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Abstract

Introduction Post-marketing surveillance activities are

particularly important for safety issues in children, the

elderly, and patients with severe comorbidities since these

populations are usually excluded from clinical trials. In

addition, using electronic databases for monitoring of

safety of marketed products has been of considerable

interest.

Objectives This study aimed to clarify the advantages and

difficulties of the self-controlled case series method rela-

tive to cohort studies in pharmacoepidemiological studies

in children, using an administrative database, and to

explore the impact on results of handling the period eligible

for analysis and recurrent events in different ways.

Methods Datasets of only individuals who had the out-

come of interest were derived from an anonymized hospital

administrative database in Japan from April 2003 through

August 2011. We calculated incidence rate ratios (IRRs)

and their 95 % confidence intervals (CIs) for the risks of

diarrhea, bronchitis, and eczema related to palivizumab

treatment in young children. The analysis included ‘first

diagnosed’ events or ‘multiple’ events during an eligible

period. An eligible period was defined in two ways: first-

time inpatient periods of more than 3 continuous days

(EPA); and a continuous period in cases where the interval

between visits was below the 75th percentile of the interval

between visits for patients with the same diagnosis (EPB).

Results We extracted data for 70,771 patients and iden-

tified 641 who were exposed to palivizumab. The age-

adjusted IRRs for diarrhea, bronchitis, and eczema were

3.0 (95 % CI 1.7–5.4), 10.3 (95 % CI 8.0–13.2), and 16.9

(95 % CI 12–23), respectively, in multiple events and the

EPB eligible period. The IRRs varied greatly between the

two eligible periods.

Conclusions This method could be a useful tool in

pharmacoepidemiological studies in children. Careful

consideration in the handling of inpatient and outpatient

periods, including sensitivity analyses, is necessary

because this method is a within-individual comparison.

1 Introduction

Post-marketing surveillance activities are particularly

important for safety issues in children, the elderly, and

patients with severe comorbidities since these populations

are usually excluded from clinical trials. There has been

considerable interest in creating and using electronic dat-

abases for the monitoring of safety of marketed products

[1, 2] as well as for healthcare planning [3] and investi-

gating the prevalence or predictors of safety events [4, 5].

In fact, large-scale databases, such as The Clinical Practice

Research Datalink (CPRD) [6] and The Health Improve-

ment Network (THIN) [7] in the UK, and i3 Drug Safety

[8] in the USA, have been successfully used for this

purpose.

In Japan, the Government initiated the development of a

database known as the ‘national database’, which has been

accumulating data such as claims data and physical

checkup information from the entire population since April
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2009. This database has been available to researchers since

2011 if their application is approved after a review by the

Government [9]. Other databases available in Japan include

a claims database provided by the Japan Medical Data

Center [10] and an administrative database provided by

Medical Data Vision Co. (EBM provider), and a few

studies have utilized these databases [11, 12]. EBM pro-

vider, which is the database used in this study, contains

anonymous information from the health insurance claims

of about 1 million patients in 16 diagnosis procedure

combination (DPC) hospitals since April 2003. In DPC

hospitals, medical and technical service payment is calcu-

lated per day in a prospective payment system, and, since

2003, the DPC system has been implemented in 82 hos-

pitals in Japan, including advanced treatment hospitals.

These hospitals met all the standard requirements, includ-

ing submission of data derived from electronic receipt

system cooperation master in the 2 years prior to the

application of DPC hospitals. The number of DPC-intro-

duced hospitals is expected to continually increase.

The self-controlled case series method is an appealing

alternative to case-control and cohort analyses in detecting

and characterizing adverse events using claims or elec-

tronic health record (EHR) databases [7, 13–15]. This

method is an intra-patient comparison, so it allows us to

control implicitly for confounders that do not vary with

time over the observation period [15] as well as to achieve

sufficient power with smaller sample size relative to cohort

studies. Moreover, selection of a control population is not

necessary.

These features are particularly appealing in pharma-

coepidemiological studies for drug safety in children, such

as studies of palivizumab, an anti-respiratory syncytial

virus (RSV) humanized monoclonal antibody used for

prophylaxis of severe lower respiratory tract infection in

children. The specific indication of palivizumab is for

children at risk of severe RSV infection, which has been

demonstrated in randomized clinical trials, the IMpact-

RSV study [16] and the palivizumab cardiac study [17].

The percentages of patients with any adverse event were

similar between the palivizumab and control groups

(96.4 % [482/500] and 95.9 % [961/1,002] in the IMpact-

RSV study [16] and 96.5 % [625/648] and 95.6 % [611/

639] in the palivizumab cardiac study [17], respectively)

and there were no significant differences in specific adverse

events such as fever, nervousness, injection site reaction,

and diarrhea. Although palivizumab is expensive, the uni-

versal public pension insurance system (which extends to

all citizens in Japan) and a subsidy in place for patients

with an indication for palivizumab permits almost all

patients who need the drug to receive it. In addition, most

periods of palivizumab exposure were able to be extracted

from the database since physicians administer this drug by

injection in weight-adjusted doses at a hospital. Only very

few children have indications for palivizumab exposure,

and they are not likely to visit more than one hospital.

The aims of this study were therefore twofold: to clarify

the advantages and difficulties of the self-controlled case

series method relative to cohort studies in pharmacoepi-

demiological studies in children using an administrative

database; and to explore the impact on results of handling

the period eligible for analysis and recurrent events in

different ways.

2 Methods

2.1 Study Design

We evaluated the self-controlled case series method [15]

through analysis of data from EBM provider on the asso-

ciations between palivizumab and adverse events reported

in previous information such as the drug package insert.

This method estimates the incidence rate ratio (IRR) of

palivizumab using data on only individuals who had the

outcome of interest. As this is an intra-person comparison,

time-fixed confounders are implicitly controlled. Further-

more, temporal variation in the incidence rate can be

modeled by splitting individual observation periods into

intervals according to age groups (e.g. 6-month bands).

In analysis of databases incapable of tracking patients

across hospitals, it is necessary to specify the timing of

‘lost to follow-up’, that is, the end of periods in which

adverse events can be included in the analysis. There were

two potential definitions of the eligible period in this study.

The eligible period defined as ‘EPA’ covered first-time

inpatient periods of more than 3 continuous days. The

‘EPB’ eligible period included ‘lost to follow-up’ cases and

was regarded as a continuous period in cases where the

interval between visits was below the 75th percentile of the

interval between visits for patients with the same diagnosis.

Another statistical consideration was handling of recurrent

events, because analysis using only the first event can yield

results substantially different from those using multiple

events. The self-controlled case series method assumes that

events arise in a non-homogeneous Poisson process [15].

This is a probability model that inherently assumes recur-

rent events, but the self-controlled case series method is

applicable for non-recurrent events when the incidence rate

is small over the observation period. On the other hand, the

assumption is violated when events are recurrent, but

occurrence of one event increases the probability of sub-

sequent events [15]. Therefore, the secondary objective of

this study was to explore the impact on results of handling

the period eligible for analysis and recurrent events in

different ways.
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This study was approved by the Ethics Committee of the

Kyoto University Graduate School and Faculty of Medicine.

2.2 Data Sources

The EBM provider database is an anonymized hospital

administrative database provided by Medical Data Vision

Co. (Tokyo, Japan) since April 2003. The database we used

contains information from over 1 million patients registered

in 16 hospitals with more than 300 beds in Japan. In these

hospitals, medical and technical service payment is calcu-

lated in the DPC system. The database includes patient

demographic data (sex, age, birth year, and month), infor-

mation about prescriptions (date, drug name, volume, dose),

and diagnostic and procedure information (date, disease

name) for each procedure performed at the hospitals inclu-

ded in the database. The coding of diagnoses and disease

names is standardized using the International Classification

of Diseases, tenth revision (ICD-10) and the disease codes of

the Medical Information System Development Center

(MEDIS-DC), respectively. Drug prescriptions are coded

using the Anatomical Therapeutic Chemical (ATC) classi-

fication system. The quality of data held in the database is

maintained through rigorous checks and regular audits.

The advantages of this database are inclusion of newborns

and the elderly and its relatively large scale among databases

available in Japan: 127 of about 1,500 DPC hospitals were

covered in 2013. Mortality information and laboratory data

are also available. On the other hand, the information on

dispensing of medication by a pharmacist is not included in

the database. The database is incapable of tracking patients

across hospitals. The usability of this database was assessed

in a study of cardio-cerebrovascular events in hypertensive

patients; the authors concluded that data from this database

were as valid and reliable as those from other epidemiological

studies in terms of the incidence of investigated events [12].

2.3 Study Population

Patients were selected from the population of individuals

registered in the database from April 2003 to August 2011.

Eligibility criteria were patients aged between 0 and

5 years and, for statistical analyses, we extracted those

with at least one record of diagnosis of an adverse event of

interest for each of the two eligibility definitions, EPA and

EPB. We did not set a pre-period to identify new users of

palivizumab and their first event occurrences because eli-

gible patients were children.

2.4 Outcome

We selected outcomes of interest based on adverse events

reported in the drug package insert. We used the ICD-10 and

MEDIS-DC disease codes to identify adverse events and

extracted a confirmed diagnosis to identify the event. Med-

ical diagnoses in EBM provider are recorded through a dis-

ease-code master for standardizing disease names in Japan.

This system was developed and is maintained by MEDIS-

DC, which is commissioned by the Ministry of Health, Labor

and Welfare (MHLW). This master system includes

approximately 20,000 disease names, which are compliant

with ICD-10. For analyzing adverse events, we developed

categories based on major diagnostic category (MDC) codes,

which are used for DPC system coding: febrile convulsion

(R560), twitch (P90, R252, R568), tachyarrhythmia (R000),

bradycardia (R001), tachycardia (R000), diarrhea (A09),

vomiting (R11), stridor (R061), dyspnea (P220, R060), rhi-

nitis (J00, J310), rhinorrhea (J348), upper respiratory

infection (J069), pneumonia (J101, J110, J111, J121, J129,

J13, J152, J157, J159, J180, J189), bronchiolitis (J205, J208,

J209, J40), bronchiolitis (J210, J219), reduced blood platelet

count (D696), exanthema (B082, B084, B09, R21, R238),

eczema (L208, L210, L211, L219, L259, L301, L309), fever

(R509), pain (R529), viral infection (B009, B340, B348,

B349), and otitis media (H659, H669, H660). Clinical

validity of these categories was confirmed independently by

two medical doctors.

Recurrent events were handled by using only the first

diagnosed event or as multiple events, which were defined

as one episode that occurred repeatedly within the 75th

percentile of the interval between visits for patients with

the same diagnosis.

2.5 Exposure

We identified prescriptions for palivizumab within each

eligible period using information on the drug code and pre-

scription dates. The ATC code was used as the drug code in

the database. Although palivizumab is administered intra-

muscularly prior to commencement of the RSV season, and

remaining doses are administered monthly throughout the

RSV season, the half-life of palivizumab is about 30 days,

and patients in the database received injections every couple

of months. Thus, palivizumab treatment was assumed to be

continuous when any apparent treatment break was less than

100 days, to allow for partial non-compliance. A 30-day

period was added to the last prescription date within the

continuous period; hence, the exposure period included all

durations with drug exposure within the eligible period. All

other observation times within the study window were taken

as the baseline (unexposed) period (Fig. 1).

2.6 Covariates

We extracted data on characteristics of patients, including

sex, status of hospitalization including inpatient or
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outpatient, and diagnosis according to the ICD-10 code from

the database. The data on covariates are used to describe

characteristics of patients but not used as explicit adjustment

factors in the self-controlled case series analysis.

2.7 Analysis Method

Data in our analysis were processed as follows: (i) we

extracted patients with at least one prescription record for

palivizumab from patients who met the eligibility criteria in

the EBM provider database; (ii) we identified patients with at

least one record of diagnosis of an adverse event of interest

with or without prescription records of the drug within each

of the two eligibility periods, EPA and EPB, which started

from the first day of first-time inpatient periods of more than

3 continuous days and could cover the period before the first

prescription of palivizumab; (iii) we identified exposure

periods as defined in Sect. 2.5, which could include multiple

exposure periods, and occurrence of the adverse event within

the eligible period; and (iv) we analyzed the data using a self-

controlled case series method.

The self-controlled case series method assumes that

events arise in a non-homogeneous Poisson process [15].

The incidence rate is assumed to depend on each individ-

ual, temporal effects, and exposure. Temporal effects are

modeled through segmentation of the eligible period of

each individual into user-specified intervals. Given that

palivizumab is administered mainly between September

and April, we used age groups in 6-month age bands and

season groups based on calendar months. Specifically, we

considered a log-linear model kijk = exp(ui ? aj ? bk),

where ui represents a log-transformed rate ratio for the ith

individual, aj represents a log-transformed rate ratio for the

jth group for temporal effects, and bk represents a log-

transformed rate ratio for the kth exposure group. The log-

transformed rate ratios and their 95 % confidence intervals

(CIs) are calculated by maximizing the conditional likeli-

hood for the log-linear Poisson model.

Fig. 1 Pictorial representation of the self-controlled case series approach. Figure illustrates single individual prescribed palivizumab during the

eligible period. All patients included in analysis had at least one record of diagnosis of interest with or without prescription records of the drug.

Incident outcomes can occur during the baseline or exposed period

Table 1 Background

characteristics of patients

extracted from the database and

those treated with palivizumab

Extracted

patients

Patients treated

with palivizumab

No. of patients 70,771 641

No. of male (%) 37,571 (53.0) 358 (55.8)

Months from registration to the last record

or the 5th birthday (median, min–max)

13, 0–60 18, 0–58

No. of patients with inpatient records (%) 57,042 (80.6) 546 (85.2)

Comorbidities (%)

Acute gastroenteritis 15,371 (21.7) 146 (22.8)

Dehydration 14,035 (19.8) 160 (25.0)

Asthma 13,402 (18.9) 234 (36.5)

Allergic rhinitis 11,714 (16.6) 165 (25.7)

Pharyngitis 11,275 (15.9) 51 (8.0)

Asthmatic bronchitis 10,642 (15.0) 160 (25.0)

Acute pharyngitis 6,888 (9.7) 29 (4.5)

Diaper dermatitis 6,309 (8.9) 157 (24.5)

Cerumen impaction 5,360 (7.6) 76 (11.9)

Costiveness 4,695 (6.6) 329 (51.3)
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All analyses were conducted using STATA software

version 11 (LightStone Co, Tokyo, Japan) using STATA

codes provided by Whitaker et al. [15]; the outputs were

also verified using SAS software version 9.2 (SAS institute,

Cary, NC, USA). The authors had full access to the data

and take responsibility for their integrity. All reported

P values for statistical tests are two-tailed, and P \ 0.05

was taken to indicate statistical significance.

3 Results

Of all patients in the EBM provider database, 70,771 met

the eligibility criteria and were extracted from the database.

As shown in Table 1, of these, 37,571 (53 %) were male

and the median of the period in which administrative

records continue between the ages of 0 and 5 years was

13 months (min–max 0–60). The most frequent comor-

bidities among the patients were acute gastroenteritis,

dehydration, and asthma (Table 1). Of the eligible patients,

57,042 had inpatient records. We identified 641 patients in

the database with at least one prescription record for pali-

vizumab between April 2003 and August 2011. Of these,

358 (55.8 %) were male, and the median age at the time of

their first exposure to palivizumab was 2 months (min–max

0–27). The first injection of palivizumab occurred within

the first 6 months of life in 90 % of the patients. An

overview of the number and proportion of adverse events

recorded between April 2003 and August 2011 in the 641

patients who received palivizumab is shown in Table 2.

Among patients receiving palivizumab, the number of

patients with diagnosis records related to the digestive

system, respiratory system, and skin was 128, 445, and 248

patients, respectively, while the patients with records

related to circulatory organs were relatively few.

Diarrhea, bronchitis, and eczema were the most fre-

quently reported of the adverse event categories. Upper

respiratory infection was also frequent, but the majority of

RSV infections presented as mild upper respiratory ill-

nesses, thus the high incidence rate may be attributable to

confounding by indication and diagnoses for prescription

or examination. To estimate IRRs for three frequently

reported adverse events (diarrhea, bronchitis, and eczema),

patients who had a record of each adverse event were

selected from the 70,771 patients. The number of adverse

events during EPA, EPB, and the corresponding exposure

periods are described in Table 3. The numbers of events in

the EPB were approximately four times higher for diarrhea

and nearly six times higher for bronchitis and eczema

compared with those in the EPA. The occurrence of diar-

rhea during the exposure periods was the same in the EPA

and EPB, while bronchitis and eczema events increased

approximately six to seven times in the EPB compared

with the EPA. The median eligible period was about

1 week in the EPA and about 1 month in the EPB. The

duration of eligible period and exposure period was

expanded in the EPB.

The numbers of events per 6-month band are shown in

Figs. 2 and 3. Most primary events occurred within the first

year and a half of life. Event occurrence from 6 to

12 months increased in patients with diarrhea and bron-

chitis when in the EPB, while the distribution of

Table 2 Occurrence of adverse events among 641 patients treated

with palivizumab

Adverse event category No. of patients (%)

Nervous system

Febrile convulsion 34 5.3

Twitch 16 2.5

Subtotal 44 6.9

Circulatory

Cardiac dysrhythmia 2 0.3

Bradycardia 4 0.6

Tachysystole 5 0.8

Subtotal 7 1.1

Digestive system

Diarrhea 79 12.3

Vomiting 70 10.9

Subtotal 128 20.0

Respiratory system

Stridor 2 0.3

Dyspnea 77 12.0

Rhinitis 40 6.2

Rhinorrhea 1 0.2

Upper respiratory infection 358 55.9

Pneumonia 97 15.1

Viral pneumonia 41 6.4

Bacterial pneumonia 67 10.5

Bronchiolitis 18 2.8

Bronchitis 314 49.0

Subtotal 445 69.4

Vasculature

Thrombopenia 11 1.7

Dermal system

Anthema 31 4.8

Eczema 238 37.1

Subtotal 248 38.7

Other

Fever 46 7.2

Pain 1 0.2

Viral infection 15 2.3

Viral infection (including RSV infection) 493 76.9

Tympanitis 78 12.2

RSV respiratory syncytial virus
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occurrence of eczema was similar for the two eligible

periods. An increased number of multiple events occurred

from 24 to 60 months for diarrhea and bronchitis.

The age-adjusted IRRs for diarrhea, bronchitis, and

eczema adverse events are shown in Table 4, stratified by

adverse event categories and eligible periods. The IRRs of

the three adverse events diarrhea, bronchitis, and eczema

were significant, and varied greatly between the two eli-

gible periods. IRRs adjusted for age and seasonal effect

were similar to IRR estimates simply adjusted for age,

suggesting that the seasonal effect was small (data not

shown).

4 Discussion

In this study, we applied the self-controlled case series

method to investigate associations between palivizumab

for children and adverse events based on the previous

information such as package insert using an administrative

database. Overall, this method was feasible with the

national database [9], claims databases [10], and adminis-

trative databases such as the EBM provider, and the

assumptions required for this method [15] appeared to be

satisfied in this study based on the observed data. On the

other hand, the incidence rates of adverse events in chil-

dren included in this study declined over time, indicating

that the impact on results of handling the eligible period in

different ways can be substantial, and in fact the IRRs

differed between the EPA and EPB. Our findings suggest

the importance of rigorously precise handling of ages and

timings when this method is used.

This study demonstrated that the self-controlled case

series method is particularly useful in pharmacoepidemio-

logical studies of children, using a database. First, the self-

controlled case series method allowed us to adjust for the

temporal effects of age on adverse events. Generally

speaking, children are unlikely to have comorbidities, so

age would be a major risk factor for most diseases. Fur-

thermore, children tend to have fewer administrations of

drugs, and bias due to time-dependent confounding related

to medication is expected to be small. There was an inverse

correlation between occurrence of events and age (Figs. 2,

3). Second, censoring due to death, a major source of bias

in the self-controlled case series method, does not occur

frequently in children. The assumption of the self-con-

trolled case series method fails when the occurrence of an

event does not alter the probability of subsequent exposure

and events. The number of patients with independent and

recurrent events was relatively high in Tables 1 and 2,

suggesting that this assumption could hold. Third, it is

necessary to specify the first administration to extract new

users of a targeted drug and this is particularly easy in a

study of young children in which the number of new users

is high. In this study, we extracted data for patients aged

between 0 and 5 years, and we did not set a pre-period to

identify new users of palivizumab and first event occur-

rences. The median age of their first exposure to pali-

vizumab was 2 months (min–max 0–27). Fourth, the

method retained good power in a relatively small popula-

tion. The database used in this study contained information

on about 70,000 patients from medium-sized hospitals, so

the proportion of institutes with a neonatal intensive care

unit may have been small and fewer patients were treated

Table 3 Occurrence of adverse events and duration within eligible and exposure periods

AE

category

Patientsa

(N)

Males,

N (%)

Eligible periodb Exposure periodb

First event

(N)

Multiple

events (N)

Median

(min–max)

First event

(N)

Multiple events

(N)

Median

(min–max)

EPA

Diarrhea 664 365 (55.0) 664 670 6 (2–907) 15 16 83 (4–345)

Bronchitis 2,294 1,249 (54.4) 2,294 2,298 5 (2–1,213) 15 15 35 (1–279)

Eczema 732 443 (60.5) 732 744 6 (2–1,213) 15 18 58 (1–345)

EPB

Diarrhea 2,356 1,297 (55.1) 2,356 2,686 25 (2–1,411) 20 23 217 (30–527)

Bronchitis 12,009 6,418 (53.4) 12,009 14,417 31 (2–1,723) 104 108 175 (7–609)

Eczema 4,332 2,319 (53.5) 4,332 4,596 34 (2–1,568) 87 94 156 (1–553)

AE adverse event
a Patients who had a record of the AE (diarrhea, bronchitis, or eczema) during the eligible period
b The EPA eligible period covered first-time inpatient periods of more than 3 continuous days. The ‘EPB’ eligible period included ‘lost to

follow-up’ cases and was regarded as a continuous period in cases where the interval between visits was below the 75th percentile of the interval

between visits for patients with the same diagnosis. The exposure period is defined as a period from the first prescription for palivizumab within

each eligible period to 30 days after the last prescription date within the continuous period
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with palivizumab than in a real-life clinical setting. The

IRRs in this analysis were significant, suggesting that an

adequate sample was obtained from this population

because of the intra-patient comparison. Finally, we were

able to avoid selecting a control group, which is difficult in

cohort studies and spontaneous reporting systems.

Furthermore, we clarified that it is important to be rig-

orously precise about the handling of ages and timings.

Specifically, we defined two types of eligible periods: EPA

and EPB. The EPB includes outpatient periods, and the

EPA only accounts for inpatient periods. The EPB was

used as an eligible period because young children are likely

to go to the same hospital in most situations. The median

length of the EPA and EPB was about 1 week and

1 month, respectively, and the number of each adverse

event increased when the period was expanded. On the

other hand, the incidence rates declined over time (Figs. 2,

3). These results imply that the impact on results of the

handling of the eligible period can be substantial. As shown

in Table 4, the IRRs in the EPA were much higher than

those in the EPB. Theoretically, the EPB leads to greater

accuracy and higher power than the EPA because of an

increase in the number of events, so the EPB seems to be

better from a statistical viewpoint. However, the choice

between the EPA and EPB should be mainly based on

clinical considerations about the difference in health con-

ditions and medical environments of inpatients and out-

patients. For example, if there is a potential for an effect

modification between inpatients and outpatients, the true

effects based on the EPA and EPB would differ. During the

Fig. 2 Pattern of primary events in the eligible periods. The numbers of ‘first diagnosed’ events that occurred in the two types of eligible periods

were compared in 6-month bands
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EPA, the patients stayed in hospital, and therefore treat-

ment information was assumed to have been collected

almost completely. Patients in hospital are also generally

prone to have more diagnostic records or they could be

more severe cases. The EPA analysis estimates the rate

ratio for inpatients, but the EPB analysis provides a

weighted average of the two rate ratios in both the inpatient

and the outpatient situations. Such sensitivity to handling

of inpatient and outpatient periods is a weak point of this

method relative to cohort studies, and we recommend that

Table 4 Age-adjusted incidence rate ratios (95 % confidence intervals) for the associations between palivizumab and adverse events

AE category First event only Multiple events

EPA EPB EPA EPB

Diarrhea 102 (31–334) 15.7 (7.02–35.2) 66.8 (23.9–187) 3.00 (1.66–5.44)

Bronchitis 34.0 (14.6–79.7) 14.2 (10.3–19.6) 26.6 (11.7–60.8) 10.3 (8.04–13.2)

Eczema 53.9 (21.7–134) 27.0 (18.0–40.4) 47.3 (21.0–107) 16.9 (12.2–23.4)

AE adverse event

Fig. 3 Pattern of multiple events in the eligible periods. The numbers of ‘multiple’ events that occurred in the two types of eligible periods were

compared in 6-month bands
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sensitivity analysis using different handling of age and

timing is routinely performed.

Our analysis indicates elevated risks of adverse events

of palivizumab; the estimated IRRs ranged from 3.00 to

102 for diarrhea, from 10.3 to 34.0 for bronchitis, and from

16.9 to 53.9 for eczema. Only two studies have reported

adverse events of palivizumab in comparison with a pla-

cebo group [16, 17]. In the IMpact-RSV study, diarrhea

developed in two (0.4 %) and ten (1.0 %) patients in the

palivizumab and placebo groups, respectively (P = 0.357),

while the palivizumab cardiac study observed three (0.5 %)

patients with diarrhea in both the palivizumab and the

placebo groups. Bronchitis and eczema developed in fewer

than three patients in these studies. However, these adverse

event frequencies are not comparable with the observations

in this study given the differences in patient population

(e.g. in- or outpatient and ethnicity), medical environment,

and methods for assessing adverse events. Therefore, it is

difficult to discuss the usefulness of the self-controlled case

series method based on comparisons with previous studies.

Rather, these results should be interpreted in the context of

potential sources of bias in a self-controlled case series

study. Our analysis is ‘bidirectional’; that is, periods both

before and after the first exposure were used. The bidi-

rectional method is expected to be less susceptible to

exposure-trend bias than the unidirectional method [18].

We selected the bidirectional method in this study because

palivizumab was released in 2002 in Japan and its use

probably increased between April 2003 and August 2011,

the period covered by the database we used. However, if an

adverse event of interest is fatal, occurrence of the event

eliminates a child’s future opportunity for exposure,

yielding a potential for overestimation of exposure effects

on the event. Such bias, called immortal-time bias, can be

eliminated if periods before the first exposure are not used

[18]. However, it is not plausible that the elevated risks of

diarrhea, bronchitis, and eczema are fully attributable to

immortal-time bias, since these adverse events are not fatal.

Furthermore, the self-controlled case series method tends

to have less exposure misclassification bias and time-

varying confounding if exposures are brief [18].

Several study limitations warrant mention. First, the

definitions of outcomes were based on disease names

constructed for medical service fees and were not validated

because the EBM provider is anonymized. In this study,

occurrence of adverse events could better be considered as

occurrence of action related to adverse events. Second,

patients are linked anonymously within each institute, so

information on the outpatient status of each patient is

restricted to a single institute. In this study, we extracted

the period that covered all information or the period in

which patients were assumed to go one hospital; as a result,

the inpatient period was short. Third, the strong temporal

effects on adverse events in this study would be attributable

to the growth of children, so our observation may not be

generalized to studies in adult patients. Fourth, true IRRs

for exposure to palivizumab are unknown. Finally, timeli-

ness is a crucial aspect of drug safety, but it is difficult to

draw conclusion about the performance of the self-con-

trolled case series method from this viewpoint. However,

standardization of the data structure would substantially

affect timeliness given that the most time-consuming pro-

cess in this study was data handling.

5 Conclusion

The self-controlled case series method could be a useful

tool in pharmacoepidemiological studies in children, using

administrative databases, but they should be interpreted as

hypothesis-generating rather than confirmatory. Once

detected, the safety signal should be analyzed in detail

using pharmacological and biological information on

drugs, molecular targets, and pathways. Careful consider-

ation in the handling of inpatient and outpatient periods,

including sensitivity analyses, is necessary because this

method is within-individual comparison.
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