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Abstract Background: Data mining of spontaneously reported adverse drug reactions
(ADRs), using measures of disproportionality, is a valuable first evaluation
step for drug safety signal detection. Of all ADRs reported for children and
adolescents within VigiBase, vaccine-ADR pairs comprise more than half of
the reports. ADRs concerning vaccines differ with respect to type and se-
riousness from other drugs, and therefore may influence signal detection for
non-vaccine drugs if not accounted for appropriately.

The potential influence of vaccines on safety signal detection for drugs
was recently raised by the CIOMS Working Group VIII, who proposed that
it may be appropriate to undertake automatic signal detection using both
medicines and vaccines, and some analysis using vaccines only. However, it
has not described for which types of ADRs or drugs subgroup analysis is
beneficial.

Objective: The aim of the study was to study the methodological aspects
concerning the influence of a high prevalence of vaccine-related ADRs on
signal detection within paediatric ADR data.

Methods: We analysed all paediatric Individual Case Safety Reports (ICSRs)
received by VigiBase between 2000 and 2006, and calculated the reporting
odds ratio (ROR) for all unique drug-ADR pairs with at least three reports.
The ROR was additionally calculated in subgroups of vaccine-ADR pairs
and non-vaccine-ADR pairs and further in different age groups. A propor-
tional change in the ROR for the different subgroups was calculated and the
change in the number of signals of disproportional reporting (SDRs) after
subgroup analysis was assessed.

Results: Of all paediatric ICSRs (N =218 840, of which 117 877 were vaccine-
related), a total of 26 203 unique drug-ADR pairs were eligible for inclusion
(5586 vaccine-related). A total of 1637 vaccine-related SDRs and 13 375 non-
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vaccine-related SDRs were detected in the crude analysis. Subgroup analysis
by restricting to either vaccines or non-vaccines revealed 494 additional SDRs
for vaccines (+30.2%) and 821 additional SDRs for non-vaccines (+6.1%).
Subgroup analyses were only beneficial for non-vaccines if the ADR of in-
terest was reported uncommonly for non-vaccines and beneficial for vaccines
if the ADR was reported uncommonly for vaccines. Subgroup analysis for
ADRs that were reported commonly for either vaccines or non-vaccines led
to the disappearance of 272 SDRs for vaccines and 2721 SDRs for non-
vaccines. We could empirically derive a model that predicts the change in
ROR in the subgroups based on the proportion of vaccines within the total
dataset.

Conclusion: The high proportion of vaccine-related reports within paediatric
ADR data has a large and mathematically predictable impact on signal de-
tection in paediatric ADR data. Subgroup analysis reveals new SDRs that
potentially represent genuine safety signals. The most inclusive and sensitive
signal detection method would be the combination of a crude and subgroup-
based data mining approach, based on the ratio between the proportion of

vaccines within the ADR of interest and within all other ADRs.

Background

Spontaneously reported adverse drug reac-
tions (ADRs) are an important source for iden-
tifying drug safety signals.I'! For efficient signal
detection, data mining methods have been de-
veloped that mostly are based on measures of
disproportionality. Well known examples are the
Reporting Odds Ratio (ROR), the Proportional
Reporting Ratio (PRR), the Information Compo-
nent (IC), and the Empirical Bayes Geometric
Mean (EBGM).>% These data mining methods
are used as a first signal identifying method. Sub-
sequently, further case evaluation is necessary to
determine whether the signal of disproportionality
is a real safety signal.[”-®!

Although useful, data mining methods are
subject to bias and confounding. Effort has been
made to allow for dealing with possible con-
founding factors such as age, sex and time, but
with varying results.[®%111 Other factors that
might influence the disproportionality estimates
include the number of serious versus non-serious
individual case safety reports (ICSRs), consumer
versus healthcare professional reported ICSRs,
company owned databases versus databases of
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national competent authorities and differences in
the distribution of the population characteristics
within the different databases or of the different
outcomes.>1? All these factors might lead to a
relative increase of specific groups of reports by
type of ADR, drug class or age group. Such clus-
ters of reports may influence the distribution of
drugs and ADRs within the data and thereby jeo-
pardize the assumption that reporting should be
non-differential in order to guaranteec unbiased
estimates of measures of disproportionality.

The phenomenon of clusters of reports of a
specific group of drugs is very clearly observed in
paediatric safety signal detection. Within national
compilations of paediatric ICSRs, vaccines make
up 45-69% of the suspected drugs within the ADR
reports.['>141 ADRs reported for vaccines differ
from non-vaccines with respect to seriousness and
type.l'315] Many studies have already addressed
issues around data mining within vaccine-related
ADRSs, mostly boosted by the work on the US’
specific Vaccine Adverse Event Reporting System
(VAERS) database.>11-16171 Little is, however,
known about the influence of vaccines on safety
signal detection for non-vaccines and vice versa in a
mixed ADR database, containing both vaccines
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and non-vaccines. Due to the high exposure to vac-
cines in the paediatric age group, this influence will
be most pronounced when data mining is applied
to paediatric ADR reports.

The potential influence of vaccines on safety
signal detection for drugs was recently raised in
the report of the CIOMS Working Group VIIL
The working group proposed that it may be ap-
propriate to undertake automatic signal detec-
tion using both medicines and vaccines, and some
analysis using vaccines only. However, it has not
described for which types of ADRs or drugs
subgroup analysis is beneficial.

Therefore, we studied the methodological as-
pects of signal detection within paediatric ADR
data where the prevalence of vaccine-related ADRs
is high. We studied how restriction to either vac-
cine- or non-vaccine-related ADRs influences dis-
proportionality analyses, whether this affects the
number of detected signals of disproportional re-
porting (SDRs) and for which ADRs subgroup
analysis using restriction is beneficial.

Methods

Setting

We used data from the VigiBase database of
suspected ADRs. This WHO global ICSR database
system was established in 1968, and in March 2007
it held more than 3.8 million ICSRs.I'®191 VigiBase
is maintained on behalf of the WHO Programme by
the Uppsala Monitoring Centre (UMC). In March
2007, more than 80 countries participated in the
WHO International Drug Monitoring Programme
and another 17 countries were associate members
who did not yet actively contribute data. ICSRs are
submitted through the national pharmacovigilance
centres. The WHO Programme member countries
submit ICSRs to the UMC on a regular basis; pref-
erably once a month, but at least every quarter.['”)

At the time of data extraction in 2006, all ADRs
within VigiBase were coded using preferred terms
of the WHO Adverse Reaction Terminology
(WHO-ART) coding dictionary. Reported drugs
were recoded using the WHO drug dictionary,
and were also coded according to the Anatomical
Therapeutic Chemical (ATC) classification sys-
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tem of the WHO Collaborating Centre for Drug
Statistics Methodology.l?"]

Selection of Individual Case Safety Reports
(ICSRs) and Drug-ADR Pairs

From VigiBase we extracted all ICSRs on chil-
dren, aged 0 to <18 years that were received or
occurred between January 2000 and December
2006. Only ICSRs received through spontancous
reporting and where the drug was reported as sus-
pected were included. The information in these
reports included country of origin, type of re-
porter, age at onset, year of onset, sex, suspected
drugs, ADRs, starting and stopping date of the
suspected drugs, starting and stopping date of the
ADRs, dosing regimen of the drugs, administra-
tion route and causality assessment of the event.
We excluded ICSRs where the reported drug or
ADR could not be coded in the WHO drug dic-
tionary or WHO-ART.

An ICSR can contain more than one suspected
drug, or more than one ADR. We defined a drug-
ADR pair as a unique combination of a single
drug and a single ADR. Hence, an ICSR con-
taining two ADRs with one suspected drug for
both ADRSs counted as two pairs.

Vaccine-ADR pairs were defined as drug-ADR
pairs in which a vaccine, coded using the ATC
code JO7, was reported as the suspected drug. All
other drug-ADR pairs were considered as non-
vaccine-related drug-ADR pairs.

Statistical Analyses

Disproportionality Calculations and

Subgroup Analysis

For all possible, unique, drug-ADR pairs with
at least three records within the database we cal-
culated the RORs with 95% CIs.[*31 All dis-
proportionality analyses were conducted on a
drug-ADR-pair level. Calculation of the ROR is
based on a two-by-two contingency table, con-
taining all drug-ADR pairs within the dataset, in
which cell A represents the number of pairs for
the combination of interest, cell B all other ADRs
for the drug of interest, cell C the number of pairs
for the ADR of interest for other drugs and cell D
all other pairs without the ADR and without the
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Initial analyses

Vaccine-ADR pairs Non-vaccine-ADR pairs

ADR of | All other ADR of | All other
interest ADRs interest ADRs
Vaccine of Non-
interest Avac Blac Va(.:Cine of Anon-vac Bron-vac
interest
All other Cuact Dyact Al o;gif Cract Dyact
vaccines Cnon-vac Dnon-vac vaccines Cnon-vac Dnon-vac

Subgroup analyses

Vaccine-ADR pairs

Non-vaccine-ADR pairs

ADR of All other ADR of | All other
interest ADRs interest ADRs
Vaccine of A B Non- A B
interest vac vac vaccine of non-vac non-vac
interest
All other
Al o-ther Cuac Dyac non- C D
vaccines non-vac non-vac
vaccines

Fig. 1. Distribution of vaccine-ADR and non-vaccine-ADR pairs within the two-by-two contingency table. ADR=adverse drug reaction;
A on_vac =N0ON-vaccine-ADR pair of interest; Ay, =vaccine-ADR pair of interest; B,on_vac = all other ADRs for non-vaccine of interest; By, =all
other ADRs for vaccine of interest; Con_vac=ADR of interest for all other non-vaccines; C,..=ADR of interest for all other vaccines;
Dy on-vac = all other non-vaccine-related ADRs; Dy, =all other vaccine-related ADRs.

drug of interest (figure 1). When the drug-ADR
pair of interest concerns a non-vaccine, cells A and
B of the two-by-two table in a mixed ADR data-
base as VigiBase will only contain non-vaccine-
ADR pairs, while cells C and D will contain both
vaccine-ADR and non-vaccine-ADR pairs. For
vaccine-related combinations, cells A and B consist
solely of vaccine-ADR pairs, and cells C and D will
be mixed with non-vaccines.

To explore the effect of vaccine-ADR pairs on
the number of detected SDRs we first performed
a crude analysis (independent of the type of drug)
and subsequently subgroup analyses, where we
split the total ADR dataset in vaccine-ADR pairs
or non-vaccine-ADR pairs (figure 1). In this sub-
group analyses we calculated the ROR for all
vaccine-ADR pairs after restriction to vaccine-
ADR pairs, and for non-vaccine ADRs the cal-
culation was restricted to non-vaccine-ADR pairs.

© 2012 Adis Data Information BV. All rights reserved.

RORs, both in the initial crude analyses and
within the subgroup analyses, were additionally
calculated within predefined subgroups of age
in order to observe whether the effect differed
across age categories. Age at the time of the event
was categorized into three categories according to
the guidelines of the International Conference of
Harmonization (ICH): 0 to <2 years, 2 to <11 years
and 12 to <18 years.?' The ROR was only calcu-
lated within those age groups that contained at
least three reports of the unique drug-ADR pair of
interest.

Vaccine- and Non-Vaccine Proportion Ratio

Subgroup analysis of vaccine-ADR pairs or
non-vaccine-ADR pairs only influences cells C and
D of the two-by-two contingency table (figure 1).
For each drug-ADR pair in this study the pro-
portion of vaccine-ADR pairs and the proportion
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of non-vaccine-ADR pairs within cells C and D
was calculated. The ratio between the proportion
of vaccine-related pairs in cell C and the propor-
tion of vaccine-related pairs in cell D was defined
as the ‘vaccine proportion ratio’. The ‘non-vaccine
proportion ratio’ was defined as the ratio between
the proportion of non-vaccine-related pairs in cell
C and the proportion of non-vaccine-related pairs
in cell D.

Effect of Subgroup Analysis on Reporting Odds

Ratio (ROR)

In order to compare the subgroup-specific ROR
estimates with the crude overall ROR, a propor-
tional change in the ROR was calculated. This
change was calculated as follows: [(RORgpgroup/
ROR_,4e)—-11% 100%. A mathematical model was
constructed to describe the relationship between
the change in ROR and the proportion ratio of
vaccines or non-vaccines. To compare the change
in ROR based on the mathematical model with the
observed change in ROR, an R-square statistic was
calculated.

Signals of Disproportional Reporting (SDRs)

For all unique drug-ADR pairs with at least
three records it was determined whether the com-
bination was an SDR, defined as an ROR with
a lower limit of the 95% CI >1.I! Evaluation of
potential SDRs was performed both during the
crude analysis and following restriction to vac-
cines or non-vaccines.

For SDRs that were newly detected after the
subgroup analysis, a random sample of 10% was
taken to evaluate whether this was a false positive
or a true positive association. This was obtained
by evaluating whether the ADR was listed or cov-
ered in the summary of product characteristics
(SPC) of the drug or vaccine of interest. For SDRs
that disappeared after subgroup analysis, a ran-
dom sample of 5% was taken for comparison with
the SPC to evaluate whether these disappearing
SDRs were false negative or true negative SDRs.

Comparisons

Characteristics of the vaccine-ADR pairs and
non-vaccine-ADR pairs (and within the age cat-
egories) were compared using chi-square (to
compare proportions) and Mann-Whitney tests
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(to compare means). A p-value <0.05 was con-
sidered to be statistical significant.

Results
ICSRs

In the period between January 2000 and
December 2006, 221 508 ICSRs involving children
and adolescents aged <18 years were received by
the WHO-UMC. ICSRs that lacked information
on the reported drug or reported ADR were ex-
cluded (n=2668; 1.2%). The remaining ICSRs (n
=218 840) contained 812415 drug-ADR pairs,
with a median of two pairs per ICSR (table I).

The median age in the reported ICSRs was 5.0
years. The distribution of the ICSRs within the
three predefined age categories was 34.2% in the 0
to <2 years group, 38.7% for children aged 2
to <11 years and 27.1% in children aged 12 to
<18 years. More drug-ADR pairs per ICSR were
reported for the youngest children (0 to <2 years)
than for the two other age categories (mean 4.9 vs
3.1 record per ICSR) [p=0.000]. Consequently,
the highest proportion of drug-ADR pairs is pres-
ent in the youngest category (45.1%) [p=0.000].

Vaccine-related reports made up 53.9% (n=
117 877) of all ICSRs. These vaccine-related re-
ports had a higher number of drug-ADR pairs
per ICSR than non-vaccine-related reports (4.4
vs 2.9) [p=0.000]. None of the ICSRs had both a
vaccine and a non-vaccine reported as the sus-
pected drug.

Vaccines accounted for 63.7% of the total
number of drug-ADR pairs. In the youngest
children (0 to <2 years), the proportion of vac-
cine-ADR pairs was highest at 87.6% (p=0.000).
This proportion decreased with age to 56.1% in
children aged 2 to <11 years, and 27.1% in chil-
dren aged 12 to <18 years (table I).

Unique Drug-ADR Pairs and SDRs

The 218 840 ICSRs included in the analyses
contained 90 441 unique drug-ADR pairs, of
which 13% (n=11 478) concerned vaccine-ADR
pairs. Of the unique pairs, 26 203 (29.0%) were
reported at least three times and were included in
the subgroup analyses. The number of unique

Drug Saf 2012; 35 (4)
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Table I. Characteristics of the individual case safety reports

Characteristic ICSRs [n (%)] Drug-ADR pairs [n (%)] No. of pairs/ICSR?*
N 218840 (100) 812415 (100) 3.7
Sex [male] 110271 (50.4) 417 463 (51.4) 3.8
Age [y]

Median [range] 5.0 [0.0-18.0] 3.0 (0.0-18.0)

0to<2 74735 (34.2) 366 023 (45.1) 4.9
2to <11 84744 (38.7) 261488 (32.2) 3.1
12t0 <18 59361 (27.1) 184904 (22.8) 3.1
Vaccine-related [y]° 117877 (53.9) 517642 (63.7) 4.4
Oto<2 58835 (78.7) 320814 (87.6) 5.5
2to <11 42505 (50.2) 146784 (56.1) 3.5
12t0<18 16537 (27.9) 50044 (27.1) 3.0
Non-vaccine-related [y]° 100963 (46.1) 294773 (36.3) 2.9
0to<2 15900 (21.3) 45209 (12.4) 2.8
2to <11 42239 (49.8) 114704 (43.9) 2.7
12t0 <18 42824 (72.1) 134860 (72.9) 3.1

a Mean number of drug-ADR pairs within an ICSR.

b Percentage of vaccines or non-vaccines in this group relative to all ICSRs or drug-ADR pairs in this age category.

ADR =adverse drug reaction; ICSR(s) =individual case safety report(s).

pairs with at least three records per age stratum was
6818 (25.1%) for the age category 0 to <2 years,
11074 (25.3%) for the age category 2 to <11 years
and 11 659 (24.1%) for the age category 12 to
<18 years (table II).

Within the unique drug-ADR pairs with at
least three records, 21.3% (n=15586) concerned
vaccines. The proportion of unique vaccine-ADR
pairs within the combinations with at least three
records decreased with age; 55.1% (n=3757) with-
in children aged 0 to <2 years, 24.4% (n=2699)
within children aged 2 to <11 years and 13.9%
(n=1626) within children aged 12 to <18 years.

In the crude analysis, 15 012 unique drug-
ADR pairs with at least three records (57.3%)
were considered an SDR. These concerned 1637
vaccine-ADR pairs (10.9% of all SDRs) and 13
375 non-vaccine-ADR pairs (89.1% of all SDRs)
[table II].

Change in ROR and SDRs after
Subgroup Analyses

The mean proportion of vaccines in cell D of
the two-by-two contingency table for the unique
vaccine-ADR pairs was 63.8% (95% CI 63.8,
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63.8). For the unique non-vaccine-ADR pairs,
the mean proportion of non-vaccines in cell D
was 36.2% (95% CI 36.2, 36.2). The median vac-
cine proportion ratio was 0.98 and ranged from
0.01 to 1.68. The median non-vaccine proportion
ratio was 1.89 and ranged from 0.01 to 2.92. The
proportional change in ROR after restriction to
either vaccine-related pairs or non-vaccine-
related pairs depended on the vaccine-proportion
and non-vaccine proportion ratio, respectively
(figures 2a and b).

When the vaccine- or non-vaccine proportion
ratio was <1, the ROR increased after subgroup
analysis; when the ratio was >1 the ROR after
subgroup analysis decreased in comparison to the
crude ROR. The shape of the relationship between
the proportional change in ROR and the propor-
tion of vaccines within the data was modelled math-
ematically (figure 3). The step-by-step explanation
on the construction of this model can be found in
the Supplemental Digital Content (http://links.adis
online.com/DSZ/A66). The observed RORs after
subgroup analyses were perfectly predicted by the
model (R-square=1.0).

The shape of the relationship between the
change in ROR after subgroup analysis and the

Drug Saf 2012; 35 (4)


http://links.adisonline.com/DSZ/A66)
http://links.adisonline.com/DSZ/A66)

341

Effect of Vaccine-Based Subgroup Analysis on Paediatric Signal Detection in VigiBase

‘Buiodal jeuoiodouidsip o (s)jeubis =(s)das :buiodal jeuoipodoidsip jo [eubis e jou=yqgs-uou ‘a|geoldde jou=yN ‘uonoeas Bnip asienpe=Hay

"%001+SHAS [BHUI/(SHAS pajoslep Amau) = (%) s4as 4o Jequinu uj sseasou|

K106y SIy} UIyIm sHAS 4O Jequinu (1o} 8y} uo paseq abejusdled p

*a|qe1 om}-Ag-om} 8y} JO  |189 Ul SaulddeA-uou Jo uoipodoid ayy Ag papiaip 8jge} omi-Ag-0m] 8y} Jo D [189 Ul SauiddeA-uou Jo uoiodoid

:olye. uoiiodold sUIDOBA-UON "8|qE} OMI-AG-OM} 8U} JO ( [[99 Ul SauIdoeA Jo uoiiodold sy Ag papiAip 8|qe) omi-Ag-0my 8y} J0 D ||99 Ul SBUIodBA Jo uoodoid :onel uoiiodoid suipoep o
“aseqelep ay} Jo %00 | 9A0JE [ejo} salobayes-abe ‘saliobares-afe ay) jo Jayye ul inooo ued Jied HQy-Bnip e 9oulg “sesAjeue ay) Ul papnjoul 8e spiodai 98Iy} ISes| Je yim sired |y g

"[210} Yim pasedwiod SBUIDOBA-UOU IO SBUIDOBA UIyIM Aousnbaiy eanejey e

o[%] sdas
VN VN VN VN ¥'S o] ¥'9 L9 Lok 672 Syl zoe 4O JaquINU Ul 8sEBIOU|
(0001)  (000t)  (0°001) (0001) (000K (000K  (0°00}) (0°001)  piorgl(%) U] 1< ones uoiodoud
VN VN VN VN 6et €€e8 0.¢ leLe 90¢ 502 68 2Lz 8UIDOBA-UOU 10 -BUIDJBA
(00 (0°0) (00 (00 (00) (00 (00) (00)  porql(%) ul 1> onel uoipodoud
VN VN VN VN 0 0 0 0 0 0 0 0 BUIDOBA-UOU 10 -BUIDJBA
VN VN VN VN 6EY €e8 0.€ Lele 90e 502 68 elLe (1) Has-uou sweosg
(00 (00) (00 (00 (00 (00 (00 (00)  porql(%) ul 1< onel uoodoud
VN VN VN VN 0 0 0 0 0 0 0 0 BUIDOBA-UOU IO -BUIDOBA
(0oo1)  (000t) (0001 (0oot)  (000k)  (000k)  (0°00}) (0°001)  piogl(%) U] 1> ol uoniodoid
VN VN VN VN 12¢ 90¢ 651 128 GlL 202 €51 61 8UIDOBA-UOU 10 -BUIDJBA
VN VN VN VN 128 90¢ 651 128 GLL 202 €Gl 61 o(U) Has eweosg
(9'62) (62e)  ('se) (8'se) (2'€9) (8'18)  (¥€9) (S'87)  poql(%) Ul 1< oyes uoniodosd
VN VN VN VN €L62 L6 9/ 92€s Geok 16€1 8002 1022 BUIDOBA-UOU 10 -BUIDJBA
wos) (b2 (9v2) (e'vL) (e9e)  (z8y)  (99p) (S'19)  poql(%) ul 1> ones uoiodosd
VN VN VN VN 090 8S¥9 9822 162Gk 165 20€l 6vLL 6.82 8UIDOBA-UOU 10 -BUIDJBA
«dnoubqgns uad spiooai g jsesy Je yum sired 4qgy-bnip enbiun
sasAjeue dnoibgng
(000+) (000K (0°001) (0004) (+'68) (28) (o) (+'68) (901) (8et) (6'62) (6°01)
2e.9 62€9 12se 21061 9109 8165  89¥e S/e€l 9L L8 €S0L L€91 qel(%) ul sdAs jo JequinN
(000+) (0001 (0°001) (0004) (1'98) (962)  (6%h) (2'82) (67€1) (Fve)  (1's9) (e1e) ol(%) u] spiodai ¢ ises)
6S9LL  ¥/0LL 8189 €02 92 €2001 G/€8 190€ 21902 9291 6692  LSlE 985G e yum sired yay-6nip enbiun
(0001)  (000L) (0"001) (0"001) (2°16) (6's8)  (112) (e°28) (e8) (Lv1)  (6'82) (z21)
0.8y /2Ly S8L/l2 ¥ 06 L€YY 196/ 02E6L €968/ 666€ 9919  G98L 8Ly 1L l(%) u]l sired yay-Bnip enbiun
sasAjeue apni)
Agls ALLS Ae> aseqelep Agls AL1s Ae> aseqelep Agls AL1s Ag> aseqelep
ozk OF 010 [eloL ozl OF 010 [eloL o1zl g 010 [eloL
IEWe) SOUID0BA-UON SSUIDOBA

Buinodai jeuouodoidsip jo sjeubis jo JaquinN

1 dlqel

Drug Saf 2012; 35 (4)

© 2012 Adis Data Information BV. All rights reserved.



342 de Bie et al.

5000 { i

4000 -

30001 ¢

2000 -

Change in ROR (%)

> 0wEI 00D

1000 -

0 0.5 1.0 1.5
Vaccine proportion ratio

3500 -

3000 -
2500 -
20004 |

1500

Change in ROR (%)

1000 -

o emom mame

500 -

-500 -

0 0.5 1.0 1.5 2.0 25 3.0
Non-vaccine proportion ratio

Fig. 2. (a) Change in ROR (%) after subgroup analysis within vaccine-ADR pairs. All unique vaccine-ADR pairs with at least three records are
included. On the x-axis, the vaccine proportion ratio is given: the proportion of vaccines in cell C of the two-by-two table divided by the
proportion of vaccines in cell D of the two-by-two table. The y-axis has been cut off at 5000%; the actual data on the y-axis ranges from —41% to
19 055% for vaccines. (b) Change in ROR (%) after subgroup analysis within non-vaccine-ADR pairs. All unique non-vaccine-ADR pairs with at
least three records are included. On the x-axis, the non-vaccine proportion ratio is given: the proportion of non-vaccines in cell C of the two-by-
two table divided by the proportion of non-vaccines in cell D of the two-by-two table. The y-axis has been cut off at 3500%; the actual data on the
y-axis ranges from —66% to 6990%. ADR =adverse drug reaction; ROR =reporting odds ratio.
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vaccine- and non-vaccine proportion ratios is
similar for all age categories, although the mean
proportion of vaccines in cell D of the two-by-
two table and, consequently, the point where the
proportion ratio equals 1, differed. The point of
equality was 87.2% (95% CI 87.2, 87.2) for chil-
dren aged 0 to <2 years, 55.8% (95% CI 55.8,
55.9) for children aged 2 to <11 years and for
children aged 12 to <18 years the point of equality
was 26.9% (95% CI 26.9, 26.9). The mean pro-
portions of non-vaccines were 12.8% (95% CI
12.6, 12.8), 44.2% (95% Cl1 44.1, 44.2) and 73.1%
(95% CI 73.1, 73.1) for the increasing age cate-
gories (data not shown).

Consequently to the change in ROR upon
subgroup analyses, the number of detected SDRs
changed. Of the unique vaccine-related pairs
that were not an SDR in the crude analysis, 494
(12.5%) became an SDR in the vaccine-specific
analysis, while 272 (16.6%) of the initial vaccine-
related SDRs were no longer an SDR. Within the
non-vaccine-ADR pairs, 821 (11.3%) became an
SDR and 2721 (20.3%) were no longer an SDR
after subgroup analysis. The effect of subgroup
analysis on the number of detected or disappearing
SDRs depended on vaccine- and non-vaccine pro-
portion ratios (table II). When the vaccine- or non-

Vaccine-ADR pairs

Change in ROR (%) after restriction to vaccine-ADR pairs =
Dvac/D 1)

Cvac/C
ROR after restriction to vaccine-ADR pairs =

Dvac /D
Cvac/C

100% x (

X RORCVLIGE

Non-vaccine-ADR pairs

Change in ROR (%) after restriction to non-vaccine-ADR pairs
only =

Dnon-vac /D
Cnon-vac/C

ROR after restriction to non-vaccine-related pairs only =

Dnon'VaC /D
Cnon-vac/C

100% x ( 1)

X RORcrude

Fig. 3. Estimation of proportional change in ROR and ROR after
subgroup analyses. ADR=adverse drug reaction; Cphon.vad C=
proportion of non-vaccines in C; C, .o/ C= proportion of vaccines in C;
D,,on-vac/ D=proportion of non-vaccines in D; D, ,./D=proportion of
vaccines in D; ROR =reporting odds ratio; ROR,,q4e = reporting odds
ratio based on crude analysis using both vaccines and non-vaccines.
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vaccine proportion ratio was <1, additional SDRs
were detected after subgroup analysis, while no
SDRs disappeared. When the ratio was >1, SDRs
disappeared after subgroup analysis, while no
additional SDRs were detected. When subgroup
analysis is restricted to ADRs with a proportion
ratio <1, 30.2% more SDRs (n=272) were detected
for vaccines and 6.1% more SDRs (n=2721) were
detected for non-vaccines.

Characteristics of Newly Detected and
Disappearing SDRs

A random sample of 10% of the newly detected
SDRs (n=134) concerned 50 vaccine-related and
84 non-vaccine-related SDRs. For the vaccines,
40.0% (n=20) of the newly detected SDRs after
subgroup analysis were true positives, associa-
tions that were listed in the SPC of the vaccine.
For the non-vaccines 63.1% (n=53) of the newly
detected SDRs after subgroup analysis concerned
associations that were true positives.

A random sample of 5% of the SDRs (n=139)
that disappeared after subgroup analysis was re-
viewed. These concerned ADRSs of 14 vaccines, of
which 8 were listed in the SPC (57.1%) [false neg-
atives], and ADRs of 125 non-vaccines, of which
67 were listed in the SPC (53.6%) [false negatives].

Within all newly detected vaccine-related SDRs,
the following ADRs were most frequently reported:
oedema periorbital (n=10; 2.0%), rash erythematous
(n=10; 2.0%) and abdominal pain (n=28; 1.6%).
Of the non-vaccine-related SDRs, fever (n=94;
11.4%), agitation (n=52; 6.3%) and rash (n=37,
4.5%) were most frequently reported.

For the disappearing vaccine-related SDRs after
subgroup analysis, the following ADRs were most
frequently reported: fever (n=22; 8.1%), injection
site reaction (n=18; 6.6%) and injection site mass
(n=13; 4.8%). Of the non-vaccine-related SDRs
that disappeared, medication error (n=92; 3.4%),
death (n=065; 2.4%) and coma (n=156; 2.1%) were
the most frequently reported ADRs.

Discussion

In this study we explored methodological as-
pects concerning signal detection for non-vaccine
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drugs and vaccines within a mixed dataset of
paediatric ADR data and how this is influenced
by the proportion of vaccines within the data.
For vaccine-related ADRs that were less fre-
quently reported for vaccines compared with all
other ADRs in the dataset, subgroup analysis by
restriction to vaccine-related pairs led to an in-
crease in the ROR, resulting in new vaccine-
related SDRs. Equally, for non-vaccine-related
ADRs, additional SDRs were detected for ADRs
that were less frequently reported for non-vaccines
compared with all other ADRs in the dataset.

In 2008, both Hopstadius et al.l'% and Woo
et al.l'l studied the impact of stratification as a
method to deal with confounding within data
mining for signal detection. Hopstadius et al.l'"!
used VigiBase to study the effect of stratification
as a method to adjust for possible confounding by
age, sex, time of reporting and country of origin.
Based on their results, they concluded that the
possible improvement of the data mining methods
by stratification is smaller than previously as-
sumed. Woo et al.l''l used the VAERS database for
their study. Stratification by age and sex did reveal
some signals that were previously undetected.

In a comment on the studies of Hopstadius
et al.l'% and Woo et al.l'll, Evans®? touched
upon the differences between conventional drugs
(non-vaccines) and vaccines, and highlighted the
differences in health, population and spectrum of
adverse events between the two groups of drugs.
Evansi?? concluded that data mining within
vaccine data only has gains and losses since re-
actions that are commonly reported for other
vaccines might be missed as a potential safety
signal if they are mined in a vaccine stratum
solely. This issue has also been touched upon in
the recently published report on “‘Practical as-
pects of signal detection in pharmacovigilance”
of the CIOMS Working Group VIII in which the
impact of vaccines on signal detection is con-
sidered.®! In their report, the CIOMS Working
Group states that restricting to vaccines probably
does not solve all problems that are related to
signal detection within vaccines, and proposed
that it may be appropriate to undertake auto-
matic signal detection using both medicines and
vaccines, and some analysis using vaccines only.

© 2012 Adis Data Information BV. All rights reserved.

The concern of Evansi®? on the risk of missing
vaccine-related signals when restricting to vaccine-
related pairs, especially for ADRs commonly re-
ported for vaccines, is confirmed in our study. Using
measures we defined as the ‘vaccine proportion ra-
tio” (the proportion of vaccine-related pairs in cell C
divided by the proportion of vaccine-related pairs in
cell D) and the ‘non-vaccine proportion ratio’ (the
proportion of non-vaccine-related pairs in cell C
divided by the proportion of non-vaccine-related
pairs in cell D), we were able to identify subsets of
reports for which subgroup analysis by restriction to
either vaccine-related or non-vaccine-related pairs is
either harmful or beneficial.

In the current study, ADRs that were com-
monly reported for either vaccines or non-vaccines
were reflected by a vaccine- or non-vaccine pro-
portion ratio >1. For these ADRs, subgroup anal-
ysis led to a decrease in the ROR, resulting in the
disappearance of SDRs that were detected in the
crude analysis. This can be regarded as harmful
since, based on a random sample of 5%, a majority
of the vaccine-related pairs and non-vaccine-
related pairs are included in the SPC and might re-
present real associations. ADRs that were reported
less frequently for either vaccines or non-vaccines,
were reflected by a vaccine- or non-vaccine pro-
portion ratio <1. For these ADRs, the ROR in-
creased after subgroup analysis, resulting in
SDRs that were not detected in the crude anal-
ysis. This can potentially be regarded as bene-
ficial since, based on a random sample of 10%,
40.0% of the vaccine-related pairs and 63.1% of
the non-vaccine-related pairs are included in the
SPC and might represent real associations.

The potential gain or loss of SDRs should be
kept in mind when applying safety signal detection
in databases containing both vaccines and con-
ventional drugs. Ignoring subgroup analysis will
decrease the sensitivity of the data mining algo-
rithm due to false negative SDRs. Restricting
to subgroup analysis only will also increase the
number of false negative SDRs, resulting in a
lower sensitivity.

We explored the conditions under which this
approach, both crude analysis and subgroup
analysis, is most efficient (no loss of SDRs) and
will increase sensitivity (figure 4). In this method,
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Drug-ADR pair of interest

A

Vaccine proportion ratio <1 for vaccine-ADR pairs
Non-vaccine proportion ratio <1 for non-vaccine-ADR pairs

Yes No

: !

Subgroup analysis | | Analyse whole dataset

Fig. 4. Flowchart showing a method of determining when to per-
form subgroup analysis. For non-vaccine-ADR pairs, subgroup
analysis by restriction to non-vaccine-ADR pairs is beneficial if the
non-vaccine proportion ratio is <1. For vaccine-ADR pairs, subgroup
analysis by restriction to vaccine-ADR pairs is beneficial if the vac-
cine proportion ratio is <1. ADR =adverse drug reaction.

subgroup analyses are applied only to ADRs with
a vaccine- or non-vaccine proportion ratio <I,
while for ADRs with a ratio >1 the ROR is calcu-
lated using the whole dataset. Following this ap-
proach will lead to additional SDRs being detected,
while no SDRs will be lost, and will increase the
sensitivity of the data mining algorithm.

Subgroup analysis for ADRs with a vaccine-
or non-vaccine proportion ratio >1 will lead to a
decrease in ROR and SDRs, but can, however, be
informative to compare the magnitude of class
effects for the individual drugs in the class. Study-
ing fever convulsions using vaccines only will give
an estimate of the disproportionality compared
with the other vaccines. In other words, for which
vaccines are fever convulsions most frequently re-
ported compared with all other vaccines.

Strengths and Limitations of this Study

To our knowledge, this study is the first to pre-
sent a method that identified groups of drug-ADR
pairs for which subgroup analysis using restriction
is beneficial and can increase the sensitivity of the
data mining algorithm. We used a large sample size
and were able to precisely predict the change in
ROR due to restriction to either vaccines or non-
vaccines. Paediatric pharmacovigilance is still in its
infancy and more studies and research are needed
to further develop pharmacovigilance tools that
can be applied within this special population.

Our study also has limitations. First, we only
investigated the influence of the proportion of

© 2012 Adis Data Information BV. All rights reserved.

vaccines within the database on the estimates of
the ROR. We did not study any of the other data
mining algorithms for signal detection. However,
given the relatedness of analyses and dependence
on the same underlying data, it is likely that the
results would be comparable. Second, in this
study we stratified by age, but we did not take
other important confounding factors such as sex,
time of reporting, country of origin and serious-
ness of the reports into account. These factors are
also to be considered when studying individual
safety signals. Third, it should be emphasized
that we used paediatric ADR data only. When
applying similar methods to adult data, cluster-
ing factors might be less important, resulting in
fewer newly detected SDRs after subgroup anal-
ysis. Studying the influence of other factors, such
as seriousness of the report, might also influence
the number of detected SDRs within adult data.
This might have a larger impact and implication
on the daily practice of signal detection. Fourth,
subgroup analysis as performed in our study was
only possible since we used ADR data on a drug-
ADR pair level, which allowed us to make two
mutually exclusive datasets. When performing the
analysis on an ICSR level, division of the data into
two strict groups might not be possible. Fifth, the
data used for this study dates back to 2006. More
up-to-date data is currently available; however,
using more recent data would not have influenced
the methodological approach and conclusions of
this study apart from the comparisons of SDRs
with information from the SPCs. Finally, a sub-
group analysis by restriction to either vaccines or
non-vaccines has an influence on the number of
drug-ADR pairs that can be used to calculate an
ROR. Since restriction decreases the number of
pairs included, this also has its effect on the 95%
CI of the estimates. This can, in part, explain why
certain genuine drug-ADR pairs were no longer
SDRs after subgroup analysis (false negatives).

Conclusions

The high proportion of vaccine-related reports
within paediatric ADR data has a large and
mathematically predictable impact on signal de-
tection in paediatric ADR data. Subgroup anal-
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ysis reveals new SDRs that potentially represent
genuine safety signals. However, depending on
the distribution of vaccine/non-vaccine reports,
SDRs can also disappear after subgroup analysis.
The most inclusive and sensitive signal detection
method would be the combination of a crude and
a subgroup-based data mining approach based
on the vaccine- or non-vaccine proportion ratio.
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