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Abstract Background: Biologicals have specific characteristics, as compared with the

small molecule drugs, and carry specific risks. Safety problems, for example

infliximab and the risk for tuberculosis, have been identified via spontaneous

reports of suspected adverse drug reactions (ADRs). However, in general

there is limited data on the nature of spontaneously reported suspected ADRs

for biologicals.

Objective: To map the safety profile of biologicals as compared with all other

drugs. In addition, mechanistic classes of biologicals will be compared.

Methods: Data was obtained from the ADR database (VigiBase) maintained

by theWHOCollaborating Centre for International DrugMonitoring. A dis-

proportionality analysis was performed in which case reports for biologicals

and all other drugs (the reference group), reported between January 1995 and

December 2008, were selected. Vaccines were not included in the analysis. Sus-

pected ADRs were classified according toMedical Dictionary for Regulatory

Activities (MedDRA�) version 12.0 at the System Organ Class (SOC) level.

Biologicals were classified into mechanistic classes: antibodies, cytokines,

enzymes, growth factors, hormones (reference group), interferons, receptors

and others/various. The safety profile of the biologicals versus all other drugs
in the database and of the various mechanistic classes of biologicals was

compared using the proportional reporting ratio (PRR).

Results: 191 004 case reports containing 546 474 suspected ADRs were reported

for 62 different biologicals, and 2 556 209 case reports containing 8761 522 sus-

pected ADRs were reported for all other drugs (the reference group). It was

found that two-thirds of all suspected ADRs reported for biologicals were re-

ported for five active substances: etanercept (20.3%), interferon-b-1a (15.6%),

infliximab (11.6%), teriparatide (10.7%) and adalimumab (9.0%).
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Comparison of the safety profile of biologicals and the reference group

showed that suspected ADRs for biologicals were more frequently reported in

the SOCs ‘Infections and infestations’ (PRR 4.5), ‘Surgical and medical proce-

dures’ (PRR 2.4) and ‘Neoplasms benign, malignant and unspecified’ (PRR 2.1),

and less frequently reported in the SOCs ‘Psychiatric disorders’ (PRR 0.4),

‘Vascular disorders’ (PRR 0.4) and ‘Pregnancy, puerperium and perinatal

conditions’ (PRR 0.4).

Regarding the differences in safety profile between various mechanistic classes

of biologicals, compared with hormones (reference group), ‘Infections and in-

festations’ were more frequently reported for receptors and antibodies. ‘Neo-

plasms benign, malignant and unspecified’ were more frequently reported for

antibodies, cytokines, interferons and receptors, and less frequently for en-

zymes as compared with the reference group.

Conclusions: In VigiBase, five biologicals comprise two-thirds of the sus-

pected ADRs reported for biologicals, which might distort the relation found

between a specific biological and a specific adverse event in case of quantita-

tive signal detection. Therefore the choice of reference group to be used in

case of quantitative signal detection should be considered very carefully.

This study confirmed that biologicals have a different safety profile com-

pared with all other drugs in the database and, within the group of biologicals,

differences exist between mechanistic classes. Infections are, for example,

frequently reported for receptors and antibodies, which often have an immune

compromising effect. Such predictable safety issues should be specifically

studied by preregistration clinical trials and/or targeted pharmacovigilance.

In addition, since not all adverse reactions can be predicted or detected during

development, spontaneous reporting remains an important tool for the early

detection of signals.

Background

Biologicals, also called biopharmaceuticals,
are important treatment options for a variety
of chronic and sometimes life-threatening dis-
eases.[1] However, compared with the traditional
chemically synthesized small molecules, biologi-
cals have specific characteristics that influence
their safety profile. For example, biologicals are
large, complicated molecules with a very complex
production and purification process, a high po-
tential for immunogenicity and limited predict-
ability of preclinical data to clinical outcomes.[1-4]

These characteristics may result in more uncer-
tainties about the safety profile of biologicals at

the point of approval, which was confirmed by a
previous study. In this study it was shown that,
at the moment of marketing, safety concerns for
biologicals are less frequently classified as ‘iden-
tified risks’ and more frequently as ‘missing in-
formation’ compared with the small molecule
drugs.[5]

Because of the limitations of randomized cli-
nical trials, including the often limited sample size
and a homogenous population, pharmacovigilance
is required to further study the safety of drugs in
the postmarketing setting.[6] We demonstrated
that approximately one in four of all biologi-
cals approved in the US and/or the EU required
a safety-related regulatory action, defined as a

866 Giezen et al.

ª 2010 Adis Data Information BV. All rights reserved. Drug Saf 2010; 33 (10)



communication to healthcare professionals and/
or a ‘black-box’ warning, after marketing of the
drug.[7] This study also demonstrated that the
safety concerns requiring a regulatory action were
different between biologicals and small molecules.
Safety concerns for biologicals often concerned
infections, malignancies and reactions related to
immunological events,[7] whereas safety concerns
for small molecules are known to be often related
to the classes ‘Cardiac disorders’, ‘Hepatobiliary
disorders’, ‘Blood and lymphatic system disorders’
and ‘Nervous system disorders’.[8-10]

Pharmacovigilance comprises a variety of ac-
tivities, including the collection of spontaneously
reported suspected adverse drug reactions (ADRs)
reported by both patients and healthcare profes-
sionals, and proactive pharmacovigilance activ-
ities, including post-authorization safety studies.[11]

Spontaneous reporting of suspected ADRs has
shown to be an important tool for the detection
of new, serious and/or rare potential ADRs,[12]

although assessment to establish whether the re-
lationship between a drug and a clinical event is
causal is complicated.[13] Causality assessment,
however, might be even more complicated for bio-
logicals due to a prolonged effect of the biological
resulting in the occurrence of potential ADRs
weeks or months after administration of the last
dose and since patients treated with biologicals
are often treated with multiple other drugs and/or
have multiple diseases.[4] Two examples illustrate
the impact spontaneous reporting of suspected
ADRs can have on clinical decision making. First,
an analysis in the US FDA spontaneous report-
ing system MedWatch suggested an association
between the occurrence of tuberculosis with the
use of infliximab, which had not been previously
seen.[14] Current clinical guidelines now include
the recommendation that patients should be test-
ed for latent tuberculosis before treatment with
infliximab is initiated and, if latent tuberculosis is
shown, this should be eradicated first.[15,16] Sec-
ond, three confirmed case reports of progressive
multifocal leukoencephalopathy with the use of
efalizumab, two of which were detected via spon-
taneous reporting, made the European regulators
conclude that the benefits no longer outweigh the
risk, which led to withdrawal of the drug from the

market.[17] These two examples illustrate the oc-
currence of a specific ADR with a specific biolo-
gical. At themoment there is limited data available
on the nature of spontaneously reported sus-
pected ADRs for biologicals from a broader per-
spective and how this relates to the spontaneously
reported suspected ADRs for the traditional
small molecule drugs. Therefore, the present study
aims to further map the safety profile of biologi-
cals, based on spontaneously reported suspected
ADRs, as compared with all other drugs and for
specific mechanistic subclasses of biologicals. In
addition, general characteristics of the sponta-
neously reported suspected ADRs for biologicals
will be collected in terms of (changes in) the num-
ber of suspected ADRs reported over time, and
the identification of drugs frequently implicated.
This study will therefore add to the knowledge on
the safety profile of biologicals as compared with
the traditional small molecule drugs.

Methods

Setting

The data has been obtained from the WHO
Global Individual Case SafetyReport (ICSR) data-
base, VigiBase, which is maintained by the Uppsala
Monitoring Centre. VigiBase contains summaries
of suspected ADR case reports originally sub-
mitted by healthcare professionals and patients
to national pharmacovigilance centres in 98 coun-
tries all over the world. As of May 2010, this data-
base contained over 5 million case reports of
suspected ADRs regarding specific, but anony-
mous, patients. The reports contain details on
administrative, patient, ADR andmedication data,
and additional information. The information in
these reports is not homogenous, at least with
regard to origin, completeness of documentation
or the likelihood that the suspected drug caused
the suspected ADR. Suspected ADRs are trans-
ferred from the national pharmacovigilance centres
to the Uppsala Monitoring Centre and recorded
with the lowest level term either in the WHO
Adverse Reaction Terminology (WHO-ART) or
the Medical Dictionary for Regulatory Activities
(MedDRA�), depending on the terminology
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used at the national centre. Since there is a bridge
between the two terminologies in VigiBase these
two methods of coding suspected ADRs are
compatible and data can be retrieved using
either WHO-ART or MedDRA�.[18] In the pre-
sent study, ADRs were coded according to
MedDRA�.

For this study, all suspected ADRs reported to
VigiBase between January 1995 and December
2008 for biologicals approved between January
1995 and December 2008 in the EU and/or US
were taken into account. Biologicals were defined
according to the EuropeanMedicines Agency de-
finition, in which biologicals are defined as pro-
ducts that are produced by or extracted from a
biological source.[19] The following biologicals
were excluded: vaccines (ATC class J07), allergenic
products (allergen patch test and allergenic ex-
tracts; ATC classes V01AA and V04CL), biolo-
gical products for further manufacture, and bio-
logical products for transfusion purposes and
maintenance of circulating blood volume. All
other suspected ADRs reported to VigiBase be-
tween January 1995 and December 2008 were
used as the reference group (vaccines were also
excluded from the reference group).

Design and Definition

A disproportionality analysis was conducted
in which all suspected ADRs reported between
January 1995 and December 2008 for biologicals
and the drugs in the reference group were followed
over time. Biologicals were classified according to
themechanistic classes: antibodies (includingmono-
clonal antibodies), cytokines, enzymes, growth fac-
tors, hormones, interferons, receptors and others/
various.[7]

For both biologicals and the reference group,
data was obtained on the number of suspected
ADRs in the case reports at the lowest level term,
changes in the number of reports over time, mean
age and sex distribution of the patients. The safety
profile of the biologicals and the reference group
was characterized and compared according to the
spontaneously reported suspected ADRs. Suspected
ADRs were classified according to MedDRA�

version 12.0 in the primary System Organ Class

(SOC). The safety profile was also characterized
and compared for the different mechanistic clas-
ses of biologicals. Within this analysis, specific
attention was given to the MedDRA� SOCs ‘In-
fections and infestations’, ‘General disorders and
administration site conditions’, ‘Immune system
disorders’ and ‘Neoplasms benign, malignant and
unspecified’, since our previous study showed that
safety-related regulatory actions for biologicals
were specifically triggered for these classes of sus-
pected ADRs.[7] Other MedDRA� SOC classes,
which were among the five SOCs in which sus-
pected ADRs were most frequently reported in
the present study, were also taken into account.

Since infections, neoplasms and ADRs related
to immunological events frequently trigger a safety-
related regulatory action,[7] these ADRs were eval-
uated in more depth. Suspected ADRs reported
in the SOC ‘Infections and infestations’ were fur-
ther classified into opportunistic infections and
other infections. Opportunistic infections were
defined as an infection caused by an organism
that does not normally cause disease, which occurs
in patients with weakened immune systems.[20]

Suspected ADRs reported in the SOC ‘Neoplasms
benign, malignant and unspecified’ were further
classified as haematological malignancies, solid
malignancies and others (mainly including benign
neoplasms). Immunological events can range from
transient appearance of antibodies without any
clinical significance to severe life-threatening con-
ditions. Potential clinical problems include loss
of efficacy of the biological due to neutralizing
antibodies, hypersensitivity reactions and anti-
bodies that cross-react with an endogenous coun-
terpart.[19,21] However, because of the large variety
of suspected ADRs that can be considered im-
munological events, these events were classified
as either definite immunological or possible im-
munological. Suspected ADRs that were classi-
fied as definite immunological events include, for
example, hypersensitivity reactions, antibodies to
a specific biological, etc., and suspected ADRs
that were classified as possible immunological
comprise the less specific terms, e.g. fever and
hypotension. Immunological events were classi-
fied as definite or possible immunological based
on the MedDRA� preferred term level, so ADRs
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classified in different SOCs were included in this
analysis.

Data Analysis

Descriptive statistics were used to summarize
the general characteristics of the case reports for
biologicals and the reference group. The line that
best-fitted the cumulative number of case reports
over time was calculated using the square of the
correlation coefficient.

The safety profile of the biologicals and the
reference group (all other drugs) was compared
by calculation of the proportional reporting ratio
(PRR) and their corresponding 95% CI. The
PRR is calculated in a similar way to a relative
risk in a cohort study, whereby the proportion of
a specific ADR or group of ADRs of interest is
calculated for biologicals and divided by the
proportion of these ADR(s) for all other drugs in
the database (reference group) [figure 1].[22,23] In
the calculation of the PRR, each suspected ADR
classified at the lowest level term was classified at
the SOC level and included in the analysis. Three
sensitivity analyses were planned to analyze the
effect of specific characteristics on the estimated
PRRs. First, an analysis was done after exclusion
of the five biologicals most frequently implicated.
Second, an analysis was done after exclusion of
the reports from the US since most reports were
retrieved from the US (84.3% of the reports for
biologicals and 62.8% of the reports in the refer-
ence group were from the US). Third, an analysis
was done in which reports from countries that
only report ADRs involving small molecules were
excluded from the reference group. The third
analysis showed that only 0.7% of the suspected

ADRs reported for the reference group were re-
ported by countries that had not reported for
biologicals. This is, therefore, expected to have a
very limited effect on the results found, and the
sensitivity analysis without these reports was not
done. PRRs were also calculated to compare the
different mechanistic classes. Within this analysis
the mechanistic class hormones was used as the
reference. All statistical analyses were done using
SPSS 16.0 statistical software (SPSS Inc., Chicago,
IL, USA). All analyses were unadjusted since
this study was descriptive and not aetiological in
nature.

Results

General Characteristics of Case Reports

Between January 1995 and December 2008,
191 004 case reports containing 546 474 suspected
ADRs were reported for 62 different active bio-
logical substances. A total of 2 556 209 case re-
ports containing 8 761 522 suspected ADRs were
reported for all other drugs (reference group).
From this data it can be estimated that 7.0% of
the case reports reported to VigiBase concerned
biologicals. The mean age for patients treated with
a biological was 35.9 years, whereas the mean age
for patients treated with a drug from the reference
group was 50.7 years. For patients treated with
biologicals, 27.8% were male and 68.5% were fe-
male compared with 37.5% males and 55.9% fe-
males for the reference group. Information on sex
was missing in 3.7% of the reports for biologicals
and 6.6% of the reports for the reference group. A
case report for a biological contained, on aver-
age, 2.86 suspected ADRs, and a case report for
a drug included in the reference group (mostly

Total a + c b + d a + b + c + d

Biologicals a b a + b

All other drugs
(reference group)

Suspected ADR
of interest

All other
suspected ADRs

Total

c d c + d

Fig. 1. A two-by-two table for a drug-suspected adverse drug reaction (ADR) combination in spontaneously reported data. Proportional
reporting ratio = [a/(a + b)]/[c/(c + d)].
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including small molecule drugs) contained, on
average, 3.43 suspected ADRs. Figure 2 shows
the cumulative number of case reports reported
for the biologicals and the reference group avail-
able in VigiBase. The line of best fit for both
groups seems to approach linear, which suggests
that there was a constant number of case reports
reported to VigiBase over the years. For the bio-
logicals it was found that approximately two-
thirds of all suspected ADRs were reported for
five active substances: etanercept (20.3%), inter-
feron-b-1a (15.6%), infliximab (11.6%), teripara-
tide (10.7%) and adalimumab (9.0%).

Nature of Suspected Adverse Drug Reactions
for Biologicals versus the Reference Group

A comparison of the nature of the suspected
ADRs reported for biologicals and the reference
group showed clear differences between the sus-

pected ADRs reported (figure 3). Suspected ADRs
for biologicals were more frequently reported in
the SOCs ‘Infections and infestations’ (PRR 4.5),
‘Surgical andmedical procedures’ (PRR 2.4), ‘Neo-
plasms benign, malignant and unspecified’ (PRR
2.1), ‘General disorders and administration site
conditions’ (PRR 2.1) and ‘Respiratory, thoracic
and mediastinal disorders’ (PRR 1.9) than for the
reference group. Suspected ADRs in the SOCs
‘Psychiatric disorders’ (PRR 0.4), ‘Vascular dis-
orders’ (PRR 0.4), ‘Pregnancy, puerperium and
perinatal conditions’ (PRR 0.4), ‘Reproductive
system and breast disorders’ (PRR 0.5) and ‘Social
circumstances’ (PRR 0.6) were more frequently
reported for the reference group than for biolo-
gicals. The analysis was also conducted without
the five biologicals most frequently implicated
to evaluate their effect on the calculated PRRs
(figure 4).Without these five biologicals, 57282 case
reports remained, including 178 595 suspected

Cumulative number of case reports involving biologicals (%)
Cumulative number of case reports involving the reference group (%)
Linear [cumulative number of case reports involving biologicals (%)]
Linear [cumulative number of case reports involving the reference group (%)]

y = 8.2683x − 38.869
R2 = 0.8893

y = 7.0636x − 8.5006
R2 = 0.9798
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Fig. 2. Cumulative number (%) of case reports reported for biologicals and the reference group. R2 = square of the correlation coefficient.
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ADRs, and it was found that the SOCs ‘Neoplasms
benign, malignant and unspecified’ and ‘General
disorders and administration site conditions’ were
no longer among the five SOCs in which suspected
ADRs for biologicals were most frequently re-
ported. These were replaced by ‘Investigations’
(PRR 1.7) and ‘Eye disorders’ (PRR 1.6). Certain
SOCs were more frequently reported for biolo-
gicals with the five biologicals included and less
frequently without, and vice versa. This includes
the SOCs ‘Musculoskeletal and connective tissue
disorders’ (PRR from 1.8 with the five biologicals
most frequently implicated included to 0.9 with-
out these five biologicals), ‘Blood and lymphatic
system disorders’ (PRR from 0.7 to 1.4) and
‘Metabolism and nutrition disorders’ (PRR from
0.7 to 1.4).

The analysis without the reports from the US
did not have a major impact on the results. Only
for the SOC ‘Injury, poisoning, and procedural
complications’ the PRR changed from 1.0 (US

reports included) to 0.5 (US reports excluded),
and for the SOC ‘Neoplasms benign, malignant
and unspecified’ the PRR changed from 2.1 with
US reports to 8.7 without US reports.

Safety Profile of Biologicals Further Elucidated
and Mechanistic Classes Compared

The safety profile of the biologicals was stud-
ied in more detail by stratification by mechanistic
classes, with specific interest for the SOCs men-
tioned previously. However, because of the small
percentage (0.9% of the total number) of sus-
pected ADRs reported in the SOC ‘Immune sys-
tem disorders’, this SOC was not studied in more
detail.

‘Infections and infestations’ involved 8.7%
of the total number of suspected ADRs reported
for biologicals. Stratification bymechanistic class
showed thatmore than 10% of the suspectedADRs
reported for antibodies and receptors involved
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the SOC ‘Infections and infestations’ whereas these
were less frequently reported for enzymes (4.7%)
and hormones (3.1%) [table I]. Compared with
the mechanistic class hormones it was shown that
‘Infections and infestations’ were more frequently
reported for all other mechanistic classes (table II).
Further classification of suspected ADRs reported
in this SOC into opportunistic and other infec-
tions showed that for all biologicals, about 16.9%
of the reported infections could be classified as
opportunistic infections. Opportunistic infec-
tions were mainly reported for antibodies (22.7%)
and cytokines (23.3%).

‘Neoplasms benign, malignant and unspecified’
involved 2.3% of the total number of suspected
ADRs reported for biologicals. Of the suspected
ADRs reported for antibodies, 3.1% involved this
class whereas neoplasms were less frequently re-
ported for enzymes, growth factors and hormones
(table I). This is also reflected in the calculated
PRRs where a significantly higher PRR was cal-
culated for antibodies, cytokines, interferons and

receptors, and a significantly lower PRR for en-
zymes as compared with the reference group
(hormones) [table II]. Subclassification of the
suspected ADRs reported in this class showed
that about 20% of the reported neoplasms for all
biologicals involved haematological malignancies,
70% involved solid malignant tumours and about
10% were classified as other neoplasms. Differ-
ences between mechanistic classes were observed
in the haematological malignancies and other neo-
plasms. Haematological malignancies were mainly
reported for antibodies and cytokines, whereas for
growth factors, two of five of the neoplasms re-
ported involved mostly benign tumours.

‘General disorders and administration site con-
ditions’ involved 20.8% of the suspected ADRs
reported for all biologicals, whereas 29.1% of the
suspected ADRs reported for receptors involved
this SOC (table I).

Classification of the reported immunological
events in definite immunological events and pos-
sible immunological events showed that 17.0% of

0

0.5

1.0

1.5

2.0

2.5

3.0

P
R

R

3.5

4.0

Bloo
d 

& ly
m

ph
at

ic 
sy

ste
m

 d
iso

rd
er

s

Car
dia

c d
iso

rd
er

s

Con
ge

nit
al,

 fa
m

ilia
l a

nd
 g

en
et

ic 
dis

or
de

rs

Ear
 a

nd
 la

by
rin

th
 d

iso
rd

er
s

End
oc

rin
e 

dis
or

de
rs

Eye
 d

iso
rd

er
s

Gas
tro

int
es

tin
al 

dis
or

de
rs

Gen
er

al 
dis

or
de

rs
 &

 a
dm

ini
str

at
ion

 si
te

 co
nd

itio
ns

Hep
at

ob
ilia

ry
 d

iso
rd

er
s

Im
m

un
e 

sy
ste

m
 d

iso
rd

er
s

In
fe

cti
on

s a
nd

 in
fe

sta
tio

ns

In
jur

y, 
po

iso
nin

g 
an

d 
pr

oc
ed

ur
al 

co
m

pli
ca

tio
ns

In
ve

sti
ga

tio
ns

M
et

ab
oli

sm
 &

 n
ut

rit
ion

 d
iso

rd
er

s

M
us

cu
los

ke
let

al 
& co

nn
ec

tiv
e 

tis
su

e 
dis

or
de

rs

Neo
pla

sm
s b

en
ign

, m
ali

gn
an

t &
 u

ns
pe

cif
ied

Ner
vo

us
 sy

ste
m

 d
iso

rd
er

s

Pre
gn

an
cy

, p
ue

rp
er

ium
 &

 p
er

ina
ta

l c
on

dit
ion

s

Psy
ch

iat
ric

 d
iso

rd
er

s

Ren
al 

an
d 

ur
ina

ry
 d

iso
rd

er
s

Rep
ro

du
cti

ve
 sy

ste
m

 &
 b

re
as

t d
iso

rd
er

s

Res
pir

at
or

y, 
th

or
ac

ic 
& m

ed
ias

tin
al 

dis
or

de
rs

Skin
 &

 su
bc

ut
an

eo
us

 tis
su

e 
dis

or
de

rs

Soc
ial

 ci
rc

um
sta

nc
es

Sur
gic

al 
& m

ed
ica

l p
ro

ce
du

re
s

Vas
cu

lar
 d

iso
rd

er
s

Fig. 4. Comparison of suspected adverse drug reactions reported for biologicals, without the five biologicals most frequently implicated, and
the reference group at the System Organ Class level according to the Medical Dictionary for Regulatory Activities (MedDRA�) version 12.0
(proportional reporting ratios [PRRs]). Vertical bars on the point estimates represent 95% CIs. PRR >1: more frequently reported for biologi-
cals; PRR <1: more frequently reported for the reference group.
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the suspected immunological ADRs could be
classified as definite immunological and 83.0% as
possible immunological.

Discussion

This study of the spontaneously reported sus-
pected ADRs for biologicals in the WHO Global
ICSR database, VigiBase, showed that approxi-
mately 7.0% of all case reports reported to Vigi-
Base in the period from January 1995 to December
2008 concerned biologicals (vaccines were excluded
from the analysis). Patients treated with biologicals
for whom a suspected ADR was reported were, in
general, younger than patients treated with the
drugs in the reference group. This might have
influenced the nature of the reported events for

instance because older patients are more likely
to develop various diseases related to their age.
On the other hand, biologicals are often used to
treat severe and/or life-threatening diseases,[1]

which might have shifted the reporting of sus-
pected ADRs to more serious events influencing
the nature of the reported suspected ADRs.

In the present study, approximately two-thirds
of all suspected ADRs were reported for five bio-
logicals: etanercept, interferon-b-1a, infliximab,
teriparatide and adalimumab. Etanercept, inflixi-
mab and adalimumab were in the top ten biotech
drugs with the highest revenues in 2008 and
2007,[24] and etanercept and infliximab were both
in the top ten biotech drugs with the highest US
sales in 2005 and 2006.[25] Although sales and rev-
enues can only be considered to give an indication

Table I. Distribution of reported suspected adverse drug reactions (ADRs) classified at the System Organ Class level for the total cohort of

biologicals and stratified by mechanistic classes (%)a

System Organ Classb All

biologicals

Antibodies Cytokines Enzymes Growth

factors

Hormones Interferons Receptors

Infections and infestations 8.7 10.9 7.9 4.7 8.4 3.1 6.7 12.4

Neoplasms benign, malignant and

unspecified

2.3 3.1 2.4 0.4 0.5 1.1 2.7 2.1

General disorders and

administration site conditions

20.8 17.6 24.4 16.1 27.8 21.2 17.5 29.1

Nervous system disorders 9.5 7.3 5.9 11.5 7.4 10.1 15.4 7.1

Investigations 7.4 7.4 7.7 13.2 1.9 10.9 6.9 4.0

Gastrointestinal disorders 7.2 8.2 6.2 7.2 6.2 7.3 6.3 6.3

Other 44.1 45.5 45.5 46.9 47.8 46.3 44.5 39.0

a Percentages are calculated based on the total number of suspected ADRs reported for biologicals and the individual mechanistic classes.

b Suspected ADRs classified according to the Medical Dictionary for Regulatory Activities (MedDRA�) version 12.0.

Table II. Safety profile of mechanistic classes compared [proportional reporting ratio (95% CI)]a

Mechanistic

class

Infections and

infestations

Neoplasms

benign, malignant

and unspecified

General

disorders and

administration

site conditions

Nervous system

disorders

Investigations Gastrointestinal

disorders

Others

Hormones

(reference)

1 (1.0, 1.0) 1 (1.0, 1.0) 1 (1.0, 1.0) 1 (1.0, 1.0) 1 (1.0, 1.0) 1 (1.0, 1.0) 1 (1.0, 1.0)

Antibodies 3.8 (3.7, 3.9) 2.8 (2.6, 3.0) 0.8 (0.8, 0.8) 0.7 (0.7, 0.7) 0.7 (0.6, 0.7) 1.1 (1.1, 1.2) 1.0 (1.0, 1.0)

Cytokines 2.6 (2.4, 3.0) 2.2 (1.8, 2.6) 1.2 (1.1, 1.3) 0.6 (0.5, 0.6) 0.7 (0.6, 0.8) 0.8 (0.7, 0.9) 1.0 (1.0, 1.1)

Enzymes 1.5 (1.4, 1.7) 0.3 (0.3, 0.5) 0.7 (0.7, 0.7) 1.2 (1.1, 1.2) 1.2 (1.2, 1.3) 1.0 (0.9, 1.1) 1.0 (1.0, 1.1)

Growth factors 2.8 (2.2, 3.5) 0.4 (0.2, 1.1) 1.4 (1.2, 1.6) 0.7 (0.6, 0.9) 0.2 (0.1, 0.3) 0.8 (0.7, 1.1) 1.1 (0.9, 1.2)

Interferons 2.2 (2.1, 2.3) 2.4 (2.3, 2.6) 0.8 (0.8, 0.8) 1.6 (1.6, 1.7) 0.6 (0.6, 0.6) 0.8 (0.8, 0.9) 0.9 (0.9, 0.9)

Receptors 4.4 (4.2, 4.6) 1.9 (1.7, 2.0) 1.5 (1.5, 1.6) 0.7 (0.7, 0.7) 0.3 (0.3, 0.4) 0.9 (0.8, 0.9) 0.7 (0.7, 0.7)

a Suspected adverse drug reactions classified according to the Medical Dictionary for Regulatory Activities (MedDRA�) version 12.0.
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of the actual number of users, it is interesting to
note that other biologicals that have been in the
top ten selling biotech drugs for the last 4 years,
e.g. bevacizumab, rituximab (which was approved
in the same year as interferon-b-1a) and pegfil-
grastim (which was approved in the same year as
adalimumab) are not among the five most reported
biologicals.[24,25] Teriparatide, on the contrary,
was approved in the US and EU around the same
time as adalimumab and is not included in the top
ten selling biologicals but is included in the top
five products for which most suspected ADRs
were reported to VigiBase. Within this context one
should take into consideration the benefit-risk
balance of the drug and the number of patients
exposed and should not only rely on the number
of suspected ADRs reported. In general, more
serious ADRs are accepted for drugs used to treat
serious and/or life-threatening conditions than
for drugs used to treat less serious conditions.

In our study, the nature of the suspected ADRs
reported for biologicals differed from that of the
reference group. For biologicals, suspected ADRs
related to ‘infections’, ‘surgical and medical pro-
cedures’, ‘neoplasms’, ‘general disorders and ad-
ministration site conditions’, and ‘respiratory,
thoracic and mediastinal disorders’ were more
frequently reported than for the reference group.
It is known from previous studies that infections
in connection with the use of biologicals with an
immunosuppressive action are important com-
plications to be identified and communicated to
healthcare professionals in the postmarketing
setting.[7,26,27] Biologicals are mostly administered
by the parenteral route of administration, which
makes these drugs more likely to cause infusion-
like reactions and difficulties with their adminis-
tration. Suspected ADRs related to infusion-like
reactions are mostly classified in the SOC ‘Gen-
eral disorders and administration site conditions’.
The more frequent reporting of suspected ADRs
in the SOC ‘Respiratory, thoracic and media-
stinal disorders’ might be due to non-specific symp-
toms resulting from an immunological process,
such as dyspnoea, asthma and shortness of breath.
For the reference group, suspected ADRs related
to ‘Psychiatric disorders’, ‘Vascular disorders’,
‘Pregnancy, puerperium and perinatal conditions’,

‘Reproductive system and breast disorders’, and
‘Social circumstances’ were more frequently re-
ported. The low PRR calculated for the SOC
‘Psychiatric disorders’ could be explained by the
reduced likelihood of biologicals to cross the
blood-brain barrier due to their high molecular
weight[28] limiting their effects on the CNS. Two
of five of the SOCs in which suspected ADRs
were more frequently reported for the reference
group concerned suspected ADRs related to preg-
nancy and the reproductive system, which shows
that ADRs related to pregnancy and the repro-
ductive system are more frequently reported for
the reference group. This might possibly be due to
the reluctance of healthcare professionals to ad-
minister biologicals to pregnant women because
of these agents being a relatively new class of drugs
limiting their exposure and/or suspected ADRs
related to pregnancy beingmore frequently reported
for the reference group. A previous study, in which
mostly small molecules were included, found that
black-box warnings concerning risk in pregnancy
were issued for 11% of the total number of black-
box warnings issued. Risk in pregnancy was the
fourth most frequent drug-related safety problem
that triggered a black-box warning.[8] It was found
that suspected ADRs for biologicals were more
frequently reported in the SOC ‘Surgical and
medical procedures’ and suspected ADRs for the
reference group were more frequently reported in
the SOC ‘Social circumstances’. In this context it
is important to note that the total number of
suspected ADRs reported in these SOCs was less
than 1.2% of the total number of ADRs reported,
and it can be debated if events classified in these
SOCs should be considered suspected ADRs.
However, since the ADRs classified in these SOCs
were considered to be related to the use of a spe-
cific biological or drug by the reporter it was
decided to include the suspected ADRs reported
in these SOCs in the study.

The SOCs in which suspected ADRs are most
frequently reported for biologicals might include
some important potential safety signals, which
need to be studied in more depth during future
studies. The example of tuberculosis with the use
of infliximab[14] has already been discussed but
it seems likely that there might be other specific
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safety signals for a biological or a group of biologicals
within the SOC ‘Infections and infestations’. The
PRR of the SOC ‘Neoplasms benign, malignant
and unspecified’ changed from 2.1 to 1.3 after the
five biologicals most frequently implicated were
not included in the dataset. This suggests that
neoplasms are relatively frequently reported for
(some of) these five active substances, which need
to be elucidated further. A recent report referred
to 121 case reports in VigiBase of leukaemia dur-
ing the use of the tumour necrosis factor-a antag-
onists adalimumab, etanercept and infliximab,[29]

which are all among the five biologicals most
frequently implicated.

Our previous study showed that safety-related
regulatory actions for biologicals were most fre-
quently issued in the SOCs ‘General disorders
and administration site conditions’, ‘Infections
and infestations’, ‘Immune system disorders’ and
‘Neoplasms benign, malignant and unspecified’.[7]

The present study showed that suspected ADRs
were most frequently reported in the SOC ‘Gen-
eral disorders and administration site conditions’
(20.8% of the total number of suspected ADRs
reported for biologicals) [table I] and also that
suspected ADRs in the SOC ‘Infections and in-
festations’ (8.7% of the total number of suspected
ADRs reported for biologicals) were frequently
reported. ‘Neoplasms benign, malignant and un-
specified’ frequently triggered a safety-related reg-
ulatory action, but this SOC was only reported in
2.3% of the suspected ADRs reported for biolo-
gicals. However, a safety-related regulatory ac-
tion is issued after a balanced assessment by the
regulatory authorities and the need to inform
healthcare professionals.[7] Because of their ser-
iousness, safety issues related to neoplasms fre-
quently trigger a safety-related regulatory action.
In the current study, only 0.9% of the suspected
ADRs were reported in the SOC ‘Immune system
disorders’. This might be explained by the report-
ing of less specific suspected ADRs, which are
related to immunological events that are classi-
fied in different SOCs.

Results from the stratification of biologicals
according to their mechanistic class suggest that
pharmacovigilance could be targeted towards spe-
cific potential safety concerns for these subclasses,

and these potential safety concerns should be
specifically studied in the preregistration clinical
trials, although the limitations of clinical trials
should always be taken into account.[6] ‘Infections
and infestations’ are, for example, frequently re-
ported for antibodies and receptors. These find-
ings might imply that infections should specifically
be addressed in the pharmacovigilance plan of a
new biological with an immunosuppressive mode
of action, which often include biologicals classi-
fied in the mechanistic classes of antibodies and
receptors. Due to the characteristic of biologicals
that safety problems can often be related to an
exaggerated pharmacology,[4] mode-of-action-
driven safety assessment is important for biolo-
gicals and can lead to the prediction of potential
safety problems. Many antibodies have, for exam-
ple, an immunosuppressive effect, giving rise to
infections.[30-32] A classification system for bio-
logicals according to their pharmacology was re-
cently proposed;[33] however, a more indepth
classification of biologicals according to their
specific pharmacology, e.g. depletion of B and/or
T cells, seems to be relevant. This is important for
the safety assessment of new biologicals to be
approved in a specific class, but before this can be
established, knowledge on how certain ADRs are
related to the immunology of the human body
should be obtained.

To our knowledge, this is the first study in
which general characteristics of spontaneously
reported suspected ADRs of biologicals are de-
scribed in a broader perspective without the pri-
mary objective of finding potential safety signals
for a specific active substance. This study, there-
fore, adds important information to the knowledge
on the safety profile of biologicals. However,
several potential limitations with this study need
to be addressed. First, data was obtained from
a spontaneous reporting system without addition-
al causality assessment or qualitative verifica-
tions by the authors. Second, underreporting of
suspected ADRs is a well recognized problem and
is estimated to be in excess of 90%.[12] In ad-
dition, potential difficulties in the causality asses-
sment of spontaneous reports of biologicals are
expected. Biologicals are often indicated to treat
severe and/or life-threatening diseases, patients
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treated with biologicals are often (pre)treated
with multiple other drugs and/or suffering mul-
tiple other diseases,[1] and a relationship between
intake of the drug and occurrence of the suspected
ADR is often difficult to assess. Treatment with
rituximab, for example, results in a depletion
of B cells and it is known that it takes about
9–12months before there is complete B-cell reple-
tion.[34] Suspected ADRs occurring, for example,
6 months after treatment with rituximab is stop-
ped might still be related to the previous treat-
ment with the biological. In addition, at least
1.7% of the case reports in VigiBase were estimated
to be duplicate reports,[35] which is especially a
problem during signal detection. Since our study
is descriptive in nature we feel that duplicate re-
ports will not have a major impact on our results.
Third, we found that about two-thirds of all sus-
pected ADRs were reported for only five biologi-
cals. This limits the generalizability of the results
since these five biologicals have a large impact on
the overall safety findings of the biologicals and it
was shown that some results were altered after
these five drugs were removed from the analysis.
This should be taken into consideration during
future analysis in VigiBase since these five drugs
might distort the relation studied. This will mainly
be a problem in case of quantitative signal de-
tection and not necessarily in the event of the tra-
ditional case-by-case approach. Fourth, confounding
by indication might have influenced the result. Bio-
logicals are often indicated to treat serious and/or
life-threatening diseases[1] and these patients might
be more susceptible for the occurrence of suspected
ADRs that are disease related. In addition, the
nature of the suspected ADRs might also be in-
fluenced by the indication for which the drug was
used, as shown by the high number of cases of
multiple sclerosis (MS), which were mostly re-
ported for interferon-b-1a. The cases of MS re-
ported are likely to be due to disease progression
or ineffectiveness of the administered drug instead
of a suspected ADR. In addition, biologicals used
to treat rheumatoid arthritis are, for example,
related to the occurrence of infections. However,
these patients already have an increased risk for
infections.[16] This underlines the need to carefully
think of a representative reference group during

safety studies based on patient, disease and drug
characteristics.

In this study, suspected ADRs were classified
according to MedDRA� terminology. Recently,
a novel classification of suspected ADRs for bio-
logicals based on mechanistic considerations was
proposed. Although the author states that the
classification needs to be evaluated in daily clin-
ical care of patients,[21] this approach might im-
prove signal detection and the ability to predict
potential suspected ADRs for biologicals.

Conclusions

This study showed that in countries around
the world the number of spontaneously reported
suspected ADRs is increasing over time for all
drugs, including biologicals, underlining the im-
portance of these data sources for signal detec-
tion and hypothesis generation. However, during
signal detection with biologicals in the WHOADR
database, VigiBase, one should be aware that five
biologicals comprise two-thirds of the reported
suspected ADRs, which might distort the relation
found between a specific biological and a specific
suspected ADR in the case of quantitative signal
detection. Therefore, it is necessary to carefully
consider the reference group to be used. In addi-
tion, causality assessment is expected to be com-
plicated for biologicals.

Our study showed that the safety profile of
biologicals and small molecules differed based on
spontaneously reported suspected ADRs and
that case reports of suspected ADRs to biologi-
cals or classes of biologicals often refer to only a
few SOCs, for instance infections with the use of
immune suppressants (e.g. antibodies and recep-
tors). This knowledge can be used in targeted
preregistration clinical trials and in proactive
pharmacovigilance activities to study particular
safety issues and safeguard public health earlier
and more effectively. In addition, since not all
adverse reactions can be predicted or detected
during development, spontaneous reporting re-
mains an important tool for the early detection of
signals of unexpected adverse reactions, interac-
tions or other problems related to the use of
biologicals.
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