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Abstract: The modern practice of pathology entails increasing involvement with management of cancer patients. 

Pathologists are often faced with clinical and research involvements that obligate them to search for prognostic and 

therapeutic markers on patients’ tumor samples. A practical example would be the detection of HER2-neu in breast cancer 

which has revolutionized the use of prognostic-therapeutic immunohistochemistry (IHC) in the practical management of 

patients. Numerous other markers and proliferation pathways have recently been elucidated in many human cancers 

including pediatric cancers. Although most of these markers are being detected by conventional molecular techniques, 

IHC methods, routinely practiced in histopathologic laboratories, are being employed at an increasing pace. Since most of 

these proliferation markers are also the targets of new specific therapy, their positive identification often correlates with 

the appropriateness of that specific therapy and with other parameters that can gauge the patient’s prognosis. A good 

example is the identification of epidermal growth factor receptor by IHC in the patient’s lung tumor as an indicator of the 

tumor responsiveness to “Gefitinib”. Such potential application of immunohistochemistry in patients’ care necessitates 

adequate standardization of this technique to optimize patients’ management, since erroneous results can lead to erroneous 

management of patients with cancer. These facts will initiate a new role for pathology laboratory departments to provide a 

stronger impact on patients’ managements. 
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INTRODUCTION 

 The past decades have witnessed significant 
improvements in pathology and laboratory medicine as they 
apply to diagnosis and management of patients. New 
research developments have contributed to increased 
understanding of pathogenesis of various neoplastic and non-
neoplastic diseases. Immunohistochemistry and molecular 
pathology are two major ancillary diagnostic services that 
were established and evolved as direct impact of major 
research findings. These research developments are 
incorporated into diagnostic laboratories and have resulted in 
parallel increase in number and complexity of tests offered 
in diagnostic pathology. Many of these developments and 
new tests were in the area of cancer biology. Proliferation 
pathways in numerous cancers have been delineated and 
characterized. Member molecules of these pathways have 
been identified and their expression patterns serve as 
indicators or biomarkers of specific state of carcinogenesis. 
These biomarkers and their molecular alterations can now be 
detected in clinical labs by routine methods [1].  

NEW CANCER MARKERS AND THEIR DETECTION 

 New anticancer drugs target or inhibit these specific 
proteins or biomarkers and their molecular alterations 
present in cancer cells. Pathology role in patients’ 
managements depends on identification of the expression of 
biomarkers in tissue specimens from patients with cancer or  
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other lesions. Identification of biomarkers may enable 
selection of patients most likely to respond to molecularly 
targeted drugs, allow real-time monitoring of treatment 
efficacy or identify early signs of toxicity and facilitate 
decision making during clinical evaluation and start of 
therapy. Biomarker expression in tumorous tissue taken from 
patients can de detected by immunohistochemistry and/or 
molecular pathology. Identification of biomarkers in 
pathology can be usefully employed in different ways: 1) as 
diagnostic markers: e.g. immunohistochemical expression of 
C-kit protein in gastrointestinal stromal tumors, 2) as 
prognostic markers that can independently forecast clinical 
outcome, and as 3) predictive markers that can independently 
predict response to a particular therapy [2, 3]. An example of 
such use would be the identification of estrogen receptors. 
Estrogen receptors in breast cancer are strong predictive 
markers for response to tamoxifen therapy.  

 Targeted signal transduction or proliferation pathways in 
cancers can be classified in many ways [4], most commonly 
as follows: 

• Receptor kinases:  

a. Epidermal growth factor receptor 

b. Her2/neu 

c. C-kit 

• Hepatocyte growth factor/ C-met pathway 

• Insulin growth factor receptor pathway 

• Intracellular signaling kinases:  

a. Src 
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b. PI3k/Akt/mTOR pathway 

c. Mitogen-activated Protein Kinase pathway: Ras, 
Raf, MEK 

• Angiogenesis pathways 

• Integrins and extracellular matrix proteins 

• Heat shock protein 

• Ubiquitin-proteosome system 

• Apoptosis enhancers: TRAIL, survivin 

• Mitotic Kinases: Aurora, kinesin spindle protein 

• DNA-RNA enzymes: DNA methyltransferase, Histone 
deacetylases 

• poly(ADP-ribose) polymerase  

BIOMARKERS IN PATHOLOGY 

 Many of these proteins can serve as biomarkers for 
certain cancers and be detected in hospital pathology 
laboratories in more than one particular method. These 
methods include non-morphologic methods applied in 
molecular pathology laboratories or morphologic methods 
that can be visualized on tissue sections such as fluorescent 
in situ hybridization (FISH), chromogenic in situ 
hybridization (CISH) and Immunohistochemistry (IHC). 
Morphologic methods are more optimal, widely available 
and easy to perform. Biomarkers of proven diagnostic value 
in pathology and patient benefit include:  

Estrogen Receptors in Breast Cancer 

 It has been long established that the presence of estrogen 

receptors in breast cancer tissue demonstrable by routine 
IHC is an indication for tamoxifen therapy. Today immuno-
histochemical detection of estrogen and progesterone 
receptors is part of the routine work-up of breast cancer [5].  

Her2/neu 

 This marker is identified in 10-20% of breast cancer 
patients. Breast cancer patients with positive expression have 
a significantly shorter disease-free survival and overall 
survival. Breast cancers with Her2/neu alterations (detected 
by IHC or FISH) are critical to identify because such tumors 
require targeted therapies such as trastuzumab. Although 
Her2/neu can be detected by numerous methods, only two 
methods are currently approved and recommended for its 
detection: IHC and FISH. Standardized immuno-
histochemical techniques exhibit a very good correlation 
with FISH methods. Such standardization requires the use of 
10% neutral-buffered formalin as a fixative allowing at least 
6-8 hours of tissue fixation, not >48 hrs. Interpretation of 
IHC results also requires a scoring system which is 
developed by the American society of clinical oncology and 
the college of American pathologists [5-7]. 

C-kit/PDGFR 

 Mutations have been detected and targeted in malignant 
gastrointestinal stromal tumors, chronic myeloid leukemia, 
and dermatofibrosarcoma protuberans. Activating C-kit 
mutations are also described in other tumors including 
seminomas, mastocytosis, leukemias, and melanomas, 
suggesting a broader role in oncogenesis. These markers 

serve as therapeutic targets of imatinib mesylate and 
sunitinib and indication of therapy depends on identification 
of specific c-kit or PDFGR mutations. Protein expression by 
IHC may be useful for the diagnosis but does not detect 
genetic mutations [8].  

BRAF 

 Mutations have been detected in melanomas, papillary 
thyroid cancer, colorectal carcinomas and less frequently 
also in other solid epithelial tumors. Mutations have recently 
been detected in pediatric gliomas but are less frequent in 
sarcomas. Mutations, such asV600E mutation, are 
commonly detected by molecular techniques and IHC 
methods are less helpful. It has recently been identified that 
BRAF mutations can serve as marker of tumor response to 
therapy. Patients with metastatic colorectal cancer resistant 
to cetuximab and panitumumab are found to have KRAS or 
BRAF mutations. Treatment with the BRAF inhibitor 
“sorafenib” restored sensitivity to panitumumab or 
cetuximab of colorectal cancer cells with V600E allele 
mutations [9].  

KRAS 

 KRAS mutations have been identified in cancers of the 
pancreas (90%), colon (50%), lung (30%) and thyroid 
(50%), acute leukemia (5-30%) and chronic myelomonocytic 
luekemias (65%). Similar to BRAF mutations, KRAS can 
serve as prognostic marker for colon cancer patients treated 
with epidermal growth factor receptor-targeted therapies [10-
12]. KARS mutations are commonly detected in molecular 
pathology labs and immunostains are less helpful.  

Epidermal growth factor receptor (EGFR) 

 This receptor plays a significant role in lung and colon 
carcinogenesis. High expression is observed in squamous 
cell carcinomas, large cell and adenocarcinomas and 
bronchial preneoplastic lesions. High EGFR expression is 
found to be an adverse prognostic factor in non-small cell 
lung carcinoma (NSCLC) [13]. EGFR expression can be 
determined by IHC and/or FISH with conflicting study 
results and lack of excellent correlation between the two 
methods. EGFR expression as detected by IHC is not an 
effective predictor of response to gefitinib. Immuno-
histochemical detection of EGFR in paraffin-embedded 
tumor tissues varies in staining intensity due to choice of 
fixative and storage time of tissue sections. Frequency of 
detecting EGFR expression may also vary on the choice of 
antibody manufacturer. Dako antibody provided the best 
discrimination between EGFR-positive and EGFR-negative 
patients. In spite of that, demonstration of positive 
expression by IHC or FISH is often required before starting 
therapy with gefitinib or erlotinib in lung or colon cancer 
patients [14-16].  

Insulin-Like Growth Factor (IGF) Receptor Family 
Pathway 

 This family consists of IGF-1, IGF-2, and IGF-1R. 
Several IGF-1R inhibitors are available with broad clinical 
anti-tumor activity. Various members of this pathway are 
expressed in non-small lung cancer, breast, colorectal, 
Hodgkin’s lymphoma, sarcomas, ovarian, and pancreatic 
malignancies. IGF-1R is frequently activated in lung cancer, 
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plays a role in NSCLC tumorigenesis and progression and is 
associated with poor patients’ prognosis [17]. Both FISH 
methods and immunostains are practical and helpful.  

Angiogenesis Markers 

 Vascular endothelial growth factor (VEGF) is the 
prototype of this family that includes more than one member 
and their receptors. Numerous studies have shown that 
immunohistochemical expression of VEGF and receptors 
can serve as predictive markers for several cancers. Positive 
VEGF immunostaining independently predicts poor pro-
gnosis in gastric cancer patients. Strong VEGF staining 
showed a significant correlation with both short time of 
relapse and short survival in NSCLC [18]. Increased 
expression is also a prognostic marker in papillary thyroid 
carcinoma. In colorectal carcinoma, VEGF Correlates with 
advanced stage and poor prognosis.  

 Research is still being conducted on other biomarkers to 
determine their potential diagnostic usefulness in pathology 
[4]. These biomarkers have more ubiquitous distribution in 
many cancers and their detection in pathology laboratories 
may not be of value as targeted therapy can be initiated as 
soon as the diagnosis is made. Examples of these would be: 

Src 

 This is a non receptor protein kinase that is dysregulated 

in several human cancers, including breast, colorectal, lung 
and ovarian and hematological malignancies. Immunostains 
are available for research use.  

P13/Akt/mTOR Pathways 

 This is a ubiquitous pathway, becoming increasingly 
identified in numerous cancers. Immunostains are available 
for research use. Studies in different tumors are still being 
undertaken to determine the percentage of tumors with 
positive expression and correlate the expression with 
patient’s prognostic parameters and response to treatment. 

NF-Kappa B 

 This molecule is widely available in numerous cancers 
and is targeted by proteosome inhibitors.  

STANDARDIZATION OF IMMUNOHISTOCHEM-
ICAL METHODS 

 It is clear that the role of immunohistochemistry in 
detecting biomarker expression in pathology depends largely 
on research studies that demonstrate differential 
immunohistochemical expression and other studies that show 
good correlation between positive expression and response 
to new therapy. Once the potential value of a new 
immunohistochemical test method is appreciated, the burden 
will be to ensure the standardization of the testing protocol to 
maintain conformity of the test and minimize inter-
laboratory variation. Research studies performed on 
Her2/neu and EGFR can not underemphasize the importance 
of test standardization in immunohistochemistry. Results 
may vary widely depending on the choice of fixative, choice 
of antibody manufacturer, and the type of immunostaining 
methods. A scoring system of test results should be regularly 
adopted and properly reported. In the event of equivocal 
results, a back-up test method by another technique such as 
molecular or FISH methods should be made available. Once 

these parameters are standardized, immunohistochemistry 
will assume a better and well-defined role in management of 
patients with cancer.  
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