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Abstract

In the medical field, daily records of the patient are very
important and useful. Our aim is to make a system that
extracts, organizes and visually represents information
from patients' blogs. As the first step, the purpose of this
paper is to extract descriptions of the effects caused by
taking drugs as a triplet of expressions - drug name,
object of change, and its effect - from illness survival
blogs. However, conventional extraction methods are not
suitable since these blogs are written in informal natural
language. Therefore, this paper proposes a method to
extract the triplets using specific clue words and parsing
the results. An evaluation experiment confirmed that
medication usage information can be extracted with high
accuracy using our proposed method, in comparison to
existing methods.

Key Words- Text mining, Opinion mining,
Information extraction, Medication usage information

1. Introduction

With the spread of the Internet, it is becoming easier
for people to write their opinions, behavior, and interests
on the Web in real time. Although information on the
Web is not highly reliable, it is extensive and
instantaneous, and thus can be used to understand
people’s changes and trends. Many patients and their
family members are posting information about diseases
and treatments on the Web too. In the medical field, such
information from people who have experienced illness is
regarded as important because it is different from the
information distributed officially or by doctors. By
examining such information, other patients can decide
how to confront their disease, and treatment policies can
be determined. This kind of health information enables
patients to play an active role in their healthcare
management.

To collect such information, we focused on blogs
written by patients in natural language. Daily records
written in blogs are very valuable because of the
description of how to deal with the disease. Furthermore,
they are first-hand information that cannot be obtained
from textbooks written by people who have never

experienced the relevant disease. However, it is not easy
to extract and use this information appropriately since
there is a huge number of blogs on the Web, and they are
written in informal natural language.

Accordingly, we aim to make a system that extracts
medical information from patients' blogs, objectively
organizes the information in chronological order, and
visually represents it. As the first step of this task, this
paper presents an approach which enables the extraction
of the effects and changes caused by taking drugs as a
triplet of expressions - drug name, object of change, and
its effect - from illness survival blogs. Future research
will analyze the polarity of this information, and judge
whether the triplets of medical information extracted from
patients' blogs are descriptions of changes that are desired
or not. For this purpose, in this paper, we extract
information for which polarity can be read not by single
words (e.g. "effective”, "good", "bad"), but by sets of
object of change and relevant effect (e.g. "pain/sensation -

loss™, "hair - loss™).
2. Related work

In recent years, research is being conducted on the
medical applications of information technology, with a
focus on natural language processing techniques [1][2][3].

Aramaki et al.[4] developed a system that examines
adverse effects and event information buried in Electronic
Health Records (EHR) in hospitals. The relationship
between drugs and side effects is usually extracted by
SVM [5][6]. Shinohara et al. [7] proposed a method that
extracts side effects of drugs using syntactic patterns. In
electronic medical records, expressions are recorded in
written (formal) language. In blog articles, on the other
hand, expressions are often written in spoken (casual)
language and non-technical terms. We believe that rare
information can be collected by extracting medicinal
effects and side effects from texts written not from the
doctor's point of view, but from the viewpoint of patients.
Because new information that is not documented in drug
descriptions can be mined from blog reports and can
provide valuable input to determine unknown drug effects.

Extraction of opinions about certain objects as triplets
has been studied. Sugiki et al.[8] proposed a method for
retrieving products that match users' search queries
written in natural language using representations that



transformed texts of product reviews or queries into
triplets (“object”, “item”, “value”). Tsuchida et al.[9]
proposed a ranking method for opinion retrieval from
weblog articles that uses a confidence model of opinion as
a three-tuple of object-attribute-evaluation. The method
extracts attribute-evaluation pairs (finding evaluation
words using the evaluation-expression dictionary) by
SVM, and associates objects with attribute-evaluation
pairs by the distance of those words. In studies to extract
opinions about a product or location, it is possible to
extract using an evaluation-dictionary, since the object
(“object of change” in our study) is clear and expressions
of evaluation used in texts are limited. Blogs are written

not to evaluate the effects of drugs, but to record daily life.

Expressions of evaluation that are used to write about
drugs or conditions contain words that are used in product
reviews, as well as mimetic words. There are no
evaluation-dictionaries that include Japanese mimetic
words, for example "panpan", meaning “bulging”.
Moreover, it is not easy to create an evaluation-dictionary
that is suitable for medical evaluation, because of the
variety of mimetic words.

3. Methodology

This paper presents an approach which uses clue
words to enable the extraction of the effects and changes
caused by taking drugs as triplets (“drug”, “object”,
“effect”) from illness survival blogs. Here, "drug" is the
name of the drug used, "object” is an area or disposition
in which the change or effect of the drug occurred, and
"effect" is an expression or mental attitude that shows the
effect or change. We extract from snippets, which are
summary statements of blogs. We extracted 181 pieces of
information on effects of drugs that are represented by
triplets from snippets of blogs registered in TOBYO®.
More than 40,000 blog sites written by patients and their
families are registered on TOBYO. The entries are
already tagged with the name of the patient’s disease, the
patient’s gender and so on, so we plan to use the
information in the future. 254 pieces of information on
effects of drugs existed in random 1,000 snippets. We
found that 78.3% of the information on effects of drugs
was described in the same sentence that contains the name
of the drug. Accordingly, in this paper, we aim to extract
information on effects of drugs from sentences in snippets
that contain the name of the drug.

The extraction was performed in three steps:

1)  The system converts the snippet to a form that is

easy to parse.

2)  The system detects the position of the phrase that

includes the word which is an element of the
triplet relating to drug effects, using extraction

! http://www.tobyo.jp/

rules that consider the pattern of syntactic
dependency and the clue words we set uniquely.
3) The system converts the phrase into an
appropriate form as an element of the triplet
relating to drug effects.
Figure 1 shows an overview of our system. A detailed
explanation of the extraction process is discussed later in
this section.

3.1. Clue words

In order to identify the position of the word that
contains information on drug effects, we set specific clue
words.

A selection of sentences involving the triplet (“drug”,
“object”, “effect”) of the information on drug effects is
shown in Table 1. In 138 sentences (79.2% of total), we
found that the object in which change and effect occurred
and the effect are written after using specific expressions
(underlined in Table 1) which suggest the taking and
using of drugs. We collected the expressions, and set 32
nouns and verbs as clue words. The verb of the set is in
the base form, in order to change surface form by
conjugation. Table 2 shows a selection of clue words.

U Drugname ¥ v — U (Taxod :
: Snippet: [JIEFEZ E2 1 318EO AL L7005, F =2 F1F :
| FIIGYELIE, TR RL =S AT RIAZ S 238 :
| BrotROTESEMLET, GOT, 24— LADBEEY 1
1

' i
1 1
1 1
' '

TOBYO-jiten

[FUHEBET, AL TEIFHE 7= DD T (“my fingertip pain
is less, and using the keyboard is no longer painful. I still feel a
little problem with onycholysis for 2-3 days. So, as I thought, I have
poor appetite after Taxol. My preferences have changed with (...))

L BOT, AU L RO BTG UEEET,
: So. I have poor appetite after Taxol. 1

| 72T (So). | !
H 5% — ) 2D (after Taxol)--| \
1 FARIT (appetite)------------ | '
, 213 L (as I thoughty-----| 1
1 #F5E T (poor). |

Converting the phrase

D EEUoL, B 58
1 ( Taxol , appetite , loss ) 1

Figure 1. System overview



Table 1. Example sentences
involving the drug effect triplet

EFNOBTILVR=UERAEDOTTHR, TLEF=00
BUEATENTEGY

(Then I started drinking prednisone, but my bones were
weakened by side effects of prednisone)

AEEITBRAEFYT L) DRE. FOERLSTIE

) YFESF
(My shoulders and back are very stiff after Mr. Taki(Taxotere)
too)
BEOHREE. FUET T O EABRAE 6B, 148,
5 220F) [TEAHBFEL TS
(In the current attack, convulsions appeared around the time of
injecting Aleviatin (6:00, 14:00, 22:00) )
4 ERTILF Y TEARSEREALERNVET
(Maybe, I am going senile due to Zyprexa)
Table 2. Example clue words
fukuyou® eikyou okage
(adverse drug .
effects) (effect) (virtue)
sei ato kaeru
(reason) (after) (change)
shiyou fukuyou touyo
(using) (take) (administration)
nomu tsukau fueru
(drink) (use) (increase)

3.2. Converting the snippet

The aim of converting the snippet is to reduce parsing
mistakes. Our system separates snippets into statements
using a delimiter «“, > (*.”), and extracts from the
sentence that contains the name of the drug. In addition,
our system deletes unnecessary parentheses (e.g.
emoticons “(*_ 7)) from the sentences. After that, the
system replaces the drug names that are not registered in
the IPA dictionary used in CaboCha ® (a Japanese
dependency parser) into “MEDICENE”, in order not to
split incorrectly.

3.3. Detecting phrase position

The system detects the position of the phrase that includes
the word which is an element of the triplet relating to drug
effects by extraction rules (Figure 2) that use the
dependency pattern and clue words. In Figure 2,
rectangles indicate a phrase and arrows show a
dependency parsed by CaboCha. The extraction patterns

2 L

An italic letters shows a Japanese character.
3

http://chasen.org/ taku/software/cabocha

(n

drug name + clue word + (case particle/conjunctive particle)
1 7 1 1 (Rinderon)  JEfik (reduction) T

target + (gaha/wo)
b (finger) i

effect
B 7= (swell)

eg) V7o EET B B, = (V7o & Ehd)
(My fingers swelled with the reduction of Rinderon)  ( Rinderon, finger, swell)

(2)

drug name

RERITS »

clue word + ( case particle/conjunctive particle )
BI{EHA (side effect) T

target + (gaha/wo)
(the stomach) b

Effect
L (heavy)

eg ) ¥ L @ RIER © B2 &\ = (ANFoa B &)

(Heavy stomach is a side effectsof Paxil) ( Paxil, stomach, heavy)

Figure 2. Pattern of extraction

were empirically developed based on syntactic structures
of 181 sentences that contained drug information. For
developing the patterns we also utilized rules for opinion
mining from reviews.

We found that the postpositional particles used
between the phrase that contains the target word and the
phrase containing the effect are "ga” (57.7%), "ha”
(12.7%), and "wo” (11.0%). Accordingly, the system
extracts the target elements from the phrase depending on
the phrase containing the effect by "ga, ha, wo".

Furthermore, the system only extracts when the
postpositional particle used after a clue word is a case
particle (e.g. “de”, “kara”, “yori”) or a conjunctive
particle (e.g. “ga”, “node”, “keredomo”), because case
particles have a nuance of "continuance™ or "process"” of
actions and states, and conjunctive particles have a
nuance of "cause" or "motive" for process.

3.4. Converting the phrase

The final component of our system is converting the
phrase which contains the elements of object and effect
into an appropriate form, as a triplet of drug effect
information.

To begin with, the system extracts, as the element, the
original form of the first word from the phrase that was
judged to contain the element.

In response to the situation, our system converts as
described below.

a) Combines words as the element

Successive nouns
A prefix and next noun
A modifier clause which has a postpositional



particle "no” (“of”) (as head of sentence)
b) Make a negative expression of the element when
"nai” (“not™) exists an odd number of times
In this study, our system does not consider "---masen”
(“not™), negative clue words (e.g. "kiru” (“stop”), "genryo”
(“reduce™)) or contradictory conjunctions (e.g. but,
however ) as negative words. We plan that further studies
on this system will consider such words.

4. Evaluation experiment

The purpose of our experiment was to demonstrate the
performance of drug information extraction using patterns
with clue words on blog data. The first author conducted
judgments on the appropriateness of the triplets extracted
by our system and baseline systems for information on
drug effects.

We used precision, recall, and F-measure to evaluate.
These can be calculated using the following three
equations.

correct

Precision = —— 1
correct + mistake M

Recall = correct 2)

340 correct triplets by manual extraction

precision * recall * 2
precision + recall

F — measure =

(3)
4.1. Data

Our system extracts from newly collected 2,369
sentences containing drug names among 2,000 snippets
which were collected by “TOBYO-jiten” (“dictionary”).
TOBYO-jiten is a tool in TOBYO that searches blog
articles using medical keywords. In order to make correct
triplets of drug information, five human annotators judged
whether drug information triplets were parts of newly
collected 2,000 sentences containing drug names. As a
result, the value of Kappa (k) was 0.41 and if it was
impossible to come up with the correct data to suit our
purpose because the annotators did not consider the fact
that many drugs produced no effects to be relevant drug
information. In the evaluation experiment, the 340 triplets
of drug information that were tagged by the first author
were used as the correct data, owing to the fact that the
annotators could not tag some data correctly.

4.2. Baseline systems

Shown in Figure 3 are three extraction methods used
as baselines for comparison. Baseline system 1 extracts
when the parsing results match the pattern “drug name
(de/no/ha) — object” and “object (ga/ha/wo) — effect”.
In baseline systems 2 and 3, the extraction methods use
words in EVALDIC_ver1.0.1[10], a general Japanese

Baseline svstem 1

drugname + (de/no/ha) Q/

target + (ga/ha/wo)

effect

Baseline system 2
3% From the sentence that contains the name of the drug

drug name + (ga/ha/wo) W

Evaluation expression in dictionary

Baseline system 3

Y + (de/no/ha) q/

target + (ga/ha/wo) 1/

| Evaluation expression in dictionary

Figure 3. Baseline system extraction pattern

Table 3. Evaluation results

Pre&)s]lon Rf&a}ll F-Measure
Our system 51.1 7.1 12.4
Baseline system 1 10.5 32 5.0
Baseline system 2 11.2 285 16.1
Baseline system 3 8.2 1.2 2.1

dictionary of evaluation expressions, as the evaluation
factors. In baseline system 2, the target elements are
extracted from the phrase depending on the phrase that
contains the evaluation factor (the word in
EVALDIC verl.0.1) by “ga, ha, wo”, from sentences that
contain the name of the drug. Moreover, baseline system
3 extracts when a dependency relation using the particles
“de, no, ha” is formed between the phrase that contains
the drug name and the phrase that contains the target
element.

5. Results and discussion

The results of the evaluation are displayed in Table 3.
Table 4 contains respective output examples. It was
confirmed that an extraction system that uses clue words
is effective for extracting information on drug effects
from illness survival blogs.

From the results of the baseline systems 2 and 3, we
confirmed that the number of extractions is dependent on
the limitation of the relationship between the drug name
and other elements.



Table 4. Examples of the outputs

Input Output Evaluate
FVICHABRPEDITONTEATEREABEEN T, TOFFHE
WO TEELREREHYNESTHLRTASRDOEIVERATERIZ /N (RTAAF, B ")
i . . . correct
Fortunately, with the progression of the treatment, my kidney started to
move and | was able to be promoted. Thanks, principal. But my face ('steroids , face , swollen )
was swollen due to a side effect of the steroids
BRIy I REBRATEANSLIESKHEER B RREM T
2I5DKKEG . RADHETECWSLIECAERIZES T~ (AEIX | (UUThLyIR, BH, HD)
ULy ZADRAR) 1EBST-Y
On the contrary, fatigue and nausea are fairly strong for a while from correct
the next day with taking Rheumatrex. Now when the pain comes out, | ( Rheumatrex , pain , comes out )
think "please be Monday soon" (Monday is the day for taking -pain,
Rheumatrex)
KD OTBEAICDVWTIE, TLRF=o & B ELIELH TBEICR AN N N
FhASTETLTIAVASE L= B, TR correct
Our system g : i i i
Y It's good. Re. my he_adache, my sight has got drastically worse since | ( Prednisone , sight , worse )
started taking Prednisone
WEETHRERBRILEVARILTTO A LKCHB-REREREBL G .
THAEARABLET I —L OB TRRBKESC | T TOR EA
Until now, | had a lot of thyroid hormone, and my weight should not ( Methimazole , my bod
increase after drinking and eating too much!! My disease is getting rapidl ' ) y body,
better thanks to Methimazole but my body rapidly (..,) picly
RADRBWAREHRTLTLER U EERBLY: (RAVR, 1EFUE, #i8)
More than one year and a half has passed since the Pegasys (Pegasys , more than one year mistake
monotherapy finished and a half , passed )
ALY RBMRAICIS B (X S LD KB CHBERO MERE o em o>
ERTLLEELL ALvy, 158, B e
I am now taking Iressa every other day! | had a look at the blood tests (Iressa , today , look )
related to my liver because Dr. S took change of the outpatients ' Y
DILYIRBRAZRD LR LRXBENEGS-BE A HEDELE (JILYIR, LRALRXRE, £
A=Y %) correct
(...) from the doctor after I said that the itching feeling has gone after ( Reflex , itching feeling , has
Baseline system 1 taking Reflex gone)
FERXVLDQEIHFETHRELOTHERDERFHESN oo - )
Bind, SEFUIL, 135, HRE)
istak
But the condition of nausea may improve because Paxil is a new drug (Paxill , , improved ) mistaxe
and an improved version » o 1mp
TS ™ = DT A SHRLTEAT ) s
L\;ﬁ LILVERIBLTERE 3SEIBELOTY M BANBELTEAT (TVTLIL. B )
o B . . , correct
|:L1IS st_|II rc:nl):jthe thzjrdglme; since | started taking Enbrel, but I'm glad ( Enbrel , pain , drop sharply )
Baseline system 2 the pain has ”{ppe Sharply
(ERIBIZEA DTV W TRIBEZELTHLLVELIZ(ETL (EFLAY. F#, 2)
AV)REOFHIG 3BMETTIEHLEOE 98 30 BFTRE C mistake
(1 got a eyedrop because my left eye was damaged (Hyalein), the next ( Hyalein, reservation, )
reservation is 3 weeks after, on September 30 Y ' '
LD TERYT—ILOREEISFEER L (BEVYT—IL, BREE, BLY
For me, the rate of hair loss with Taxotere is quite high (Taxotere, tr;ﬁgrﬁt;e of hair loss, correct
T——ELDRRAENTOET CIIE ROBIEKRTFELZDOTE
] [FIEBONGEEIERZOOTTEE) IR RICE KT 6 512 (FRELY, di KF)
Baselinesystem3 | (1 4 BIE 78 TLR=V OV 248, RILELY SRHT
It has been niiiiiiiiice weather these days. Since my house is close to mistake

the pacific ocean, there is pretty much calm weather during winter.
Usually, | take 6 tablets for articular rheumatism after breakfast.
However, | took 7 tablets of Prednisolone, and 2 tablets of Voltaren SR
capsules today.

(' Voltaren, close , pacific)




The postpositional particles used in extraction in our
system are limited. In order to investigate the effects of
the limitation, we changed the conditions. When case
particles and conjunctions were not conditional, the
extraction number increased by 51, but the correct
answers increased by only 15, and eventually, the
accuracy was reduced by 11.26 points. When the system
extracts the target element from the phrase depending on
the phrase that contains the effect by “ga, ha, wo” and “ni,
mo, nimo”, the extraction number increased by 23, the
correct answer increased by 5, and the precision decreased
by 9.63 points. Medical information is different from
information about appliances, shops, places, etc., because
accuracy is more important. We found that the
conditionality of our system was effective in raising
accuracy.

The reasons why the recall of our system was low are
parsing errors, which are attributed to incomplete
sentences contained in snippets, and unmatched patterns
of extraction due to missing postpositional particles
because the blogs are written in spoken language.

Moreover, some sentences could not be extracted from,
owing to the use of unregistered clue words. In future
studies, we will increase the number of clue words.

Additionally, due to nonexistence of clue words and
mismatch of the extraction patterns, some correct triplets
extracted by the baseline systems 1 and 3 could not be
extracted by our system. Further consideration is required
to incorporate the methods of the baseline systems in our
system in order to increase recall.

6. Conclusion and future works

We have presented an approach to extracting
information on the effects of drugs from snippets of
illness survival blogs. It was confirmed that our system
can extract with higher precision than existing methods.

In future works, we will change the target data to all
blog articles and increase the number of clue words in
order to reduce parsing errors and match the extraction
patterns.

After extraction, the next aim of our system is
determining the polarity of the information and
visualizing chronological changes.
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