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Abstract. To prevent medical accidents caused by mix-up, the confirmation of 
usage should be the key to determining error. If a computerized order entry 
system for medicines shows information concerning therapeutic indications to 
doctors, they can subsequently avoid mix-ups of medicines such as the case in 
question. To investigate data which can be utilized for a database in such an 
entry system, we study the description patterns of the sentences in the dosage 
regimen portion of the SGML formatted package inserts data via a method 
based on the text mining technique. Based on this result, we also propose the 
data structure of dosage regimen information, which will be the basis of a drug 
information database to ensure safe usage.  
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1   Introduction 

To prevent medical accidents, such as mix-ups involving medicines, double dosage 
and insufficient dosage, it is necessary to ensure the proper treatment of the right 
medicines, namely, ‘safety of usage’ of medicines. 

Recently, in some Japanese hospitals, fatal accidents have occurred due to mix-ups 
involving a steroid, Saxizon, with a similarly-titled medicine, Succine, which is a 
muscle relaxant. There are two conceivable ways to avoid such accidents, one of 
which is to prevent the naming and use of medicines resembling other medicines in 
their name, both in terms of appearance and sound. Another method is to confirm the 
medicine by checking the actual usage based on their dosage regimens. Though the 
former method can be realized by utilizing a name checking system such as a 
‘medicine similar search engine’, which is provided by the Japan Pharmaceutical 
Information Center or making a rule to adopt medicines which have confusing names, 
the accident is known to have occurred despite the existence of a rule to reject 
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Succine due to its confusing name. This suggests to us that the latter, namely the 
confirmation of usage, should be the key to determining error. Consider the case when 
a doctor inputs prescription data into a computerized order entry system for 
medicines. If the system shows him information concerning therapeutic indications, 
he can subsequently avoid mix-ups of medicines such as the case in question. To 
enable this, the order entry system requires a database containing information on 
dosage regimens so that the proper usage can be verified. As a side effect of utilizing 
such system, we anticipate the prevention of accidents or incidents caused by 
incorrect quantities. 

To obtain data for the database of dosage regimens, the most reliable data source is 
a package insert, which must be compulsorily published by pharmaceutical companies 
as an official document and attached to its medicine. Package inserts are, however, 
distributed as paper documents and unsuitable for processing by a computer system. 
With this in mind, we use SGML formatted package insert data instead of the original 
package inserts, released by the Pharmaceutical and Medical Devices Agency 
(PMDA), which is an extra-departmental body of the Japanese Ministry of Health, 
Labor and Welfare. SGML is an old-established markup language, which adds 
metadata and structures to data by tagging, which is defined by DTD. In fact, 
although the Pharmaceutical and Medical Devices Agency also discloses the DTD of 
SGML formatted package insert data, it is difficult to leverage the defined structure to 
analyze data concerning the portion of dosage regimens. This is because information 
concerning dosage and administration is mainly described by the sentences in tagged 
elements and not well structured to directly find the necessary information within the 
same. In other words, the structure of the portion of dosage regimens does not achieve 
sufficiently fine granularity to enable its effective utilization in a computer system, 
such as the order entry system mentioned above.  

In this study, we study the description patterns of the sentences in the dosage 
regimen portion of the SGML formatted package inserts data via a method based on 
that of ‘word-link’, namely the text mining technique which we have proposed. Based 
on this result, we also propose the data structure of dosage regimen information, 
which will be the basis of a drug information database to ensure safe usage.  

2   Target Data 

In this study, as mentioned in the previous section, we analyze SGML formatted 
package insert data of medicines for medical care, which can be downloaded from the 
PMDA web site. Since we need the list of medicines to retrieve the data, we utilize 
the standard medicine master data (the version released on September 30, 2007), 
which is provided with The Medical Information System Development Center 
(MEDIS-DC). As a by-product, we can correspond the package insert data with 
HOT9, the medical identification code, via which the name, dosage form, standard 
unit of quantity and pharmaceutical company can be determined, although package 
inserts are not included. Using the master data, we obtained 11,685 SGML files, 
which are our target data.  

We have to note the fact that SGML, which is an ancestor of XML, plays two 
roles, one of which is a document format and another a data structure. Though SGML 
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formatted package insert data are originally created from the aspect of the former role, 
we focus on the latter, the structure that contains data that is usable as a data source of 
computer systems such as an ordering system. 

3   Methods 

Though our target data is SGML files whose tags define the structure of descriptions 
concerning dosage regimens, the detailed information is described using (Japanese) 
sentences. On the one hand, we analyze the tagged structure to find the description, 
but at the same time, we have to apply a text-mining technique to analyze the more 
than ten thousand sentences in the files. We thus discuss the analytical method from 
the following two aspects: 

• The (ambiguity of) tag definition that defines the data structure of dosage 
regimens. 

• The grammatical structure of sentences contained in the ’detail’ elements, which 
describe detailed information concerning dosage regimens.  

3.1   The Tag Definition Defining the Data Structure of Dosage Regimens 

DTD released by PMDA defines tags related to dosage regimens, as shown in Fig. 1. 
The characteristic structure of this DTD is that the ‘infoindicationsorefficacy’ element 
can also include the ‘indicationsorefficacy’ element, and both may contain ‘doseadmin’ 
elements. The ‘infoindicationsorefficacy’ element contains information concerning both 
effect-efficacy and dosage regimens, of which the ‘indicationsorefficacy’ element 
represents the effect-efficacy portion. Since the ‘doseadmin’ element provides us with 
information concerning dosage regimens in the form of ’detail’ elements therein, this 
shows there are two ways to allocate the description of dosage regimens. The structure 
of the ‘indicationsorefficacy’ element defined in DTD suggests that the iteration of 
element pairs, ‘variablelabel’ and ‘doseadmin’, corresponds to the description of dosage 
regimens for multiple effects and efficacies. In addition, there are other structures 
containing a ’detail’ element, such as the ‘low1subitem’ element, which supports 
itemized descriptions with multiple levels. (There are six levels of elements, such as 
‘low1subitem’, ‘low2subitem’… ‘low6subitem’. The elements have nested structures 
e.g. ‘low1subitem’ can include ‘low2subitem’.) 

From a data processing perspective, to extract dosage regimen information from 
SGML via a computer program, the variation of the description makes retrieval of 
data while preserving its structure a complex task. Of course, in the event that just one 
of the structures is adopted, this will be simplified, but otherwise, we would have to 
say that the data structure is unsuitable for utilization in a computer system.   

To determine the current state of use of the structures, we investigate the 
distribution of ‘detail’ elements via the following steps: 

a-i. Extract the ’detail’ elements contained in the ‘infoindicationsorefficacy’ 
element from each SGML file. 

a-ii. Obtain the relative location path of the ’detail’ element from the root element 
like XPATH for XML data. Additionally, assign a sequential number for 
each path in the SGML. 
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a-iii. Aggregate the location path with the largest sequential number in each 
SGML. 

Elements such as ‘low1subitem’, which correspond to the itemization of descriptions, 
contain an ‘item’ element which sits right before each ’detail’ element. Accordingly, it 
can be assumed that the ‘item’ element holds a kind of metadata of the data contained in 
the ’detail’ element, though the nature of the metadata contained therein remains 
unclear. 

To investigate the information held by ‘item’ elements right before ’detail’ 
elements, we extract text data, apply morphological analysis and detect frequently-
used nouns, the topics of which are expected to be shown and hints offered, to ensure 
familiarity with the aspects used to itemize descriptions.  

 

 
Fig. 1. Part of DTD, the definition of the structure of the SGML formatted package insert data 
released by PMDA 

3.2   The Grammatical Structure of Sentences Contained in ‘Detail’ Elements, 
Which Describe Detailed Information Concerning Dosage Regimens 

Since the ‘detail’ elements, which we mentioned in the previous section, describe 
information concerning dosage regimens in sentence form, we apply a text mining 
technique to them in order to extract the structured data (the structure of data items) of 
dosage regimens.  

Generally speaking, the text mining technique employs morphological analysis 
and/or syntax algorithms such as dependency analysis to divide sentences into words 
or segments and find the rules or relations between them. The authors have proposed 
the ‘word-link’ method, which finds the common dependency structures in sentences 
in descriptions in order to flexibly summarize the common sentences therein.  

In this study, we apply this method to descriptions in ‘detail’ elements concerning 
the dosage regimens in each SGML package insert. Since, as a minimum, dosage, 
administration and adaptation diseases will differ for each medicine, with a 
considerable scope of expression, our original method, whereby attempts are made to 
find patterns, including the use of nouns, might result in a failure to find the common 
sentences. We thus extend it to determine the tendency for the co-occurrence of nouns 

<!Element infoindicationsorefficacy - - ( variablelabel?, indicationsorefficacy?, 
                      …, doseadmin?, … ) > 
<!ELEMENT indicationsorefficacy - - ( variablelabel?, … , doseadmin?, … ) > 
<!ELEMENT doseadmin - - ( variablelabel?, ( %detailandlows )* ) > 
<!ENTITY % detailandlows "( serialno, %detailandlow )" > 
<!ENTITY % detailandlow "( detail? | low1subitem? )" > 
<!ELEMENT variablelabel - - ( #PCDATA )> 
<!ELEMENT serialno - - ( variablelabel?, (%c.data) )> 
<!ELEMENT item - - ( variablelabel?, (%c.data) )> 
<!ELEMENT detail - - ( variablelabel?, (%c.data) )> 
<!ELEMENT low1subitem - - ( variablelabel?, ( %details, low2subitem? )*) > 
<!ENTITY % details "( serialno, item?, detail? )" > 
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and particles (parts of speech which play roles similar to prepositions in English) and 
extract structural patterns except for noun variations. The analytical steps are as 
follows: 

b-i. We retrieve sentences in the ‘detail’ elements described in the 
‘indicationsorefficacy’ elements introduced in Section 3.1 and apply 
dependency analysis to them. 

b-ii. If the segment in the dependency contains a noun, we differentiate the latter 
from the segment. The resultant characters are expected to be particles, hence 
we name a ‘particle candidate’ in this paper.  

b-iii. We aggregate nouns that appear in segments including each particle 
candidate and find the characteristics of the particle candidates in use. We 
call the part of the segment obtained by removing a particle segment the 
‘main part of segment’. 

b-iv. We replace the nouns found in b-iii with a symbol such as ‘○○○’ in order to 
mask them, and apply the word-link method. 

If there are certain rules governing the way in which particles should be used, this 
method extracts the common structures of sentences and suggests us the idea of data 
items, for which descriptions must be converted into a structured data form.  

4   Results 

4.1   The Tag Definition Defining the Data Structure of Dosage Regimens 

Fig. 2 shows the distribution of the occurrence of ‘detail’ elements in 
‘infoindicationsorefficacy’ elements, which suggests that there are eleven patterns and 
that about 75% of ‘detail’ elements appear directly inside ‘infoindicationsorefficacy’ 
elements. The fact that ‘detail’ elements are found inside ‘indicationsorefficacy’ 
elements in about 20% of SGML package inserts indicates the actual use of multiple 
ways to retain dosage regimens in SGML package inserts. The use of ‘low1subitem’ 
elements in more than 45% of SGML package inserts also suggests the tendency to 
describe multiple contents by using ‘item’ elements as a title of the content. 

The result also shows that the 798 SGML package insert files do not include a 
‘detail’ element in the ‘infoindicationsorefficacy’ element. These SGML files 
possibly show information concerning the dosage regimens in tabular form via 
‘tblfordoseadmin’ elements. Additionally, there are some (but fortunately in limited 
number) cases in which the tables of the dosage and administration data are 
maintained in pictorial format. Please note that it is not realistic for computer 
programs to extract dosage/administration data from such table images. 

We show the result of aggregation of words in ‘item’ elements in Fig. 3. This 
indicates that the word ‘場合’, which means ‘in the case’, frequently surfaces and 
fulfils the role of reading the content text in the ‘detail’ element following straight 
after. If we examine the other nouns, we can see there are words related to purposes 
such as ‘消毒’ (disinfection), ‘麻酔前投薬’ (preanesthetic medication), diseases such 
as ‘十二指腸潰瘍’ (duodenal ulcers), ‘胃潰瘍’ (gastric ulcers), persons to be injected 
such as ‘成人’ (adult), ‘小児’ (child) and product names such as ‘リハビックス-k2’ 
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(Rehabix-k2) and ‘テレミンソフト坐薬’ (Teleminsoft). Note that we have to see the 
list from top to bottom in order to find the product names, since they usually appear in 
only a few SGML files, including the package insert of each product.  

This result suggests that the perspectives in the descriptions are mainly purposes, 
disease and individuals to be injected. We do not regard a product name as a 
condition to apply dosage and administration, since the justification for its inclusion 
in the list is the fact that some package inserts contain information on plural products, 
which much be distinguished in order to specify a dosage regimen, though one SGML 
data should describe one product in order to prevent any mix-up involving the 
information on each product. 

 

Fig. 2. The distribution of the ‘detail’ elements in ‘infoindicationsorefficacy’ elements 

 

Fig. 3. The nouns in the sentences included in ‘item’ elements that describe dosage regimens 

4.2   The Grammatical Structure of Sentences Contained in ‘Detail’ Elements, 
Which Describe Detailed Information Concerning Dosage Regimens 

Fig. 4 shows the distribution chart of particle candidates with their frequencies. First, 
we investigate the nature of the nouns involved in the segments containing the particle 
candidates appearing frequently in the sentences of dosage regimens. Fig. 4 indicates 
that the particle candidate of more than 50% of the segments is a null character, 
namely the segments contain only their main part. Since the targets in Fig. 4 are all 
segments contained in sentences of dosage regimens, they involve not only nouns but 
also other part of speech such as verbs. The particle candidate of segments whose  
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Fig. 4. The particle candidates of segments 
included in the ‘detail’ elements describing 
dosage regimens. (top 20) 

 

Fig. 5. The nouns whose segment has a null 
character as the particle candidate. (top 20) 

 

Fig. 6. The nouns whose segment has a 
particle candidate ‘を’. (top 20) 

 

Fig. 7. The nouns whose segment has a 
particle candidate ‘に’ (at/to). (top 20) 

 

Fig. 8. The nouns whose segment has a 
particle candidate ‘として’ (as). (top 20) 

 

Fig. 9. The nouns whose segment has a 
particle candidate ‘には’ (for). (top 20) 
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Fig. 10. The nouns whose segment has a particle 
candidate ‘により’ (depending on). (top 20) 

 

Fig. 11. The verbs included in ‘detail’ elements 
describing dosage regimens 

main word is not a noun is expected to be a null character. In the following analysis, 
we thus exclude segments whose main word is not a noun.  

Fig. 5 shows nouns in the segments whose particle candidate is a null character. This 
indicates that such segments contain information about units of administration, ‘日’ 
(days), ‘回’ (times), ‘mg’, the manner of administration, ‘適宜’ (arbitrarily), ‘通常’ 
(usually), and the condition of age such as ‘年齢’ (age) and ‘成人’ (adult) and so on. 

We outline the nouns in the segments, including each particle segment, as follows: 

• Fig. 6 shows nouns in the segments, including ‘を’ as a particle segment. We can 
see that they express amounts of medication such as ‘mg’, ‘錠’ (tablets) and ‘力価’ 
(titers). 

• The nouns in the segments whose particle segment is ‘に’ (at/to) are shown in Fig. 7, 
which shows that the particle segments tend to be used with frequency-related words 
such as ‘回 ’ (times) and ‘数回 ’ (sometimes), and concerning the timing of 
administration, such as ‘食間 ’ (inter cibos) and ‘就寝前 ’ (before bedtime), 
administration site such as ‘静脈内’ (in a vein).  

• The particle segment ‘として’ (as) is included in the segments whose main words 
are nouns, as shown in Fig. 8. Besides the nouns for the formulaic phrases, ‘原則
として’ (as a rule), ‘(1) 日量として’ (as a daily dosage) and ‘維持量として’ (as 
a maintenance dosage), the other nouns shown in the figure represent active 
ingredients of medicines.  

• Fig. 9 shows nouns in the segments including the particle segment ‘には’ (for). This 
mainly contains nouns showing an object person such as ‘成人’ (adult), ‘小児’ 
(child) and ‘高齢者’ (elder person). It also shows the name of symptoms such as ‘
重症感染症’ (severe infection) and ‘肝疾患’ (hepatic disease). 

• In Fig. 10, segments whose particle candidate is ‘により’ (depending on) tend to 
contain the word ‘症状’ (symptom). In this figure, we can also read words such as 
‘体重’ (body weight), ‘年齢’ (age), ‘目的’ (objective) and so on. This results and 
the meaning of the particle candidate suggest that these segments show the 
condition to adjust a dose.  
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Fig. 12. The result of the word-link method applied to ‘detail’ elements (the links show co-
occurrence more than 1149 times) 

Based on the results shown above, we can find the tendency of contents in the 
segments including each particle segment. We, as explained in Section 3.2, replaced 
each segment containing nouns with the symbol ‘○○○’, to which we appended particle 
candidates of the segment and applied the word-link method to the same. Fig. 11 shows 
the verbs used in the sentences of dosage regimens. To absorb the difference in verb 
expressions, we replace verbs of similar meanings with a representative verb. For 
instance, the verbs, ‘経口投与する’ (dose orally) and ‘点滴静注する’ (drip-feed 
intravenously) have analogous meanings in terms of medication and are hence 
consolidated into a single verb. In this paper, to enhance comprehension, we 
consolidated them into ‘投与・使用する ’ (administrate/use). Moreover, we 
consolidated the verbs that mean increase or decrease into ‘増減する’ (escalate) and 
replaced the verb ‘分割する’ (divide) with ‘分ける’ (split).  

Following this consolidation, we applied the word-link method and obtained 
sentence structures based on dependency relationships. Fig. 12 shows the links of 
dependency relationships appearing more than 1149 times. Based on this figure, we 
can read the following contents: 

• Increase or decrease according to conditions such as indication (disease) and age 
(Part A in Fig. 12). 

• Dosage based on the information concerning the administration site, frequency, 
object person, symptoms, amount of medication and (the amount of) active 
gradients (Part B). 

• Daily dosage (Part C) and description of conditions (Part D) 
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Based on these and the fact that verbs indicate the method of administration, we 
can see that the data structure to describe dosage regimens needs the following items: 

• Indication (disease) 
• Objective person 
• Administration site 
• Amount of medication 
• Amount of active gradient 
• The way of administration 
• Frequency 
• Conditions of increase or decrease 

5   Conclusion 

In this paper, we investigated the description of the dosage regimens of medicines 
included in SGML formatted package insert data provided by the Pharmaceutical and 
Medical Devices Agency (PMDA), and suggest the data structure of the database (or 
data scheme) maintaining the data of dosage regimens, which is expected to 
contribute to a checking system for the usage of medicines such as a check function in 
a computerized order entry systems of medicine.  

The definition of the tag structure in the SGML formatted package insert tolerates 
two ways of description of dosage regimens, both of which we confirmed to be in 
actual use. Moreover, we found that the ‘item’ elements, each of which contain 
metadata of an adjacent ‘detail’ element, include information such as an objective 
person, indications (disease) and usage.  

We also analyzed sentences included in the ‘detail’ elements describing dosage 
regimens by applying the word-link method and found that the data structure of 
database needs to contain information concerning the indication, the objective person, 
administration site, amount of medication, amount of active gradient, means of 
administration, frequency and the conditions of increase or decrease. We can regard 
this as consistent with the contents in the ‘item’ elements shown above.  

Though we suggest the data structure to describe dosage regimens in this paper, it 
must be evaluated by investigating its correspondence with information in each 
package insert data. After accessing the validity of the structure, we will construct a 
database of dosage regimens applicable to the checking function of prescription in a 
computerized order entry system for medicine.  
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