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Regulatory Safety Learning Driven by the 
Mechanism of Action: The Case of TNF-α 
Inhibitors
Lotte A. Minnema1,2, Thijs J. Giezen2,3,4, Jarno Hoekman1,5, Toine C.G. Egberts1,6, Hubert G.M. Leufkens1 
and Helga Gardarsdottir1,6,7,*

The summary of product characteristics (SmPCs) is an important information source that includes the adverse 
drug reactions (ADRs) associated with the drug. Drugs with the same mechanism of action are expected to have 
a similar ADR profile and thus a substantial overlap of the described ADRs in the SmPC. The objective of this 
study is to assess this overlap. We extracted all ADRs (excluding hypersensitivity and administration site reactions) 
that were described in the first and all subsequent versions of the SmPCs of all approved TNF-α inhibitors in the 
European Union. The Medical Dictionary for Regulatory Activities was used to characterize the ADRs. At the end of 
follow-up, 293 unique ADRs (at high level term level) were described in the SmPCs of the 5 TNF-α inhibitors. There 
was substantial variation in the number of ADRs described in the SmPC among the TNF-α inhibitors. Of the 293 
ADRs, 133 (45%) were described in the SmPC of one TNF-α inhibitor and 39 (13%) in the SmPCs of all 5 TNF-α 
inhibitors. Serious ADRs and ADRs classified as important risks were described approximately four times more often 
in a second SmPC than ADRs not classified as such. In conclusion, the ADRs described in the SmPCs of the TNF-α 
inhibitors differ considerably in number and type. In order to adequately inform prescribers and patients, acquired 
knowledge of the safety profile of drugs with the same mechanism of action should increasingly be taken into 
account in the assessment of all drugs within the class.

At the time of regulatory approval, the efficacy and safety of a new 
drug will have been studied in a population of limited size (on aver-
age, ~ 1,700 individuals) during a relatively short period of time.1,2 

In addition, the types of patients included in clinical studies can 
differ considerably from the types of patients using the drug in daily 
clinical practice, as these clinical studies often exclude patients with 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Although previous studies evaluated whether safety infor-
mation was taken into account as part of the regulatory assess-
ment for drugs with the same mechanism of action, a complete 
picture of the dynamics is lacking.
WHAT QUESTION DID THIS STUDY ADDRESS?
 What is the overlap adverse drug reactions (ADRs) described 
in the summary of product characteristics (SmPC) of drugs with 
the same mechanism of action (i.e., TNF-α inhibitors) during the 
life-cycle of the product and which factors influence the overlap?
WHAT DOES THIS STUDY ADD TO OUR KNOW-  
LEDGE?
 The overlap in ADRs described in the SmPCs of different 
TNF-α inhibitors is limited. However, serious ADRs, ADRs 

classified as important risks by the regulators, and ADRs first 
described in the first-in-class TNF-α inhibitor were signifi-
cantly more often described in the SmPC of at least two TNF-α 
inhibitors.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 Acquired knowledge of the safety profile of drugs with the 
same mechanism of action should increasingly be taken into ac-
count for all drugs within the class. For this, a critical appraisal 
of the underlying mechanism leading to an ADR’s occurrence 
should be performed.
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multiple diseases and specific populations, such as pregnant women 
and the elderly.3 Therefore, infrequently occurring adverse drug 
reactions (ADRs), ADRs that only occur after a long duration of 
exposure, and ADRs occurring in special populations are usually 
detected after approval, when the drug is used in daily clinical prac-
tice. Regulatory authorities therefore require companies to further 
characterize their drug’s safety profile when it is used in daily clinical 
practice. This is achieved through collecting and evaluating ADRs 
and performing postauthorization safety studies. When additional 
information becomes available, this can result in different regula-
tory actions. For example, the benefit–risk balance of the drug can 
become negative due to new information that is collected in clin-
ical practice. This could result in restricting the indication to the 
patient group for which the benefit–risk balance remains positive 
or even in revoking the market authorization. A less far-reaching 
but frequently applied regulatory action is the incorporation of the 
newly identified safety data in the product information. Annually, 
hundreds of such safety-related changes in the product information 
(summary of product characteristics (SmPCs) in the European 
Union) are approved by the regulatory authorities.4,5

The occurrence of many ADRs is a direct consequence of the 
mechanism of action of a drug. Such ADRs are likely to also occur 
in users of another drug with the same mechanism of action. For 
example, artery dissections and aneurysms were found to be asso-
ciated with the use of vascular endothelial growth factor inhibitors 
(VEGF-inhibitors).6,7 These ADRs are applicable to all VEGF-
inhibitors, as VEGF inhibition impairs the vascular wall integrity. 
Moreover, tuberculosis infections associated with infliximab use 
were detected during the postmarketing phase and are considered 
a class effect of the TNF-α inhibitors.8,9 TNF-α is a pro-inflam-
matory cytokine that plays a central role in the immune response 
against tuberculosis infection.8,9 Treatment with TNF-α inhibi-
tors can therefore reactivate latent tuberculosis infections.

In order to adequately inform prescribers and patients about the 
safety profile of the drug, ADRs that are linked to the mechanism 
of action are expected to be described in the product information 
of all drugs with the same mechanism of action. Previous studies 
showed a variability in to what extent safety information is pre-
sented as part of the regulatory assessment for drugs within the 
same class. For example, Stefansdottir et al. showed that only 40% 
of the ADRs that were identified in the product information of 
two drugs within the same class (based on indication, mechanism 
of action, and structure of the drug) were described in the product 
information of both drugs.10 Another study showed that serious 
safety issues identified prior to the approval of HIV drugs were 
taken into account in the approval process of other drugs within 
the same class.11 These studies focused either on serious safety 
events or on a selection of drugs within the same class and therefore 
did not reflect the complete picture of the dynamics of incorporat-
ing class effects in the product information.

For biological medicinal drugs, the occurrence of ADRs is often 
related to the mechanism of action. Furthermore, biologicals are of 
specific interest, as over the last decade the share that biologicals com-
prise of newly launched active substances worldwide has increased 
and is expected to increase further.12 Therefore, we performed a case 
study on TNF-α inhibitors, as these represent an important drug 

class within the group of biologicals because TNF-α inhibitors are 
considered to be key treatment options for multiple types of autoim-
mune disease. Furthermore, the first TNF-α inhibitor was approved 
in the European Union in 1999; therefore, extensive experience has 
been gained with the safety profile of TNF-α inhibitors, allowing 
early as well as long-term safety aspects to be studied.

The aims of this study are to assess the overlap in ADRs de-
scribed in the product information of drugs with the same mecha-
nism of action (i.e., TNF-α inhibitors), during the life-cycle of the 
product, to assess the lag time from the identification of new ADRs 
to the description of the same ADR in the product information of 
another TNF-α inhibitor, and to identify factors associated with 
the description of such ADRs in the product information of mul-
tiple TNF-α inhibitors.

METHODS
Extraction, classification, and selection of the ADRs
In this study, we included all ADRs described in the first and all sub-
sequent versions of the SmPCs of the TNF-α inhibitors that had been 
approved by the European Commission as of December 31, 2019. We 
excluded the SmPCs of biosimilars because, according to the EU leg-
islation, the SmPCs of biosimilars are the same as the SmPCs of the 
reference product.13 Although, in the European Union, the product in-
formation consists of both the SmPC and the patient information leaflet, 
we focused on the SmPC because the content of the patient information 
leaflet is directly based on the SmPC. All versions of the SmPCs were 
retrieved through the Union Register of medicinal products maintained 
by the European Commission. During the life-cycle of a drug, new in-
formation on the efficacy and safety becomes available, which can result 
in an update to and therefore a new version of the SmPC. Both com-
panies and regulatory authorities can initiate an update of the SmPC. 
However, irrespective of who initiates an update, it is always assessed by 
the regulatory authorities. A new version of the SmPC is available in the 
Union Register when, after the regulatory authorities’ recommendation 
of approval, a positive decision is issued by the European Commission.

All ADRs were extracted using a text-mining method from all versions 
of the selected SmPCs. The extraction was limited to the specific section 
of the SmPC that describes the ADRs that are associated with the drug 
(SmPC section 4.8: “Undesirable effects”). The text-mining method was 
validated through multiple sources. First, we compared the extracted 
ADRs with the ADRs available in the PROTECT ADR database. This 
database was created by the European Medicines Agency (EMA) and 
partners as part of an Innovative Medicines Initiative funded project 
(PROTECT Work Package 3) and includes all ADRs described in section 
4.8 of all versions of the SmPC up to June 30, 2017 (for more details, see 
http://www.imi-prote ct.eu/adver seDru gReac tions.shtml). We manually 
compared the ADRs within the PROTECT database and our extracted 
ADRs with the ADRs in the SmPC available in the community register 
of medicinal products of the European Commission. Second, through the 
text-mining method, it was determined in which version of the SmPC an 
ADR was first described, which we checked manually for all ADRs.

The ADRs were classified using the Medical Dictionary for Regulatory 
Activities (MedDRA).14 MedDRA provides validated standardized ter-
minology, which is, among others, used to describe ADRs in the SmPC. 
MedDRA has a hierarchical structure. The ADRs in SmPC section 4.8 are 
usually described at the preferred term level. Preferred terms are grouped 
into high-level terms (HLTs), which are one level higher in the structure of 
MedDRA. For example, the preferred terms “cutaneous tuberculosis” and 
“pulmonary tuberculosis” fall within the HLT “tuberculous infections.” 
For this study, we assessed the overlap in ADRs described in the SmPCs of 
the different products at the HLT level, as we considered that this reflects 
clinical practice most accurately.
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We excluded hypersensitivity reactions and administration site reac-
tions, as these are related to the molecule and/or route of administration. 
Hypersensitivity reactions and administration site reactions were defined 
as all ADRs included in the standard MedDRA query “hypersensitivity” 
or within the high-level group term (HLGT) “administration site reac-
tions.” These include, for example, anaphylactic reactions, administra-
tion-related reactions, and Stevens-Johnson syndrome. For the remaining 
ADRs, we did not specifically assess whether these were considered to be 
related to the mechanism of action. However, we assumed that these are 
applicable to all TNF-α inhibitors.

Overlap in the ADRs described in the SmPCs of the different 
TNF-α inhibitors
The overlap in the ADRs (at the HLT level) described in the SmPCs of 
the different TNF-α inhibitors was assessed in three ways.

1. Overlap at initial approval: At the time of approval of 
non-first-in-class TNF-α inhibitors, experience will have 
been gained with the ADRs associated with previously 
approved TNF-α inhibitors. We assessed for each TNF-α 
inhibitor (besides the first-in-class) whether ADRs described 
in the SmPC of previously authorized TNF-α inhibitors 
were incorporated in the SmPC at the moment of regula-
tory approval. For example, for the third approved TNF-α 
inhibitor, we assessed the number of unique ADRs that 
overlapped with those described in the SmPCs of the first 
and second approved TNF-α inhibitors. For this, we took 
into account the latest version of the SmPC of the first 
and second TNF-α inhibitor before approval of the third 
TNF-α inhibitor. We then assessed whether these ADRs 
were described in the SmPC at the time of approval of 
the third TNF-α inhibitor.

2. Overlap at the end of follow-up: Extensive experience has been 
gained of the ADRs associated with the TNF-α inhibitors, 
given that these have been used in clinical practice for many 
years. To assess the overlap in ADRs when the safety profile is 
considered to be mature, we assessed whether an ADR was de-
scribed in one, two, three, four, or all five of the last versions of 
the SmPCs of the TNF-α inhibitors (i.e., at the end of follow-
up: December 31, 2019).

3. Lag time in overlap: When new ADRs are identified for a 
TNF-α inhibitor, these are considered to be applicable to 
other TNF-α inhibitors. However, this process takes time. To 
estimate this lag time, we assessed the time between the first 
description of an ADR in the SmPC of any of the TNF-α in-
hibitors (index date) and the uptake of that ADR in the SmPC 
of another (i.e., a second) TNF-α inhibitor.

Determinants for overlap in the ADRs
The following determinants were assessed to study the overlap in the 
ADRs described in the SmPCs of the different TNF-α inhibitors.

• Nature of the ADR: The ADRs were characterized at the sys-
tem organ class level, which is the highest level in the MedDRA 
hierarchy. We assessed whether the ADR was included in the 
system organ class infections and infestations.

• Seriousness of the ADR: We classified ADRs as being serious if 
they were included in the important medical events list of the 

EMA. This list includes the ADRs that result in death, are 
life-threatening, require hospitalization or prolong existing 
hospitalization, result in persistent or significant disability, or 
are birth defects.15

• Regulatory importance of the ADR: We categorized the ADR as 
regulatory important if these were included as such in the risk man-
agement plan (RMP) of any of the TNF-α inhibitors at marketing 
approval or during follow-up. Safety issues are included as import-
ant risks in the RMP by the regulators if these should be further 
characterized after marketing approval and are likely to have an im-
pact on the benefit–risk balance.16 The RMPs were retrieved from 
the internal database of the Medicines Evaluation Board.

• First-in-class: We assessed whether the ADR was described in 
the SmPC of the first TNF-α inhibitor to be approved within 
the class of TNF-α inhibitors.

• Regulatory monitoring: In the first 3 years after regulatory ap-
proval, the safety of a drug is more frequently evaluated than 
after this period. We therefore assessed whether ADRs included 
in the SmPC of, for example, the first and second TNF-α inhib-
itors were more frequently included in the SmPC of the third 
TNF-α inhibitor in the first 3 years after regulatory approval 
than in the period thereafter.

Within the EU regulatory system, the application assessment is led by 
different rapporteurs. For each product, we assessed the influence of hav-
ing at least one rapporteur in common that is responsible for the regula-
tory assessment on the overlap in ADRs described in the SmPCs of the 
TNF-α inhibitors at the end of follow-up. Information on the rapporteurs 
that were responsible for the regulatory assessment of the different TNF-α 
inhibitors was retrieved from the European Public Assessment Reports 
published at the time of approval.

Data analysis
We used descriptive statistics to calculate the overlap in the ADRs (at 
the HLT level) described in the SmPCs of the different TNF-α inhibi-
tors. To assess the overlap at the end of follow-up, we divided the number 
of ADRs that were described in one, two, three, four, or all five of the 
SmPCs of the different TNF-α inhibitors by the total number of unique 
ADRs described in the SmPCs at the end of follow-up (December 31, 
2019). This analysis was also performed at the HLGT level, which is 
one level higher in the hierarchical structure of MedDRA. This sensi-
tivity analysis was performed to assess whether comparable HLTs were 
described in the SmPCs of the TNF-α inhibitors. To assess the overlap 
at the time of approval, we calculated the number of unique ADRs de-
scribed in the SmPCs of other TNF-α inhibitors before the approval of 
the new product. We then calculated the percentage of these ADRs that 
were described in the SmPC at the time of approval of the product.

Kaplan–Meier analysis was performed to assess the time from the first 
description of an ADR in the SmPC of any of the TNF-α inhibitors to 
the time when this ADR was described in the SmPC of another TNF-α 
inhibitor. As this time cannot be estimated for products that had not been 
approved at the time when an ADR was first described in an SmPC, we 
included only the TNF-α inhibitors that had been approved at the time 
when the ADR was first described.

Hazard ratios (HRs) with corresponding 95% confidence intervals 
(CIs) were calculated using univariate Cox regression analysis to assess the 
association among the determinants “nature of the ADR,” “seriousness of 
the ADR,” “regulatory importance of the ADR,” “first-in-class,” and the 
ADR being described in the SmPC of at least two of the TNF-α inhibitors.

To determine the influence of the more intensive regulatory monitor-
ing in the first 3 years after approval on the overlap, we divided, for each 
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product, the follow-up period in the period after the first 3  years after 
approval and the period >  3  years after approval. For each product, we 
assessed the number of ADRs that was first described in the SmPC of the 
other approved TNF-α inhibitors in both periods (≤ 3 years after approval 
and > 3 years after approval). We then assessed for each product whether 
the ADRs that were first described in the SmPC of other TNF-α inhibi-
tors are described in the SmPC of the product in question. This number 
was then divided by the total number of ADRs identified in the period 
within and after 3 years following approval.

To assess the influence of sharing at least one rapporteur responsible 
for the regulatory assessment, we grouped the TNF-α inhibitors that have 
at least one rapporteur in common and determined whether, for these 
TNF-α inhibitors, the overlap in describing the ADRs in the SmPC is dif-
ferent from that for the TNF-α inhibitors that do not share at least one 
rapporteur.

We performed the data analysis using R statistical software version 3.6.0.

RESULTS
As of December 31, 2019, a total of 5 TNF-α inhibitors (exclud-
ing biosimilars) had been approved in the European Union. The 
first-in-class TNF-α inhibitor (infliximab) was approved in 1999, 
followed by etanercept, approved in 2000, and adalimumab, ap-
proved in 2003. The last 2 (certolizumab and golimumab) were 
approved in 2009. None of the drugs was taken off the market 
during follow-up.

After initial approval, of the five drugs’ SmPCs, the SmPC of 
infliximab was changed the most often (n = 25) to describe new 
ADRs (at the HLT level, excluding hypersensitivity and admin-
istration site reactions), whereas the SmPC of certolizumab was 
updated three times during follow-up. As shown in Figure 1, there 
was substantial variation in the number of ADRs described in the 
SmPCs. At initial approval, a total of 66 ADRs were described in 

the infliximab SmPC, 41 in the etanercept SmPC, 90 in the adali-
mumab SmPC, 134 in the certolizumab SmPC, and 73 in the goli-
mumab SmPC. At the end of follow-up, in the adalimumab SmPC 
the most ADRs were described (n = 200). In the SmPCs of certoli-
zumab, infliximab, etanercept, and golimumab, respectively, 142, 
131, 103, and 80 ADRs were described at the end of follow-up. 
For adalimumab, 110 ADRs were added to the SmPC after regu-
latory approval whereas, for certolizumab, 8 ADRs were added to 
the SmPC after regulatory approval.

Overlap in the ADRs described in the SmPCs of the different 
TNF-α inhibitors

Overlap at initial approval. Prior to the approval of etanercept 
(second-in-class), experience had been gained with the ADRs 
associated with infliximab (first-in-class). At the time of the 
approval of etanercept, a total of 66 unique ADRs were described 
in the SmPC of infliximab. Of these 66 ADRs, 21 (32%) were 
described in the initial SmPC of etanercept (Figure 2). Prior 
to the approval of adalimumab, a total of 90 unique ADRs 
were described in the SmPCs of infliximab and etanercept. Of 
these 90 ADRs, 53 (59%) were described in the initial SmPC of 
adalimumab. Of the 238 unique ADRs that were described in the 
SmPCs of infliximab, etanercept, and adalimumab prior to the 
approval of certolizumab and golimumab, 94 ADRs (39%) were 
described in the initial SmPC of certolizumab whereas 62 (26%) 
were described in the initial SmPC of golimumab.

Overlap at the end of follow-up. At the end of follow-up, a 
total of 318 different ADRs (at the HLT level) were described 

Figure 1 Changes to the SmPCs of the TNF-α inhibitors over time to include new ADRs (at the HLT level, excluding hypersensitivity and 
administration site reactions); n = number of different versions of the SmPC. ADRs, adverse drug reactions; HLT, high-level term; SmPCs, 
summary of product characteristics.

ARTICLE



CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 110 NUMBER 1 | July 2021 127

in the SmPCs of the TNF-α inhibitors. Of these 318 ADRs, 
25 (8%) were classified as hypersensitivity reactions and/or 
administration site reactions and were therefore disregarded, 
resulting in a total of 293 ADRs that were included in the 
analysis. Of these 293 ADRs, 133 (45%) were described in the 
SmPC of one TNF-α inhibitor, 58 (20%) in the SmPC of 2 
TNF-α inhibitors, 40 (14%) in the SmPC of 3 TNF-α inhibitors, 
23 (8%) in the SmPC of 4 TNF-α inhibitors, and 39 (13%) in 
the SmPC of all 5 TNF-α inhibitors. The 39 ADRs that were 
included in all SmPCs included tuberculous infections, lower 
respiratory tract and lung infections, skin melanomas (excluding 
ocular), and nausea and vomiting symptoms (Table S1).

The sensitivity analysis, performed at one level higher in the hi-
erarchical structure of MedDRA (HLGT level), showed that, at 
the end of follow-up, a total of 138 ADRs (HLGTs) were described 
in the SmPCs. Of these 138 ADRs, 37 (27%) were described in 
the SmPC of one TNF-α inhibitor, 30 (22%) in the SmPC of 2 
TNF-α inhibitors, 21 (15%) in the SmPC of 3 TNF-α inhibitors, 
20 (14%) in the SmPC of 4 TNF-α inhibitors, and 30 (22%) in 
the SmPC of all 5 TNF-α inhibitors. The 30 ADRs (HLGT level) 
that were included in all SmPCs included terms such as mycobac-
terial infectious disorders, general system disorders (not elsewhere 
classified), and gastrointestinal signs and symptoms (Table S2).

Lag time overlap. One year after the first description of an ADR in 
the SmPC of any of the TNF-α inhibitors, ~ 7% of these ADRs 
were described in the SmPC of another TNF-α inhibitor. This 
percentage increased to ~ 19% after 5 years. The median lag time 
between first description of an ADR in an SmPC to uptake of 
this ADR in another SmPC was ~ 3 years and ranged from 0 to 
15 years (Figure 3).

Determinants for overlap in the ADRs
As shown in Table 1, serious ADRs and ADRs that were classified 
as important risks by the regulators were described approximately 
four times more often in the SmPC of at least two TNF-α inhib-
itors compared with ADRs not classified as such (HR = 4.5, 95% 
CI: 1.8–10.8; HR = 4.6, 95% CI: 2.0–10.5, respectively). In addi-
tion, when the ADR was first described in the SmPC of infliximab 
(first-in-class), it was described almost three times more often in 
the SmPC of at least one other TNF-α inhibitors (HR = 2.8, 95% 
CI: 1.4–5.6) compared with ADRs that were first described in the 
SmPC of non-first-in-class products. Although ADRs classified as 
infections and infestations were described more often in a second 
SmPC compared with other ADRs (HR = 2.1, 95% CI: 1.0–4.5), 
this difference was not significant.

In the first 3 years after approval of the individual TNF-α inhib-
itors, a total of 71 ADRs were first described in the SmPCs of the 
other TNF-α inhibitors, whereas in the period thereafter a total of 
380 ADRs were first described in the SmPCs of other TNF-α in-
hibitors. Of the 71 ADRs, 31 (44%) were described in the SmPCs 
of the individual TNF-α inhibitors in the first 3  years after ap-
proval, whereas of the 380 ADRs first described in the SmPCs of 
the other TNF-α inhibitors > 3 years after approval, 25 (7%) were 
described in the SmPC of the individual TNF-α inhibitors.

Four of the five TNF-α inhibitors shared at least one rapporteur 
that is responsible for the regulatory assessment. Therefore, the in-
fluence of having at least one rapporteur in common on the overlap 
in ADRs could not be studied.

DISCUSSION
This study showed that the overlap in ADRs (at the HLT level) 
described in the SmPCs of TNF-α inhibitors is limited; 45% of 

Figure 2 Venn diagrams showing the overlap in the ADRs described in the initial SmPC of etanercept, adalimumab, certolizumab, and 
golimumab and of the ADRs identified prior to the approval of these drugs. ADRs, adverse drug reactions; SmPCs, summary of product 
characteristics.
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the ADRs were described in the SmPC of only one TNF-α in-
hibitor. Moreover, prior knowledge of the ADRs associated with 
previously approved TNF-α inhibitors is not fully transferred to 
non-first-in-class TNF-α inhibitors; only 39% of the ADRs that 

were identified prior to the approval of non-first-in-class TNF-α 
inhibitors were described in the SmPC at the approval of the 
non-first-in-class TNF-α inhibitor. If an ADR was described in 
at least two SmPCs, the median lag time to uptake of the ADR 

Figure 3 Time from the first description of an ADR in the SmPC of any of the TNF-α inhibitors to the first description of the same ADR in the 
SmPC of a second TNF-α inhibitor. ADR, adverse drug reactions; SmPC, summary of product characteristic. [Colour figure can be viewed at 
wileyonlinelibrary.com]

Table 1 Univariate Cox regression analysis studying the determinants associated with the description of the ADR in the 
SmPC of at least two TNF-α inhibitors

# of ADRs in second SmPC (%) HR (95% CI)

Nature of the ADR

Infections and infestations (n = 20) 9 (45) 2.1 (1.0–4.5)

Other (n = 115) 25 (22) Reference

Seriousness

Nonserious ADR (n = 61) 6 (10) Reference

Serious ADR (n = 74) 28 (38) 4.5 (1.8–10.8)

Regulatory importance

ADR not classified as important risk (n = 67) 7 (10) Reference

ADR classified as important risk (n = 68) 27 (40) 4.6 (2.0–10.5)

First-in-class

ADR first described in follow-on drug (n = 97) 17 (18) Reference

ADR first described in first-in-class drug (n = 38) 17 (45) 2.8 (1.4–5.6)

ADRs, adverse drug reactions; CI, confidence interval; HR, hazard ratio; SmPCs, summary of product characteristics.
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in a second SmPC was ~ 3 years. Specific characteristics of the 
ADRs (“seriousness,” “regulatory importance,” and “first-in-
class”) were shown to be associated with the description of the 
ADR in at least two SmPCs. As four of the five TNF-α inhib-
itors shared at least one rapporteur that was responsible for the 
regulatory assessment, we could not formally study the influence 
of having a rapporteur responsible for the regulatory assessment 
in common. However, it can be concluded that although four 
of the five TNF-α inhibitors shared at least one rapporteur, the 
overlap of ADRs included in the SmPC of the different TNF-α 
inhibitors is considered limited. Finally, in the first period after 
approval, when the regulatory monitoring is more intensive, the 
percentage of ADRs that was identified and subsequently de-
scribed in the SmPC was higher than in the period thereafter.

The results of our study are in line with those of other studies 
that showed that the comparability of the product information 
of drugs within the same class is limited. Previous studies have 
shown that the product information differs among regulatory 
authorities (e.g., the US Food and Drug Administration (FDA) 
in the United States and the EMA in the European Union), de-
spite being based on the same information.17,18 Even between 
generic drugs that have been proven to be bioequivalent, differ-
ences in the product information are present.19 Stefansdottir et 
al. showed that ~ 40% of ADRs (at the HLGT level) were de-
scribed in the product information of both the first-in-class and 
second-in-class drugs.10 Our study showed that ~  55% of the 
ADRs at the HLT level and 73% of the ADRs at the HLGT level 
were described in the product information of at least 2 TNF-α 
inhibitors, which is substantially higher. This may be explained 
by the number of products included, as in our study we included 
all TNF-α inhibitors whereas Stefansdottir et al. included the 
only first-in-class and second-in-class products. We assumed that 
small differences in the exact mechanism of action did not re-
sult in major differences in the safety profile. However, we did 
not specifically assess whether all ADRs included in our analysis 
were related to the mechanism of action. For example, ADRs, 
such as headache and nausea, are not necessarily related to the 
mechanism of action but occur generally in patients treated with 
drugs.

Within the European regulatory system, safety issues are in gen-
eral assessed on the product level. However, procedures (i.e., signal 
or referral procedures) are in place in which specific safety issues 
are evaluated for the group of drugs with the same mechanism 
of action as a whole. When the regulatory authorities conclude 
that an ADR is considered to be a class effect, the ADR should 
be included in the SmPCs of all drugs involved in the procedure. 
For example, a signal of lichenoid skin reactions was identified 
for adalimumab following a scientific publication, and the reg-
ulatory authorities concluded that this ADR should be added to 
adalimumab’s SmPC.20 This assessment initiated the evaluation of 
lichenoid skin reactions as a potential class effect following a liter-
ature review, leading to the addition of this ADR in the SmPCs of 
the other TNF-α inhibitors. In addition, a signal of Kaposi’s sar-
coma was initially only identified for infliximab based on several 
reported cases.21 However, based on the data, it was decided that 
the scope should be extended to all TNF-α inhibitors. These signal 

and referral procedures are part of the European pharmacovigi-
lance system and can be considered for safety issues identified in 
the postmarketing setting. However, as illustrated by the results 
of our study, previous knowledge on the safety profile is not fully 
taken into account at the time of approval. Therefore, also at the 
time of approval and as part of extension of indication procedures 
(potential), class effects should be considered.

The challenge of evaluating ADRs as class effects includes the 
tradeoff between the level of uncertainty about the causal associ-
ation and the precaution of adding ADRs to the SmPC that have 
not (yet) been observed for the specific product. This balance may 
shift for specific ADRs, as illustrated by the results of our study 
that serious ADRs and ADRs classified as important risks were 
significantly more often described in a second SmPC. To facili-
tate the assessment of class effects, we argue that specific attention 
should be given to the assessment of the underlying mechanism by 
constructing adverse outcome pathways. This could follow an inte-
grated approach for which pharmacovigilance data as well as infor-
mation from clinical and preclinical studies should be taken into 
account. In addition, automated tools are being developed using 
input from, for example, spontaneous reporting databases and the 
product information of drugs with the same mechanism of action 
in order to facilitate the identification of ADRs.22

Given the nature of the challenge of evaluating ADRs as class 
effects, this challenge is not limited to the European regulatory sys-
tem. This is, for example, illustrated by a study performed using 
data from the FDA showing that major safety issues described in 
the black box warnings differed among drugs with the same mecha-
nism of action.23 The lag time observed in our study may, however, 
be different in the United States as compared with the European 
Union setting. In the United States, ADRs with limited impact 
on the benefit-risk balance can be submitted to the FDA 30 days 
before distribution of the new product information, whereas up-
dating the SmPC to include new ADRs in the European Union 
typically takes several months.24,25 In addition, the presentation 
of safety information in the product information differs between 
the United States and the Eurpean Union. For example, in the US 
product information, the incidence of the ADRs observed in the 
clinical studies is reported for both the experimental and compar-
ator arm, whereas in the European Union only the incidence of 
ADRs in the experimental arm is described. Providing information 
from both arms, may give further context for healthcare profes-
sionals to the occurrence of the ADRs.

We illustrated the overlap of ADRs described in the SmPCs 
of drugs with the same mechanism of action on the basis of only 
one class of drugs. However, considering the earlier-described 
characteristics of the regulatory system, the results are expected 
to be applicable to other classes of drug. The European phar-
macovigilance system, however, has evolved over time as result 
of the implementation of the EU pharmacovigilance legislation 
that came into force in 2012. The greater part of this study took 
place before this legal change. Currently, each product is as-
signed to a team of (co)rapporteurs from the Pharmacovigilance 
Risk Assessment Committee. We expect that this procedure, to-
gether with EMA oversight, has resulted in more harmonized 
SmPCs of recently authorized products compared with those 
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we have studied here. In addition, we did not account for dif-
ferences in indications of the TNF-α inhibitors. Although all 
TNF-α inhibitors are indicated for rheumatoid arthritis, addi-
tional indications differ among the products. The relationship 
between the number of different indications and the number of 
ADRs described in the SmPC, however, does not show a consis-
tent pattern. For example, at the initial approval of golimumab 
and certolizumab, the indication of golimumab was broader 
than that of certolizumab, whereas ~  45% more ADRs were 
described in the certolizumab SmPC compared with the goli-
mumab SmPC.26,27 In addition, the indications of certolizumab 
and golimumab were extended several times, which did not re-
sult in the addition of multiple ADRs, whereas for adalimumab, 
as part of an extension of indication procedures, multiple ADRs 
were added to the SmPC.

CONCLUSION
Existing as well as new knowledge of ADRs for drugs with the 
same mechanism of action is not in its entirety described in the 
safety information of all drugs. In addition, when knowledge of 
ADRs is transferred from one drug to another, this takes consider-
able time. In order to inform healthcare professionals and patients 
about the complete picture of the safety profile, knowledge of the 
safety profile of drugs with the same mechanism of action should 
increasingly be taken into account for all drugs within the class.
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