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ABSTRACT

Purpose Drug-induced liver injury (DILI) is one of the primary targets for pharmacowgllance using medical information databases (MIDs).
Because of diagnostic complexity, a standardized method for identifying DILI using MIDs has not yet been established. We applied the Diges-
tive Disease Week Japan 2004 (DDW-J) scale, a Japanese clinical diagnostic criteria for DILL to a DILI detection algorithm, and compared it
with the Council for International Organizations of Medical Sciences/the Roussel Uclaf Causality Assessment Method (CIOMS/RUCAM) scale
to confirm its consistency. Characteristics of DILI cases identified by the DDW-J algorithm were examined in two Japanese MIDs. ,
Methods - Using an MID from the Hamamatsu University Hospital, we constructed a DILI detection algorithm on the basis of the DDW-J

~ scale. We then compared the findings between the DDW-J and CIOMS/RUCAM scales. We examined the characteristics of DILI after an-
tibiotic treatment in the Hamamatsu population and a second population that included data from 124 hospitals, which was derived from an
MID from the Medical Data Vision Co., Ltd. We performed a multivariate logistic regression analysis to assess the possible DILI risk factors.
Results The concordance rate was 79.4% between DILI patients identified by the DDW-J and CIOMS/RUCAM; the Speaiman rank
correlation coefficient was 0.952 (P < 0.0001). Men showed 4 significantly higher risk for DILI after annbmhc treatments in both MID
populations.

Conclusions = The DDW J and CIOMS/RUCAM algorithms were equivalent for identifying the DILI cases, conﬁlmlmy the utility of our
DILI detection method using MIDs. This study provides ewdence supporting Lhe use of MID analyses to improve phammcovmlance
Copynght © 2014 John Wiley & Sons Ltd. :
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INTRODUCTION ' ] * The Council for International Organizations of
Medical Sciences/the Roussel Uclaf Causality Assess-
Drug-induced liver i injury (DILI) is a chmcally prob- ment Method (CIOMS/RUCAM) scale was proposed®
lematic issue and a major cause of acute liver fail- and has been generally used as a standardized diagnos-
ure.' In general, DILI diagnosis is complex and  tic tool. In Japan, the Digestive Disease Week Japan
nonstandardized because of the difficulty in detection 2004 (DDW-J) scale, which is highly sensitive
and lack of reliable markers.*> Therefore, clinical (92.1%) and specific (88.1%), was developed by
scales were developed to facilitate DILI diagnosis. modifying the CIOMS/RUCAM scale.”® In particular,
o o - the factor of co-medication was excluded, and the
*Correspondence to: Kk Sai, Division of Medicinal Safety Science, National ‘ factors of dmg 1ymphocyte stlmulauon festiand
InStitutepof Health S'cierices,:Kamiyoga 1-18-1, Setagaya-ku, Tokyo ,158-8501, . COSH]Ophlha were  included accorchno tO J apan s
Jépan. Email: sai@nihs.go.jp ) : clinical environment.
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DILI DETECTION ALGORITHM USING JAPANESE SCALE

Challenges using medical information databases
(MIDs) for identifying DILI have been addressed
worldwide,?10 but a standardized method for such
analyses has not yet been established. Because a diag-
nosis scale based on numerical or quantitative infor-
mation - was considered suitable for MID-based
research, we constructed a detection algorithm for
DILI on the basis of the DDW-J scale.

METHODS
Data source and ethics

This study was performed using two data sources: one
was a high-speed retrieval system at the Hamamatsu
University Hospital (Shizuoka, Japan),!! and the other
was a commercial MID developed by the Medical
Data Vision Co., Ltd. (MDV, Tokyo, Japan) that
contained data from 124 large and mainly tertiary hos-
pitals in Japan. The mean follow-up period within this
MID was 243 days. MIDs from Hamamatsu and MDV
included health records from approximately 200 000
and 4400000 patients, respectively. The two MIDs

had similar age structures. We used only anonymized

data in our analysis. This study was approved by the
ethics committees of both the Hamamatsu University
School of Medicine and the National Institute of
Health Sciences.

Study population

Clarithromycin (CM), azithromycin (AM), levoflo-
xacin (LX), and moxifloxacin (MX) for internal use
were examined in this study because of their similar
clinical indications and their wide use in Japan. The
subject inclusion criteria were as follows: (i) received
at least one prescription for one of the study drugs
between 1 April 2007 and 31 March 2012 in the
Hamamatsu MID and between 1 April 2008 and 31
August 2011 in the MDV MID; (ii) no other study
drug prescription between 90days prior to the index
date (the first day of the study drug administration)
and the last administration in the first prescription term
(>180-day interval between the study drug adminis-
trations); (iii) 18 years old or older at the index date;
(iv) received alanine aminotransferase, and alkaline
phosphatase tests in the preceding period (within
90 days prior to the index date) and the follow-up
period (within 180 days after the last administration);
(v) no occurrence of liver injury (alanine aminotrans-
ferase > 2 x the upper limit of normal value or alkaline
phosphatase > upper limit of normal value) in the pre-
ceding period; (vi) no medical history in the preceding
period of HIV (B20-24) or cancer (C00-97) as

Copyright © 2014 John Wiley & Sons, Ltd.
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determined by the International Statistical Classification
of Diseases and Related Health Problems, 10th revision.

Characteristics

On the basis of the general considerations for usage
and dosage in each label, a long treatment was consid-
ered >8§ days with CM, LX, and MX and >4 days with
AM; a high dose was considered an average daily dose
of >400 mg/day for CM and MX, >500mg/day for
AM and LX, and >2000 mg/day for AM in dry syrup
form for single administration.

Algorithm for identifying drug-induced liver injury

We applied the original DDW-J scoring to the DILI de-
tection algorithm consistently.!? In addition, the algo-
rithm based on the CIOMS/RUCAM scale was used
as a reference.® Details regarding these two scales are
summarized in Table S1. According to the definition
of each-scale, DILI was defined as a total score =5 in
the DDW-J and >6 in the CIOMS/RUCAM algorithm.

Statistical analysis

To calculate the odds ratios (ORs) for DILI onset and
those between DILI and non-DILI groups, we
performed a multivariate logistic regression analysis
adjusting for age (=55 years), gender, in/outpatient
status, diabetes mellitus, treatment duration, and high
dose. Values of P < 0.05 (two-sided) were considered
statistically significant. All statistical analyses were
conducted using SAS software, version 9.3 (SAS
Institute Inc., NC, USA).

RESULTS

Assessment of drug-induced liver injury detection
algorithm

Using the DDW-J algorithm in the Hamamatsu popu-
lation, we detected 182 DILI patients. To assess the
utility of the DDW-J algorithm, we compared the re-
sults with those obtained with the CIOMS/RUCAM
algorithm. Because the CIOMS/RUCAM scale ex-
cludes the delayed onset cases (>15 days for hepato-
cellular type or >30days for cholestatic or mixed
type after stopping the drug) from scoring except when
dealing with slowly metabolized chemicals, the
comparison was performed in the nondelayed onset
population (Figure 1). The concordance rate for DILIL
patients between the two algorithms was 79.4%; the
Spearman rank correlation coefficient was 0.952
(P <0.0001). Although the CIOMS/RUCAM scale
does not explicitly define slowly metabolized
chemicals, AM has a longer half-life than other drugs.

Pharmacoepzdemzology and Drug Safety, 2014; 23: 984-988
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Source Population
n=2,569

Liver Injury Cases”

n=72 n=110

n =453
Delayed Onset Cases” Non-Delayed Onset Cases
n =230 n=223 -
DDW-J algorithm DDW-J algorithm CIOMS/RUCAM algorithm

| piLe | Non-DILI C}""‘P““'“{“ DILP | Non-DILI

n= 156 n=67

J

n=113

Concordance rate for DILI
between the two algorithms

79.4 % (177/223)

Spearman rank correlation coefficient

between the scores of the two algorithms

0.952 (P<0.0001)

l

DILI cases judged by DDW-J algorithm

n=182

Figure 1. Identification of drug-induced liver injury (DILI) cases in the Hamamatsu population, “Patients with alanine aminotransferase > 2 x the upper limit
of normal value (ULN) or alkaline phosphatase >ULN from the index date to 180 days after the last administration. "Patients in which the liver injury occurred
after 15 days for the hepatocellular type, or more than 30 days for the cholestatic or mixed type, following the last administration. “Defined as a total score >5
in the Digestive Disease Week Japan 2004 (DDW-J) algorithm. "Defined as a total score =6 in the Council for International Organizations of Medical
Sciences/the Roussel Uclaf Causality Assessment Method (CIOMS/RUCAM) algorithm

We therefore performed sensitivity analysis that incor-
porated the delayed onset cases prescribed AM into
the comparison. This analysis showed consistent find-
ings with a concordance rate of 78.4%.

Presence of possible alternative causes in DILI cases
was compared with liver injury cases judged as non-
DILI by the DDW-J algorithm in the Hamamatsu pop-
ulation (Table S2). The results showed that patients
with alternative causes, such as viral hepatitis, were
effectively excluded by this algorithm.

Characteristics of drug-induced liver injury patients

The study population sizes in MIDs from Hamamatsu
and MDV were 2569 and 3856, respectively. To ex-
amine the characteristic of DILI patients, the ORs for
DILI identified by the DDW-J algorithm were calcu-
lated (Table 1, with details in Table S3). The ORs of
DILI onset in men were 1.44 (95% confidence inter-
val, 1.05-1.98) in the Hamamatsu MID and 1.32
(95% confidence interval, 1.01-1.72) in the MDV
MID. Because there were considerable differences in
the average treatment duration, we performed an

Copyright © 2014 John Wiley & Sons, Ltd.
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additional sub-analysis on treatment duration stratified
by the study drugs. In the MDV MID, CM and LV
subpopulations showed a significant association be-
tween a long treatment duration and DILI.

DISCUSSION

We demonstrated that the DDW-J algorithm was highly
compatible with the CIOMS/RUCAM algorithm in the
Hamamatsu MID (Figure 1). This indicates the DDW-J
algorithm has adequate - generalizability in assessing
DILI. Using the DDW-J algorithm, we examined the
characteristics of DILI cases by assessing the potential
risk factors. Furthermore, we used the same study pro-
tocol to investigate a second population that included
patients from multiple hospitals (MDV MID) to im-
prove the robustness of our results. As a result, men
showed a significantly higher risk for DILI in both
populations. This finding is inconsistent with those of
previous reports, although the role of gender in DILI re-
mains controversial.* Alcohol consumption is one of
the criteria in both the DDW-J and CIOMS/RUCAM
scales, but this information was not available in the

Pharmacoepidemiology and Drug Safety, 2014; 23: 984-988
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Table 1. Comparison of odds ratios (ORs) for onset of drug-induced liver injury (DILI) in two medical information databases (MIDs)
Hamamatsu University Hospital MID MDV MID
Characteristics V n OR* 95% CI P-value . n OR* 95% CI P-value
Total 2569 3856
Age =55 years 1.49 1.02-2.17 0.0371 0.85 0.63-1.16 0.3052
Male 1.44 1.05-1.98 0.0237 1.32 1.01-1.72 0.0409
Inpatient 1.38 1.01-1.90 0.0452 1.30 0.99-1.72 0.0624
Diabetes mellitus 0.81 0.47-1.38 04316 0.90 0.60-1.36 0.6225
Long treatment® 1.14 0.83-1.57 0.4225 1.46 1.10-1.94 0.0082
High dose® 1.83 0.814.16 0.1473 1.34 0.73-2.48 0.3436
Clarithromycin sub-group 524 845
Days >8 ' 1.19 0.56-2.52 0.6531 3.18 1.59-6.37 0.0011
Days >28 2.08 0.91-4.80 0.0846 2.97 1.43-6.15 0.0034
Levofloxacin sub-group 1551 2441
Days =8 1.15 0.75-1.76 0.5273 1.57 1.10-2.23 0.0122

CI, confidence interval; DILI, defined as Digestive Disease Week Japan 2004 score >5.
“Patients whose treatment duration was >8 days in clarithromycin, levofloxacin, and moxifioxacin and >4 days in azithromycin.

bPatients whose average dose was beyond the usual approved dose.

*Adjusted for age (=55 years), gender, in/outpatient status, diabetes mellitus, treatment duration, and high dose.

current study. Because the national survey in Japan in-
dicated that alcohol consumption was remarkably
higher in men than in women (35.1% vs. 7.7%),'3 the
gender difference in alcohol consumption might have
led to a higher risk in men.

Regarding treatment duration, a longer treatment
with CM and LX, which included an adequate popula-
tion size in this study, was significantly associated
with DILI in the MDYV population. In the Hamamatsu
population, the long treatment groups, especially the
>28-day CM group, showed a tendency toward a
higher risk for DILI, although the associations were
not significant. These results might indicate that DILI
should be carefully monitored during the long-term
treatments with antibiotics. Although further confirma-
tion in a larger-scale study is necessary, our algorithm,
which is based on a clinical diagnostic scale, could be
a useful method to identify DILI and access its risk-
related information through MID research.

The current study has some limitations. The DDW-J
and CIOMS/RUCAM scoring systems were designed
for prospective diagnoses of individual cases, and their
utilities in retrospective studies, including the quality
of DILI cases identified by our algorithms, were not
validated. Furthermore, we could not retrieve additional
information from the MIDs used in this study, such as
drinking habits and pregnancy, which constitutes parts
of the scoring systems. This might lead to underestima-
tion of DILI risk. In addition, articles on the DDW-J
were predominantly published in Japanese-language
journals, which makes it difficult for non-Japanese
researchers to assess and utilize the DDW-J scale. Al-
though regional DILI scoring would still be required

Copyright © 2014 John Wiley & Sons, Ltd.
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for diagnostic purpose when considering the Japanese
medical environment, the adoption of a uniform diag-
nostic approach will be preferable in future.

In conclusion, we have proposed a useful method
that uses MIDs for identifying DILI. Our study sup-

-ports the utility of MID research in pharmacovigilance.
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KEY POINTS

* A standardized detection method for DILI using
MIDs has not yet been established because of
the complexity of diagnosis.

®* We applied a Japanese DILI diagnostic scale,
DDW-J, to a DILI detection algorithm that is ap-
plicable for assessment of potential risk factors.

®* The DDW-J algorithm was compatible with the
international CIOMS/RUCAM scale, which indi-
cates the utility of the algorithm.

¢ This study supports the utility of MID-based re-
search for improving pharmacovigilance.
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Doctors Use Electronic Patient Medical Records
in Their Practice, 2006 and 2009*
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*2006: “Do you currently use electronic patient medical records in your practice?”
*2008: Do you use electronic patient medical records in your practice (not including billing systems)?*

Source: 2006 and 2009 Commonwealth Fund International Health Policy Survey of Primary Care Physicians,

Practice Use of IT on a Routine
Basis for C‘_’ore Tasks

Percent reporting y
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Electronic ordering of
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Computerized Capacity to Generate
Patient Infqrmation

Percent report the
COMPUTERIZED
capacity to generate:
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List'of patients by 93 | 37|20 |8 |8 |73 |97 |57 |79 |4
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List of all medications
taken by an individual
patient*

94 | 25 | 24 | 65 | 78 | 61 | 96 | 45 | 49 | 8 | 30

* Including those that may be prescribed by other doctors.
Source: 2009 Commonwealth Fund International Health Policy Survey of Primary Care Physicians.
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Guideline-Based Interventions or Screening Tests
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Source: 2009 Commonwealth Fund International Health Policy Survey of Primary Care Physicians.
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Control (Pravastatin prescribed): 253 cases
Case (Creatmlne<1 17 then CRE>2. 0) 1 case
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