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Abstract 

LeukemiaBD, is a Database of Biomarker data for Leukemia. The aim of this database is to serve                 

as a comprehensive repository catering to all relevant information related to Leukemia. The             

database currently has manually curated information about the leukemia biomarkers. It           

comprises an interactive interface to query each biomarker via an easy searching and browsing              

facility. Individual information about each biomarker comprises the associated type of leukemia,            

patient cohort, regulation of biomarker, type of biomarker, type of biomolecule, source, etc. We              

believe that LeukemiaBD will be a valuable resource for the scientific community to explore the               

leukemia biomarker. LeukemiaBD is built on responsive templates which are compatible with            

smartphones and various other gadgets (mobile, iPhone, iPad, tablets etc.). 

Database URL​: webs.iiitd.edu.in/raghava/leukemiabd 

Objectives 

1. Collection and compilation of biomarkers for leukemia from the literature. 

2. Development of web-server(LeukemiaBD) to organize Biomarker information in user         

friendly format using Apache HTTP server on Linux Platform using the most popularly             

available open-source relational database management system (RDBMS), MySQL        

version 5.7.24. 

 

 

 

 
 
 



 

Introduction 

Leukemia is a cancer of the blood cells. It is basically a clonal proliferation of hematopoietic                

stem cells in the bone marrow.[2] Leukemia could be developed due to a problem with the blood                 

cell production. It usually affects the white blood cells or leukocytes. Leukemias fall under the               

group of life-threatening malignant disorders of the blood and bone marrow. There is not an               

exact known cause of leukemia. But it seems to develop from a combination of genetic and                

environmental factors.[3] Basically, leukemia is thought to occur when some blood cells acquire             

mutations in their DNA. It develops when the DNA of developing blood cells, mainly white               

cells, incurs damage. This, in turn, causes the blood cells to grow and divide uncontrollably. As                

the healthy blood cells die, new cells replace them. These develop in the bone marrow. But the                 

abnormal blood cells do not just die at a natural point in their life cycle. But, they build up and                    

occupy more space. So, as the bone marrow produces more cancer cells, they start to overcrowd                

the blood, thus, preventing the healthy white blood cells (WBCs) from growing and functioning              

normally. Eventually, the cancerous cells outnumber healthy cells in the blood. I​n terms of how               

quickly it develops and gets worse, the onset of leukemia can be acute (sudden onset or                

fast-growing) or chronic (slow onset or slow-growing). In acute leukemia, cancer cells multiply             

rapidly and result in the accumulation of immature and functionless blood cells in the bone               

marrow. Whereas chronic leukemia progresses slowly, which results in the accumulation of            

mature, but still abnormal, white blood cells and the early symptoms may be very mild in this                 

case. Further, Leukemia is also classified according to the type of cell involved. Leukemia              

involving myeloid cells is called myelogenous leukemia. And, leukemia involving lymphocytes           

 
 
 



 

is called lymphocytic leukemia. [4] Acute lymphoblastic leukemia (ALL) occurs more often in             

children, whereas the others are more common in adults. The significant risk factors included              

here are genetic predisposition as well as environmental factors, such as exposure to ionizing              

radiation.​The four broad subtypes of Leukemia are acute lymphoblastic, acute myeloid, chronic            

lymphocytic, and chronic myeloid leukemia. Acute lymphocytic leukemia (ALL) ​progresses          

rapidly by replacing the healthy cells that produce functional lymphocytes with the leukemia             

cells that can't mature properly. The leukemia cells are carried away in the bloodstream to other                

tissues and organs, including liver, lymph nodes, brain and testes, where they continue to grow               

and divide. The building, dividing and spreading of these leukemia cells may result in several               

possible symptoms.[5] ​Acute myeloid leukemia (AML) ​is known by several other names such as              

acute myelogenous leukemia, acute myeloblastic leukemia, acute granulocytic leukemia or acute           

nonlymphocytic leukemia. It is a fast-growing form of cancer of the blood and bone marrow. [6]                

Chronic lymphocytic leukemia (CLL) is typically a type of slow-growing cancer that begins in              

lymphocytes in the bone marrow and extends to the blood. It also gets spread to lymph nodes and                  

organs such as the liver and spleen. It develops when too many abnormal lymphocytes grow,               

crowding out normal blood cells and making it difficult for the body to fight infection.[7]               

Chronic myeloid leukemia (CML) is also known as chronic myelogenous leukemia which begins             

in the blood-forming cells of the bone marrow and then with time spreads to the blood gradually.                 

And eventually, the disease spreads to other areas of the body.[8] 

Treatment for leukemia depends on many factors like age, overall health, the type of leukemia,               

and whether or not it has spread to other parts of the body. Common treatments used for                 

leukemia are chemotherapy,biological therapy, targeted therapy,radiation therapy,stem cell        

 
 
 



 

transplant and surgery. Chemotherapy is the primary form for the treatment of leukemia.             

Chemotherapy treatment uses chemicals to kill leukemia cells. Also, it is the primary treatment              

for Acute myeloid leukemia (AML). Sometimes, doctors may recommend a bone marrow            

transplant. Depending on the type of leukemia one has, one may be treated with single-drug               

treatment or a combination of drugs. The drugs used in this treatment may come in a pill form, or                   

they may be injected directly into the vein. Biological therapy works by using treatments that               

help the immune system to recognize and attack leukemia cells. Targeted therapy uses those              

drugs that attack specific vulnerabilities within the cancer cells. This type of treatment uses              

tyrosine kinase inhibitors that target cancer cells without affecting other cells, reducing the risk              

of side effects. Examples include imatinib, dasatinib, and nilotinib. Radiation therapy uses            

X-rays or other high-energy beams to destroy leukemia cells or bone marrow tissue and stop               

their growth. Radiation therapy is usually used before the transplant or to prepare for a stem cell                 

transplant. Surgery often involves removing the spleen, but this depends on the type of leukemia.               

In the stem cell transplant​,​, diseased bone marrow is replaced with healthy bone marrow. Before               

performing a stem cell transplant, one may receive high doses of chemotherapy or radiation              

therapy to destroy the diseased bone marrow. After that, one may receive an infusion of               

blood-forming stem cells that help to rebuild the bone marrow. A stem cell transplant is similar                

to a bone marrow transplant.[9] 

To have a better understanding of leukemia we need to study the genes/proteins that are               

regulated in the disease condition. The term “biomarker”, a portmanteau of “biological marker”,             

refers to a broad subcategory of medical signs – that is, objective indications of medical state                

observed from outside the patient – which can be measured accurately and reproducibly [10].              

 
 
 



 

Different types of biomarkers are prognostic, diagnostic and predictive. Diagnostic biomarkers           

are ​used to confirm that a patient has a particular health disorder [11]. Prognostic Biomarkers               

shows how a disease may develop in a person when a disorder is already diagnosed. The absence                 

or presence of prognostic markers is useful for the selection of patients for treatment but it does                 

not directly predict the response to a treatment [12]. Predictive Biomarkers ​helps to determine              

which patients are most likely to benefit from a specific treatment option. It provides information               

about how well a treatment is expected to work in case of a particular patient and about the                  

likelihood of that treatment, causing an unwanted side effect [13,14]. 

LeukemiaBD​: A Database of Biomarker data of Leukemia. This is a contribution to the              

scientific community who have been actively researching the area of leukemia biomarkers.            

LeukemiaBD is a comprehensive information system which serves as a common portal to             

address and understand leukemia biomarkers. It comprises all the relevant information about the             

biomarkers from principal data repositories like NCBI (The National Center for Biotechnology            

Information) PubMed. This resource has various web-based tools for searching and browsing            

facilities to facilitate users in extracting and analyzing the data. We hope that this portal will be a                  

useful contribution to divert more attention to this field of research and serve as one-stop for all                 

the information related to these biomarkers. 

 
 
 



 

Systems and Methodology 

Study Design 

 
 
 

Figure 1: Study design 

 

 

 
 
 



 

Data curation 

The data were manually annotated, covering all aspects of the leukemia biomarkers from broad              

perspectives, namely Diagnostic Biomarkers, Prognostic Biomarkers & Predictive Biomarkers.         

For the annotation of data, we used NCBI (The National Center for Biotechnology Information)              

PubMed. To filter out the articles outside our targeted area of research literature, PubMed was               

queried using the keywords “(leukemia[Title/Abstract]) AND      

biomarker[Title/Abstract],(leukemia[Title/Abstract]) AND signature[Title/Abstract],(blood   

cancer[Title/Abstract]) AND signature[Title/Abstract],(blood cancer[Title/Abstract]) AND     

biomarker[Title/Abstract]”. After sorting the queries further based on relevant keywords and           

identifying recent publications from the last 15 years we were able to narrow down information               

from 1860 publications published until 2019. During the initial screening, review articles and             

the articles lacking relevant information with respect to leukemia biomarkers were excluded.            

Based on the screening that we did we narrowed down to 470 relevant papers out of the total                  

1860 research papers. Finally the data was curated from 470 relevant research papers.We             

manually retrieved information from the research papers.​The information to be retrieved from             

the relevant research papers are PMID, year, biomarker, biomolecule, source, subjects,           

regulation in cancerous condition, odds ratio, effect on pathway, experiment, type of biomarker,             

cohort, sensitivity, specificity, accuracy, p-value and validity. PMID is the Pubmed ID of the              

paper. It is the unique identifier number used in PubMed that can be used to look up abstracts or                   

articles in PubMed.Year refers to the year in which research paper was Published.Biomolecule is              

basically whether it’s a gene, protein, Enzyme, Hormone etc all are biomolecules, so it is a term                 

 
 
 



 

for molecules and ions present in organisms that are essential to one or more typically biological                

processes, such as cell division, development etc. Source is the sample from which it is taken                

from like Bone marrow,Serum, Blood etc.Subjects refers to whether the patients under study             

were Humans, Mice, Rat. Regulation in cancerous condition means whether the biomarker is up              

or down Regulated (including fold change). Gene regulation comprises a wide range of             

mechanisms that are used by cells to either increase or to decrease the quantity of specific gene                 

products such as protein or RNA. Down-regulation is the process by which a cell decreases the                

production of specific gene products in response to an external stimulus. And upregulation             

involves increases of such components.[15]Odds Ratio/ Hazard Ratio describes the relative risk            

of the complication based on the comparison of event rates. It is also used to describe the                 

outcome of therapeutic trials where the main focus is to extent treatment can shorten the duration                

of the illness.[16]Effect on pathways is when the expression of the particular biomarker regulates              

a particular pathway in cancer.Experiment refers to the conditions in which a biomarker is              

differentially expressed. A gene is said to be a differentially expressed gene if an observed               

difference or change in read counts or expression levels between two experimental conditions is              

statistically significant.[17] The types of biomarker are diagnostic, prognostic or predictive.           

Cohort is the description of the dataset. The sensitivity Sensitivity of the biomarker is also               

known as the true positive rate, it measures how often a test correctly generates positive result                

for those people who have the condition that they were tested for.Specificity of the biomarker is                

also known as the true negative rate, it measures a test’s ability to correctly generate a negative                 

result for people who don’t have the condition that’s being tested for.[17] AUC isArea Under               

Curve of the Biomarker. It is a useful tool to evaluate the diagnostic accuracy. Many biomarker                

 
 
 



 

combination methods rely on the maximization of the area under the ROC curve             

(AUC).[18]Accuracy of the Biomarker refers to the closeness of a measured value to a standard               

or known value.p-value describes how statistically significant was the differentiation.[19] The           

p-value or probability value is the probability of obtaining results at least as extreme as the                

results observed of a statistical hypothesis test, assuming that the null hypothesis is             

correct.Validity refers to the fact that how good a biomarker it is whether it was validated on                 

some internal or external cohort.[20] 

 
 
 
 
 

 ​LeukemiaBD: Architecture and Interface  

 
LeukemiaBD was built using the Apache HTTP server on Linux Platform. The front end was               

maintained using CSS3, HTML5, XAMPP, PHP version 4.0.10 deband Javascript (1.7). 

At the back-end, Relational Database Management system (RDBMS): MySQL version 5.7.24,           

was used to organize all the data into the table. It is the most popularly available open-source                 

Database Management system. The tabular organization of data allows better and efficient data             

retrieval and thus, clear visualization on the interface. The main table with 25 different fields was                

maintained associated with each of the unique entries. The overall architecture of the             

LeukemiaBD is represented in Figure 2. 

 
 
 



 

 

Figure 2: Architecture of LeukemiaBD 

 

 

 

 
 
 



 

Database Organization 

 
In leukemiaBD, the data is organized into four broad categories. The categorization of data into               

four browse domains which further categorized into different subtypes gene type, source,            

biomarker type and biomolecule type. Gene name has all the names of the genes that are                

regulated in leukemia are under this category.Leukemia biomarkers as a whole can be viewed by               

a particular user on the interface based on the gene/protein name of the biomarker that is                

regulated in leukemia.The visualization, of biomarker data based on the sources from which the              

sample is taken from are categorised into 5 main categories “Blood”, ”Bone marrow”, ”Cell              

lines” ,”Plasma”and “Serum”.The visualization of biomarker data based on their types are            

categorised into 3 main categories “Diagnostic”, “Prognostic”, and “Predictive”.Also we can           

visualise the biomarker data based on the type of biomolecule. It has five different categories               

“RNA”, “Protein”, “miRNA”,  “Metabolites” and others like “Long non-coding RNA” . 

The research articles from which data was extracted to incorporate in the database which has a                

unique PUBMED ID is also returned along with the results. Also each PUBMED ID has a                

hyperlink which redirects it to their relevant site domains. Each biomarker is individually linked              

to their PUBMED IDs wherever available in order to provide users an efficient, hassle free and                

oriented search via the platform. 

 

 
 
 



 

Results 

 

Web tools Implementation 

 
For providing flexible and hassle-free data searching experience to the users, various tools such              

as retrieval, browsing, and analysis are integrated with LeukemiaBD. 

A. Search tools 

A.1 Keyword search 

This tool represents keywords for data retrieval modules from LeukemiaBD. This can be             

executed by search queries such as Cancer Type, Biomarker, Biomolecule, Type of Biomarker,             

PMID, Regulation and condition and etc. Moreover, this module also allows the users to select               

various fields such as Pubmed ID, Biomarker, Biomolecule, Subjects, Cancer Type, Pathway,            

Level of significance, Patients Cohort, Sensitivity, Specificity, Accuracy, AUC, Degree of           

Validity and etc., that they want to get displayed for the result. 

A.2 Complex search 

For performing complex searchers using two or more query keywords related to the biomarker,              

the user can perform multiple structured query systems using the complex search option of              

 
 
 



 

leukemiaBD. It performs four query searches simultaneously, by default, but it also allows the              

user to select a desired field/keyword against which search can be established. Apart from this               

facility in the complex search module, it allows the user to apply basic standard logical operators                

(e.g.LIKE, &gt;, &lt;, and = ). Also, the queries to be implemented can also be added or removed                  

to perform precise searches. 

B. Browse tools 

In leukemiaBD, we have implemented a browsing facility, which helps the user for convenient              

and flexible data navigation within the database in an orderly manner. In this module, a user can                 

retrieve information on leukemia biomarkers by browsing following 5 main categories: 

B.1 Browse by GENE NAME: 

This page provides the option to browse the entries of LeukemiaBD based on the gene/miRNA               

and protein entity.  

B.2 Browse by SOURCE: 

This page provides the option to browse the entries of LeukemiaBD based on the Source of                

Samples from which Biomarkers were extracted. Further after clicking on the number of entities,              

the page shows the result of browsing biomarkers from different fields. It will display different               

fields such as Biomarker ID, Biomarker, Biomolecule, Subject, Regulation, Biomarker type,   

Experiment, Level of significance, Source, Year and PMID. On clicking PMID, it will redirect              

the user to the respective article. 

B.3Browse by BIOMARKER TYPE: 

It provides the option to browse the entries of LeukemiaBD based on the Types of Biomarkers                

 
 
 



 

(Diagnostic/Prognostic/Predictive). On further clicking on the level of entities, the page will            

display fields like Biomarker ID, Biomarker, Biomolecule, Subject, Regulation, Biomarker type,           

Experiment, Level of significance, Source, Year,  PMID and etc. 

B.4 Browse by BIOMOLECULE TYPE: 

It provides the option to browse the biomarkers of LeukemiaBD based on the type of               

biomolecule (Protein/RNA/miRNA,DNA). Here also, after going further the page will display           

fields like Biomarker ID, Biomarker, Biomolecule, Subject, Regulation, Biomarker type,          

Experiment, Level of significance, Source and PMID. 

There are respective hyperlinks to each of their PubMed ID’s which redirects the research              

articles to their relevant site domains. Also, the biomarker and the associated disease type are               

individually linked to their PubMed IDs wherever they are available to enable a flexible and               

oriented search via the interface​.  

LeukemiaBD statistics  

LeukemiaBD comprises a total of 1895 entries of the potential biomarker candidates of             

leukemia. During the initial screening, review articles and the articles lacking relevant            

information with respect to leukemia were excluded. Based on the screening that we did we               

narrowed down to 470 relevant papers out of the total 1860 research papers. Finally the data was                 

curated from 470 relevant research papers.This resource has approximately 1568 unique           

biomarkers or biomarker candidates. 

 
 
 



 

There are many studies available in literature that further elucidated the potential of a specific               

biomarker under different experimental conditions and cohorts. This resource includes          

information from all such studies. For example, there total 18 different entries of RUNX1 gene               

from 9 different studies in our database.The genes that were more prevalent in leukemia are               

FLT3, RUNX1, TP53, ABL1 ,NOTCH1, WT1, CEBPA, JAK2, ETV6 , ZAP70 ,IDH1, STAT3,             

DNMT3A , IDH2 , MCL1, CD38 etc.Some of the genes regulated in Acute Lymphocytic              

leukemia are CD24, BCL2L11, CDK6, IKZF1, CEBPA etc.Some of the genes regulated in             

acute myeloid leukemia are DNMT3, PARN, CNOT7, CNOT6, CNOT6L, Survivin etc.Some of            

the genes regulated in Chronic Lymphocytic Leukemia are miR-103, miR-181a, miR-181b,           

SFTPB etc and in Chronic Myeloid Leukemia are CECR1, FCN1, ADM, ANGPT1, S100A10,             

VWF, CLEC7A, MUC4, EGFL6 etc. 

Another important aspect of these biomarkers is their differential regulation in various conditions             

like cancer versus normal. Wherever available, we have collected the information whether the             

biomarkers that are involved in leukemia were upregulated or downregulated under different            

experimental conditions. Also along with this we have specified the sensitivity, accuracy,            

specificity of the biomarkers as mentioned in the respective research paper wherever possible to              

give an idea of the accuracy of the respective biomarker.The distribution of biomarkers can be               

done based on the gene/protein name, type of biomarker, type of biomolecule, and based on the                

source from which it is extracted.Biomarkers are of three types namely           

prognostic,diagnostic,predictive.In leukemiaBD database there are 855 biomarkers which are of          

type prognostic,1519 of type diagnostic and 115 are of type predictive.The different types of              

Biomolecule are included in leukemiaBD, such as DNA, RNA, Proteins, miRNAs, Metabolites,            

 
 
 



 

lncRNA. Total 1027 RNA, 439 protein, 369 miRNA, 50 DNA, 12 lncRNA and 3 metabolites.               

Biomarkers were extracted from various sources such as blood, bone marrow,cell lines, etc.904             

biomarkers were extracted from blood, 76 from Serum, 777 from bone marrow, and 234 from               

Cell Lines and 15 from plasma. 

 

 

Figure 3: Distribution of biomarkers based on biomarker type. 

 

 
 
 



 

Figure 4: Distribution of biomarkers based on biomolecule. 

 

 
 
 



 

 

Figure 5: Distribution of biomarkers based on source 

 

Availability 

LeukemiaBD is compatible and flexible with all the latest gadgets and appliances. All             

prospective users such as students, researchers, clinicians, counsellors etc.can access the data            

provided in leukemiaBD and interface without any prior login credentials required. 

LeukemiaBD can thus, be accessed freely at: 

 

https://webs.iiitd.edu.in/raghava/leukemiaBD/ 

 
 
 

https://webs.iiitd.edu.in/raghava/rarelsd/


 

Working of the database  

The database was prepared in such a way that all the information related to the leukemia                

biomarkers could be available at a single web location. The search and browse option displays all                

information about the queried biomarker in a tabular representation. Thus it saves time and              

makes information readily available to the users in a hassle-free way.  

 

Figure 6: LeukemiaBD 

 
 
 



 

 

Figure 7: Browse biomarker based on  different categories i.e type,source,biomolecule etc. 

The browsing option has been developed keeping in mind the different needs of a clinician,               

researcher, counselor, or a patient, to view biomarkers and the associated leukemia subtypes.This             

allows the user to experience hassle free and complete view about these biomarkers from a               

single database​ ​(Figure 7). 

 
 
 



 

 

Figure 8: Browse biomarker based on  biomarker type. 

Figure 9 shows a graphical representation, to exhibit how a basic search for the PMID 30840284                

can be carried out. figure 10  gives  query results i.e all the information about the PMID. 

 

 
 
 



 

 

Figure 9: Example of a keyword Search in Leukemia BD 

 

Figure 10: Keyword search Query results 

 

 
 
 



 

Figure 11 shows a graphical representation, to exhibit how a complex search for the biomarkers               

that are diagnostic and is a miRNA can be carried out. figure 12 gives query results i.e all the                   

information about the PMID. 

 

Figure 11: Example of a complex Search in Leukemia BD 

 

 
 
 



 

 

Figure 12: Complex search  Query results 

 
  

 

 

 

 

 

 

 

 
 
 



 

Discussion  

 
LeukemiaBD is a comprehensive resource of biomarkers that are regulated in leukemia.The            

identification of new leukemia biomarkers contributes to a better understanding of the molecular             

basis of the disease. Also, it is significantly useful in screening, diagnosis, prognosis and              

monitoring of leukemia, as well as the possibility of predicting each individual's response to the               

treatment.LeukemiaBD consists and maintains potential biomarkers for leukemia that includes          

diagnostic, prognostic and predictive biomarkers.[14] These biomarkers are based on the           

different type of samples (like blood, bone marrow, cell lines, serum and plasma) and different               

kinds of biomolecules (like RNA, Protein, miRNA, metabolites, lncRNA).[21]  

When we went through the literature we found an existing database of leukemia biomarkers. One               

such database is LGL database.[22] In this study they have a database of the leukemia genes and                 

have provided information about the different biomarkers that are regulated in different subtypes.             

But it nowhere provides information about whether the biomarker is upregulated or down             

regulated, the different experimental condition, the different cohorts, sensitivity, specificity and           

accuracy of the particular biomarker.On the other hand our database of Leukemia biomarkers             

(leukemiaBD) enables the users to access all the information about the biomarkers that are              

involved in Leukemia.The information about all these biomarkers are stored in the database and              

can be accessed freely through our web interface.All the data in the leukemiaBD is extracted               

from the published biomedical research literature.[23] All the data extracted from these            

publications are categorically organised and stored in our database.All the extracted data is             

 
 
 



 

categorised based on the type of biomarker, type of biomolecule ,the gene/protein name the              

sources from which the samples of biomarker are extracted from and various other important              

biological and clinical information.Each biomarker entry is linked to the original PubMed            

citation. The leukemiaDB platform provides a collection of relevant information that spans all             

possible aspects of the biomarkers of leukemia. It stores information ranging from the subtype of               

leukemia, type of biomarker to the experimental pathway which shall enable, hunt for searching              

biomarkers matches, which could further helpful in the development of drugs for the treatment              

of leukemia So, this database is developed to help the biological and medical sciences              

community and other users to easily access all information about biomarkers that are involved in               

Leukemia.In the absence of leukemiaBD,in order to make inferences about the biomarkers and             

their regulation in leukemia a researcher has to go through a huge amount of literature. Also                

since all the information is scattered on different possible sites it would make the task even more                 

tough. The information about the leukemia biomarkers in leukemiaBD is displayed in a tabular              

format which makes it more feasible for any researcher to glance at all the relevant information                

in a more convenient and systematic manner. 

Applications of database 

Applications of leukemiaBD are the following : 

❏ LeukemiaBD is a data portal with a collection of information about all the biomarkers of               

Leukemia at a single website, would make it easier and save a lot of time to extract                 

information related to them and draw further inferences. 

 
 
 



 

❏ The tabular visualization of all biomarkers of leukemia makes it easier for the researcher              

or clinician to access all significant aspects like the type of biomarker, its regulation in               

leukemia, the experimental pathway,the subtypes of leukemia with which it is associated. 

❏ To the best of my knowledge, currently, no such broad database exists, which would              

solely cater to the needs of niche research groups working actively in the domain of               

leukemia biomarkers. 

❏ This portal is a small contribution which would divert the attention of clinical             

practitioners and existing genetic experts to dwell more in-depth inferences in this            

domain using our platform. 

❏ LeukemiaBD provides an opportunity to help the sciences community and other users to             

look for involving biomarkers across all the main subtypes of Leukemia 
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