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Abstract. In Korea, there were 224,000 new cases of cancer and 75,334 deaths caused by cancer in 2013, which was three 
times more than the number of death caused by heart disease, the second leading cause of death. This study proposes a 
biomarker positivity analysis system based on clinical data, for personalized diagnosis and therapy of cancer. Data of 78,912 
cases were obtained from immunopathology and surgical pathology reports. Data on sex, age, organ, diagnosis, and 
biomarkers were entered into a database. To verify the reliability of the clinical data, an additional 50,450 cases from 
positivity-related research papers were added. The proposed biomarker positivity analysis system makes it possible to extract 
and combine information for searching. The positivity values are in graphical and tabular format for ease of use. With a link 
to the internal network of the hospital, real-time pathology reports are available. Twenty-five pathology specialists are chosen 
as subjects to further confirm the reliability of this system; primary assessment results demonstrate a satisfaction level of 4.7 
out of 5 and a concordance rate of 79% with positive data under the same conditions as reported in the literature. In the 
present study, analysis methods and platforms using large volumes of clinical and literature data are developed for cancer 
prognoses. It is expected that these tools will benefit both healthcare professionals and non-professionals involved in cancer 
diagnosis and treatment. 
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1. Introduction 

According to the World Health Organization (WHO), the global cancer cases surpassed 14 million 
in 2012, and the annual number of recorded deaths caused by cancer reached 8.2 million [1]. In Korea, 
the number of cancer cases in 2013 was approximately 224,000, and that of cancer-induced death 
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arrived at 75,334 [2], which was three times more than that caused by heart disease, the second leading 
cause of death. In addition, the social cost of cancer surpassed 14.6 trillion Won in 2013. With the 
increasing number of cancer patients, various studies have been conducted on ways to improve the 
survival rate through prevention and personalized diagnosis and therapy. 

The new cancer therapy paradigm is targeted therapy, which analyzes characteristics of the cancer in 
each individual, and provides personalized therapy. The basic conditions for a successful targeted 
therapy against major cancers are accurate pathological diagnosis, immunopathological examination 
of tissue samples, and molecular pathology testing. Generally, biomarkers are used for pathological 
diagnosis; these are usually proteins, DNA, RNA, and metabolites that indicate changes in the body 
[3]. Using such biomarker information makes it possible to conduct personalized diagnosis and 
therapy, which takes into consideration characteristics of the cancer patient; this also determines the 
prognosis for a variety of cancer cases, thus being effective in increasing the survival rate. The market 
for personalized medical diagnosis was 17.7 billion USD in 2014, compared with 10.8 billion in 2009, 
an increase of 70% [4]; a variety of related research is being performed in areas such as 
pharmacogenetics, biochips, and genetic screening. 

An accurate diagnosis is possible by objectively measuring pathological conditions in a cancer 
patient, or degree of response to a drug through biomarker positivity; in other countries, biomarker 
positivity values based on literature data have been already provided to users through sites like 
Pathpedia and GoPath [5]. In addition, there are many studies analyzing the positivity of biomarkers, 
or the probability of survival according to biomarkers; these studies are based on fragmented clinical 
experience or related data, or inferences based on disease mechanisms for the accurate diagnosis of 
cancer [6-13]. 

In Korea, as in other countries, research on biomarker positivity, using fragmented clinical tests or 
data on individuals or groups, is consistently performed [14-17]; however, there is a lack of effort to 
consolidate such research results to derive information. Since all clinical decisions must be made 
scientifically, based on the most recent clinical research results, there is a need to establish a clinical 
data-driven system.  

In Korea, hospital work has seen ongoing computerization since 1972. For example, at Seoul 
National University Hospital (SNUH), all records have been computerized since a full electronic 
medical record (EMR) was introduced in 2004. However, in a conventional EMR, data is recorded in 
an unstructured free text format, and therefore it requires a great amount of time and manpower to 
extract information, making it difficult for actual use in the medical field. 

Therefore, in the present study, with reference to foreign literature, a biomarker positivity analysis 
system was developed, by extracting information such as sex, age, and details on organ involvement 
and disease, based on a massive amount of clinical data from Korean cancer patients. In addition, 
comparison and validation on positivities was conducted using a group of pathologists and prior 
literature data, to increase the reliability of research results. 

2. Materials and methods 

In the present study, with the goal of providing cancer biomarker positivities based on 
characteristics of cancer in Koreans, clinical data on cancer patients from SNUH, as well as validated 
domestic and international literature data, were used to extract related information, create a database, 
and develop a biomarker positivity analysis system. 
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Fig. 1. Clinical data screening process. 

2.1. Acquisition and preprocessing of data 

2.1.1. Clinical data 
As shown in Figure 1, immunopathology reports on 47,451 cases, and surgical reports on 46,084 

cases, prepared from January 1st, 2007 to November 30th, 2012 in the Pathology Department of SNUH, 
were mapped; as a result, data on a total of 241,932 cases related to biomarker positivity tests were 
extracted. The data included 39 types of detailed organ information (an organ classification system 
that matches with Korean clinical data was defined, with reference to organ classification systems of 
WHO and the American Joint Committee on Cancer [AJCC]), 244 types of diagnostic details, and 166 
types of biomarker information currently being used at SNUH. 

The extracted data from the biomarker positivity test results on 241,932 cases were screened 
through 14 stages of error removal and normalization, with filtering for positivity, organ name, and 
diagnosis, as shown in Figure 1; ultimately, 78,912 cases were selected from the clinical data for 
further analysis. 

2.1.2. Literature data 
To compare and verify the reliability of clinical data, research articles related to biomarker positivity 

were collected, and the literature data were used to conduct a positivity analysis. Initially, literature 
data from studies involving Korean subjects were chosen preferentially; however, analogous case 
studies from other countries were inevitably included to secure biomarker positivity data obtained 
under similar conditions as the extracted clinical data. From 325 dissertation reviews involving 38 
types of organs, positivity experimental results involving 153 types of biomarkers and 50,450 cases 
were extracted. However, the literature data differed from clinical data, as the former lacked specific 
information such as sex, age, organ type, and diagnosis. As a result, positivity result values were 
primarily extracted based on biomarker data, which was as much as possible mapped to construct a 
database (Table 1). 

2.2. Database design and creation 

The database of the present system is composed of a raw data pool, code data, data pool for analyses, 
and an algorithm for analysis, based on Microsoft-SQL. Extracted raw data are continuously updated 
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Table 1 

Data feature 

Variable Clinical Data Literature Data 
Count Percentage (%) Count 

Gender 
Male 
Female 

 
34,393 
44,519 

 
43.58 
56.42 

N/A 

Age range 
0~10 
11~20 
21~30 
31~40 
41~50 
51~60 
61~70 
71~80 
81~ 

 
29 
954 
3,377 
8,487 
16,698 
20,212 
17,913 
10,036 
1,188 

 
0.03 
1.21 
4.28 
10.76 
21.16 
25.61 
22.70 
12.72 
1.50 

N/A 

Organ Type 39  38 
Diagnosis Type 244  244 
Biomarker Type 166  153 

 

 
Fig. 2. Data extracting process. 

 
in the system to comprise a raw data pool, and the data that are cleared through coding are transmitted 
to the data pool for analysis. Going through such a process facilitates management of the data pool for 
analysis, even if changes are introduced to the format of the raw data, or new codes are added later on. 

In addition, flags were attached, according to the type of each original data file, e.g. storage file (0), 
raw data input (1), or analysis data transmission (2), so that the administrator could manage the data 
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pool for each file (Figure 2). 
Table 2 

Analysis algorithm parameter 

2.3. Algorithm for analysis 

Positivity rate in Pathpedia.com, and other biomarker positivity rate-related studies, can be defined 
as the rate of positive cases per total number of cases; this value can change according to the selection 
of a specific variable. Therefore, this study first analyzed conventional methods of deriving biomarker 
positivity in literature, to understand which processes the researchers used in setting variables and the 
level of variables (Figures 3 and 4), and then designed the algorithm for analysis [18-21]. It was 
wondered, for example, what approaches would be necessary if one wanted to find a biomarker that 
had a high positivity for cancer from a specific disease, or for a specific age group. The parameters of 
the algorithm for analysis were defined through the analysis of the behavior of the researchers, as 
shown in Table 2, and the algorithm for analysis was coded as shown in Figure 5. 

If @selParam is not designated with a value in the algorithm for analysis, biomarker positivity 
values of all data within given search conditions will be calculated; when setting search conditions as 
shown in Figure 6, the system is designed so that the accurate code could be designated using 
synonyms (thesaurus) of diseases, organs, and biomarkers. 

 

 
Fig. 3. Database structure. 

Parameter Description 
@DB_ID 1: Clinical, 2: Literature 
@selParam Cross analysis code group(ex: diseases, gender, organ, diagnosis) 
@whereCondition Restriction on search query 
@data_display Indication 

(1:Positivity%, 2: positive number/total number, 3: Positivity% & positivenumber/total number) 
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Fig. 4. Raw data pool (Top) and code data (Bottom left), analysis data (Bottom right). 

 
Result Table = SP_INDICATOR_DATA( 
  @DB_ID int, 
  @selParamnvarchar(max), 
  @whereConditionnvarchar(max), 
  @data_display int ) 

Fig. 5. Example of analysis algorithm. 
 

 
Fig. 6. Searching condition input screen. 
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Table 3 

Current top 10 number of clinical data for organ (left), diagnosis (middle) and biomarker (right) 

 

 
Fig. 7. Example of outcome for single analysis (left) and cross analysis (right). 

3. Results 

As shown in Table 3, the characteristics of cancer in Korean were investigated using the numbers of 
extracted data items related to organs, diagnoses, and biomarkers from the clinical database as the 
main criteria. In general, breast, stomach, brain, and lung cancers were found to have the highest 
incidence among Koreans. A closer look at detailed diagnoses revealed that breast, stomach, brain, and 
lung are the most prominent, followed by adenocarcinoma (gastric foveolar type), adenocarcinoma, 
and malignant lymphoma. Finally, an investigation on the number of biomarker data items related to 
clinical data items revealed that biomarkers used for organs with high cancer incidence rates are 
observed frequently during diagnosis and treatment. 

Finally, using the previously constructed clinical/literature database and analysis algorithm, a 
biomarker positivity analysis system comprising a search criteria input section (Figure 6) and an 
analysis results section (Figures 7 and 8) was developed. When inputting search criteria, the user can 
choose which database (clinical or literature) is used for the positivity analysis. Subsequently, a single 
or cross analysis was also implemented in the search criteria (e.g., biomarker, organ, diagnosis). Single 
analysis is a method of calculating positivity according to biomarkers within the user's designated 
limits, whereas cross analysis is a method of calculating positivity according to biomarkers in the 
designated category and within the limits set by the user. 

Although various combinations of search criteria could be generated using the clinical data, which 

Rank Organ Count Diagnosis Count Biomarker Count 
1 Breast 18920 Invasive ductal carcinoma, NOS 14007 Genes, erbB-1 5517 
2 Stomach 14549 Adenocarcinoma, gastric foveolar 

type 
11849 Genes, erbB-2 5147 

3 Brain, spinal cord 7591 Adenocarcinoma 7174 Tumor Suppressor 
Protein p53 

4925 

4 Lung 6301 Malignant lymphoma 6705 Genes, bcl-2 3447 
5 Soft Tissue 5958 Poorly differentiated carcinoma 2354 Estrogen Receptor 

alpha 
2872 

6 Liver, Intrahepatic bile 
duct 

4844 Ductal carcinoma insitu 2261 Receptors, 
Progesterone 

2854 

7 Bone marrow and 
lymph node 

4256 Clear cell renal cell carcinoma 2085 Keratin-5 2716 

8 Kidney 2972 Spindle cell tumor with thymus-like 
differentiation 

1682 Keratin-7 2244 

9 Thyroid and 
Parathyroid 

2009 Glioblastoma 1590 S100 Proteins 2149 

10 Colon and Rectum 1760 Small cell carcinoma 1361 Thymidylate Synthase 1907 
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included all search criteria information, it was impossible to apply some search criteria to the literature 
data because the information only existed partially or not at all. Accordingly, the system was designed 
so that single and multiple cross analyses with respect to sex, age, organ, diagnosis, and biomarker 
were only possible when implementing a positivity analysis based on clinical data. Criteria with 
relatively few categories, such as age and sex, were configured as buttons so that the desired criteria 
could be selected directly; for those with many categories, such as organ, diagnosis, and biomarker, a 
direct input or selection could be performed using a search autocomplete function. Additionally, the 
search criteria input query was continuously updated in the user library, a design that allows the user to 
make comparisons between the analysis results obtained during previous criteria searches. 

Analysis results are provided in table and graph forms, as shown in Figure 8. In the table, the  
 

 
Fig. 8. Analysis result screen. 

 

 
Fig. 9. Example of biomarker information. 
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positivity values of factors such as biomarker, organ, and diagnosis are shown quantitatively. For 
example, in the analysis results shown in the table (left) in Figure 8, which features keratins as the 
biomarker and adenocarcinoma as the diagnosis, 107 of 113 identified positivity test cases were 
positive, yielding a positivity rate of 94.69% based on the current data. In other words, the positivity 
value represents the number of positive cases divided by the total number of cases retrieved for the 
search criteria. For search criteria involving cases without positive responses, the results are displayed 
as (0/total number of cases), whereas search criteria without any relevant cases are displayed as N/A. 
In addition, depending on the selected condition, biomarker positivity is displayed in bar graph form, 
allowing for easy and intuitive comparisons of biomarker positivity rates according to particular 
conditions. Experts from the pathology department of Seoul National University Hospital served as the 
subjects for pilot tests. Bar graphs were used more often for general situations, whereas tables were 
preferred in situations requiring a more detailed understanding. Additionally, clicking on the 
biomarker within the table, as shown in Figure 9, reveals biomarker information such as the clone, 
subjects, and positive site. Furthermore, on the Seoul National University Hospital internal network, 
real-time EMR-associated pathology reports can be accessed by clicking the positivity result. The user 
may also use this platform to easily share information and obtain opinions regarding their chosen 
pathology cases. 

4. Discussion 

In this study, a biomarker positivity analysis system is developed by utilizing clinical data from the 
Korean population for cancer diagnosis and treatment. Previously, to conduct studies related to 
biomarker positivity, researchers would first establish a hypothesis and verify it through clinical 
experiments, or conduct a long process of directly searching for, extracting, and collecting data 
through the hospital EMR and parsing the data before analysis [22-25]. Researchers often experience 
difficulties in securing such large volumes of data. In the present study, however, natural language 
processing techniques are used to automatically extract a large amount of clinical data from Seoul 
National University Hospital's pathology reports. Experts only need to conduct a verification process 
through random sampling, and users are thus able to deduce the positivity values under their desired 
conditions more quickly and easily. 

To evaluate the level of accuracy and satisfaction associated with this clinical data-based biomarker 
positivity analysis system, 25 pathology experts from Seoul National University Hospital serve as 
subjects for an assessment that yields a satisfaction level of 4.7 out of 5. In particular, when the 
opinions of the experts are gathered through a survey, the rating of 4.5 out of 5 given to positivity 
values based on search criteria differs little from that for actual diagnoses. However, as the survey is 
considered to reflect the experts' subjective opinions, the system constructed in our study is utilized to 
provide further quantitative verification by comparing 78,912 clinical data cases and 50,450 literature 
data cases using the same inputted search criteria for both databases. The comparison results 
demonstrate that 10,854 cases, or roughly 79.47%, of the 13,658 cases existing in both the clinical and 
literature data are of concordance. This concordance rate is not as high as initially expected because 
the 13,658 cases existing in both databases only comprise 17.31% and 27.07% of the clinical and 
literature data, respectively. Additionally, the clinical data only includes Korean data samples from 
Seoul National University Hospital pathology reports, whereas the literature data also include the data 
extracted from other countries besides Korea. To resolve this issue, biomarker positivity-related 
clinical and literature data from Korean subjects must be continually acquired; it is expected that in the 
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future, Korean researchers can input their own experimental results and research directly, and there are 
plans to develop and provide an additional program that will enable real-time linkage with the system 
proposed in our study.  

As this is only one method of acquiring a biomarker-related data pool, additional studies are needed 
to reduce the amount of data omitted during the data refinement process. A total of 241,932 cases of 
positivity data are collected from the Seoul National University Hospital pathology reports, but 
163,020 (roughly 67%) are omitted during the data refinement process. Refinement is done because 
clinical documents use a mixture of Korean and English, which are not grammatically precise, express 
terms using abbreviations, and contain various synonyms. For this study, a thesaurus is initially 
constructed to deal with synonyms, but for the results that had been changed to typical expressions, 
only cases above a certain level of reliability are selected, leading to the omission of a large amount of 
data. Accordingly, there are plans to conduct research regarding the improvement of natural language 
processing algorithms for clinical texts in order to increase the thesaurus coverage and decrease the 
proportion of omitted data.  

Finally, in this study, new analysis methods and platforms are proposed for predicting cancer 
diagnoses and prognoses based on a large volume of clinical and literature data. It is expected that 
these tools will ultimately provide greater benefits to cancer-associated healthcare professionals and 
non-professionals. 
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