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Abstract

Introduction Electronic healthcare record (EHR) databases

are used within pharmacoepidemiology studies to confirm

or refute safety signals arising from spontaneous adverse

event reports. However, there has been limited routine use

of such data earlier in the signal management process, to

help rapidly contextualise signals and strengthen prelimi-

nary assessment or to inform decisions regarding action

including the need for further studies. This study explores

the value of EHR used in this way within a regulatory

environment via an automated analysis platform.

Methods Safety signals raised at the UK Medicines and

Healthcare products Regulatory Agency (MHRA) between

July 2014 and June 2015 were individually reviewed by a

multi-disciplinary team. They assessed the feasibility of

identifying the exposure and event of interest using pri-

mary care data from the Clinical Practice Research Data-

link (CPRD) within the Commonwealth Vigilance

Workbench (CVW) Longitudinal Module platform, which

was designed to facilitate routine descriptive analysis of

signals using EHR. Three signals, where exposure and

event could be well identified, were retrospectively anal-

ysed using the platform.

Results Of 69 unique new signals, 20 were for drugs pre-

scribed predominately in secondary care or available

without prescription, which would not be identified in

primary care. A further 17 were brand, formulation, or

dose-specific issues, were related to mortality, were rele-

vant only to a subgroup of patients, or were drug interac-

tions, and hence could not be reviewed using the platform

given its limitations. Analyses of exposure and incidence of

the adverse event could be produced using CPRD within

the CMV Longitudinal Module for 32 (46%) signals. The

case studies demonstrated that the data provided supporting

evidence for confirming initial assessment of the signal and

deciding upon the need for further action.

Conclusions CPRD can routinely provide useful early

insights into clinical context when assessing a large pro-

portion of safety signals within a regulatory environment

provided that a flexible approach is adopted within the

analysis platform.

Key Points

Simple analyses of electronic healthcare record data

can routinely provide useful insights into the clinical

context when assessing the strength of new safety

signals arising from spontaneous adverse event

reports or elsewhere within a regulatory environment

to strengthen decision making.

Further work is still required to refine the platform

used and to establish how the signal management

process should operate efficiently, and in line with

good pharmacovigilance practices, to maximise the

value of the additional available data.
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1 Introduction

The value of spontaneous reporting systems in pharma-

covigilance is well established [1, 2]. Individual case

reports of adverse events made by patients and healthcare

professionals to regulatory agencies can provide valuable

insights into unforeseen risks potentially associated with

medicines and can be individually and collectively

explored to try to assess causality. Given the large volume

of such reports, disproportionality analyses are routinely

used to try to detect safety signals where there may be a

true association [3, 4]. Despite use of these algorithms, the

assessment of causality in signals arising from spontaneous

data is complicated by the limitations of such reporting

schemes, which rely on reporter suspicion, are subject to

varying levels of under-reporting, and which lack com-

parator data in unexposed patients meaning that the nature

and impact of any biases in reporting is unclear [5–7].

Electronic healthcare record (EHR) databases hold

extensive longitudinal data, including prescriptions, clini-

cal diagnoses and test results, on an individual patient-level

basis [8]. They have been used repeatedly in epidemio-

logical studies to test the association of a risk of a certain

adverse event with a specific medicine as well as to explore

prescribing patterns and the incidence and prevalence of

different medical conditions in the population [9–11].

Simple extracts of EHR data have also been used to support

vaccine surveillance by enabling individual spontaneous

case reports to be placed into the context of age- and

gender-specific background event rates and a rapidly

increasing level of exposure [12, 13]. There has also been

some wider interest in routinely utilising longitudinal

patient healthcare data in the earlier phases of the phar-

macovigilance cycle; providing data to support strength-

ened assessment and management of signals following

their initial detection within large spontaneous adverse

event report databases [14], particularly through the US

FDA Sentinel Initiative, which has successfully demon-

strated the added value of integrating summaries of

healthcare data with their existing Adverse Event Report-

ing System to support early regulatory decision making

[15]. In addition, there has also been exploration of the use

of EHR data for signal detection purposes alongside tra-

ditional signal detection methods with the aim of

addressing some of the limitations of spontaneous adverse

event report schemes [16].

There is clear value in being able to place safety signals

arising from case reports into the context of the size and

characteristics of the treated population at an early stage to

inform their initial assessment and EHR data could be a

valuable tool for this. In addition, EHR could provide data

on further potential cases and be used to explore the

temporality between exposure and events in the wider

population and the prevalence of confounding factors.

These data could then be used to help inform early deci-

sion-making regarding the need for further action and

prioritisation. However, more studies are needed to estab-

lish if, when and how such data can provide useful insights

that will increase efficiency and/or scientific robustness

earlier in signal management and within an EU regulatory

environment.

In this paper, we describe a proof-of-concept study

conducted to further explore the value of EHR data to

support routine pharmacovigilance processes, including

early signal assessment and management as well as related

decision making, within the UK Medicines and Healthcare

products Regulatory Agency (MHRA). This was done

through use of an automated software platform that pro-

vides simple routine analyses of EHR data designed

specifically to explore individual drug and adverse event

combinations.

2 Methods

2.1 The Yellow Card Scheme and Signal Detection

at the UK Medicines and Healthcare products

Regulatory Agency (MHRA)

In the UK, the Yellow Card Scheme (https://yellowcard.

mhra.gov.uk/), run by the MHRA, enables healthcare

professionals, patients and their carers to report any

adverse events which they suspect may be associated with

the use of a medicine. The MHRA also receives any reports

of suspected adverse drug reactions made to pharmaceuti-

cal companies, who are legally required to submit such

reports to regulatory agencies. Reports are entered on to the

Yellow Card database with adverse events coded using

MedDRA�. Disproportionality analyses, using the empiri-

cal Bayes geometric mean (EBGM) [3] and rule-based

approaches, with pre-defined signalling threshold criteria

are run on the whole database on a weekly basis and a

preliminary assessment is made of all resulting signals by

pharmacovigilance assessors. Drug–event combinations

(DEC) judged to raise a possible safety concern based on at

least one of the criteria are reviewed by an assessor and

discussed at a weekly signal meeting that has further sci-

entific and medical assessor input. Any potential safety

concern that is felt to require further consideration

regarding the need for action is then formally identified as a

signal, according to the definition within the EU Good

Pharmacovigilance Practice (GVP) guidelines [17]. It is

taken to the weekly Signal Management Review Meeting

(SMRM), along with signals raised from other sources such

as those identified from epidemiological studies or
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randomised clinical trials. In the SMRM, the need for, and

form of, any next steps or further action is decided upon

alongside a consideration of prioritisation and timelines.

Actions that can be considered at this stage include

requesting further information or data from Marketing

Authorisation Holders, initiating further review, research,

or strengthened monitoring, the introduction of amendment

of risk minimisation measures, or communications directed

to healthcare professionals or patients, for example. Where

SMRM considers a signal to be validated [18], it will be

transmitted to the EU network for consideration and

agreement of actions by the Pharmacovigilance Risk

Assessment Committee.

If, after thorough assessment, a causal relationship

between the drug and the adverse event is at least a rea-

sonable possibility, then it is included within Section 4.8

Undesirable effects of the Summary of Product Charac-

teristics (SmPC) [19], the legal document that forms the

basis of information for healthcare professionals regarding

how to use the product, that must be approved as part of the

marketing authorisation and continuously updated as new

data emerge.

2.2 The Clinical Practice Research Datalink

The UK Clinical Practice Research Datalink (CPRD;

https://www.cprd.com) holds a large database of longitu-

dinal primary care EHR that now includes over 14 million

patient records from over 700 general practices in the UK.

It holds comprehensive records of all prescriptions issued

and vaccines administered in primary care along with some

patient demographics, clinical diagnoses, referrals to sec-

ondary care, and test results [20]. All clinical diagnoses are

coded using Read Codes. The database has been used

extensively in pharmacoepidemiology research, which has

supported the MHRA’s regulatory decision making. Use of

the CPRD primary care data for this study was approved by

the CPRD Independent Scientific Advisory Committee

(Protocol number: 17_119) [21]. The data build used in

this study was released in July 2015.

2.3 Commonwealth Vigilance Workbench

Longitudinal Module

For this study, CPRD primary care data were analysed

using the Commonwealth Vigilance Workbench (CVW)

Longitudinal Module which was engineered by Common-

wealth Informatics, Inc. and is a reimplementation and

extension of the vigiTrace research software developed by

the Uppsala Monitoring Centre. vigiTrace, and the Tem-

poral Pattern Discovery analytic framework on which it is

based, have been described in detail previously

[14, 22, 23]. In brief, and in the context of this study, the

platform provided a set of routine analyses of the CPRD

patient, practice, clinical and therapy datasets. The analy-

ses available included summaries of the characteristics of

the whole CPRD population and of patients with new

episodes of prescribing of the specified drug substance and/

or the adverse event of interest including, for example, the

proportion of men versus women and the age breakdown.

A new episode of prescribing for a specific substance is

defined to start on the day of a prescription for that sub-

stance when there are no prescriptions for the same sub-

stance in the preceding 390 days in that patient’s medical

history.

Chronographs, a graphical approach to comparing the

observed rate of recording of a pre-specified adverse event,

in 30-day intervals relative to the start of new prescribing

episodes of the drug of interest, to the expected rate, were

also provided [22]. The expected rate is calculated using

the number of recorded adverse events in all patients rel-

ative to the start of new prescribing episodes for all drug

substances recorded in the CPRD. These figures can be

used to start to explore the association of adverse events

with starting a new treatment episode, with the strength of

the association for each monthly period assessed using the

Information Component (IC; the logarithm of the shrunk

observed-to-expected ratio) and associated 95% confidence

intervals. If the IC is[ 0 then the adverse event occurs

more commonly with the drug substance of interest than

overall in the database. Examples of these chronographs

can be found in the results section of this paper. Specifi-

cally, the top panel shows the IC along with associated

95% confidence intervals while the bottom panel shows the

absolute observed and expected numbers of adverse events.

The observed first event is defined as the first record of that

adverse event within an individual patient’s medical

record. These statistics are presented on a 30-day basis on

the horizontal axis centred on the start of a new prescrip-

tion episode defined as time 0.

In addition, the ICD statistic was also calculated to

examine temporal associations in a calibrated self-con-

trolled cohort approach. This statistic is computed as the

ratio of the observed-to-expected ratio, as described above,

in a surveillance period to that in a control period, subject

to statistical shrinkage. Specifically, the observed-to-ex-

pected ratios in the first 30 days after the new prescription

and day 31–360 inclusive, are compared with four pre-

exposure control periods: the day of the new prescription,

30 days prior to the new prescription, 360–31 days prior to

the new prescription, and a longer historical control period

ranging from 3 years prior to 1 year prior to the new

prescription.

The facility to explore summaries of concomitant

medications and prior diagnoses in patients with a record of

the specified adverse event following a prescription of the

The Potential Routine Use of EHR Data Within UK Regulatory Pharmacovigilance 901

https://www.cprd.com


specified drug substance was also available, as was the

option to explore individual patient records.

2.4 Study Plan

This pilot study was devised based upon the current signal

detection and management processes of the MHRA. An

initial retrospective screening of all DECs raised as new

signals at the weekly SMRM between July 2014 and June

2015 inclusive was conducted by the team of pharma-

covigilance scientists who manage the SMRM. Signals

related to events already recognised and listed in Sec-

tion 4.8 of the SmPC at the time of their presentation at the

SMRM where the signal suggested a potential change in

the risk (e.g. in terms of absolute or relative risk, duration,

severity, or outcome following the event) were excluded as

this proof of concept study used only one release of the

CPRD database and as such could not compare analyses

from different time points. Other signals that raised the

need for alignment across different product information for

the same drug substance were excluded as these related to

recognised reactions rather than new signals and were

administrative changes to ensure the provision of consis-

tent information.

Further signals were also excluded as, due to limitations

of the CPRD data and the CMV Longitudinal Module

platform, it was clear that either the drug or event of

interest would not be identifiable or analysable within the

study. The additional signals excluded were (i) signals that

were brand, formulation, or dose-specific related issues, as

this data is either not available or inconsistently recorded in

the CPRD and analyses conducted by the CVW Longitu-

dinal Module platform were only at the drug substance

level; (ii) signals that were for products prescribed exclu-

sively in secondary care or widely available without a

prescription for which prescription data would not be

available in a primary care database; (iii) signals where the

outcome was fatal as analyses within the platform identi-

fied events via Read codes, which would likely not be used

to record death in the CPRD; (iv) signals that were only

relevant for a subgroup of patients such as children, as the

analyses conducted in the platform only worked across the

whole patient population; and (v) signals related to drug

interactions as the platform only analysed combinations of

a single drug substance with a single event.

All remaining unique DECs identified were then taken

forward to a further review by a wider panel of pharma-

covigilance scientists (including those who conducted the

initial screening) and a pharmacoepidemiologist, experi-

enced in the assessments of safety signals and the use and

interpretation of analyses of primary care EHR data,

respectively, using the CPRD data within the CVW Lon-

gitudinal Module platform. The purpose of this review was

firstly to evaluate the extent of prescribing data available

for the relevant drug substances within the CPRD. Sec-

ondly, it was to consider the likelihood of valid event

recording in primary care records, available to a specific-

enough level using individual Read codes to be relevant for

the signal in question, and hence retrospectively assess the

feasibility of using the CPRD data within the software

platform available to produce analyses robust enough to

potentially help inform the decision making that occurred

at the SMRM meeting when the signal was raised had they

been available. This review was supported by data from

IQVIA (previously QuintilesIMS) MIDASTM, which cap-

tures the volume of drugs dispensed against a prescription

in UK retail and hospital pharmacies, and that sold without

a prescription (over-the-counter) in retail pharmacies. The

retail dispensing data are based on volumes of products

dispensed against a prescription in retail pharmacies and

wholesaler sell-in data to dispensing doctors (a proxy for

dispensed product). The hospital dispensing data covers

usage/consumption levels of medicinal products within

hospitals (irrespective of their source of supply). Over-the-

counter sales data are estimated by excluding the data for

stock dispensed against a prescription from data on the

volume stock ordered via wholesalers by pharmacies,

doctors and hospitals. This data was used to estimate the

proportion of items (e.g. boxes of tablets) that were dis-

pensed against a prescription made within a hospital set-

ting, and which would hence be missing from a primary

care database.

Following assessment of the signals at this stage of the

review, the decisions taken for each signal at the time of its

first discussion at SMRM were extracted from meeting

documentation and minutes.

Finally, a series of three more detailed case studies was

conducted to explore the scientific value of the data in

helping to confirm or refute the previous regulatory deci-

sion taken when the signal was discussed at SMRM. The

three case studies were chosen for in-depth examination

using CPRD data within the platform based on findings

from the initial review because either both the exposure

and event could be very clearly identified, meaning that the

fuller potential scientific value of the analyses provide by

the software could be explored with minimal impact from

some of the limitations of using EHR data from primary

care, or they were particularly difficult signals to assess

potential causality using spontaneous data alone, meaning

there was a larger potential added value in using EHR data.

The choice of signals for further exploration was made by

the full review team based upon experience; no specific

criteria were used.
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3 Results

3.1 Potential Extent of Use of Primary Care Data

for Strengthening Regulatory Signal Detection:

Initial Screening of Possible Signals

A total of 83 unique signals were discussed at the SMRM

during the study period, 14 of which were immediately

excluded from further consideration in this study at the first

review stage as they related to known issues already listed

in the SmPC, but where there was inconsistent product

information or where there was a signal of a potential

change in the magnitude of a known risk. A summary of

the remaining DECs excluded from analysis with the CVW

Longitudinal Module according to the pre-specified

exclusion criteria is presented in Fig. 1.

Of the 16 DECs that were excluded for further explo-

ration with the CVW due to limitations in the set-up of the

platform, six were excluded because they were either

brand, formulation, or dose-specific related issues, three

because the outcome was fatal, three because they were

only relevant for a subgroup of patients such as children,

and five because they related to drug interactions.

The remaining 32 DECs were taken forward to the

second stage of the review, with a wider panel of phar-

macovigilance scientists and a pharmacoepidemiologist,

using the CPRD data and CVW platform—46% of those

originally identified as new signals. Three of these were for

drug substances subject to EU additional monitoring.

3.2 Identification of Exposures and Adverse Events:

Further Review Using the CPRD and CVW

Longitudinal Module Platform

For each of the 32 DECs identified for further exploration,

the ability to identify both the exposure and the event from

the CPRD data analysed within the CMV Longitudinal

Module was considered. Prescriptions for all drug sub-

stances involved in the 32 signals could be identified using

the CPRD data within the platform. Despite the initial

screening that excluded signals for products known to be

exclusively or predominantly prescribed in settings other

than primary care, all drug substances were likely to have

some level of prescribing in secondary care, although it

was estimated, using data from IQVIA MIDASTM, that for

only 6 (19%) were over 10% of prescriptions likely to be

made outside primary care in the UK.

Five (16%) of the signals related to adverse events that

were captured by one of the custom group Read code lists

already defined within the CMV Longitudinal Module, as

they are often seen reported as suspected adverse events

associated with prescribed medicines [24]. The remaining

adverse events could be identified by one or more Read

codes at the pre-defined level and their sub-codes. Eighteen

(56%) of the signals included adverse events that would

likely present and be diagnosed within primary care, while

11 (34%) would likely present to a GP in the first instance

but diagnosis would be confirmed within secondary care.

Of the 32 signals, when first raised at SMRM, 11 (34%)

were taken forward into the European network or referred

to the relevant lead Member State for either further review

or action or were already being considered at an EU-wide

level. Three (9%) were taken forward nationally for

immediate action while further data was sought to support

the review or for ongoing assessment for 11 (34%). The

remainder (7, 22%) were not taken forward at that stage as

the evidence was either inconclusive or suggestive of a

non-causal association or no further regulatory action was

considered necessary at that time.

3.3 Case Studies

Background information for the three case studies is

described in Table 1.

The identification of each DEC, along with the summary

of the CPRD data, is presented below. Full code lists for

the adverse events identified in the three case studies can be

found in the Electronic Supplementary Material.

Fig. 1 Flow chart showing

impact of exclusion criteria on

number of DECs included in

study. CVW Commonwealth

Vigilance Workbench
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3.3.1 Donepezil and Salivary Hypersecretion

In the CPRD, approximately 26,000 episodes of prescrib-

ing with donepezil could be identified by the CVW Lon-

gitudinal Module platform. Patients prescribed donepezil

were more commonly female (66.4%) and were predomi-

nantly older than 70 years, which is reflective of the pop-

ulation with Alzheimer’s. There was a steady increase in

the number of prescriptions identified over the data period

covered by the CPRD data. Salivary hypersecretion was

identified using the ‘‘1925.00: Excessive salivation’’ Read

code with approximately 5150 patients with this Read code

identified. The number of cases of excessive salivation also

increased with age after an early peak in young children. A

total of 300 cases were identified in children aged

3–4 years. This was followed by a low of 15 cases in

children aged 8 years of age before a steady increase to a

peak of 145 cases in adults aged 80 years.

In the first month following the first prescription in an

episode of donepezil, three patients were identified as

having a record of excessive salivation, two of which

reflected a first recorded diagnosis of this event for that

patient (IC 1.71, 95% CI - 0.34 to 2.91). However, the

Chronograph and IC showed a significantly higher than

expected incidence of excessive salivation in each of the

2–6 months following the first-in-episode prescription for

donepezil based on 26 records of excessive salivation in 23

patients identified in that time period (Fig. 2). There was

also a particular increase in the identification of new events

in that period (eight in the 1–6 months following the start

of the episode compared with two in the 6 months pre-

ceding the episode). Further exploration of the individual

patient-level data indicated that fewer than five patients

with a diagnosis within 6 months appeared to have

potentially stopped treatment before their recorded diag-

nosis based on their prescription records and their esti-

mated episode of treatment. However, all of the remaining

patients appeared to be on treatment at the time of the

recorded event and, following the diagnosis, had a further

prescription within the same episode, suggesting that per-

haps the adverse event alone was not serious enough to

outweigh the benefits of treatment, was thought to be

temporary, or was not considered associated with treat-

ment. Given this, there is likely to be some under-recording

Table 1 Background information for the three case studies

Signal (drug

substance and

MedDRA�

preferred term)

UK authorised indication of

use for the drug

No. of Yellow

Card case reports

reported at the

time of the signal

(EBGM)a

Comments Action previously taken following

review by the SMRM

Donepezil and

salivary

hypersecretion

A cholinesterase inhibitor

indicated for the

symptomatic treatment of

mild to moderately severe

Alzheimer’s dementia

12 (5.1) Salivation was listed in

Section 4.9 of the SmPC in

relation to the symptoms of

overdose and is also listed in

Section 4.8 for rivastigmine,

another acetylcholinesterase

inhibitor

Updates to the product information

for donepezil, to include salivary

hypersecretion in Section 4.8 of

the SmPC, were implemented

Mirtazapine and

alopecia

An atypical antidepressant

used primarily for the

treatment of episodes of

major depression

19 (0.74) Two of the cases demonstrated

positive re-challenge and

alopecia is listed for some other

antidepressants

The decision was that no further

regulatory action was warranted

given the small number of cases,

the extensive use of mirtazapine

and the length of time the

product had already been

available on the market

Finasteride and

cognitive

disorder

A 5a-reductase inhibitor

indicated for use in benign

prostatic hyperplasia and

male pattern baldness

13 (8.30) The signal was first raised from

Yellow Cards in 2012. A number

of papers have been published

exploring the risk of cognitive

impairment with finasteride, but

no definitive link has been

established. Decreased libido and

depressed mood are already

listed in Section 4.8 of the SmPC

for finasteride

The evidence was deemed

inconclusive and therefore the

decision was made that no

further regulatory action was

warranted at this stage, although

the signal remained under review

EBGM empirical Bayes geometric mean, SmPC Summary of Product Characteristics, SMRM Signal Management Review Meeting
aAt the point within the study period when the signal was discussed at SMRM
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of the event and so it is unclear if the data can be reliably

used to estimate absolute risks associated with exposure.

There was also a raised IC in the month prior to the first

prescription (IC 2.45, 95% CI 0.92–3.44), which may show

events associated with an initial prescription of donepezil

made in secondary care before prescribing is transferred to

general practice [25]. It is recognised that the occurrence of

the event may also reflect a worsening in the underlying

dementia leading to the prescribing of donepezil, or the

recording of it may be due to an increase in the recording

of milder events in conjunction with an increased

engagement with the GP around the time of first pre-

scription. However, the magnitude of the increase in close

temporal association with the start of treatment is striking.

Using CPRD allowed for the identification of more

events temporally associated with a first prescription for

donepezil than through spontaneous reporting alone,

although given the nature of the event it is likely that

milder cases are not captured. There was some difficulty in

identifying the correct Read code to use, although the main

alternative ‘‘1926.00: Dribbling from the mouth’’ also

showed a particularly raised IC in the month following the

first prescription based on six new cases identified in that

time frame with no increase seen before treatment. How-

ever, it is not clear if the dribbling observed is the result of

excessive salivation or due to muscle weakness in the

mouth or jaw. Overall, it was concluded that the data from

CPRD, particularly the increased recording rate of first

events observed in the 6 months following the start of a

new prescribing episode, supports the regulatory action

taken by the SMRM to request a variation to the licence for

donepezil to include the risk of salivary hypersecretion as

an identified adverse event.

3.3.2 Mirtazapine and Alopecia

Over 200,000 prescribing episodes of mirtazapine were

identified in the CPRD using the CVW Longitudinal

Module platform. Women were slightly more likely to be

prescribed mirtazapine than men (59.6% of treated

patients), with treatment almost exclusively in adults aged

18? years (99.5%), with a declining absolute number of

prescriptions in older patients generally reflective of the

overall adult population in CPRD, although there was a

small increase in the number of prescriptions identified in

patients aged around 80 years. There has been an increase

in the rate of prescribing in recent years with nearly 26,000

treatment episodes identified in approximately 5 million

patients in 2013 compared with around 18,000 in 2009.

The Read code used to search for cases of alopecia

(M240.00: Alopecia) covers reports of hair loss, alopecia,

alopecia areata, thinning of hair, baldness and alopecia

unspecified as sub-codes and was considered, following

review, to comprehensively identify cases. Alopecia was

also widely recorded in the CPRD with * 150,000

patients with a record of the chosen Read code identified.

The distribution of ages of patients with a record of

alopecia is also widely reflective of the overall CPRD

population, although following lower rates in children there

is an increase in the rate of diagnosis in patients from their

teenage years to their mid-20 s, which may reflect hor-

monal changes or periods of greater stress.

There were 84 records of alopecia observed in the month

following a first-in-episode prescription of mirtazapine and

a further 364 in the 2–6 months following. The chrono-

graph and associated observed and expected number of

events are shown in Fig. 3. While a significant excess of

cases of alopecia was observed in the two months fol-

lowing the first prescription of mirtazapine compared with

after the first prescription of other drugs, this was also seen

Fig. 2 Chronograph* for

donepezil and excessive

salivation (Read code: 1925.00).

*The top panel indicates the

logarithm of the observed-to-

expected ratio (shrunk towards

the baseline of one when the

observed or expected counts are

low) denoted IC = information

component, with associated

95% confidence intervals. The

bottom panel displays the

underlying absolute observed

and expected counts
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across 9 of the 12 months in the year leading up to the first

prescription, and on the day of the first mirtazapine pre-

scription, which may reflect the mirtazapine-treated popu-

lation as emotional stress is known to be associated with

hair loss. It may also reflect alopecia associated with pre-

viously prescribed antidepressants. Of those who had a

record of alopecia in the 30 days following the start of

mirtazapine, six (7%) had a prescription of sertraline in the

preceding 30 days, for example. While there may be pre-

scribing of mirtazapine in secondary care prior to pre-

scribing by the GP, particularly if it is a second-line

treatment, this is unlikely to be of a duration sufficient to

lead to the pattern seen here if there is a true association.

In the population of patients prescribed mirtazapine,

there was no indication of an increase in the incidence of

alopecia in the first month or the 2–6 months following

first prescription compared with before treatment, as

demonstrated by the ICD statistics (0.07, lower 95% CI

bound - 0.255 and - 0.373, lower 95% CI bound -

0.525, respectively). It was concluded that the data from

CPRD did not provide evidence of an association between

mirtazapine and alopecia, which was in line with the

decision taken by the SMRM at the time of the signal.

However, the original decision was taken based on a small

number of cases and the data from the CPRD provides

valuable supporting evidence to increase confidence in the

decision taken.

3.3.3 Finasteride and Cognitive Disorder

The CPRD data confirm that finasteride is prescribed

almost exclusively to men (99.4%) aged[ 50 years in line

with the primary indication. Approximately 67,000 pre-

scription episodes were identified. It is contraindicated for

use in women, children and adolescents. However, pre-

sumably mainly due to its indication for use in treating

male pattern hair loss, a low number of prescriptions are

also seen in younger patients aged 20? years. A steady

increase in the number of episodes of treatment identified

as starting per year is seen in the CPRD since 2000 with

approximately 6000 new episodes of finasteride use iden-

tified in nearly 2.5 million men in the CPRD data specifi-

cally in 2014. It was very difficult to identify cognitive

impairment using the level of Read code available. Two

main options were identified, which were recorded with a

similar frequency: ‘‘28E.00: Cognitive decline’’ and

‘‘Z7C1.00: Impaired cognition’’. These were identified

in * 5500 and 7000 patients, respectively. The back-

ground distribution by gender and age for each of these

codes were largely the same, that is, more common in

women than men (* 60%) and first recorded mostly in

older patients aged 70? years. As previously discussed, the

CVW Longitudinal Module operated all analyses over a

single Read code, excluding a number of pre-defined cus-

tom groups for adverse events of special interest, so the two

codes identified were considered separately.

There were 22 cases of cognitive decline recorded

within 6 months of a first-in-episode prescription of

finasteride. For impaired cognition, 29 cases were identi-

fied. The IC statistics, as seen in the chronograph in

Fig. 4a, b, suggest that there is some excess in recording of

both codes following a prescription of finasteride compared

with other drug substances, although given the small

number of cases identified this is not consistently statisti-

cially significant. There is also some evidence of an

increased recording of both codes in the 1–2 months before

the first prescription, although again the absolute number of

cases is small.

As discussed, there was no single Read code that could

be simply used given the restrictions on the level of coding

available. Further, other potential Read codes were iden-

tified including Eu05700: Mild cognitive disorder. Given

Fig. 3 Chronograph for

mirtazapine and alopecia (Read

code: M24). *The top panel

indicates the logarithm of the

observed-to-expected ratio

(shrunk towards the baseline of

one when the observed or

expected counts are low)

denoted IC = information

component, with associated

95% confidence intervals. The

bottom panel displays the

underlying absolute observed

and expected counts
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this difficulty in robustly identifying cases of cognitive

decline, the strength of the signal is difficult to interpret

using these data. While 12/13 of the case reports received

via the Yellow Card scheme describe cases with onset

within 1 month of starting finasteride, we expect an

increased level of spontaneous reporting for events that

occur within a very short period after starting a new

treatment, with cases that develop more gradually less

likely to be reported. However, the CPRD data as presented

do provide some suggestion that there is an association

between the prescribing of finasteride and cognitive dis-

order, albeit very weak and not at all sufficient to explore if

any association is causal or coincidental given the corre-

lation between the demographics of the patients prescribed

finasteride and those at highest background risk of the

event, or if it is caused by biases such as increased

recording due to increased engagement with healthcare

services. If it was possible to better define cases then the

data from CPRD may be of more value in placing any

further spontaneous reports into context although, given the

complexity of the event and its diagnosis and potential

progression, EHR data are likely to be of limited value in

completely supporting any regulatory decision making,

even with more in-depth analyses. However, the data

should be considered alongside other sources of evidence

when assessing the potential risk.

4 Discussion

The methods used in this proof-of concept study have been

explored previously although those studies identified that

further research was needed to position the use of EHRs in

routine signal detection and assessment [14, 22, 23]. The

data from this study provide additional evidence on the

value of routinely using CPRD data specifically to

strengthen the early assessment of signals arising from

spontaneous reporting and decision making within a UK

regulatory environment and within current signal man-

agement processes. The review conducted in this study

found a higher rate of the potential use of the CPRD (for 32

of 83 signals) than that suggested in a previous study,

Fig. 4 a Chronograph for

finasteride and cognitive decline

(Read code: 28E..00). *The top

panel indicates the logarithm of

the observed-to-expected ratio

(shrunk towards the baseline of

one when the observed or

expected counts are low)

denoted IC = information

component, with associated

95% confidence intervals. The

bottom panel displays the

underlying absolute observed

and expected counts.

b Chronograph for finasteride

and impaired cognition (Read

code: Z7C1.00). *The top panel

indicates the logarithm of the

observed-to-expected ratio

(shrunk towards the baseline of

one when the observed or

expected counts are low)

denoted IC = information

component, with associated

95% confidence intervals. The

bottom panel displays the

underlying absolute observed

and expected counts
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which was able to evaluate 112 drug–event combinations

using EHR data from UK THIN from 458 raised via dis-

proportionality analyses in the WHO VigiBase database of

individual case safety reports after excluding combination

products [14]. This earlier study excluded DECs where\
100 first prescriptions could be identified whereas we

excluded drugs that we expected would not be reliably

captured in the CPRD based on pre-existing knowledge of

the setting in which they are prescribed or accessed, and

hence may have included DECs with limited EHR data.

We took this approach in order to increase our confidence

that exposure was fully and robustly captured within the

EHR data used without excluding newer products, or those

with limited indications for use.

The lower number of DECs reviewed in our study

compared with the above-referenced study by Star et al.

[14], despite a longer study period, is principally due to the

stage at which they were identified. In our study, we only

investigated DECs identified as signals that are a subset of

those disproportionally reported. This was considered the

most feasible stage within internal processes at which to

include use of the platform as use earlier in the signal

management process would have resulted in higher

resource requirements and a likely increase in the number

of false positive signals explored using the EHR data.

The value of the chronograph methodology for detecting

and strengthening signals within EHR data has been

demonstrated through a number of case studies previously

and was reinforced in the three case studies presented here

[14, 23]. We additionally found that having immediate

access to data to place a signal into context was beneficial

for timely signal assessment. Further, the opportunity to

identify additional cases within the EHR enabled us to

understand a wider range of patient experiences than those

that are reported through spontaneous reporting systems.

While the case studies did not suggest that, had the CPRD

data been available in such a way at the time of the original

assessment of the signal at the MHRA, the decisions would

have substantially changed, it did suggest that it would

have complemented the assessment of individual case

reports and increased the robustness of the decision-making

process.

Previous research into the use of EHR within signal

detection and strengthening has raised the limitations of

EHR data and the impact of these limitations

[14–16, 22–24, 26]. However, there are several known

limitations to the data in the CPRD, particularly when only

considering the primary care database, that impacted on its

value for routine signal strengthening within the MHRA in

this study. Thirty percent (21/69) of new signals identified

within this study related to drug substances prescribed

almost exclusively in secondary care or widely available

without a prescription. There is a paucity of individual

patient-level electronic data on the prescribing and use of

medicines in the UK outside of primary care. This also

impacts on those products where the decision to start

treatment is made in secondary care with care then trans-

ferred to primary care at a later stage, as the start of

treatment cannot be precisely estimated. This is particu-

larly seen in the first case study on donepezil.

Data from databases such as the CPRD are not collected

for research purposes and therefore coding may not be

robust or consistent enough to accurately identify all

adverse events, and the use of different coding systems

(Read codes in primary care vs MedDRA� for adverse

event reporting in pharmacovigilance databases) means

that mapping between systems could be needed. Further,

the complexity of the Read code terminology used in the

CPRD means that for many events a single term is not

adequate for identification. However, if there is flexibility

in the approach taken to identify events within the analysis

platform with custom groups of terms used for adverse

events of special interest, which were already available for

16% of signals where both exposure and event could be

identified in the CPRD, then the impact of inconsistencies

in the recording of events is reduced.

Under-ascertainment of cases that are diagnosed in

secondary care, which do not present to a healthcare pro-

fessional, or that are not recorded in the EHR, and over-

ascertainment where suspected but unconfirmed diagnoses

are recorded in primary care are inherent limitations of

EHR such as the CPRD and also need to be considered.

The three case studies discussed here all relate to events

likely to present to primary care, although under-recording

may still pose a risk. Incorporating other healthcare data-

bases such as the Hospital Episode Statistics data, which is

routinely linked to the CPRD primary care data, could

improve the identification of events for other signals.

These limitations of EHR highlight the need for a

detailed understanding of the use of medicines in clinical

practice, the diagnosis of outcomes, and the mechanisms of

data capture in order to interpret the output of routine

analyses coming from such an automated analysis

platform.

There are also limitations of the CVW Longitudinal

Module version, as used in this study, that if addressed

would increase the proportion of safety signals that could

be explored using it. It has already been highlighted that,

due to the complexity of the Read code terminology,

adequately identifying events using a single code can be

difficult; therefore, increasing the number of pre-defined

custom groups of terms within the Module for identifying

events will increase the proportion of signals that can be

robustly explored. Further, allowing flexibility within the

analysis platform in defining exposure by drug formulation

or dose, although this data is not always fully captured in
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CPRD, or in a subset of the population (12% of signals

identified in this study), would also be beneficial as would

allowing analyses looking at potential drug interactions. If

cases cannot be robustly identified, then the CPRD may

still provide valuable data on the treated and untreated

populations or vice versa.

In order to be of full value within a regulatory envi-

ronment, this approach would need to be embedded in

routine signal management practices. Further work is

required to establish how this should operate efficiently

and consistently, and in line with GVP, while still max-

imising the scientific value of the data. In addition, while

it is clear that even in its current form, the CVW Lon-

gitudinal Module facilitates analyses that would not be

routinely feasible without such a tool, further improve-

ments to it would also be highly beneficial in increasing

the proportion of signals for which it could be used and

also for increasing the strength of the analyses for indi-

vidual signals. There may also be further scope for using

CPRD through the CVW Longitudinal Module for active

monitoring of selected adverse events of special interest,

for assessing changes in risk over time, for supporting

communications and for monitoring the impact of regu-

latory actions, although these have not been considered

here.

5 Conclusion

Regulators are responsible for ensuring that accurate pro-

duct information are available to support clinical decision

making by healthcare professionals and patients, and this

should be based on the most reliable evidence available.

Routine access to relevant analyses of data from the CPRD

would be valuable for supporting the management of a

large proportion of safety signals and increasing the

robustness and timeliness of their assessment within a

regulatory environment. A further extended pilot of this

approach is planned to further identify and implement

improvements to the analysis platform and to optimally

integrate it into signal management processes.
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