A GUIDE TO
BEST: Biomedical Entity Search Tool
1. BEST Overview
With the soaring number of biomedical publications, researchers and practitioners are now
facing a new challenge. Pinpointing relevant information has become an extremely laborintensive and time-consuming process. PubMed, so called ‘Google of biomedicine’, serves as
a good starting point for researchers. However, it provides only a list of relevant articles,
leaving most of the information-processing task to the users. For example, PubMed returns
27,548 articles (as of April 7, 2015) for the query ‘chronic myeloid leukemia.’ It is almost
impossible for the users to sift through all of these records to extract relevant information.
The problem is exacerbated by the accelerating growth rate of the literatures — more than
3,000 papers are added to PubMed every day on average. To address this challenge, we
introduce a next-generation biomedical entity-search system named “BEST: Biomedical Entity
Search Tool.” A unique advantage of using BEST is that it directly returns entities to query, as
an answer. Since certain entities are directly returned rather than a list of documents — that
may or may not contain answer —, users can easily recognize what they search for.

1.1 Main Features
o
o
o
o

Biomedical entity search with relevance based ranking
Complete coverage of PubMed corpus with daily automatic update.
Visualization of molecular interaction networks around resulting entities.
Enriched GO terms, related keywords, and frequently co-occurring phrases with the
resulting entities.

1.2 Availability and Contact
o All users can access BEST at: http://best.korea.ac.kr/
o For bugs and inquiries, please contact: Jaewoo Kang (kangj@korea.ac.kr)

2. Query Interface and Result Format

Figure 1. BEST main page

1. By default, when user enters a keyword, BEST searches through the indexed PubMed
abstracts and returns the most relevant biomedical entities for input query. The user
could also select a resulting entity types from the pull-down menu, as illustrated in
Figure 2.

Figure 2. Filtering entity types

Figure 3. Perform a keyword search of “chronic myeloid leukemia”

2. To search entities, user could type a query to the text box. In Figure 3, “chronic myeloid
leukemia” is typed. Clicking “Search,” BEST returns relevant entities in a list. (Figure 4)

Figure 4. Results page of search query “chronic myeloid leukemia”

Figure 5. Number of entity types matching search keyword “chronic myeloid leukemia”

 The top part of the result page illustrates the number of entities that are relevant to
the query, being visualized in a bar graph. If user clicks on certain entity type (e.g.
Gene, Disease), result page redirects to the page only containing selected entity type.
 Because the entity result is somewhat long to look through, BEST provides “shortcut
links” to move to each entity easily.

Figure 6. The first entity matched to the search query “chronic myeloid leukemia”

 Each entity result contains four components: Entity Information, Molecular Interaction
Network, Enriched GO Terms, and Related Articles.
- Entity Information: Entity information describes of the biomedical entity. For
instance, if the entity type is a “Gene,” it provides the followings: Gene Symbol,
Synonyms, Other names, and External links to several databases.
- Molecular Interaction Network: Molecular Interaction network is an
automatically generated local sub-network for the matching entity. For example,
Molecular Interaction Network on Figure 6 shows “chronic myeloid leukemia”
node with its closest neighbors.
- Enriched GO Terms: BEST extracts Gene Ontology (GO) terms associated with the
current entity and its neighboring entities. It then performs an enrichment
analysis with the extracted GO terms and displays the enriched GO terms with a

word cloud.
- Related Articles: BEST returns TOP3 abstracts from the matching articles, which
are most relevant to the entity and query. The query terms and the entity names,
including synonyms are highlighted in the sentences.

3. USE CASES
3.1 USE CASE 1: Chronic Myeloid Leukemia Imatinib Resistance
BEST supports complex query with some Boolean operation, e.g. “(chronic myeloid
leukemia) AND imatinib AND resistance.” In addition, user can specify entity types for
results with pull-down menu, as illustrated in Figure 7.

Figure 7. Complex query with type filtering

 With use of syntax and selection of entity type, user can obtain entities that are
more relevant to the information need.
 Figure 8 shows an example of results with the query “(chronic myeloid leukemia) AND
imatinib AND resistance,” and type filter of “mutation.” T315I is returned as number
one mutation that is relevant to imatinib resistance in chronic myeloid leukemia. As
highlighted in Figure 8 (“T315I mutation in BCR-ABL gene confers resistance to
imatinib.”), BEST returns not only relevant entities, but also text as a supporting
evidence so that user could easily get insight from query result.

Figure 8. Results page of search query “(chronic myeloid leukemia) AND imatinib AND

resistance” with type filter “mutation”

 Figure 9 shows an example of results with the same query, but with filter type “drug.”
From this result, user can know that nilotinib is an alternative therapeutic candidate
other than imatinib. The underlined sentence in Figure 10 says, “In recent years,
several second-generation inhibitors – such as dasatinib and nilotinib – have become
available: these promise to overcome some of the mutations associated with acquired
resistance to imatinib.”

Figure 9. Results page of search query “(chronic myeloid leukemia) AND imatinib AND

resistance” with type filter “drug”

Figure 10. Nilotinib as an alternative therapeutic treatment candidate.

3.2 USE CASE 2: Melanoma Mutations and Drugs

Figure 11. Search result of query "melanoma" with type filter "drug." Only drugs are returned.

 Figure 11 shows the result of “melanoma” with the type filter “drug.” The first
ranked drug ipilimumab, approved by the FDA in 2011, is used to treat late-stage
melanoma that has spread and cannot be removed by surgery.
(https://en.wikipedia.org/wiki/Ipilimumab)

Figure 12. User can set type filter by clicking type bar chart.

 BEST returns 10 different types of biomedical entities in the result. Mutations, one
type of biomedical entity, are extracted from the text using a mutation identification
tool, tmVar (PMID: 23564842). By clicking the “mutation” tab (Figure 12) at the top
of the result page, users can obtain mutations that are the most relevant to
melanoma (Figure 13). The top ranked mutation returned in the result is V600E. We
can also obtain some supporting evidence from the abstracts that are returned with
the mutation. For example, the abstract returned with V600E contains the following
supporting sentence: “V600E was the predominant mutation in 21/24(87.5%) of
primary and 23/25(92%) of metastatic melanomas.” By reading abstract snippets,
users can find that this mutation is the dominant mutation in primary and
metastatic melanomas.

Figure 12. Result page of query "melanoma" with type filter "mutation."

Figure 13. Result page of query "melanoma V600E" with type filter "drug."

 Now, users can extend the query to “melanoma V600E” with the type filter “drug”
to get information about drugs that target this mutation. The result of this query is
shown in Figure 14. The top ranked drugs shown in Figure 14 are all FDA-approved
and used for treating melanoma patients with the BRAF V600E mutation. In fact, the
first ranked drug vemurafenib is named after V600E mutated BRAF inhibition.
(https://en.wikipedia.org/wiki/Vemurafenib)

Figure 14. Result page of query "melanoma vemurafenib resistance" with type filter
"mutation."

 For further exploration, users can query “melanoma vemurafenib resistance” with
the type filter “mutation” to obtain the list of mutations that confer resistance
against vemurafenib. The result of this query is shown in Figure 15. The first and
second results are V600E and V600K, respectively. These two mutations are ranked
at the top because they co-occurred with the query keywords the most frequently
(“melanoma vemurafenib resistance”) in the literature. The third result Q61K and
the fourth result Q61R are the mutations of our interest as they are reported to
confer resistance to RAF inhibitors (e.g., vemurafenib). The abstract snippet in the
third result Q61K provides the following evidence: “Q61R and Q61K, affecting two
main subpopulations in the metastasis PV1 and a BRAF alternative splicing, involving
exons 4-10, in the metastasis PV2. These alterations, known to confer resistance to
RAF inhibition.”

4. BEST Query Syntax
Single Terms Searches
 BCR
- Search for entities that co-occur with “BCR.”
Phrase Searches
 "Chronic Myeloid Leukemia"
- Search for entities that co-occur with the phrase “Chronic Myeloid Leukemia.”
Boolean Searches
 BCR ABL1
 BCR AND ABL1
- Two queries produce the same results which are entities that co-occur with
both “BCR” AND “ABL1.”
 BCR OR ABL1
- Search for entities that co-occur with “BCR” or “ABL1”
 BCR NOT ABL1
- Search for entities that co-occur with “BCR” but not with “ABL1.”
Query Term Grouping
 (imatinib OR dasatinib) AND "Chronic Myeloid Leukemia"
- Search for entities that co-occur with "imatinib" and “Chronic Myeloid
Leukemia,” or “dasatinib” and “Chronic Myeloid Leukemia.”
Proximity Searches
 "BCR ABL1"~10
- Search for entities that co-occur with “BCR” and “ABL1” in documents where
“BCR” and “ABL1” co-occur within 10 words from each other.
Query Term Boosting
 imatinib^4 "drug resistance"
- Search for entities that co-occur with “imatinib” or “drug resistance.”
- “imatinib^4” indicates that BEST treats the first term “imatinib” four times
more important than the second term when it computes the scores for
resulting entities.

5. SCORING METHOD IN BEST
To score resulting entities, BEST takes the following three steps:
 First, BEST scores each individual document that matches the query (i.e.,
documents that contain the query terms).
 Second, BEST groups the documents by entity that appears in the documents. To
do so, from all the query-matching documents, BEST extracts biomedical entities
and groups the documents by the extracted entity.
 Finally, the score of an entity is computed by aggregating the scores of documents
in a corresponding group. For example, suppose there are 100 documents
matching the query “chronic myeloid leukemia.” Among the 100 documents,
imatinib appears in 20 documents. Then, the score of imatinib is the sum of the
scores of the 20 documents.
More formally, entities are scored as follows:
S(𝑒|𝑞) = ∑𝑑∈𝐷(𝑒,𝑞) 𝑆(𝑑|𝑞)
where 𝑆(𝑒|𝑞): score of entity 𝑒 given query 𝑞
𝑆(𝑑|𝑞): score of document 𝑑 given 𝑞
𝐷(𝑒, 𝑞): set of documents that contain entity 𝑒 and query 𝑞
Document score is defined by a product of five components: IR score (I), reciprocal
number of entities (N), quality of source (Q), and freshness of source (R).
𝑆(𝑑|𝑞) = 𝐼(𝑑, 𝑞) × 𝑁(𝑑) × 𝑄(𝑑) × 𝑅(𝑑)
 IR score 𝐼(𝑑, 𝑞) is similar to a scoring function broadly used in traditional IR
system (e.g. Apache Lucene). I(d,q) is defined as
𝐼(𝑑, 𝑞) = 𝑐𝑜𝑜𝑟𝑑(𝑑, 𝑞) × 𝑡𝑓𝑖𝑑𝑓(𝑑, 𝑞)
where coord(d, q): coordination score between query 𝑞 and document 𝑑;
𝑠𝑐𝑜𝑟𝑒 𝑔𝑒𝑡𝑠 ℎ𝑖𝑔ℎ𝑒𝑟 𝑎𝑠 𝑡ℎ𝑒 𝑜𝑣𝑒𝑟𝑙𝑎𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑞 𝑎𝑛𝑑 𝑑 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑠
𝑡𝑓𝑖𝑑𝑓(𝑑, 𝑞): sum of TFIDF scores of terms in query 𝑞 in document 𝑑
 If a document contains more than one entity, the score of the document is
discounted by the reciprocal number of entity score (N(d)). N(d) ranges from 1/10
to 1 and is defined as
1
N(d) =
min(#𝑒𝑛𝑡𝑖𝑡𝑖𝑒𝑠 𝑖𝑛 𝑑, 10)
 Source Quality Score Q(d) uses Impact Factor (IF) of journal in which the paper is
published. Q(d) ranges from 1 to 10. In case the source journal does not have IF
value, Q(d) is set to 1. Q(d) is defined as
𝐼𝐹(𝑑)
Q(d) = 1 +
×9
𝑚𝑎𝑥𝑖 (𝐼𝐹(𝑖))
 Finally, Recency Score R(d) gives more weight to a newer paper. R(d) ranges from
1/16 to 1. In case the publication date of a document is not available, R(d) is set
to 1/16. R(d) id defined as
min(#𝑚𝑜𝑛𝑡ℎ𝑠_𝑜𝑙𝑑(𝑑),96)
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2

