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5 and more than 5. For some methods, a signalling
criterion cannot be calculated for certain drug—ADR
combinations. For example, it is impossible to estimate
the PRR and its standard error (SE), when b=0
(Figure 1) or when no other ADRs are reported for that
drug in question. Similarly, SE of the ROR cannot be
calculated if one of the values for *b’, ‘¢’ and ‘d’ in
Figure 1 is zero (see Appendix of the article by van
Puijenbroek et al." for the formulas for those
quantities).

To evaluate the pairwise agreement between the
five methods, the concordance measure kappa,
proportionate agreement for positive rating (Pp,;) and
proportionate agreement for negative rating (P,.,) are
estimated. The concordance measure kappa forms a
ratio that adjusts the observed proportion of agreement
(P,) for what might be expected from chance alone (P,)
and is defined as:'’

kappa = (Po - Pc)/(] - Pe)

where P, and P, are defined using symbols in Figure 2
as:

Po = (Nyy + Ny ) /N..

P = (Ny./N.)(Noy/N.Y + (N /NL) (N, /N

Kappa ranges between —1 and 1; when the observed
agreement is perfect or P, =1 then kappa=1, when
the observed agreement is the same as that expected
or P,=P,. then kappa=0, and when Ny, =N,,=0
and Ny, =N,, = N../2 then kappa = —1.

The other two measures are defined, respectively, as:
Ppos = 2Nyy/ (Ny. + N.,)

and

Preg = 2Nun/ (Ny. + N,
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preferable in this case.'” This evaluation was per-
formed based on all 38 731 drug— ADR combinations.
Combinations for which a certain signalling criterion
could not be evaluated (i.e. when b =0 for the MCA
and PRRCI, and when b=0, ¢c=0 or d=0 for the
RORCI) were considered as non-signals with that
criterion.

In the article by van Puijenbroek et al.,'* sensitivity,
specificity, positive and negative predictive value were
evaluated using the BCPNN as a comparator because
the BCPNN was tested for performance for signal
determination against standard literature source on a
retrospective basis.'® In this article, we evaluated the
agreement between the BCPNN and GPS and that
between the BCPNN and MCA using these measures to
conform with those of van Puijenbroek et al.,'* though
none of the signalling criteria is generally considered to
be superior to the others. According to van Puijenbroek
et al'® in the evaluation of these measures, the
combinations are excluded when the signalling
criterion cannot be calculated.

For the GPS, the data presented in this article are
those obtained with stratification unless otherwise
specified. However, to evaluate the effect of stratifica-
tion in the GPS, possible signals found by the method
and relevant measures were also estimated without
stratification {i.¢, by assuming that all the reports were
in a single stratum). Where appropriate, the data with
and without stratification were compared using the
McNemar test and Wilcoxon signed-ranks test.

RESULTS

Table ] shows the fraction of the drug— ADR combi-
nations for which the signalling criteria are satisfied.
The drug—ADR combinations are divided into sub-
groups where the count of pairs of the drug—ADR
combination ‘a’ (Figure 1) is equalto 1, 2, 3,4, 5
and more than 5. The number of combinations for

Those quantities were employed because no single
method is considered to be a ‘gold-standard’ and the
use of kappa, P, and P, in combination may be

Criterion B

Ho Total

Critzricn A Yes Nyy Nyw N,.
No N o, Hy
Total M., N., N..

Figure 2. Agreement between two criteria

Copyright ) 2004 John Wiley & Sons, Ltd.

presented. With the MCA and BCPNN, ne possible
signal was detected for any of a total of 31320
(81%) drug-ADR combinations where ‘a’ is equal
to 1 or 2. For the MCA, this is simply because the con-
dition ‘a’ > 3 is included in the signalling criteria. For
the BCPNN, no drug-ADR combinations satisfy the
criterion IC-2SD >0 when ‘a’ is equal to 1 or 2,
Similarly, for the GPS, when ‘a’ is equal to I, the max-
imum EBOS3 is 0.389 and no drug— ADR combinations
meet the criterion EB0O3 > 2 but a possible signal is
detected for 7.5% of 6214 combinations where *a’ is
equal to 2. However, for the RORCI and PRRCI,
more than half of drug—event combinations meet the

Pharmacoepidemiology and Drug Safety, 2004; 13: 387-394 -
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Drug-adverse drug reaction (ADR) combinations detected as a possible signal in five signal detection methods

Number {%) of combinations

Method possible at= | a=2 a=3 a=4 a=3 a>5 Total
signal Y/N
Bayesian Confidence Propagation Neural Network (BCPNN) (IC-25D > ()
Y (L (1)} 0@ 956 (37.5) T2 (52.2) 481 ¢(57.7) 1783 ¢(67.4) 3941 (10.2)
N 25106 ¢100) 6214 (100) 1593 {62.5) 660 (47.8) 353 (42.3) 864 (32.6) 34790 (89.8)
N (no criterion)** 0 [IX(3)} 0 (0} 00 0O 0 0
CGamma Potssson Shrinker (GPS) (EB0OS > 2)
Y [LX{0)] 464 (1.5) 451 (17.7) 366 (26.5) 256 (30.7) 1127 (42.6) 2664 (6.9)
N 25106 (100) 57150¢92.5) 2098 (82.3) 1015 (73.5) 578 (69.3) 1520 (57.4) 36067 (93.1)
N {no criterion) 00 0 (0 0 0 00y 0 0 (0)
Medicines Control Agency (MCA) (PRR>2,a >3, 7_3 >4)
Y o 0 (0) 1330 (52.2) 793 (57.4) 514(61.6) 1727 {65.2) 4364 (11.3)
N 24792 (98.7) 6175(994) 1210 (47.5) 586 (42.4) 320 (38.4) 918 (34.7) 34001 (87.8)
N {(no criterion) 314 (1.3 39 (0.6) 9 (0.4) 2(0.1) 0 () 2{0.1) 366 (0.9)
PRRCI (PRR-1.96SE > 1)
Y 13 196 (52.6) 3533¢56.9) 1472 (57.7) 863 (62.5) 550 (65.9) 1872 (70.7) 21486 (55.5)
N 11596 (46.2) 2642 (42.5) 1068 (41.9) 516 (37.4) 284 (34.1) 713 (29.2) 16879 (43.6)
N {no criterion) 314 (1.3) 39 (0.6) 9 (0.4) 2(0.1) 0(0) 2 (0.1) 366 (0.9)
RORC! (ROR-1.965E > [)
Y 12923 (51.5} 3494 (36.2) 1468 (57.6) 854 (61.8) 550 (65.9) 1871 {70.7) 21160 (54.6)
N 11709 (46.6) 2667 (42.9y 1071 (42.0) 525 (33.0) 284 (34.1) 774 (29.2) 17030 (44.0)
N (n¢ criterion) 474 (1.9) 53 (0.9 10 (0.4) 2 (0.1} 0 (0 2(0.1) 541(14)
Total 25106 (100) 6214 (100) 2549 (100) 1381 {100) 834 (100) 2647 (100) 38731 (100)

*2 is the count of drug-ADR puirs,

**No possible signal is generated as the signalling criteiria cannot be calculated,

criteria. ROR-1.96SE > | and PRR-1.965E > | when
‘a’ is equal to | and 2 When ‘a’ is equal to 4 or
greater, more than half of the combinations satisfy
the signalling criteria with all of the methods except
for the GPS where less than half of the combinations
meet the criterion EBOS > 2. Another feature charac-
terising the GPS is that the fraction of all of the 38 731
drug-ADR combinalions satisfying the signalling cri-
terion is 6.9% which is the smallest among the five
methods.

Table 2 shows the values of kappa, Py and Py,
between two of the five methods. The agreement
between the RORCI and PRRCI is the highest
(kappa = 0.983) followed by that between the MCA
and BCPNN (kappa=0.919). The value of kappa
between the GPS and MCA and that between the GPS
and BCPNN are around (.6. Otherwise, the values of
kappa are less than 0.2,

Table 3 shows the sensitivity, specificity, positive and
negalive predictive value evaluated using the BCPNN
as a comparator, When assessed by these measures, the
agreement of the BCPNN with RORCI (using the
criterion ROR-1.965E > 1) and that with the PRRCI
{using the criterion PRR-1.968E > 1) are good when
‘2’ > 4. This is similar 1o Lthe results presented in the
article by van Puijenbrock er af.** The agreement of the

Copyright . 2004 John Wiley & Sons, Ltd.

BCPNN with MCA (PRR>2, ‘a’ >3, x> > 4) is also
good. However, sensitivity and negative prediclive
value are around 0.6 for the GPS (EBOS > 2) when
‘a’ >4,

Table 2. Kappa und proportionate agreement for positive rating
(Ppe) and that for negative fating (Pp,,) between five methods

GPS MCA PRRCI RORC! {(ROR-1.965E> 1)
BCPNN
(IC-25D> )
Kappa 0.633 0.919 0.166 0172
Ppos 1.663 0.928 0.310 0.314
ey (.969 0.991 0.663 0.671
GPS
(EB0S > 2}
Kappa 0.587 0.107 o.110
o 0.622 0217 0219
neg 0.962 (.645 0.653
MCA (PRR > 2,
azdpiza
Kappa 0.185 G191
Pron 0.338 0.342
s 0.668 0.677
PRRCI (PRR-
1.96SE > ()
Kappa 0.983
i 0.992
Poce 0.991

Pharmacoepidemiology and Drug Safery, 2004: 13: 387-394
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Table 3. Sensitivity, specificity, positive and negative predictive values in comparison with the criterion used in BCPNN (IC-28D > 0)

Test Count of drog— Sensitivity Specificity Positive Negative Percentage
ADR pairs predictive value predictive value calculated
ROR-1.96SE > 1 az?2 1.00 0.55 0.48 1.00 99.5
az3 1.00 0.77 0.83 1.00 99.8
az4 1.00 0.84 0.91 1.00 99.9
’ az6 1.00 0.90 0.95 1.00 99.9
PRR-1.965E > 1 az2 1.00 0.55 0.47 1.00 99.6
a=3 1.00 0.76 0.83 1.00 99.8
az4 1.00 0.84 091 1.00 99.9
a>é .00 0.89 0.95 £.00 99.9
PRR>2,2>3, x> >4 a>2 0.98 0.85 0.88 0.97 54.3
az3 0.98 0.85 0.88 0.97 99.8
az4 0.97 0.93 0.95 0.95 99.9
a>6 0.95 0.97 091 0.91 99.9
EBQ5 >2 az2 0.56 0.95 0.82 0.84 100.0
az3 0.56 1.00 1.00 0.66 100.0
az4 0.59 1.00 1.00 0.60 100.0
az6 0.63 1.00 1.00 0.57 100.0

Tuable 4. Comparison of possible signals detected by GPS and relevant measures with and without stratification for 38731 drug-ADR

combinations

N (%) of combinations with EB0O5 > 2

Average value of E (expected count)

Average value of N — E (observed — expected count)
Average RR (observed/expected count)

Average EBGM

Without stratification With stratification P
2752 (7.1%) 2664 (6.9%) <0.001*
1417 1.429 <0.00] **
1.403 1.391 <0.00 | **
1014 91.1 <0.001**
4,70 4.49 <0.001**
1.29 1,23 <0.001**

Average EBQ5

*McNemar test.
**Wilcoxon signed-ranks test,

In Table 4, the possible signals detected by the GPS
and relevant measures with stratification are compared
with those without stratification. One hundred thirty
eight possible signals without stratification are not
detected as a possible signal with stratification while 50
.. non-signals without stratification are recognised as a
possible signal with stratification. When using the
notation in Figure 2 where Criterion A is regarded as
the GPS with stratification and Criterion B as the
GPS without stratification, Ny, =2614, N, =50,
N,,=138 and N,,=35929 and the difference
between Ny, and N, is significant when tested by the
MeNemar test {p < 0.001). The number of drug—ADR
combinations detected as a possible signal with
stratification (Ny.) is equal to 2664 and that without
stratification (N.,} is equal to 2752 and the fraction
signalled with stratification (6.9%) is smaller than that
without stratification (7.1%). The difference between
the measures such as the expected count of drug—ADR

Copyright ) 2004 John Wiley & Sons, Ltd.

pairs (E), the difference between the observed and
expected counts (N —E), RR, EBGM and EB05
between the datasets with and without stratification
was also statistically significant (Wilcoxon signed-
ranks test) as shown in Table 4.

DISCUSSION

In this study, we have evaluated the agreement
between the five methods for detecting possible sig-
nals from spontaneous reports on suspected ADRs.
Four of these methodologies are developed and used
in one of the national centres and WHO UMC where
ADR reports are collected and studied. Although the
FDA now uses MGPS, we believe that the results
obtained in this study by the GPS are relevant because
the MGPS has been developed by extending GPS to
compute signal scores for higher-order combinations.®
In addition, the finding in this study that a possible

Pharmacoepidemiology and Drug Safety, 2004; 13: 387-394
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signal is detected for 6.9% of 38 731 drug-ADR com-
binations while the total count of drug—ADR pairs is
109 207 (Table 1) is compatible with that obtained by
the MGPS. According to Szarfman,” the total number
of drug—ADR pairs in the FDA increased from 5000
in 1969 to 10.4 million in 2000. When the MGPS is
used, the proportion of possible signals was around
10% between 1969 and 1975, and decreased to 3.4%
in 2000.

The effect of stratification on the results of the GPS is
shown in Table 4. The distribution of the count of
drug—ADR pairs between strala are, in gencral, subject
to random errors. The baseline frequencies orexpecled
counts (E) without stratification were not uniformly
smaller than those with stratification. Similarly, the
difference between the observed and expected counts
(N — E), RR (observed/expected}, EBGM and EBO5
without stratification were not uniformly larger than
those with stratification. However, the average differ-
ences of E, N—~E, RR, EBGM and EB05 with and
without stratification were statisticafly significant
{Table 4). Similarly, the difference between 138 and
50 discordant pairs (N,,, and N,,,) was also significant.

The variable that can be used for stratification in this
study is the year of report only and it has just three
values (i.e. 1998, 1999 and 2000) and the difference
between the fraction detected as a possible signal with
stratification (6.9%) and that without stratification
{7.1%) is small. Within this limitation, however, the
effect of stratification may be summarised as follows,
The difference between the observed and expected
counts of drug—ADR pairs (N — E) without stratifica-

tion may be partitioned into the two components; i.c. -

one due to the difference between the observed and
expected counts within the individual stratum and the
other component due Lo the uneven distribution of the
drug and ADR between strata. The stratification may
remove the latter component. Hence, the average
difference between the observed and cxpected counts
with stratification (1.391) was significantly smaller than
that without stratification (1.403) as shown in Table 4.
The average RR, EBGM and EBOS {signal score) were
also decreased and hence the (raction detected as a
possible signal was decreased by stratification. How-
ever, Lhe issue may be cxamined further using larger
sets of data with more stratification variables.

The methodologics o detect possible signals are in
principle similar to each other.'™'® However, the
similarity of methods in terms of basic ideas docs not
necessarily mean the pattern of possible signals is the
same between the signalling methods. As shown in
Table 1, the proportion of possible signals in the drug—
ADR combinations is different among the five

Copyright - 2004 John Wiley & Sons, Ltd.
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methods. The agreement is not good between the
MCA and PRRCI (kappa is less than 0.2, Table 2)
where the same disproportionality measure (the PRR)
is used, while the agreement is excellent between the
BCPNN and MCA (kappa is greater than 0.9, Table 2)
where the signalling criteria are substantially different
(the criterion of IC-2SD >0 vs. the combination of
PRR >2, ‘a’ > 3 and z* >4). The dissimilarity of the
pattern may not decrease when the cut-off level is
simply changed. For example as shown in Table I,
6.9% of the drug—ADR pairs were found as a possible
signal with the GPS, which was the smallest among the
five methods. If a less strict signalling criterion, e.g.
EB05 > 1.3 were used in the GPS instead of the
criterion EBO5 > 2.0, the number of possible signals
detected would increase from 2664 (6.9%) to 4077
(10.5%). The number of possible signals would
therefore be similar to that with the MCA (4364 or
11.3%) and the BCPNN (3941 or 10.2%) as shown in
Table 1. However, with the criterion EB05 > 1.3, the
number of possible signals for the drug— ADR pairs
where the count ‘a’ is equal to 2 would increase from
464 (7.5%) 1o 865 (13.9%) while no possible signals
are detected for those pairs where ‘a’ =2 with the
MCA and BCPNN (Table 1}. Therefore, a less strict
criterion for the GPS tends to magnify the discrepancy
of the pattern of possible signals between the methods.
However, the issue may be further examined using
" different datasets. It is difficult to fully discuss
similaritics and dissimilaritics between various signal-
ling methodologies by using one small dataset
examincd in this study.
in summary, we examined the pattern of possible
signals detected by alternalive methodologies. The
drug— ADR combinations detected as a possible signal
vary between methodologies particularly when the
count of drug-ADR pairsis | or 2.

KEY POINTS

¢ Several methodologies for detecting a possible
signal from spontaneous reports on ADRs are
uscd in the national centres and WHO UMC.

e Five major methodologies are compared with one
another to examine the similaritics and dissim-
ilarities of the pattern of possible signals
delected.

e The drug—ADR combinations detected as a
possible signal vary between methodologies
particularly when the count of drug—ADR pairs
is lor2.

Pharmacoepidemiology and Drug Safery, 2004; 13: 387-394
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