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Summary

Pharmacoepidemiology is the study of interactiomdwben drugs and human populations,
investigating, in real conditions of life, benefitésks and use of drug®harmacoepidemiology
applies to drugs and their pharmacological evabmati the different methods also used in
epidemiology to assess in real conditions of life, benefitssksi and use of drugs.
Pharmacoepidemiologic studies are ad-hoc studistudies on databases. Specific methods exist
to measure drug exposure, as well as indicatocsmipliance and misuse of drugs. Various designs
for descriptive and explanatory studies exista icontext in which a growing proportion of studies
are carried out using medico-administrative dakee Mmits traditionally affecting the study designs
are modified in this context, almost any desigrecteld for the conduct of a study from these
databases then deriving from a cohort in whomnif@imation has been recorded prospectively and

exhaustively.
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Abbreviations

ADRs : adverse drug reactions

CPRD : clinical practice research datalink

DDD : defined daily dose

DSI : doctor shopping indicator

DSQ : doctor shopping quantity

EDSSM : enquéte décennale sur la santé et les m@dEaux

EGB :échantillon généraliste de bénéficaires

IQUARE study : Impact d’'une démarche QUAIité sur I'évolution desatpgues et le déclin
fonctionnel des résidents en Etablissement d’Hébaent pour Personnes Agées Dépendantes
KML method : K-averages for longitudinal data metho

MPR : medication possession ratio

NH : nursing home

NotS : spontaneous reports



OPPIDUM: observation des produits psychotropes illicites d@étournés de leur utilisation
médicamenteuse

SCCS : self-controlled case series

SNIIRAM : systéme national d’information inter-régimes desBArance maladie

WHO : World health organization



Introduction

Pharmacoepidemiology is a discipline of pharmacpldmat uses principles of epidemiology to
study the use and effects of drugs (beneficial aawkrse effects) in a large population setting and
in real conditions. Thus, pharmacoepidemiology eons the drug prescription in phase |V, i.e.
after drug approval, far from the experimental tations of clinical trials. Unlike clinical trials,
pharmacoepidemiology starts from the reality oficil practice to describe and explain the use of
drugsl[1].

Pharmacoepidemiology has come a long way sincenidel960s when first drug utilization
studies provided descriptive information on how gdruwhere used2-5]. In the 1970s,
pharmacoepidemiology was mainly developed to sty quantify risk of adverse drug reactions
(ADRSs) because of the identification of various an@hDRs like clear cell adenocarcinoma of the
cervix and genital malformations due to in uterpasure to diethylstilboestr]. In the past 20
years, advances in both epidemiology and biostgisthave allowed for novel
pharmacoepidemiological methods to control potértiases. For example, optimal methods of
control selection have allowed for conducting meaid casecontrol studies[7]. Statistical
methods have been developed in order to controtithedependent nature of exposure to drugs
that may have otherwise biased the results of ¢atodies[8,9]. Use of propensity score defined
by the conditional probability of being treated eyivdifferent covariates, can be used to balance the
covariates in two groups not randomized in histdricohort studieq10]. Finally, the case
crossover design helps to explore the associat&twden transient drug exposures and acute

events, like for ADRs related to vaccirj@4)].

Objectives and context for conducting pharmacoepidaiology studies

Descriptive studies vs. etiologic studies

Pharmacoepidemiology applies to drugs and theirrpaeological evaluations, the different
methods also used in epidemiology. Its methodolsdiierefore observational and, thus, is usually
opposed to the experimental method (as defined layde Bernard) used in clinical trig]$2].
Pharmacoepidemiology thus develops two complemgmjaproaches.

The descriptive (non-comparative) approaclobserves phenomena retrospectively,

prospectively or transversally. Descriptive studaee performed to study the modalities of the

4



exposure and the characteristics of the exposediaexposed subjects. It allows quantifying the
use of drugs, as for example the use of antibiatica national levell3]. Descriptive studies are
also useful to explore wether the use of drugsnissistent with the conditions under which their
benefits-harms balance was found to be favourableder this approach, we described the
consumption of antibiotics with a high risk of dndiresistance defined as amoxicillin + clavulanic
acid, third-generation cephalosporins and fluornglanes[14]. It is also possible to determine in
what extent the treated population is within or yfram the population evaluated in clinical trials
[15].

The etiologic (comparative or analytic) approadafivestigates putative associations between
exposure to one (or more) drug(s) and occurrenceffetts, adverse or beneficial. Numbers of
studies quantified risk of various adverse drugtieas (ADRs). We can cite birth defects related
to isotretinoin [16], or risk of pulmonary arterial hypertension witmghetamine appetite-
suppressant drudg$7]. This approach investigates also associationsdstwexposure to a drug and
a beneficial effect. Studies of effectiveness dhH#ockers in preventing mortality in patientswit
acute myocardial infarction and incident coronargres were performefd8,19] Etiologic studies
can also be used to identify the determinantsesdtinent response, occurrence of ADRs or their
seriousness, or of the development of good or Isedoehaviours, including misuse and diversion.
The major difficulty of this approach involves sealeconfounding factors that can influence the

measurement and compariq@g].

Ad-hoc studies vs. studies on databases

Pharmacoepidemiology studies can be performed ligcting specific information. They are
calledad-hoc studigssince no ongoing system of information is avddab perform such studies.
They are descriptive or etiologic studies. For eplnanad-hoc study can be performed by a
systematically approach of physicians who are yitelprescribe a specific drug. To evaluate a new
drug indicated in multiple sclerosis, one could@bVia mail the cooperation of all neurologists o
a geographic area. Ad-hoc studies can also be taspdrform etiologic study. For example, we
previously evaluated mortality related to antipsytahdrug use in elderly patients with Parkinson
disease in nursing home (NHQ1]. Data were provided by the IQUARE studynpact d’'une
démarche QUAIité sur I'évolution des pratiques et déclin fonctionnel des résidents en
Etablissement d’Hébergement pour Personnes Agéperidéntes a non-randomized controlled

multicentric study. Data were collected at baselmel after an 18-month interval. Information
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about residents’ characteristics and prescriptwas recorded by the coordinating physician or the
coordinating nurse of each NH through direct comipfeof questionnaires on-line on a website
developed specifically for the study. In additidghe coordinating physician sent to the research

team all drug prescriptions for each resident pigidiing in the study.

As in North American and other European countriggnch medico-administrative databases
are increasingly used for pharmacoepidemiologyietuf@?2]. For this purpose, their accessibility to
researchers is regularly improved. These databaifes preregistered data and can be used for
dedicated studies or combined with other data ssur€rench health insurance databases are
organized since 2003 into a huge digital data wausé, the Systeme national d’information inter-
régimes de I’Assurance maladi€SNIIR-AM). It covers the entire French populatig65 million
inhabitants). In order to facilitate studies on enrequent conditions, a random sample of 1/97th of
national health system beneficiaries has been &inite 2005, called thethantillon généraliste de
bénéficiaires (EGB). French health insurance databases inclddenographic, out-hospital
reimbursement (including drug dispensing), medi@astly long- term diseases, occupational
diseases, sick-leaves...), and in-hospital data. tAkkse data are prospectively recorded,
individualized, made anonymous and linkable. Consatly, the SNIIR-AM is a very useful data
source for pharmacoepidemiological studies, pdgibufor rare events. Unlike SNIIRAM data,
EGB data is available on a long-term basis. Itl$® @appropriate for long-term research on more
frequent diseases. Indications of drugs prescrévechot recorded within the SNIIRAM databases.
Treatment durations are also not recorded and tmbe derived from quantity dispensed using
pharmacoepidemiological methods for building tremtimepisode$23]. Moreover, it should be
remembered that claims data refer only to quantigpensed and reimbursed and that real patient
intake always remains unknown (which is also theecwith all other data-bases, based on

prescription or reimbursement data).

Methods for drug exposure measurement in Pharmacoégemiology

Principles of drug exposure measurement

Quantitative data on drug use can be used to medsug exposure. The usefulness of each type of

measure depends on the purpose of the study.



For descriptive studies, we can use the numberabtéms in a population who ingested a specific
drug during a defined time frame. Data available @pproximations of this, issued from ad-hoc
studies (surveys), drugs sales or medico-admitiigtralatabases. They are usually expressed in
terms of cost (total cost or unit cost) or volurgal or by unit volume sold). Number of tablets,
capsules or doses is closer to the number of patierposed than cost data, which can be
influenced by price fluctuations. Number of pregtidns is a measure frequently used. To obtain
the number of patients exposed from the numberegquiptions, we must divide it by the average
number of prescriptions per patient. Another voluomit is the number of defined daily doses
(DDD). The DDD system has been developed by an indepesdiemtific committee assisting the
World health organisation (WHO) collaborating cenfior drugs statistics methodology in order to
measure and compare drug use at an internatiorell [4]. This unit is worldwide used and very
useful for comparisons accross countries. Neveariselsince DDD is based on a theoretical daily

dosage, it does not necessarily reflect the recardeetor prescribed daily dose.

For etiologic studies, exposure data have to lseelto the reasons for the drug use and to
health events. Data on morbidity and mortality magy obtained from medico-administrative
databases, from registries, from hospital or phgsiaecords, and from patient or household
surveys. Théenquéte décennale sur la santé et les soins médi(BDSSM) is a good example of
such a survey. This survey is a source of inforomatn health and ambulatory consumption care
that has been conducted every 10 years since PH0If uses a one-stage probability sampling
procedure based on the last population census.s@hmling unit is the household (all persons
living in each house sampled are included), andsthreey covers a 3-month period. All household
members are asked to note every medical eventjgiuysconsultation, diagnosis as stated by the
practitioner, and drug purchase that occurred dutime 3-month period. Investigators visit
households five times during this period, checkimg accuracy of each individual’s information.
Results of this survey, based on broad represeataimples of the French population (> 20,000
inhabitants) with a response rate over 90%, areeseptative for one year whole, except summer

months

Other methods can be helpful to quantify more gedgidrug exposure: for examplené-
dependent drug exposures for drugs prescribedaiging time period$26,27] and drug exposures
considered as exposure trajectories according éoKilL method (K-averages for longitudinal

data) corresponding to a classification of longitatidata[28].

Rational use of drug must be assessed by takimgaotount indication of drug, patient



characteristics, drug dosage, concomitant diseasesconcomitant drugs. All this information is

generally not available in a single data source.

Specific measures for drug exposure: indicators afompliance and misuse

Specific indicators have been developed to measamgliance and misuse of specific drugs.

Indicators of compliance (adherence and persisjence

Observance concerns mainly chronic treatments. vedice refers to whether a patient takes a
prescribed drug. Persistence indicates if a patitays on therapy (or time between initiation and
discontinuation of the treatment). Increasing u$emedico-administrative databases helps to
approximate these two indicators. Different typésmeasures of adherence and persistence are
commonly used: the medication possession ratio (VJBfRe discontinuation or continuation of the
drug (persistence), switching, and medication gaps30] The most frequently used indicator, the
MPR, is defined as the proportion of days’ supdyained during a specific time period or over a
period a refill interval. The refill interval is ¢hinterval between the first and the last delivefrna
drug plus number of days considered as duratighefast box deliverefB1]. Discontinuation is
defined by gaps between one dispensing drug antdsegquent dispensing, depending on the days’
supply of drug and quantity of tablets deliveredit&hing refers to a specific time period after
dispensing, and is defined as a delivery of a dbfie drug within this period. Medication gaps
correspond to the proportion of days without a ddiging a specified time interval. It is

determined for each refill interval using days’ plypnformation and the duration between refills.

The terminology, definition, and methods to detexenadherence and persistence differ
greatly in the published literature. The approgriass and choice of the specific measure employed
should be determined by the objective of the stumly,well as the relative advantages and
limitations of the measures.



Use of the databases has a number of limitatioed ding the inability to determine if the
patient actually consumed the dispensed drug. Hewege of medico-administrative databases for
studies of adherence and persistence in large aomus in a real-life setting is highly

advantageous.

Indicators of misuse

Indicators of misuse or drug abuse have been deedlin medico-administrative databases in
order to identify the relative abuse liability afveral psychoactive drugs in real-life setting. @he
them is the doctor shopping quantity (DSQ), defirmd the quantity obtained by overlapping
prescriptions from several prescribers. The doshapping indicator (DSI) is calculated by the
DSQ divided by the total dispensed quantity andsuess the proportion of the drug obtained by
doctor shopping among the overall quantity of tmegdreimbursed32]. A signal of abuse by
doctor-shopping is considered meaningful when ti& S superior to 1%. Below this value, one
considers that there is no clear signal of abukes fhreshold of 1% is empirical: it is derivedrfro
different published studie$32—-34] from other national surveys among patients fromgd
dependence centrg35], and from surveys related to falsified prescrigtidny pharmacie§36].
These indicators have been used to describe palttexituse of buprenorphine and other opioids
[33,37] but also benzodiazeping38], tianeptine[34], methylphenidat¢39] and narcotic drugs
[40]. Doctor shopping behaviour is thought to be onethaf principal means of diversion for
prescriptions medications and has also been linkedeath related to substance disorders in
different studie$41,42]

Other approaches can be used to characterize disigsenin France, as spontaneous reports
(NotS) of drug misuse or dependence, and specifiveys like the annual cross-sectional
“observation des produits psychotropes illicitesdétiournés de leur utilisation médicamentéuse
(OPPIDUM) study conducted in specialized care esntledicated to drug dependefts.

Main study designs and methods for controlling biass



Throughout this section, the study designs and oasttused in pharmacoepidemiology will be
presented in the current context of drug evaluaiiotihe population, a context in which a growing
proportion of studies are carried out using medidotinistrative data. In these databases,
information on drug exposure and health eventgaesent for large populations, with a follow-up
now reaching up to 10-15 years in France, and somastseveral decades in other countj4ey.
The limits traditionally affecting the study dessgare modified in this context, almost any design
selected for the conduct of a study from thesebdatas then deriving from a cohort in whom the

information has been recorded prospectively an@destively.

Descriptive studies: cross-sectional and non-compative cohort studies

Descriptive studies are extremely important in precoepidemiology. In this field indeed, the
study of the modalities of drug use (or drug expesand the characteristics of users and non-users
is fundamental. They are of primary importance eéfptdetermining the extent to which drugs are
used, the extent to which their use is consisteétit the conditions under which their benefit-risk
balance was considered favourable and to what etttertreated population or joint population is
similar to or differing from the population asset$e the clinical trials or target population. The
designs traditionally used for these studies amesit cross-sectional studies (otherwise known as
prevalence studies), repeated cross-sectionakstuaind cohort studies (comparative or not) since a
longitudinal follow-up is necessary to study pattgeof use such as adherence or persistence for

instance.

The validity of these studies is conditioned by typoes of elements:

- the quality of exposure measurement: in this ,atea limitations of field studies in terms
of comprehensiveness of the collection of drug exp®, and database studies in terms of the reality
of drug consumption for drugs identified as prdsedi (or reimbursed) are well known;

- the representativeness of the sample studied: lithé here is not specific to

pharmacoepidemiology studies but to all observatisiudies. The objective is to describe a
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behaviour or a population, it is necessary to nake that the sample is well representative of the

population and use one aims at studying.

For these studies, apart from the statistical misthaditionally used to carry out descriptionss it
worth mentioning the time series or time seriedymes. By repeating over time the measurement
of an indicator in a population, they make it pbksto study the evolution of this in terms of gen
These designs are therefore particularly usefueftimating, for instance, how the use of the drug
or the choice of treatment changes over time iivangtherapeutic field (Fig. 1) [45,46]. They can
also be useful in determining how the quality aiglintake changes in terms of the prevalence of
appropriate use and, finally, to estimate if change drug use especially consecutive to

interventions have resulted in changes in patidmalth[47].

Explanatory studies

The most frequent objective of pharmacoepidemialalgiexplanatory studies is to study the
association between the use of a drug and the retme of a health event, whether this association
reflects a benefit or a risk. They can also be wsedentify the determinants of treatment resppnse
the occurrence of adverse effects or their severity the development of appropriate or

inappropriate use behaviours, including misusedcanersion.

Cohort studies and cohort-related designs

These studies, in which the follow-up of the sutgeer patients starts with the exposure and

advances forward in time towards the search foe\amt still constitutes the gold standard design
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for observational studies. Their implementationffidilt when conducted on the field and
sometimes requiring very long follow-up periodss leen greatly simplified by the use of medico-
administrative databases. In the constraint condéxtegulatory needs in which time is always
limited, these data sources make it possible tgiden conducting cohort studies or analyses much
more frequently for drug evaluation. While theseatlases also allow considering comprehensively
a large number of concomitant drug exposures, d@neyften limited in terms of accuracy regarding
the severity of co-morbidities presented by pasieMoreover, with regard to the French bases in
particular, they lack almost completely of indiaataconcerning patients’ lifestyle and health
behaviours, with the limits that this implies imrtes of confusion bias. To overcome this limitation,
the use of techniques to minimize, as far as plesdie confusion related to unmeasured variables
became widespread in the conduct of studies frordicoeadministrative databases. The use of
propensity scores (that reflect the estimated poitibaof a patient being exposed to treatment) and
disease risk score (that reflects the estimatedghitity of a patient developing the event of
interest) has thus widely spread in these studles, high-dimension versions of these scores
constituting the most performing todé8]. Several modalities exist for the use of theseaes;o
from the simple adjustment to the individual manchiThe latter, however, leads to a selection of
subjects that some people prefer to avoid by ugiiegtechniques of population standardizations
based on the inverse propensity score weightindnodst Altogether, by allowing the use of these
techniques, the large amount of information comdinn the medico-administrative databases
reinforces the validity of the results of obsersatil cohort studies by limiting the risk of
unmeasured confounding. The results obtained cameftire be comparable to results obtained in
the presence of information, as was observed fetaite for the study conducted in France
SNIIRAM database concerning the risk of bladdercearassociated with the use of pioglitazone
[49]. Indeed, its results were fully consistent witbgl obtained from the clinical practice research
datalink (CPRD]50], despite the SNIIRAM lacked information on tobacs®, a major risk factor
for bladder cancer (two hypotheses could actually discussed here: either unmeasured
confounding was very efficiently dealt in the SNAR study, either tobacco use was not a

confounder in these studies...).

Finally, the accuracy of the information containedhese databases also makes it possible
to consider exposures and related risks in a tigpeddent manner. In addition to the greater
precision that this allows in the estimates, tlgpraach is also essential to avoid obtaining result
affected by immortal time bias, to which cohort dsés are exposed when they study risks

associated to cumulated exposUg:9].
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Cohorts conducted from medico-administrative dagabahowever, cannot be compared to
field cohorts on at least one very important asgedield cohorts, the protocoled and standardized
procedure for the screening / diagnosis of the ewEmterest guarantees that its discovery is done
under conditions that do not depend on exposures iffportant force is not encountered in the

studies carried out from medico-administrative Has®s.

Three major patterns are related to cohort studies:
- nested case-control studies and case-cohorestudi
- prior event rate ratio studies;

- self-controlled case series.

Only the last two are presented here; nested aasteet studies and case-cohort studies are
discussed with case-control studies.

Prior event rate ratio studies

Prior event rate ratio studies have been desigoespécifically account for the baseline risk of
presenting with a potentially recurrent event, wttea baseline risk is difficult to compare between
compared groupgsl]. In a prior event rate ratio study, two cohortspafients are constituted: a
cohort of patients initiating a drug and a cohdrtantrol patients, often constituted after matghin
on age and sex to the subjects of the exposedtcdinom these cohorts, two estimates are made to
derive an assessment of the association betwegnedmosure and the risk of the event (Fig. 2).
The first estimate is the evaluation of the riskedence of the event rate between cohorts for the
period preceding the exposure, which allows apgroacthe difference in basic risk between these
two groups. The second is the estimate of thedikrence in the post-exposure period, which is
roughly equivalent to a classical relative riskisTastimated relative risk for the follow-up period
starting with the exposure (or for the correspogdperiod in the non-exposed cohort) is then

“ratio-ed” to the estimated relative risk for therjpd preceding the exposure, in order to corteet t
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assessment of the association for a potentialrdiffee of the baseline risk of the event between the

compared cohorts.

Self-controlled case series

Self-controlled case series (SCCS) are designs hithwthe subject constitutes her/his own
reference (hence the self-controlled qualifier)ey vere initially developed to study vaccine safety
in the context of acute events, when the evertpe&ed to be an early treatment eff&]. Their
originality ensues from the fact that the studiadhple, which allows obtaining an estimation of
association with good precision, consists only>gfased cases. For this design to be used under the
best conditions, both the exposure and the evest beupotentially recurrenit§. not chronic), and

the occurrence of the event must not influencdikieéihood of the subject being exposed again. As
in a classical cohort, the onset of exposure, aedefore the start of a drug treatment episode in
pharmacoepidemiology, usually marks the refererate.dlThe entire follow-up of the patient is
divided according to this date into the periodeipto exposure and into different periods following
treatment initiation, during which the possibilibf an occurring event being related to the use of
the drug is considered more or less plausible @aogrto the underlying suspected mechanism.
Usually, time periods immediately following drugtiation are considered at higher risk of drug-
induced events, and more distant ones are condidgriesser or null risk of such (Fig. 3). The
association is then estimated by reporting, foheadject, the incidence of the event found in the
risk windows (estimated in person-time) to the diecice found in the other time windows (periods
prior to exposure and periods not at risk afterrédference date). Since the subject thus conditute
her/his own control, the design is self-adjusted dth potential confounding factors that do not
change over time. An additional adjustment mayrb@duced for any important variable that may
vary over time; in particular, the estimates arsteyatically adjusted for age. Since the risk of
presenting the event in each window is very snallelaich subject, the data analysis generally uses
Poisson models. The interest of this design in sepimpower and protection against the confusion
induced by non-measurable variables (genetic factic.) has been demonstrated by comparison

with classical cohort or case-control schemes.pitesof their important solidity, self-controlled
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case series are exposed, as all other observatiesans, to two important biases: indication bias

and protopathic bias.

The introduction of a drug implies that the subjeas, at a moment in time, an indication
that she/he did not present before and that catestita time-dependent variable which occurrence
cannot be detached from that of the exposure. Troirelte the indication bias this potentially
conveys, the simplest is to estimate the assoaniatiith the event for a drug with comparable
indication but which properties exclude,priori, a potential causal relationship to the event of
interest{53].

In the self-controlled case series design, thesiixi of subject's follow-up into time periods
considered differently with regards to the riskdofig-induced event they present, involves to have
very accurate information for the dating of theglexposure and the events. A key assumption is
that the occurrence of the event should not toifsigmtly affect the subsequent probability of drug
exposure. This can occur when the occurrence afvant delays exposure, when the event is a
contraindication to treatment, or when the eveny mesult in (or is) death. This assumption also
implies that the event should not determine théngnof the end of the observation period. Ignoring
this hypothesis can potentially produce biasedredés; however, there are various extensions to
the SCCS method that can help mitigating the pitebiases. If the event temporarily delays
exposure, this will result in a deficit of eventsthe period immediately preceding the exposure,
decrease the overall incidence in the referencegeand result in estimates that will be biased
upwards. One way to correct this bias is to indiaiize, within the period prior to exposure, a
specific “pre-exposure period” that would allow sering follow-up for the period where the prior
event conditions the possibility of exposure. Sacperiod can also be applied if there is a short-
term increase in the probability of exposure adftelevent, which would correspond to an indication

bias, which could then potentially underestimatedhksociations.

Case-control studies and related designs
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As explained in the preamble, the weaknesses wyswitibuted to case-control studies in
comparison with cohort studies, which remain védidfield studies, are essentially corrected when
carrying out studies from medico-administrative atbaises. The case-control studies performed
within these are, in principle, studies to be cdestd as nested case-control studies, in which the
recall bias is no longer a limit, and in which tthetection bias is not different from that of the
natural cohortsi.e. cohorts without a standardized procedure for ttreening or diagnosis of the
event of interest. The principle here is invertathwespect to a cohort study: the reference gaint
time is the date of occurrence of the event (orddwe of selection for the controls); the proba&pili

of exposure in one or several time period(s) priecgthe reference date is then compared across
the cases and controls groups in order to obtanetiimate of the association, namely the odds
ratio in case-control studies. As in cohort studtbe propensity scores or disease risk scores are

now most often used in case-control studies to tdive impact potential for confounding bias.

They most often constitute the tool retained tofqrer the matching that will allow
selecting the controls who will best correspondthe cases. After such procedure has been
performed, the comparability of the groups obtaiieaot ascertained using statistical tests that
would make little sense but by estimating, for &bkes of interest, the standardized differences
between group$54]. In general, it is assumed that the groups hawn bbendered acceptably
comparable when there is no difference in measuneb®ween two groups exceeding 10% of the
value of the variable observed in a group. In gifred way, this means that if the prevalence of a
characteristic is 20% in a group, it will not bensalered that there is an imbalance that deserves
consideration as long as the value in this prexa@m the comparison group is not less than 18% or
greater than 22%. In the case where such differmmains after matching on a propensity score or
a disease score, a further adjustment of the agmlys the variables that do not fulfil the condito
of comparability is carried out. By allowing thdesgtion of more likely cases-specific controls and
eliminating the possibility of recall bias, the usiemedico-administrative databases helps raising
the level of evidence of case-controls studieswag that is not currently taken into account ie th
scales used for the categorization of evidenceldevictually, these sales now appear largely
outdated and too simplistic in view of the develemts performed in observational study schemes,
statistical tools for the mitigation of biases, aoflthe diversification of the data sources of
information used in pharmacoepidemiology. Strisheaking, it is wise to remembering that such
scales, often put forward when evaluating the rizkd benefits of marketed drugs, would only
classify the studies that demonstrated the assmtibétween tobacco and the risk of lung cancer as

providing with an evidence level[35].
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As for the cohort studies, designs adopting théclof§ case-control studies were developed
in which the case constitutes its own control. Bhase so-called case cross-over and case-time
control studies. We will not detail the less gefigraccepted case-case-control scheme for which

the number of pharmacoepidemiology studies islstil

Case cross-over and case-time-control studies

These studies were initially used in accidentolégyeliminate, as in the case of self-controlled
serial case studies, non-quantifiable differenceswéen individuals. The problem posed in
accidentology was that of the individual risk ofvimg an accident with regard to his behaviours,
abilities, and habits, a very variable risk betwemdividuals and very difficult to quantify. Faced

with the difficulty of finding witnesses for a velicomparison with the cases in this situation, the

solution was obvious: to use only cases.

As in self-controlled case series, in case cross-atudies, the quantification of an
association is made possible here by the divisfahe subject's follow-up time into different time
periods, at-risk period where event may be rel&weeixposure in a potentially causal manner, and
non-risky periods (control periods) where suchn& kannot be expected (Fig. @)1]. Instead of
comparing the exposure score between cases antblsprihe exposure score between the case
windows (window at risk) and the corresponding convindows in each case of the population is
compared. Since the measurements performed irathe subjectife. in the same case subject) are
not independent, the analyses use conditional tlogieodels as for a case-control study with

matching between cases and controls.

As self-controlled case series designs, case awssstudies allow self-adjustment for all
potential confounding factors that do not changerdime. And as for studies in self-controlled
case series it is possible to make an additionmisadent on characteristics of interest that may
vary in time. Finally, as previously stated forfsgintrolled case series studies, the indicati@s bi

is not eliminated by this design. It is therefoezommended to evaluate the association for a
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comparable indication exposure but for which no maadstic association to the event of interest is

a priori possible.

In addition, cross-case studies expose an additlwaa: if the general trend is to increase
the use of a drug over time in the population, titeis possible to find frequencies of greater
exposure in the period of risk close to the evieanhtin periods more remote in time. This trend bias
can lead to finding associations in crossover stdviith no relation to a possible relationship
between the use of a drug and the occurrence avant. Case-time-control studies provide a
solution to this problem, and were in this persipectised for instance to study the safety of drugs
used during pregnand$6]. The temporal association linked to the trenduslied by constituting,
in addition to the group of cases needed to perfmase cross-over analysis, a reference group for
this trend, comprising only subjects free from #nent. In these subjects, selected at dates
corresponding to the dates of occurrence of thatevie the cases, a ratio of the odds of exposure
will be estimated comparing the exposure assess#étkitime period preceding the selection date
(corresponding to the at-risk period of cases)taatlassessed in control periods (corresponding to
the control periods in cases). In order to elinendie influence of a potential trend bias, the
estimate obtained after performing the case-cr@ssavalyses in the case group will then be “ratio-

ed” to the estimate obtained in the reference gfouthe exposure trend (Fig. 4).

Detection studies: sequence symmetry studies

The symmetry sequence study initially comparedritimtion sequence of two exposures to drug A
and B in a given time window, with exposure to dAipeing drug exposure and exposure to drug
B serving as a marker of occurrence of a poteatlakrse effect. Among all new users of drug A, if
the exposure to A induces the occurrence of anradwfect leading to the prescription of B, then
the number of patients with a temporal sequencerevi#e precedes B will be greater than the
number of patients presenting a temporal sequemegerB precedes A. This design thus allowed
the detection of potential adverse effects basélyson prescription or reimbursement data, thus
offering an interesting tool in the case where daggic data would not be availaj6]. Events,

however, can obviously be identified more diretiyydata of this type, hospital or outpatient. As in
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a case-crossover design, the raw sequence ratanettis not affected by non-time varying
confounders, but is, conversely, sensitive to charig prescribing patterns. An adjustment of the

estimate using a reference group to quantify thedihas also been propo$g8].

Many other designs exist that we do not presene lheccause they remain little used in
pharmacoepidemiology. We also do not present ttegde and methods considered for signal
detection using supervised machine learning teciasiqTo date, their use has, so far, not been
associated with satisfactory performances in teahsignal detection or drug post-marketing
evaluation. Important research remains neededainaitea before the place these methods will take

can be defined.

Conclusion

The methods that can be used for the pharmacoetbgjical evaluation at the drug in real life are
numerous. Access to information from medico-adniaive databases, which has been available
for about 10 years in France, and over 30 yearther countries, has considerably modified the
context for conducting these studies. The limitagiasually encountered in terms of study power
and duration, comprehensiveness of recorded infiimmaor ability to eliminate biases to which
any observational research is exposed have beesideoably reduced. However, other limits
remain, which fully justify maintaining the use féld studies: the French medico-administrative
bases are limited for clinical aspects and do patain information on the habits of life of patignt
The current limits of pharmacoepidemiology in Frencompared to other countries, lie in this lack
of information (diagnosis associated with a predin and indicating the severity of the disease,
intra-hospital prescription data, test results dgatal or radiological, etc.). This integrationirs
part a reflection on the current health data huiterAhe opening of administrative health data to
research, it is now the result of the health datéd reflection that will condition the future

developments of pharmacoepidemiology and qualityro§ evaluation in France.
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Figure 1. Use of time-series to study the temporal trendrirg use : Evolution of the number of
reimbursements for glinides in the FrenécHKantillon généraliste de bénéficiairestith
individualization of a level effect after pioglitaze withdrawal decision by French health

authorities (adapted from Pariente et al. [46]
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Figure 2. Representation of @rior event rate raticdesign.

Cohort of drug users | Drug initiation
(in drug users)

27772272277227227227727772277722277222772227ZZ3

% )

>

Event ? Event ?
1 . A )
i 5 [
Assessment of pre-exposure association \ .
(= difference in baseline risk between groups) Assessment of post-exposure association
| : |
I W 1
Event é Event ?
/! é g
| | 1>

Reference cohort (non users) |

Prior event rate ratio : estimation of association : association post-exposure / association pre-exposure

27



Figure 3. Representation of self-controlled case-serigesign.
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Figure 4. Representation of @ase cross-oveand acase time-controdlesign.
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