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GENERAL INTRODUCTION

Throughout history, biological drugs ensured medical breakthroughs that changed the prognosis
of diseases that previously could not be controlled or were incurable. In the 1890s, serum therapies,
derived from horse plasma, were introduced as a therapy for diphtheria. These were shown to
achieve a cure rate of approximately 80%, thereby reducing the mortality rate of diphtheria (1).
In the 1920s, animal-derived insulin was first used in diabetic children who would previously have
died from diabetic ketoacidosis (2). Later, with the introduction of recombinant DNA technology
in the 1980s, recombinant-produced insulin became available, which optimized the therapy of
diabetic patients because it was less immunogenetic than the available insulin derived from animals
(3, 4). Inthe 1990s, targeted therapies such as the TNF-a inhibitor infliximab changed the prognosis
of chronic immune-mediated inflammatory diseases (5, 6). With the inhibition of TNF-c,
the underlying pathophysiology of the disease was targeted. Thus, in patients with rheumatoid
arthritis, radiographic progression was prevented and joint integrity preserved (6). More recently,
in the 2010s, immune checkpoint inhibitors heralded a new era in cancer treatment, using
the patient’s immune system as facilitator of the treatment (7). These checkpoint inhibitors have
changed the prognosis of multiple cancer types, including advanced melanoma. Where advanced
melanoma was uncurable in the past, the prognosis has greatly improved, and a subset of patients
treated with checkpoint inhibitors have even shown durable responses (8, 9). Recently, cell and
gene therapies offering new treatment modalities have also started to revolutionize clinical practice
(10). In addition, the vaccines for the prevention of Covid-19 are expected to be a breakthrough in
the combat against this pandemic. Nowadays, biologicals represent approximately 30% of the newly
launched active substances worldwide, and this is expected to increase in the coming years (11).

Over time, the definitions that have been applied in classifying drugs as biological drugs have
also evolved. In past literature, biologicals were generally considered to be therapeutic products
produced by modern biotechnological techniques. By applying this criterion, for example, serum
therapies and insulin derived from animals would not be classified as biologicals. The definition
has been amended with the introduction of diagnostic products and nucleic acid-based and cell
therapies. Currently, the European Medicines Agency (EMA) states that a biological substance
is a substance that is produced by or extracted from a biological source and that needs for its
characterization and the determination of its quality a combination of physico-chemical-biological
testing together with the production process and its control (12). With these definitions, biologicals
are distinguished from small molecules, as small molecules are generally produced through
chemical synthesis and have relatively simple structures that can be adequately characterized.
Although biologicals are more complex than small molecules, differences in structural complexity
exist within the group. Biologicals vary from relatively simple structures, such as insulin, to complex
protein structures, such as monoclonal antibodies and blood coagulation factors.

To ensure that both the biologicals and small molecules can be safely and effectively applied in
patient care, they must be regulated by an independent body. Influenced by many historical events,
the regulatory system has evolved into the system that is in place today (Figure 1). Nowadays,
companies that develop drugs are required to perform extensive research prior to marketing
approval of these to ensure the pharmaceutical quality, efficacy, and safety of a drug. If, based on

the data provided, the regulatory authorities consider that a consistent quality is demonstrated and
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the benefits of a drug outweigh the risks in the treated population, the drug is approved. However,
uncertainties about the safety and efficacy of a drug always remain at the time of marketing approval.
The clinical trials that serve as the main generators of evidence regarding the efficacy and safety
of a drug have their limitations as, often, strict patient eligibility criteria may be applied, a limited
number of patients is included, and the duration of follow-up is limited (13). Given that clinical trials
are not able to detect adverse events occurring rarely or with a long latency, the safety profile in
particular should be further characterized when the drugis used in clinical practice. For this purpose,
pharmacovigilanceisin place, which is defined by the World Health Organization as “the science and
activities relating to the detection, assessment, understanding and prevention of adverse effects or
any other medicine-related problem” (14). The establishment of the pharmacovigilance system was
prompted by the thalidomide tragedy in the 1960s, which demonstrated that systematic collection
of safety data when the drug is being used in clinical practice is vital (15). During the last decades,
the regulatory system moved towards a more proactive risk management approach prompted
by, among others, the withdrawal of rofecoxib and the suspension of rosiglitazone, leading up to
the introduction of the new pharmacovigilance legislation in 2012.

The pharmacovigilance system has multiple tools available to continuously monitor the safety
profile of drugs in the post-marketing phase. For all drugs, companies are required to collect all
suspected adverse drug reactions that are reported by patients and healthcare professionals (16).
These reports are also included in a European database (EudraVigilance) and in a global database
(VigiBase), which is maintained by the Uppsala Monitoring Centre in Sweden. For drugs for which
less information is available, for example, in the first years after approval, the reporting of suspected
adverse drug reactions is enhanced by actively encouraging patients and healthcare professionals
to report them. The reports of the suspected adverse drug reactions are evaluated by companies
and regulatory authorities in order to assess whether it reflects new safety information. This includes
a new association between the drug and an adverse event or a new aspect to a known association,
such as the frequency or severity of an adverse event, which is then considered to be a safety signal.
When there is a safety signal, this can be evaluated by the EMA’s Pharmacovigilance Risk Assessment
Committee (PRAC). A significant proportion of the safety signals discussed at the PRAC concerns
biologicals (Figure 2).

Another pharmacovigilance tool for monitoring and evaluating the safety of a drug in the post-
marketing phase is the periodic safety update report (PSUR). The PSUR for an individual drug lists
all relevant safety information and includes, among others, information about spontaneous reports
and safety results of ongoing studies and is periodically submitted to the regulatory authorities by
the drug companies. Previous empirical work has shown that potential safety issues were identified
in 83% of the PSURs for biologicals and that it was concluded that the product information should
be updated in 37% of the PSURs (18). The general pharmacovigilance activities of detecting potential
safety signals and submitting PSURs are complemented by activities tailored to further characterize
specific safety issues. At the time of approval, the safety issues that should be further characterized
in the post-marketing phase are described in the risk management plan (RMP) (19). The core of
the RMP is the safety specification that lists the safety concerns for which a distinction is made

e

in the “important identified risks,” “important potential risks,” and “missing information” and is
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Figure 2. Proportion of safety signals discussed by the Pharmacovigilance Risk Assessment Committee for
biologicals and small molecules in the period between 2014 and 2020 (Adapted from “List of safety signals
discussed since September 2012”) (17).

updated throughout the drug’s life-cycle to reflect new safety information. Several studies have
addressed the dynamics of the safety issues described in the RMP during the life-cycle of the drug.
Vermeer et al. found that approximately 20% of the uncertainties (“important potential risks” or
“missing information”) described in the RMP were resolved within five years after approval (20).
However, as approximately the same number of new uncertainties were added, the uncertainties
remained stable over time. Duijnhoven et al. reported that uncertainties about the safety profile
described in the RMP commonly concern a potential cancer risk, especially for biologicals (21).
When the safety issues described in the RMP need specific follow-up, additional pharmacovigilance
activities can be implemented. For example, in the pre-approval phase of brodalumab, a safety
concern was raised regarding the occurrence of suicidal ideation and behavior (22). In addition to
the measures taken to minimize the risk, the company was requested to perform an observational
study to further characterize the risk of suicidal ideation and behavior. Furthermore, when specific
populations (e.g., pregnant women) are not studied in the clinical trials and potential safety
issues may be associated with use in these populations, further studies may be required. This was
the case for infliximab, which is used for the treatment of chronic diseases prevalent in women with

childbearing potential and for which the preclinical studies indicated a potential negative effect
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for the infants (23). As in the clinical trials pregnant women were mostly excluded due to ethical
reasons, limited information about the safety profile in these women was available. Therefore, in
the post-marketing phase, the infants born to mothers exposed to infliximab were included in and
followed over time in a registry study (23).

The pharmacovigilance system is challenged when dealing with more uncertainties at the time
of approval. Specific regulatory pathways are in place that aim to provide patient access to drugs
that address an unmet medical need. For these drugs, at the time of approval, less comprehensive
data are required than for drugs that are approved through regular pathways, which inherently
increases uncertainty about the safety and efficacy profile. As a consequence, evidence generation
about safety of these drugs is shifted even more toward the post-marketing phase than for drugs
approved through regular pathways. For example, blinatumomab was shown to be effective in
adult patients with acute lymphoblastic leukemia and therefore to fulfill an unmet medical need
(24). However, the clinical studies did not include a comparator arm, which limited the possibility
of assessing the causality of the adverse events identified in them. Moreover, the safety was only
studied in a total of 475 patients. Therefore, the company was, among other activities, obliged
to study the safety profile in the post-marketing setting (24). Although post-marketing safety
learning aims to minimize uncertainties, this can be challenging to achieve, in particular for
drugs such as blinatumomab that are used for orphan diseases for which the number of patients
receiving treatment is limited. The pharmacovigilance system is increasingly faced with this
challenge as, within the last decade, the proportion of drugs indicated for orphan diseases has
increased (25, 26). A significant proportion of the orphan drug approvals consists of biologicals;
in the European Union, 39% of the orphan drug approvals in the period between 2007 and 2019
were biologicals (26).

In the past 20 years, specific challenges posed by biologicals to post-marketing safety learning
have been addressed. These challengesinclude the difference in nature of adverse events from those
known for small molecules, the complexity of the mechanism of action (including interference with
the immune system), difficulties in classifying adverse events according to the established system,
and the fact that the detection of adverse events is complicated when the symptoms of the adverse
events mimic those of the treated disease (Table 1).

First, biologicals pose challenges to post-marketing safety learning because the nature of
theadverse eventsof biologicals differs from that of small molecules. For biologicals, immunogenicity
is more pronounced than for small molecules. Although the immunogenic potential of biologicals
decreased with the introduction of recombinant DNA technologies and the humanization of
monoclonal antibodies, immunogenicity is still a concern (27). The formation of the antidrug
antibodies can induce different clinical effects. The effect of biologicals can be hampered directly by
the formed binding or neutralizing antibodies or by altered pharmacokinetics. This is an important
reason for the failure of hemophilia treatment with factor VIIl products (28). The antibodies can
also cross-react with endogenous factors, as is the case for the epoetins, for which prolonged
treatment is associated with the formation of anti-erythropoietin antibodies resulting in pure red

cell aplasia (29). Furthermore, a higher concentration of antibodies is associated with an increased
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Table 1. Challenges related to post-marketing safety learning for biologicals including examples thereof.

Challenges related to post-marketing
safety learning of biologicals Examples

Difference in nature of adverse events  Occurrence of pure red cell aplasia following the cross-reaction of
from those known for small molecules  antibodies with endogenous erythropoietin during
epoetin treatment
Product characteristics affected antibody-dependent cell-mediated
toxicity leading to reduced effectiveness of Herceptin
Complexity of the mechanism of action Unexpected immune-related adverse events in patients treated with
(including interference with the daclizumab since the mechanism of action was not fully known
immune system) Difficulties to disentangle the association between brodalumab
treatment and suicidal ideation and behavior due to limited
knowledge of the influence of brodalumab on the central
nervous system
Difficulties in classifying adverse events Immunogenicity and hypersensitivity reactions cannot be classified

according to the established system according to the typical distinction between type A and B
adverse events

Detection of adverse events Early symptoms of the adverse events encephalitis and

complicated when the symptoms of meningoencephalitis associated with daclizumab treatment

the adverse events mimic those of mimicked the symptoms of multiple sclerosis relapse

the treated disease Misinterpretation of progressive multifocal leukoencephalopathy

associated with natalizumab treatment as multiple sclerosis relapse

risk of infusion reactions (30). Many aspects influence the degree of antibody formation, including
factors such as concomitant use of immunosuppressants and patient-related genetic factors
(31-33). In addition, product-related factors, such as the glycosylation profile and the presence of
impurities, play a role. Another product-related factor that is of influence is the manufacturing
process, including the formulation of the product. The potential consequences of changes in
the formulation are illustrated by the landmark example of epoetin-c. Following the replacement
of human serum albumin by polysorbate 80 and glycine, an increase in the number of reports of
pure red cell aplasia was observed (34, 35). Other changes in the manufacturing process can also
result in variability of the product characteristics among batches of the same product as well as
among the originator biological product and biosimilar. For trastuzumab, the biosimilar product
Ontruzant showed a higher event-free survival compared with the reference product Herceptin
(36). This difference could, however, be explained by differences in physicochemical and biological
properties of the reference product in lots with expiry dates between August 2018 and December
2019 (36, 37). These differences affected the antibody-dependent cell-mediated toxicity and
therefore the effectiveness of Herceptin. Given this variability of product characteristics caused
by manufacturing changes, the EMA requires that for biologicals it should be ensured that
the product and batch is identifiable (38). Previous empirical work has shown that the identification
of the product in reported adverse events is adequate, whereas there is room for improvement
for the identification of the batch (39). Recently, the importance of the identification of the batch
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and product has been emphasized by the EMA and national authorities in the light of the Covid-19
vaccination campaigns (40). In addition to the occurrence of immunogenicity reactions, the nature
of other adverse events also differs between biologicals and small molecules. For biologicals it
was shown that, compared with small molecules, adverse events that were related to infections
and infestations were reported more frequently, whereas psychiatric disorders and vascular
disorders were reported less frequently (41). Another study illustrated that these differences were
not attributable to differences in the indications for which the products are used, as biologicals
and small molecules used for the same diseases also differed in the nature of the observed
adverse events (42). For example, for biological immunosuppressants, the adverse events of
neoplasms and infections and infestations occurred more frequently for biopharmaceuticals
than for small-molecule immunosuppressants (20% vs 2%, 22% vs 9%, respectively) (42).
Secondly, post-marketing safety learning is challenged by the complexity of the mechanism
of action of biologicals. Although for biologicals it is known that the adverse events are often
assigned to an exaggerated pharmacological response, the mechanism of action is not always
fully elucidated. This is especially relevant for biologicals that exert their pharmacological effect
through interference with the immune system. Given that the immune system is very complex
and the knowledge of the specific pathways that are involved may be limited, the assessment of
the association between the drug and the occurrence of the adverse event may be hampered. This
isillustrated by the potential safety issue of suicidal ideation and behavior observed for brodalumab.
In the clinical trials studying the efficacy and safety of brodalumab in patients with plaque psoriasis,
several cases of completed suicide were observed (43). Brodalumab acts through the inhibition
of the IL-17 receptor and acts therefore on the IL-17 axis for which the non-clinical data suggests
that it can play a role in depression (22, 44). However, little is known about the effects of IL-17 in
the human central nervous system. The effect of brodalumab on this system could therefore not be
excluded, although a firm underlying mechanism could also not be established based on the limited
information available (22). Similarly, the complexity of the influence of biologicals on the immune
system was also seen for daclizumab, an antibody against CD-25 used for the treatment of relapsing
forms of multiple sclerosis. Several years after the approval of daclizumab, immune-related events
in the central nervous system (encephalitis and meningoencephalitis) were observed in clinical
practice (45). At the time of approval, the company and regulatory authorities did not identify
immune-related adverse events as a (potential) risk for daclizumab (46). However, in the clinical
trials supporting its approval, there may have been suggestions for the occurrence of these adverse
events in patients using this drug, as the incidence of immune-related adverse events was higher
for daclizumab compared with placebo (45). As the mechanisms of action of daclizumab are not
fully known, the mechanism through which it causes the immune-related adverse event was also
not elucidated.

Thirdly, another challenge with biologicals is that the adverse events associated with biologicals
may be difficult to classify according to the typical distinction between type A and type B adverse
events. Traditionally, type A adverse events are considered to be related to the pharmacological

effect of the drug, to be dose-dependent, and to occur frequently, whereas type B adverse events are

15




16

GENERAL INTRODUCTION

considered to be unexpected and unpredictable, are not dose-dependent, and are uncommon (47).
For small-molecule drugs, type B events can include a variety of immunological reactions, including
anaphylaxis, dermatitis, and vasculitis. For biologicals, however, these events are not unexpected
and can be even related to the mechanism of action, such as in the case of the immune checkpoint
inhibitors. Moreover, although no cases of pure red cell aplasia were reported in the clinical trials
studying epoetin-q, it was expected that anti-drug antibody formation could occur. Therefore,
alternative classification systems for biologicals have been described. For example, Lee and
Kavanaugh differentiated between target-related and agent-related adverse events (48). Pichler et
al. further specified the adverse events and proposed dividing the adverse events for biologicals
(cytokines, antibodies, and fusion proteins) into the following five groups: high cytokine levels
(type a); hypersensitivity because of an immune reaction against the biological agent (B); immune
or cytokine imbalance syndromes (y); symptoms due to cross—reactivity (8); and symptoms not
directly affecting the immune system (g) (49). These classification systems can facilitate the further
characterization of the safety profile of biologicals or, in clinical practice, facilitate the choice of
the intervention following the occurrence of an adverse event. For this, however, the classification
systems should be able to be used for, for example, signal detection purposes, which was found to
be difficult for the system proposed by Pichler et al. (50).

Fourthly, the detection of adverse events for biologicals can be complicated when the symptoms
of the adverse events mimic those of the treated disease, which brings challenges to post-marketing
safety learning. In the daclizumab example, events of encephalitis and meningoencephalitis were
observed in clinical practice. The early symptoms of these events include aphasia, confusion, and
disorientation and were at first misinterpreted as worsening of the disease, as these are similar to
the symptoms associated with multiple sclerosis relapse (45). The misinterpretation of adverse events
was also seen in patients who developed progressive multifocal leukoencephalopathy (PML) when
treated with natalizumab (51). When adverse events are not recognized as such by the patients and
healthcare professionals in clinical practice, the characterization of the safety profile is hampered,
as spontaneous reports are an important information source for identifying post-marketing safety

issues, for small-molecule drugs as well as for biologicals (52).

THE ROLE OF SAFETY INFORMATION IN POST-MARKETING
SAFETY LEARNING

Safety information can be provided through different information sources, which are, in the context
of this thesis, divided into regulatory and clinical information sources. The regulatory information
sources that are in place for all drugs include the European Public Assessment Report (EPAR) and
product information. The EPAR describes the information supporting approval, including results
of the preclinical and clinical studies and is updated throughout the drug’s life-cycle when, for
example, the indication of the drug is extended. The information described in the EPAR is translated
into the product information that describes, among other things, the adverse events that are
associated with the drug and the populations for which it is not safe to use the drug, and is also kept

up to date throughout the drug’s life-cycle. In its turn, the product information forms the basis of
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the information provided in drug compendia used in clinical practice, such as FASS in Sweden and
the Farmacotherapeutisch Kompas in the Netherlands (53, 54). In addition, the product information
is used within the information systems used by healthcare professionals, including pharmacists and
physicians. Besides the EPAR and product information that inform healthcare professionals about
the safety profile of drugs, a Direct Healthcare Professional Communication is sent by the company,
when new and important safety information becomes available, to directly inform healthcare
professionals about this. Other information sources are the publications in peer-reviewed scientific
journals. The safety results of the phase three clinical trials supporting the approval of new drugs are
published, often in high-impact journals (55). Moreover, the results of post-marketing safety studies
are published, either in peer-reviewed scientific journals or on the website of the European Network
of Centers for Pharmacoepidemiology and Pharmacovigilance (56). These scientific publications,
with other evidence-based information, provide the basis for the recommendations described in
clinical guidelines. In addition to the safety information aimed at informing healthcare professionals,
patients can also use a variety of information sources to gain knowledge about the safety profile of
drugs. For drugs that are used by the patient, the package leaflet, as part of the product information,
provides information about the adverse events that can be experienced. The package leaflet also
forms the basis for specific webpages dedicated to promoting safe medication use by patients, such
as apotheek.nlin the Netherlands.

These information sources play an important role in post-marketing safety learning. First,
safety information can be aimed at patients and healthcare professionals to inform them about
the safety profile of the drug in order to minimize the risks associated with the use of the drug. For
example, at the time of the approval of the checkpoint inhibitors, there was limited experience in
clinical practice with the associated immune-related adverse events. Therefore, extensive measures
were implemented to inform both healthcare professionals and patients about the symptoms of
the immune-related adverse events in order to identify and treat them early (57, 58). In the post-
marketing phase, healthcare professionals gained experience with the use of the checkpoint
inhibitors and their adverse events, and this eventually led to the discontinuation of the extensive
measures (59, 60). Secondly, information can be provided about the populations for which it is not
safe to use the drug or for which limited information about the safety profile was gained through
the clinical trials. In the daclizumab example, in the clinical trials and post-marketing phase, it was
shown that daclizumab was associated with unpredictable and potentially fatal liver injury (46).
Therefore, the safety information states that daclizumab should not be used in patients with pre-
existing liver disease. With the provision of safety information that describes the known adverse
events, the generation of knowledge about new adverse events for the same drug or other drugs is
also facilitated. Previously, it was shown that the identification of PML associated with natalizumab
may have contributed to the identification of rituximab-associated PML, as the number of PML
reports for rituximab increased after the safety information regarding natalizumab-associated PML
was issued (61). Furthermore, healthcare professionals noticed the occurrence of the unexpected
immune-mediated adverse events in patients using daclizumab, after which a thorough evaluation of
the benefit—risk balance was initiated. In addition to informing healthcare professionals and patients

about the safety profile of the drugs, the information provided through the different sources can
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facilitate reqgulatory science. By providing information about the rationale of the decisions made
by the regulatory authorities and keeping track of the implemented changes, regulatory decision-
making can be studied.

Although all stakeholders benefit from adequate safety information, the intended purpose
of the type of information source determines the safety information that is presented, which
can differ among stakeholders. Moreover, the format of these information sources varies. For
example, the package leaflet describes all adverse events that can occur during treatment, whereas
healthcare professionals may discuss only the most frequently occurring or serious adverse
events. Moreover, scientific publications are limited by the word count required by the journals,
whereas the document size of the product information and clinical guidelines is not limited. Given
these aspects, the safety information provided within the different documents may differ. There
is, however, limited information available about the differences between the safety information

provided through regulatory and clinical sources, which is addressed in this thesis.

THESIS AIM

Previous research and PhD theses from our group have focused on post-marketing safety learning
for biologicals and have assessed the characterization of the safety profile and safety assessment of
biologicals in the post-marketing phase and the regulatory tools that are in place for this purpose.
A variety of safety-related regulatory actions and regulatory activities for biologicals have been
studied and, if applicable, compared with other drug classes (18, 41, 42, 52, 62, 63). Furthermore,
studies have addressed specific adverse events and the dynamics of safety learning on both
unexpected adverse events and uncertainties regarding the safety profile at approval (20, 21, 61, 64).

Post-marketing safety learning for biologicals is continuously evolving, and, with the continuous
introduction of biologicals with new mechanisms of action, additional challenges are introduced
into the system. Moreover, specific aspects of the dynamics surrounding post-marketing safety
learning as well as the link between information from regulatory and clinical sources have not been
explored to date.

This thesis provides further insights in post-marketing safety learning for biologicals build on
the established knowledge on this topic. We specifically focus on the characterization of specific
adverse events, dynamics in post-marketing safety learning, and the comparison between safety

information from regulatory and clinical sources.

THESIS OUTLINE

This thesis includes six studies divided over three chapters, followed by a general discussion.
Chapter 2 focuses on the characterization of specific safety issues for biologicals. In
Chapter 2.1, we explore the association between use of monoclonal antibodies and depression
and suicidal ideation and behavior using spontaneously reported adverse events. The study serves
as a first step in studying this potential association for the group of monoclonal antibodies and

explores the potential influence of their immunomodulating properties. In Chapter 2.2, we study
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the incidence, longitudinal pattern, and potential risk factors of thyroid disorders in a cohort of
patients treated with PD-1/PD-L1 inhibitors.

Chapter 3 addresses the dynamics in post-marketing safety learning during the drug’s life-
cycle and across biological products. In Chapter 3.1, we describe the post-marketing changes in
the dosing information of biologicals. For small molecules, dosing changes occur frequently and
are often safety related, whereas to date the frequency and nature of dosing changes have not been
characterized for biologicals. Within the current study, we examined the number of dosing changes
and the underlying rationale for the changes in dosing information. Chapter 3.2 evaluates whether
the overlap in adverse events described in the product information of TNF-« inhibitors is achieved
during the drug’s life-cycle. In addition, factors associated with the overlap of the described adverse
events were studied.

Chapter 4 describes the comparison between safety information from regulatory and clinical
information sources. In Chapter 4.1, we focus on biologicals used for treating patients with multiple
sclerosis and compare the information about adverse events originating from regulators with that
originating from the scientific community. The number and types of adverse events and the attention
given to the adverse events were compared in order to study the potential consequences of
the differences between the documents for optimal clinical decision making. In Chapter 4.2, we
assess the methods used to identify and classify thyroid disorders in clinical trials and observational
studies.

Finally, in the general discussion (Chapter 5), the results of the previous chapters are discussed

in a broader context and recommendations for future clinical and regulatory practice are provided.
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ABSTRACT

Introduction: Several monoclonal antibodies (mAbs) have been linked to neuropsychiatric adverse

effects in patients, including depression and suicidal ideation and behavior.

Aim: The aim of this study was to quantify and characterize spontaneously reported adverse drug
reactions (ADRs) of depression and suicidal ideation and behavior related to mAb users, and to

explore a possible association with their mechanism of action.

Methods: We included mAb ADRs that were reported in VigiBase, and identified those related to
depression and suicidal ideation and behavior. Reporting odds ratios (RORs) were estimated for
each mAb (bevacizumab as the reference) and according to their influence on the immune system
(not directly targeting [reference], stimulating, or suppressing). Those suppressing the immune

system were further divided into their intended indication (auto-immune diseases, cancer).

Results: Overall, 2,924,319 ADRs for 44 mAbs were included; 9455 ADRs were related to depression
and 1770 were related to suicidal ideation and behavior. The association was strongest for
natalizumab and belimumab, both for depression (ROR 5.7, 95% confidence interval [CI] 5.0-6.4;
and ROR 5.1, 95% Cl 4.2-6.2) and suicidal ideation and behavior (ROR 12.0, 95% CI 7.9-18.3; and ROR
20.2, 95% C112.4-33.0). Those suppressing the immune system showed higher ROR, i.e. 1.9 (95% ClI
1.8-2.0) for depression and 3.6 (95% Cl 3.0-4.4) for suicidal ideation and behavior. This finding was

only seen for mAbs used for treating autoimmune diseases.

Conclusion: Depression and suicidal ideation and behavior are seen in patients using mAbs,
particularly mAbs used for treating autoimmune diseases that suppress the immune system.
For interpretation of these data, the indications for use and other characteristics require

further consideration.
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INTRODUCTION

In May 2015, the phase Ill clinical trials investigating the efficacy and safety of brodalumab,
amonoclonal antibody (mAb) against the interleukin (IL)-17 receptor, in patients with psoriasis were
terminated early by the pharmaceutical company (1). The trigger for this decision was six reports of
completed suicide as adverse events in the approximately 5000 patients treated with brodalumab in
the clinical trial program (2), although the evaluation thereof by both the pharmaceutical company
and regulatory authorities concluded that a causal relation between the use of brodalumab and
suicidal ideation and behavior was unlikely (1, 2). In May 2017, brodalumab was authorized in
the European Union based on the assessment of the regulatory authorities that the efficacy of
brodalumab outweighs the risks, including the potential risk of suicidal ideation and behavior
(2). Despite this conclusion, a warning was included in the product information to carefully weigh
the risks and benefits of treatment with brodalumab for patients with a history of depression and/or
suicidal ideations, and for patients who develop these symptoms during treatment. Furthermore,
a post-authorization safety study was required with a focus on serious events of, among others,
suicidal ideation and behavior. To date, a mechanism through which brodalumab may cause such
eventsis not known. Research in animal studies has shown that IL-17, which is blocked by brodalumab,
can influence neurological function and therefore modulate behavior (3-5); however, this has not
been studied in humans.

Depression and suicidal ideation and behavior have also been reported in clinical trials of
other mAbs, such as belimumab, which is used to treat patients with systemic lupus erythematosus
and targets against B-cell activating factor (6). In addition, the mAbs infliximab, adalimumab, and
natalizumab have, in case reports, been associated with suicidal ideation and behavior (7-17).

The aforementioned mAbs exert their intended effects through targeting different (anti-)
inflammatory factors. During the past decades, the link between psychiatric disorders and
autoimmune disorders has been extensively discussed (12-14). This link is considered to be partially
explained by the influence of inflammatory factors on the brain. Different meta-analyses have
evaluated the contribution of inflammatory factors in the pathophysiology of major depression and
suicidal ideation and behavior (15-20). These indicate that alterations in both pro-inflammatory and
anti-inflammatory factors are linked to psychiatric disorders; however, mAbs that have a mechanism
of action not directly targeting the immune system have also been linked to psychiatric disorders.
For example, approximately 1-10% of patients treated with trastuzumab, a human epidermal growth
factor receptor 2 inhibitor used for the treatment of cancer, develop depression (21). It should be
noted that the estimated prevalence of major depression among patients with both cancer and
autoimmune diseases exceed the estimated prevalence in the general population (22, 23). It is
therefore challenging to differentiate between the underlying disease and the effect of treatment.

To date, no studies have, to our knowledge, evaluated the potential risk of depression and
suicidal ideation and behavior for the group of mAbs as a whole. Therefore, the first aim of this study
was to quantify and characterize spontaneously reported adverse drug reactions (ADRs) related
to depression and suicidal ideation and behavior for mAbs. In addition, the association between
the mechanism of action of the mAb and spontaneously reported ADRs of depression and suicidal

ideation and behavior will be explored.
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METHODS

Setting and data source

VigiBase, the World Health Organization global individual case safety report (ICSR) database that
is maintained by the Uppsala Monitoring Centre, was used as the data source for this study (24).
As of December 2017, over 16 million case reports of ADRs have been submitted since the start
of data collection in 1968. The ICSRs are first reported by healthcare professionals and patients to
more than 120 national pharmacovigilance centers, and then transferred to VigiBase. ICSRs contain
information regarding patient characteristics, suspected drugs, ADRs, and additional information
relevant to the report, such as the reporter type, reporting year, and reporting region (24).
Completeness of the ICSRs is variable. ADRs are classified according to the Medical Dictionary for
Regulatory Activities (MedDRA®), and suspected drugs are classified according to the Anatomical
Therapeutic Chemical (ATC) classification.

All reports included in VigiBase until December 2017 in which an mAb was the suspected
drug were identified. Only mAbs that had been authorized by the European Medicines Agency
(EMA) and/or the US FDA for 3 or more years as of December 2017 were included, accounting for
a representative reflection of the ADRs that are reported. Information on the regulatory status was
retrieved from the publicly available information on the FDA (http://www.fda.gov) and EMA (http://

WWW.ema.europ a.eu) websites.

Outcome

Spontaneously reported ADRs related to depression and suicidal ideation and behavior were
identified using the Standardized MedDRA® Query (SMQ) Depression and suicide/self-injury
(narrow) [MedDRA® version 20.1]. SMQs are validated and maintained by the Maintenance
and Support Services Organization and updated with each version of MedDRA® (25). The SMQ
‘Depression and suicide/self-injury (narrow)’ contains 36 preferred terms. A distinction is made in

preferred terms related to depression (n =24) and suicide/self-injury (n =12).

Exposure

The association between the mAb and spontaneously reported ADRs of depression and suicidal
ideation and behavior was defined in two ways. First, exposure was defined for the mAbs individually
using bevacizumab as the reference. Second, mAbs were grouped by their influence on the immune
system (not directly targeting the immune system, suppressing or stimulating the immune system)
(see supplementary material). MAbs suppressing the immune system were further stratified
according to their intended indication based on their ATC code (autoimmune diseases or cancer).
Information on the influence of mAbs on the immune system and their intended indication was

retrieved from the product information publicly available on the FDA and/or EMA websites.
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Data analysis

Descriptive statistics were used to quantify the reported ADRs at the level of the drug—ADR pair.
ADRs were stratified by sex (male, female), age (<18 years, 18—44 years, 45-64 years, and = 65 years),
reporting year (from the first reporting year divided into periods of 5 years), reporting region
(Africa, the Americas, Southeast Asia, Europe, Eastern Mediterranean, and Western Pacific), and
reporter type (healthcare professional, consumer, other). The proportions of ADRs for depression
and suicidal ideation and behavior were calculated by dividing the number of depression or suicidal
ideation and behavior ADRs by the total number of reported ADRs within the stratum.

The strength of the association between mAbs and neuropsychiatric effects was expressed as
the reporting odds ratio (ROR) with 95% confidence intervals (Cls) (26, 27). RORs were estimated
for the ADRs related to depression and suicidal ideation and behavior separately. For analysis
of the individual mAbs, bevacizumab was used as the reference as it does not directly target
the immune system and has been widely used for years, and was therefore considered to have an
established safety profile. For the analysis of the mAbs grouped by their influence on the immune
system, mAbs not directly targeting the immune system were used as the reference. In addition, for
the subgroup analysis stratified by the intended indication, mAbs not directly targeting the immune
system were used as the reference.

All data were analyzed using SPSS for Windows, version 24.0 (IBM Corporation, Armonk, NY, USA).

RESULTS
In VigiBase, 3,048,884 ADRs were identified for 139 different mAbs as suspected drugs; 124,565 ADRs

for 95 mAbs were excluded because they were reported for mAbs that had not been authorized
by the FDA and/or EMA for 3 or more years as of December 2017. The study population therefore
comprised 44 mAbs (active substances), for which a total of 1,048,576 ICSRs were filed, representing
2,924,319 drug—ADR pairs, of which 9455 (0.32%) were related to depression and 1770 (0.06%) were
related to suicidal ideation and behavior.

The proportion of suicidal ideation and behavior ADRs was comparable between men and
women (0.07% and 0.06%, respectively), whereas the proportion of depression ADRs was higher
in women compared with men (0.35% and 0.27%, respectively) (Table 1). The highest proportion of
depression and suicidal ideation and behavior ADRs was observed in the age range between 18 and
64 years, at 0.35% and 0.08%, respectively (Table 1). The highest proportion of depression ADRs
originated from the Americas region (0.36%), followed by the European region (0.17%). No regional
differences were seen in the proportion of suicidal ideation and behavior ADRs. The proportion of
ADRs involving depression increased over time, from 0.11% in the period between 2000 and 2004, to
0.28% in the period between 2015 and 2017, whereas the frequency of suicidal ideation and behavior
remained at approximately 0.06%. Among consumer reports, the proportion of depression ADRs
was higher (0.44%) than among reports of healthcare professionals (0.23%), whereas for suicidal
ideation and behavior, the proportion was comparable (0.05% and 0.07%).

For seven mAbs, no ADRs were reported for depression, and for 17 mAbs, no suicidal ideation

and behavior ADRs were reported; therefore, the ROR could not be estimated for these mAbs.
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Table 1. Characteristics of depression, suicidal ideation and behavior, and all adverse drug reactions (ADRs)
reported for the monoclonal antibodies.

Suicidal ideation and
Depression ADRs (%) behavior ADRs (%)

Total (n=2,924,319) 9,455 (0.32) 1,770 (0.06)
Sex Male (n=889,618) 2,423 (0.27) 638 (0.07)
Female (n=1,896,884) 6,669 (0.35) 1,072 (0.06)
Unknown (n=137,817) 363 (0.26) 60 (0.04)
Age <18 years (n=62,164) 97 (0.16) 61(0.10)
18 — 44 years (n=516,973) 1,830 (0.35) 515 (0.10)
45 — 64 years (n=838,942) 2,822 (0.34) 525 (0.06)
265 years (n=481,932) 868 (0.18) 98 (0.02)
Unknown (n=1,024,308) 3,838 (0.37) 571(0.06)
Region African region (n=3,438) 7(0.20) 1(0.03)
Region of the Americas (n=2,433,422) 8,648 (0.36) 1,523 (0.06)
South-east Asia region (n=4,372) 2(0.05) 3(0.07)
European region (n=376,078) 640 (0.17) 196 (0.05)
Eastern Mediterranean region (n=3,252) 5(0.5) 1(0.03)
Western Pacific region (n=103,757) 153 (0.15) 46 (0.04)
Reporting 1995 - 1999 (n=1,367) 0 (0) 0 (0)
year 2000 — 2004 (n=52,267) 57 (0.11) 5(0.01)
2005 - 2009 (n=284,580) 659 (0.23) 183 (0.06)
2010 — 2014 (n=1,243,659) 4,928 (0.40) 782 (0.06)
2015 — 2017 (n=1,342,446) 3,811 (0.28) 800 (0.06)
Reporter  Health care professional (n=1,413,828) 3,221(0.23) 991 (0.07)
Consumer (n=1,285,732) 5,600 (0.44) 633 (0.05)
Other (n=29,983) 110 (0.37) 32 (0.11)
Unknown (n=194,776) 524 (0.27) 114 (0.06)

For depression, the association (relative to bevacizumab) was strongest for natalizumab (ROR
5.7, 95% ClI 5.0-6.4), followed by belimumab (ROR 5.1, 95% ClI 4.2-6.2) (Fig. 1). Furthermore, RORs
were calculated for different groups of mAbs based on their influence on the immune system
(Fig. 2). For depression, the association was strongest for mAbs suppressing the immune system
(ROR 1.9, 95% CI 1.8-2.0) when compared with mAbs not directly targeting the immune system.
The mAbs suppressing the immune system were further stratified according to their intended
indication. The results show that the association with depression for mAbs used for the treatment of
autoimmune diseases was stronger compared with mAbs not directly targeting the immune system
(ROR1.96, 95% C11.84-2.10), whereas for mAbs used for the treatment of cancer, this difference was
not seen (ROR 0.9, 95% Cl 0.8-1.0). The mAbs stimulating the immune system were all indicated for

the treatment of cancer and hence were not further stratified.
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For suicidal ideation and behavior the ROR (relative to bevacizumab) was highest for belimumab
(20.2, 95% CI 12.4-33.0) followed by natalizumab (12.0, 95% CI 7.9-18.3) (Fig. 3). When grouping

the mAbs based on their influence on the immune system, the ROR for suicidal ideation and

behavior was highest for mAbs suppressing the immune system (3.6, 95% Cl3.0—4.4) compared with

mAbs not directly targeting the immune system (Fig. 4). When stratifying the mAbs suppressing
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Figure 1. Reporting odds ratios (RORs) relative to bevacizumab of depression adverse drug reactions (ADRs) for

the monoclonal antibodies separately.
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Figure 2. Reporting odds ratios (RORs) relative to monoclonal antibodies not directly targeting the immune
system of depression adverse drug reactions (ADRs) for monoclonal antibodies grouped by their influence on
the immune system.

the immune system by their intended indication, the ROR for mAbs used for the treatment of
autoimmune diseases was higher compared with mAbs not directly targeting the immune system
(3.8, 95 C1 3.1-4.7), whereas for mAbs used for the treatment of cancer, this difference was not seen
(ROR1.1, 95% CI 0.7-1.5).
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Figure 3. Reporting odds ratios (RORs) relative to bevacizumab of suicidal ideation and behavior adverse drug

reactions (ADRs) for the monoclonal antibodies separately.
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Figure 4. Reporting odds ratios (RORs) relative to monoclonal antibodies not directly targeting the immune
system of suicidal ideation and behavior adverse drug reactions (ADRs) for monoclonal antibodies grouped by
their influence on the immune system.

DISCUSSION

The current study is, to our knowledge, the first to assess the potential risk of depression and
suicidal ideation and behavior for the group of mAbs as a whole. The most relevant finding of this
study is that mAb-induced depression and suicidal ideation and behavior seems to be associated
with certain specific immune modulating properties.

Depression andsuicidal ideation and behavior were most often reported forthe mAbs belimumab
and natalizumab. When the mAbs were grouped according to their influence on the immune system,
we found that depression and suicidal ideation and behavior were more frequently reported for
mAbs suppressing the immune system compared with mAbs that do not directly target the immune
system. Further stratification by intended indication of the mAbs suppressing the immune system
only showed this difference in mAbs used for the treatment of autoimmune diseases. When
characterizing the reports, the most marked finding was that the proportion of consumer reports
related to depression was approximately twofold higher compared with healthcare professionals.

The discrepancy in the reporting of depression by patients compared with healthcare
professionals, as found in this study, is in line with previous studies showing that patients are more
likely to report psychiatric ADRs compared with healthcare professionals (28, 29). This may be
explained by the nature of the events, as these are experienced by patients to have a direct impact

on quality of life.
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Belimumab and natalizumab showed the highest reporting of depression and suicidal ideation
and behavior relative to bevacizumab. For belimumab, the potential risk of depression was seen
in clinical trials and is listed in the product information (30, 31). Furthermore, the pharmaceutical
company is currently performing a study to further characterize this potential risk (31). For
natalizumab, studies have reported improvement in depression symptoms (32). However,
natalizumab has also been reported to cause suicidal ideation and behavior by inducing peripheral
cell-mediated inflammation resulting in cytokine secretion (in particular, tumor necrosis factor
[TNF]-o) (10). Our study shows a substantial number of reports for natalizumab, indicating that this
potential risk should be taken into consideration when treating patients with natalizumab. Besides
both agents suppressing the immune system, belimumab and natalizumab do not share further
mechanistic commonalities. Due to the limited number of mAbs with more specific mechanistic
commonalities (e.g. TNFa inhibitors, IL inhibitors), we were unable to clearly identify patterns in
reporting for mAbs with these mechanistic commonalities. As a result, it is not possible to indicate
if this potential risk should be monitored for in the post-marketing phase of new mAbs with
a specific mode of action.

We also found that depression and suicidal ideation and behavior are more frequently
reported for mAbs suppressing the immune system compared with mAbs that do not directly
target the immune system. Different meta-analyses showed that inflammatory factors play a role
in the pathophysiology of depression and suicidal ideation and behavior (15-20). In general, it is
assumed that patients with depression or suicidal ideation and behavior have increased levels of
pro-inflammatory factors compared with healthy subjects. However, in meta-analyses, alterations
in both pro-inflammatory and anti-inflammatory factors have been linked to these psychiatric
disorders. In addition, the influence of psychiatric diseases has been reported for both low and
high levels of pro-inflammatory factors (33). The influence exerted by inflammatory factors involves
acomplicated process and full understanding of their role is lacking. This makes it challenging to fully
explain the potential influence of mAbs on these inflammatory factors. In this study, we showed that
depression and suicidal ideation and behavior are more frequently reported for mAbs suppressing
the immune system compared with mAbs that do not directly target the immune system. This may
be explained by the alterations in the levels of inflammatory factors caused by the mAbs.

When the analysis was stratified by the intended indication of the mAb, the difference seen for
mAbs suppressing the immune system was only seen in mAbs used for the treatment of autoimmune
diseases and not those that suppress the immune system and are used for the treatment of cancer.
The potential issue of confounding by indication should therefore be taken into consideration when
interpreting these results. As previously described, the estimated prevalence of depression for both
patients with cancer and autoimmune diseases exceeds the estimated prevalence in the general
population; however, for the main indications of the mAbs suppressing the immune system included
in our study, the prevalence of depression seems comparable. In the populations treated with
mAbs used for the main autoimmune indications (rheumatoid arthritis, multiple sclerosis, Crohn’s
disease, psoriasis, and systemic lupus erythematosus), the prevalence of depression is similar

and ranges from 20 to 30% (23, 34-37). The main indications for the mAbs used for cancer were
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hematological malignancies, and the prevalence of depression is estimated to be approximately 20%
in these patients (38).

The strength of this study is that the reports included where retrieved from VigiBase,
the largest database containing ICSRs, and were therefore well-suited to obtain insight into
reporting patterns, as well as for ADRs with a low reporting frequency, such as suicidal ideation
and behavior. Furthermore, the analysis was not only performed for the mAbs separately but aimed
to explore the reporting of depression and suicidal ideation and behavior to the mechanism of

action of the mAbs.

Limitations

Several limitations are introduced when using data from a spontaneous reporting system. First,
we did not have information on the number of patients exposed to the mAbs and the potential
history of psychiatric disorders of the patients. In addition, we did not perform a formal causality
assessment of the reports. Furthermore, the willingness to report depression and suicidal ideation
and behavior may be different between the different disease categories. Therefore, the results
of this study should be considered hypothesis-generating, and additional studies are needed to
further characterize the potential risk of depression and suicidal ideation and behavior in patients
treated with mAbs.

CONCLUSION

Events of depression and suicidal ideation and behavior are reported for mAbs, especially for mAbs
that suppress the immune system and that are used for the treatment of autoimmune diseases.
This further supports the link between inflammatory factors and the occurrence of depression and
suicidal ideation and behavior. The present study provides important knowledge for future research
inwhich, among others, the relation between the different inflammatory factors and the occurrence
of depression and suicidal ideation and behavior, indications for use, and population characteristics

should be studied to characterize and quantify this potential risk.
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SUPPLEMENTARY MATERIAL

Table S1. Grouping of the monoclonal antibodies according to their influence on the immune system.

Influence on the immune system

Monoclonal antibody

Not directly targeting
the immune system

Stimulating the immune system
Suppressing the immune system

Abciximab, bevacizumab, brentuximab vedotin, cetuximab,
denosumab, indium satumomab pendetide, palivizumab,
panitumumab, pertuzumab, ranibizumab, ramucirumab,
raxibacumab, technetium arcitumomab, technetium
fanolesomab, technetium sulesomab, trastuzumab,
trastuzumab emtansine

Blinatumomab, catumaxomab, ipilimumab, pembrolizumab
Adalimumab, alemtuzumab, basiliximab, belimumab,
canakinumab, certolizumab pegol, daclizumab, eculizumab,
efalizumab, gemtuzumab ozogamicin, golimumab, indium/
yttrium ibritumomab tiuxetan, infliximab, iodine tositumomab,
natalizumab, obinutuzumab, ofatumumab, omalizumab,
rituximab, siltuximab, tocilizumab, ustekinumab, vedolizumab
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ABSTRACT

Introduction: Programmed death receptor protein—1/programmed death-ligand 1 (PD-1/PD-L1)
inhibitors have shown to be effective in a variety of cancer types, but these drugs can also cause

(serious) immune-related adverse events, of which thyroid disorders are the most pronounced.

Aim: To estimate the incidence, the time to onset of thyroid disorders and time to normalization of
the thyroid values in patients treated with PD-1/PD-L1 inhibitors in clinical practice. Furthermore, to
assess longitudinal thyroid-level measurement patterns for each patient over time and to explore
the patient, disease, and treatment characteristics associated with the occurrence of thyroid

disorders.

Methods: Patients treated with PD-1/PD-L1 inhibitors at the University Medical Center Utrecht,
the Netherlands, between 2014 and 2019, were included in the cohort. The incidence, time to
occurrence of the thyroid disorders and time to normalization of the thyroid values were assessed.
Patterns of thyroid hormone levels over time were evaluated using latent profile analysis. A case—
control analysis using conditional logistic regression was performed to assess the association

between patient, disease, and treatment characteristics and the occurrence of thyroid disorders.

Results: A total of 465 patients were included in this study, of which 13% (n = 58) developed thyroid
disorders. Isolated hypothyroidism was observed in 19% (n = 11) of the patients and occurred
after a median of 69 days. The remaining 81% (n = 47) of the patients developed hyperthyroidism,
which occurred, if isolated, after a median of 55 days (48%, n = 28) and after 21 days for those who
subsequently developed hypothyroidism at a median of 48 days later (33%, n = 19). The thyroid
levels normalized within a median of 55 days. About 4% (n=14) of the patients experienced
a specific pattern with a rapid decline in thyroid-stimulating hormone (TSH) values after initiation
of the therapy followed by an increase. This pattern was more prominently observed for female
melanoma patients treated with the combination of a PD-1/PD-L1 inhibitor and ipilimumab (4%,
n =14). Female patients and patients with pre-existing thyroid disorders were at increased risk of
developing thyroid disorders (odds ratio [OR]: 2.04 [95% confidence interval (Cl): 1.14-3.70], and
OR: 4.31[95% Cl: 1.47-12.61], respectively).

Conclusion: In patients treated with PD-1/PD-L1 inhibitors, 13% developed thyroid disorders, which
occurred more often in female patients and patients with pre-existing thyroid disorders. A specific
pattern, with a rapid decline in TSH values followed by an increase, was observed for female
melanoma patients treated with a PD-1/PD-L1 inhibitor and ipilimumab. This study also confirmed

that thyroid levels should be measured regularly, especially during the first treatment cycles.
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INTRODUCTION

Programmed death receptor protein—1/programmed death-ligand 1 (PD-1/PD-L1) inhibitors
have emerged as important treatment options in oncology over recent years. The PD-1/PD-L1
inhibitors were studied primarily in patients with advanced melanoma, which is considered to be an
immunogenic tumor (1). Currently, the PD-1/PD-L1 inhibitors have shown to be of therapeutic value
for the treatment of a large variety of cancer types, such as non-small-cell lung carcinoma, bladder
cancer, and classical Hodgkin’s lymphoma (2).

The therapeutic effect of the PD-1/PD-L1 inhibitors is achieved through blocking the activity
of the PD-1 receptor. As the PD-1 receptor is a negative regulator of T-cell activity, blockade of
this receptor potentiates endogenous T-cell responses through which the antineoplastic effect is
achieved (3). However, this potentiated immune response can also result in immune-related adverse
events. Almost all patients treated with PD-1/PD-L1 inhibitors experience immune-related adverse
events, which can range from general adverse events related to the activation of the immune system
(e.g., fever, fatigue) to organ-specificimmune-related reactions. Some of the most common organ-
specific immune-related adverse events are thyroid disorders, including both hypothyroidism and
hyperthyroidism. Thyroid disorders occur in approximately 10—-20% of the patients and arise mainly
during the first months of treatment (4-10). The underlying mechanism for the occurrence of thyroid
disorders is not fully known, with studies presenting conflicting results about the contribution
of thyroid-related antibodies (11-15). The management of thyroid disorders differs from that of
other immune-related adverse events. Thyroid disorders that require treatment interruptions are
rare (5, 16). Moreover, in general, (serious) immune-related adverse events are treated with
corticosteroids, whereas the course of thyroid disorders is not thought to be altered by
immunosuppressive treatment and they are therefore managed with thyroid hormone replacement
therapy only. In addition, while most non-thyroid immune-related adverse events resolve and
remain in remission after tapering of immunosuppressants, thyroid disorders are generally
irreversible, necessitating chronic thyroid hormone replacement therapy (7). As thyroid disorders
are often asymptomatic or present with non-specific symptoms, such as nausea, muscle aches, and
tiredness, monitoring of thyroid levels is required during treatment (7, 17, 18).

Previous observational studies identified several risk factors for the occurrence of thyroid
disorders. Patel et al. showed that approximately 70% of the patients with abnormalities in thyroid
levels prior to initiation of the therapy had an exacerbation of their abnormalities, whereas 35%
of the patients with normal thyroid levels prior to the therapy developed abnormalities in thyroid
function (19). Sbardella et al. reported that therapy with tyrosine kinase inhibitors is associated
with a higher risk of developing hypothyroidism; more than 60% of the patients who developed
hypothyroidism were previously treated with a tyrosine kinase inhibitor, compared with 20% of
the patients who did not develop hypothyroidism (20). In addition, data from clinical trials has
shown a higher predicted incidence of hypothyroidism in patients treated with PD-1 inhibitors
compared with patients treated with PD-L1 inhibitors (7.0% vs 3.9%) (5).

Although multiple observational studies have evaluated potential risk factors for the occurrence

of thyroid disorders, these studies were limited by the number of patients included. Moreover, these
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studies did not fully disentangle the pattern of the thyroid levels over time nor assessed whether
populations show different patterns. Therefore, the aims of the current study are to estimate
the incidence and time to onset of thyroid disorders and time to normalization of the thyroid
values, to describe the pattern of thyroid levels over time, and to explore the patient, disease, and
treatment characteristics associated with the occurrence of thyroid disorders in patients treated
with PD-1/PD-L1 inhibitors in clinical practice.

METHODS

Study setting

For this observational study, we created a cohort of patients treated with PD-1/PD-L1 inhibitors
at the University Medical Center in Utrecht (UMCU), the Netherlands. The UMCU is a 1,042-bed
academic teaching hospital in the center of the Netherlands, with annually approximately
28,000 clinical and 15,000 day-care hospitalizations and 334,000 outpatient visits. The UMCU
has a specialized cancer center and is appointed as one of the fourteen centers for advanced
melanoma treatment in the Netherlands. We used data from the Utrecht Patient Oriented Database
(UPOD) for this study. The structure and content of the UPOD have been described in more detail
elsewhere (21). In brief, the UPOD is an infrastructure of relational databases comprising data on
patient characteristics, hospital-discharge diagnoses, medical procedures, medication orders, and
laboratory tests for all patients treated at the UMCU since 2004. Data acquisition and management
of the UPOD is in accordance with current regulations concerning privacy and ethics. The UPOD was
linked to Cato®, the hospitals’ software system used for, among others, prescribing, preparing, and
registering the administration of all oncology treatments. For this study, we extracted the patient
characteristics (age, sex), medication orders (type of drug, dose, administration date, prescribing
date for co-medication), laboratory tests (thyroid hormone values: thyroid-stimulating hormone
[TSH] and free thyroxine [FT4], including the date of measurement), and other measurements

(weight, length, body mass index [BMI], including the measurement date).

Study population

In the cohort, we included all adult patients (218 years) who initiated treatment with the PD-1/PD-L1
inhibitors atezolizumab (Tecentrig®), avelumab (Bavencio®), cemiplimab (Libtayo®), durvalumab
(Imfinzi®), nivolumab (Opdivo®), or pembrolizumab (Keytruda®) between July 2014 and December
2019. We included patients only if they had had at least two measurements of the thyroid hormone
levels at the UMCU: at least one measurement at the cohort entry date and at least one follow-up
measurement within three months following PD-1/PD-L1 treatment initiation. We excluded
patients with a history of thyroidectomy and patients with hyperthyroidism or hypothyroidism at
theinitiation of therapy. We followed patients up until treatment discontinuation or end of the study
period (31 December 2019). We considered patients to have discontinued treatment when there
was a gap of more than three months without administration of the PD-1/PD-L1 inhibitor. We chose
this timeframe because, in the product information of several PD-1/PD-L1 inhibitors, it is described

that if, within three months, treatment-related toxicity does not resolve to acceptable grades then
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the therapy should be permanently discontinued (17, 22). To calculate the treatment duration, we
calculated the time between the first and last administration date with the addition of the cycle

duration to the last administration date.

Outcome

Theaim of this studywasto assess theincidence of thyroid disorders during follow-up within the study
population. We measured both the time to occurrence of the thyroid disorders and the time until
normalization of the thyroid values. In addition, longitudinal thyroid-level measurement patterns
for each patient over time were assessed. We further assessed which patient, disease, and treatment
characteristics were associated with the occurrence of thyroid disorders by means of a case—control
analysis (see Supplementary information for a graphical depiction of the study design).

Patients were considered to have thyroid disorders when they had at least one measurement of
both FT4and TSH outsidethe referencerangeapplied atthe UMCU during follow-up. Hypothyroidism
was defined as an FT4 value of <10 pmol/L and a TSH value of >5.0 mIU/L, and hyperthyroidism was
defined as an FT4 value of >22 pmol/L and a TSH value of <0.35 mIU/L. Moreover, patients could
develop both hypothyroidism and hyperthyroidism during follow-up. According to the clinical
guideline, FT4 and TSH values are routinely monitored in patients treated with PD-1/PD-L1inhibitors.
The time to occurrence of the thyroid disorders was defined as the time in days from initiation of
PD-1/PD-L1 inhibitor treatment until the first event (event date) during follow-up. The time until
the thyroid values normalized was defined as the number of days from the event date until the date
when two consecutive measurements of the thyroid levels were again within the reference range.
Both the time to occurrence and the time until normalization of the thyroid levels were stratified
by the type of adverse event (i.e., isolated hypothyroidism, isolated hyperthyroidism, patients who
developed both hypothyroidism and hyperthyroidism). We also assessed whether the patients with
thyroid disorders were treated with thyrostatic therapy (carbimazole, thiamazole, propylthiouracil)
for hyperthyroidism or thyroid hormone replacement therapy for hypothyroidism and whether this
influenced the time until the thyroid values normalized.

To assess the longitudinal thyroid measurements over time, we included patients for whom
thyroid levels were available for all of the first four treatment cycles of the PD-1/PD-L1 inhibitor.
We used only their TSH values for this analysis, because TSH values are a more sensitive marker for
thyroid function than FT4 values. We then logarithmically transformed the TSH values, as these were
highly skewed (23).

Patients with thyroid disorders were included as cases in the case—control analysis. Each case
was matched to up to five controls from the same cohort using incidence density sampling, thus

matching the cases and controls on the basis of the treatment duration (24).

Patient, disease, and treatment characteristics
We included several patient, disease, and treatment characteristics in the case—control analysis
to assess whether these were associated with the occurrence of thyroid disorders. The following

patient characteristics were included: age (at the cohort entry date), sex, and BMI (measurement
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closest to the cohort entry date). Missing values for BMI and/or weight were replaced by the median
values in the population calculated based on the sex and indication for which the PD-1/PD-L1
inhibitor was used. Indication for use of the PD-1/PD-L1 inhibitor (lung carcinoma, melanoma, and
other: extracted from the description of the diagnosis) was included as a disease characteristic.
In addition, pre-existing auto-immune diseases (identified through the recorded diagnosis
prior to the cohort entry date) and pre-existing thyroid disorders (identified by prescription of
thyroid replacement treatment at any time prior to the cohort entry date) were identified. Finally,
the following treatment characteristics were included: the type of PD-1/PD-L1 inhibitor (PD-1
inhibitor [cemiplimab, nivolumab, pembrolizumab] vs PD-L1 inhibitor [atezolizumab, avelumab,
durvalumab]), dose (at initiation of the PD-1/PD-L1 inhibitor: below or above the median calculated
dose perkilogram), combination therapy (initiated on the same date as the PD-1/PD-L1inhibitor) with
CTLA-4 inhibitor (ipilimumab), concomitant high-dose systemic corticosteroid use in the month
prior to the event date (prednisone or equivalent, 1-2 mg/kg/day), co-medication known to affect
thyroid function for which the prescription covered the event date (severity of at least grade 2:
bexarotene, mitotane, amiodarone, alemtuzumab, interferon-alpha, interleukin-2, highly active

antiretroviral therapy, sorafenib, sunitinib, and oral estrogen (25)).

Data analysis

To assess the longitudinal thyroid measurements over time, a latent profile analysis was performed.
A discrimination was made in the model with the optimal number of classes based on the Akaike
information criterion (AIC) values, for which the model with the lowest AIC value was considered
to be the model with the best fit. The characteristics of the patients in the different groups were
analyzed using descriptive statistics. The latent profile analysis was performed using the package
‘tidyLPA’ in R statistical software version 3.6.0 (26).

For the case—control analysis, we calculated the odds ratios (ORs) including 95% confidence
intervals (Cls) using univariable conditional logistic regression. A multivariable model was
created by including all variables at first and applying stepwise backward selection. Variables
were subsequently excluded from the model based on the AIC values. As a sensitivity analysis for
the case—control analysis, we altered our hypothyroidism case definition to having a TSH value of
>10.0 mIU/L, irrespective of the FT4 value, at any time during follow-up. This is the reference value
used in the guideline Management of Toxicities from Immunotherapy of the European Society for
Medical Oncology, which recommends considering thyroid hormone replacement therapy for
the patients with TSH values of >10.0 mIU/L (27).

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

Ethics

The Medical Research Ethics Committee of the UMCU confirmed that the Medical Research
Involving Human Subjects Act (WMO) does not apply to this study and that therefore an official
ethical approval of the study was not required under the WMO. Data was handled according to

the European privacy law and local guidelines.
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RESULTS

In total, 545 patients initiated treatment with PD-1/PD-L1inhibitors. Of these, 80 were excluded as no
thyroid levels were available (n =11), they did not have thyroid levels available at time of initiation of
the treatment (n = 48), or these were not available during follow-up (n = 21). As a result, we included
465 patients in this study (Table 1). The mean age of the patients was 63 years (standard deviation
[SD]: 12 years) and the majority of the patients were male (61%). Most patients were treated with
the PD-1inhibitors nivolumab (n = 254, 55%) and pembrolizumab (n =172, 37%). As of 31 December
2019, no patients had been treated with the PD-L1 inhibitor avelumab. Patients were treated with
the PD-1/PD-L1inhibitors for a median duration of 128 days (range: 14-1046 days).

Of the 465 included patients, 13% (n = 58) developed thyroid disorders during follow-up. As
shown in Figure 1, isolated hyperthyroidism was observed in 48% (n = 28) of the patients who
developed thyroid disorders, and 19% (n = 11) of the patients developed isolated hypothyroidism.
The remaining third (33%, n =19) of the patients first developed hyperthyroidism that later evolved
into hypothyroidism. The median time to occurrence of isolated hyperthyroidism was 55 days (range:
8-294 days) and of isolated hypothyroidism was 69 days (range: 14-145 days). For the patients who
developed both, the median time to occurrence of hyperthyroidism was 21 days (range: 13-63 days)
and the median time to hypothyroidism was 69 days (range: 42-105 days).

Table 1. Baseline characteristics of the cohort of patients treated with PD-1/PD-L1 inhibitors.

Characteristics n/mean %/SD
Total 465

Age in years, mean (SD) 63 12
Body mass index, mean (SD) (n =353) 25 5
Gender

Male 282 61%
Drug

Nivolumab 254 55%
Pembrolizumab 172 37%
Atezolizumab 21 5%
Durvalumab 16 3%
Cemiplimab 2 0%
PD-1or PD-L1inhibitor

PD-1inhibitor 428 92%
Combination therapy with CTLA-4 inhibitor

Yes 39 8%
Diagnosis

Melanoma 192 41%
Lung cancer 137 30%
Other m 24%
Unknown 25 5%
Pre-existing thyroid disorder

Yes 22 5%
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Figure 1. Number of patients who developed hyperthyroidism and hypothyroidism over time.

Of the 30 patients who developed hypothyroidism, 26 were prescribed thyroid hormone
replacement therapy. Thyroid hormone replacement therapy was initiated at a median time of
two days after diagnosis of the isolated hypothyroidism. Two patients initiated thyroid hormone
replacement therapy before both TSH and FT4 were considered to be outside the reference range,
which may be explained by the strong increase in TSH values prior to the FT4 levels to be out of
the reference range. For the 19 patients who developed hypothyroidism following hyperthyroidism,
thyroid hormone replacement therapy was initiated on the day on which the thyroid levels were
outside the reference range in 8 patients and ranged from 7 days prior to the development of
the hypothyroidism to 21 days after for the other 11 patients. The start of the thyroid hormone
replacement therapyin these patients was a median of 46 days (range: 21-84 days) after the diagnosis
of hyperthyroidism.

Of the patients who developed hyperthyroidism, one patient was treated with thyrostatic
therapy, which was initiated on the day on which the thyroid levels were outside the reference range.

The median time to normalization of the thyroid values was available for 48 patients and was
50 days (range: 14-156 days). For the patients who developed hypothyroidism following initial
hyperthyroidism, the median time normalization of the thyroid values was 81 days (range: 23-50
days) from the development of the first event (i.e., hyperthyroidism). For the patients who
developed isolated hyperthyroidism or hypothyroidism, the median time to normalization was 42
days. Except from one patient, all patients for whom the time to normalization of the thyroid levels

was available were treated with thyroid hormone replacement therapy.



THYROID DISORDERS ASSOCIATED WITH PD-1/PD-L1INHIBITORS: A CLINICAL PRACTICE COHORT STUDY

Latent profile analysis

In addition to classifying patients as having hypothyroidism or hyperthyroidism by applying
a case definition based on the reference values of the thyroid hormone, patients were also be
grouped according to their thyroid values over time. For this, we included the 349 patients for
whom thyroid values were available for the first four treatment cycles in the latent profile analysis.
The analysis identified four distinct classes of patient exerting different patterns of logarithmic TSH
values over time.

As shown in Figure 2 and Table 2, the largest group of patients (64%) had TSH levels within
the normal range that did not change during the first four treatment cycles (class 1, stable).
The second largest group of patients (36%) showed comparable stable TSH levels, although slightly
higher indicating a tendency towards hypothyroidism (class 4, stable-hypo tendency). About 4% of
the patients (class 3, hyper-hypo) showed a strong decrease in TSH levels shortly after initiation of
the PD-1/PD-L1 inhibitors (i.e., in the second cycle). The TSH values, however, return to normal in
the third treatment cycle whereafter the increase in TSH persisted during the last cycle indicating
hypothyroidism. The last 8% of the patients (class 2, hyper) showed a decrease in TSH values over
time which remained decreasing during each cycle.

As shown in Table 2, the characteristics of patients assigned to class three differed from
the characteristics of those in the other three classes. These patients were mostly female melanoma
patients treated with nivolumab and a CTLA-4 inhibitor.
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Figure 2. Thyroid-stimulating hormone (TSH) patterns (plotted as the log of the TSH value measured in miU/L)
for the patient classes over the first four treatment cycles.
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Table 2. Characteristics of the patients stratified by the assigned class.

Class 4,
Class1, Class 3, stable-hypo
stable Class 2, hyper hyper-hypo tendency

Characteristics (65%, n=222) (7%, n=24) (4%, n =14) (26%, n = 89)
Age, mean (SD) 64 (12) 60 (15) 60 (16) 64 (12)
Body mass index, mean (SD) 25 (4) 24 (5) 25 (6) 27 (4)
Gender
Male 138 (62%) 15 (63%) 5(36%) 54 (61%)
Diagnosis
Melanoma 84 (38%) 10 (42%) 8 (57%) 34 (38%)
Lung cancer 75 (34%) 8 (33%) 1(7%) 19 (21%)
Other 47 21%) 3(13%) 5(36%) 35 (39%)
Unknown 16 (7%) 3 (13%) 0 (0%) 1(1%)
Drug
Nivolumab 110 (50%) 11 (46%) 8 (57%) 52 (58%)
Pembrolizumab 94 (42%) 10 (42%) 6 (43%) 31 (35%)
Atezolizumab 6 (3%) 2 (8%) 0 (0%) 5(6%)
Durvalumab 11 (5%) 0(0%) 0(0%) 1(1%)
Cemiplimab 1(0.5%) 1(4%) 0 (0%) 0 (0%)
PD-1or PD-L1inhibitor
PD-1inhibitor 205 (92%) 22 (92%) 14 (100%) 83 (93%)
Combination therapy with CTLA-4 inhibitor
Yes 17 (7%) 0 (0%) 4. (29%) 8 (9%)

Case—control analysis
The 58 patients who developed thyroid disorders during follow-up were included as cases in the nested
case—control analysis and matched to 290 controls based on the treatment duration (Table 3).

Female patients were demonstrated to be at an increased risk of developing thyroid disorders
(Table 3; OR: 2.04 [95% Cl: 1.14-3.70]). Patients with pre-existing thyroid disorders had a higher risk
of developing thyroid disorders (OR: 4.31 [95% Cl: 1.47-12.61]) as compared to patients that did not
have pre-existing thyroid disorders. Moreover, patients who were grouped as having a variety of
cancer types, including among others Hodgkin’s lymphoma, renal cell carcinoma, and urothelial
carcinoma, had a higher risk of developing thyroid disorders compared with patients treated with
PD-1/PD-L1 inhibitors for lung cancer (OR: 2.27 [95% Cl: 1.06—4.87]). Sex, pre-existing thyroid-
related adverse events, and the indication for treatment with the PD-1/PD-L1 inhibitors were also
the variables that remained in the multivariable model.

A total of six patients were treated with comedication known to affect the thyroid at any time
during follow-up. In addition, nine patients were diagnosed with an auto-immune disease prior
to the cohort entry date. However, none of these patients developed thyroid disorders. These
variables could therefore not be included in the (conditional) case—control analysis.

The sensitivity analysis where the case definition was altered resulted in 16 additional cases.

The results of the sensitivity analysis were in line with the main analysis. One additional variable
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Table 3. Odds ratios (ORs) from conditional (univariable and multivariable) logistic regression for the association

between the covariates and the risk of thyroid disorders. *missing values of weight and body mass index (BMI)

were replaced by the median values in the population based on gender and indication.

OR

(95% confidence interval); (95% confidence interval);

OR

Cases Controls  univariable analysis multivariable analysis
Number of patients 58 290
Age in years, mean (SD) 62 (14) 62 (12) 1.00 (0.97-1.02)
BMI*, mean (SD) 26 (6) 25(4) 1.02 (0.96-1.09)
Sex
Male 26 (45%) 179 (62%) Reference Reference
Female 32(55%) 11(38%) 2.04(1.14-3.70) 1.88 (1.03-3.46)
Diagnosis
Lung cancer 12(21%) 92 (32%) Reference Reference
Melanoma 23 (40%) 109 (38%) 1.59 (0.75-3.35) 1.64 (0.77-3.52)
Other 21(36%) 69 (24%) 2.27 (1.06-4.87) 2.22 (1.03-4.82
Unknown 2 (3%) 20 (7%) 0.78 (0.16-3.68) 0.92 (0.19-4.47)
PD-1or PD-L1inhibitor
PD-L1inhibitor 3(5%) 25(9%) Reference
PD-1inhibitor 55(95%) 265 (91%) 1.72(0.50-5.87)
Dose**
Below median dose (kg/mg) 27 (47%) M7 (40%) Reference
Median dose or higher (kg/mg) 31(53%) 173 (60%) 1.15(0.64-2.05)
Combination therapy with
CTLA-4 inhibitor
No 50 (86%) 267 (92%) Reference
Yes 8 (14%) 23 (8%) 1.83(0.78-4.28)
Concomitant high-dose
corticosteroid treatment
No 50 (86%) 252(87%) Reference
Yes 8 (14%) 38 (13%) 1.06 (0.47-2.41)
Pre-existing thyroid disorder
No 51(88%) 280(97%) Reference Reference
Yes 7 (12%) 10 (3%) 4.31(1.47-12.61) 3.73 (1.25-11.17)

was demonstrated to be significantly associated with the occurrence of thyroid disorders. Patients

treated with a PD-1/PD-L1 inhibitor in combination with a CTLA-4 inhibitor were at increased risk of
developing thyroid disorders (OR: 2.60 [95% CI: 117-5.81]). However, in the multivariable model this

variable did not remain.
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DISCUSSION

Within our cohort of patients who initiated treatment with PD-1/PD-L1 inhibitors, 13% developed
thyroid disorders during follow-up. The thyroid disorders mainly occurred in the first three months
of treatment, with the hyperthyroidism events occurring earlier than the hypothyroidism events,
and the thyroid levels generally normalized within two to three months. Most (89%) of the patients
who underwent four cycles of treatment presented stable or stable towards hypothyroidism like
patterns over time. The remaining two group of patients showed a pattern with an initial strong
decline in TSH. The hyper group (7% of patients) showed a pattern with continued decline in TSH
values over time, while in the hyper-hypo group (4% of the patients), this decline was followed by
a rapid increase in TSH values. Female melanoma patients treated with a PD-1/PD-L1 inhibitor and
ipilimumab were overrepresented in the group of patients who showed a strong decline in TSH
values followed by a rapid increase. The risk of developing thyroid disorders was increased twofold
for female patients as compared to men and fourfold for patients with pre-existing thyroid disorders
as compared to patients without pre-existing thyroid disorders. Also, patients categorized as having
diagnosis other than melanoma and lung cancer showed to be at increased risk as compared to
patients with lung cancer. However, since this is a heterogenous group of patients, the clinical
applicability is considered to be limited.

The incidence of thyroid disorders found in our study is in line with other observational
studies that applied comparable classifications of thyroid disorders (15, 16, 28). Moreover, in line
with other studies, we demonstrated that the thyroid disorders primarily occur during the first
months of treatment (29, 30). Although studies have previously described the time to onset and
normalization of the thyroid values and have distinguished between isolated hyperthyroidism,
isolated hypothyroidism, and patients who developed both, these studies did not formally group
patients based on their thyroid levels over time and did not link these to specific patient, disease,
and treatment characteristics. With this additional analysis, we showed that in female melanoma
patients treated with a PD-1/PD-L1 inhibitor and ipilimumab, the thyroid disorders occur shortly
after initiation of the therapy and show a pattern characterized by hyperthyroidism followed by
hypothyroidism. For these patients, the initial decrease in TSH was quickly followed by an increase
in TSH which could partly explain why thyrostatic drugs were hardly used in this setting. For all
patients it remains important to adequately monitor the thyroid function to quickly identify and,
if applicable, treat the thyroid disorders. Monitoring is especially relevant in the first months of
treatment since the thyroid disorders mainly occurred during this period. This is in line with
the European clinical guideline that recommends to assess thyroid function every cycle during
the first three months of treatment (27). Latent profile analysis was used to identify the patterns of
TSH values and to identify groups of patients exerting similar patterns. Although this analysis did
not account for the treatment cycles, which can vary for from two to six weeks, an analysis where
we did stratify according to cycle length did not alter our findings.

Thestrength of this study was that number of patientsincludedin our cohortwas greaterthanthat
included in other observational studies. However, we did not identify factors that were associated

with the risk of developing thyroid disorders additional to the risk factors identified in other
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studies. The difficulty of identifying risk factors is not limited to the association with the occurrence
of thyroid disorders but is also observed for all immune-related adverse events. A recent study,
which used data from the Dutch Melanoma Treatment Registry, assessed the association between
patient- and tumor-related factors and severe immune-related adverse events in over 800
patients (31). This study indicated that patients with more advanced disease have a lower risk of
developing severe immune-related adverse events; however, no other patient- and tumor-related
factors were found to be associated with severe immune-related adverse events (31). Focusing on
severe immune-related adverse events, patients with thyroid disorders were underrepresented in
that study, explaining the apparently contrasting absence of an association with female gender.
Based on the results of other studies, there are potentially several biomarkers for the prediction
of immune-related adverse events (32). A study combining data from the US reporting database
of adverse events and molecular data demonstrated that several genes related to T-cell activation
have the potential to predict the occurrence of immune-related adverse events (33).

For this study, we used data that was collected as part of clinical practice and as such we were
dependent on the data available from the electronic hospital care system. The consequent main
limitation of this study was that we may have misclassified patients as (not) having pre-existing
thyroid disorders, as the data on comedication that is used by the patients is not systematically
tracked in the electronic hospital care system. However, given that in 2019 approximately 510,000
people used levothyroxine in the Dutch population, the incidence of 4.7% that we found in our
study is higher than the background incidence of levothyroxine use in the Netherlands (34).
Moreover, when, for example, a thyroidectomy was performed in another hospital, this may not
have been adequately captured in the database. Furthermore, the timing of the measurements of
the thyroid values could be of great influence on the outcome of both the time to occurrence of
the event and the time to resolution. In our study, the PD-1/PD-L1 inhibitor was administered more
than twice without laboratory values available for only 7% (n = 31) of the patients, indicating high
compliance with the current clinical guidelines of monitoring thyroid function (27). Given that we
retrieved the data from a large academic hospital, 15% (n = 71) of the patients were treated with
PD-1/PD-L1inhibitors as part of a clinical trial. These patients were potentially under stricter control
than patients treated in regular clinical practice, although this was not reflected in the number of
laboratory values available, which was comparable to the population that was treated as part of
clinical practice.

In conclusion, we showed that 13% of the patients treated with PD-1/PD-L1 inhibitors developed
thyroid disorders, which more often occurred in women and in patients with pre-existing thyroid
disorders. Furthermore, a specific pattern, with a rapid decline in TSH values followed by an increase,
was observed for female melanoma patients treated with a PD-1/PD-L1 inhibitor and ipilimumab. This
study also confirmed that thyroid levels should be measured regularly, especially during the first

treatment cycles.
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Figure S1. Visualization of the design of the study (35)
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ABSTRACT

Aim: The aim of this study was to evaluate post-marketing label changes in dosing information

of biologicals.

Methods: Biologicals authorized between 2007 and 2014 by the European Medicines Agency (EMA)
were included and followed up from marketing authorization until 31 December 2016 or date of
withdrawal of the marketing authorization. The primary outcome of the study was defined as label
change in dosing information for the initially approved indication. Incidence of changes, type of
change and mean time to change were assessed. As a secondary outcome, label changes in dosing

information for extended indications were assessed.

Results: Atotal of 71 biologicals were included. Dosing information in the label changed for the initial
indication during follow-up for eight products (11%). In one of the eight products the change
concerned an increase in dose. Also, a change in dosing frequency was identified in three products,
for one product a recommendation was added that therapy could be initiated with or without
a loading dose, and for one product the minimum dose was removed and a maximum dose was
added. For the remaining product the dose was decreased due to safety issues. For 30 products
(42%) the indication was extended at least once. No changes in dosing information were observed

for the extended indications (n = 59) during follow-up.

Conclusion: This study showed that in 11% of the biologicals, the dosing for the initial indication in

the label was changed. In contrast to small molecules, the dose was rarely reduced for safety reasons.
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INTRODUCTION

The drug dose aims to optimally balance efficacy, tolerability and safety when treating patients.
The drug label, also called the Summary of Product Characteristics in the European Union (EU),
informs health care professionals as well as patients about the recommended dose for a given
indication. The dose of a (biologic) drug in first-in-man studies is determined based on non-clinical
data and subsequently further established in clinical studies. For biologicals, it is different and more
difficult to predict their clinical effects from non-clinical data than it is for small molecules because of
the complex protein nature of biologicals (1, 2). Specifically,immune reactions such as hypersensitivity
reactions and the formation of antidrug antibodies are effects for which prediction by animal models
is difficult (3). Also, evidence generation from (non-) clinical trials can be limited by various factors
such as the relatively small sample size, the homogeneity of the included population, and the lack
of long-term follow-up. Studies conducted after marketing authorization of a new drug, including
clinical trials, patient registries and large population-based database studies, aim to provide more
information about the efficacy and safety. This post-marketing data can lead to changes in different
sections of the label of the product, including the section on dosing information. Previous research
showed that the dosing information in the label changed in the post-marketing setting for 21% of
new active substances approved by the US Food and Drug Administration (FDA) between 1980 and
1999 (4). In the majority (71%) of the label changes, the dose was reduced, implying that patients
may initially be exposed to higher doses than acceptable or needed for the optimal treatment (4).
These FDA approval-based findings prompted the European Medicines Agency (EMA) to perform
a study on EMA-approved new active substances which showed a comparable frequency in label
changes (5). In addition, it was shown that major issues regarding the dose were raised for 10% of
the new active substances during the assessment of the marketing application (5).

Dose changes are most often implemented in order to optimize the risk—benefit balance.
The ipilimumab example (Box 1) illustrates the difficulties that companies as well as regulators face
when finding the dose with the optimal risk—benefit balance for biologicals. Besides increasing
the total dose for efficacy-related reasons, the dose can also be increased to prolong the duration of
the effect. Due to the pharmacokinetic properties of biologicals, the target can become saturated.
In that case the duration of the effect is prolonged (6, 7).

Dose changes can also be introduced as part of the extension of indication. The dosing
information for a new therapeutic indication may then differ from the dosing information for
the initial indication. For example, rituximab was initially indicated for non-Hodgkin’s lymphoma at
EU approval in 1998 with a recommended dose of 375 mg m?body surface area per cycle (8). In 2009,
the indication was extended to include another haematological cancer type, chronic lymphocytic
leukaemia (8). The recommended dose is 375 mg m~ body surface area in the first cycle followed by
500 mg m?body surface area in the subsequent cycles. Also, the indication was extended to include
anon-oncology indication, rheumatoid arthritis, with a recommended dose of 1000 mg followed by
a second 1000 mg 2 weeks later (8).

As described, difficulties are faced in establishing the optimal dose. However, little is known

about changes in dosing information for biologicals during the post-marketing phase. Our study
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aimed to provide insight into the frequency and nature of post-marketing label changes in dosing
for the initial indication of EMA-approved biologicals. Also, changes in the dosing information for

the extended indications were assessed.

METHODS

We included biologicals authorized between 1 January 2007 and 31 December 2014 via
the centralized procedure of the EMA. According to EMA’s definition, biologicals are products
produced by or extracted from a biological source (13). We defined biologicals more strictly as
recombinant therapeutic (glyco)proteins, thus excluding vaccines, diagnostic proteins, and
blood-derived products. Information on the approval circumstance (normal, conditional, under
exceptional circumstances) and orphan designation (yes, no) of the biologicals was retrieved from
the EMA website. Furthermore, biologicals were classified into the mechanistic classes of antibodies,
cytokines, enzymes, growth factors, hormones, interferons, receptors and other/various (14).
The product assessment history was retrieved from the EMA website and was used to determine
whether a label change in dosing information for the initial indication had occurred and whether
the indication was extended. If the assessment history did not provide sufficient information on
the occurrence of a label change in dosing, the regulatory assessment report was consulted through
the database of the Dutch Medicines Evaluation Board. The biologicals were followed up until 31
December 2016 or until the date of withdrawal if a product was taken off the market.

Incidence of dosing information changes in the drug label, type of dosing information change
and time to the dosing information change in the drug label change were assessed. We defined
a change in dosing information in the label for the initial indication as an increase or decrease

in the dose per dose interval, including increase or decrease in the frequency of administration,

Ipilimumab, a monoclonal antibody activating the immune system by targeting CTLA-4, was approved
in the European Union in 2011 for the treatment of advanced melanoma (9). The recommended
dose for ipilimumab was 3 mg kg™ every 3 weeks based on the pivotal phase three study. However,
there were uncertainties whether the 3 mg kg dose induces the maximum pharmacological effect
as the pharmacodynamics marker of immune cell activation was increased for the 10 mg kg™ dose
compared to the 3 mg kg™ dose. Also, a phase two study had indicated that the 10 mg kg™ dose may
be more efficacious though accompanied by an increased number of serious adverse events. As
there were multiple differences between those two studies it was not possible to directly compare
the results (9). Based on this information it was concluded that it was not fully clear whether 3 mg
kg™ is the optimal dose for ipilimumab. Therefore, at approval the regulatory authorities decided that
the company should commit to perform a study comparing the efficacy and safety of 3 mg kg™ with 10
mg kg. Results of this study became available in 2017 and confirmed that the 10 mg kg™ dose resulted
in a significant increase in overall survival compared to the 3 mg kg™ dose, but also in more (serious)
adverse events (10-12). The results of this study were included in the label, however, not in the section
on dosing information (10).

Box 1. Example difficulties faced in dose tuning.
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the dose given per administration, or the duration of the treatment period, and other dose changes
(e.g. change in dosing frequency without a change in total dose; 200 mg every 2 weeks changed
to 400 mg every 4 weeks). First, the incidence of the occurrence of change in dosing was assessed
by dividing the number of changes by the number of biologicals in the cohort. Relative risks,
including 95% confidence interval for the occurrence of the first change in dosing for the different
determinants, was measured using Cox regression. A Kaplan—Meier analysis was performed to
analyse the time to a label change in dosing. If the dosing of a product had changed more than
once, only the first change was taken into account for the Kaplan—Meier analysis. The data analysis
was performed using SPSS for Windows, version 24.0.

In addition to the changes in dosing information of the initial indication, we determined
whether the indication was extended during follow-up. When the indication was extended,
the dosing information of the extended indication was compared to the dosing information of
the initial indication. The incidence of these differences, type of difference (increase, decrease,
other) and time to first extension of indication were assessed. Furthermore, it was assessed whether
the dosing information for the extended indications changed during follow-up by comparing
the dosing information for the extended indication described in the label at time of the extension
of indication to the dosing information in the label for the extended indication at end of follow-up.
The labels were obtained from the publicly available community register of medicinal products of

the European Commission.

RESULTS

Atotal of 71 biologicals were included in this study (Supplementary material). Most of the biologicals
(n=64,90%) were authorized under normal circumstances and did not have an orphan designation
(n =58, 82%). About a third (n = 23, 32%) of the biologicals were hormones, followed by antibodies
(n =22, 31%) and growth factors (n =10, 14%). Within the follow-up time, a total of five biologicals
(pegloticase, rilonacept, filgrastim (n = 2), eptotermin alfa), were withdrawn from the market, all for
commercial reasons. Within the median follow-up time of six years (range: 2-10 years), the dosing
information in the label for the initial indication was changed for eight products (cumulative
incidence: 11%), as shown in Table 1 and Figure 1. The time to the label change ranged from 1to 7
years after marketing authorization with a median time to a change of 4 years (Figure 2).

For certolizumab and methoxy polyethylene glycolepoetin beta, an alternative dosing regimen
with the same total dose was added to the initial dosing regimen. For ranibizumab, the recommended
dosing regimen was changed to a less restrictive regimen. For canakinumab and corifollitropin
alfa, the dose was increased, whereas for abatacept and romiplostim, the dose was decreased. For
romiplostim, the decrease in dose was related to safety. For tocilizumab, the minimum dose was
removed and a maximum dose was added. For three products within the cohort, more information
about dosing became available after marketing authorization, but the outcomes of these studies
did not warrant updates of the recommended dose in the label. We were unable to identify factors

related to the label change in dosing information because the sample size was limited.
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Table 1. Biologicals whose dosing information was changed in the label for the initial indication.

Biological

Disease category (15)

Description of the label change in
dosing information

Abatacept

Canakinumab

Certolizumab

Corifollitropin alfa

Methoxy polyethylene
glycol-epoetin beta

Ranibizumab

Romiplostim

Tocilizumab

Diseases of

the musculoskeletal
system and
connective tissue
Diseases of

the musculoskeletal
system and
connective tissue
Diseases of

the musculoskeletal
system and ¢
onnective tissue

Diseases of
the genitourinary system

Diseases of
the genitourinary system

Diseases of the eye
and adnexa

Diseases of the blood and
blood-forming organs and
certain disorders involving
the immune mechanism

Diseases of

the musculoskeletal
system and
connective tissue

Treatment may be initiated with 69
or without the previously required
intravenous loading dose.

Increase in the maximum dose from 3.3
300 mg or 4 mg/kg every 8 weeks to
600 mg or 8 mg/kg every 8 weeks.

Addition of an alternative dosing 4.2
regimen (400 mg every 4 weeks) to

the approved dosing regimen (200

mg every 2 weeks) for the treatment

of patients with rheumatoid arthritis.
Increase in dose for patients >36 years 4.8
and whose weight is between 50 and

60 kg from 100 micrograms to 150
micrograms.

Addition of an alternative dosing 31
regimen (0.6 microgram/kg once

every two weeks) to the approved

dosing regimen (1.2 microgram/

kg once a month) for patients who

are not on dialysis and not currently
treated with an erythropoiesis

stimulating agent.

Change in dosing regimen, which is 4.6
driven by monitoring of the stability of
the disease. The initial dosing regimen
was based on three initial monthly
injections and re-treatment in case of

loss of vision.

Downward revision in cut-off 1.8
value of thrombocyte count

for the recommendation to

decrease the dose and to interrupt

the treatment.

Removal of the recommendation 14
for a minimum dose (480 mg) and
addition of a maximum dose for

patients >100 kg (800 mg).

Time to change
(years)
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Figure 1. Nature and frequency of label changes in dosing information for the initial indication (n=71).
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Figure 2. Kaplan Meier curve for the change in the dosing information of the initial indication.

For 30 products (42%), the indication was extended at least once during follow-up with a median
time to the first extension of three years (range: 1-7 years). The dose for the extended indication
differed from the dose of the initial indication in 15 out of the 30 first extensions of indication (50%),
as shown in Figure 3. For 14 products, the indication was extended more than once, resulting in
a total of 59 extensions of indication. The dosing for the extended indication differed from the initial
dosing in 32 out of these 59 extensions (54%). Furthermore, it was observed that for certolizumab
and ranibizumab, the extension of indication was accompanied by a change in dosing information
for the initial indication. During follow-up, the dosing information for the extended indications

(n =59) was not changed.
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
H No difference B Increase in dose  Decrease in dose  Other dose difference

Figure 3. Nature and frequency of differences in dosing information in the label between the initial indication
and the first extended indication (n=30).

DISCUSSION

For biologicals, more uncertainties exist about safety at the time of approval than for small molecules
(16). However, our study did not show that the dose of biologicals was reduced more often because
of safety issues as compared to small molecules. Only one label change included a clear decrease in
dose related to safety (romiplostim); the cut-off value warranting a decrease in dose was lowered
to minimize the risk of thrombotic complications and was implemented following an international
consensus report on the investigation and management of primary immune thrombocytopenia (17).
This is in contrast with the previous study on FDA-approved new active substances, which showed
that the dose changes occurred more frequently and the dose change was mainly decreased in
these products (71%) (4). Four of the changes (abatacept, certolizumab, methoxy polyethylene
glycol-epoetin beta, ranibizumab) observed in our study involved (additions of) alternative dosing
regimens that reflected a less invasive approach for the patients’ convenience (18-21). The remaining
three changes (canakinumab, corifollitropin alfa, tocilizumab) were considered efficacy-related
changes implemented to optimize the risk—-benefit balance. Comparable findings were shown in
a study evaluating the rationale of dose selection for FDA-approved biologicals in the pre-approval
phase. This study showed that clinical efficacy attributed to the dose finding in 73% of the biologicals,
whereas clinical safety attributed in 42% of the biologicals (22).

The extent to which dose changes occur may have been underestimated in our study as in clinical
practice dose changes may be introduced based on experience from clinical practice. For example, in
rheumatoid arthritis patients treated with TNF-alfa-inhibitors, the dose can effectively be down titrated
(23), but down titration is currently not reflected in the label. Moreover, the recommended dose for
rituximab in rheumatoid arthritis patients is 1000 mg followed by a second 1000 mg dose 2 weeks later.
However, as of today, discussion is still ongoing whether this dose is the optimal dose and in clinical
practice patients are often treated with 500 mg instead of 1000 mg (24, 25). More recently, focus in
clinical research has also shifted towards tapering of doses for medicines originally recommended for
lifelong treatment, e.g. eculizumab, which may have beneficial economic effects (26).

Finally, the dose for the extended indication differed from the dose of the initial indication in half
of the first extensions of indication. This indicates that research on dosing continues for extended
indications, which may in the end also affect the dosing for the initial indication. In fact, we observed
that for two products (certolizumab, ranibizumab), the extension of indication was accompanied

by a change in dosing information for the initial indication. In the post-marketing phase, it may
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be equally important to emphasize finding the best dose for biologicals from an effectiveness and
safety perspective rather than from a safety perspective only.

In conclusion, this study showed that in approximately one out of ten EMA-authorized
biologicals, the recommended dose changed post-marketing for the initial indication. For the first
extended indication, a dose difference between the initial and new indication was observed in one
out of two biologicals. The dosing information for the extended indications was not changed during
follow-up. In contrast with what previous research has reported for the dose of small molecules,

the initial dose of biologicals was almost never reduced for safety reasons.
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SUPPLEMENTARY MATERIAL

Table S1. List of included biologicals (n=71).

Product INN

Abasaglar insulin glargine
Abseamed epoetin alfa
Accofil filgrastim
Adcetris brentuximab vedotin
Arzerra ofatumumab
Bemfola follitropin alfa
Benlysta belimumab
Binocrit epoetin alfa
Biograstim filgrastim

Biopoin epoetin theta
Cimzia certolizumab pegol
Cyramza ramucirumab
Elaprase idursulfase
Elonva corifollitropin alfa
Entyvio vedolizumab
Eperzan albiglutide
Epoetin Hexal epoetin alfa
Eporatio epoetin theta
Extavia interferon beta-1b
Eylea aflibercept
Fertavid follitropin beta
Filgrastim Hexal filgrastim
Filgrastim ratiopharm filgrastim
Gazyvaro obinutuzumab
llaris canakinumab
Increlex mecasermin

Insulin Human Winthrop Rapid

insulin human

Jetrea ocriplasmin

Kadcyla trastuzumab emtansine
Krystexxa pegloticase

Lemtrada alemtuzumab

Lonquex lipegfilgrastim
Lucentis ranibizumab

Mircera methoxy polyethylene glycol-epoetin beta
Nivestim filgrastim

NovoEight turoctocog alfa

Nplate romiplostim

Nulojix belatacept

Nuwiq simoctocog alfa
Opgenra eptotermin alfa
Orencia abatacept

Perjeta pertuzumab

Plegridy peginterferon beta-1a




Table S1. (continued)

POST-MARKETING DOSING CHANGES IN THE LABEL OF BIOLOGICALS

Product INN

Prolia denosumab
Ratiograstim filgrastim
Removab catumaxomab
Retacrit epoetin zeta
Revestive teduglutide
Rilonacept Regeneron rilonacept

Rixubis
RoActemra
Ruconest
Ryzodeg
Silapo
Simponi
Soliris
Somatropin Biopartners
Stelara
Sylvant
Tevagrastim
Tresiba
Trulicity
Vectibix
Victoza
Vimizim
Vpriv
Xgeva
Xultophy
Yervoy
Zaltrap
Zarzio

nonacog gamma
tocilizumab

conestat alfa

insulin degludec / insulin aspart
epoetin zeta

golimumab

eculizumab

somatropin

ustekinumab

siltuximab

filgrastim

insulin degludec

dulaglutide

panitumumab

liraglutide

elosulfase alfa

velaglucerase alfa
denosumab

insulin degludec / liraglutide
ipilimumab

aflibercept

filgrastim
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ABSTRACT

The summary of product characteristics (SmPC) 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 (excl.
hypersensitivity and administration site reactions) that were described in the first and all subsequent
versions of the SmPCs of all approved TNF-a 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 five TNF-a inhibitors.
There was substantial variation in the number of ADRs described in the SmPC among the TNF-a
inhibitors. Of the 293 ADRs, 133 (45%) were described in the SmPC of one TNF-a inhibitor and 39
(13%) in the SmPCs of all five TNF-c 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-a 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.
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INTRODUCTION

At the time of requlatory approval, the efficacy and safety of a new drug will have been studied
in a population of limited size (on average, approximately 1,700 individuals) during a relatively
short period of time (1, 2). In addition, the types of patient 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 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 drugis used in daily clinical practice. 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
post-authorization safety studies. When additional information becomes available, this can result
in different regulatory actions. For example, the benefit—risk balance of the drug can become
negative due to new information that is collected in clinical 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
(SmPC) in the European Union (EU)) 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 associated 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 post-marketing phase and are considered a class effect of
the tumor necrosis factor-at inhibitors (TNF-acinhibitors) (8, 9). TNF-at is a pro-inflammatory cytokine
that plays a central role in the immune response against tuberculosis infection (8, 9). Treatment with
TNF-a inhibitors 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 presented 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 incorporating class

effects in the product information.
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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 comprise of newly launched active substances worldwide has increased and is expected
to increase further (12). Therefore, we performed a case study on TNF-a inhibitors, as these
represent an important drug class within the group of biologicals because TNF-a inhibitors are
considered to be key treatment options for multiple types of autoimmune disease. Furthermore,
the first TNF-a inhibitor was approved in the EU in 1999; therefore, extensive experience has been
gained with the safety profile of TNF-a 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 described in the product information of
drugs with the same mechanism of action, i.e. TNF-a 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-a inhibitor, and to identify factors associated with

the description of such ADRs in the product information of multiple TNF-o inhibitors.

METHODS

Extraction, classification, and selection of the ADRs

In this study, we included all ADRs described in the first and all subsequent versions of SmPC of
the TNF-o inhibitors that had been approved by the European Commission as of 31 December
2019. We excluded the SmPCs of biosimilars because, according to the EU legislation, the SmPCs of
biosimilars are the same as the SmPC of the reference product (13). Although, in the EU, the product
information 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 information on the efficacy
and safety becomes available, which can result in an update to and therefore a new version of
the SmPC. Both companies 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, following 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
inthe 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)
andincludes all ADRs described in section 4.8 of all versions of the SmPC up to 30 June 2017 (for more
details, see http://www.imi-protect.eu/adverseDrugReactions.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. Secondly, through
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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 terminology, 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.

We excluded hypersensitivity reactions and administration site reactions, 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 reactions”. These include, for example,
anaphylactic reactions, administration-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-« inhibitors.

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

The overlap in the ADRs (at the HLT level) described in the SmPCs of the different TNF-at inhibitors

was assessed in three ways.

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

2. Overlap at the end of follow-up: Extensive experience has been gained of the ADRs associated
with the TNF-a 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 ADRwas described in one, two, three, four, or all five of the last versions of the SmPCs
of the TNF-atinhibitors (i.e., at the end of follow-up: 31 December 2019).

3. Lag time in overlap: When new ADRs are identified for a TNF-a inhibitor, these are considered
to be applicable to other TNF-at 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-o inhibitors (index date) and the uptake of that ADR in the SmPC of another (i.e.,
a second) TNF-a inhibitor.
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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-at inhibitors.

» Nature of the ADR: The ADRs were characterized at the system 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 management plan (RMP) of any of the TNF-o inhibitors at
marketing approval or during follow-up. Safety issues are included as important risks in the RMP
by the regulators if these should be further characterized after marketing approval and are likely
to have an impact 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-o
inhibitor to be approved within the class of TNF-at inhibitors.

» Regulatory monitoring: in the first three years after regulatory approval, the safety of a drug is
more frequently evaluated than after this period. We therefore assessed whether ADRs included
inthe SmPC of, for example, the first and second TNF-a inhibitor were more frequently included
in the SmPC of the third TNF-a inhibitor in the first three 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 having at least one rapporteur in common that
is responsible for the regulatory assessment on the overlap in ADRs described in the SmPCs of
the TNF-a inhibitors at the end of follow-up. Information on the rapporteurs that were responsible
for the regulatory assessment of the different TNF-o 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-o inhibitors. 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-a inhibitors by the total number of unique ADRs described in the SmPCs at
the end of follow-up (31 December 2019). This analysis was also performed at the HLGT level, which
is one level higher in the hierarchical structure of MedDRA®. This sensitivity analysis was performed
to assess whether comparable HLTs were described in the SmPCs of the TNF-a inhibitors. To

assess the overlap at the time of approval, we calculated the number of unique ADRs described in
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the SmMPCs of other TNF-o inhibitors prior to the approval of the new product. We then calculated
the percentage of these ADRs that were described inthe 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-a inhibitors to the time when this ADR was described in the SmPC of
another TNF-a 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-ainhibitors that
had been approved at the time when the ADR was first described.

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

To determine the influence of the more intensive regulatory monitoring in the first three years after
approval on the overlap, we divided, for each product, the follow-up period in the period following
the first three years after approval and the period more than three years after approval. For each
product, we assessed the number of ADRs that was first described in the SmPC of the other approved
TNF-acinhibitors 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-at inhibitors 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 three years following approval.

To assess the influence of sharing at least one rapporteur responsible for the regulatory
assessment, we grouped the TNF-a inhibitors that have at least one rapporteur in common and
determined whether, for these TNF-a inhibitors, the overlap in describing the ADRs in the SmPC is
different from that for the TNF-a 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 31 December 2019, a total of five TNF-atinhibitors (excluding biosimilars) had been approved in
the EU. The first-in-class TNF-a inhibitor (infliximab) was approved in 1999, followed by etanercept,
approved in 2000, and adalimumab, approved in 2003. The last two (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 administration
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 adalimumab SmPC, 134 in the certolizumab SmPC, and 73 in the golimumab SmPC.
At the end of follow-up, in the adalimumab SmPC the most ADRs were described (n = 200). In
the SmPCs of certolizumab, 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
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after regulatory approval whereas, for certolizumab, eight ADRs were added to the SmPC after

regulatory approval.

Overlap in the ADRs described in the SmPCs of the different TNF-« 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.
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Figure 1. Changes to the SmPCs of the TNF-a 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.
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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.

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 in the SmPCs
of the TNF-a 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-a inhibitor, 58 (20%) in the SmPC of two TNF-a inhibitors, 40 (14%) in the SmPC of three TNF-
inhibitors, 23 (8%) in the SmPC of four TNF-a inhibitors, and 39 (13%) in the SmPC of all five TNF-a
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 hierarchical 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-a inhibitor,
30 (22%) in the SmPC of two TNF-a inhibitors, 21 (15%) in the SmPC of three TNF-a inhibitors, 20
(14%) in the SmPC of four TNF-a inhibitors, and 30 (22%) in the SmPC of all five TNF-a inhibitors.
The 30 ADRs (HLGT level) that were included in all SmPCs included terms such as mycobacterial
infectious disorders, general system disorders (not elsewhere classified), and gastrointestinal signs

and symptoms (Table S2).

Lag time overlap
One vyear after the first description of an ADR in the SmPC of any of the TNF-a inhibitors,
approximately 7% of these ADRs were described in the SmPC of another TNF-a inhibitor. This

percentage increased to approximately 19% after five years. The median lag time between first
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description of an ADR in an SmPC to uptake of this ADR in another SmPC was approximately 3 years
and ranged from O 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-a inhibitors
compared with ADRs not classified as such (HR = 4.5, 95% Cl: 1.8-10.8; HR = 4.6, 95% Cl: 2.0-10.5,
respectively). In addition, 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-at inhibitors
(HR = 2.8, 95% Cl: 1.4-5.6) compared to 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
asecond SmPC compared with other ADRs (HR =2.1, 95% Cl:1.0—-4.5), this difference was not significant.

In the first three years following approval of the individual TNF-o inhibitors, a total of 71 ADRs
were first described in the SmMPCs of the other TNF-o inhibitors, whereas in the period thereafter
a total of 380 ADRs were first described in the SmPCs of other TNF-a inhibitors. Of the 71 ADRs, 31
(44%) were described inthe SmPCs of the individual TNF-a inhibitorsin the first three years following
approval, whereas of the 380 ADRs first described in the SmPCs of the other TNF-a inhibitors >3
years after approval, 25 (7%) were described in the SmPC of the individual TNF-c inhibitors.
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Figure 3. Time from the first description of an ADR in the SmPC of any of the TNF-& inhibitors to the first
description of the same ADR in the SmPC of a second TNF-a inhibitor.
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Four of the five TNF-a inhibitors shared at least one rapporteur that is responsible for
the regulatory assessment. Therefore, the influence 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-a
inhibitors is limited; 45% of the ADRs were described in the SmPC of only one TNF-a inhibitor.
Moreover, prior knowledge of the ADRs associated with previously approved TNF-a inhibitors is not
fullytransferred to non-first-in-class TNF-a inhibitors; only 39% of the ADRs that were identified prior
to the approval of non-first-in-class TNF-o inhibitors were described in the SmPC at the approval of
the non-first-in-class TNF-a inhibitor. If an ADR was described in at least two SmPCs, the median lag
time to uptake of the ADR in a second SmPC was approximately 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-o inhibitors 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-o inhibitors shared at least one
rapporteur, the overlap of ADRs included in the SmPC of the different TNF-a 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 described 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 Food and Drug
Administration in the US and the EMA in the EU), despite being based on the same information
(17, 18). Even between generic drugs that have been proven to be bioequivalent, differences in
the product information are present (19). Stefansdottir et al. showed that approximately 40% of
ADRs (at the HLGT level) were described in the product information of both the first- and second-
in-class drugs (10). Our study showed that approximately 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 two TNF-o
inhibitors, which is substantially higher. This may be explained by the number of products included,
as in our study we included all TNF-o inhibitors while Stefansdottir et al. included the only first- and
second-in-class products. We assumed that small differences in the exact mechanism of action did
not result 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 general 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
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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 regulatory
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 literature
review, leading to the addition of this ADR in the SmPCs of the other TNF-c inhibitors. In addition,
a signal of Kaposi’s sarcoma 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-a inhibitors. These signal and referral procedures are part of the European pharmacovigilance
system and can be considered for safety issues identified in the post-marketing setting. However, as
illustrated by the results of our study that 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 association 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 facilitate 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 integrated approach
for which pharmacovigilance data as well as information from clinical and preclinical studies should
be taken into account. Also, 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 system. This is for example illustrated by a study performed using
data from the Food and Drug Administration (FDA) showing that major safety issues described in
the black box warnings differed among drugs with the same mechanism of action (23). The lag time
observed in our study may, however, be different in the US as compared to the EU setting. In the US,
ADRs with limited impact on the benefit-risk balance can be submitted to the FDA 30 days prior
to distribution of the new product information, whereas updating the SmPC to include new ADRs
in the EU typically takes several months (24, 25). Also, the presentation of safety information in
the product information differs between the US and EU. For example, in the US product information
the incidence of the ADRs observed in the clinical studies is reported for both the experimental and
comparator arm, whereas in the EU only the incidence of ADRs in the experimental arm is described.
Providing information from both arms, may give further context for health care professionals 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 pharmacovigilance system, however, has evolved over time as result of
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theimplementation of the EU pharmacovigilance legislation that came into force in 2012. The greater
part of this study took place prior to this legal change. Nowadays, each product is assigned to
a team of (co)rapporteurs from the pharmacovigilance risk assessment committee (PRAC). We
expect that this procedure, together with EMA oversight, has resulted in more harmonized SmPCs
of recently authorized products compared to those we have studied here. Also, we did not account
for differences in indications of the TNF-a inhibitors. Although all TNF-a inhibitors are indicated for
rheumatoid arthritis, additional 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 consistent pattern. For example, at the initial approval of golimumab and certolizumab,
the indication of golimumab was broader than that of certolizumab, whereas approximately 45%
more ADRs were described in the certolizumab SmPC compared with the golimumab SmPC (26, 27).
Also, the indications of certolizumab and golimumab were extended several times, which did not
result in the addition of multiple ADRs, whereas for adalimumab, as part of 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 entirely described in the safety information of all drugs. Also, when knowledge of ADRs is
transferred from one drug to another, this takes considerable 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.

89




3.2

90

REGULATORY SAFETY LEARNING DRIVEN BY THE MECHANISM OF ACTION: THE CASE OF TNF-O INHIBITORS

REFERENCES

1.

Duijnhoven RG, Straus SM, Raine JM, de Boer A, Hoes AW, De Bruin ML. Number of patients studied prior
to approval of new medicines: a database analysis. PLoS Med. 2013;10(3):e1001407.

Pregelj L, Verreynne ML, Hine D. Changes in clinical trial length. Nat Rev Drug Discov. 2015;14(5):307-8.

Rothwell PM. External validity of randomised controlled trials: “to whom do the results of this trial apply?”.
Lancet. 2005;365(9453):82-93.

Lester J, Neyarapally GA, Lipowski E, Graham CF, Hall M, Dal Pan G. Evaluation of FDA safety-related drug
label changes in 2010. Pharmacoepidemiol Drug Saf. 2013;22(3):302-5.

Ebbers HC, Al-Temimi E, Moors EH, Mantel-Teeuwisse AK, Schellekens H, Leufkens HG. Differences
between post-authorization adverse drug reactions of biopharmaceuticals and small molecules.
BioDrugs. 2013;27(2):167-74.

Hatem R, Bebawi E, Schampaert E. Potential Sunitinib-Induced Coronary Artery and Aortic Dissections.
Can J Cardiol. 2017;33(6):830.e17-.e18.

European Medicines Agency. PRAC recommendation on signals: adopted at the 8-11 July 2019 PRAC
meeting. https://www.ema.europa.eu/en/documents/prac-recommendation/prac-recommendations-
signals-adopted-8-11-july-2019-prac-meeting_en.pdf. Accessed 3/3/2020.

Gardam MA, Keystone EC, Menzies R, Manners S, Skamene E, Long R, et al. Anti-tumour necrosis
factor agents and tuberculosis risk: mechanisms of action and clinical management. Lancet Infect
Dis. 2003;3(3):148-55.

KeaneJ, Gershon'S, Wise RP, Mirabile-Levens E, Kasznica J, Schwieterman WD, et al. Tuberculosis associated
with infliximab, a tumor necrosis factor alpha-neutralizing agent. N Engl J Med. 2001;345(15):1098-104.

Stefansdottir G, Knol MJ, Arnardottir AH, van der Elst ME, Grobbee DE, Leufkens HG, et al. Safety learning
from drugs of the same class: room for improvement. Clin Pharmacol Ther. 2012;91(5):872-80.

Arnardottir AH, Haaijer-Ruskamp FM, Straus SM, de Graeff PA, Mol PC. Effect of safety issues with HIV
drugs on the approval process of other drugs in the same class: an analysis of European Public Assessment
Reports. Drug Saf. 2011;34(11):1101-14.

IQVIA Institute for Human Data Science. The Global Use of Medicine in 2019 and Outlook to 2023.
https://www.iqvia.com/-/media/igvia/pdfs/institute-reports/the-global-use-of-medicine-in-2019-and-
outlook-to-2023.pdf?_=1606729931964. Accessed 3/2/2020.

European Medicines Agency. QRD general principles regardingthe SmPCinformationforageneric/hybrid/
biosimilar  product  https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/
quality-review-documents-general-principles-regarding-summary-product-characteristics-
information/hybrid/biosimilar-product_en.pdf. Accessed 15/3/2020.

MedDRA Maintenance and Support Services Organization. Medical Dictionary for Regulatory Activities.
https://www.meddra.org/. Accessed 15/3/2020.

European Medicines Agency. Inclusion/exclusion criteria for the “Important Medical Events” list. https://
www.ema.europa.eu/en/documents/other/eudravigilance-inclusion/exclusion-criteria-important-
medical-events-list_en.pdf. Accessed 5/4/2020.

European Medicines Agency. Guideline on good pharmacovigilance practices: Module V — Risk
management systems (Rev. 2). https://www.ema.europa.eu/en/documents/scientific-guideline/
guideline-good-pharmacovigilance-practices-module-v-risk-management-systems-rev-2_en.pdf.
Accessed 5/4/2020.

Kesselheim AS, Franklin JM, Avorn J, Duke JD. Speaking the same language? International variations in
the safety information accompanying top-selling prescription drugs. BMJ Qual Saf. 2013;22(9):727-34.



20.

21.

22.

23.

24.

25.

26.

27.

REGULATORY SAFETY LEARNING DRIVEN BY THE MECHANISM OF ACTION: THE CASE OF TNF-O INHIBITORS

Eriksson R, Aagaard L, Jensen LJ, Borisova L, Herlick D, Brunak S, et al. Discrepancies in listed adverse
drug reactions in pharmaceutical product information supplied by the regulatory authorities in Denmark
and the USA. Pharmacol Res Perspect. 2014;2(3):e00038.

Duke J, Friedlin J, Li X. Consistency in the safety labeling of bioequivalent medications. Pharmacoepidemiol
Drug Saf. 2013;22(3):294-301.

European Medicines Agency. Pharmacovigilance Risk Assessment Committee (PRAC) Minutes of
the meeting on 09-12 July 2018. https://www.ema.europa.eu/en/documents/minutes/minutes-prac-
meeting-9-12-july-2018_en.pdf. Accessed 18/6/2020.

European Medicines Agency. Pharmacovigilance Risk Assessment Committee (PRAC) Minutes of PRAC
meeting on 28 — 31 October 2019. https://www.ema.europa.eu/en/documents/minutes/minutes-prac-
meeting-28-31-october-2019_en.pdf. Accessed 18/6/2020.

Schotland P, Racz R, Jackson DB, Soldatos TG, Levin R, Strauss D, et al. Target adverse event profiles for
predictive safety in the post-market setting. Clinical Pharmacology & Therapeutics. 2020 Oct 8. doi:
10.1002/cpt.2074. Online ahead of print

Panagiotou OA, Contopoulos-loannidis DG, Papanikolaou PN, Ntzani EE, loannidis JP. Different black box
warning labeling for same-class drugs. J Gen Intern Med. 2011;26(6):603-10.

European Commission. Commission Regulation (EU) No 712/2012. https://ec.europa.eu/health//sites/
health/files/files/eudralex/vol-1/reg_2012_712/reg_2012_712_en.pdf. Accessed 18/6/2020.

Food and Drug Administration. Changes to an Approved NDA or ANDA revision 1. https://www.fda.gov/
files/drugs/published/Changes-to-an-Approved-NDA-or-ANDA.pdf. Accessed 18/10/2020.

European Medicines Agency. Remicade: EPAR - Scientific Discussion. https://www.ema.europa.eu/en/
documents/scientific-discussion/remicade-epar-scientific-discussion_en.pdf. Accessed 15/9/2020.

European Medicines Agency. Cimzia: EPAR - Public assessment report. https://www.ema.europa.eu/en/
documents/assessment-report/cimzia-epar-public-assessment-report_en.pdf. Accessed 15/9/2020.

91




3.2

92

REGULATORY SAFETY LEARNING DRIVEN BY THE MECHANISM OF ACTION: THE CASE OF TNF-O INHIBITORS

SUPPLEMENTARY MATERIAL

Table S1. Overview of the high-level terms (grouped by system organ class) described in the SmPC of all TNF-«

inhibitors at the end of approval (n = 39).

Blood and lymphatic system disorders
Neutropenias

Anaemias NEC

Marrow depression and hypoplastic anaemias
Leukopenias NEC

Thrombocytopenias

Cardiac disorders
Heart failures NEC

Gastrointestinal disorders
Dyspeptic signs and symptoms
Nausea and vomiting symptoms

General disorders and administration site conditions
Asthenic conditions

Pain and discomfort NEC

Febrile disorders

Hepatobiliary disorders
Hepatocellular damage and hepatitis NEC
Cholecystitis and cholelithiasis

Infections and infestations

Infections NEC

Bacterial infections NEC

Sepsis, bacteraemia, viraemia and fungaemia NEC
Tuberculous infections

Lower respiratory tract and lung infections
Urinary tract infections

Fungal infections NEC

Viral infections NEC

Herpes viral infections

Histoplasma infections

Upper respiratory tract infections
Pneumocystis infections

Investigations
Liver function analyses
Autoimmunity analyses

Musculoskeletal and connective tissue disorders
Lupus erythematosus (incl subtypes)
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Table S1. (continued)

Neoplasms benign, malignant and unspecified (incl cysts and polyps)
Skin neoplasms malignant and unspecified (excl melanoma)
Leukaemias NEC

Lymphomas unspecified NEC

Skin melanomas (excl ocular)

Neoplasms malignant site unspecified NEC

Nervous system disorders

Neurological signs and symptoms NEC
Headaches NEC

Skin and subcutaneous tissue disorders

Alopecias
Psoriatic conditions

Vascular disorders
Peripheral embolism and thrombosis
Vascular hypertensive disorders NEC

Table S2. Overview of the high-level group terms (grouped by system organ class) described in the SmPC of all
TNF-a inhibitors at the end of approval (n =30).

Blood and lymphatic system disorders

White blood cell disorders

Anaemias nonhaemolytic and marrow depression
Platelet disorders

Cardiac disorders
Heart failures

Eye disorders
Ocular infections, irritations and inflammations

Gastrointestinal disorders
Gastrointestinal signs and symptoms
Castrointestinal motility and defaecation conditions

General disorders and administration site conditions
General system disorders NEC
Body temperature conditions

Hepatobiliary disorders
Gallbladder disorders
Hepatic and hepatobiliary disorders

Infections and infestations
Infections - pathogen unspecified
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Table S2.(continued)

Bacterial infectious disorders
Fungal infectious disorders

Viral infectious disorders
Mycobacterial infectious disorders

Investigations
Immunology and allergy investigations
Hepatobiliary investigations

Musculoskeletal and connective tissue disorders
Connective tissue disorders (excl congenital)

Neoplasms benign, malignant and unspecified (incl cysts and polyps)
Lymphomas NEC

Miscellaneous and site unspecified neoplasms malignant and unspecified
Skin neoplasms malignant and unspecified

Leukaemias

Nervous system disorders
Neurological disorders NEC
Headaches

Demyelinating disorders

Skin and subcutaneous tissue disorders
Epidermal and dermal conditions
Skin appendage conditions

Vascular disorders
Vascular hypertensive disorders
Embolism and thrombosis
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ABSTRACT

Introduction: Identification and classification of adverse events observed in clinical trials and
observational studies is important to facilitate the exchange of safety information. Differences
in the identification and classifications of the adverse events between and within clinical trials
and observational studies may have implications for the clinical and regulatory interpretation of
the safety profile.

Aim: To describe and compare the methods used for the identification and classification of thyroid

disorders associated with PD-1/PD-L1 inhibitors in clinical trials and observational studies.

Methods: For the PD-1/PD-L1inhibitors authorized in the European Union, we identified the pivotal
clinical trials that supported the initial approval or extensions of indication. A literature search
was performed to identify the observational studies that studied the association between PD-1/
L1inhibitors and the occurrence of thyroid disorders. Information on the methods used to identify
patients as having thyroid disorders, subclassifications of thyroid disorders and the classification of

severity was retrieved.

Results: We included a total of 38 clinical trials and 28 observational studies. In all of the clinical
trials, the method used to identify patients as having thyroid disorders was non-specific as no
reference ranges for the thyroid hormones were provided. This method was more specific in
the observational studies since the majority of the observational studies (n = 23, 82%) specified
the reference ranges for the thyroid hormones. However, these reference ranges differed between
the included observational studies. Multiple subclassifications of thyroid disorders were reported
with the reporting of subclinical thyroid disorders in the observational studies as main difference
in reporting between the clinical trials and observational studies. Moreover, in the clinical trials
a specific assessment was performed to subclassify thyroid disorders as being immune-related for
which the assessment differed among the different PD-1/PD-L1 inhibitors and, for some, between
the clinical trials for one drug. The severity of the adverse events was in all clinical trials classified
using the Common Terminology Criteria for Adverse Events, which was also used in 10 (36%) of

the observational studies.

Conclusion: Different methods were used to identify and classify thyroid disorders associated with
the PD-1/PD-L1inhibitors. Efforts to improve the comparability of the identification and classification
of adverse events should be taken in order to facilitate the regulatory and clinical interpretation of

the adverse events.
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INTRODUCTION

At the time of marketing approval of a drug, the information on adverse events that occur in
patients is mainly based on evidence generated in phase II/Ill clinical trials. The adverse events
experienced by the patients in such trials should be identified by the investigators and subsequently
reported by them to the pharmaceutical companies, after which they communicate the adverse
events to the regulatory authorities. To facilitate the exchange of safety information, the signs
and symptoms of the patients should be identified as adverse events, the adverse events are
subclassified and a classification of the severity is performed. In the past, limited regulatory
guidance was available leaving it up to the investigators to identify and classify the adverse events.
For vaccine trials, for example, it was shown that the identification and classification of adverse
events following immunization differed among clinical trials (1). Different cut-off points were
used for the identification of fever and the measured body sites differed among the clinical trials
(e.g., axillary vs rectal) (1). The comparability was further limited since the time that the patients
were observed differed among studies, ranging from 24 — 72 hours to 14 days. Efforts have been
made within different disease areas to standardize the identification and classification of adverse
events (2-4). Although efforts have been made, the identification and classification of adverse
events is still not fully standardized. For example, in clinical trials for Covid-19 vaccines, various
cut-off values for temperature were used to identify patients as having fever, ranging from
237.8°C to 238°C (5-7). The use of variable classifications among different clinical trials may hamper
comparisons of the incidences and severity of adverse events among drugs, the performance of
meta-analysis, and is of influence on the safety information reported in the regulatory documents
and in clinical guidelines. The importance of the uniform classification of adverse events is not
limited to the clinical trials. For observational studies, uniform classification of adverse events
also facilitates the interpretation of the results of the studies and, if applicable, comparability of
results from different studies, which could facilitate the timely detection of emerging safety issues.
Moreover, differences in the classification may alter the assessment of whether an adverse event
is associated with the drug. For example, it was shown that the association between treatment
with antiepileptics and the adverse event suicidality was stronger when suicidality was classified
as suicide attempt, suicidal ideation, or deliberate self-harm as compared to when suicidality was
classified as completed suicide (8). Besides the differences within clinical trials and observational
studies, differences between those may have implications. The safety information described in
the product information is namely mainly based on the information collected in the clinical trials.
Given that the product information is considered to be important source to guide healthcare
professionals and patients on the safe use of the drug, differences in identification and classification
of adverse events between clinical trials and clinical practice may have implications. For example,
the management of the immune-related adverse events associated with the programmed death
receptor protein—1/programmed death-ligand 1 inhibitors (PD-1/PD-L1 inhibitors) is dependent on
the classification of the severity of the adverse event and whether the adverse event is considered
to be immune-related (9, 10). When these are classified in a different way in the product information
and clinical practice, this may have consequences for the adequate identification and management

of the adverse events.
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The identification and classification of adverse events is extra challenged with the introduction
of drugs with new mechanisms of action since the adverse events for these drugs are not yet fully
characterized and classifications thereof should be developed. One of these being the introduction
of PD-1/PD-L1 inhibitors, which have shown to be effective for a wide variety of cancer types
including melanoma and non-small-cell lung cancer (11, 12). The PD-1/PD-L1inhibitors have a distinct
and specific safety profile as compared to other drugs used in oncology namely the occurrence of
immune-related adverse events of which thyroid disorders are the most commonly reported (13).
Therefore, we aim to describe and compare the identification and classifications of thyroid disorders

associated with PD-1/PD-L1 inhibitors in clinical trials and observational studies.

METHODS
Data sources
Different data sources were used to obtain information on the identification and classification of

thyroid disorders in clinical trials and observational studies.

Clinical trials

First, all PD-1/PD-L1 inhibitors that were authorized in the European Union as of 30 November
2020 were identified using the website of the European Medicines Agency (EMA). Second, for
the included PD-1/PD-L1 inhibitors all pivotal clinical trials supporting initial marketing approval
or extensions of indication were retrieved based on the information provided in the European
Public Assessment Reports (EPARs) that were available as of 30 November 2020 on EMA’s website.
The EPAR includes an overview of the assessment procedure and includes all information that
supported the initial approval or extension of indication of the drug including the results of
the pivotal clinical trials. The corresponding scientific publications of the clinical trials were
identified using PubMed and clinicaltrials.gov. The protocols of the clinical trials were retrieved
from the supplementary information linked to the scientific publication, clinicaltrials.gov, EPAR,

Food and Drug Administration review package, or the company’s website.

Observational studies

PubMed was used to identify scientific publications of observational studies assessing the association
between PD-1/PD-L1 inhibitor treatment and thyroid disorders (Supplementary information 1).
The PubMed search was performed in November2020. Studies were eligible for inclusion if the study
was an observational study (i.e., study making use of clinical practice data), when the identification
and classification of thyroid disorders was described and the incidence thereof was or could be

calculated. Non-English scientific publications, reviews, and meta-analyses were excluded.

Outcome
The outcomes of this study were the methods used for the identification and classification of
thyroid disorders. For this, we extracted information on the assessment used to identify patients

as having thyroid disorders, which includes information on the method applied and, if applicable,
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the measured laboratory values and reference values of these. Moreover, information was extracted
on the reported subclassifications of thyroid disorders (e.g., hypothyroidism and hyperthyroidism)
including on whether it was evaluated if other factors could explain the occurrence of the thyroid
disorder. Also, information on the classification of the severity of the thyroid disorders was
collected. Furthermore, we extracted information on the frequency of performing thyroid function
tests, incidence of thyroid disorders, study design, study period, online publication date, number of
patients included in the study, PD-1/PD-L1 inhibitor(s) studied, indication of use, dosing schedule,
and follow-up time.

We extracted the information for the clinical trials from all information retrieved (e.g., protocols,
regulatory information on the assessment procedure). For the observational studies, we extracted

the information from the methods section of the full text of the included article.

RESULTS

As of 30 November 2020, six PD-1/PD-L1 inhibitors (atezolizumab, avelumab, cemiplimab,
durvalumab, nivolumab, pembrolizumab) were authorized in the European Union. The first PD-1/
PD-L1inhibitors (nivolumab and pembrolizumab) were authorized in 2015 and the last (cemiplimab)
in 2079. A total of 38 pivotal clinical trials supported the initial approval or extensions of indications
of the six included PD-1/PD-L1 inhibitors (Table 1). The number of clinical trials supporting approval
or extension of indication differed among the PD-1/PD-L1 inhibitors ranging from one clinical trial
for cemiplimab to 13 clinical trials for pembrolizumab. A total of 28 observational studies were
included (Table 1). Also, for the observational studies large variability was observed in the studied
drugs: 23 (82%) observational studies included patients treated with nivolumab, 17 (61%) with
pembrolizumab, and zero with cemiplimab. One-third of the clinical trials studied the PD-1/PD-L1
inhibitors for the treatment of melanoma, whereas approximately two-third of the observational
studies included melanoma patients. The majority of the clinical trials were phase 3 clinical trials
(n = 28, 74%) and made use of an active comparator to study the efficacy and safety of the PD-1/
PD-L1inhibitor (n =25, 66%). All of the observational studies were cohort studies, studying the PD-1/
PD-L1 inhibitors without comparator. In the majority of the clinical trials (n = 20, 53%) more than
300 patients were treated with the PD-1/PD-L1 inhibitors. The study population in the observational
studies was mostly smaller than the clinical trials with 13 (46%) of the observational studies including
less than 100 patients. The treatment duration was generally shorter in the clinical trials as
compared to the observational studies, with patients that were treated for less than four months in
13 (34%) of the clinical trials and 2 (7%) of the observational studies. The results of the clinical trials
were mostly published in the period between 2014 and 2018, whereas the majority of the results of
the observational studies became available between 2017 and 2020.

The method used to identify patients as having thyroid disorder was non-specific in all of
the clinical trials, Table 2. Within all of the clinical trials, the Common Terminology Criteria for
Adverse Events (CTCAE) version 4(.03) was used to identify patients as having thyroid disorders
(Supplementary information 2). Within this dictionary, it is described that thyroid disorders are
characterized by excessive levels of thyroid hormone in the body or as a disorder characterized by

a decrease in production of thyroid hormone by the thyroid gland (14).
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Table 1. Characteristics of the included clinical trials and observational studies. *for the observational studies
more than one PD-1/PD-L1inhibitor and/or indication could be studied.

Number of Number of observational
clinical trials (%) studies (%)

Total 38 28
PD-1/PD-L1inhibitor*

Atezolizumab 8 (21 3(1)
Avelumab 2(5) 1(4)
Cemiplimab 13) 0 (0)
Durvalumab 2(5) 1(4)
Nivolumab 12 (32) 23(82)
Pembrolizumab 13 (34) 17 (61)
Indication*

Melanoma 12 (32) 18 (64)
Non-small cell lung cancer 7(18) 17 (61)
Urothelial carcinoma 6 (16) 5(18)
Other 13 (34) 10 (36)
Study design

Phase

Phase 2 11(29) 0(0)
Phase 3 28 (74) 0 (0)
Phase 4 cohort study 0 (0) 28 (100)
Comparator

Active comparator 25 (66) 0 (0)
Placebo 5(13) 0(0)
No comparator 8 (21) 28 (100)
Number of patients treated with PD-1/PD-L1 inhibitor

<100 patients 1(3) 13 (46)
100 - 300 patients 17 (45) 13 (46)
>300 patients 20 (53) 2@
Median treatment duration

<4 months 13 (34) 2@
24 months 23 (61) 17 (61)
Online publication date

2014 - 2016 16 (42) 1(4)
2017 - 2018 16 (42) 12 (43)
2019 - 2020 6(16) 15 (54)

For the observational studies, the identification of thyroid disorders included only a description
indicating that the specific thyroid levels (only TSH or both TSH and FT4) should be out of
the reference range in 5 (18%) of the studies (Supplementary information 3). In 23 (82%) of
the observational studies the reference values of TSH and FT4 were specified, Figure 1. The lower
limit of the TSH value to classify patients as having thyroid disorders ranged from 0.1to 0.5 mIU/L
and the upper limit of TSH value ranged from 4.2 to 10 mIU/L. Also, the reference values of FT4

differed among the observational studies.
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Table 2. Identification and classification of thyroid disorders in clinical trials and observational studies. TSH:

thyroid stimulating hormone, ULN: upper limit of normal, LLN: lower limit of normal

Clinical trials

Observational studies

Identification of thyroid disorder
Non-specific: classified excessive
levels of thyroid hormone in

the body/decrease in production
of thyroid hormone by

the thyroid gland

Semi specific: classified as
increase/decrease TSH value

(in combination with increase/
decrease FT4)

Specific: cut-off values

TSH/FT4 specified
Subclassification

thyroid disorders

Classification severity
thyroid disorders
CTCAE dictionary

38 (100%)

0 (0%)

0 (0%)

Abnormal thyroid function tests

(TSH > ULN: [With at least one FT3/
FT4 test value <LLN] [With all other

FT3/FT4 test value >=LLN]
TSH < LLN: [With at least one FT3/

FT4 test value >ULN] [With all other

FT3/FT4 test value <=ULN])

(Autoimmune) thyroiditis
Basedow’s disease

Hyperthyroidism

Hypothyroidism
Increased/decreased TSH
Immune-related thyroid disorders
Thyroxine Free increased/
decreased

Triiodothyronine decreased

38 (100%)

0 (0%)

5(18%)

23 (82%)

(Autoimmune/destructive/
biphasic) thyroiditis
(Subclinical/overt) hyperthyroidism
(Subclinical/overt/new onset)
hypothyroidism

Isolated thyrotoxicosis

Primary overt hyperthyroidism
versus thyroiditis-like syndrome
Primary thyroid dysfunction
Immune-related thyroid
dysfunction
Recurrent/worsening of pre-
existing hypothyroidism
Thyroid dysfunction

10 (36%)

Within the CTCAE dictionary, thyroid disorders are subclassified as hyperthyroidism and

hypothyroidism. However, also other subclassifications of thyroid disorders were reported,

such as (autoimmune) thyroiditis and increased/decreased TSH. Moreover, in the clinical trials

a subclassification of immune-related thyroid disorders including a specific assessment thereof was

reported. For this, different assessments were applied for the different PD-1/PD-L1 inhibitors and for

atezolizumab, nivolumab, and pembrolizumab the assessments that were applied differed among

the clinical trials. In 16 studies, including 11 pembrolizumab trials, it was reported that a selection was

made (using the medical dictionary for regulatory activities) to select the adverse events that were
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Yano et al.
Yamauchi et al.
Villa et al.
Sbardella et al.
Sakakida et al.
Ramos-Levi et al. -
Presotto et al. =
Pollack et al.
Peiro et al.

Patel et al.
Olsson-Brown et al.
Morganstein et al.
Maekura et al.
Lima Ferreira et al. -
Kotwal et al.
Kobayashi et al.
Kimbara et al.
Kim et al. (male) -
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Delivanis et al. =

de Filette et al. -
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Figure 1. Reference values of thyroid stimulating hormone (TSH) and FT4 applied in the observational studies to
identify patients as having thyroid disorders.

(potential) immune-related adverse events. For one nivolumab clinical trial the selected adverse
events were all considered to be immune-related, whereas others applied additional criteria to
determine the immune-relatedness. In seven studies, the adverse event should have been treated
with systemic corticosteroids or, in the case of endocrine adverse events, with endocrine therapy to
be subclassified as immune-related adverse event. For avelumab, the most thorough evaluation was
performed with two medically-qualified persons subclassifying adverse events as immune-related. In
line with the clinical trials, the observational studies reported the subclassifications hyperthyroidism
and hypothyroidism. However, the observational studies also made a distinction between subclinical
and overt events. For this, thyroid disorders were subclassified as subclinical events when the TSH
value was out of the reference range with the FT4 value within the reference range. In the clinical trials,
adistinction was made in treatment-related and all-cause adverse events. In two of the observational
studies, thyroid disorders were excluded that were considered not to related to the treatment with
the PD-1/PD-L1 inhibitor, for which reasons included concurrent neck radiation, use of amiodarone,
or that low TSH values were only observed during glucocorticoid therapy.

The frequency of performing thyroid functions tests differed among the studies. In all of
the clinical trials thyroid function tests were performed at baseline and in 56% of the clinical trials

follow-up measurementswere performed before every orevery other cycle ontreatment. The lowest
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frequency of performing thyroid function tests was observed in the pivotal trials supporting initial
approval of atezolizumab; thyroid levels were only obtained at baseline and at the end of the study.
This frequency was stepped up in the later performed clinical studies of atezolizumab. In a few clinical
trials, the frequency of screening was reduced over the course of the clinical trial. The frequency of
performing thyroid function tests was specified in 19 of the observational studied and was reported
to be performed every or every other cycle.

All of the clinical trials and a third (n = 10, 36%) of the observational studies reported
the classification of the severity of the adverse events, for which the classification of the CTCAE
dictionary was used. Within the CTCAE dictionary, the severity of the thyroid disorders is classified
as grade 1 when the patients are asymptomatic, whereas symptomatic patients are considered to
have grade 2 adverse events for which thyroid suppression or replacement therapy is indicated.
When patients have severe symptoms, limiting selfcare of activities of daily living, or hospitalization
is required adverse events are graded as grade 3. Grade 4 includes events with life-threating
consequences or for which urgent intervention is indicated. When the adverse event leads to death,

it is considered to be of grade 5.

DISCUSSION

Within this study, we assessed the identification and classification of thyroid disorders associated
with PD-1/PD-L1 inhibitors in clinical trials and observational studies and showed that there were
both differences between the clinical trials and observational studies as within those. In the clinical
trials, the CTCAE dictionary was used to identify patients as having thyroid disorders, which was
non-specific and leaves room for interpretation of the investigators. We could therefore not assess
whether thyroid disorders were consistently identified in the clinical trials. The CTCAE dictionary
could be improved by specifically describing the reference values of the thyroid hormones.
The subclassification of immune-related thyroid disorders differed among the PD-1/PD-L1inhibitors
and, for some, also within the clinical trials for one drug. Some trials classified all adverse events that
were included on a list of prespecified potential immune-related adverse events (including thyroid
disorders) as being immune-related, whereas others used a comparable list as a starting-point for
the assessment and, among others, excluded thyroid disorders when they were not treated with
endocrine therapy. Since the applied methods for the subclassification of immune-related thyroid
disorders differ greatly, the comparability of immune-related adverse events among PD-1/PD-L1 is
hampered. Although efforts have been taken to standardize the classification of adverse events
by using the CTCAE dictionary, which was updated with immune-related adverse events, such as
Guillain-Barre syndrome, myositis, and colitis, the assessment of the subclassification of immune-
relatedness is not specified within this dictionary (14). Given that the PD-1/PD-L1 inhibitors are an
important class of drugs with a distinct safety profile characterized by immune-related adverse
events it would be beneficial to standardize this subclassification. In contrast to the clinical trials,
the reference values of the thyroid levels were mostly specified in the observational studies.
However, different cut-off values of thyroid levels were used. One contributing factor to facilitate

the comparability of the identification of thyroid disorders in observational studies could be
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to improve the method to identify thyroid disorders described in clinical practice guidelines.
The clinical practice guidelines of the European Society for Medical Oncology and the American
Society of Clinical Oncology that describe the management of immune-related adverse events
associated with PD-1/PD-L1 inhibitors currently do not describe the reference values (15, 16).

The differences in subclassifications of thyroid disorders could impact the reported incidence
andtherefore the comparability of the incidences within and between clinical trials and observational
studies. Especially, including subclinical events when determining the incidence of thyroid disorders
is of influence. For example, Kim et al. and Peiro et al. reported an incidence of thyroid disorders
of 32.8% and 23.3% of which approximately half consisted of patients that were classified as having
a subclinical event. This difference of including subclinical events to determine the incidence of
thyroid disorders is not limited to the observational studies and is also observed in the information
provided in the product information of the PD-1/PD-L1 inhibitors, which is based on the clinical
trials. For example, the incidence of hypothyroidism described in the product information of
atezolizumab is calculated based on reports that include, among others, blood thyroid stimulating
hormone abnormal and blood thyroid stimulating hormone increased, and thyroiditis (17). Other
PD-1/PD-L1 inhibitors determine the incidence of hypothyroidism based on only the (autoimmune)
hypothyroidism reports and separately list thyroiditis as adverse event (9, 18, 19). Besides
the influence of the identification and subclassification, also other factors could be of influence on
the reported incidence of thyroid disorders that were not assessed within this study. For example,
the setting in which the study is conducted plays an important role. Mannesse et al. showed that
the prevalence of hyponatremia was higher in patients admitted to geriatric wards as compared to
other settings, e.g., nursing homes (20). Closely related to this, is the potential difference between
the clinical trial setting and post-marketing setting. Recently, for the sodium-glucose cotransporter
2 inhibitor empagliflozin it was shown that approximately 55% of the clinical practice population
would not have been eligible for inclusion in the clinical trials (21). Also, the follow-up time may play
a role although for the thyroid disorders this influence is limited considering that thyroid disorders
occur shortly after initiation, mostly within the first months of treatment (22, 23).

Clinical trials and observational studies serve different purposes and have a different approach,
the identification and classification of thyroid disorders are, however, expected to be in line. In
the light of the recent interests of implementing real-world evidence to support regulatory decision
making and thereby (partly) replacing randomized controlled trials, standardization of information
is vital. Initiatives were employed to study the practicalities hereof with a focus on replicating
the effectiveness outcomes of randomized controlled trials in clinical practice (24, 25). However,
as shown in our study also the safety perspective should be considered, given that challenges are
faced including the standardizing of the identification and classification of the adverse events.

Although we only illustrated the differences in identification and classification of adverse events
by using a case study of thyroid disorders associated with PD-1/PD-L1 inhibitors, it is expected
that the results could also be applicable to other types of adverse events and drugs. Thyroid
disorders can objectively be identified according to laboratory values, although minor differences
may be expected introduced by the measurement method, these are expected to be uniformly

identified. Since this study illustrated that for these adverse events differences in identification
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and classification exist, it is expected that this is also the case for other adverse events for which
the identification and classification can be further complicated as subjective measures are used for
this. It is therefore considered that differences in the identification and classification of adverse
events impact the regulatory and clinical interpretation of the safety information as, for example,
the safety information described in the product information is based on data from the clinical trials.

In conclusion, the identification and classification of thyroid disorders differed between
and within clinical trials and observational studies. Efforts to improve the comparability of
the identification and classification of adverse events should be taken to facilitate regulatory and

clinical interpretation of the safety profile.
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SUPPLEMENTARY INFORMATION 1. PUBMED SEARCH STRATEGY

PD-1 inhibitor* [TIAB] OR PD1 inhibitor*[TIAB] OR PDL1 inhibitor*[TIAB] OR PD-L1 inhibitor*[TIAB]
OR PD-1/PD-L1 inhibitor*[TIAB] OR PD-1/L1 inhibitor[TIAB] OR Checkpoint inhibitor*[TIAB]
OR Checkpointinhibitor*[TIAB] OR anti-PD-1/PD-L1* OR Programmed Cell Death 1 [TIAB] *
OR Nivolumab[TIAB] OR Pembrolizumab[TIAB] OR Atezolizumab[TIAB] OR Bavencio[TIAB]
OR Avelumab[TIAB] OR Imfinzi [TIAB] OR Durvalumab[TIAB] OR Keytruda[TIAB] OR
Pembrolizumab[TIAB] OR Libtayo[TIAB] OR Cemiplimab[TIAB] OR Opdivo[TIAB] OR Tecentriq
[TIAB] OR Atezolizumab[TIAB] OR Immunotherapy [TIAB] OR Programmed Cell Death 1 Receptor
[MeSH] OR pembrolizumab [Supplementary Concept] OR atezolizumab [Supplementary Concept]
OR durvalumab [Supplementary Concept] OR nivolumab [MeSH] OR avelumab [Supplementary
Concept] OR cemiplimab [Supplementary Concept]

AND

Thyroid Diseases/chemically induced[MeSH] OR Thyroid Diseases/physiopathology [MeSH]
OR Thyroid Function Tests [MeSH] OR thyroid function test* [TIAB] OR thyroid disease* [TIAB]
OR Thyroid abnormalit*[TIAB] OR Thyroid dysfunction*[TIAB] OR Hypothyroid* [TIAB] OR
Hyperthyroid*[TIAB] OR Thyroiditis[TIAB] OR Abnormal thyroid function[TIAB] OR Thyroid™ [TIAB]
OR TSH [TIAB] OR FT4 [TIAB] OR thyroid gland [TIAB] OR thyroxine OR Thyrotoxicosis [TIAB] OR
Thyroid stimulating hormone [TIAB] OR TSH [TIAB] OR Hyperthyroidism [MeSH] OR Thyroid Crisis
[MeSH] OR Thyrotoxicosis [MeSH] OR Hypothyroidism [MeSH] OR Thyroid Stimulating Hormone
Deficiency [MeSH] OR Thyroid-Stimulating Hormone Deficiencies [MeSH] OR Thyroid-Stimulating
Hormone Deficiencies [TIAB] OR Thyroid-Stimulating Hormone Deficiency OR Thyroiditis,
Autoimmune”’[MeSH] OR thyroid diseases
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Table S9. Characteristics of the main clinical studies supporting initial approval and extensions of indication

for nivolumab.

Study (NCT number)

Study design

Treatment schedule

Types of malignancy

CheckMate-066
(NCT01721772)

CheckMate-037
(NCTO01721746)

CheckMate-017
(NCT01642004)

CheckMate-057
(NCTO01673867)

CheckMate-025
(NCTO01668784)

CheckMate-067
(NCTO01844505)

CheckMate-205
(NCT02181738)

Randomized, double-blind,

phase 3 study

Randomized, open-label,
phase 3 study

Randomized, open-label,
phase 3 study

Randomized, open-label,
phase 3 study

Randomized, open-label,
phase 3 study

Randomized, double-blind,
phase 3 study

Single-arm, multi-cohort,
open-label, phase 2 study

Nivolumab, 3 mg/kg Q2w

Nivolumab, 3 mg/kg Q2w

Nivolumab, 3 mg/kg Q2w

Nivolumab, 3 mg/kg Q2w

Nivolumab, 3 mg/kg Q2w

Nivolumab, 3 mg/kg Q2W
Nivolumab 1 mg/kg Q3W +

ipilimumab 3 mg/kg Q3W for
4 doses, followed by 3 mg/kg

nivolumab Q2w

Nivolumab, 3 mg/kg Q2W

Unresectable or metastatic

melanoma

Unresectable or metastatic
melanoma

Advanced squamous-cell
non-small-cell lung cancer
(NSCLC)

Metastatic nonsquamous
NSCLC

Advanced or metastatic clear-
cell renal cell carcinoma

Unresectable or metastatic
melanoma

Classical Hodgkin Lymphoma
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# patients included

Follow-up time

Time frame

Randomized: 418

Safety population nivolumab: 206

Randomized: 405

Safety population nivolumab: 268

Randomized: 272

Safety population nivolumab: 131

Randomized: 582

Safety population nivolumab: 287

Randomized: 821

Safety population nivolumab: 406

Randomized:

Safety population nivolumab: 313
(nivolumab monotherapy), 313
(nivolumab + ipilimumab)

Enrolled:
63 (brentuximab vedotin (BV)-naive)
80 (BV received after auto-HCT)

100 (BV received before and/or
after auto-HCT)

Follow-up:

up to 16.7 months (database lock:

5.2 months after the first visit of
the last patient who had
undergone randomization)
Median follow-up:

8.4 months (IQR: 7.0 — 9.8)

Median treatment duration:
5.3 months (95% Cl: 3.3 - 6.5)
Minimum follow-up:

approximately 11 months

Median number of doses:
8 (range:1-48)
Minimum follow-up:

13.2 months

Median number of doses:
6 (range: 1-52)
Minimum follow-up:

14 months

Median treatment duration:
5.5 months (range: <0.1 - 29.6)
Median follow-up:

Ranging from 12.2 to 12.5 months

Median number of doses:

15 (range: 1 - 38) (nivolumab
monotherapy)

4 (range: 1 - 39) (nivolumab +
ipilimumab)

Median follow-up:

18 months

Enrollment period: January 2013 —
February 2014

Enrollment period: 21 December 2012
—10 January 2014

Enrollment period: October 2012 —
December 2013

Enrollment period: November 2012 —
December 2013

Enrollment period: October 2012 —
March 2014

Enrollment period: July 2013 - March
2014

Enrollment period: August 2014 —
August 2015
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Table S9. (continued)

Study (NCT number)

Study design

Treatment schedule

Types of malignancy

CheckMate-141
(NCT02105636)

CheckMate-275
(NCT02387996)

CheckMate-238
(NCT02388906)

CheckMate-214
(NCT02231749)

CheckMate-9LA
(NCT03215706)

Open-label, randomized,
phase 3 study

Single-arm, phase 2 study

Randomized, double-blind,

phase 3 study

Randomized, open-label,
phase 3 study

Randomized, open-label,
phase 3 study

Nivolumab, 3 mg/kg Q2W

Nivolumab, 3 mg/kg Q2W

Nivolumab, 3 mg/kg Q2W

Nivolumab 3 mg/kg +
ipilimumab 1 mg/kg Q3w
for 4 doses followed by
nivolumab 3 mg/kg Q2W

Nivolumab, 360 mg Q3W +
ipilimumab, 1 mg/kg Q6W +
chemotherapy (2 cycles)

Metastatic Platinum-
Refractory Squamous Cell
Carcinoma of the Head
and Neck

Metastatic or surgically
unresectable locally advanced
urothelial carcinoma
Melanoma with involvement
of lymph nodes or metastatic
disease who have undergone
complete resection

Previously untreated
advanced renal cell carcinoma

Stage IV NSCLC

Table S10. Description of the applied definitions to identify thyroid-related (immune-related) adverse events,

frequency of screening of the thyroid levels and incidence of thyroid disorders in the clinical studies supporting

initial approval and extensions of indication for nivolumab.

Study (NCT number)

Frequency of thyroid screening

Definitions used to identify thyroid disorders

CheckMate-066
(NCT01721772)

TSH, free T4, free T3: at screening. TSH (with
reflexive free T4/free T3): every 6 weeks, 30
days from last dose (repeat at 100-121 days
from last dose if study drug related toxicity

persists) (22)

The severity of adverse events was graded
according to the National Cancer Institute
Common Terminology Criteria for Adverse
Events, version 4.0 (22)
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# patients included

Follow-up time

Time frame

Randomized: 240

Safety population nivolumab: 236

Safety population nivolumab: 270

Randomized: 906

Safety population nivolumab: 452

Randomized: 1096

Safety population nivolumab +
ipilimumab: 547

Randomized: 719

Safety population nivolumab +
ipilimumab: 358

Median follow-up:
5.1 months (range: 0 —16.8)

Median treatment duration:
1.9 months

Median follow-up:

7 months (IQR: 2.96 — 8.77)

Median follow-up: 19.5 months
Median number of doses:
24 (range: 1-26)

Median follow-up:

25.2 months

Median treatment duration:
79 months (95% Cl, 6.5 - 8.4)

Median follow-up:
10.4 months

Median treatment duration:

6.05 months (95% Cl: 4.93 - 7.06)

Enrollment period: June 2014 —
August 2015

Enrollment period: 9 March 2015 - 16
October 2015

Enrollment period: 30 March 2015 -
30 November 2015

Enrollment period: October 2014 —
February 2016

NA

Incidence thyroid disorders

Definition used to identify immune-related

adverse events

Treatment-related adverse events:

Hypothyroidism: 9 (4.4%)
Hyperthyroidism: 7 (3.4%)

Select adverse events related to study treatment (those

with potential immunological etiology):

Hypothyroidism: 9 (4.4%)
Hyperthyroidism: 7 (3.4%)
(22)
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Table S10. (continued)

Study (NCT number)

Frequency of thyroid screening

Definitions used to identify thyroid disorders

CheckMate-037
(NCTO01721746)

CheckMate-017
(NCT01642004)

CheckMate-057
(NCT01673867)

TSH, free T4, free T3: at screening. TSH (with
reflexive free T4/free T3): every 6 weeks, 30
days from last dose (repeat at 100-121 days
from last dose if study drug related toxicity
persists) (25)

TSH (reflex to free T4/free T3): at screening,

The site investigator graded adverse events
according to the National Cancer Institute
Common Terminology Criteria for Adverse
Events version 4.0 throughout the study
until 100 days after discontinuation of study
treatment (23)

Safety was assessed by means of evaluations
of the incidence of adverse events, which
were graded with the use of the National
Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.0 (25)

Safety was assessed by an evaluation of

every 6 weeks, 30 days from last dose (repeat the incidence of clinical adverse events and

at 100-121 days from last dose if study drug
related toxicity persists) (27)

laboratory variables, which were graded
according to the National Cancer Institute
Common Terminology Criteria for Adverse
Events, version 4.0 (27)
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Definition used to identify immune-related

Incidence thyroid disorders adverse events
Treatment-related select AEs of potential immune- There were no case definitions for the identification of
related etiology: immune-mediated AEs in the protocol (24)

Hypothyroidism: 15 (5.6%)
Blood TSH increased: 3 (1.1%)
Hyperthyroidism: 5 (1.9%)
(23)

Endocrine adverse events:

Thyroiditis (composite term which includes autoimmune
thyroiditis): 1 (0.4%)

Blood TSH decreased: 1(0.4%)

Thyroxine Free increased: 1(0.4%)

Abnormal thyroid tests:

TSH > ULN: 59 (25%)

With at least one FT3/FT4 test value <LLN: 26 (11.0%)
With all other FT3/FT4 test value >=LLN: 24 (10.2%)
TSH < LLN: 31 (13.1%)

With at least one FT3/FT4 test value >ULN: 10 (4.2%)
With all other FT3/FT4 test value <=ULN: 16 (6.8%)
(24)

Treatment-related select AEs:

Hypothyroidism: 5 (4%) (25)

Pooled safety population squamous NSCLC:
Hypothyroidism: common

Thyroiditis: uncommon

(26)

All causality AEs:

Hypothyroidism: 19 (7%)
Treatment-related Adverse Events:
Hypothyroidism: 19 (7%)

Treatment-related select adverse Events:

Blood thyroid stimulating hormone increased: 6 (2%)
Hyperthyroidism: 4 (1%)

Blood thyroid stimulating hormone decreased: 1 (<1%)
Thyroiditis: 1 (<1%)

(27)
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Table S10. (continued)

Study (NCT number) Frequency of thyroid screening Definitions used to identify thyroid disorders
Checkmate-025 TSH (reflex to free T4/free T3): at screening,  Adverse events were graded according
(NCT01668784) every 8 weeks, 30 days from last dose (repeat to the National Cancer Institute Common
at 100-121 days from last dose if study drug Terminology Criteria for Adverse Events,
related toxicity persists) (28) version 4.0 (28)
Checkmate-067 TSH (reflex to free T4/free T3): at screening,  The severity of adverse events was graded
(NCT01844505) every 3 weeks for the first 12 weeks followed  according to the National Cancer Institute
by every 4 weeks, 30 days from last dose Common Terminology Criteria for Adverse

(repeat at 100-121 days from last dose if study Events, version 4.0 (30)
drug related toxicity persists) (30)

CheckMate-205 TSH (reflex to free T4/free T3): at screening,  Adverse events were assessed using NCI
(NCT02181738) every 6 weeks (31) CTCAE v. 4.0 (31)

CheckMate-141 TSH (reflex to free T4/free T3): at screening, At each treatment visit and for 100 days after
(NCT02105636) every other week (33) receipt of the last dose, acute toxic effects

were evaluated according to the Common
Terminology Criteria for Adverse Events,
version 4.0 (33)
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Definition used to identify immune-related
Incidence thyroid disorders adverse events

Drug related select AEs:

Hypothyroidism: 24 (5.9%) (28)

Abnormal thyroid tests:

TSH > ULN: 148 (38.7%)

With at least one FT3/FT4 test value <LLN: 51 (13.4%)
With all other FT3/FT4 test value >=LLN: 38 (9.9%)
TSH < LLN: 59 (15.4%)

With at least one FT3/FT4 test value >ULN: 19 (5.0%)
With all other FT3/FT4 test value <=ULN: 19 (5.0%)
(29)

Nivolumab

Treatment-related select adverse events:
Hypothyroidism: 27 (8.6%)
Hyperthyroidism: 13 (4.2%)

Nivolumab + ipilimumab
Treatment-related select adverse events:
Hypothyroidism: 47 (15.0%)
Hyperthyroidism: 31 (9.9%)

(30)

All-cause immune-mediated AEs All-cause immune-mediated AEs: include events defined
Hypothyroidism: 21 (9%) as AEs (regardless of causality) that required immune-
Thyroiditis: 2 (<1%) modulating medication (with the exception of those of

Hyperthyroidism: 6 2%) (32) endocrine origin) and were reported up to 100 days after
the last dose (32)

Select treatment-related adverse events:

Hypothyroidism: 9 (3.8%)

Blood TSH increased: 3 (1.3%)

Hyperthyroidism: 2 (0.8%)

Abnormal thyroid function test: 2 (0.8%)

Thyroiditis: 2 (0.8%)

(33)
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Table S10. (continued)

Study (NCT number)

Frequency of thyroid screening

Definitions used to identify thyroid disorders

CheckMate-275
(NCT02387996)

CheckMate-238
(NCT02388906)

CheckMate-214
(NCT02231749)

CheckMate-9LA
(NCT03215706)

TSH, free T4, free T3: at screening. TSH (with

reflexive free T4/free T3): every other week, 35

(+/-7 days), 80 (+/- 7 days) after last dose (34)

TSH, free T4, free T3: at screening. TSH
(with reflexive free T4/free T3): every four
weeks, 30 (+/- 7 days), 84 (+/- 7 days) after
last dose (36)

TSH, free T4, free T3: at screening. TSH (with
reflexive free T4/free T3): every three weeks
for the first 12 weeks followed by every 4
weeks, 30 (+/- 7 days), 84 (+/- 7 days) after
last dose

TSH, free T4, free T3: at screening. TSH (with
reflexive free T4/free T3): every 6 weeks, 35 (+/-
7 days) after last dose (repeat at 115 (+/- 7 days)
if study drug related toxicity persists) (39)

Adverse events were graded according
to National Cancer Institute Common
Terminology Criteria for Adverse Events
(v4.0) during treatment and up to 30 days
after treatment discontinuation (34)

Data regarding adverse events were collected
for each group according to the Common
Terminology Criteria for Adverse Events,
version 4.0 (36)

Adverse events were graded according
to the National Cancer Institute Common
Terminology Criteria for Adverse Events,
version 4.0 (37)

Descriptive statistics of safety will be
presented using National Cancer Institute
(NCI) Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0 (39)
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Incidence thyroid disorders

Definition used to identify immune-related
adverse events

Treatment-related adverse events:
Hypothyroidism: 21 (7.8%) (34)

Drug-related selected adverse events:
Hyperthyroidism: 11 (4.1%)

Blood thyroid stimulating hormone increased: 10 (3.7%)
Blood thyroid stimulating hormone decreased: 5 (1.9%)
Thyroiditis: 2 (0.7%)

Thyroxine increased: 2 (0.7%)

Autoimmune thyroiditis: 1(0.4%)

Thyroxine decreased: 1 (0.4%)

Thyroxine free increased: 1(0.4%) (35)
Treatment-related adverse events:

Hypothyroidism: 49 (10.8%)
Hyperthyroidism: 36 (8.0) (36)

Treatment-related adverse events:

Hypothyroidism: 85 (15.5%) (37)

Drug-related selected adverse events:
Hyperthyroidism: 59 (10.8%)

Blood thyroid stimulating hormone increased: 11 (2.0%)

Blood thyroid stimulating hormone decreased: 5 (0.9%)
Thyroiditis: 16 (2.9%)

Basedow’s disease: 2 (0.4%)

Thyroxine free increased: 2 (0.4%)
Autoimmune hypothyroidism: 1(0.2%)
Autoimmune thyroiditis: 1(0.2%)
Thyroid function test abnormal: 1(0.2%)
Thyroxine decreased: 1(0.2%) (38)
Adverse events:

Hyperthyroidism: 29 (8.1%)
Hypothyroidism: 55 (15.4%) (39)

Immune-related selected adverse events were
determined on the basis of a prespecified list of
terms from the Medical Dictionary for Regulatory
Activities, which was updated according to each new
version. (36)
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Table S11. Characteristics of the main clinical studies supporting initial approval and extensions of indication for pembrolizumab.

Study (NCT number) Study design

Treatment schedule

Types of malignancy

Keynote-002
(NCT01704287)

Keynote-006
(NCTO01866319)

Keynote-010
(NCT01905657)

Keynote-024
(NCT02142738)

Keynote-087
(NCT02453594)

Keynote-045
(NCT02256436)

Keynote-052
(NCT02335424)

Randomized, open-label,
phase 2 study

Randomized, open-label,
phase 3 study

Randomized, open-label,
phase 2/3 study

Randomized, open-label,
phase 3 study

Single arm, phase 2 study

Open-label, randomized,
phase 3 study

Single arm, phase 2 study

Pembrolizumab 2 mg/kg Q3w
Pembrolizumab 10 mg/kg Q3w

Pembrolizumab 10 mg/kg Q2W
Pembrolizumab 10 mg/kg Q3w

Pembrolizumab 2 mg/kg Q3W
Pembrolizumab 10 mg/kg Q3W

Pembrolizumab, 200 mg Q3W

Pembrolizumab, 200 mg Q3W

Pembrolizumab, 200 mg Q3W

Pembrolizumab, 200 mg Q3W

Ipilimumab-refractory
melanoma

Advanced melanoma

Advanced non-small-cell lung
cancer

Metastatic non-small cell lung
carcinoma

Relapsed or refractory classical
Hodgkin lymphoma

Locally advanced or metastatic
urothelial carcinoma

Locally advanced or metastatic
urothelial carcinoma
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# patients included

Follow-up time

Time frame

Randomized: 540

Safety population pembrolizumab: 180

(2 mg/kg group),
181 (10 mg/kg group)

Randomized: 834

Safety population pembrolizumab: 278
(Q2w group), 277 (Q3W group)

Randomized: 1034

Safety population pembrolizumab:
339 (2 mg/kg group), 343 (10 mg/kg
group)

Randomized: 305

Safety population pembrolizumab: 154

Safety population pembrolizumab: 210

Randomized: 542

Safety population pembrolizumab: 266

Safety population pembrolizumab: 370

Median follow-up:
10 months (IQR: 8 — 12)

Median treatment duration:

113 days (range 1 - 499) (2 mg/kg
group), 145 days (range: 1 — 505)
(10 mg/kg group)

Median follow-up:

79 months (range: 6.1 - 11.5)

Median treatment duration:
164 days (Q2W group), 151

(Q3W group)
Median follow-up:

13.1 months (IQR: 8.6 -17.7)

Median treatment duration:
3.5months (IQR: 1.4 - 7.2)
(2 mg/kg group), 3.5 months (1.4 - 7.0)

(10 mg/kg group)
Median follow-up:

11.2 months (range: 6.3 - 19.7)

Median treatment duration:

7.0 months (range: 1day —
18.7 months)

Median follow-up:

10.1 months (range: 1.0 - 15.0)

Median treatment duration:

8.3 months (range: 0.03 - 14.99)
Median follow-up: 14.1 months
(range: 9.9 - 22.1)

Median treatment duration:

3.5 months (range: <0.2 - 20.0)
Median follow-up:

5 months (IQR: 3.0 — 8.6)

Median treatment duration:
3 months (range: 0.03 - 16.0)

Enrollment period: 30 November
2012 - 13 November 2013

Enrollment period: 18 September
2013 — 3 March 2014

Enrollment period: 28 August 2013 -
27 February 2015

Enrollment period: 19 September
2014 — 29 October 2015

Enrollment period: 26 June 2015 -
21 March 2016

Enrollment period: 5 November 2014 —
13 November 2015

Enrollment period: 24 February 2015 -
8 August 2016
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Table S11. (continued)

Study (NCT number) Study design

Treatment schedule

Types of malignancy

Keynote-040
(NCT02252042)

Keynote-189
(NCT02578680)

Keynote-054
(NCT02362594)

Keynote-407
(NCT02775435)

Keytruda-426
(NCT02853331)

Keynote-048
(NCT02358031)

Randomized, open-label,
phase 3 study

Randomized, double-blind,
phase 3 study

Randomized, double-blind,
placebo-controlled,
phase 3 study

Randomized, double-blind,
placebo-controlled,
phase 3 study

Randomized, open-label,
phase 3 study

Randomized, open-label,
phase 3 study

Pembrolizumab, 200 mg Q3W

Pembrolizumab, 200 mg Q3W
+ pemetrexed and a platinum-
based drug

Pembrolizumab, 200 mg Q3w

Pembrolizumab 200 mg Q3w
+ 4 cycles of carboplatin +
paclitaxel/nab-paclitaxel

Pembrolizumab, 200 mg Q3W
+ axitinib

Pembrolizumab, 200 mg Q3W
Pembrolizumab, 200 mg Q3W
+ platinum + 5-fluorouracil

Recurrent or metastatic
head-and-neck squamous cell
carcinoma

Metastatic nonsquamous
NSCLC

Resected, high-risk stage IlI
melanoma

Metastatic, squamous NSCLC

Locally advanced or metastatic
renal cell carcinoma

Recurrent or metastatic

squamous cell carcinoma of
the head and neck
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# patients included

Follow-up time

Time frame

Randomized: 495

Safety population pembrolizumab: 246

Randomized: 616

Safety population pembrolizumab:
405

Randomized: 1019

Safety population pembrolizumab: 509

Randomized: 559

Safety population pembrolizumab: 278

Randomized: 861

Safety population pembrolizumab: 429

Randomized: 882

Safety population pembrolizumab:
300 (pembrolizumab alone)

276 (pembrolizumab with
chemotherapy)

Median follow-up:
7.5 months (IQR: 3.4 — 13.3)

Median treatment duration:
2.8 months (IQR: 1.2 — 6.8)

Median follow-up:
10.5 months (range: 0.2 - 20.4)

Mean treatment duration:
7.4 months (SD: 4.7)
Median follow-up:

14.7 months

Median number of doses:

18 (IQR: 8 —18)

Median follow-up:

7.8 months (range: 0.1 - 19.1)

Mean treatment duration:

6.3 months (SD: 4.1)

Median follow-up:

12.8 months (range: 0.1 - 22.0)

Median treatment duration:

10.4 months (range: 0.03 - 21.2)
Median follow-up:

11.5 months (IQR: 51 - 20.8)
(pembrolizumab alone group), 13.0
(IQR: 6.4 - 21.5) (pembrolizumab with
chemotherapy group)

Median treatment duration:
3.5months (IQR: 1.4 - 7. 6)
(pembrolizumab alone group),
5.8 months (IQR: 2.8 — 9.7)
(pembrolizumab with
chemotherapy group)

Enrollment period: 24 December
2014 - 13 May 2016

Enrollment period:
26 February 2016 — 6 March 2017

Enrollment period:
August 2015 — November 2016

Enrollment period:
19 August 2016 — 28 December 28
2017

Enrollment period: 24 October 2016 —
24 January 2018

Enrollment period: 20 April 2015 -
17 January 2017
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Table S12. Description of the applied definitions to identify thyroid-related (immune-related) adverse events,
frequency of screening of the thyroid levels and incidence of thyroid disorders in the clinical studies supporting

initial approval and extensions of indication for pembrolizumab.

Study
(NCT number)  Frequency of thyroid screening

Definitions used to identify thyroid disorders

Keynote-002 T3, FT4, TSH: at screening, from cycle 2 every
(NCTO01704287) 12 weeks, 30 days (+-3 days) following the last
dose (40)

Keynote-006 T3, FT4, TSH:

(NCTO01866319)
Q2W group: week 0, from cycle 2 every other
cycle, end of treatment visit (30 +-3 days
following last dose)

Q3W group: every cycle for the first four cycles
followed by every other cycle, end of treatment
visit (30 +-3 days following last dose) (41)

Adverse events, laboratory values, and vital signs
were assessed regularly throughout the study
and graded per the Common Terminology
Criteria for Adverse Events, version 4.0 (40)

Adverse events, laboratory values, and vital signs
were assessed reqgularly and graded according

to the National Cancer Institute Common
Terminology Criteria for Adverse Events,

version 4.0 (41)
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Incidence thyroid disorders

Definition used to identify immune-related
adverse events

2 mg/kg group:

Treatment-related adverse events:
Hypothyroidism: 9 (5%)

Adverse events of a potentially immune-mediated

nature, regardless of attribution:
Hypothyroidism: 11 (6%)
Hyperthyroidism: 7 (4%)

10 mg/kg group:._

Treatment-related adverse events:
Hypothyroidism: 13 (7%)

Adverse events of a potentially immune-mediated

nature, regardless of attribution:
Hypothyroidism: 15 (8%)

Hyperthyroidism: 2 (1%)

(40)

Q2W group:

Adverse events of special interest on the basis of

the likely autoimmune or immune-related mechanism:

Hypothyroidism: 28 (10.1%)

Hyperthyroidism: 18 (6.5%)

Adverse Events Attributed to Study Treatment by

the Investigator:

Hypothyroidism: 25 (9.0%)

Hyperthyroidism: 17 (6.1%)

Blood thyroid stimulating hormone decreased: 3 (1.1%)

Blood thyroid stimulating hormone increased: 2 (0.7%)

Q3W group:
Adverse events of special interest on the basis of

the likely autoimmune or immune-related mechanism:
Hypothyroidism: 24 (8.7%)

Hyperthyroidism: 9 (3.2%)

Adverse Events Attributed to Study Treatment by

the Investigator:

Hypothyroidism: 21 (7.6%)

Hyperthyroidism: 7 (2.5%)

Blood thyroid stimulating hormone decreased: 3 (1.1%)

Blood thyroid stimulating hormone increased: 3 (1.1%)
(41

An irAE may be defined as an adverse event of unknown
etiology, associated with drug exposure and is consistent
with an immune phenomenon. Efforts should be made
to rule out neoplastic, infectious, metabolic, toxin or
other etiologic causes prior to labeling an adverse event
of clinical interest. Immunological, serological and
histological (biopsy) data should be used to support

the diagnosis of an immune-related toxicity. (40)

In line with Keynote-002 (41)
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Table S12. (continued)

Study
(NCT number)

Frequency of thyroid screening

Definitions used to identify thyroid disorders

Keynote-010
(NCT01905657)

Keynote-024
(NCT02142738)

Keynote-087
(NCT02453594)

T3/FT3, FT4 and TSH: at screening, every other

cycle, and end of treatment visit (30 +-3 days
following last dose) (42)

T3, free T4, and TSH: at screening, every other
cycle, and end of treatment visit (30 +-3 days
following last dose) (43)

T3 (or FT3 per local standard), FT4 and TSH:

at screening, every other cycle, and end of
treatment visit (30 +-3 days following last dose)
(44)

Adverse events were graded according

to the National Cancer Institute Common
Terminology Criteria for Adverse Events (version
4.0) (42)

All adverse events and abnormalities were
graded according to the National Cancer
Institute Common Terminology Criteria for
Adverse Events, version 4.0 (43)

AEs were graded according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events (version 4.0) (44)
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Incidence thyroid disorders

Definition used to identify immune-related
adverse events

2 mg/kg group:

Adverse events of special interest:
Hypothyroidism: 28 (8%)

Hyperthyroidism: 12 (4%)

Thyroiditis: 2 (1%)

Adverse Events Attributed to Study Treatment by
the Investigator:

Hypothyroidism: 25 (7.4%)

Hyperthyroidism: 10 (2.9%)

Blood thyroid stimulating hormone increased: 3 (0.9%)

Thyroxine free increased: 1(0.3%)

10 mg/kg group:

Adverse events of special interest:
Hypothyroidism: 28 (8%)

Hyperthyroidism: 20 (6%)

Thyroiditis: 0 (0%)

Adverse Events Attributed to Study Treatment by
the Investigator:

Hypothyroidism: 23 (6.7%)

Hyperthyroidism: 15 (4.4%)

Blood thyroid stimulating hormone increased: 4 (1.2%)
Thyroxine free increased: 4 (1.2%)

(42)

Immune-mediated adverse events (both that were

and were not attributed to study treatment by

the investigator):
Hypothyroidism: 14 (9.1%)
Hyperthyroidism: 12 (7.8%)
Thyroiditis: 4 (2.6%)

(43)

All-cause adverse events:
Hypothyroidism: 29 (13.8%)
Treatment-related adverse events:
Hypothyroidism: 26 (12.4%)

Immune-mediated adverse events (regardless of

treatment attribution):
Hypothyroidism: 29 (13.8%)
Hyperthyroidism: 6 (2.9%)
(44)

Subjects who develop an Event of clinical interest
(including hypothyroidism, hyperthyroidism, thyroid
disorder, thyroiditis) thought to be immune-related should
have additional testing to rule out other etiologic causes.
If lab results or symptoms indicated a possible immune-
related ECI then additional testing should be performed

to rule out other etiologic causes. If no other cause was
found, then it is assumed to be immune-related. (42)

In line with Keynote-010 (43)

In line with Keynote-011 (44)
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Table S12. (continued)

Study
(NCT number)

Frequency of thyroid screening

Definitions used to identify thyroid disorders

Keynote-045
(NCT02256436)

Keynote-052
(NCT02335424)

Keynote-040
(NCT02252042)

Keynote-189
(NCT02578680)

T3, FT4 and TSH: at screening, every other cycle,
and end of treatment visit (30 +-3 days following

last dose) (45)

T3, FT4 and TSH: at screening, every other cycle,
and end of treatment visit (30 +-3 days following

last dose) (46)

T3, FT4 and TSH: at screening, every other cycle,
and end of treatment visit (30 +-3 days following

last dose) (48)

T3 or FT3, FT4, and TSH: at screening, every
other cycle, and end of treatment visit (30 +-3
days following last dose) (49)

All the adverse events and abnormalities were
graded according to the National Cancer
Institute Common Terminology Criteria for
Adverse Events, version 4.0. (45)

Adverse events were monitored throughout
the treatment period and for 30 days after
treatment end (90 days for serious adverse
events) and were graded according to

the National Cancer Institute Common
Terminology Criteria for Adverse Events
(version 4.0) (46)

Adverse events and laboratory abnormalities
were collected throughout treatment and
for 30 days thereafter (90 days for serious
adverse events and those of special interest
to pembrolizumab treatment) and graded
using the National Cancer Institute Common
Terminology Criteria for Adverse Events,
version 4.0 (48)

Adverse events and laboratory abnormalities
were graded according to the National Cancer
Institute Common Terminology Criteria for
Adverse Events, version 4.0. (49)
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Incidence thyroid disorders

Definition used to identify immune-related
adverse events

Adverse event of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 17 (6.4%)
Hyperthyroidism: 10 (3.8%)
Thyroiditis: 2 (0.8%) (45)
Treatment-related adverse events:
Thyroiditis: 2 (1%)

Hypothyroidism: 42 (11.4%) (46)

Pooled Keynote-045/052:
Drug-related adverse events
Hyperthyroidism: 18 (2.8%)
Hypothyroidism: 53 (8.3%)

Blood thyroid stimulating hormone increased: 5 (0.8%)
Thyroiditis: 3 (0.5%) (47)

Treatment-related adverse events:

Hypothyroidism: 33 (13.4%)

Hyperthyroidism: 5 (2.0%)

Blood thyroid stimulating hormone increased: 2 (0.8%)
Thyroxine free increased: 1(0.4%)
Triiodothyronine decreased: 1 (0.4%)

Adverse event of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 37 (15%)

Hyperthyroidism: 5 (2%)

(48)

Pembrolizumab-pemetrexed-carboplatin group

Adverse event of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 20 (6.8%)
Hyperthyroidism: 13 (4.4%)

Pembrolizumab-pemetrexed-cisplatin group:

Adverse event of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 7 (6.3%)
Hyperthyroidism: 3 (2.7%)
Thyroiditis: 1 (0.9%) (49)

In line with Keynote-011 (45)

In line with Keynote-011 (46)

In line with Keynote-011 (48)

In line with Keynote-011 (49)
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Table S12. (continued)

Study
(NCT number)  Frequency of thyroid screening

Definitions used to identify thyroid disorders

Keynote-054 TSH (in case of elevated TSH to add free T3 and
(NCT02362594) T4): prior to randomization, every 6 weeks,
12 weeks (+- 2 weeks) after the last treatment
administration. (50)

Keynote-407 T3/FT3, FT4 and TSH: at screening, every other
(NCT02775435) cycle, end of treatment visit (<30 following last
dose) (51)

Keytruda-426 T3/FT3, FT4, and TSH: at screening, every

(NCT02853331)  other cycle, end of treatment visit, and safety
follow-up visit (30 +-3 days following last dose)
(52)

Data on adverse events were collected for each
treatment course with the use of the National
Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.0 (50)

Adverse events and abnormal laboratory
findings were graded according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.03 (51)

Data on adverse events and laboratory
abnormalities were collected regularly
throughout the treatment period and for 30
days thereafter (data on serious adverse events
and events of interest were collected for 90
days after the end of the treatment period) and
were graded according to the National Cancer
Institute Common Terminology Criteria for
Adverse Events, version 4.0 (52)
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Incidence thyroid disorders

Definition used to identify immune-related
adverse events

Immune-related adverse events, regardless of

investigator attribution:
Hypothyroidism: 73 (14.3%)
Hyperthyroidism: 52 (10.2%)
Thyroiditis: 16 (3.1%) (50)

Adverse event of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 22 (7.9%)
Hyperthyroidism: 20 (7.2%)
Thyroiditis: 3 (1%)

(51

Adverse events of any cause:
Hypothyroidism: 152 (35.4%)
Hyperthyroidism: 55 (12.8%)
Adverse Events Attributed to Study Treatment by
the Investigator:

Hypothyroidism: 135 (31.5%)
Hyperthyroidism: 52 (12.1%)

Adverse events of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 152 (35.4%)
Hyperthyroidism: 55 (12.8%)
Thyroiditis: 12 (2.8%)

(52)

In line with Keynote-011

Immune-related adverse events were programmatically
determined from a predefined list of Medical Dictionary
for Regulatory Activities (MedDRA) terms, which was
updated in accordance with each new version of MedDRA.
(50)

In line with Keynote-011 (51)

In line with Keynote-011 (52)
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Table S12. (continued)

Study
(NCT number)  Frequency of thyroid screening Definitions used to identify thyroid disorders

Keynote-048 T3/FT3, FT4, and TSH: at screening, every other  Data on adverse events and laboratory
(NCT02358031) cycle, and safety follow-up visit (30 +-3 days abnormalities were collected regularly
following last dose) (53) throughout treatment and for 30 days

thereafter (90 days for serious adverse events
and events of interest) and graded according
to the National Cancer Institute Common
Terminology Criteria for Adverse Events
(version 4.0) (53)
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Definition used to identify immune-related
Incidence thyroid disorders adverse events

Pembrolizumab alone: In line with Keynote-011 (53)
Adverse events of any cause:

Hypothyroidism: 55 (18%)

Adverse events attributed by the physician to

study treatment:

Hypothyroidism: 39 (13%)

Adverse events of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 55 (18%)
Hyperthyroidism: 8 (3%)
Thyroiditis: 0 (0%)

Pembrolizumab with chemotherapy:
Adverse events of any cause:
Hypothyroidism: 44 (16%)

Adverse events attributed by the physician to
study treatment

Hypothyroidism: 36 (13%)

Adverse events of interest (with immune-related cause

regardless of treatment attribution):
Hypothyroidism: 44 (16%)
Hyperthyroidism: 12 (4%)
Thyroiditis: 1 (<1%)

(53)
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ABSTRACT

Background: Clinical decision making is facilitated by healthcare professionals’ and patients’
adequate knowledge of the adverse events. This is especially important for biologicals used for
treating multiple sclerosis (MS). So far, little is known about whether different information sources

report adverse events consistently.

Methods: Biologicals authorized by the European Medicines Agency for the treatment of MS were
included in this study. Information on adverse events derived from phase 3 clinical trials from European

Public Assessment Reports (EPARs) and from scientific publications was compared.

Results: In the study, eight biologicals used for the treatment of MS were included for which the EPAR
and/or scientific publication reported a total of 707 adverse events. Approximately one-third of
the adverse events was reported in both the EPAR and scientific publication, one-third was only
reported in the EPAR and one-third only in the scientific publication. Serious adverse events and
adverse events that regulators classified as ‘important identified risk’ were significantly more often
reported in both sources compared to adverse events not classified as such (respectively, 38% vs. 30%
and 49% vs. 30%). Adverse events only reported in the EPAR or in the scientific publication were, in
general, not described in the benefit—risk section or abstract, which were considered to be the most

important sections of the documents.

Conclusion: This study showed that there is substantial discordance in the reporting of adverse
events on the same phase 3 trials between EPARs and scientific publications. To support optimal

clinical decision making, both documents should be considered.
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INTRODUCTION

Regulators have approved several biologicals to treat patients with relapsing and progressive
multiple sclerosis (MS) during the last decade. Although these biologicals improve clinical
symptoms and reduce relapse rates and disease progression, serious adverse events (SAEs) can
occur. The detection of the adverse events (AEs) of these drugs may be complicated as these AEs
can mimic the clinical expression of MS. For example, the early symptoms of encephalitis associated
with the use of daclizumab include aphasia, confusion and disorientation, which are symptoms
similar to those associated with a serious MS relapse (1). Encephalitis was therefore first interpreted
as a worsening of the disease and as lack of efficacy of the drug instead of a SAE (1).

Healthcare professionals and patients can use different sources of information to obtain
knowledge about the efficacy and safety profile of a drug in order to guide clinical decision
making. At the time of approval, knowledge about the efficacy and safety profile is mainly based on
the findings of the phase 3 randomized clinical trials that supported marketing approval. The results
ofthese clinicaltrials are (publicly) available in various information sources. One of these information
sources is peer-reviewed scientific publications where investigators report the results of the clinical
trials. These scientific publications were an important source of evidence for the development of
the European Clinical Guideline on the pharmacological treatment of people with MS (2). Another
source is the publicly available European Public Assessment Report (EPAR). The European Medicines
Agency (EMA), which is the regulatory authority in Europe responsible for evaluating marketing
approval applications, publishes the EPAR; it provides an overview of the assessment procedure,
including an assessment of the conducted clinical trials (3).

Although these two information sources reflect information obtained from the same clinical
trials, the choice of the clinical findings that are extracted from these trials and the attention given
to those clinical findings can differ. However, one might expect that the most important information
generated from the clinical trials is reported in both documents. Several studies have assessed
synergies between the reporting of efficacy and safety information from clinical trials by regulatory
authorities and in scientific publications (4-9). These show that there are large differences in
reporting between these two types of information sources. For example, de Vries et al. showed that,
for antidepressants, 79% of the scientific publications provided incomplete information on SAEs
compared to data obtained from the US Food and Drug Administration, and 63% did not mention
SAEs at all (5). Another study on insomnia medication showed that scientific publications from
studies identified in the EPAR reported reliably on the primary end-points but less reliably or not at
all on the safety of the drug (6).

Since SAEs have occurred in clinical practice for biologicals used for MS, clinicians should have
a comprehensive view of the safety profile to support clinical decision making. Therefore, the aim
of this study was to provide, for biologicals used in MS, an analysis on which AEs from clinical trials

are reported in the EPARs and the corresponding scientific publications, and whether these differ.

177



4.2

178

ADVERSE EVENTS RELATED TO BIOLOGICALS USED FOR PATIENTS WITH MULTIPLE SCLEROSIS

METHODS
Study drugs and information sources
In this study, biologicals that were or had been approved by the EMA for the treatment of MS (as
of 31 December 2018) were included. The EPARs were retrieved from the EMA website (www.ema.
europa.eu). The corresponding scientific publications of the phase 3 randomized clinical trials that
supported approval of the product were identified using PubMed and the webpage clinicaltrials.gov.
The full text of the scientific publication was obtained from the scientific journal concerned. Whether
the scientific publications corresponded with the clinical trials described in the EPARs was verified
by comparing the identifiers used in the EPARs and scientific publications (e.g. the clinicaltrials.gov
identifier), the study design and the number of patients included. Furthermore, a cross-check with
the Cochrane review on immunomodulators and immunosuppressants for relapsing—remitting MS
was performed (10).

For each product, information on the year of approval, number of clinical trials supporting

the approval of the product, and mechanism of action from the EPAR was retrieved.

Adverse events

For both information sources, the reported AEs for each product were compared. For the EPAR,

the analysis was limited to the sections reporting on the safety information from the clinical trials

and the benefit-risk discussion, whereas for the scientific publications all sections (including
appendices, if applicable) were taken into account.

The AEs reported for the product were identified and characterized using the Medical
Dictionary for Regulatory Affairs (MedDRA®) (11). MedDRA® is a validated standardized terminology
used to facilitate the exchange of information on AEs, and it is used, amongst other things, in
the communication of information from clinical trials between industry and regulators. MedDRA®
is hierarchically structured. The lowest, and most specific, level reflects how an AE is reported
in practice. Each of these lower level terms is linked to one preferred term. Multiple lower level
terms can fall within one preferred term, as they may include synonyms or different word forms
for the same expression. For example, the lower level terms ‘multiple sclerosis exacerbation” and
‘multiple sclerosis flare” fall within the same preferred term ‘multiple sclerosis relapse’. For this
study, the consistency in the reporting of AEs was assessed by comparing the AEs on the preferred
term level. The AEs were also grouped according to the highest level of the MedDRA® hierarchy,
namely the System Organ Class level.

In addition, various characteristics of the reported AEs were assessed as follows.

» Attention: An assessment was made of where in the text the authors described the AE. For
the EPAR, it was assessed whether the regulators described the AE in the concluding section
that reports how the benefits are weighted against the risks. For the scientific publications,
it was assessed whether researchers described the AE in the abstract, main body of the text,
a table and/or an appendix.

» Seriousness: Adverse events were categorized as a SAE if the authors specifically described
the AE as being serious or if an AE was listed on the important medical events list of the EMA

(12). An SAE is an AE that results in death, is life-threatening, requires hospitalization or prolongs
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existing hospitalization, results in persistent or significant disability, or is a birth defect. This
definition is also included in the guidelines for scientific publications.

» Regulatory importance: Adverse events were categorized as regulatory important if requlators
included these as important risks in the risk management plan (RMP). A separate chapter of
the EPAR describes the RMP, including the important identified risks. Regulators include safety
issues as important identified risks in the RMP if these have been causally associated with
the product, should be further characterized after marketing approval, and are likely to have an
impact on the benefit—risk balance (13). As the EMA introduced RMPs in 2005, this information
could not be included for the products authorized prior to 2005.

Data analysis

Whether the EPAR and scientific publication report consistently on AEs for the same biological was
assessed by comparing these on the preferred term level. In the EPAR, when the authors referred
to a pooled analysis of data, it was considered to be consistently reported if the AE was reported in
at least one of the scientific publications. The frequencies of AEs that were consistently reported in
both the EPAR and scientific publication, those that were only reported in the EPAR, and those that
were only reported in the scientific publication were calculated.

Relative risks (including 95% confidence intervals) were calculated to assess the association of
the characteristics of the AE described above and the consistency in reporting of the AE in both
the EPAR and scientific publication.

Statistical analysis was performed using R statistical software version 3.6.0 (R Core Team,

Vienna, Austria).

RESULTS

As of 31 December 2018, the EMA had approved nine biologicals for the treatment of MS. From these
nine products, one [Extavia® (interferon-b-1b)] was excluded from the analysis as the company
used the same dossier of the already available Betaferon® for the marketing approval. Although
the company has taken Zinbryta® (daclizumab) off the market in March 2018, it was included in
the analysis as only the information available at the time of regulatory approval was taken into
account. As a result, eight biologicals were included in this study (Table 1). For all the products,

the results of the phase 3 clinical trials were published in the scientific literature.

Consistency in reporting of AEs
The EPARs and/or the scientific publications reported 707 AEs. A comparable number of
different AEs was reported for the interferons Avonex® (n = 23), Rebif® (n = 38) and Betaferon®
(n = 33), whereas a considerably higher number was reported for the peginterferon product
Plegridy® (n =103). For the monoclonal antibodies, the number of AEs ranged from 108 for Ocrevus®
to 174 for Lemtrada®.

Overall, the proportion of AEs consistently reported in both the EPAR and scientific publication
was 35%. Amongst the interferons, the proportion ranged from 27% for Betaferon® to 35% for

Avonex® (Fig.1). For the monoclonal antibodies, the proportion of AEs consistently reported in both
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Table 1. Biologicals authorised by the EMA for the treatment of MS included in this study.

Number of trials

Product supporting

name Active substance  Year of EMA approval the approval Mechanism of action
Betaferon® interferon-p-1b 1995 1 immunomodulating cytokine
Avonex® interferon-p-1a 1997 1 immunomodulating cytokine
Rebif® interferon-p-1a 1998 1 immunomodulating cytokine
Tysabri® natalizumab 2006 2 anti-a4-integrin

Lemtrada® alemtuzumab 2013 2 anti-CD52

Plegridy® peginterferon-p-1a 2014 1 immunomodulating cytokine
Zinbryta® daclizumab 2016 (withdrawn 2018) 2 anti-CD25

Ocrevus® ocrelizumab 2018 3 anti-CD20

information sources ranged from 29% for Tysabri® to 42% for Zinbryta® (Fig. 1). Of the 707 reported
AEs, 222 AEs (31%), of which 116 were SAEs, were only described in the EPAR and not in the scientific
publication. Accordingly, a total of 239 AEs (34%), of which 123 were SAEs, were described only in
the scientific publication. Whether more AEs were described in either the EPAR or the scientific
publication differed per product. For example, for Plegridy®, 63% of the AEs were described only
in the EPAR, whereas for Tysabri®, 53% of the AEs were described only in the scientific publication.

Of the 222 AEs that were described only in the EPAR, 35 (16%) were described in the section
discussing the benefit—risk balance. Of the 239 AEs described only in the scientific publication,
four AEs (2%) were described in the abstract of the scientific publication. The AEs were most often
described in a table (50%) or the text (35%).

Serious AEs were significantly (P < 0.05) more often consistently reported in both the EPAR and
scientific publication compared to non-serious AEs (38% vs. 30%, relative risk 1.23, 95% confidence
interval 1.00-1.52) (Table 2). Also, AEs that regulators classified as important identified risk were
significantly more often consistently reported in both documents compared to those that authorities
did not classify as such (49% vs. 30%, relative risk 1.65, 95% confidence interval 1.34-2.03).

Nature of the reported AEs
In line with the known safety profile of the products, most AEs were infections and infestations
(n =145, 21%), followed by investigations (n = 94, 13%) and general disorders and administration site
conditions (n =70, 10%). For these categories, the consistency in reporting of the AEs ranged from
39% for infections and infestations to 49% for general disorders and administration site conditions.
The pattern of reporting SAEs in specific categories differed per product. For Avonex®,
Betaferon® and Rebif®, it was not possible to observe any differences as a limited number of SAEs
were reported. For Plegridy®, it was observed that five SAEs, classified as neoplasms benign,
malignant and unspecified (including cysts and polyps), were only described in the EPAR. For
the monoclonal antibodies, additional SAEs were reported in the EPAR and scientific publication
that were related to the mechanism of action (i.e. infections and infestations) besides the SAEs that

were reported in both documents. However, it was also observed that SAEs in specific categories
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Avonex Betaferon ® EPAR

Ocrevus

Rebif

Tysabri Zinbryta

Figure 1. Venn diagrams displaying the number of AEs that were described in the EPAR and scientific publication.
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Table 2. Consistency in reporting of the adverse events stratified by seriousness and regulatory importance of
the adverse event.

Consistently reported in both EPAR
and scientific publication (n (%)) Relative risk (95% CI)

Serious adverse event (n=386) 147 (38%) 1.23 (1.00-1.52)
Non-serious adverse event (n=321) 99 (30%) Reference
Adverse event classified as important 92 (49%) 1.65 (1.34-2.03)
identified risk (n=188)

Adverse event not classified as important 126 (30%) Reference

identified risk (n=425)

(e.g. vascular disorders, neoplasms benign, malignant and unspecified) were only described in

either one of the documents.

DISCUSSION

The current study provided a comparison of AEs reported in EPARs and scientific publications.
Overall, approximately one-third of the AEs was consistently reported in both the EPAR and
scientific publication, one-third in the EPAR only, and one-third in the scientific publication only.
The results indicate ample discordance in the reporting of AEs between EPARs and scientific
publications. However, the AEs that were reported in the EPAR or scientific publication only were,
in general, not described in the most important sections of the documents, i.e. abstract or benefit-
risk section. Also, SAEs and events that regulators classified as important identified risks were more
often consistently reported. Therefore, both documents probably reflect the safety information
that is key to the benefit—risk of the product and clinical decision making, whereas a complete
overview of the AEs is lacking. This might have implications for the information presented in
the clinical guidelines, including the guidelines for treatment of MS, as these are mainly based
on the information that is described in the scientific publications (2). It is recommended that
information from the reqgulators be incorporated during the development of clinical guidelines.
However, the EPAR may also not reflect the complete safety profile of the product, as approximately
one-third of the AEs was only reported in scientific publications. As the EPAR is a reflection of
the assessment procedure, the regulators may have given specific attention to AEs that were of
major concern during the assessment.

The proportion of AEs that was consistently reported was comparable amongst the products.
However, whether the proportion of AEs reported in either one of the documents was higher for
the EPAR or scientific publication differed per product. When looking into the nature of the AEs that
were only reported in one of the documents, it was observed that these were mostly in line with
the consistently reported AEs and the AEs directly linked to the mechanism of action. However,
it was also observed that for some products the authors did not report on a specific type of AE,

whereas the authors of the other information source did.
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In line with previous studies that compared information from EPARs with scientific publications,
there are differences in the information provided by the regulators and the authors of scientific
publications. However, the proportion of safety information missing in the scientific publications
was lower in our study compared to a previous study that performed a high-level comparison
(comparing specific AEs for insomnia medication) of safety data, which reported missing safety data
in eight of the 15 scientific publications (6). Also, a study that assessed reporting of SAEs in scientific
publications of antidepressants found that 63% of the scientific articles did not mention any SAEs
(7). These differences may be explained by the difference in the nature of the products that were
included as, for example, more SAEs are associated with monoclonal antibodies used for treating
MS than with the use of insomnia medication. Given these differences and as it was observed that
the pattern of reporting of AEs between EPARs and scientific publications differed per product,
the results may not be generalizable to other (types of) products.

Forthisstudy, all AEsthatwere reported at least once were considered for theincluded biologicals
in the EPARs or scientific publications. As a causality assessment on the AEs was not performed, AEs
were included that may not have been associated with the product. Also, the extraction of the AEs
from the text might have been sensitive to interpretation in some cases where the authors did not
specifically state whether the AE had been reported for the product under study or whether the AE
was considered to be serious. However, this was minimized through consensus amongst the authors
on the interpretation of different scenarios reported in the EPARs and scientific publications.

An in-depth comparison of AEs reported in the two information sources is provided and these
data are put into perspective. Also, several studies considered the information from regulators as
the reference information source. However, within this study it is shown that scientific publications
also contribute to a complete overview of the AEs. These observations need further research on
how to align the information in both sources more consistently.

Substantial discordance was observed in the AEs reported on the same phase 3 trials of
biologicals for MS in information originating from requlators (described in the EPAR) and
the scientific community (described in scientific publications). To support optimal clinical decision

making, healthcare professionals and patients should consider both documents.
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INTRODUCTION

In this thesis, regulatory and clinical insights in post-marketing safety learning for biologicals
have been provided. Post-marketing safety learning is key in the drug’s life-cycle (1). At the time
of marketing approval, the knowledge about the safety profile of a new drug is primarily based
on the results of the preclinical and clinical studies supporting approval. Uncertainties regarding
the safety profile remain at the time of approval, as the safety of a drug has usually been studied
in only a limited number of persons, for a limited duration, and/or in a selected population that
usually differs from the clinical practice population (2). The knowledge that is available at approval
is summarized in the European public assessment report (EPAR), which forms the basis for
the information provided in the product information. The EPAR also includes a summary of the risk
management plan (RMP), which describes the safety profile’s uncertainties that must be further
characterized in the post-marketing phase (3). These uncertainties can include potential safety
concerns that were, for example, observed in the preclinical studies or may be related to specific
contexts of use (e.g., pregnant women). These can be further characterized in post-marketing
safety studies that can make use of a variety of study designs and systems (e.g., a clinical trial or an
observational study using [existing] registries or large population-based databases). In addition,
post-marketing safety learning is directed towards timely detection of previously unknown adverse
drug reactions (ADRs). These can be detected through routine pharmacovigilance activities, such
as collecting and analyzing suspected ADRs reported by patients and healthcare professionals,
which should be performed for all drugs (3).

As described in Chapter 1, post-marketing safety learning is of specific interest for biologicals
because biologicals currently represent approximately 30% of the newly launched active substances
worldwide (4). Moreover, biologicals have beenachallengeinterms of post-marketing safety learning
over recent years given their differences with small-molecule drugs. Biologicals are produced by
or extracted from a biological source, which distinguishes biologicals from small-molecule drugs
as small molecules are generally produced through chemical synthesis and have relatively simple
structures that can be adequately characterized. Therefore, immunogenicity reactions are more
pronounced for biologicals than for small molecules due to the protein structure and formulation
of biologicals. Moreover, the product characteristics of biologicals are more vulnerable to variability
in the manufacturing process and formulation than that of small-molecule drugs (5). In addition
to the immunogenic reactions that are more pronounced for biologicals, the nature of other
ADRs is different for biologicals compared with small molecules (6-8). For biologicals, the safety
issues are often related to the mechanism of action. However, the mechanism of action is not
always fully elucidated, especially when the mechanism of action of the biological interferes with
the immune system, which complicates the assessment of the association between the adverse
event and the drug. The characterization of the safety profile of biologicals is further complicated
if the symptoms of the ADRs mimic the underlying disease. This was the case for natalizumab and
daclizumab, which are used to treat multiple sclerosis, a disease exerting neurological symptoms,
and this complicated the detection of progressive multifocal leukoencephalopathy (PML) and

encephalitis as safety events related to the use of these therapies (9, 10). Furthermore, classifying
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ADRs of biologicals according to the typical distinction between type A and type B ADRs is difficult.
Type A ADRs are considered to be related to the pharmacological effect of the drug and are dose
dependent and common, whereas type B ADRs are classified as being unexpected and uncommon
and include a variety of immunological reactions. However, for biologicals, type B ADRs are to be
expected given their characteristics (11). A consequence of these challenges is that, for biologicals,
the number of uncertainties regarding the safety profile at the time of approval is higher in
comparison with small molecules, and in the post-marketing phase of biologicals the product
information is more often updated to reflect new information regarding the safety profile (12, 13).

Given that biologicals represent an important group of drugs that are accompanied by
challenges to post-marketing safety learning, various aspects of such learning for biologicals
have been studied in previous research and PhD theses from our group. These studies assessed
the dynamics of safety learning for both unexpected ADRs and uncertainties regarding the safety
profile at approval and the characterization of specific safety issues in the post-marketing phase,
including the pharmacovigilance tools used for this purpose. However, post-marketing safety
learning for biologicals remains an important field to explore and is continuously evolving, with
the introduction of the new European pharmacovigilance legislation in 2012 as an important
regulatory milestone (14). This new legislation included, among other things, the establishment
of the pharmacovigilance risk assessment committee (PRAC) of the European Medicines Agency
(EMA) and the possibility of imposing safety studies in order to strengthen and rationalize post-
marketing safety learning. Furthermore, a specific guideline on good pharmacovigilance practices
for biologicals was introduced in 2016 (15). In addition, specific pathways that facilitate earlier access
for patients to drugs were introduced that inherently increase uncertainties regarding the safety
profile in the post-marketing phase, because less comprehensive data is required for these drugs
at the time of approval. Finally, with the continuous introduction of drugs with new mechanisms of
action, including biologicals such as PD-1/PD-L1inhibitors and IL-17 inhibitors, additional challenges
are brought to post-marketing safety learning for biologicals.

In this thesis, regulatory and clinical insights in post-marketing safety learning for biologicals
have been provided by studying the characterization of specific safety issues, dynamics in post-
marketing safety learning, and safety information from regulatory and clinical sources. Within
this general discussion, several aspects of the findings from prior chapters will be put into
a broader perspective by discussing 1) dynamics in the indication of use and dosing information
for post-marketing learning; 2) challenges related to detecting and classifying ADRs; 3) optimizing
post-marketing safety learning through cross-learning among drugs with commonalities in
the mechanism of action; and 4) closing the gap between safety information from regulatory and

clinical sources.

DYNAMICS IN THE INDICATION OF USE AND DOSING
INFORMATION FOR POST-MARKETING LEARNING

Before a new drug can be approved, the benefit—risk balance in the indication under assessment

should be favorable on a population level. This benefit-risk balance is, however, dependent on



GENERAL DISCUSSION

the context in which the drug is used. In the clinical studies supporting approval, the drug would
have been studied in a specific context, which may have been different to that in which the drug
is used in clinical practice. For example, it has been demonstrated that only approximately 55% of
the patients treated with empagliflozin, a sodium-glucose cotransporter 2 used for the treatment
of diabetes type 2, in clinical practice would have been eligible for inclusion in the clinical trials (16).
The reasons for this include concurrent use of specific glucose-lowering drugs and the presence
of comorbidities (16). The clinical context in which the drug is used also changes over time.
The population for which the drug is indicated can change over time when the efficacy and safety
has been studied in an additional population and the use of the drug in that population is approved
by regulatory authorities and/or included in the clinical treatment guidelines. Moreover, when
new information becomes available that shows that the drug is not effective or cannot be safely
used in a certain population (i.e., the benefit—risk has become negative), the population in which
the drug is approved to be used is restricted. A high number of changes in the user population
has been seen for the TNF-a inhibitors and PD-1/PD-L1 inhibitors. The TNF-a inhibitor adalimumab
was, at the time of approval in 2003, indicated for the treatment of adult patients with moderate to
severe, active rheumatoid arthritis when the response to disease-modifying anti-rheumatic drugs,
including methotrexate, had been inadequate (17). As of December 2020, the approved indication
of adalimumab has been extended 20 times in the European Union and adalimumab is currently
indicated for the treatment of multiple auto-immune diseases in both adults and pediatrics
(18). A similar pattern was seen for the PD-1/PD-L1 inhibitors. These were, at first, indicated for
the treatment of advanced melanoma. As the PD-1/PD-L1 inhibitors have an immune-stimulating
mechanism of action and melanoma is considered to be an immunogenic tumor, the first target
population included melanoma patients (19). Soon after, however, the PD-1/PD-L1 inhibitors were
shown to be effective for other cancer types, and they are currently approved for the treatment
of a wide variety of these, including non-small-cell lung cancer, urothelial carcinoma, Hodgkin’s
lymphoma, and renal cell carcinoma.

In addition to the patients’ characteristics that determine the drug’s safety profile,
the recommended dose plays an essential role in the context: according to Paracelsus, “Poison is
in everything, and no thing is without poison. The dosage makes it either a poison or a remedy.”
Finding the optimal dose is, however, challenging. This is illustrated by the uncertainties about
the optimal dose that remained at the time of ipilimumab approval (20). Ipilimumab was approved
with a recommended dosing of 3 mg/kg every three weeks, although it was not fully known whether
this dose induced the maximum immune activating effect. Therefore, in the post-marketing phase,
a clinical trial was performed to evaluate the differences in efficacy and safety between the 3 mg/
kg and 10 mg/kg dosing regimens (21). The results of this study showed that the 10 mg/kg dosing
regimen resulted in a significant increase in overall survival; however, more (serious) adverse events
were experienced by the patients. Eventually, it was concluded that the dosing regimen of 3 mg/
kg had the optimal benefit—risk balance, and this therefore remained the recommended dosing.

Finding the optimal dose may be especially challenging for biologicals, as it is more difficult
to predict their clinical effects from non-clinical data than it is for small molecules. Specifically,

immune reactions such as hypersensitivity reactions and the formation of antidrug antibodies are
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difficult to predict using animal models (22). A landmark example for the failure of the predictability
of preclinical effects is the case of the monoclonal antibody TGN-1412, a novel anti-CD28 antibody.
When first tested in humans in 2006, a cytokine storm was observed, eventually resulting in multi-
organ failure (23). This cytokine storm had not been seen in the animal studies. Furthermore, finding
the optimal dose for monoclonal antibodies is complicated by the complex relationship between
the concentration and the response (24). In Chapter 3.1, we assessed whether these challenges
for dose finding of biologicals are translated into changes in the dosing recommendations in
the product information during the post-marketing phase. We expected that more uncertainties
in the pre-approval process of biologicals could lead to more changes in the dosing information.
The changes could be prompted by new information on efficacy over the drug’s life-cycle,
emerging safety issues related to the dose, or changes that are related to improving convenience
for the patient. The results of our study, however, indicated that the dosing recommendations for
the initial indication in the product information was changed for only 11% of the biologicals within
amedian of fouryears after approval, whichisin line with the incidence reported for small molecules.
Moreover, it was demonstrated that the dose was rarely reduced for safety reasons. Although it is
reassuring that the dosing information was rarely reduced due to emerging safety issues, specific
attention can be given to optimizing the dose from safety and patient convenience perspectives.
From a safety perspective, optimizing the dose could be considered as a risk minimization measure.
For example, multiple risk minimization measures are currently in place to reduce the risk of
PML in patients treated with natalizumab. These measures include recommendations of patient
monitoring through routinely performing magnetic resonance imaging scans and informing
patients about the early symptoms of PML (25). These factors contribute to the risk reduction;
however, reducing the dose can also contribute to this. A study found that the risk of PML could be
significantly reduced by extending the dosing interval from the currently recommended interval of
four weeks to approximately six weeks (26, 27). Although the regulatory authorities concluded that
the dosing information would not be updated, as the efficacy of the extended dosing interval was
not fully established, the information on the extended dosing interval is included in the warnings
and precautions section of the product information. In addition to this risk minimization measure,
patients’ convenience is improved when extending the dosing interval, given that the burden for
patients is reduced.

In conclusion, the challenges for dose finding for biologicals and the higher level of uncertainties
at the time of approval did not result in more frequent safety related changes or dose reductions due
to safety reasons in the regulatory dosing information compared with small molecules. However, it
is recommended that for biologicals, reducing the dose/dosing interval is increasingly considered
to be a risk minimization measure or an improvement in patient convenience. As the clinical context
of use is continuously changing over time, with primarily the user population being extended,
these considerations of reducing the dose/dosing interval should be taken into account for all

user populations.
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CHALLENGES RELATED TO DETECTING AND CLASSIFYING ADRS

In different phases of the drug’s life-cycle (i.e., clinical trial and post-marketing phase), the safety
profile of a drug in patients is characterized, which involves detecting and classifying ADRs. For
biologicals, specific challenges are related to the detection and classification of ADRs.

The detection of ADRs for biologicals is hindered by different factors. First, the signs and
symptoms experienced by the patients should be recognized as potential ADRs. When the symptoms
associated with the ADRs are non-specific, such as in the case of nausea, fatigue, and asthenia,
it can be difficult to distinguish between an ADR and symptoms related to the disease, especially
when the drug is used for the treatment of severely ill patients. Moreover, the clinical manifestation
of an ADR can differ among patients with, for example, hypersensitivity reactions that can in
some patients manifest as rash and in others as fever. Furthermore, several ADRs associated with
biologicals mimic the clinical expression of the disease for which the drug is used. This is, for
example, seen for the biologicals used for the treatment of multiple sclerosis. For daclizumab,
the early symptoms of the ADR encephalitis include aphasia, confusion, and disorientation, which
are similar to the symptoms associated with a serious multiple sclerosis relapse (9). For natalizumab,
the detection of PML associated with natalizumab was also challenged by the PML symptoms
mimicking the disease (10). Moreover, the indication of use may challenge the detection of ADRs.
For biologicals that suppress the immune system, it is acknowledged that they can contribute to an
increased risk of malignancies due to their immunosuppressive action. However, the autoimmune
diseases for which the biologicals are used are also associated with an increased risk of malignancies.
This difficulty is illustrated by the conflicting results that are available regarding the association
between treatment with TNF-o inhibitors and malignancies, for which some studies indicated
an increased risk whereas others did not report an association (28-30). Several strategies have
previously been described that could facilitate the detection of ADRs for biologicals. These include
the early dissemination of information about potential safety signals to facilitate the recognition
and reporting of suspected ADRs and keeping an open mind to the unexpected. Additionally,
the knowledge and experiences of the patients can play an important role in detecting ADRs.
Patients are the first link in the chain of detecting an ADR, as they are the ones who experience
the signs and symptoms. In the Netherlands, since 2003, patients have been able to report their
suspected ADRs to the national pharmacovigilance center and this has been shown to play an
important role in the detection of, for example, the signal of aggression associated with treatment
with selective serotonin reuptake inhibitors (31, 32). The role of the patients could be intensified
in the detection of ADRs, because patients may be able to distinguish between the symptoms
associated with the disease and ADRs, having possibly been diagnosed with the disease for several
years and experienced relapses. The systematic provision of information by patients is beneficial,
especially shortly after the approval of a new drug. This should be facilitated by the knowledge and
open minds of healthcare professionals and be captured by structured recording of the symptoms
in order to enable the detection of any differences in them. Although this information is increasingly
being collected as part of clinical trials and in clinical practice to inform clinical decision making,

also for the detection of ADRs in the post-marketing phase this information could be of added value
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(33, 34). Moreover, for known ADRs the detection can be optimized in clinical practice. Several ADRs
are detected through laboratory monitoring, including the thyroid disorders associated with PD-1/
PD-L1 inhibitors described in Chapters 2.2 and 4.1. The detection of these ADRs can be facilitated
by automatically linking the requests for the laboratory tests to the drug records at the time of
prescribing and therefore ensuring that the laboratory tests are performed. A prerequisite for this is
that the timing of the measurements is specified in the product information. Currently, the product
information states only that thyroid levels should be monitored periodically, without specifying
the exact interval. We illustrated in Chapter 2.2 that the thyroid disorders mainly occur in the first
months of treatment, thus the current recommendations should be replaced by more specific
recommendations, recommending that thyroid levels should be measured at every treatment cycle
and especially during the first treatment cycles.

In addition to the challenges faced in the detection of the ADRs, the classification of the ADRs is
complex. Classification of the ADRs is an important part of post-marketing safety learning, because it
facilitates the comparability of safety information and the exchange of information between different
stakeholders, such as between healthcare professionals, pharmaceutical companies, and regulatory
authorities. Different dictionaries are place for the classification of the ADRs. Within oncology,
the National Cancer Institute’s common terminology criteria for adverse events (CTCAE) are applied
in classifying adverse events in clinical trials (35). The CTCAE dictionary is also used to describe
the severity of the ADRs in the product information, with consequent dose recommendations.
Although the CTCAE dictionary contributes to the standardization of classifying ADRs, there is room
for improvement, as illustrated in Chapter 4.1, in which we assessed how patients are classified as
having thyroid disorders in the clinical trials and observational studies. We demonstrated that, in all
of the 38 clinical trials, the CTCAE dictionary was used to classify the thyroid disorders. However,
the classification of thyroid disorders described in the CTCAE dictionary (i.e., hyperthyroidism and
hypothyroidism)was non-specific, asthe levels at which the thyroid hormones meet the classification
of hyperthyroidism and hypothyroidism were not described. Observational studies, in contrast
to the clinical trials, generally included a description of the reference values of the thyroid
hormones; however, the exact reference values differed between observational studies. To improve
the comparability among the studies, the CTCAE dictionary and clinical practice guidelines could
provide more conclusive classifications by including the reference values for the thyroid hormones.
Among the clinical trials, differences were observed in the classification of ADRs as immune-
related ADRs. As immune-related ADRs are the distinct ADRs associated with PD-1/PD-L1 inhibitors,
standardization of this classification could improve the ability to compare ADRs among PD-1/PD-L1
inhibitors and between indications for the same PD-1/PD-L1 inhibitor. The challenges seen for
the classification of (immune-related) thyroid disorders associated with the PD-1/PD-L1 inhibitors
are expected not to be limited to these ADRs and drugs. The thyroid disorders can, as is the case for
other ADRs such as fever and renal disorders, be objectively classified using laboratory values, and
therefore a standardized classification could have been expected. Moreover, there was a window of
opportunity to standardize the classification of the ADRs of the PD-1/PD-L1 inhibitors, as these were
authorized shortly after each other. Therefore, the standardization of the classification of ADRs

should be facilitated for all ADRs, especially for those that can be objectively classified according
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to biomarkers. Regulatory authorities should play a role in the standardization of ADRs since they
provide, at an early stage in drug development, advice on the conduct of the clinical trials, including
advice on the protocol. This regulatory advice could include an assessment of the classifications
of ADRs, thereby assuring a more harmonized classification of the ADRs. In addition to the CTCAE
dictionary that is used for the description of the severity of the ADRs in the product information,
the medical dictionary for regulatory activities (MedDRA) is used to classify the ADRs described in
the product information. MedDRA is hierarchically structured, and, in the section that lists the ADRs,
these are generally classified on the preferred-term level. On this level, for example, a distinction
is made between the preferred terms “abdominal pain upper” and “abdominal pain lower” (36).
The clinical significance of including multiple preferred terms in the product information may,
however, be limited. This was also the underlying rationale for assessing the overlap in ADRs in
the product information of TNF-c inhibitors, as described in Chapter 3.2, on the high-level-term
level. When the clinical meaning and management of the ADRs is independent of the preferred-
term or high-level-term level, describing ADRs as high-level terms could improve the comparability
of ADRs among drugs with commonalities in the mechanism of action. Although we showed in
Chapter 3.2 that only 55% of all ADRs described for TNF-a inhibitors were described in the product

information of at least two TNF-o inhibitors on the high-level-term level, this proportion would
have been substantially lower had we studied the overlap on the preferred-term level, indicating
that the comparability of the ADRs described in the product information is even more hampered.
In conclusion, the detection and classification of ADRs for biologicals need to be improved.
First, the detection of ADRs can be facilitated by increasingly making use of the observations of
the patients, especially in a context where ADRs mimic the signs and symptoms associated with
the disease for which the drug is used. Furthermore, when ADRs are detected through routine
laboratory tests, automatically linking the drug prescriptions to the requests for laboratory tests will
facilitate the detection of the ADRs. For this, the product information should be updated to include
more specific recommendations for the monitoring interval. For the classification of the ADRs,
the dictionaries used to classify ADRs and clinical guidelines should be improved by using conclusive
classifications, and this also facilitates the classification of ADRs in clinical practice studies. This
can be given direction by regulatory authorities, which provide advice in an early stage of clinical
development (i.e., protocol phase). In particular when drugs with a comparable safety profile are
authorized shortly after each other, there is awindow of opportunity to standardize the classification
of the ADRs. Finally, the terms used to describe the ADRs in the product information are currently
very specific. The clinical applicability and comparability among drugs can be improved by using

slightly broader terms to describe the ADRs without impacting the clinical meaning of them.

OPTIMIZING POST-MARKETING SAFETY LEARNING THROUGH
CROSS-LEARNING AMONG DRUGS WITH COMMONALITIES IN
THE MECHANISM OF ACTION

When a patient uses a drug and experiences any unexpected symptoms, these are considered to

be adverse events. However, these adverse events are not necessarily related to the drug used.
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It should be assessed whether the adverse event is related to the drug and would therefore be
considered to be an ADR. Different criteria play a role in this assessment, such as a plausible time to
onset, whether the symptoms disappear or reduce when the treatment is stopped, and whether no
other factors can explain the occurrence of the event. Moreover, an important criterion is whether
there is a mechanistic plausibility for the occurrence of the ADR. In numerous cases, the underlying
mechanism of occurrence of the ADR has been elucidated and linked to the mechanism of action of
the drug. For example, treatment with the VEGF inhibitor bevacizumab may cause impaired wound
healing because VEGF plays animportant role in the wound-healing cascade (37, 38). For tuberculosis
infections associated with TNF-a inhibitors, the involvement of TNF-a was clearly determined,
and tuberculosis infections are therefore thought to occur independently of the specific TNF-o
inhibitor used (39). In addition, the cardiotoxic effects that are commonly seen in patients treated
with HER-2 inhibitors (e.g., pertuzumab and trastuzumab) are explained by the involvement of
HER-2 in cardiac cells (40-42). In these examples, the association between the mechanism of action
and the occurrence of the ADR was fully elucidated. However, as previously described in Chapter
1, the mechanism of action of biologicals, including the potential interference with the immune
system, is not always fully elucidated, and therefore the determination of the association with
the ADR is confounded. With extensive research being performed, the pathophysiology of multiple
auto-immune diseases is being increasingly unraveled. Moreover, emerging safety issues can
provide additional insights into the pathways that are involved. For example, the auto-immune
reactions seen in patients treated with daclizumab have provided insight into the potential role
of the innate immune system in the treatment of auto-immune diseases (43). Nevertheless, full
knowledge of the mechanism of action of biologicals and the potential pathways affected remains
a challenge that post-marketing safety learning remains to face in the (near) future.

Despite the limited knowledge about the exact mechanism of action for a number of
biologicals, there may be opportunities to optimize mechanism-of-action-related post-marketing
safety learning. For this, safety information from one biological could be transposed to another
biological with commonalities in the mechanism of action. This cross-learning among drugs with
commonalities in their mechanisms of action may be especially suited to biologicals. First, ADRs of
biologicals are, in addition to immunogenic reactions, mainly related to the mechanism of action.
Secondly, biologicals are authorized in contexts for which limited information is available, which is,
for example, the case for orphan drugs or drugs authorized through specific regulatory pathways
aimed to facilitate early drug access for patients. Thirdly, when the outcome is considered to be
rare, cross-learning among drugs with commonalities in the mechanism of action could be of value.
Therefore, two strategies are proposed to facilitate mechanism-of-action-related post-marketing
safety learning through cross-learning among drugs with commonalities in the mechanism of action:
1) cross-learning can be facilitated by classifying drugs according to commonalities in the mechanism
of action, which can be performed to provide input for regulatory safety information as well as for
observational studies performed in clinical practice; and 2) current signal detection methods can

be complemented by new methods, with incorporation of data from multiple information sources.
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Cross-learning among drugs with commonalities in the mechanism of action

To facilitate post-marketing safety learning among drugs with commonalities in the mechanism
of action, drugs can be mechanistically classified dependent on the intended purpose. Classifying
drugs on a target level (e.g., TNF-&) could directly provide input on the safety learning among
drugs with the same target. Classifying drugs on a higher level (e.qg., influence on the immune
system) could generate hypotheses for further safety learning.

On a target level, for example TNF-q, it is expected that drugs cause similar ADRs. Safety
information from one TNF-o inhibitor could therefore provide input for the safety learning of
another TNF-o inhibitor. We assessed whether this was the case in Chapter 3.2, by studying
the overlap in ADRs described in the product information of the TNF-o inhibitors. In Chapter
3.2, we illustrated that the overlap in ADRs described in the product information of the TNF-o
inhibitors is limited: 45% of all ADRs described for the TNF-c inhibitors was described in the product
information of only one TNF-a inhibitor. Moreover, acquired knowledge about the ADRs associated
with TNF-c inhibitors is not fully transferred when additional TNF-o inhibitors are approved: only
39% of the ADRs that were identified prior to the approval of non-first-in-class TNF-a inhibitors
were described in the product information at the approval of the non-first-in-class TNF-a inhibitor.
The study described in Chapter 3.2 builds on existing knowledge showing that regulatory cross-
learning among drugs with the same mechanism of action is limited. Stefansdottir et al. illustrated
that 40% of the ADRs were described in the product information of both the first- and second-in-
class drugs (based on indication, mechanism of action, and structure of the drug) (44). The results
of these studies indicate that there is a potential in optimizing post-marketing safety learning based
on information gathered through classifying drugs according to specific characteristics.

Optimizing post-marketing safety learning among drugs with commonalities in the mechanism
of action could improve the provision of safety information for healthcare professionals and
patients. Although we did not study the implications for clinical practice of the limited overlap in
ADRs described in the product information, as illustrated in Chapter 3.2, it could be expected this
may hamper the adequate provision of safety information. For example, at the time of approval
of durvalumab, a PD-L1 inhibitor, experience with the safety profile of comparable drugs was
gained because other PD-1/PD-L1 inhibitors had been used in clinical practice for several years.
The regulatory authorities therefore concluded that the extensive measures to minimize the risk of
immune-related ADRs were not considered necessary for durvalumab (45). At the time of approval,
however, several ADRs, including the serious neurological disorders myasthenia gravis and Guillain-
Barré syndrome, were not described in the product information of durvalumab, whereas these
were known to be associated with other PD-1/PD-L1 inhibitors. The implications for healthcare
professionals were likely to be limited given that they were familiar with the safety profile of
the PD-1/PD-L1 inhibitors. However, for patients that are not familiar with these drugs there may
have been implications, as they were not informed through the patient leaflet about these ADRs
and the early symptoms associated with it. Eventually, approximately one and a half to two years
after approval, the product information was updated to include these ADRs (46). Patients were

therefore not adequately informed about the ADRs for a substantial amount of time. This lack of
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timely information about the safety of drugs could be improved in the future through cross-learning
among drugs with commonalities in the mechanism of action.

In order to optimize the knowledge transfer among drugs with commonalities in the mechanism
of action, potential class effects should be assessed at different points in the drug life-cycle.
First, at the time of the approval of a new drug, the safety profile of drugs with commonalities in
the mechanism of action (for example, with the same target) may have developed as these have
already been used in clinical practice. As shown in Chapter 3.2, at the time of the approval of the last
two TNF-a inhibitors (certolizumab and golimumab), a total of 238 out of 318 ADRs were already
described in the product information of the other TNF-a inhibitors that had been used in clinical
practice for multiple years. Currently, in the RMP, there is an opportunity to reflect on the safety
issues observed for other drugs with the same mechanism of action. When the safety issues
observed for in-class products are considered to be key to the benefit-risk balance and should
be further characterized in the post-marketing phase, these are included in the RMP as important
potential risks (3). For example, at the time of the approval of isatuximab, a CD38 antibody indicated
for the treatment of multiple myeloma, viral reactivation was included in the RMP as an important
potential risk because daratumumab, another CD38 antibody indicated for the treatment of multiple
myeloma, has a known risk of hepatitis B reactivation (47). However, for the optimal provision of
safety information, the ADRs associated with these comparable drugs should not only be listed
in the RMP but also be included in the product information at the time of approval. Moreover, in
the post-marketing phase, cross-learning among drugs with commonalities in the mechanism
of action should increasingly occur. In the post-marketing phase, there are procedures (i.e.,
signal and referral procedures) in place to evaluate specific safety issues for a class of drugs and
update the product information for all the drugs at once. However, the lag time between the first
description of an ADR in the product information to uptake of this ADR in the product information
of another drug can be long. As illustrated in Chapter 3.2, the duration of time for this cross-learning
in TNF-a inhibitors was approximately three years. This is because, within the regulatory system,
other procedures are also in place to update the product information to describe new ADRs. These
procedures evaluate the drugs separately or on an active-substance level in the case of a single
assessment of periodic safety update reports (PSURs). Although in the PSUR, in line with the RMP,
safety issues that are associated with other in-class products should be reported, these are limited
to specific safety issues. To facilitate the cross-learning among drugs with the same mechanism
of action in the post-marketing phase, a specific section in the PSUR could be included to reflect
on the ADRs that have been included in the product information of in-class products. For this,
comparable text-mining tools such as that used in the study described in Chapter 3.2 could facilitate
the identification of the ADRs described in the product information of in-class drugs. The data
supporting the addition of ADRs in the product information is overseen by the EMA. Therefore,
the EMA is advised to provide guidance on the ADRs that should be included for the assessment in
the post-marketing phase as well as at the time of approval.

There are various opportunities on how to optimize cross-learning among drugs with
commonalities in the mechanism of action during all phases of drug development. In the preclinical

phase, efforts are currently being made to facilitate the assessment of comparability among
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biologicals with the same active substance and with the same mechanism of action. The World
Health Organization has recently developed an international standard for infliximab, with which
the bioactivity of different infliximab products can be compared (48). Furthermore, the European
Pharmacopoeia Commission has a pilot project running to develop standardized bioassays
for the TNF-o inhibitors (49). When universal methods are applied for the determination of
the potency of TNF-a inhibitors, it can be assessed whether the potency is comparable among
the TNF-a inhibitors and therefore whether the safety profile is expected to be mostly comparable
or if there may be variation potentially leading to differences in the safety profile. This information
can be used as input for the safety information provided in the product information. Moreover,
besides the direct input on the safety learning among drugs with the same target in the drug’s life-
cycle, post-marketing safety monitoring provides opportunities for generating hypotheses based
on the mechanistical commonalities. This approach was used in Chapter 2.1, in which we studied
the potential association between the reporting of depression and suicidal ideation and the use of
monoclonal antibodies, thereby classifying the monoclonal antibodies according to their influence
on the immune system. For the monoclonal antibodies, a limited number of depression and
suicidal ideation and behavior reports were available in VigiBase, the global database of reports of
suspected ADRs. A total of 9455 reports were available for depression and 1770 for suicidal ideation
and behavior. By grouping the monoclonal antibodies according to their influence on the immune
system, we were able to demonstrate that the association was strongest for the monoclonal
antibodies suppressing the immune system that were used for treating autoimmune diseases
compared with the monoclonal antibodies not directly targeting the immune system. These results
provide input for future research in which this potential risk of depression and suicidal ideation and
behavior is further characterized and quantified.

Post-marketing safety learning among drugs with commonalities in the mechanism of action
should be optimized to improve the adequate provision of safety information to patients and
healthcare professionals. From a regulatory perspective, potential class effects (e.g., on a target
level) should be considered at different points in the drug life-cycle, which could be facilitated by
the EMA. These class effects should then also be included in the product information. Moreover,
drugs can be classified according to other commonalities in the mechanism of action in studies

performed in clinical practice to generate hypotheses for further safety learning.

Complementing existing methods for post-marketing safety learning

The exchange of safety information among drugs with commonalities in the mechanism of action
could also increasingly be facilitated by applying new methods using information from established
sources. One of the main established information sources used for post-marketing safety learning
comprises spontaneous reporting databases. The European spontaneous reporting database
EudraVigilance contained over 16.7 million reports of suspected ADRs in 2019 and contributed
to 55% of the signals assessed by the PRAC (50, 51). Spontaneous reports were shown to be an
important information source for the support of safety-related regulatory actions for biologicals

and are predicted to remain so in the future (52, 53). Another important information source that
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contributes to signal detection is the scientific literature: 13% of the signals assessed by the PRAC
came from scientific literature. For example, in 2018, the PRAC recommended that dolutegravir
should not be used in women seeking to become pregnant (54). This recommendation was based
on the preliminary results of a study evaluating birth outcomes in babies born to women treated
with dolutegravir that showed that dolutegravir appears to increase the risk of neural tube defects
(55). In addition, other information sources, such as information from preclinical and clinical studies,
provide input for signal detection (51). Currently, the data derived from each of the information
sources is separately used as an input for the analysis of the potential safety signal. However, there is
potential to integrate information from different sources to facilitate post-marketing safety learning
using prediction models. For example, within the United States Food and Drug Administration (FDA),
a model was developed to predict post-marketing ADRs for a new drug at the time of approval. For
the model, data was used from the FDA adverse event reporting database FAERS, scientific literature,
and the product information of drugs that have a similar target activity (56). The applicability of
this model is not limited to the context of the United States and could also have used data from
the European regulatory system, as the infrastructure is in place with, for example, the European
reporting database EudraVigilance. In the prediction models, knowledge about the structure of
the drugs, their mechanism of action, and the pathways involved can also be incorporated. Liu
et al. developed a model to predict ADRs, combining information about the chemical properties
(chemical substructures), biological properties (drug protein target, transporters, enzymes, and
derived pathway information from the protein targets), indications, and other known ADRs (57).
These models provide an integrated prediction of the potential association between the drug and
the occurrence of an ADR, instead of separately weighing the data. Another factor that could be
evaluated as part of the prediction model is the seriousness of the ADR. The seriousness of the ADR
plays aroleinthe tradeoff between the acceptance of the association between the drug and the ADR
and the uncertainties surrounding the association, as illustrated in Chapter 3.2. In this chapter, we
showed that serious ADRs and ADRs that were classified by the regulators as important risks were
included in the product information of at least two TNF-at inhibitors approximately four times more
often than ADRs not classified as such. The seriousness of the ADRs can therefore be used as an
additional factor when deciding on the inclusion of the ADRs in the product information based on
the results of the prediction models.

By applying these strategies of combining data from different sources and making use of
prediction modelling, post-marketing safety learning can increasingly be tailored towards specific
safety concerns. For the further characterization of potential safety issues, alternative approaches
have been proposed. Tatonetti proposed the integration of observational data from humans with
laboratory experiments in model systems (58). This includes a three-step approach that starts
with the detection of a potential signal through mining large observational databases. These
hypotheses are then evaluated with data from another dataset and assessed for plausibility, after
which the remaining hypotheses are validated through prospective experiments (58). This method
was used to discover drug-drug interactions that cause QT prolongation (59). First, FAERS was
searched to identify potential drug—drug interactions causing QT prolongation. The potential safety

signals were then evaluated using a database containing electrocardiograms of patients treated
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at a university medical center. Finally, the identified potential drug—drug interaction between
ceftriaxone and lansoprazole was validated in a laboratory experiment. Thus, potential safety issues
can be validated, and, by combining information from multiple sources, the causality assessment
can be facilitated.

The approaches described above, together with existing methods, are potentially valuable in
facilitating cross-learning among drugs with commonalities in the mechanism of action. Therefore,

the regulatory applicability of these methods should be determined.

CLOSING THE GAP BETWEEN SAFETY INFORMATION FROM
REGULATORY AND CLINICAL SOURCES

Physicians and other healthcare professionals (e.g., pharmacists) can consult multiple information
sources to facilitate clinical decision making when treating patients. These information sources
can be classified in text sources, including articles in scientific journals, clinical guidelines, and
regulatory documents, electronic sources such as UpToDate and Medline, and interpersonal
sources, including colleagues or consultants (60). The type of information source that is consulted
to support clinical decision making depends on multiple factors. Relevance, credibility, reliability,
accessibility, and usability have shown to influence the choice of the information source (60). One
of the most important reasons why physicians consult information sources is to seek information
on the choice of appropriate treatment for the patient. Physicians’ needs when prescribing drugs
include information on the indication, dose, duration of use, and safety profile of the drugs (61).
As described in Chapter 1, post-marketing safety learning is facilitated by the adequate provision
of safety information. For example, risks could be minimized when the recommended risk
minimization measures are adequately taken, and, when physicians are familiar with the complete
safety profile, the reporting of suspected ADRs could be facilitated. However, given the differences
in the intended purpose of the sources, the information provided can vary among them.

The EPARs and scientific publications, two of the information sources that provide safety
information about drugs, were assessed in the study described in Chapter 4.2. For this study, we
compared information about the adverse events derived from the same phase three clinical trials
from these two information sources. We included biologicals used for the treatment of multiple
sclerosis and showed that approximately one-third of the adverse events were reported in both
the EPAR and scientific publication, one-third was reported only in the EPAR, and one-third only in
the scientific publication. Our study showed that neither of the two information sources provide
a complete overview of the adverse events, which illustrates that there is a gap between information
from regulatory and clinical sources.

The gap between information from regulatory and clinical sources is also seen when the results of
the study describedin Chapter3.7are putinto a broader perspective. We assessed only the regulatory
information source for that study (i.e., product information) to investigate the number and nature
of dosing changes for biologicals and illustrated that the dosing information of biologicals is rarely
reduced for safety reasons. This does not always align with clinical practice where initiatives are

taken to optimize the dose that may not be described in the regulatory information sources. One
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factor that plays a role in optimizing the dose for biologicals in clinical practice are the costs.
In 2017, biologicals comprised 37% of the net drug spending in the United States, whereas they
represented 2% of all prescriptions (62). In order to reduce costs, initiatives were taken in clinical
practice in 2017 to evaluate the potential of fixed dosing for monoclonal antibodies in oncology
instead of the (at that time, common) weight-based dosing. A study performed by investigators of
the Dutch Cancer Institute combined publicly available data from clinical trials and pharmacokinetic
modeling to assess the applicability of fixed dosing of monoclonal antibodies in oncology (63). They
showed that the effects of body weight on the volume of distribution and clearance were either
limited or, when the impact was strong, the range of the therapeutic window was considered to be
wide enough to justify fixed dosing. Therefore, it was concluded that fixed dosing for monoclonal
antibodies in oncology is justified, although in some cases fixed doses are proposed for different
weightranges. Companies responsible foranimportant group of monoclonal antibodiesin oncology,
the PD-1/PD-L1 inhibitors, also illustrated that there were no clinically significant differences
between weight-based and fixed dosing. Therefore, fixed dosing is currently the recommended
dose described in the product information of the majority of the PD-1/PD-L1 inhibitors (64, 65).
The dosing recommendations described in the product information are, however, not fully in
line with the dosing applied by the Dutch Cancer Institute. For example, the recommended dose
described in the product information of pembrolizumab is 200 mg every three weeks, whereas
the Dutch Cancer Institute recommends a dose of 150 mg every three weeks (for patients 40-140
kg) (63, 64). The differences between the dosing information that is described in regulatory
information sources and that applied in clinical practice are not limited to the fixed dosing example
of PD-1/PD-L1 inhibitors. A study in a Dutch hospital compared standard and extended infusion
intervals in patients treated with eculizumab for atypical hemolytic uremic syndrome (66). Given
that eculizumab is costly and the burden for patients is high because eculizumab is administered
every two weeks, an extended dosing interval could optimize the therapy from a patient and
healthcare perspective. The study showed that extending the dosing interval to every three to four
weeks may be optimal in a substantial subset of patients (66). The outcomes of this study formed
the basis of the dose recommendations described in the Dutch treatment guideline for patients
with atypical hemolytic uremic syndrome. Similar has been shown for the TNF-o inhibitors, where
a review of data from (randomized) controlled trials revealed that, in rheumatoid arthritis patients
with a low disease activity, the dose can effectively be down titrated to a dose below the dosing
recommendation described in the product information (67).

The studies described in Chapter 4.2 and 3.1 illustrate the gap between safety information in
regulatory and clinical information sources, which diverges during the of the drug’s life-cycle.
The gap can be closed by improving the clinical applicability of regulatory information sources and
incorporating information from clinical sources in the regulatory processes.

First, the gap between regulatory and clinical information sources can be closed by improving
the applicability of the information provided in the regulatory information sources for clinical
practice. Although for individual physicians the applicability is limited, regulatory information
sources provide additional information compared with scientific publications, as illustrated by

the study described in Chapter 4.2. Moreover, it was previously shown that EPARs provide additional
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information on appropriate prescribing for older people compared with the product information
(68). Furthermore, the regulatory authorities have extensively assessed all available data and may
have concluded that the drug does not have a favorable benefit-risk profile for a certain population,
which could be of value for the recommendations provided in the clinical guidelines. Therefore, on
a non-individual level, when developing clinical guidelines, it is suggested that information from
regulatory sources is incorporated. For the development of clinical guidelines, among others,
systematic reviews are used that are mainly based on scientific publications (69, 70). Cochrane
is exploring the possibilities of including regulatory information in their reviews (71). However,
including regulatory documents in the Cochrane systematic reviews is currently only optional.
One complicating factor in including regulatory information, besides the publicly availability of
the information, could be the format that is used. In contrast to the reporting of harm in scientific
publications, the reporting of adverse events in the EPAR is not standardized (72). To improve
the clinical applicability of regulatory information sources, efforts should be made to standardize
the reported information.

In addition, information from clinical sources should be incorporated more within regulatory
processes to close the gap between regulatory and clinical sources. For example, observational
studies such as that described in Chapter 2.2, in which we assessed the thyroid disorders associated
with PD-1/PD-L1 inhibitor treatment, can provide additional insights into the use of the drug in
clinical practice including, for example, the incidences of ADRs. Multiple barriers for the inclusion
of information from clinical sources in regulatory information sources could be identified, including
practical and legal barriers. However, within current pharmacovigilance tools, such as the PSUR,
relevant information from clinical practice, such as published literature, is discussed. In practice,

the attention given to this information can be increased.

CONCLUSION

In this thesis, regulatory and clinical insights in post-marketing safety learning for biologicals have
been provided and evaluated in a broader perspective. In conclusion, the dynamics in dosing
information play animportant role in the context of post-marketing learning and could be optimized
forrisk minimization purposesand patient’s convenience. The detection of ADRs for biologicals could
be facilitated by intensifying the role of the patients and implementing monitor recommendations
to be appliedin clinical practice. For the classification of ADRs, efforts should be made to standardize
them, especially those that can be objectively detected by using biomarkers. Post-marketing safety
learning can be facilitated by cross-learning among drugs with commonalities in the mechanism
of action by grouping them according to these commonalities and by complementing existing
methods using prediction models that combine data from multiple information sources. Finally,
the gap between safety information from regulatory and clinical sources can be closed by improving
theclinicalapplicability of requlatoryinformation sourcesandincreasinglyincorporatinginformation
from clinical practice into the regulatory system. Further studies could facilitate the optimization of
post-marketing safety learning for biologicals with the recommendations made in this thesis by,

for example, studying the EU applicability of implementing and validating prediction modelling for

203



GENERAL DISCUSSION

cross-learning among drugs with commonalities in the mechanism of action, developing reference
standards for the classification of ADRs detected through biomarkers, and studying preferences of

clinical practice for the safety information provided in regulatory sources.
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INTRODUCTION

Prior to marketing approval of drugs, extensive research should be performed by the pharmaceutical
companiesand submitted tothe regulatory authorities to ensure the pharmaceutical quality, efficacy,
and safety. If, based on the data provided, the regulatory authorities consider that a consistent
quality is demonstrated and the benefits of a drug outweigh the risks in the treated population,
the drug is approved. However, uncertainties about the safety and efficacy of a drug always remain
at the time of marketing approval given the limitations of clinical trials (e.g., limited number and
highly selected patients and relatively short follow-up time). Especially the safety profile should
be further characterized in the post-marketing phase, for which pharmacovigilance has been put
in place. Today’s pharmacovigilance system is a proactive system and features different tools to
further characterize the safety profile of drugs. These tools include collecting and monitoring of
spontaneously reported suspected adverse drug reactions (ADRs) and performing post-marketing
safety studies that can make use of a variety of study designs and systems.

As described in Chapter 1, for biologicals, specific challenges have been addressed for post-
marketing safety learning. These include the difference in nature of ADRs from those known for small
molecules, the complexity of the mechanism of action (including interference with the immune
system), and difficulties in classifying ADRs according to the established system. Also, the detection
of ADRs for biologicals is hampered when the symptoms of the ADRs mimic those of the treated
disease. Previous research - including several PhD projects from our group - have addressed post-
marketing safety learning for biologicals and studied a variety of safety-related regulatory actions
and regulatory activities. The field is continuously evolving and the introduction of biologicals with
new mechanisms of action brings additional challenges with them. Therefore, in this thesis, we
aimed to provide further insights in post-marketing safety learning for biologicals with a specific
focus on the characterization of specific safety issues, dynamics in post-marketing safety learning,

and safety information from regulatory and clinical sources.

CHARACTERIZATION OF SPECIFIC SAFETY ISSUES

In Chapter 2, we focused on the characterization of specific safety issues for biologicals. In Chapter
2.1, we showed that there is a potential association between depression and suicidal ideation and
behavior and the use of monoclonal antibodies through their influence on the immune system. Our
study assessed spontaneously reported suspected ADRs for 44 monoclonal antibodies that had been
authorized in the European Union and/or United States as of 2014. For these monoclonal antibodies,
we identified the reports of depression (n = 9455) and suicidal ideation and behavior (n =1770) in
the WHO global database of individual case safety reports, VigiBase. The strongest association was
found for natalizumab and belimumab as compared to bevacizumab, both for depression (reporting
odds ratio (ROR) 5.7, 95% confidence interval [CI] 5.0 — 6.4; and ROR 5.1, 95% Cl 4.2 — 6.2) and suicidal
ideation and behavior (ROR 12.0, 95% CI 7.9 — 18.3; and ROR 20.2, 95% CI 12.4 - 33.0). When grouping
the monoclonal antibodies according to their influence on the immune system, those suppressing
the immune system showed a relatively higher reporting frequency, i.e. ROR 1.9 (95% CI 1.8 — 2.0)
for depression and ROR 3.6 (95% Cl 3.0 — 4.4) for suicidal ideation and behavior as compared to
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the monoclonal antibodies not directly targeting the immune system. Whereas we focused in
Chapter 2.1on a potential new safety issue, we further characterized a known safety issue in Chapter
2.2. We used data from clinical practice to study the incidence, longitudinal pattern, and potential
risk factors of thyroid disorders in a cohort of patients treated with PD-1/PD-L1inhibitors. Of the 465
patients who were included in this study, 13% (n = 58) developed thyroid disorders. Of these 58
patients that developed thyroid disorders, 19% (n =11) had isolated hypothyroidism, which occurred
after a median of 69 days. The remaining 81% (n = 47) of the patients developed hyperthyroidism,
which occurred, if isolated, after a median of 55 days (48%, n = 28). Hyperthyroidism occurred after
21 days for those patients who subsequently developed hypothyroidism at a median of 48 days
later (33%, n =19). The thyroid levels normalized within a median of 55 days. A specific pattern with
a rapid decline in thyroid-stimulating hormone values after initiation of the therapy followed by
an increase was observed in about 4% (n = 14) of the patients. This pattern was more prominently
observed for female melanoma patients treated with the combination of a PD-1/PD-L1 inhibitor
and ipilimumab. Female patients and patients with pre-existing thyroid disorders were at increased
risk of developing thyroid disorders (odds ratio [OR]: 2.04 [95% CI: 114 - 3.70], and OR: 4.31
[95% Cl: 1.47 — 12.61], respectively).

DYNAMICS IN POST-MARKETING SAFETY LEARNING

In Chapter 3, we studied different dynamics in post-marketing safety learning. In Chapter 3.7, we
showed that, in contrast to what has been reported for small molecules, the dosing information
for biologicals is rarely reduced for safety reasons. Our study assessed post-marketing learning
regarding dosing information for the 71 biologicals that were authorized by the European Medicines
Agency between 2007 and 2014 that were followed up until December 2016. For these 71 biologicals,
the dosing information for the initial indication was changed during follow-up for eight biologicals
(11%), which was rarely reduced for safety reasons. For30 products (42%), the indication was extended
at least once. We did not observe changes in dosing information for the extended indications (n =
59) during follow-up. In Chapter 3.2, we concluded that there is room for improvement regarding
post-marketing safety learning among drugs with commonalities in the mechanism of action. We
showed that the ADRs described in the summary of product characteristics (SMPC) of the TNF-«
inhibitors differ substantially. Our study assessed the overlap in ADRs described in the SmPC of
the TNF-a inhibitors throughout the drug’s life cycle. At the end of follow-up (31 December 2019),
293 unique ADRs were described in the SmPCs of the five included TNF-a inhibitors. Of the 293
ADRs, 133 (45%) were described in the SmPC of one TNF-a inhibitor and 39 (13%) in the SmPCs of all
five TNF-a inhibitors. Serious ADRs and ADRs classified as important risks by the regulators were

described approximately four times more often in a second SmPC than ADRs not classified as such.

SAFETY INFORMATION FROM REGULATORY AND CLINICAL
SOURCES

In Chapter 4, we evaluated and compared the safety information provided in regulatory and clinical

sources. In the study described in Chapter 4.1, we showed that different methods were used to
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identify and classify thyroid disorders associated with the PD-1/PD-L1 inhibitors in the clinical trials
and observational studies. The 38 included clinical trials reported a non-specific method to identify
patients as having thyroid disorders since no reference ranges for the thyroid hormones were
provided. The observational studies were more specific, with the majority (n = 23, 82%) specifying
the reference ranges for the thyroid hormones. Multiple subclassifications of thyroid disorders
(e.g., hyperthyroidism, hypothyroidism) were reported, with the reporting of subclinical thyroid
disorders in the observational studies as main difference in reporting between the clinical trials
and observational studies. Moreover, in the clinical trials a specific assessment was performed to
subclassify thyroid disorders as being immune-related, for which the assessment differed among
the different PD-1/PD-L1inhibitors and, for some, between the clinical trials for one drug. In Chapter
4.2, we showed that there is substantial discordance in the reporting of adverse events on the same
phase 3 trials between regulatory and clinical information sources. Our study assessed the adverse
events of eight biologicals used for the treatment of multiple sclerosis for which a total of 707
adverse events were reported in the European public assessment report (EPAR) and/or scientific
publication. Approximately one-third of the adverse events was reported in both the EPAR and
scientific publication, one-third was only reported in the EPAR and one-third only in the scientific
publication. Serious adverse events and adverse events that regulators classified as ‘important
identified risk’ were significantly more often reported in both sources compared to adverse events
not classified as such (respectively, 38% vs. 30% and 49% vs. 30%).

IMPLICATIONS

In Chapter 5, we have put the findings of the studies presented in this thesis in broader perspective.
First, we discussed the dynamics in the indication of use and dosing information for post-marketing
learning and concluded that dynamics in dosing information play an important role in the context
of post-marketing learning and could be optimized for risk minimization purposes and patient’s
convenience. Second, we described the challenges related to post-marketing safety learning
regarding the detection and classification of ADRs. We concluded that the detection of ADRs for
biologicals could be facilitated by intensifying the role of the patients and implementing monitor
recommendations to be applied in clinical practice. For the classification of ADRs, efforts should be
made to standardize them, especially those that can be objectively detected by using biomarkers.
Third, we discussed that post-marketing safety learning could be optimized through cross-learning
among drugs with commonalities in the mechanism of action. For this, drugs with commonalities
in the mechanism of actions should be grouped according to these commonalities and existing
methods could be complemented by using prediction models that combine data from multiple
information sources. At last, we discussed the gap between safety information from regulatory and
clinical sources and concluded that this gap can be closed by improving the clinical applicability of
regulatory information sources and increasingly incorporating information from clinical practice
into the regulatory system. With these recommendations, post-marketing safety learning for

biologicals can be facilitated from a regulatory and clinical perspective.

217







SAMENVATTING






SAMENVATTING

INTRODUCTIE

Voordat een geneesmiddel op de markt wordt toegelaten, dient uitgebreid onderzoek te worden
gedaan naar de farmaceutische kwaliteit, werkzaamheid en veiligheid van het geneesmiddel.
Deze studies worden uitgevoerd door farmaceutische bedrijven en daarna aan de regulatoire
autoriteiten voorgelegd ter beoordeling. Als de regulatoire autoriteiten, op basis van de verstrekte
gegevens, van mening zijn dat een consistente kwaliteit is aangetoond en dat de voordelen van het
geneesmiddel opwegen tegen de risico’s, wordt het geneesmiddel goedgekeurd. Onzekerheden
over de veiligheid en werkzaamheid van het geneesmiddel blijven echter altijd bestaan op het
moment van markttoelating, gezien de beperkingen van de uitgevoerde klinische studies (bijv.
het aantal geincludeerde patiénten is beperkt, er heeft een strenge selectie van de patiénten
plaatsgevonden en de follow-up duur is relatief kort). Vooral het veiligheidsprofiel dient verder
in kaart te worden gebracht na markttoelating, waarvoor het geneesmiddelenbewakingssysteem
is ingericht. Het huidige geneesmiddelenbewakingssysteem is een proactief systeem en beschikt
over verschillende instrumenten om het veiligheidsprofiel van geneesmiddelen verder in kaart
te brengen. Deze instrumenten omvatten het verzamelen en monitoren van spontane meldingen
van vermoede bijwerkingen en het uitvoeren van veiligheidsonderzoeken na markttoelating,
waarbij gebruik kan worden gemaakt van verschillende onderzoeksopzetten en -systemen.

In Hoofdstuk T beschrijven we dat er voor biologische geneesmiddelen specifieke uitdagingen
zijn voor de verwerving van kennis over het veiligheidsprofiel nadat het geneesmiddel op de markt is
toegelaten. De uitdagingen omvatten onder meer het verschil in aard van bijwerkingen ten opzichte
van welke bekend zijn voor kleine moleculen, de complexiteit van het werkingsmechanisme
(inclusief interactie met het immuunsysteem), moeilijkheden bij het classificeren van bijwerkingen
volgens de vastgestelde systemen en het feit dat de detectie van bijwerkingen belemmerd wordt
als de symptomen van de bijwerkingen overeenkomen met die van de behandelde ziekte. Er is
eerder onderzoek gedaan naar de verwerving van kennis over het veiligheidsprofiel van biologische
geneesmiddelen na markttoelating, waarin een verscheidenheid aan veiligheidsgerelateerde
regulatoire maatregelen en regulatoire activiteiten is bestudeerd. Het veld is echter voortdurend in
ontwikkeling en deintroductie van biologische geneesmiddelen met nieuwe werkingsmechanismen
zorgt voor extra uitdagingen. Daarom hebben wij verdere inzichten verschaft in het verwerven van
kennisoverhetveiligheidsprofiel van biologische geneesmiddelen namarkttoelating. Hierbijhebben
wij ons specifiek gericht op het in kaart brengen van specifieke veiligheidskwesties, de dynamiek
in de verwerving van kennis over het veiligheidsprofiel na markttoelating en veiligheidsinformatie

beschreven in informatiebronnen van regulatoire autoriteiten en de klinische praktijk.

KARAKTERISERING VAN SPECIFIEKE VEILIGHEIDSKWESTIES

In Hoofdstuk 2 richtten wij ons op het in kaart brengen van specifieke veiligheidskwesties. In
Hoofdstuk 2.7 toonden we aan dat er een mogelijk verband is tussen depressie, gedachte aan
zelfmoord en suicidaal gedrag en het gebruik van monoklonale antilichamen middels hun invloed
op het immuunsysteem. In deze studie bestudeerden we spontane meldingen van vermoede

bijwerkingen voor de 44 monoklonale antilichamen die in de Europese Unie en/of de Verenigde
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Staten waren goedgekeurd tot 2014. Voor deze monoklonale antilichamen hebben we de meldingen
van depressie (n = 9455) en gedachte aan zelfmoord en suicidaal gedrag (n = 1770) geidentificeerd
in VigiBase. De associatie was het sterkst voor natalizumab en belimumab in vergelijking met
bevacizumab, zowel voor depressie (reporting odds ratio (ROR) 5,7, 95% betrouwbaarheidsinterval
[BI] 50 — 6,4; en ROR 5,1, 95% Bl 4,2 — 6,2) als voor de gedachte aan zelfmoord en suicidaal
gedrag (ROR 12,0, 95% BI 7.9 — 18,3; en ROR 20,2, 95% Bl 12,4 — 33,0). Wanneer de monoklonale
antilichamen gegroepeerd werden op basis van hun invloed op het immuunsysteem, vertoonden
degenen die het immuunsysteem onderdrukken een hogere ROR, d.w.z. 1,9 (95% BI 1,8 — 2,0)
voor depressie en 3,6 (95% Bl 3,0 — 4,4) voor de gedachte aan zelfmoord en suicidaal gedrag in
vergelijking met de monoklonale antilichamen die niet rechtstreeks van invloed zijn op het
immuunsysteem. Waar we ons in Hoofdstuk 2.1 concentreerden op het bestuderen van een
potentieel nieuw veiligheidsprobleem, hebben we een bekend veiligheidsprobleem verder
gekarakteriseerd in Hoofdstuk 2.2. Voor deze studie hebben we gebruik gemaakt van data uit
de klinische praktijk om de incidentie, het longitudinale patroon en de mogelijke risicofactoren
van schildklieraandoeningen te bestuderen in een cohort van patiénten behandeld met PD-1/
PD-L1-remmers. Van de 465 patiénten die in deze studie werden geincludeerd, ontwikkelde 13%
(n = 58) schildklieraandoeningen. Geisoleerde hypothyreoidie werd waargenomen bij 19%
(n =11) van de patiénten die schildklieraandoeningen ontwikkelden en trad op na een mediaan
van 69 dagen. De overige 81% (n = 47) van de patiénten ontwikkelde hyperthyreoidie, die, indien
geisoleerd, optrad na een mediaan van 55 dagen (48%, n = 28). Hyperthyreoidie trad op na 21 dagen
voor degenen die vervolgens hypothyreoidie ontwikkelden met een mediaan van 48 dagen later
(33%, n=19). De schildklierwaarden normaliseerden binnen een mediaan van 55 dagen. Een specifiek
patroon met een snelle afname van de waarden van het schildklierstimulerend hormoon na aanvang
van de therapie gevolgd door een toename hiervan werd waargenomen bij ongeveer 4% (n = 14)
van de patiénten. Dit patroon werd met name waargenomen bij vrouwelijke melanoompatiénten
die werden behandeld met de combinatie van een PD-1/PD-L1-remmer en ipilimumab. Vrouwelijke
patiénten en patiénten met reeds bestaande schildklieraandoeningen hadden een verhoogd risico
op het ontwikkelen van schildklieraandoeningen tijdens de behandeling met PD-1/PD-L1-remmers
(odds ratio [OR]: 2,04 [95% BI: 1,14 — 3,70], en OR: 4,31 [95% BI: 1,47 — 12,61], respectievelijk).

DYNAMIEK IN HET VERWERVEN VAN KENNIS OVER HET
VEILIGHEIDSPROFIEL NA MARKTTOELATING

In Hoofdstuk 3 bestudeerden we verschillende dynamieken in het verwerven van kennis over het
veiligheidsprofiel nadat geneesmiddelen zijn toegelaten op de markt. In Hoofdstuk 3.7 toonden
wij aan dat de doseringsinformatie voor biologische geneesmiddelen, in tegenstelling tot wat
gerapporteerdisvoor kleine moleculen, zeldenwordtverlaagd omveiligheidsredenen. Inonze studie
bestudeerdenwijdedynamiekinhetverwervenvankennis metbetrekkingtotdedoseringsinformatie
van biologische geneesmiddelen na markttoelating voor de 71 biologische geneesmiddelen die
tussen 2007 en 2014 waren goedgekeurd door het Europees Geneesmiddelenbureau en volgden

ze tot december 2016. Van deze 71 biologische geneesmiddelen werd de doseringsinformatie voor
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de initiéle indicatie gewijzigd voor acht geneesmiddelen (11%) tijdens de follow-up, welke zelden
verlaagd werd om veiligheidsredenen. Voor 30 producten (42%) is de indicatie minimaal één keer
uitgebreid. We namen geen veranderingen in de doseringsinformatie waar voor de indicatie-
uitbreidingen (n = 59) tijdens de follow-up. In Hoofdstuk 3.2 hebben wij geconcludeerd dat er
ruimte is voor voorbetering met betrekking tot het verwerven van kennis over het veiligheidsprofiel
tussen geneesmiddelen met overeenkomsten in hun werkingsmechanisme. Wij lieten zien dat
de bijwerkingen die worden beschreven in de samenvatting van de productkenmerken (SmPC)
van geneesmiddelen met hetzelfde werkingsmechanisme aanzienlijk verschillen. In deze studie
bestudeerden wij de overlap in bijwerkingen beschreven in de SmPC van de TNF-a-remmers
gedurende hun levenscyclus. Aan het einde van de follow-up (31 december 2019) werden 293 unieke
bijwerkingen beschreven in de SmPC’s van de vijf geincludeerde TNF-a-remmers. Van de 293
bijwerkingen werden er 133 (45%) beschreven in de SmPC van één TNF-a-remmer en 39 (13%) in
de SmPC’s van alle vijf TNF-a-remmers. Ernstige bijwerkingen en bijwerkingen geclassificeerd als
belangrijke risico’s door de regulatoire autoriteiten werden ongeveer vier keer vaker beschreven in

een tweede SmPC dan bijwerkingen die niet als zodanig waren geclassificeerd.

VEILIGHEIDSINFORMATIE UIT BRONNEN VAN REGULATOIRE
AUTORITEITEN EN DE KLINISCHE PRAKTIJK

In Hoofdstuk 4 hebben we de veiligheidsinformatie uit bronnen van reqgulatoire autoriteiten en
de klinische praktijk geévalueerd en vergeleken. In de studie beschreven in Hoofdstuk 4.1 hebben
we aangetoond dat verschillende methoden worden gebruikt om schildklieraandoeningen die
geassocieerd zijn met de PD-1/PD-L1-remmers te identificeren en classificeren in klinische studies
en observationele studies. In alle 38 klinische studies was de omschreven methode die werd
gebruikt om patiénten te identificeren met schildklieraandoeningen niet specifiek, aangezien er
geen referentiewaarden voor de schildklierhormonen werden beschreven. Deze methode was
specifiekerin de observationele studies, aangezien in de meeste observationele studies (n =23, 82%)
de referentiewaarden voor de schildklierhormonen beschreven werden. Meerdere classificaties
van schildklieraandoeningen (bijv. hyperthyreoidie, hypothyreoidie) werden gerapporteerd met
derapportagevansubklinischeschildklieraandoeningenindeobservationelestudiesalsbelangrijkste
verschil in rapportage tussen klinische en observationele studies. Bovendien werd in de klinische
studies een specifieke beoordeling uitgevoerd om schildklieraandoeningen te classificeren als
immuun-gerelateerd, waarvoor de beoordeling verschilde tussen de verschillende PD-1/PD-LI-
remmers en, voor een aantal PD-1/PD-L1-remmers, tussen de klinische studies voor één PD-1/PD-L1-
remmer. In Hoofdstuk 4.2 toonden we aan dat er aanzienlijke verschillen bestaan in de rapportage
van bijwerkingen op basis van dezelfde fase 3 studies tussen bronnen van regulatoire autoriteiten
en de klinische praktijk. In onze studie bestudeerden we acht biologische geneesmiddelen die
worden gebruikt voor de behandeling van multiple sclerose, waarvoor het Europese publieke
beoordelingsrapport (EPAR) en/of de wetenschappelijke publicatie in totaal 707 bijwerkingen
rapporteerden. Ongeveer een derde van de bijwerkingen werd gerapporteerd in zowel de EPAR als

in de wetenschappelijke publicatie, een derde werd alleen in de EPAR gerapporteerd en een derde
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alleen in de wetenschappelijke publicatie. Ernstige bijwerkingen en bijwerkingen die regulatoire
autoriteiten classificeerden als ‘belangrijk geidentificeerd risico’ werden significant vaker
gerapporteerd in beide informatiebronnen in vergelijking met bijwerkingen die niet als zodanig

waren geclassificeerd (respectievelijk 38% versus 30% en 49% versus 30%).

IMPLICATIES

In Hoofdstuk 5 hebben we de bevindingen van de studies gepresenteerd in dit proefschrift in een
breder perspectief geplaatst. Als eerste beschreven wij de veranderingen in zowel de indicatie
waarvoor het geneesmiddel wordt gebruikt als doseringsinformatie voor het verwerven van kennis
na markttoelating. We concludeerden dat de dynamiek in doseringsinformatie een belangrijke
rol speelt in de context van het verwerven van kennis na markttoelating en geoptimaliseerd kan
worden uit risicominimalisatie overwegingen en het verbeteren van de therapie voor de patiént.
Als tweede bediscussieerden wij de uitdagingen gerelateerd aan het identificeren en classificeren
van bijwerkingen. Hiervoor concludeerden wij dat de detectie van bijwerkingen voor biologische
geneesmiddelen zou kunnen worden verbeterd door de rol van de patiénten te intensiveren en
concrete aanbevelingen voor monitoring te implementeren die in de klinische praktijk moeten
worden toegepast. Voor de classificatie van bijwerkingen moeten inspanningen worden geleverd
om ze te standaardiseren, vooral die bijwerkingen welke objectief kunnen worden gedetecteerd
met behulp van biomarkers. Als derde beschreven wij dat het verwerven van kennis over het
veiligheidsprofiel na markttoelating geoptimaliseerd kan worden door kennis uit te wisselen tussen
geneesmiddelen met overeenkomsten in het werkingsmechanisme, waarbij de geneesmiddelen
gegroepeerd kunnen worden op basis van deze overeenkomsten. Daarnaast kunnen bestaande
methoden voor het verwerven van kennis na markttoelating gecombineerd worden met
predictiemodellen die gebruik maken van gegevens uit meerdere informatiebronnen. Als laatste
bediscussieerden wij het verminderen van het verschil tussen veiligheidsinformatie uit bronnen
van regulatoire autoriteiten en de klinische praktijk. Het verschil tussen veiligheidsinformatie
beschreven in bronnen van regulatoire autoriteiten en de klinische praktijk kan worden verminderd
door de klinische toepasbaarheid van informatiebronnen van regulatoire autoriteiten te verbeteren
en door meer informatie uit de klinische praktijk in het regulatoire systeem op te nemen. Middels
deze aanbevelingen kan het verwerven van kennis over het veiligheidsprofiel na markttoelating

verbeterd worden vanuit een regulatoir en klinisch perspectief.
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Door de hulp van velen heb ik dit promotietraject kunnen afronden. Via deze weg wil ik iedereen
bedanken die een, zowel wetenschappelijke als sociale, bijdrage heeft geleverd aan dit proefschrift.

Graag wil ik een aantal van hen in het bijzonder bedanken.

Allereerst wil ik mijn promotieteam bestaande uit prof. dr. Bert Leufkens, prof. dr. Toine Egberts,
dr. Helga Gardarsdottir en dr. Thijs Giezen bedanken. Bert, jij kent de regulatoire wereld als geen
ander, maar verliest ook nooit de klinische kant uit het oog. Ook heb ik veel van je geleerd door
de data op verschillende manieren te bekijken, wat vaak nieuwe inzichten opleverde. Toine, jij hebt
me gestimuleerd (soms met wat tegenzin van mijn kant) om uit mijn comfortzone te stappen, wat
mij verder heeft gebracht. Je hield het tempo in de studies door inzichtelijk te maken wat er nodig
was en deze hulp te bieden. Helga, als dagelijkse begeleider op de universiteit kon en mocht ik
altijd even bij je binnenlopen. Met een praktische oplossing zorgde je ervoor dat ik dan weer verder
kon. Ook jouw epidemiologische kennis en verhelderende suggesties waren onmisbaar. Thijs, jouw
kennis over dit onderwerp en ideeén hebben richting gegeven aan verschillende studies. Het was

heel fijn dat jij dit traject zelf had doorlopen en ik ook bij jou altijd terecht kon.

Aukje, ook al maak je aan het eind van het traject officieel geen deel meer uit van het
promotieteam, jij hebt er in het eerste jaar voor gezorgd dat ik een goede start kon maken.
Hierbij waren jouw ervaringen met eerdere promotietrajecten over dit onderwerp van belangrijke

toegevoegde waarde.

The members of the reading committee, prof. dr. Marieke de Bruin, dr. Marjon Pasmooij, prof. dr.
Eugéne van Puijenbroek, prof. dr. Gabe Sonke, prof. dr. Gianluca Trifird, | would like to thank for

their assessment of this thesis.

Graag wil ik ook de verschillende coauteurs bedanken voor hun bijdrage. Jarno, bedankt dat
ik gebruik heb mogen maken van jouw tool om de bijwerkingen in kaart te brengen en voor
de scherpe input voor het manuscript. Patrick, dankjewel voor de geboden mogelijkheid om
gebruik te maken van de data uit VigiBase en de hulp bij de totstandkoming van het manuscript.
Voor de studie in hoofdstuk 2.2 heb ik gebruik mogen maken van de data uit UPOD. Hiervoor wil
ik Cornelia Hulsbergen-Veelken en Mark de Groot graag bedanken voor de extractie van de data
en hun kennis over de beschikbare data. Voor deze studie was ook de klinische input van Karijn

Suijkerbuijk onmisbaar, dank daarvoor.

De vele collega’s op de universiteit hebben er voor gezorgd dat ik de afgelopen jaren een leerzame

maar zeker ook leuke tijd heb gehad.

Lourens, het was heel fijn om dit traject samen met jou te doorlopen en de uitdagingen van het
combinatietraject met elkaar te kunnen delen. Daarnaast waren de verschillende tripjes naar

Kopenhagen en Genéve ook heel gezellig. Rick, ik was heel blij dat jij een aantal maanden na mijn
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start ook op de universiteit kwam werken. We mochten maar kort naast elkaar zitten maar gelukkig
bleken de lunchwandelingen een goede vervanging. Joris, de analyses voor de verschillende
studies had ik nooit kunnen uitvoeren zonder jouw hulp met R. Gelukkig kon ik jou bijstaan met
regeldingen en ik heb je vrijdagmiddagafleiding het laatste jaar zeker gemist. Joost, de dagen op
de universiteit waren met jou nooit saai, maar je was ook altijd vol belangstelling en zorgde voor
wat motiverende woorden als dat nodig was. Daarnaast heb je mij over veel verschillende (heel
nuttige) onderwerpen wat geleerd en is mijn woordenschat er op vooruit gegaan. Pieter, ook jij
hebt mij veel bijgebracht, de challenges heb ik helaas alleen nooit gehaald. Heel veel succes met het
afronden van jouw proefschrift. Delphi, we hebben heel wat uur naast elkaar gewerkt, maar waren
ook kamergenoten tijdens de skitrips, dankjewel voor de adviezen en gezelligheid. Renske, het was
heel fijn om de laatste loodjes samen te kunnen delen. Richelle, jouw vrolijkheid en enthousiasme
zorgden ervoor dat de sfeer er altijd goed in zat. Marianne, dankjewel dat ik altijd bij jou terecht
kon met vragen over co6rdinatietaken. Ineke, Suzanne, Anja en Paula, bedankt voor al jullie hulp en

de gezellige gesprekken in de ochtend.

Alle mede PhD studenten, Ali, Amos, Debbie, Doerine, Gert-Jan, Hedy, Iris, Jeroen, Jet, Joris,
Lenneke, Li, Mariette, Marle, Melissa, Milou, Mirjam, Nick, Rachel, Rosanne, Sander en andere
collega’s van de afdeling wil ik graag bedanken voor de gezelligheid tijdens alle uitjes, skitrips,

borrels en natuurlijk frituurvrijdag.

Naast mijn collega’s van de universiteit wil ik graag mijn CBG collega’s bedanken voor hun interesse
en flexibiliteit. Ik ben heel blij dat we collega’s blijven. Joan, dankjewel voor de kansen die je me hebt

geboden en het vertrouwen om mij verder te kunnen ontwikkelen bij het CBG.

Heshu, tijdens mijn onderzoeksproject onder jouw begeleiding is mijn interesse voor het onderzoek

ontstaan. Ik ben blij dat we nog steeds contact hebben en we regelmatig bijkletsen.

Ook mijn vrienden en familie wil ik graag bedanken voor hun interesse in mijn onderzoek en

de ontspanning tijdens de afgelopen jaren.

Farmacievrienden, na onze studie farmacie zijn we veel verschillende richtingen op gegaan.
Gelukkig blijven de farmagrappen en hebben jullie de afgelopen jaren voor veel gezellige afleiding
gezorgd, dankjulliewel daarvoor. Robbert, het samen studeren voor de wiskunde examens op
de middelbare school en later de farmacietentamens liggen ver achter ons, maar ik ben heel blij
dat we onze gedeelde hobby van avondjes slechte televisieprogramma’s kijken nog steeds kunnen
delen. Willem, tijdens de thuiswerkperiode werden we een soort van collega’s en het was heel fijn

om af en toe wat andere muren om me heen te kunnen hebben.

Leukste vriendinnengroep uit Nijmegen, het is alweer heel wat jaar geleden dat we samen
eindexamen deden, maar gelukkig zien we elkaar nog steeds en voelt het altijd vertrouwd. Hopelijk

kunnen we komend jaar de tradities van de kerstdiners en vierdaagse weer voortzetten.
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Sterre, ontelbaar veel sportlesjes hebben wij de afgelopen jaren samen gevolgd. Het was heel fijn

om alleen te denken aan wanneer de mountain climbers voorbij zijn.

Bar, Bel, Lies en Meer, zeker de laatste periode van mijn promotietraject hebben jullie mij er
doorheen geholpen en stonden jullie altijd voor mij klaar. Dat er nog maar heel veel gezellige

etentjes, sportsessies en vakanties mogen volgen. Zeker ook met Duco, Ray en Tim.

Sil, onze werelden staan ver van elkaar af maar je was altijd geinteresseerd in mijn onderzoek en
gelukkig weet je inmiddels ook dat dit boekje niet over A. Vogel gaat. Papa en mama, jullie hebben

mij altijd gesteund en geholpen waar dat kon. Bedankt voor alles!

7.1

233







LIST OF CO-AUTHORS






LIST OF CO-AUTHORS

A.C.G. (Toine) Egberts

Division of Pharmacoepidemiology & Clinical Pharmacology, Utrecht Institute for Pharmaceutical
Sciences (UIPS), Utrecht University, Utrecht, The Netherlands

Department of Clinical Pharmacy, Division Laboratory, Pharmacy and Biomedical Genetics,
University Medical Center Utrecht, Utrecht, The Netherlands

H. (Helga) Gardarsdottir

Division of Pharmacoepidemiology & Clinical Pharmacology, Utrecht Institute for Pharmaceutical
Sciences (UIPS), Utrecht University, Utrecht, The Netherlands

Department of Clinical Pharmacy, Division Laboratory, Pharmacy and Biomedical Genetics,
University Medical Center Utrecht, Utrecht, The Netherlands

Department of Pharmaceutical Sciences, School of Health Sciences, University of Iceland,

Reykjavik, Iceland

T.J. (Thijs) Giezen

Foundation Pharmacy for Hospitals in Haarlem, Haarlem, The Netherlands

Department of Clinical Pharmacy, Spaarne Gasthuis, Haarlem/Hoofddorp, The Netherlands
Medicines Evaluation Board, Utrecht, The Netherlands

M.C.H. (Mark) de Groot
Central Diagnostic Laboratory, Division Laboratory, Pharmacy and Biomedical Genetics, University
Medical Center Utrecht, Utrecht University, Utrecht, The Netherlands

J. (Jarno) Hoekman

Division of Pharmacoepidemiology & Clinical Pharmacology, Utrecht Institute for Pharmaceutical
Sciences (UIPS), Utrecht University, Utrecht, The Netherlands

Innovation Studies, Copernicus Institute of Sustainable Development, Utrecht University, Utrecht,
The Netherlands

C.A.R. (Cornelia) Hulsbergen-Veelken
Central Diagnostic Laboratory, Division Laboratory, Pharmacy and Biomedical Genetics, University
Medical Center Utrecht, Utrecht University, Utrecht, The Netherlands

H.G.M. (Bert) Leufkens
Division of Pharmacoepidemiology & Clinical Pharmacology, Utrecht Institute for Pharmaceutical
Sciences (UIPS), Utrecht University, Utrecht, The Netherlands

A.K. (Aukje) Mantel-Teeuwisse
Division of Pharmacoepidemiology & Clinical Pharmacology, Utrecht Institute for Pharmaceutical
Sciences (UIPS), Utrecht University, Utrecht, The Netherlands

7.2

237



LIST OF CO-AUTHORS

P.C. (Patrick) Souverein

Division of Pharmacoepidemiology & Clinical Pharmacology, Utrecht Institute for Pharmaceutical
Sciences (UIPS), Utrecht University, Utrecht, The Netherlands

K.P.M. (Karijn) Suijkerbuijk
Department of Medical Oncology, Cancer Center, University Medical Center Utrecht, Utrecht,
The Netherlands

238






/.3



LIST OF PUBLICATIONS






LIST OF PUBLICATIONS

PUBLICATIONS RELATED TO THIS THESIS

Minnema LA, Giezen TJ, Hoekman J, Egberts TCG, Leufkens HGM, Gardarsdottir H.
Regulatory Safety Learning Driven by the Mechanism of Action: The Case of TNF- Inhibitors.
Clin Pharmacol Ther 2020. Online ahead of print.
https://pubmed.ncbi.nlm.nih.gov/33278830/

Minnema LA, Giezen TJ, Egberts TCG, Leufkens HGM, Gardarsdottir H.

Adverse events related to biologicals used for patients with multiple sclerosis: a comparison between
information originating from regulators and information originating from the scientific community.
Eur J Neurol 2020,27(7):1250-6.

https://pubmed.ncbi.nlm.nih.gov/32298524/

Minnema LA, Giezen TJ, Souverein PC, Egberts TCG, Leufkens HGM, Gardarsdottir H.

Exploring the Association between Monoclonal Antibodies and Depression and Suicidal Ideation
and Behavior: A VigiBase Study.

Drug Saf 2019;42(7):887-95.

https://pubmed.ncbi.nlm.nih.gov/30617497/

Minnema LA, Giezen TJ, Gardarsdottir H, Egberts TCG, Leufkens HGM, Mantel-Teeuwisse AK.
Post-marketing dosing changes in the label of biologicals.

Br J Clin Pharmacol 2019;85(4):715-21.

https://pubmed.ncbi.nlm.nih.gov/30593087/

PUBLICATION NOT RELATED TO THIS THESIS

Abdullah-Koolmees H, Gardarsdottir H, Minnema LA, EImi K, Stoker LJ, Vuyk J, Goedhart LE,
Egberts TCG, Heerdink ER.

Predicting rehospitalization in patients treated with antipsychotics: a prospective observational study.
Ther Adv Psychopharmacol 2018;8(8):213-29.

https://pubmed.ncbi.nlm.nih.gov/30065813/

243






ABOUT THE AUTHOR






ABOUT THE AUTHOR

Lotte Minnema was born in 1991 in Nijmegen, the Netherlands. She graduated at the Stedelijk
Gymnasium Nijmegen in 2010. Hereafter, she started studying at Utrecht University and obtained
her Bachelor’s degree in 2013, followed by her Master’s degree in Pharmacy in 2016.

Following graduation, Lotte started her PhD project at the Division of Pharmacoepidemiology
and Clinical Pharmacology of the Utrecht Institute for Pharmaceutical Sciences (UIPS), Faculty of
Science, Utrecht University. The PhD project was conducted under the umbrella of the Regulatory
Science collaboration between the Dutch Medicines Evaluation Board and UIPS. Lotte combined
her PhD project with a position as pharmacovigilance assessor at the Dutch Medicines Evaluation
Board. As part of her doctoral education, Lotte followed a training programme that included
the postgraduate Master’s programme in Epidemiology (Master’s degree obtained in 2020) and
courses on general research skills and academic competencies. Furthermore, she contributed to
educational activities of the pharmacy curriculum at Utrecht University, including coordinating
the Pharmacy Master’s course ‘Oncology and pain’, and organized two international symposiums
for young researchers in regulatory science.

Lotte currently works as a pharmacovigilance assessor at the Dutch Medicines Evaluation Board.

74

247












