and normal) investigated.18 For 
example, a diagnostic biomarker tested to differentiate 
between benign and malignant disease. The true 
diagnostic potential of a biomarker, in this case, can be 
measured if (ideally) the sample size is equally 
distributed between benign and malignant samples. 

3. Lack of an optimal scoring system and threshold 
Cancer tissues may over-express surface or cytoplasmic 
molecules which may be used as cancer biomarkers. For 
example, Chronic Myeloid Leukaemia cells express a 
novel BCR-ABL tyrosine kinase enzyme. Therefore, the 
presence of BCR-ABL tyrosine kinase in blood cells is 
diagnostic of CML. However, this is a rare example as 
the majority of molecules expressed in cancer cells are 
also expressed by normal tissue –albeit at lower levels. 
For example, carcinoembryonic antigen (CEA) is 
secreted by many cancer types (liver, gonads) but also 
present at very low levels in normal healthy individuals. 
Similarly, c-Kit/CD117 (also called Stem Cell Factor 
Receptor) has been used as a biomarker in gastro-
intestinal stromal tumors (GISTs). Approximately 95% 
of GISTs show high expression of CD117. However, 
weak CD117 expression can also be seen in other 
mesenchymal cancers. Therefore, a cut-off has to be set 
to discriminate between benign and malignant cancers, 
or cancers of different origins, based on the level of 
expression of such proteins. 

Interpretation of IHC requires a robust and 
comprehensive scoring system that is able to quantify 
the extent of biomarker expression. From this scoring 
scheme, then, thresholds or cut-offs can be investigated 
for categorizing patients into one of the two diagnostic 
categories (for example benign vs. malignant). There is 
no single uniform scoring system and researchers have 
used a wide array of scoring systems.11,22–24 These 
scoring systems are based on staining intensity; 
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percentage of positively stained cells; a combination of 
both staining intensity and positive cells; and semi-
quantitative Histoscores.25–28 A semi-quantitative 
Histoscore (takes into account both intensity and 
proportion of staining) could possibly emerge as a 
standard scoring system. Histoscore quantify the 
expression level of biomarkers and allow for calculation 
of various potential cut-offs for diagnostic purposes. A 
commonly used histoscore is ER/PR/Her2neu in breast 
cancer.29 

The list of clinically useful IHC cancer 
biomarkers is short. If a new biomarker is identified, a 
threshold or cut-off would have to be identified that can 
reliably discriminate between benign and malignant, or 
good prognosis and bad prognosis cancer. Such a cut-off 
has to be easy to use by practicing pathologists. An 
optimal cut-off should be reliable and reproducible 
among pathologists. A systematic way of choosing a 
cut-off is to perform a receiver operating characteristic 
(ROC) curve analysis which provides diagnostic 
sensitivity and specificity of biomarkers on a range of 
cut-offs.30,31 This helps the researcher to select an 
optimal cut-off which has both diagnostic potentials and 
is easily scored by observers. This cut-off can then be 
used in future validation studies and studies involving 
observer variations between different scorers. 

4. Limited use of panels of biomarkers 
An ideal diagnostic biomarker should have homogenous 
expression within and between tumor tissues from the 
same cancer type. In reality, this is not always the case. 
Cancer being a heterogeneous disease carries significant 
variation both within a tumor and between same tumor 
types (intra-tumour and inter-tumor heterogeneity).32 A 
single candidate biomarker is thus unlikely to work as a 
perfectly sensitive and specific biomarker33,34 in all 
patients. A panel of biomarkers is thus a plausible 
solution to address both inter- and intra-tumor 
heterogeneity. Most of the researchers in reported 
literature have investigated biomarkers singly with a 
limited panel approach. The panel approach has not 
been reported in instances when more than one 
biomarker was investigated in a single study.35 

Identification of suitable biomarkers and then 
exploring their diagnostic performance as a panel in a 
single experimental setting is a more powerful approach. 
The obvious strength of the panel approach is that it 
allows for the comparison of accuracy between 
biomarkers and panels of biomarkers. This comparison 
then determines an appropriate panel of biomarkers for 
future validation and clinical translational studies. 
Different biomarkers stain different cellular 
compartments and using a panel of biomarkers has this 
additional advantage of staining all major sub-cellular 
compartments. Clearly, a panel with more than one 
positive biomarker provides more confidence to the 
pathologist reporting the disease. 

The most simplistic example of this panel 
approach is the triad of IHC markers Estrogen Receptor 
(ER), Progesterone Receptor (PR) and Her2/neu for the 
prognostic stratification of breast cancer (Figure-3). 
Estrogen and Progesterone receptors are expressed in 
healthy breast ductal cells. Stimulation by the respective 
hormone results in the growth of breast tissue. When 
expressed by the cancer cells, stimulation of these 
receptors by the hormone stimulates cancer cell growth. 
Tamoxifen, a selective estrogen receptor modulator, is 
used in the treatment of ER-positive breast cancers.36 As 
a result, the prognosis for ER+ve has dramatically 
improved over the past few decades.37 Similarly, breast 
cancers over-expressing human epidermal growth factor 
(HER2) are generally aggressive and carry a poor 
prognosis. However, with the development of a specific 
HER2 inhibitor, the prognosis has significantly 
improved.38 The combination of expression levels in 
these patients divides breast cancer patients into distinct 
categories (Figure-3). Patients in some categories carry 
different prognosis and therapeutic options (ER+ve vs ER-

ve and ER+ve/PR+ve /HER2+ve vs ER-ve/PR-ve /HER2-ve). 

ER+
PR +

Her2nu +

ER+/PR+

ER+/PR+/Her2nu+

ER+/Her2nu+
PR+/Her2nu+

Breast Intraductal Carcinomas

ER+

ER+/PR+

PR +

ER+/Her2nu+

ER+/PR+/Her2nu+

PR+/Her2nu+

Her2nu +

ER-/PR-/Her2nu-

 
Figure-3: Prognostic categories based on triad of 

ER/PR/Her2 

5. Technical differences in IHC between laboratories 
Optimisation of IHC in biomarker research is very 
important to achieve appropriate staining in the tissue. 
The majority of IHC antibodies are available 
commercially from various manufacturers which 
provide information and suggested protocols for IHC 
but most research laboratories carry out their own 
optimization process too. The aim of optimization is to 
increase the strength and specificity of the signal while 
suppressing background signals and artefacts.33,35,39 

Research laboratories usually employ different 
IHC experimental conditions including a clone of 
primary antibodies, antigen retrieval methods (heat 
induced epitope retrieval vs enzymatic retrieval), 
primary antibody dilutions and manual or automated 
platforms.40 All these factors significantly contribute to 
the different sensitivity and specificity values reported 
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for a candidate biomarker investigated in different 
studies. Studies have addressed this issue and have 
compared: different clones of antibodies; different pH of 
antigen retrieval buffers (for example pH 6 vs pH 8) and 
dilutions of primary antibodies (for example 1/50 vs 
1/100).41–44 These studies provide an insight for 
choosing better conditions for the optimization of 
antibodies. 

One approach to addressing the issue of 
technical heterogeneity is to systematically search the 
literature to identify IHC parameters for a biomarker 
that achieved an optimum combination of sensitivity 
and specificity. These parameters could then be used as 
a starting point for further optimization. 

Assay development is a critical component in 
the qualification of the biomarker. Sometimes potential 
biomarkers fail to enter the list of clinically useful 
biomarkers not because of the underpinning science, but 
because of issues around assay development and a lack 
of validation studies.45 

6. The need for well-designed validation studies 
(biomarker clinical trials) 
Validation of potential IHC diagnostic biomarkers in 
independent tissue cohorts is probably the most 
important factor delaying clinical translation.1 
Researchers investigate promising biomarkers, publish 
their work and sometimes leave excellent biomarkers 
without designing further validation studies. More 
focused and aim-oriented validation studies could 
expedite the journey of biomarkers from bench to the 
clinic.46 

Validation studies in a step-wise fashion can 
be as follows. Validation of biomarkers in independent 
laboratories and patient cohorts, using the same IHC 
methodology, and the same scoring system and cut-offs. 
The expression level and subsequent diagnostic 
sensitivity and specificity should broadly be similar in 
validation studies. This will help to establish the 
reproducibility of the IHC methodology and cut-offs 
used for diagnostic purposes. Then establishing a multi-
institutional validation study group and carrying out 
validation studies and addressing technical and other 
issues.47 For example, a study group developed in 
pancreatic cancer research is ‘European Study Group for 
Pancreatic Cancer’ (ESPAC).48 The aim of this 
international collaboration is to carry out multinational 
trials which can validate the findings from pilot studies. 
Such groups provide an excellent platform for clinical 
validation of tumor biomarkers. Finally, a prospective 
clinical study for investigating the optimum biomarker 
panel will provide more confidence to translational 
scientists and pathologists for further validation. In fact, 
academic-industry collaborations can further facilitate 
and expedite validation studies from bench to the clinic.  

Biomarker development from identification to 
validation and the clinical application would require: 

pooling of already existing data; analysis of evidence; 
validation of known promising biomarkers; addressing 
factors such as sample size, scoring systems, and cut-
offs that influence the validation of biomarkers; and 
finally using a panel approach and best IHC 
methodology in well-designed and aim-oriented 
validation studies (Figure-4). 

Identification Validation Prognostic 
stratification

Systematic review 
and meta-analysis of 
existing biomarkers

Array-based biomarker 
identification

Validation by large-
scale and preferably 
mulit-centre trials

Biological studies validating 
the observations

Follow-up studies

Targeted therapies against 
specific prognostic groups  

Figure-4: Scientific methods required for 
establishment of a clinically validated biomarker 

CONCLUSION 
The less than an optimal translation of biomarkers 
research into clinical practice results from a variety of 
systematic and operational reasons such as the lack of 
pooled analysis of systematically selected and reviewed 
individual studies, lack of power in studies resulting 
from small sample sizes, lack of valid scoring systems 
and threshold values, the limited use of panel 
biomarkers, and technical differences in IHC among 
laboratories. These issues coupled with the scarcity of 
validation studies constitute the main reason why the 
clinical practice has not benefitted immensely from the 
huge funding and resulting advancements in the 
biomarkers field. It is therefore pertinent that future 
research on biomarkers takes these issues into account, 
for a sounder and clinically relevant and translatable 
research. 

REFERENCES 
1. Oeppen J, Vaupel JW. Demography. Broken limits to life 

expectancy. Science 2002;296(5570):1029–31. 
2. Adogu P, Ubajaka C, Emelumadu O, Alutu C. Epidemiologic 

transition of diseases and health-related events in developing 
countries: A Review. Am J Med Med Sci 2015;5(4):150–7. 

3. Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA, 
Brenner H, et al. Global, regional, and national cancer incidence, 
mortality, years of life lost, years lived with disability, and 
disability-adjusted life-years for 32 cancer groups, 1990 to 2015: 
a systematic analysis for the global burden of disease study. 
JAMA Oncol 2017;3(4):524–48. 

4. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo 
M, et al. Cancer incidence and mortality worldwide: sources, 
methods and major patterns in GLOBOCAN 2012. Int J Cancer 
2015;136(5):E359–E386. 

5. Woude GF, Klein G, (Eds). Advances in Cancer Research. 
Academic Press; 2009. 

6. Batista A. The new frontiers in cancer. Trends in Cancer 
2016;2(10):533. 

7. Jacobsen PB, Rowland JH, Paskett ED, Van Leeuwen F, 
Moskowitz C, Katta S, et al. Identification of key gaps in cancer 
survivorship research: Findings from the American Society of 
Clinical Oncology Survey. JOP 2016;12(3):190–3. 



Pak J Physiol 2017;13(3) 

http://www.pps.org.pk/PJP/13-3/Asif.pdf  46 

8. Phillips KA, Van Bebber S, Issa AM. Diagnostics and biomarker 
development: priming the pipeline. Nature Rev Drug Disc 
2006;5(6):463–9. 

9. Brothers JF, Hijazi K, Mascaux C, El-Zein RA, Spitz MR, Spira 
A. Bridging the clinical gaps: genetic, epigenetic and 
transcriptomic biomarkers for the early detection of lung cancer 
in the Post-National Lung Screening Trial era. BMC Medicine 
2013;11(1):168. 

10. Füzéry AK, Chan DW, Levin J, Chan MM. Translation of 
proteomic biomarkers into FDA approved cancer diagnostics: 
issues and challenges. Clin Proteomics 2013;10(1):13. 

11. Brunnström H, Johansson L, Jirström K, Jönsson M, Jönsson P, 
Planck M. Immunohistochemistry in the differential diagnostics of 
primary lung cancer: an investigation within the Southern Swedish 
Lung Cancer Study. Am J Clin Pathol 2013;140(1):37–46. 

12. Shin JH, Bae JH, Lee A, Jung C, Yim HW, Park J, et al. CK7, 
CK20, CDX2 and MUC2 immunohistochemical staining used to 
distinguish metastatic colorectal carcinoma involving ovary from 
primary ovarian mucinous adenocarcinoma. Jpn J Clin Oncol 
2009;40(3):208–13. 

13. Toll AD, Witkiewicz AK, Bibbo M. Expression of K homology 
domain containing protein (KOC) in pancreatic cytology with 
corresponding histology. Acta Cytol 2009;53(2):123–9. 

14. Yantiss RK, Woda BA, Fanger GR, Kalos M, Whalen GF, Tada 
H, et al. KOC (K homology domain containing protein 
overexpressed in cancer): a novel molecular marker that 
distinguishes between benign and malignant lesions of the 
pancreas. Am J Surg Pathol 2005;29(2):188–95. 

15. Lin F, Shi J, Liu H, Hull ME, Dupree W, Prichard JW, et al. 
Diagnostic utility of S100P and von Hippel-Lindau gene product 
(pVHL) in pancreatic adenocarcinoma-with implication of their 
roles in early tumorigenesis. Am J Surg Pathol 2008;32(1):78–91. 

16. Logsdon CD, Simeone DM, Binkley C, Arumugam T, Greenson 
JK, Giordano TJ, et al. Molecular profiling of pancreatic 
adenocarcinoma and chronic pancreatitis identifies multiple 
genes differentially regulated in pancreatic cancer. Cancer Res 
2003;63(10):2649–57. 

17. Cao D, Zhang Q, Wu LS, Salaria SN, Winter JW, Hruban RH, et 
al. Prognostic significance of maspin in pancreatic ductal 
adenocarcinoma: tissue microarray analysis of 223 surgically 
resected cases. Mod Pathol 2007;20(5):570–8. 

18. Drucker E, Krapfenbauer K. Pitfalls and limitations in translation 
from biomarker discovery to clinical utility in predictive and 
personalised medicine. EPMA J 2013;4(1):7. 

19. Issaq HJ, Waybright TJ, Veenstra TD. Cancer biomarker 
discovery: opportunities and pitfalls in analytical methods. 
Electrophoresis 2011;32(9):967–75. 

20. Jakobsen JN, Sørensen JB. Intratumor heterogeneity and 
chemotherapy-induced changes in EGFR status in non-small cell 
lung cancer. Cancer Chemother Pharmacol 2012;69(2):289–99. 

21. Jakobsen JN, Santoni-Rugiu E, Ravn J, Sørensen JB. Intratumour 
variation of biomarker expression by immunohistochemistry in 
resectable non-small cell lung cancer. Eur J Cancer 
2013;49(11):2494–503. 

22. Duxbury MS, Matros E, Clancy T, Bailey G, Doff M, Zinner MJ, 
et al. CEACAM6 is a novel biomarker in pancreatic 
adenocarcinoma and PanIN lesions. Ann Surg 2005;241(3):491–6. 

23. Okami J, Yamamoto H, Fujiwara Y, Tsujie M, Kondo M, Noura 
S, et al. Overexpression of cyclooxygenase-2 in carcinoma of the 
pancreas. Clin Cancer Res 1999;5(8):2018–24. 

24. Wachter DL, Schlabrakowski A, Hoegel J, Kristiansen G, 
Hartmann A, Riener MO. Diagnostic value of 
immunohistochemical IMP3 expression in core needle biopsies 
of pancreatic ductal adenocarcinoma. Am J Surg Pathol 
2011;35(6):873–7. 

25. Lee C, Rush M, Charalambous D, Rode J. Immunohistochemical 
demonstration of the p53 tumour suppressor gene product in 
cancer of the pancreas and chronic pancreatitis. J Gastroenterol 
Hepatol 1993;8(5):465–9. 

26. Bhardwaj A, Marsh J, William L, Nash JW, Barbacioru CC, 
Jones S, et al. Double immunohistochemical staining with 
MUC4/p53 is useful in the distinction of pancreatic 
adenocarcinoma from chronic pancreatitis: a tissue microarray-
based study. Arch Pathol Lab Med 2007;131(4):556–62. 

27. Wang Y, Gao J, Li Z, Jin Z, Gong Y, Man X. Diagnostic value of 
mucins (MUC1, MUC2 and MUC5AC) expression profile in 
endoscopic ultrasound‐guided fine‐needle aspiration specimens 
of the pancreas. Int J Cancer 2007;121(12):2716–22. 

28. Bartlett JM, Brookes CL, Robson T, van de Velde, Cornelis JH, 
Billingham LJ, et al. Estrogen receptor and progesterone receptor 
as predictive biomarkers of response to endocrine therapy: a 
prospectively powered pathology study in the Tamoxifen and 
Exemestane Adjuvant Multinational trial. J Clin Oncol 
2011;29(12):1531–8. 

29. Ma H, Lu Y, Marchbanks PA, Folger SG, Strom BL, McDonald 
JA, et al. Quantitative measures of estrogen receptor expression 
in relation to breast cancer-specific mortality risk among white 
women and black women. Breast Cancer Res 2013;15(5):R90. 

30. Zlobec I, Steele R, Terracciano L, Jass JR, Lugli A. Selecting 
immunohistochemical cut-off scores for novel biomarkers of 
progression and survival in colorectal cancer. J Clin Pathol 
2007;60(10):1112–6. 

31. Budczies J, Klauschen F, Sinn BV, Győrffy B, Schmitt WD, 
Darb-Esfahani S, et al. Cutoff Finder: a comprehensive and 
straightforward web application enabling rapid biomarker cutoff 
optimization. PloS One 2012;7(12):e51862. 

32. Burrell RA, McGranahan N, Bartek J, Swanton C. The causes 
and consequences of genetic heterogeneity in cancer evolution. 
Nature 2013;501(7467):338–45. 

33. O’hurley G, Sjöstedt E, Rahman A, Li B, Kampf C, Pontén F, et 
al. Garbage in, garbage out: a critical evaluation of strategies 
used for validation of immunohistochemical biomarkers. Molec 
Oncol 2014;8(4):783–98. 

34. Verma M. Pancreatic cancer biomarkers and their implication in 
cancer diagnosis and epidemiology. Cancers 2010;2(4):1830–7. 

35. Jhala N, Jhala D, Vickers SM, Eltoum I, Batra SK, Manne U, et 
al. Biomarkers in diagnosis of pancreatic carcinoma in fine-
needle aspirates: a translational research application. Am J Clin 
Pathol 2006;126(4):572–9. 

36. Jordan VC, O’Malley BW. Selective estrogen-receptor 
modulators and antihormonal resistance in breast cancer. J Clin 
Oncol 2007;25(36):5815–24. 

37. Narod SA, Iqbal J, Miller AB. Why have breast cancer mortality 
rates declined? J Cancer Policy 2015;5:8–17. 

38. Arteaga CL, Sliwkowski MX, Osborne CK, Perez EA, Puglisi F, 
Gianni L. Treatment of HER2-positive breast cancer: current 
status and future perspectives. Nature Rev Clin Oncol 
2012;9(1):16–32. 

39. Taylor C. Standardization in immunohistochemistry: the role of 
antigen retrieval in molecular morphology. Biotech Histochem 
2006;81(1):3–12. 

40. Anagnostou VK, Welsh AW, Giltnane JM, Siddiqui S, Liceaga 
C, Gustavson M, et al. Analytic variability in 
immunohistochemistry biomarker studies. Cancer Epidemiol 
Biomarkers Prev 2010;19(4):982–91. 

41. Emoto K, Yamashita S, Okada Y. Mechanisms of heat-induced 
antigen retrieval: does pH or ionic strength of the solution play a 
role for refolding antigens? J Histochem Cytochem 
2005;53(11):1311–21. 

42. Vassallo J, Pinto G, Alvarenga M, Zeferino L, Chagas C, Metze 
K. Comparison of immunoexpression of 2 antibodies for 
estrogen receptors (1D5 and 6F11) in breast carcinomas using 
different antigen retrieval and detection methods. Appl 
Immunohistochem Molec Morphol 2004;12(2):177–82. 

43. Hermansen SK, Christensen KG, Jensen SS, Kristensen BW. 
Inconsistent immunohistochemical expression patterns of four 
different CD133 antibody clones in glioblastoma. J Histochem 
Cytochem 2011;59(4):391–407. 



Pak J Physiol 2017;13(3) 

http://www.pps.org.pk/PJP/13-3/Asif.pdf  47 

44. McCabe A, Dolled-Filhart M, Camp RL, Rimm DL. Automated 
quantitative analysis (AQUA) of in situ protein expression, 
antibody concentration, and prognosis. J Natl Cancer Inst 
2005;97(24):1808–15. 

45. Carden CP, Sarker D, Postel-Vinay S, Yap TA, Attard G, Banerji 
U, et al. Can molecular biomarker-based patient selection in 
Phase I trials accelerate anticancer drug development? Drug 
Discov Today 2010;15(3):88–97. 

46. Rifai N, Gillette MA, Carr SA. Protein biomarker discovery and 
validation: the long and uncertain path to clinical utility. Nat 
Biotechnol 2006;24(8):971–83. 

47. Wagner PD, Srivastava S. New paradigms in translational 
science research in cancer biomarkers. Translat Res 
2012;159(4):343–53. 

48. Neoptolemos J, Dunn J, Stocken D, Almond J, Link K, Beger H, 
et al. Adjuvant chemoradiotherapy and chemotherapy in 
resectable pancreatic cancer: a randomised controlled trial. The 
Lancet 2001;358(9293):1576–85. 

Address for Correspondence: 
Dr. Asif Ali, MBBS, PGD, PhD, Assistant Professor Pathology, Khyber Medical University, Peshawar; and Honorary 
Clinical Lecturer, University of Glasgow, UK. Cell: +92-333-9929282 
Email: draliasif7@gmail.com; Asif.Ali@Glasgow.ac.uk 

Received: 19 Jun 2017 Reviewed: 27 Jul 2017 Accepted: 10 Aug 2017 


