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Increasing Workload of Cancer Diagnosis 
According to reports from the American Society of Clinical Oncology (ASCO), within the next 

14 years, cancer is predicted to become the leading cause of death in the United States, surpassing 
ischemic heart disease [1,2]. New diagnoses of cancer are expected to increase by up to 45% by the 
year 2030, from 1.6 million cases annually to 2.3 million cases [1,2]. These increasing numbers of 
cases of cancer will stretch clinical services even more, including the diagnostic services provided by 
the Pathologist (Table 1).

The development and applications of immunohistochemistry have brought phenotypic and 
functional identification of cells and tissues, with an impact on cancer classification. However, for 
malignant tumors, no single marker has proved to be a defining factor in distinguishing tumor type, 
grade or behavior and the predictive power of immunohistochemistry is not 100% accurate [3]. 
Clinical studies do not support that tumor sub-type guarantees the expected therapeutic response 
indicated from clinical trial data [3]. 

Predictive Role of Histopathology
Prediction of the clinical outcome of cancer for individual patients is performed by the 

histopathological evaluation of tissue samples obtained during surgical biopsy or resection of the 
primary tumor [4]. Tumor staging, using the AJCC/UICC-TNM classification summarizes the 
primary tumor burden (T), the presence of tumor cells in draining and regional lymph nodes (N) 
and tumor metastases (M) [5]. However, it is now recognized that clinical outcome can vary among 
patients with the same tumor stage. The current classification systems for human cancer provide 
limited prognostic information and do not predict response to therapy.

The tissue-based techniques performed in the modern diagnostic clinical pathology laboratory 
now include ‘predictive’ immunohistochemistry (IHC), Fluorescence in-situ hybridization (FISH) 
analysis and the assessment of relevant tissue biomarkers [3,5,6]. Morphological biomarkers 
of angiogenesis, apoptosis, cell proliferation, macrophages, dendritic cells and lymphocyte 
subpopulations may all be detected and quantified using immunohistochemistry. From archived 
diagnostic tumor tissue samples, protein identification by immunohistochemistry (IHC) is routinely 
used and can be interpreted by light microscopy. Fluorescence in-situ hybridization (FISH) is a more 
expensive technique that requires laboratories with technical expertise for fluorescence microscopy. 
In the recent era of targeted therapy for cancer, including immunotherapy, the use of an immune 
score for tumor lymphocytic infiltration has also been proposed [7,8]. 

New Initiative in Precision Medicine
Precision medicine is the approach to disease treatment and prevention, including cancer 

treatment and prevention that includes information on individual variability in genes, lifestyle, and 
environment for each person [9]. In January 2015, in the State of the Union address, President 
Obama announced the Precision Medicine Initiative (PMI) [9]. The PMI will include a Cohort 
Program that proposes to extend the role of precision medicine to all diseases, including cancer, by 
building a national research cohort of one million or more U.S. participants [9]. 

The US Food and Drug Administration (FDA) continue to approve companion diagnostics 
that provide biomarker information essential for the effective use of a corresponding therapeutic 
product [4,10]. In July 2015, the FDA announced that it would recognize a regulatory category 
called ‘complementary diagnostics’ for tests that provide additional information on how a targeted 
drug treatment may be used [11]. This new framework from the FDA will also regulate Laboratory 
Developed Tests (LDTs) manufactured and used within a single laboratory. The FDA’s 2016 budget 
now includes scientific advancements and helps speed the development and evaluation of precision 
diagnostics and therapeutics [11]. 
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Molecular Pathology
Molecular pathology now involves pan-genomic analysis, 

expression array analysis of many thousands of genes, proteomics, 
RNA analysis and next-generation sequencing of entire cancer 
genomes continue to provide data [4,12,13]. In support of these 
techniques, it is important that the Pathologist evaluates the material 
used for nucleic acid extraction. With these increasing diagnostic 
demands, there is an increasing requirement for consistent tissue 
handling, fixation and storage and performance of proteomic and 
genomic techniques to avoid false-negative or false-positive results 
[4,12,13]. 

Some major technical improvements include the introduction 
of next-generation sequencing and its application to formalin-fixed 
paraffin-embedded (FFPE) tissue in as part of the routine diagnostic 
process. The analyses of many genetic alterations can be done in 
parallel without increasing turn-around time. With this development 
come the potential new strategies to apply ‘off-label’ targeted 
therapies, for treatment-resistant tumors or rare tumors [13].

Tissue Biobanking
A major bottleneck in biomarker identification and drug 

development is the availability of high-quality biospecimens with 
the necessary patient information [14]. A biobank is a repository 
that collects and stores biological samples, including human tissues, 
together with genetic and clinical data [14]. Biobanks are a key driver 
for next-generation biomarkers and drug discovery. They allow 
validation of the clinical significance of genomic mutations using 
research to analyze large and diverse collections of patient data. 
Biobanks are recognized to be increasingly important following the 
discoveries made by the Human Genome Project which led to rapid 
developments in genomic research [14]. For tissue-based biobanks, 
the Pathologist is key in ensuring the required quality control of tissue, 
including its use, preservation and also analysis of tissue adequacy. 

In 2005, the National Institute of Health (NIH) Office of 
Biorepositories and Biospecimen Research Branch (BBRB) established 
a system to address what it referred to as, ‘the most pressing problem 
facing 21st-century molecular medical research: limited availability of 
carefully collected and controlled, high-quality human biospecimens’ 
[15]. The BBRB has developed both evidence-based and standardized 
processes for the use of human tissue for research and drug 
development with emphasis on the Ethical, Legal, and Social Issues 
(ELSI) that are now required to support translational research [15]. 
This approach will facilitate future regulatory approval of tissue-based 
molecular therapeutics and their associated companion molecular 
assays [14]. 

Clinical Trials
The role of the Pathologist in clinical trials is to assess tissue 

samples, perform quality assurance (QA) of tissue adequacy and 
characterization, to provide an assessment of tissue morphology and 
other biomarker data [4]. As an example, in 2005/6, the ISEL Phase 
3 study of non small-cell lung cancer (NSCLC) reported the largest 
analysis to date of the relationship between tumor tissue biomarkers 
and clinical response [16]. In this placebo-controlled study of 
gefitinib (Iressa), six biomarkers were analyzed in tumor samples. 
High epidermal growth-factor receptor (EGFR) gene copy number 
measured by IHC and FISH was a predictor of a gefitinib-related effect 
versus placebo, on overall survival [16]. This study also highlighted 
the difficulties in tissue availability for multiple biomarker studies 
and the importance of histopathology of the tissue samples, which led 
to further studies using multiplex analysis [17]. 

Pathologists have an increasing and more complex role than 
ever. Not only are they responsible for making a tissue diagnosis, but 
they also have an increasing role in the care of tissue samples and 

Table 1: Practical Considerations for Pathologists in the Era of Personalized Medicine.

Adequate samples of diagnostic tissue are needed to support the increasing portfolio of diagnostic tests required to provide information for physicians and surgeons 
to treat patients with cancer.
Tissue yields from every sampling procedure should be maximized, using the safest possible procedures.

Pathological data derived from tissue samples are now key determinants of treatment choices for patients with cancer.

The fullest possible clinical information should accompany tissue samples to prevent the waste of resources on unnecessary tests.

Simple predictive Immunohistochemistry (IHC) can reduce the ‘cancer-NOS’ rate in small diagnostic samples.
Biomarker testing on tissues includes:
a) Morphological tumor characteristics;
b) Immunohistochemistry (IHC) for protein expression;
c) In-situ hybridization which informs about gene copy number or gene rearrangement;
d) Mutation testing that reflects changes in DNA gene sequences.
The consistency of pre-analytical steps involved in handling, fixing and processing tissue samples are critical to obtaining accurate biomarker tests.

Histological assessment of material submitted for non-morphological testing (DNA-based or RNA-based) is vital to confirm the presence of tumor.
Biomarker test results should be reviewed in the context of the histopathology, to consider sample adequacy, tissue heterogeneity and risk of false-positive / false-
negative results.
Laboratory-based tests should be supported by high-quality internal and external Quality-Assurance (QA) schemes.

A Multidisciplinary Team (MDT) approach to diagnosis and treatment of cancer is a required standard of care.

Pathologists will continue to be important members of the MDT and regular participants in the ‘tumor board.’

Multiplex approaches to tissue biomarker analysis may allow simultaneous assessment of several biomarkers within one tumor sample.
It is likely that several different types of test will be required on the same tumor samples, which will always be a problem when tissue is limited, as in biopsy 
material.
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the biomarker analysis required to place patients into therapeutic 
categories in this new era of personalized medicine. 

References

1.	 American Society of Clinical Oncology, The state of cancer care in America, 
2014: A report by the American Society of Clinical Oncology. J Oncol Pract. 
2014; 10: 119-142.

2.	 Masters GA, Krilov L, Bailey HH, Brose MS, Burstein H, Diller LR, et al. 
Clinical Cancer Advances 2015: Annual Report on Progress against Cancer 
from the American Society of Clinical Oncology. JCO. 2015; 33: 786-809.

3.	 de Bono JS, Ashworth A. Translating cancer research into targeted 
therapeutics. Nature. 2010; 467: 543-549. 

4.	 Ladanyi M. Targeted therapy of cancer: new roles for pathologists. Modern 
Pathology. 2008; 21: S1.

5.	 Sobin LH, Wittekind C. TNM classification of malignant tumors. New York: 
Wiley-Liss; 2002.

6.	 Parums DV. Current Status of Targeted Therapy in Non Small-Cell Lung 
Cancer (NSCLC). Drugs Today. 2014; 50: 503-525.

7.	 Parums DV. Status of Immune Therapy in Non Small-Cell Lung Cancer 
(NSCLC). Drugs Future. 2014; 39: 469-475. 

8.	 Galon J, Pages F, Marincola FM, Thurin M, Trinchieri G, Fox BA, et al. The 
immune score as a new possible approach for the classification of cancer. J 
Transl Med. 2012; 10: 1.

9.	 Collins FS. Perspective, A New Initiative on Precision Medicine. N Engl J 
Med. 2015; 372: 793-795.

10.	Papadopoulos N, Kinzler KW, Vogelstein B. The role of companion diagnostics 
in the development and use of mutation-targeted cancer therapies. Nat 
Biotechnol. 2006; 24: 985-995.

11.	Agarwal A, Ressler D, Snyder G. The current and future state of companion 
diagnostics. Pharmacogenomics and Personalized Medicine. 2015; 8: 99-
110. 

12.	Kerick M, Isau M, Timmermann B, Sultmann H, Herwig R, Krobitsch S, 
et al. Targeted high throughput sequencing in clinical cancer settings: 
Formaldehyde Fixed-Paraffin Embedded (FFPE) tumor tissues, input amount 
and tumor heterogeneity. BMC Med Genomics. 2011; 4: 68.

13.	Dietel M, Jöhrens K, Laffert MV, Hummel M, Bläker H, Pfitzner BM, et al. A 
2015 update on predictive molecular pathology and its role in targeted cancer 
therapy: a review focusing on clinical relevance. Cancer Gene Therapy. 
2015; 22: 417-430.

14.	Olson JE, Bielinski SJ, Ryu E, Winkler EM, Takahashi PY, Pathak J, et al. 
Biobanks and Personalized Medicine. Clin Genet. 2014; 86: 50-55.

15.	Biorepositories and Biospecimen Research Branch (BBRB). Website: http://
biospecimens.cancer.gov/default.asp

16.	Hirsch FR, Varella-Garcia M, Bunn PA Jr, Franklin WA, Dziadziuszko R, 
Thatcher N, et al. Molecular predictors of outcome with gefitinib in a phase 
III placebo-controlled study in advanced non-small-cell lung cancer. J Clin 
Oncol. 2006; 24: 5034-5042.

17.	Donovan MJ, Kotsianti A, Bayer-Zubek V, Verbel D, Teverovskiy M, Cordon-
Cardo C, et al. A systems pathology model for predicting overall survival in 
patients with refractory, advanced non-small-cell lung cancer treated with 
gefitinib. Eur J Cancer. 2009; 45: 1518-1526.

http://jop.ascopubs.org/content/early/2014/03/10/JOP.2014.001386
http://jop.ascopubs.org/content/early/2014/03/10/JOP.2014.001386
http://jop.ascopubs.org/content/early/2014/03/10/JOP.2014.001386
http://www.ncbi.nlm.nih.gov/pubmed/25605863
http://www.ncbi.nlm.nih.gov/pubmed/25605863
http://www.ncbi.nlm.nih.gov/pubmed/25605863
http://www.ncbi.nlm.nih.gov/pubmed/20882008
http://www.ncbi.nlm.nih.gov/pubmed/20882008
http://www.ncbi.nlm.nih.gov/pubmed/18437167
http://www.ncbi.nlm.nih.gov/pubmed/18437167
http://www.uicc.org/tnm-classification-malignant-tumours-6th-edition
http://www.uicc.org/tnm-classification-malignant-tumours-6th-edition
http://www.ncbi.nlm.nih.gov/pubmed/25101332
http://www.ncbi.nlm.nih.gov/pubmed/25101332
https://www.researchgate.net/publication/270465048_Status_of_immune_therapy_in_Non-Small_Cell_Lung_Cancer_NSCLC
https://www.researchgate.net/publication/270465048_Status_of_immune_therapy_in_Non-Small_Cell_Lung_Cancer_NSCLC
http://www.ncbi.nlm.nih.gov/pubmed/22214470
http://www.ncbi.nlm.nih.gov/pubmed/22214470
http://www.ncbi.nlm.nih.gov/pubmed/22214470
http://www.nejm.org/doi/full/10.1056/NEJMp1500523
http://www.nejm.org/doi/full/10.1056/NEJMp1500523
http://www.ncbi.nlm.nih.gov/pubmed/16900147
http://www.ncbi.nlm.nih.gov/pubmed/16900147
http://www.ncbi.nlm.nih.gov/pubmed/16900147
http://www.ncbi.nlm.nih.gov/pubmed/25897259
http://www.ncbi.nlm.nih.gov/pubmed/25897259
http://www.ncbi.nlm.nih.gov/pubmed/25897259
http://www.ncbi.nlm.nih.gov/pubmed/21958464
http://www.ncbi.nlm.nih.gov/pubmed/21958464
http://www.ncbi.nlm.nih.gov/pubmed/21958464
http://www.ncbi.nlm.nih.gov/pubmed/21958464
http://www.ncbi.nlm.nih.gov/pubmed/26358176
http://www.ncbi.nlm.nih.gov/pubmed/26358176
http://www.ncbi.nlm.nih.gov/pubmed/26358176
http://www.ncbi.nlm.nih.gov/pubmed/26358176
http://www.ncbi.nlm.nih.gov/pubmed/24588254
http://www.ncbi.nlm.nih.gov/pubmed/24588254
http://biospecimens.cancer.gov/default.asp
http://www.ncbi.nlm.nih.gov/pubmed/17075123
http://www.ncbi.nlm.nih.gov/pubmed/17075123
http://www.ncbi.nlm.nih.gov/pubmed/17075123
http://www.ncbi.nlm.nih.gov/pubmed/17075123
http://www.ncbi.nlm.nih.gov/pubmed/19272767
http://www.ncbi.nlm.nih.gov/pubmed/19272767
http://www.ncbi.nlm.nih.gov/pubmed/19272767
http://www.ncbi.nlm.nih.gov/pubmed/19272767

	Title
	Increasing Workload of Cancer Diagnosis 
	Predictive Role of Histopathology
	New Initiative in Precision Medicine
	Molecular Pathology
	Tissue Biobanking
	Clinical Trials
	References
	Table 1

