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Abstract 

 

Several medicines for treatment of cardiovascular disease and other risk factors such as diabetes, 

dyslipidemia, and hypertension are available in the market. However, at the moment of drug 

approval, the safety profile should be considered provisional due to the limitations of the pre-

marketing clinical trials. Also, relevant safety information about newly launched medicines usually 

arises in the first post-marketing years.  The aim of this thesis is to contribute to the knowledge 

regarding safety profile of new marketed cardiovascular drugs using reports collected in the 

Spanish spontaneous reporting system. A group of cardiovascular drugs launched in Spain 

between 2007 and 2011 was selected. All the spontaneous reports involving the study drugs until 

the end of 2014 were retrieved and carefully analysed.  Also, a review of case reports published 

and other scientific information was done. Statistical methods were applied to strengthen the 

potential ADR-drug associations. The main results were described in two original studies. In study 

I, an association between gliptins use and musculoskeletal reactions was found in the Spanish 

database. Gliptins are a new antidiabetic class that inhibits the action of dypeptidil peptidase-4 

enzyme for controlling the glucose blood level in type 2 diabetic patients. In May 2012, thirty-four 

reports describing musculoskeletal complaints with gliptins were found in the database; twenty-

seven for sitagliptin, six for vildagliptin and one for saxagliptin.  These cases represented the 10% 

of all gliptins reports. Moreover, in two of them positive re-exposure was described. These 

adverse reactions were hardly described with gliptins use. Despite not being serious, these 

symptoms may impair the treatment adherence in patients with type 2 diabetes. In study II, the 

potential association between the use of dronedarone and renal impairment was analysed. The 

effect of dronedarone on renal function was supported by limited information. Dronedarone, a 

new antiarrhythmic drug, is a noniodinated amiodarone derivative indicated for the treatment of 

atrial fibrillation. In the Spanish database ten cases were found and, in addition, eight cases were 

identified in medical literature. These eighteen cases described renal impairment during 

dronedarone treatment. All cases showed a plausible temporal association, although the baseline 

conditions could be considered as potential confounder.  Renal impairment associated with this 

drug could seriously aggravate the clinical condition of patients with atrial fibrillation, especially in 

those who also suffer from heart failure. Despite the fact that, either in musculoskeletal reactions 

associated with gliptins or renal impairment with dronedarone, further observational studies are 

needed in order to verify these potential safety signals, in the meantime clinicians should be 

aware of these potential reactions in clinical practice. The knowledge of safety information of 

marketed medicines is a constant process that is built-up over time. Pharmacovigilance was the 

first method for post-marketing surveillance and despite its inherent limitations such as lack of 

information or underreporting, it still contribute to the main objectives of post-marketing 

surveillance: to increase patients’ safety and to decrease the prescribers’ euphoria in front of new 

medicines. 
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1. Introduction 

 

 

 

 

1.1 General Overview  

The last decade, cardiovascular disease (CVD) accounted for nearly half of non-communicable 

diseases. This increase in chronic diseases has attracted the attention of medicine-industry, thus, 

many new active ingredients are constantly put into the market.  

1.1.1 Cardiovascular disease 

CVD is considered a relevant problem in public health; in 2012 it was the leading global cause of 

death, accounting for 17.3 million deaths around the world, a number that is expected to grow to 

>23.6 million by 2030. CVD continues to cause a much greater mortality burden among Europeans 

than any other disease. CVD caused 51% of deaths among women and 42% among men in 2013, 

compared with 19 and 23%, respectively, for all cancers (1).  

CVD is a broad term for a range of diseases affecting the heart and blood vessels. CVD affects not 

only high-income but also low and middle-income countries. It is estimated that  in 2030 in the 

world, the leading causes of death will be ischemic heart disease and cerebrovascular disease, 

both components of CVD (2,3). CVD risk is most frequently the result of multiple interacting risk 

factors involving demographic characteristics, family history of CVD, smoking, physical inactivity, 

dyslipidemia, obesity, hypertension and diabetes.  

Several risk factors in one patient give rise to multimorbidity, and this consequentially generates 

another health problem: polypharmacy, especially in elderly people (4). Type 2 diabetes mellitus 

(T2DM) is a prevalent disease across the European Union (EU), it has increased rapidly over the 

last ten years and this increase was around 50% in many countries, as well as an increase in the 

consumption of antidiabetic drugs (5,6).  Thus, CVD prevention should be considered in all 

patients with one or more cardiovascular risk factors. Currently there are several risk scores for 

prediction of CVD. Developing a general applicable risk score is difficult because of confounders 

associated with ethnicity, cultural differences and metabolic markers, despite this, current risk 

scores are useful methods in clinical practice (7).  
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The health burden of CVD as well as other chronic diseases is accompanied by a significant 

deleterious economic impact. Overall CVD is estimated to cost the EU economy almost €196 

billion a year. About half of this total cost (54%) is related to health care costs, 24% due to 

productivity losses and 22% due to the informal care of people with CVD (5). The median numbers 

of hospital discharges per 100,000 population in 2012 were 2,097 for CVD, 608 for coronary heart 

disease, and 298 for cerebrovascular disease (1).  

The clinical approach to prevention and/or management of CVD is complex. In general, it is 

recommended non-pharmacological treatment (i.e. adequate physical activity, healthy eating 

habits, avoid tobacco, and reduction of overweight), pharmacological therapy, and in some cases 

surgical procedures. Regarding pharmacological therapy, it includes treatment of basal risk factor 

such as diabetes, hypertension, dyslipidemia, as well as other pharmacological strategies for 

primary prevention of CVD.  Nowadays, several pharmacological options are available in the 

market, and also many new drugs have been approved around the world in the last decade.  

 

1.1.2 Post-marketing drug life cycle 

Clinical trials in preapproval phase (phases I, II and III) are mainly designed for assessing drug 

efficacy but are much less effective for evaluating safety. Post-marketing studies (phase IV) are 

focused on patient safety, and are usually carried up by the pharmaceutical industry. 

Newly approved medicines are often marketed and promoted as products with more clinical 

efficacy and safer than the older pharmaceutical options. In clinical practice, the physicians should 

perform a risk-benefit assessment at individual level before each prescription. Notwithstanding 

this, in the case of new active ingredients the rational selection process is especially difficult 

because most relevant safety information arises in the first post-marketing years, thus the risk-

benefit assessment should be done carefully.  

It is well known that the patients included in the randomized control trials (RCT) are different 

from the patients found in the real clinical practice. RCT have potential concerns in terms of 

safety, such as limited heterogeneity of patients (i.e. exclusion of geriatric patients, paediatric 

population, etc), short period of exposure to the drug, and also the limited sample size to detect 

rare adverse drug reactions (ADRs) (8,9).  

Therefore, the information available at the moment of the approval is incomplete, and the safety 

of new drugs should be considered provisional. Despite this, there is a common 

misconception that drug development life cycle ends when the drug reaches a place in the 

market. Indeed, post-marketing surveillance, dependent or independent from pharmaceutical 

industry, is essential to get a better knowledge about safety of drugs in the market. 
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In general, post-marketing surveillance contributes to the knowledge of drugs in different 

populations. In real life settings the new drug is used in different doses and routes of 

administration, with longer time of exposure, and potential off-labelled uses. Post-marketing 

surveillance allows to evaluate the whole profile of medicines including undiscovered and rare 

ADRs, additional information regarding contraindications, precautions, drug-drug interactions, 

and in some cases the risks and benefits of off-labelled uses (9–11) 

1.1.2.1 Drug withdrawals 

There have been cases of medicines that had to be withdrawn only 1 or 2 years after their 

launching for safety reasons. These drug withdrawals are reminders of the complex process of 

post-marketing drug surveillance (12,13). The following examples of drug withdrawals are just 

some of the most talked-about cases in the last 15 years, and help to point out the relevance of 

post-marketing surveillance in order to protect the population. 

Cerivastatin was launched in the EU in 1997 as the newest statin in the market. This drug 

belonged to the group of inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A reductase. 

Cerivastatin was metabolized by CYP450, thus drug-drug interactions were considered as a 

potential concern. Two years later, a contraindication of concomitant prescription of cerivastatin 

and gemfibrozil was added to the Summary of Product Characteristics (SPC). In 1999 the first case 

report of rhabdomyolysis associated with cerivastatin and gemfibrozil was published (14).  The 

Medicines Regulatory Agency in Spain as well as in other countries announced safety alerts in 

order to warn clinicians about contraindications and precautions with the use of cerivastatin. 

Despite this, many cases of rhabdomyolysis were reported to the national programs; some of 

them with fatal outcomes. Several countries suspended marketing and distribution of cerivastatin. 

Finally, in August 2001, the manufacturer of cerivastatin announced the worldwide withdrawal of 

cerivastatin from the market (15). 

Sibutramine was a modulator of norepinephrine and serotonin that could reduce the food intake. 

This medicine was launched in 1999 in the EU for the management of obesity. In 2002, the Italian 

regulatory agency decided to cancel the marketing of sibutramine, because of several 

cardiovascular serious and fatal events that were reported to the Italian spontaneous reporting 

system. Also, some observational studies found an association between enlargement of QT 

interval and sibutramine use. Therefore, a contraindication of use of sibutramine in patients with 

high cardiac risk was included in the SPC. However, in 2010 the Sibutramine Cardiovascular Out-

comes Trial (SCOUT) confirmed a higher risk with the sibutramine group compared with the 

placebo group. In September 2010 sibutramine was withdrawn due to high cardiovascular risk 

(16). 

Rofecoxib was the first coxib launched in 1999; it was promoted as a new anti inflammatory drugs 

sub-group that was called “coxibs”. The first therapeutic indication or rofecoxib was osteoarthritis 

and later on, acute pain. In 2000, the results of the Vioxx Gastrointestinal Outcomes Research 
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(VIGOR) study were published, and its findings raised up concerns related to cardiovascular events 

associated with rofecoxib use. However, this excessive number of cardiac events was justified due 

to the cardioprotective mechanism of the naproxen (control group). So, despite these concerns, 

rofecoxib remained in the market and regulatory agencies only recommended adherence to the 

specific indications and being aware of the contraindications and precautions. Reports from 

spontaneous reporting were also published (17). Few years later, additional analyses of the VIGOR 

trial confirmed the higher risk of cardiovascular events with rofecoxib, and more or less at the 

same time other two clinical trials were stopped for the same risk of rofecoxib: the APPROVe trial 

(Adenomatous Polyp PRevention On Vioxx), and the VICTOR trial (Vioxx in Colorectal Cancer 

Therapy: definition of Optimal Therapy). The cardiac risk associated with rofecoxib generated 

several discussions among the medical community, academia, and regulatory authorities (18,19). 

Finally, rofecoxib was suspended from the worldwide market in September 2004 (20,21).  

Rosiglitazone was a thiazolidinedione antidiabetic agent; its mechanism of action was 

predominantly the modulation of the peroxisome proliferator-activated receptor-γ (PPARγ) 

receptor and the stimulation of insulin sensitivity. It was launched in Europe in 2000. The principal 

concern at the moment of commercialization was fluid retention and oedema associated with its 

use. In the early years of post-commercialization another significant concern was the potential for 

liver toxicity. Also, a review from the spontaneous reports in Canada pointed out few fatal or 

serious cases associated with the use of rosiglitazone (22). In Europe as well as in the US, a 

benefit/risk analysis was started in order to consider the safety use of this drug. In 2007, a 

metaanalysis showed a higher risk of myocardial infarction associated with rosiglitazone. In 2010 

the final analysis of the RECORD trial (Rosiglitazone Evaluated for Cardiovascular Outcomes in Oral 

Agent Combination Therapy for Type 2 Diabetes) confirmed an increased risk. In the light of the 

published information, the EMA considered to withdraw rosiglitazone from the market due to a 

high risk of cardiovascular serious events (23). 

Market withdrawal is the latest and the hardest decision to protect the population from 

medicines harm. During the lifecycle of a given drug many strategies are carried out in order to 

detect safety problems in post-marketing settings. Despite these efforts, some of the safety issues 

were undetected in randomized control trials (RCT), and sometimes this is accompanied by a lack 

of transparency in pre-approval evidence. Anyway, some cases have been benchmarks for the 

health-care community and researchers in terms of public health and careful use of drugs. 

 

1.1.3 Adverse drug reactions 

In 1972, an ADR was defined by the World Health Organization as “a response to a drug that is 

noxious and unintended and occurs at doses normally used in man for the prophylaxis, diagnosis 

or therapy of disease, or for modification of physiological function” (24).  
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However, this term has changed over the time and along with the activities related to post-

marketing surveillance. In 1995 a subtle clarification regarding the definition of ADR was included 

in the International Conference Harmonisation. Therefore, it was added the definition of ADR in 

the pre-approval stages as “all noxious and unintended responses to a medicinal product related 

to any dose...” (25).  

Later on, in 2010 a new European legislation was set up and started to come into effect in 2012 

for all member countries. It was the most relevant change in the legislation since 1995; this 

change expanded the previous definition. Thus, “any noxious and unintended response included 

the use outside the terms of the marketing authorization, overdose, off-label use, misuse, abuse 

and medication errors” is also considered an ADRs (26).  

In addition to the changes and improvements in the ADR definition, there is confusion regarding 

adverse drug reactions and adverse events. These terms are ordinarily used as synonyms or 

interchangeable words, but they have a slight difference worthy to mention. An adverse event is 

defined as any untoward event while a patient is taking a drug treatment regardless of the 

association with the pharmacological treatment (e.g., a car accident or fall); this term is 

commonly used in clinical trials.  

Moreover, an ADR -complementing the definitions above- should be considered as any 

symptomatic or clinical expression of harm in a patient, in which a possible relationship between 

the clinical condition and the previous use of the medicines can be established with a causality 

assessment. There are other terms that could generate confusion, such us adverse effects or side 

effects. An explanation of the difference among these other terms can be found elsewhere 

(27,28). 

The clinical and economic burden of ADRs is difficult to estimate at a global level. However, it has 

been estimated that ADRs account for 2.5 to 10.6% of hospital admissions in Europe (9). A 

systematic review of prospective observational studies found that higher rates of hospital 

admissions associated with ADRs were presented in patients with multiple medications for 

chronic diseases. It is important to highlight that cardiovascular drugs are one of the most 

frequent pharmacological groups associated with ADRs admissions in adults and elderly patients 

(29).  

Medicines safety is a continuous process built over time; certainly there are many stakeholders 

involved, but health-care professionals, as well as clinical researchers play a crucial role in the 

whole process. In this context, indubitably pharmacovigilance is one of the most traditional 

activities which, despite its limitations, it has contributed to draw the safety profile of new drugs.  
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1.1.4 Pharmacovigilance  

Pharmacovigilance is defined as “the science and activities relating to the detection, assessment, 

understanding and prevention of adverse effects or any other possible drug-related problems” 

(30). 

Pharmacovigilance has several methods in order to detect these problems related with the use of 

medicines Thus, active pharmacovigilance includes studies of prescription event monitoring or 

intensive review of potential ADRs in hospital admissions or discharges (electronic medical 

records databases) among others.   

On the other hand, passive pharmacovigilance rely mainly on spontaneous reporting. The health-

care community is encouraged to report any suspicion of ADRs observed in clinical practice to the 

pharmacovigilance system. Recently, more complex methods of data mining have been developed 

especially in electronic medical records and claim databases.  

Some of these methods are considered as pharmacoepidemiological tools. 

Pharmacoepidemiology is the science that studies the use and the effects of drugs on a large 

number of people, and this science is crucial for the post-marketing evaluation of drugs in the 

population (31). 

Pharmacoepidemiology and pharmacovigilance are complementary new sciences that have 

changed in the last decades; mainly because of the evolution of epidemiological methods and the 

changes in the definition of ADRs, or the variation of marketing and promotional techniques 

(28,32,33). 

Among the methods in pharmacovigilance, spontaneous reporting is the most traditional and is 

considered the cornerstone for post-marketing surveillance. It is a useful method for generating 

hypotheses regarding drug safety. These hypotheses can be analysed and verified with additional 

pharmacoepidemiological studies.  

Spontaneous reporting has well known limitations such as underreporting, lack of information 

and biased reporting, among others (33,34). In spite of these drawbacks, this method is still used 

worldwide. Its relevance lays on the suspicion of ADRs sent by the clinicians and the analysis and 

evaluation made by qualified physicians, clinical pharmacologists and pharmaceutics.  

1.1.4.1 Pharmacovigilance historical background  

Before 1950, the importance of post-marketing surveillance for new medicines was not 

considered as a commitment that should integrate each physician, patients and lawmakers as 

nowadays. In those times, in the US, cases of aplastic anaemia associated with chloramphenicol 

were the trigger for the first steps to register and control the use of medicines. However, the 



 
 Introduction 

7 
 

emerging Food and Drug Administration (FDA) did not collect adverse events observed once the 

medicines were launched to the market.  

In 1962, the disaster of phocomelia associated with thalidomide was an eye-opening situation for 

the world about the importance of drug surveillance in clinical practice. Thalidomide was 

commercialized in several countries under many trade names and indicated for several 

therapeutic conditions. Phocomelia associated with thalidomide awoke the interest of all medical 

community and the governments around the world; for instance, the United Kingdom started a 

spontaneous reporting system called the “yellow card” scheme. Similar activities were started in 

other countries such as Canada, Norway, Sweden, and Denmark in order to strengthen the 

patients’ safety and public health.  

In 1968, the WHO created the international programme of drug monitoring; this project started 

with 10 member countries (27). Since 1978 the international programme is based in the Uppsala 

Monitoring Centre in Sweden, and the reports of each member country are collected in an 

international database. Nowadays, 131 countries are part of the international programme, and 

more than 8 million of reports are gathered in the WHO database -VigiBase-. 

 

1.1.5 Causality Assessment in pharmacovigilance 

Causality assessment is defined as an evaluation of the likelihood that a medicine was the 

causative agent of observed ADRs. Causal relationship intends to establish a relation between an 

event A (in pharmacovigilance; the medicine), and an event B (the ADR), in which A precedes and 

causes B. This association is difficult to establish and depends on the available information.  

Causality assessment is usually performed with the aid of algorithms. In some countries, 

pharmacovigilance is established as a national program and causality assessment has been 

adapted as a routine activity (35,36). This assessment is not a conclusive evidence of association, 

and there is a level of uncertainty that it is worth to bear in mind. Despite this, causality 

algorithms by some means categorize the potential association between the suspected drug and 

the ADR.  

Many algorithms have been developed to categorize in a semiquantitive way the causality 

association. The basic criteria of evaluation are based on time association, previous knowledge of 

the ADRs, biological o medical plausibility, and likelihood or exclusion of other cases. The 

strongest causality criterion is the re-challenge or re-exposure to the same drug in different 

periods of times and at best under the same conditions. Nevertheless, this is difficult to assess 

especially for ethical reasons in serious or fatal events. The final score obtained from the addition 

of the points for each criterion permit to classify the report into categories of association.  
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Depending of the score, the most common ones are: certain, probable/likely, possible, unlikely, 

conditional/unclassified and unclassifiable. 

There is not a gold standard among the causality assessment methods due to the lack of 

consistency and reproducibility. A systematic review found thirty-four methods; 27 algorithms, 4 

expert’s judgement/global introspection, and 4 probabilistic methods (37). These methods neither 

eliminate nor quantify uncertainty, but categorize the potential association. Each tool has 

advantages and disadvantages, the main concerns with these methods are the poor 

reproducibility and the inter-rater/intra-rater disagreements. Anyway, the consistent use of an 

algorithm helps to the homogeneity of evaluation of the different reports in a given 

pharmacovigilance centre.  

In pharmacovigilance, the causality assessment has its first step at individually level. Each 

spontaneous report is evaluated with a specific algorithm in order to categorize the causality 

association of the ADRs reported with the suspected drug(s). A second step is done in order to 

perform an interpretation of the aggregated date, (a specific or group of ADRs with a determined 

drug). The latter step is only completed for a minority of case reports, when actions or measures 

are deemed necessary and this process takes part in the signal detection. However, at individual 

level or at aggregated, the causality is provisional; it depends on the current knowledge of the 

drug and the available information.  

1.1.6 Signal detection 

The WHO has defined a signal as “reported information on a possible causal relationship between 

an adverse event and a drug, the relationship being unknown or incompletely documented 

previously” (38). Also, a signal is an association that is considered important to investigate further. 

A signal may refer to new information on an already known association (28). 

In pharmacovigilance more than a single report is required to generate a signal, depending on the 

seriousness of the event and the quality of the information. The traditional qualitative method is 

the case-by-case. In this method a cluster of reports often attracts attention of regulatory 

agencies or researchers, due to either the relevance or seriousness of the ADRs or also because 

the reactions are unknown for a new drug. These cases will be evaluated in detail in order to 

provide new information regarding the potential association between the drug and the ADR. 

Sometimes this group of reports can be separated in a core minority of well-documented cases 

for the causality assessment (called “indexes cases”), and a larger number of reports of lower 

quality (“feasible cases”). The aggregated causal assessment is a complex evaluation that requires 

clinical and pharmacological expertise (35,39,40). 

Also, there are quantitative signals, which are based on the use of computational or statistical 

methods for identify drug- event pairs in databases. These signals are supported not just in clinical 
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information; they are based on disproportionality measures that help to support the hypothesis. 

They are called signals of disproportionate reporting (SDR) (40). 

These disproportionality measures are statistical approaches that can be divided in two groups. 

The first group, the frequentist methods are used by many regulatory agencies as a routine signal  

detection method. The main measures are: Proportional Reporting Ratio (PRR), used by the EMA 

and the Italian agency, and the Reporting Odds Ratio (ROR) used by the Netherlands and Spain. 

Furthermore, the Bayesian methods such as the Information Component (IC) are used by the 

WHO, and the multi-item Gamma Poisson Shrinker, by the FDA. The latter ones are more complex 

statistical approaches and they were developed for bigger databases (41).  

Signal detection in pharmacovigilance is considered an activity for hypothesis generation. These 

hypotheses might generate additional larger and especially designed studies to verify the 

relationship. In some cases, this signal is enough for a preventative suspension of the drug 

commercialization or even its definitive withdrawal. In other cases, the signal means the 

beginning of more specific studies. Notwithstanding, while these studies are carried out, it is very 

important that the medical community know the potential association of the drug-event and be 

aware of the appearance of new cases.  

By now, spontaneous reports databases are not considered the unique source of information for 

signal detection. The new data mining techniques have been used for pharmacoepidemiological 

objectives, especially for post-marketing surveillance (i.e. electronic medical records, claim 

databases). Moreover, another source of information that could enrich signal detection is  case 

reports published in medical literature. Despite the current recommendation of publishing case 

reports after being notified to the respective national pharmacovigilance system, it is still possible 

to find few cases that are not reported to the national centres. The review of the medical 

literature is of special interest in the case of newly market drugs (42). 

 

1.1.7 The Spanish Pharmacovigilance system  

In Spain, the first law in order to regulate and control medicines was released in 1973; however, it 

was only in 1982 when it was set up a research project between the Universitat Autònoma de 

Barcelona and the Vall d’Hebron Universitary Hospital for setting up a local pharmacovigilance 

program. Later, in 1983 the Spanish Health Ministry decided to expand this programme to the 

national territory and assumed its leadership. At present the Spanish pharmacovigilance system 

(SPvS) is consists of 17 regional centres (one centre for each autonomous community). Since the 

early stages of the programme, spontaneous reporting was considered as a cornerstone method. 

Yellow card scheme was implemented and strengthened in order to uncover safety issues that 

could threaten patients’ health. According to the current pharmacovigilance law, health-care 

professionals (physicians, nurses or other health-care personal) are obligated to report any 
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suspicion of adverse drug reaction. Also, the pharmaceutical industry has to report all the 

suspicions of adverse events associated with its medication (43,44). 

 

 

Figure 1 FEDRA database by year. Total reports in the database: 141,632. Reproduced from: Manso G, Hidalgo A, 

Carvajal A, de Abajo FJ. El Sistema español de farmacovigilancia de medicamentos de uso humano. Su historia en cifras. 

In: Los primeros 25 años del Sistema Español de Farmacovigilancia de Medicamentos de Uso Humano. Madurga M, 

Lázaro F, Martín-Serrano G, Quiroga MC, 1st edn. Oviedo: Universidad de Oviedo Publisher, 2010: 32 

 

All spontaneous reports are gathered in the national database called “FEDRA” (for its Spanish 

meaning: Farmacovigilancia Española. Datos de Reacciones Adversas). Also, FEDRA contains ADRs 

found by special intensive monitoring or other specific studies.  

In the SPvS each report is undergone to a modification of the Karch y Lasagna causality algorithm. 

This Spanish algorithm has five components: compatible temporal sequence, previous knowledge 

of ADR, withdrawal effect or dechallenge, rechallenge or re-exposure, and evaluation of 

alternative causes (45,46). All the reports included in FEDRA are carefully analysed and evaluated 

with this algorithm.  

In 2008 FEDRA contained about 140,000 reports; every year roughly 8,000 reports are added to 

the FEDRA database. Figure 1 describes the annual number of reports registered in the database. 
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2.  Hypothesis and Aims 

 

 

 

 

2.1 Hypothesis 

Relevant information and concerns about the safety of new drugs in the market arises during the 

first post-marketing years. The marketing of cardiovascular medicines is a very dynamic process; 

hence, intensive monitoring and the analysis of spontaneous reports of new cardiovascular drugs 

could contribute to the information building-up process for enhancing the safety knowledge of 

this group of medicines.  

 

2.2 Aims 

The overall purpose of this thesis was to contribute to the knowledge regarding the safety profile 

of new drugs launched to the market for the treatment of cardiovascular diseases using the 

spontaneous reports gathered in the Spanish Pharmacovigilance System.  

 

The specific objectives were: 

Study I 

● To describe the reports of musculoskeletal adverse drug reactions in patients exposed to any 

gliptin (sitagliptin, vildagliptin and saxagliptin). 

● To assess the association between gliptins use and adverse drug reactions.  

 

Study II 

● To analyze the clinical information supporting the association between dronedarone use and 

renal impairment. 

● To search other case reports published in medical literature in order to analyze the 

characteristics and point out the relevance of the adverse reaction.  
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3.  Methods 

 

 

 

 

3.1 Selection of study medicines 

All news drugs approved for treatment of chronic cardiovascular diseases by the Spanish Agency 

of Medicines and accepted by the National Health System between January 2007 and December 

2011 were identified. These drugs can be classified in 5 pharmacological groups: antidiabetics 

(sitagliptin, vildagliptin, saxagliptin, liraglutide y exenatide) anticoagulant/antiagregrant 

(dabigatran, rivaroxaban, apixaban, cilostazol, prasugrel), statins (rosuvastatin, pitavastatin), and 

other cardiovascular medicines (aliskiren, ivabradine, ranolazine, dronedarone). 

3.2 Database and Data Management 

Every six months, all spontaneous reports involving the study drugs were retrieved from the SPvS 

database (FEDRA) and analysed to seek new combinations of potential ADRs (17 selected 

cardiovascular drugs). In order to identify new potential associations ADRs-medicine a careful 

qualitative and quantitative examination was done. In exceptional cases, the reporter was 

contacted for additional information. The qualitative analyses were focused on searching possible 

ADRs-drug relationship (demographic, clinical and pharmacological features). 

The datasets with information about spontaneous reports with each drug were downloaded to an 

Excel file. A depuration process was made in order to sort out the data. After that, the 

information was processed with the SPSS® 19 software.  

In order to know he pre-approval and post-marketing history of the study medicines, the 

European public assessment report (EPAR) for each drug was reviewed at the European Medicine 

Agency website. The EPAR was taken as an initial point of information (special importance was 

paid to the “risk management plan”). At the same time, a comprehensive revision of the changes 

in the SPC of each drug was also done.  

In the relevant ADR-medicines combinations, an exhaustive search in Pubmed and other medical 

literature resources was done. All the published case-reports or other related scientific articles 

were evaluated for either strengthen or weaken our findings of potential new associations of 

ADRs-drugs. 
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3.3 Statistical Analyses 

For descriptive variables, χ2-test was used, and student’s t-test for numerical variables. For a new 

signal detection in FEDRA database, there were needed at least 3 new cases of the specific ADR 

and a statistical disproportionality method was applied.  

The Reporting Odds Ratio (ROR) was used as disproportionality measure. In fact, the Proportional 

Risk Ratio (PRR) was also computed, however, ROR was considered as a selected measure. 

Sensitivity analyses were done in some cases in order to strengthen the findings. The comparator 

was the chemical predecessor of the new drug or other medicines with similar mechanism action.  

Below are short summaries of the methods used in each study. The complete description of the 

methods will be found in each individual study (see results section). 

Study I 

 All spontaneous reports with musculoskeletal disorders associated with gliptins (sitagliptin, 

vildagliptin, a saxagliptin) were gathered and analyzed in the Spanish pharmacovigilance 

database since each gliptin was launched until May 2012. 

 The ROR was the disproportionality measure taken. 

Study II 

 In the Spanish Pharmacovigilance database, reports with renal reactions and dronedarone 

until May 2014 were retrieved and analyzed.  

 A statistical approach with the ROR as the disproportionality measure was done.  

 Also, a review of case reports published on renal failure and dronedarone was conducted in 

MEDLINE. 
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4. Results  

 

 

 

 

4.1   Association of musculoskeletal complaints and gliptin 

use: review of spontaneous reports. 

 

Tarapués M, Cereza G, Figueras A. 

Pharmacoepidemiol Drug Saf. 2013 Oct;22(10):1115-8 
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Supplemental Data: Association between gliptin use and  musculoskeletal adverse drug reactions.  

 Cases Non-cases All database ROR (95% CI) P 

Myalgia 13/1190 319/57 027 58 217 1.96 (1.12-3.43) <0.025 

Pain in extremity 10/270 322/57 957 58 217 6.88 (3.63-13.07) <0.001 

Arthralgia 9/603 323/57 614 58 217 2.69 (1.38-5.24) <0.005 

At least one of most frequent 

MSk ADRs 
30/1902 302/56 315 58 217 2.97 (2.04-4.34) <0.001 

 

 Cases Non-cases Other oral 

Antidiabetic 

drugs
*
 

ROR 95% CI P 

Myalgia 13/40 319/2 270 2 310 2.94 (1.50-5.77) <0.01 

Pain in extremity 10/16 322/2 294 2 310 10.21 (3.68-28.28) <0.001 

Arthralgia 9/23 323/2 287 2 310 3.91 (1.68-9.11) <0.001 

At least one of most frequent 

MSk ADRs 
30/73 302/2 237 2 310 4.47 (2.76-7.24) <0.001 

* The gliptins were compared to the reports describing other oral antidiabetic as the suspected drugs. 
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4.2   Dronedarone and renal impairment: evaluation of 

Spanish postmarketing reports and review of literature. 

Tarapués M, Cereza G, Figueras A. 

Expert Opin Drug Saf. 2015 Jun;14(6):807-13 
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SUPPLEMENTAL DATA 

Table 1. Contingency table for Reporting odds Ratio Calculation. 

 RE-ADRs Other ADRs 

Reports with Dronedarone 10 182 

Reports with other drugs 1089 57,119 

   

ROR (95% Confidence Intervals) 2.88 (1.52 – 5.46)* 

* p<0.05  

 

 

Table 2. Contingency table for Sensitivity analysis.  

 RE-ADRs Other ADRs 

Reports with Dronedarone 10 182 

Reports with Amiodarone* 11 1041 

   

ROR (95% Confidence Intervals) 5.20 (2.18 – 12.42)** 

* *Amiodarone was taken as a control drug . **p<0.05  
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5. General discussion  

 

 

 

 

The studies carried out in the context of the present thesis have contributed to the knowledge of 

the safety profile of new medicines for the treatment of CVD. So, the results provided useful 

information regarding: (i) the suspicion of musculoskeletal complaints associated with the use of 

gliptins (sitagliptin, vildagliptin, saxagliptin), an ADR that has been recently alerted by the FDA 

(47); (ii) the potential risk of renal impairment and ventricular arrhythmia associated with 

dronedarone use, and (iii) additional safety information regarding ranolazine and  rosuvastatin 

was also found. 

5.1 New safety information of medicines for treatment of chronic diseases 

Different areas have been covered in the present work such as new approaches for the treatment 

of type 2 diabetes mellitus, atrial fibrillation, angina and hypercholesterolemia. 

5.1.1 Type 2 Diabetes Mellitus 

The main objective of the management of Type 2 Diabetes Mellitus (T2DM) consists in controlling 

the glucose blood levels and the acute complications; notwithstanding this, the most important 

long-term therapeutic goals are related to control of microvascular complications including 

retinopathy, nephropathy and neuropathy, and macrovascular complications such as cerebral, 

coronary and peripheral artery disease. Metformin has being the unique antidiabetic drug 

evaluated for  decreasing long-term cardiovascular complications (48). New therapeutic options in 

T2DM have showed efficacy to reduce the glycated haemoglobin A1C (HbA1c). Specifically, DPP-4 

inhibitors have demonstrated efficacy in reducing and controlling the levels of HbA1c, although 

their contribution for controlling the cardiovascular morbidity/morbidity is unclear. 

In Spain, the regulatory agency has approved sitagliptin, vildagliptin and saxagliptin in 

monotherapy, dual therapy and in combination for triple therapy. Also, the current guidelines for 

managing T2DM have accepted the use of these new antidiabetic medicines as an effective 

pharmacological strategy (7). 

In study I, it was analysed the potential association of DPP4-inhibitors use with musculoskeletal 

(MSK) complaints such as arthralgia, myalgia and pain in extremity mainly. These ADRs, regardless 
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of not being considered as clinically serious, could significantly impair the quality of life of the 

affected patients, and even be the cause of treatment discontinuation a situation that might 

affect the therapeutic goals of the treatment of T2DM. 

This study also suggested a potential relationship between the concomitant use of DPP-4 and 

statins with the occurrence of MSK reactions. So, MSK complaints might decrease the adherence 

to diabetes treatment, and it seems that DPP-4 inhibitors could intensify the well-known muscular 

pain associated with statin treatment (49). This represents an interesting hypothesis, especially 

because T2DM and dyslipidemia are usual comorbidities that affect some patients simultaneously 

and, both are serious risk factors for CVD.   

It should be highlighted that, after this publication other musculoskeletal complains with gliptin 

treatment have turned up, especially arthritis (50–52). Recently, in a review of its database, the 

FDA found 33 cases of severe arthralgia with sitagliptin, saxagliptin, linagliptin and alogliptin. In 

five cases, the patients experienced arthralgia with the treatment of two different gliptins (47). 

This is an example of the strengthening of the initial hypothesis that deserves a large 

observational study. Probably, it could be suggested to update gliptins SPC in order to alert about 

musculoskeletal ADRs. 

5.1.2 Atrial Fibrillation 

Dronedarone, a new antiarrhythmic drug, was launched as a safer option to amiodarone, 

especially in those patients with low tolerability to the old medicine. Its therapeutic indication is 

paroxysmal or persistent atrial fibrillation (AF).  In study II, an association between dronedarone 

use and renal impairment was analysed.  

Amiodarone is considered as an effective antiarrhythmic treatment in patients with AF, although 

its frequent ADRs limit its applicability in clinical practice. Dronedarone is a new amiodarone 

derivative that seems to show a better safety profile, especially regarding those reactions related 

to the deposit of the drug, such as skin, pulmonary and thyroid toxicity. However, it is 

contraindicated in permanent AF and grade  III and IV heart failure (53).   

Renal failure is an important concern in the context of AF disease, and with remarkable relevance 

in patients with heart failure. Dronedarone use is contraindicated in patients with severe renal 

failure; even though the action of dronedarone on renal function is not well defined. 

The potential relationship between dronedarone and renal impairment described in study II was 

strengthened with a review of the published cases. In this case, there are several confounding 

factors that could reduce the potential association between dronedarone and renal ADRs; 

notwithstanding, the suspected ADR should not be dismissed.  

This study also highlighted potential interactions between dronedarone and concomitant drugs 

with well-known effect on renal function, such as those patients in treatment with diuretics, 
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angiotensin II-converting enzyme inhibitors, or angiotensin II-receptor blockers. It is important to 

bear in mind that patients with AF suffer from other diseases, and renal dysfunction could 

increase the toxicity of the remaining concomitant treatment.  

Another interesting research was the potential association of dronedarone with ventricular 

arrhythmia. Dronedarone has had serious safety signals, though not one in relation with heart 

conduction.  The pro-arrhythmic effects of dronedarone were analysed in the FDA database (54); 

however, no other signals had been published. In the WHO international database, a potential 

relationship between dronedarone and ventricular arrhythmias has turned up in 2014, and this 

review described 33 cases of ventricular arrhythmia found in the WHO international database (55) 

[see Appendix 1]. The potential role of dronedarone in the mechanism of arrhythmias remains 

unknown, but in the ANDROMEDA trial sudden death was more frequent in the dronedarone 

group (56). Moreover, it is important to remember that patients with atrial fibrillation are at high 

risk due to several comorbidities, polypharmacy and sometimes other structural heart or 

conduction disorders. So, this report also contributed to the knowledge of cardiac risk of a new 

antiarrhythmic drug.  

5.1.3 Enhancing the knowledge of other drugs: ranolazine and rosuvastatin 

Detailed analysis of spontaneous reports could help to uncover safety problems. Cases retrieved 

reports from the spontaneous reporting databases still contribute to the knowledge of recently 

marked medicines. Some other contributions have been also published in the context of the 

present thesis.  

Ranolazine is a new anti-anginal drug approved as a second-line therapy of stable angina. In the 

periodical revision of the spontaneous reports with this drug, a case of serious long QT interval 

was found.  This case also showed a potential interaction between ranolazine and amiodarone. 

There is a theoretical QT interval enlargement associated with the use of ranolazine. Furthermore, 

this new anti-anginal medicine has restrictions regarding its concomitant use with other 

antiarrhythmic drugs, except to amiodarone, and severe renal failure is a strong contraindication 

criterion. The described patient (57) [see Appendix 2] had other risk factors such as dyslipidemia, 

diabetes, hypertension, atrial fibrillation, heart failure, and severe chronic renal failure, which 

could be considered as confounders. Notwithstanding this, the association of ranolazine with QT 

interval enlargement and a potential interaction with amiodarone should not be excluded. This 

information also contributed to the knowledge of ranolazine, and to increase the awareness of 

clinicians regarding these events in their clinical practice. 

The last contribution was the finding of fatigue reported in patients treated with rosuvastatin. The 

association of statins with muscular pain and in the worst cases with rhabdomyolysis is well 

known. Recently, a RCT analysed fatigue and less energy associated with atorvastatin and 

pravastatin (58).  This attracted our attention, and a review of the FEDRA database was carried 

out looking for fatigue with one of the latest statins, rosuvastatin. This analysis suggested that 
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fatigue and loss of energy are also reported with rosuvastatin, despite that fatigue as an isolated 

event was infrequently reported to the pharmacovigilance system. In agreement with the authors 

of the RCT it was postulated that these ADRs could have a negative effect in patients with 

dyslipidemia, especially because physical exercise should be part of the non-pharmacological 

approach advised to these patients (59) [See Appendix 3]. 

Nowadays, patients are exposed to polypharmacy as a consequence of multimorbidity, and the 

control of many diseases in one patient is a real challenge for the physicians in clinical practice.  

Within this framework, the post-marketing surveillance is crucial, and pharmacovigilance research 

has a role in the knowledge building-up process for new medicines.  

5.2 Widening of therapeutic indications and its impact in pharmacovigilance 

One of the main goals of pharmacovigilance is to describe unknown ADRs or new information on 

an already known association. However, the pharmaceutical market has changed over time and 

pharmacovigilance (spontaneous reporting system) had to adapt to the new challenges.   

Adding a new therapeutic indication to a product or widening the current indication is a new 

manner of being innovative in the pharmaceutical market and it means a variation in the drug 

lifecycle compared to few years ago.  This phenomenon has been observed especially with 

oncological drugs or biologics, although it is a common practice in all pharmacological groups, 

included cardiovascular medicines (60,61). In the case of gliptins, either for sitagliptin, vildagliptin 

or saxagliptin the first therapeutic indication was dual therapy for management of T2DM, and 

later on monotherapy and triple therapy (62). 

An investigation of the current trends of several new chemical entities and in the FAERS could not 

find any recognizable reporting pattern (63).  Traditionally, a peak of spontaneous reports during 

the first 5 years post-commercialization was observed, this was called the Weber effect (64). 

However, several investigations have suggested that this effect is not observed nowadays, and 

postulated that some peaks of reporting could be observed after the first 5 years post-

commercialization (65,66). Taking into account the continuous changes in the drug-marketing 

process and widening of indications of use, it seems that the Weber effect might not be observed 

for some new medicines. These changes should encourage the pharmacovigilance activities for a 

continuous surveillance in order to identify new ADRs or other new safety information.  

The source of drug information for the physician is the SPC. This is a document addressed to 

health-care professionals in order to provide useful information about the drug and sometimes it 

is considered as a real prescription guideline (67). As the safety profile of a new drug is provisional 

when the drug reaches the market, the SPC should be continuously changing especially in the first 

post-marketing years. Notwithstanding this, (1) some clinicians are unaware of this, and do not 

check for updates, and (2) the information contained in the SPC is confusing, and its real 
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usefulness in clinical practice is unknown due to the clinical practice guidelines, that are more 

frequently used regardless their well-known conflict of interest (68). 

5.3 Risk minimization strategies and patient safety  

The risk minimization strategies have been developed as activities to encourage a proactive 

pharmacovigilance in post-marketing settings by the pharmaceutical industry, though this 

compulsory procedure has raised serious concerns regarding its usefulness and its impact in terms 

of public health (69–71).  

An evaluation made by Giezen Et al., showed that the information in the post-authorization study 

protocols in pre-approval stages was partial or limited and could hamper the evaluation at the 

moment of drug approval (69). Moreover, a recent systematic review found several 

methodological gaps in the assessment of risk minimization interventions both in the EU and in 

the US (70). 

As an example, in the findings presented herein, renal impairment or renal failure is not described 

as itself in the risk management plan (RMP) of dronedarone. This risk or potential harm is 

described as the inappropriate management of the signal of serum creatinine increase,  and the 

main actions to be taken are prescription surveys and cross sectional studies, even though since 

the launch date of this drug in 2009 until mid-2015 the results of such studies have not been 

published (72).  

Regarding gliptins, each gliptin has different market authorization holders, and consequently each 

has a different RMP. For sitagliptin the risk of myopathy was found as a potential risk, and routine 

pharmacovigilance was described as activity, together with safety and warning changes in the SPC 

(73). In vildagliptin, muscular events with or without statins were described and routine 

pharmacovigilance is the main risk minimization activity (74). In saxagliptin, there is no mention of 

musculoskeletal events in the RMP (75). None of the available RMP described arthralgia as a 

potential concern.  Likewise, in the case of dronedarone, until mid-2015, there were no data 

which helped to elucidate the potential risk of muscular harm with their use.  

It should to be noted that an independent observational study to find an association between 

acute renal failure and the use of dronedarone was carried out in Italy recently. No differences 

were observed between the characteristics of renal failure in patients in treatment with 

amiodarone compared with patients on dronedarone. Despite this, the researchers suggested 

caution with the interpretation of the findings because of the few patients in the dronedarone 

group, which could be a limitation in the comparative analysis. Also, they recommended to be 

aware of renal reactions with dronedarone in clinical practice (76). 
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5.4 The Spontaneous Reporting system, its contribution to the patients’ safety -Old problems 

and new ones solutions 

Nowadays, post-marketing surveillance is the result of several complementary methods of study. 

Spontaneous reporting system is one of the most traditional methods in pharmacovigilance, 

although it has serious well-known limitations that have prompted to use other data sources and 

analyses.   

Spontaneous reporting has many limitations that should be acknowledge: underreporting, lack of 

information, unknown drug use factors, and competition bias are the most important (33,77–

79).Underreporting is one of the main concerns, it is estimated that <10 % of adverse reactions 

are reported (34). Another factor that limits the findings in these databases is the lack of 

knowledge about the denominator exposure. Frequently, the use of pharmacoepidemiological 

strategies helps to overcome the limitation of spontaneous reporting with the use of consumption 

databases in order to elucidate or verify any potential signal detection. Other strategies are the 

linkage of spontaneous reports and consumption or reimbursement databases (80). Thus, many 

authors suggest that the whole approach of pharmacovigilance should integrate traditional 

methods as the spontaneous reporting with other new ones in order to overcome limitations. 

Different pharmacoepidemiology studies have complemented and strengthened or discarded 

signals generated from spontaneous reports. In the future, probably more accurate clinical 

records and automated databases would be enough to calculate exposures and risks without 

biases, but at present, data mining of databases or electronic medical records are just a helpful 

method to explore the use of drugs in population. In terms of patient’s safety, many cases that 

end in drug withdrawal have started with case reports or case series, especially in Europe 

(12,13,81).  

Some countries have strengthened pharmacovigilance and the spontaneous reporting by 

reinforcing the regional centres inside their national networks, such as Italy, Spain and France 

(82–84). This effort includes a careful causality assessment at individual level of each spontaneous 

report prior its inclusion in the national database. This assessment has improved the whole 

process of passive pharmacovigilance and helped greatly signal detection. This assessment is 

unfeasible in schemes such that of the US.  

Another useful strategy in pharmacovigilance is the automated methods for detection of new 

safety signals. Despite of their continuous and more ubiquitous use, the automated signals 

generated from disproportional observation in big databases have to be managed with caution 

due to high rates of false signals (85). Some strategies have been developed in order to decrease 

this disadvantage, and more complex analyses for improving the automated signal detection are 

still under study. (86–88) Another important strategy in safety signal generation is the use of 

meta-analytical techniques applied to RCT. This information allows getting a general overview and 

comparative analysis of the all RCT regarding a specific medicine. (89–91) 
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Patients’ safety will improve with the interaction among prescribers, regulatory agencies and 

pharmaceutical industry; this is the ideal balance but hardly ever reached. Regulatory agencies 

have the responsibility to the generation of independent information; however, nowadays 

academia also has a crucial role in independent evaluation of drug safety. In Europe, twenty four 

groups are working on drug utilisation research. Their work has enhanced and collaborated to the 

knowledge of medicines use and their impact on public health (92).  Besides this, manufacturers 

are increasingly interested in speeding up premarketing stages and penetration of new medicines 

in the market, a process that is contrary to the slowness of knowledge building.  

Knowledge regarding the safety profile of new drugs on the market (in this case cardiovascular 

medicines) is always under construction while the medicine remains available in the market. So, 

the right prescription is sometimes a challenge in clinical practice, and a careful risk-benefit 

assessment is always necessary to ensure the maximum level of patients’ safety.  
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6. Conclusions 

 

1. In this thesis, two safety signals regarding new cardiovascular drugs have been revised. 

Both ADR’s might impact treatment adherence; and could be considered detrimental for 

the underlying conditions of these patients.  

2. Musculoskeletal adverse reactions like myalgia, arthralgia and pain in extremities were 

associated with the use of gliptins (sitagliptin, vildagliptin and saxagliptin). None 

observational study has verified this association so far, even though a safety alert 

regarding arthralgia and gliptins use was released by the FDA very recently.  

3. Renal impairment associated with the use of dronedarone is a relevant safety concern 

among patients with atrial fibrillation and concomitant chronic conditions. This finding 

was supported by reports of the Spanish pharmacovigilance database and other published 

case reports in medical literature. Renal impairment could be the consequence of a 

potential interaction with other drugs that may affect renal function.  

4. The association between dronedarone and ventricular arrhythmia found in the WHO 

international database, despite several confounders, suggests a potential harm of this 

new antiarrhythmic drug. This safety information should prompt clinicians as well as 

researchers to be aware of this reaction, and maybe take preventive measures. At the 

same time, further studies should be designed. 

5. The case reports involving ranolazine and rosuvastatin are additional examples of the 

need for continuous search for new safety signals in pharmacovigilance databases, in 

order to fulfil the most important goal of spontaneous reporting systems: to contribute to 

the patients’ safety. 

6. A detailed analysis of the spontaneous reporting databases still contributes to the never-

ending process of knowledge acquisition regarding toxicity profile of new medicines, the 

necessary counterbalance of the often excessively enthusiasm that involve new products.  

7. Notwithstanding this, post-marketing surveillance should be understood as the result of 

several complementary methods. These methods should also include meta-analysis of 

published RCT’s and complex pharmacoepidemiological studies. 
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7.1  Dronedarone and ventricular arrhythmia
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7.2 Serious QT interval prolongation with ranolazine and 

amiodarone 
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7.3 New statins also produce Fatigue: Spontaneous reporting as a 

complementary system to increase safety knowledge 
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