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Introduction: Monitoring was required for the introduction of non-chlorofluoro-Abstract
carbon (CFC) propellants in metered dose inhalers (MDIs) to ensure that there
were no unexpected adverse events due to the new products. A postmarketing
surveillance study has been conducted to evaluate the introduction of the MDI
Seretide Evohaler™ (hydrofluoroalkane-134a inhaler containing salmeterol and
fluticasone propionate).
Objectives: To summarise the modified prescription-event monitoring (PEM)
study conducted to evaluate the introduction of Seretide Evohaler™ and discuss
the relevance of this type of study towards pharmacovigilance risk-management
planning.
Methods: Modified PEM methodology was used to examine the introduction of
Seretide Evohaler™ into general practice in England. Patients were identified
from the first National Health Service prescriptions dispensed in England for
Seretide Evohaler™. One postal questionnaire was sent to the prescribing doctor,
requesting demographic information, severity of the indication, concomitant
medication for this condition, smoking history, event data 3 months prior to and 3
months after the first prescription for Seretide Evohaler™ and also reason for
stopping if it had been stopped. Pregnancies, deaths and selected events were
followed up. Incidence density ratios were calculated to compare event rates 3
months prior to and 3 months after the introduction of Seretide Evohaler™. A
matched cohort analysis examined oral corticosteroid use and hospital admissions
between the pre- and post-exposure periods.
Results: The cohort comprised 13 464 patients prescribed Seretide Evohaler™,
with a response rate of 62%. There was no significant difference in the length of
courses of oral corticosteroid use when the pre- and post-exposure periods were
compared. A matched cohort analysis showed there was no increase in the use of
oral corticosteroids (relative risk [RR] 0.95; 95% CI 0.90, 0.99) or hospital
admissions in the post-exposure period (RR 0.87; 95% CI 0.73, 1.04). When the
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number of patients with events were compared for the periods 3 months before
and 3 months after exposure, fewer events were reported in the post-exposure
period. There were 64 patients who experienced adverse events within an hour of
using Seretide Evohaler™, including one report of paradoxical bronchospasm and
one of myocardial infarction with fatal outcome that were both assessed as
possibly related to treatment.
Discussion: The results of the study suggest that the introduction of Seretide
Evohaler™ was generally well tolerated. The modified methodology has allowed
a comparison of the event rates before and after the introduction of this CFC-free
inhaler into general practice.

Background Evohaler™ is a combination product containing the
corticosteroid fluticasone propionate and the long-

The phasing out of chlorofluorocarbon (CFC)- acting β-adrenoceptor agonist salmeterol, with the
containing products to protect the environment as a propellant HFA-134a. Standard PEM methodology
result of the Montreal protocol[1] has led to the was modified to enable the examination of events
reformulation of pressurised metered dose inhalers that occurred 3 months pre-exposure and 3 months
(MDIs) with new propellants, including the hydro- post-exposure to Seretide Evohaler™. PEM is well
fluoroalkane (HFA)-134a.[2-5] Preclinical toxicolog- suited for examining the introduction of Seretide
ical tests and clinical studies established HFA-134a Evohaler™ because patients are identified from dis-
as a safe alternative to CFCs.[2-5] However, these pensed prescriptions and represent ‘real world’ use
studies are limited by the small number of patients of these products in general practice in England.[9] In
evaluated, and it was unknown whether the intro- particular, using this methodology would allow an
duction of HFA-134a-containing products could re- examination of the effects in children and other
sult in unexpected safety hazards.[6] populations with limited information from clinical

To ensure the safe introduction of these products trials, e.g. off-label use.
into the market, the European Commission made The safety profiles of fluticasone propionate and
specific recommendations for studying the safety of salmeterol are well established, as the products have
these products postmarketing.[6] The European Med- been on the market in other formulations for a
icines Agency (EMEA) also produced specific number of years. A dry-powder inhaler, Seretide
guidelines for the conduct of postmarketing surveil- Accuhaler™, was launched prior to Seretide
lance studies for MDIs.[7] These recommendations Evohaler™ in 1999.[10] Commonly reported adverse
provide a good example for using pharmacoepi- events associated with fluticasone propionate in-
demiological studies for risk-management planning clude hoarseness and candidiasis,[11] and those relat-
and predated the International Conference on Har- ed to salmeterol include headache, tremor, palpita-
monisation (ICH) E2E guidelines for pharmacovigi- tions and muscle cramps.[12] A mixture of these
lance planning, which provide guidance on produc- symptoms has been reported in patients treated with
ing the safety specification and the pharmacovigi- the combination product.[11,13,14] As with all inhala-
lance plan.[8] tion products, paradoxical bronchospasm has been

The Drug Safety Research Unit (DSRU) con- reported to occur very rarely.[13] Corticosteroids,
ducted a modified prescription-event monitoring including fluticasone propionate, have been asso-
(PEM) study on Seretide Evohaler™ 1 in response to ciated with adrenal suppression and caution is
a regulatory request to the manufacturers. Seretide particularly urged at higher doses.[15,16] The in-

1 The use of trade names is for product identification purposes only and does not imply endorsement.

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (8)



Seretide Evohaler™ Modified PEM Study 683

creased risk of asthma-related deaths, particularly in cation and its severity, smoking history, the date and
African Americans, found in the SMART (Salme- duration of courses of oral corticosteroids (if
terol Multicenter Asthma Research Trial) study,[17] needed) over the 6-month period, concomitant
has led to labelled warnings in the summary of respiratory medication, spacer use, reasons for stop-
product characteristics (SmPC).[12,18] ping if the inhaler had been stopped, suspected

adverse drug reactions (ADRs), and events 3 monthsThe efficacy of salmeterol/fluticasone propion-
prior to and 3 months following the first prescriptionate-MDIs containing HFA-134a has been demon-
for the study drug. GPs were also asked to report anystrated in clinical trials.[19,20] Although these studies
events that occurred within an hour of taking theshowed that the safety profile of the product was
study medication to try and identify any eventsequivalent to other formulations, it was necessary to

ensure that this translated into clinical practice. The associated with the new product. The term ‘event’ in
objectives of this paper are to summarise the modi- this modified PEM study was defined as including
fied PEM study conducted to evaluate the introduc- any new diagnosis, any reason for referral to a
tion of Seretide Evohaler™ and discuss the rele- consultant or admission to hospital, any unexpected
vance of this type of study towards pharma- deterioration (or improvement) in their chest disease
covigilance risk-management planning. or a concurrent illness, any suspected drug reaction,

any alteration of clinical importance in laboratory
values or any other complaint that was considered ofMethods
sufficient importance to enter the patient’s notes.

The PEM study for Seretide Evohaler™ was con-
Patients were eligible for inclusion into the study

ducted using a modified methodology. The tech-
if the GP indicated that patients had used the med-

nique of PEM has been described elsewhere.[9] The
ication and were registered at the practice. If patients

main difference from standard PEM studies was that
had a start date prior to the launch of the product in

the questionnaires were designed to gather informa-
the UK, they were excluded unless there was infor-

tion on the pre- and post-exposure periods to allow a
mation to confirm earlier use of the product. Where

comparison of 3 months before and 3 months after
there was any discrepancy between the start date

the patient started the medication under investiga-
given by the GP and PPD, the latter was used. All

tion. PEM is a non-interventional cohort technique
events reported on the questionnaires were coded

in which patients are identified from dispensed Na-
onto the computer using the DSRU dictionary,

tional Health Service (NHS) prescriptions written
which is arranged hierarchically by system-organ

by general practitioners (GPs) in England. Informa-
class.

tion on prescriptions was supplied in confidence by
Reasons for stopping treatment and suspectedthe Prescription Pricing Division (PPD) of the NHS

ADRs were reviewed in detail. Where further infor-Business Services Authority (formerly the Prescrip-
mation on selected events was required, additionaltion Pricing Authority). Dispensed prescriptions for
questionnaires were sent to the prescribing GP. Fur-all strengths of Seretide Evohaler™ were used to
ther information was also sought on the outcome ofidentify patients who were issued the CFC-free in-
pregnancies, and deaths where the date or cause washaler between June 2000 and April 2001.
not specified.Questionnaires were posted to the prescribing

doctor approximately 6 months after the DSRU was Causality assessments were conducted for events
notified of the first prescription for an individual for which follow-up information was available or if
patient. Only one questionnaire was sent per patient, sufficient information had been provided on the
and the study cohorts were formed from those pa- green form. The DRSU conducts causality assess-
tients for whom the GP had returned a questionnaire ments using a similar system as the WHO, with the
containing relevant information. The questionnaires following four assessment categories: ‘probable’,
requested information on the patient’s age, the indi- ‘possible’, ‘unlikely’ and ‘not assessable’. When

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (8)
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causality assessments were made between the study This study was conducted in accordance with the
medication and a particular event, the following International Guidelines for Biomedical Research
factors were taken into account: the time to onset, prepared by the Council for International Organiza-
past medical history, concurrent illnesses, concomi- tions of Medical Sciences (CIOMS) in collaboration
tant medications, whether the event was a reason for with the WHO.[22] PEM also complies with the
stopping and if so whether it resolved, the effect of Guidelines on the Practice of Ethics Committees in
rechallenge if taken again, pharmacological plausi- Medical Research Involving Human Subjects, as
bility, or whether the GP specified an alternative issued by the Royal College of Physicians for
cause.[21] Assessments were made by the senior re- records based research.[23] At the time of the study,
search fellow and medically trained research fel- PEM was listed in the Multicentre Research Ethics
lows, with the director of the DSRU arbitrating any Committee guidelines for researchers (Appendix C)
differences. as a method of enquiry and survey conducted in the

interest of the public that does not need reference toTo enable the detection of differences in event
an ethics committee. The DSRU is now included inrates of a minimum 2/1000 (baseline 1/1000 and on
the ‘Frequently Asked Questions’ section of thetreatment 3/1000) with power of 80%, at a signifi-
General Medical Council booklet, ‘Confidentiality:cance level of 99%, we needed to include at least
Protecting and Providing Information’, as “a profes-12 634 users of Seretide Evohaler™. The aim of the
sional organisation that monitors the safety of medi-study was to try and include 66% on 25μg/125μg
cines to which doctors should provide relevant in-and 25μg/250μg Seretide Evohaler™ and 33% on
formation from patients’ records wherever poss-lower strength 25μg/50μg Seretide Evohaler™.2

ible.”[24]Incidence densities (IDs) were calculated for a
given time period for all events during treatment for

Resultspatients for whom either the date of stopping the
drug was known or who continued to take it until the
end of the 3-month exposure period. IDs were calcu- Total Cohort
lated for all events that occurred in the first month
after starting treatment (ID1), for the second and Questionnaires were sent to 25 432 patients;
third months after starting treatment (ID2–3), for the 15 756 (62.0%) were returned of which 13 464 were
overall treatment period (IDT), and for the 3-month valid (see table I for cohort information). Females
baseline period (IDB). Results are presented as ID accounted for 52.2% of the cohort, and 44.3% were
per 1000 patient-months of treatment. The differ-
ence between the proportion of patients with events
(and 95% CIs) in the pre- and post-exposure periods
was calculated using STATA (StataCorp, College
Station, TX, USA). Additionally, a matched-cohort
analysis was conducted to compare the use of oral
corticosteroids and hospital admissions between the
pre- and post-exposure periods. To compare event
rates pre- and post-exposure, crude incidence densi-
ty ratios (IDRs) with 95% CIs were calculated using
a Poisson rate model using StatXact 5 (Cytel
Software Corporation, Cambridge, MA, USA).
IDRs were calculated for ID1/IDB, ID2-3/IDB, and
IDT/IDB.

Table I. Seretide Evohaler™ cohort information

Cohort data Number

Questionnaires sent 25 432

Questionnaires returned (% forms sent) 15 756 (62.0)

Void (% forms returned) 2 292 (14.5)

Eligible and valid returned questionnaires 13 464 (52.9)
(% forms sent)

Male (% eligible cohort) 5 959 (44.3)

Female (% eligible cohort) 7 033 (52.2)

Sex not specified (% eligible cohort) 472 (3.5)

Median male age in years (IQR) 55 (33–71)

Median female age in years (IQR) 54 (35–70)

Age not specified (% eligible cohort) 825 (6.1)
IQR = interquartile range.

2 Doses are stated as salmeterol/fluticasone propionate.

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (8)
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Table II. Severity of disease for different strengths of Seretide Evohaler™ a

Severity Total no. of patients 25μg/50μg [n (%)] 25μg/125μg [n (%)] 25μg/250μg [n (%)]

Mild 1 584 613 (38.7) 590 (37.2) 381 (24.1)

Moderate 9 253 2 707 (29.3) 3 480 (37.6) 3 066 (33.1)

Severe 2 546 434 (17.0) 687 (27.0) 1 425 (56.0)

Unknown 81 28 (34.6) 19 (23.5) 34 (42.0)

Total 13 464 3 782 (28.1) 4 776 (35.5) 4 906 (36.4)

a Doses are stated as salmeterol/fluticasone propionate.

male. At the time of marketing, Seretide Evohaler™ The use of oral corticosteroids is a marker for
deterioration in asthma control; therefore, it waswas only recommended for children aged ≥12 years,
important to determine whether there was any alter-and 826 patients (6.1% of cohort) were younger than
ation in oral corticosteroid use after the introductionthis age. However, the product information has been
of Seretide Evohaler™. During the entire studyupdated since to recommend the use of the lowest
period, 27.9% of the cohort required one or morestrength in children aged ≥4 years.[18]

courses of oral corticosteroids. The highest propor-Asthma is the only licensed indication and it was
tion of patients requiring oral corticosteroids were

the only and primary indication for use in 11 242
those graded as severe 48.4% (1231 patients), com-

(83.5%) of patients. Chronic obstructive pulmonary
pared with 12.4% (197 patients) with mild disease

disease (COPD) was given as a primary indication and 24.8% (2299 patients) with moderate disease.
or for part of the indication for 1864 (13.8%) pa- The relative risk (RR) for oral corticosteroid use
tients. Details of the dose prescribed stratified by the tended towards there being no difference between
severity of disease are provided in table II; of the the pre- and post-exposure periods with increasing
patients graded as severe, 56% were using the high- severity of disease (see table III). Patients with mild
est strength (25μg/250μg). A total of 397 adults disease (RR 0.83; 95% CI 0.66, 1.04) showed the
graded as severe were given the lowest strength largest difference towards there being more use of
(25μg/50μg); however, according to the SmPC, oral corticosteroids in the pre-exposure period, and
these adults should have been given the highest for patients with moderate disease (RR 0.90; 95% CI
dose.[13] During the entire study period, there were 0.84, 0.96), this difference was significant. In pa-
681 patients reported to have used Seretide Ac- tients with severe disease (RR 1.05; 95% CI 0.97,
cuhaler™, for 412 patients this was specified to be 1.13), no difference was observed between the pre-
prior to starting Seretide Evohaler™. and post-exposure periods. When the pre- and post-

Table III. Relative risk of oral corticosteroid use and hospital admissions in the pre- and post-exposure periods, stratified by disease severity

Pre-exposure [n (%)] Post-exposure [n (%)] Relative risk [95% CI]

Corticosteroid use

Mild 122 (0.9) 101 (0.8) 0.83 [0.66, 1.04]

Moderate 1436 (10.7) 1291 (9.6) 0.90 [0.84, 0.96]

Severe 765 (5.7) 803 (6.0) 1.05 [0.97, 1.13]

Totala 2332 (17.3) 2206 (16.4) 0.95 [0.90, 0.99]

Hospital admissions

Mild 5 (<0.1) 6 (<0.1) 1.20 [0.41, 3.51]

Moderate 107 (0.8) 91 (0.7) 0.85 [0.66, 1.10]

Severe 112 (0.8) 98 (0.7) 0.88 [0.69, 1.12]

Totala 225 (1.7) 196 (1.5) 0.87 [0.73, 1.04]

a Also includes patients with disease severity unspecified.

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (8)
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exposure periods were compared, there was no dif- COPD, and ‘asthma/wheezing’ were all reported
ference in the length of courses of oral corticoster- less frequently in the first month of exposure than in
oids (Pearson chi-squared [χ2] test with 2 degrees of the 3 months before starting Seretide Evohaler™.
freedom, p = 0.649). For hospital admissions, no These events as well as lower respiratory tract infec-
obvious differences were found for the rates pre- tions, dyspnoea and ‘non-surgical admissions’ were
and post-exposure, regardless of severity. all reported less frequently during the entire treat-

ment (IDT) period compared with prior to startingAfter exposure to Seretide Evohaler™, there
treatment (IDB). The adverse events reported towere 3854 (28.6% of cohort) patients who regularly
have occurred significantly more frequently in theused a spacer; however, for 25.3% of the cohort
first month and the first 3 months after exposurespacer use was either not known or not specified. Of
were: intolerance (ID1/IDB 39.59 [95% CI 9.91,those for whom severity was known, increased spac-

er use was found with increasing severity of disease; 344.2], IDT/IDB 23.69 [95% CI 6.19, 201.6]); palpi-
mild 22.0% (349 of 1584 patients), moderate 27.6% tation (ID1/IDB 2.47 [95% CI 1.22, 4.91], IDT/IDB
(2550 of 9253 patients) and severe 36.8% (938 of 1.96 [95% CI 1.12, 3.50]); cramp (ID1/IDB 2.24
2546 patients). [95% CI 1.04, 4.72], IDT/IDB 1.88 [95% CI 1.05,

3.50]); and malaise/lassitude (ID1/IDB 1.84 [95% CIWithin 3 months, 1654 patients (12.3% of co-
1.12, 2.98], IDT/IDB 1.49 [95% CI 1.02, 2.21]).hort) had stopped Seretide Evohaler™, and for 290

of these patients no reason for stopping was speci- The proportion of patients for whom at least one
fied. For the remaining 1364 patients, there were event was reported in the pre-exposure period
1462 reasons for stopping. The most common rea- (37.5%) was significantly greater than the post-
sons for stopping were not effective (279 patients; exposure period (35.0%), with a difference of 2.5%
2.1% cohort), patient request (268; 2.0%), condition (95% CI 1.37, 3.70). When these were analysed
improved (165; 1.2%) and non-compliance (96; further to examine the effect of severity, for mildly
0.7%). There was one report of paradoxical (difference 3.9%; 95% CI 0.65, 7.13) and moderate-
bronchospasm within an hour of using Seretide ly severe disease (difference 2.6%; 95% CI 1.16,
Evohaler™ given as a reason for stopping; however, 3.94) there were more patients with events in the
the patient was subsequently restarted and there pre-exposure period. However, for patients with se-
were no recurrences. vere disease, there was no difference in the number

of patients with events in the pre- and post-exposureAdverse events
periods (difference 1.6%; 95% CI –1.20, 4.34).

There were 33 events reported as suspected
Information on events that occurred within anADRs in 30 patients (0.2% of cohort). Eight of the

hour of use was requested to identify any events thatsuspected ADRs were reported to have occurred
may be associated with the product. There were 64within an hour of using Seretide Evohaler™, one
patients (0.5%) who had one or more events withineach of: headache, chest pain, palpitations, cough,
an hour of using Seretide Evohaler™. Of these pa-breathlessness, increased shortness of breath/
tients, 39 were followed up for further information,wheeze in an asthmatic, choking and faintness, and
no replies were received for 12 patients and for fourstiffness and tingling with paraesthesia of fingers.
patients a blank questionnaire was returned. Table VThe remaining events were also consistent with the
lists those that were assessed as causally related toknown adverse-effect profile of Seretide Evohaler™
Seretide Evohaler™.and included: muscle cramps, headache, palpita-

tions, hoarseness, sore mouth and oral candiasis.[13] Details are provided on those cases thought to be
The ten most commonly reported adverse events, particularly relevant to examining the safety of the

with IDs and IDRs are shown in table IV. When the new product. A case of ‘paradoxical bronchospasm’
first month of exposure (ID1) was compared with was reported to have occurred within an hour of
prior exposure (IDB), ‘asthma worse’, cough, using Seretide Evohaler™ and assessed as possibly

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (8)
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swollen uvula, and another as a choking sensation
with faintness; however, on follow-up, the GPs did
not confirm whether it had occurred within an hour
for both of these cases. The condition was said to
have resolved after stopping for two of the cases,
and the outcome after stopping was not stated for the
case of choking sensation with faintness. A patient
experienced dyspnoea and was reported to be
breathless after using Seretide Evohaler™ on the
first 2 days of treatment; the condition resolved once
it was stopped. There was a report of violent cough
after using Seretide Evohaler™, the patient contin-
ued taking Seretide Evohaler™ but it made his
wheezing worse and the drug was stopped. There
was also a report of myocardial infarction with fatal
outcome, which is described in the deaths section.

In addition to the events that occurred within an
hour of taking Seretide Evohaler™, there were an-
other 38 patients with events assessed as possibly
related to Seretide Evohaler™. Other respiratory
events were: deterioration in asthma; two reports of
cough (with one of these queried by the GP as an
allergic response to Seretide Evohaler™ propellant);
and two patients experienced dyspnoea a week after
starting Seretide Evohaler™. There was also a case
of haemoptysis; although the GP thought it may also
involve bleeding gums.

One case of allergy was assessed as possibly
related to Seretide Evohaler™; it was described as
puffy itchy eyes and occurred approximately 1
month after starting Seretide Evohaler™ in the win-
ter.

In addition to the case described under deaths,
there were two patients with myocardial infarctions
assessed as possibly related to Seretide Evohaler™.
In addition to the three patients who had palpitations

Table V. Events reported to have occurred within an hour of using
Seretide Evohaler™ that were assessed as causally related to
treatment

Event term(s) Causality
assessment

Respiratory

Paradoxical brochospasm Possible

Choking Possible

Cough Possible

Wheeze worse/wheezing worsea Possible

Breathless Possible

Cardiovascular

Myocardial infarction (fatal) Possible

Chest pain Possible

Palpitations Possible

Palpitationsa Possible

Chest pain Possibleb

Central and peripheral nervous system

Dizziness Possible

Dizziness and light headed Possible

Headache Possible

Alimentary

Sore mouth Possible

Multiple events

Dizziness and tachycardia Probable

Faint feeling and choking sensation Possible

Itching and rash Possible

Sore throat and hoarseness Possiblec

Swollen uvula and choking sensation Possible

Dizziness and headache Possible

Headache and palpitations Possible

Diplopia, dizziness and tachycardia Possible

a Patients with COPD as an indication.

b Although the GP reported on the original questionnaire that
the event occurred within an hour of use, on follow-up they
were not so sure.

c Initially, it was stated that the patient had used Seretide
Evohaler™; however, on follow-up it was reported that
Seretide Accuhaler™ was used.

COPD = chronic obstructive pulmonary disease; GP = general
practitioner.

within an hour of using Seretide Evohaler™, there
were seven other patients with this event assessed asrelated to treatment; it is also described in the rea-
possibly related; palpitations is listed on thesons for stopping section. Another patient was re-
SmPC.[13] There were two reports involving atrialported to have ‘bronchospasm’, which was followed
fibrillation, three of chest pain, one of left ventricu-up; however, no further information was received.
lar failure and one of angina that were assessed asThree cases involving choking were all assessed as
possibly related to Seretide Evohaler™. Of thesepossibly related to Seretide Evohaler™. One of

these was reported as a choking sensation with a events, atrial fibrillation is listed on the SmPC.[13]
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DeathsOther event terms that have not already been
There were 52 deaths reported in the 3-monthdescribed, with cases assessed as possibly or prob-

post-exposure period, and for 39 of these patients itably related to Seretide Evohaler™ and not listed on
was known that they were taking Seretidethe SmPC (excluding indication related events) are:
Evohaler™ at the time of death, 2 were not taking‘skin thinning’; burning sensation of the chest;
Seretide Evohaler™ and for 11 it was not known.numbness and tingling; dizziness; diplopia; sore wa-
The cause of death was ascertained for 38 patients;tering eyes; blepharitis and rosacea; abdominal pain;
18 died from cardiovascular causes, 11 from respira-diarrhoea and vomiting with visual disturbance;
tory causes, 8 from cancer and 1 from pancreatitis.heartburn and chest pain (which occurred with head-
None of the respiratory deaths were attributed toache). The remaining events assessed as possibly or
asthma; however, six patients died from COPD; theprobably related were consistent with the known
indication was COPD for three patients, asthma forsafety profile of Seretide Evohaler™.[13,14,18]

two patients and one had asthma/COPD. With the
exception of patients with cystic fibrosis the patientsPregnancies
who died from respiratory causes were all >60 yearsThere were 59 pregnancies reported in the 3
(range 63–84 years).months pre- and 3 months post-exposure to Seretide

An elderly patient (>65 years old) died from aEvohaler™. Of these pregnancies, 41 were known to
myocardial infarction within an hour of using Sere-have been exposed to Seretide Evohaler™; 26 pa-
tide Evohaler™. The patient had no history of chesttients were initially exposed in the first trimester, six
pain but was dyspnoeic and had smoked for severalduring the second trimester; eight during the third
years but stopped about 1 month before the patienttrimester, and with the remaining case it was not
died. It was not known whether there was a familyclear whether the patient was exposed during the
history of ischaemic heart disease. The DSRU as-first or second trimesters.
sessed the association of this death with SeretideThe outcomes of these pregnancies were known
Evohaler™ as ‘possible’.for 38 patients; there were 30 live births, four spon-

taneous abortions, one missed abortion and three
elective terminations of pregnancy. Of the 15 preg- Use in Children
nancies exposed during the first trimester with a
known outcome of live birth, 12 were born at term At the time the modified PEM study was con-
and for the remaining three it was unknown. One ducted, Seretide Evohaler™ was not licensed for use
baby born at term after an emergency caesarean in children aged ≤11 years.[13] However, it is now
section died at 13 days; the child was diagnosed with licensed for children aged ≥4 years at the lowest
non-ketotic hyperglycaemia. One baby, whose strength (25μg/50μg).[18] Of the 826 patients (6.13%
length of gestation was not known, had systolic of cohort) who were aged ≤11 years, 308 patients
murmurs and a small ventricular septal defect but (37.3%) and 117 patients (14.2%) were prescribed
this had closed by 4 weeks. Another baby had three the 25μg/125μg and 25μg/250μg strengths, respec-
apnoeic attacks, which were thought to be secondary tively. The remaining patients were prescribed the
to ‘liquor aspiration’. A scan suggested a hydatiform lowest strength (25μg/50μg). Where it was speci-
mole for pregnancy that ended in missed abortion. fied, spacer use was required for 512 (62.0%) of the
The baby for whom it was unclear whether exposure 826 children after exposure to Seretide Evohaler™.
had occurred during the first or second trimester was Only one child was reported to have an event within
born with a small anterior fontalle following an an hour of taking Seretide Evohaler™ and this was
emergency caesarean section and inhaled meconium cough; however, no further information was ob-
but was reported to be otherwise well. A baby tained from follow-up. No events in this age group
exposed initially during the second trimester had were reported as suspected ADRs, nor were there
undescended right testes. any deaths reported in children.
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Use in Patients with Chronic Obstructive table VI demonstrates, the advantages of the modi-
Pulmonary Disease fied PEM methodology were: the patients were

identified from dispensed prescriptions, data were
COPD represents off-label use of Seretide

collected for the 3 months pre- and post-exposure
Evohaler™,[13] and there were 1864 patients (13.8%

and the information collected exceeded the mini-
of cohort) who had COPD as an indication. COPD

mum requirements. The study also allowed the iden-
was the primary indication for 1440 patients

tification of potential ADRs not attributed to the(10.7%). There were 819 patients (43.9%) pre-
drug by the GPs since they were requested to pro-scribed the highest strength of 25μg/250μg, 585
vide event data irrespective of whether they thoughtpatients (31.4%) prescribed 25μg/125μg and 460
these were related to the drug. Furthermore, the(24.7%) prescribed the lowest strength of 25μg/
patients included in this cohort are likely to be50μg. One or more courses of oral corticosteroids
representative of those who would be prescribed thewere required by 695 patients (37.3% of patients
drug in everyday clinical practice. They are there-with COPD), which is higher than the proportion
fore likely to represent a wide range of ages andobserved for the total cohort. A similar trend was
include more patients with concurrent diseases orobserved to the whole cohort with increasing oral
using concomitant medications than the highly se-corticosteroid use being associated with increased
lected patients found in clinical trials.severity of disease (18.4% mild patients, 31.5%

An important methodological aspect of this studymoderate, 47.6% severe). There was no difference
is that it included a comparison (3 months beforebetween the length of courses of oral corticosteroids
and after exposure to Seretide Evohaler™), which is(χ2 test with 2 degrees of freedom p = 0.883) when
an important development in the PEM method. Astratified between the pre- (567 courses) and post-
potential problem with changing/starting treatments(557 courses) exposure periods.
is that patients may not respond as well to the newThere were 246 patients (1.8%) with COPD as an
product and therefore have an exacerbation of asth-indication who were reported to have stopped Sere-
ma. When the pre- and post-exposure periods weretide Evohaler™. There were seven patients (0.4%)
compared there were fewer patients with eventswho had an event reported within 1 hour of using
reported in the post-exposure period. When strati-Seretide Evohaler™, these were: dyspnoea, cough,
fied by severity, this difference was maintained forpalpitations, giddiness, asthma improved, wheeze
those with mild and moderate disease, but no differ-worse/wheezing worse and increased shortness of
ence was observed for severe disease. The matchedbreath/wheeze. There were eight reports of suspect-
cohort analysis showed there was no increase in oraled ADRs in this group: one report of muscle cramps,

two of palpitations, four events related to breathing corticosteroid use or hospital admissions in the post-
worse and/or wheezing and a report of adverse ef- exposure period.
fects on drug. Only 62% of Seretide Evohaler™ questionnaires

that were posted were returned, which may concealDiscussion
biases if the patients of GPs who returned the ques-
tionnaires differed in some way to patients of GPsThis paper has summarised the results from a
who did not. Nevertheless, the response rates aremodified PEM study to examine the introduction of
greater than the estimated rates of spontaneous re-the CFC-free product, Seretide Evohaler™, into

general practice in England. The study demonstrated porting[25,26] and from GP surveys in general.[27]

that Seretide Evohaler™ was generally well tolerat- Another possible source of bias is incomplete or
ed. imprecise completion of original or follow-up ques-

tionnaires. Under-reporting including under-report-The study has fulfilled the EMEA guidelines for
ing of serious or fatal events was possible. Whileconducting postmarketing surveillance studies for

MDIs with CFC-free propellants (table VI).[7] As patients who had used Seretide Accuhaler™ were
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Table VI. How the modified prescription-event monitoring (PEM) methodology for Seretide Evohaler™ fulfilled the European Medicines
Agency (EMEA) guidelines

EMEA guidelines for MDIs with new propellants[8] Modified PEM study for Seretide Evohaler™
PMS studies would be either observational cohort studies, within- The modified PEM study was an observational cohort study
patient switching studies, or large randomised phase IV clinical
trials

There should be adequate methodology for identifying the The DSRU received information on dispensed prescription data from
products used the Prescription Pricing Division of the NHS Business Services

Authority (formerly Prescription Pricing Authority)

Control groups will be necessary and will normally use the CFC The pre- and post-exposure periods were compared. Seretide
product. However, it does state that as CFC products become Evohaler™ was not previously available as a CFC version, but it
phased out it would be suitable to use other control groups was available as a dry-powder inhaler

Treatment allocation may be defined by general prescribing or Patients were identified from dispensed prescriptions without
study design influencing the prescribing of GPs

The patient population should reflect the indications and The PEM study represents ‘real world’ use of Seretide Evohaler™ in
contraindications for the products as stated in SmPCs. Patient general practice and the patients had co-morbidities and
inclusion should come as close as practical to the real prescribing concomitant use of other medication. Information was also obtained
situation on children and elderly patients, as well as off-label use in patients

with COPD

Existing CFC patients and new patients can be included Seretide Evohaler™ was not available in a CFC form; however, it
was available as a dry powder. Patients with a first prescription for
Seretide Evohaler™ were identified

Completion of the study should be achievable in a reasonable The study was completed within an adequate time period
time period

Patient numbers and data generated by the study should be The study achieved its objective of retrieving information on 12 634
sufficient to test hypotheses or give the desired precision for the patients to be able to detect rates of events at a minimum of 2/1000
incidence of ‘an event’

Concurrent participation in more than one PMS study should be Not applicable. In PEM, there was no influence on GPs about which
disallowed. Sequential participation, in line with the availability of drug to prescribe
different non-CFC inhalers, may be permissible

The treatment period will normally be between 3 and 6 months The study lasted 6 months, with events being examined 3 months
pre-and post-exposure to Seretide Evohaler™

Patients will be allowed to continue with concomitant therapies as Patients were included in the study irrespective of use of other
per product data sheet concomitant medication

Data will be collected at the beginning and end of the study This was not appropriate for PEM because information was
collected retrospectively via questionnaires sent to GPs

The minimum information to be collected was: All of this information was collected; in addition GPs were requested
basic demography: age, sex to provide all event data whether or not they thought that it was
indication associated with treatment. Events occurring within an hour of using
product under study and concomitant medications the product were also identified, to assess events that may be due
date treatment started and stopped to the new product
serious adverse events

CFC = chlorofluorocarbon; COPD = chronic obstructive pulmonary disease; DSRU = Drug Safety Research Unit; GPs = general
practitioners; MDIs = metered dose inhalers; NHS = National Health Service; PMS = postmarketing surveillance; SmPC = summary of
product characteristics.

identified, there was not enough information to Asthma is recognised to have seasonal variation
in exacerbations of disease,[28] and a limitation of theallow a detailed analysis of this subset of patients, in
current study is that although attempts were made toparticular there was no information on dose. How-
identify patients with prescriptions throughout the

ever, the focus of the study was to examine the
year, most of the patients had prescriptions issued

safety of the propellant irrespective of whether pa- between August 2000 and January 2001. Although
tients were new-users or had switched from a pre- we recognise that the indication-related events may
existing formulation. have seasonal variation, the main focus of this study
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was to identify any previously unrecognised safety may have an increased delivery of the drugs to the
lungs and therefore be exposed to a higher dose ofconcerns. It is noteworthy that there were fewer
the medication. Since dry-powder inhalers are reli-respiratory events (asthma worse, cough, COPD,
ant on the airflow produced by the patient, thedyspnoea, asthma/wheezing and lower respiratory
optimum results of these inhalers cannot always betract infections) when the post-exposure period was
achieved by all asthmatic patients, in particular chil-compared with the pre-exposure period, and with
dren.[33] However, no information was available onthe timing of exposure an increase may have been
the strength of Seretide Accuhaler™ used.expected. Asthma is itself variable and, while we

recognise that a longer observation period may have The IDR analysis highlighted that ‘asthma
been needed to fully evaluate the variability of the worse’ and ‘asthma/wheezing’ were reported more
disease and acute exacerbations of asthma, it was frequently in the pre-exposure period than in the
beyond the scope of this study because our objective first month of exposure. This may in part be due to
was to investigate the short-term effects of the intro- an exacerbation of the patients’ respiratory condi-
duction of Seretide Evohaler™. tion being the reason for prescribing the drug; ‘asth-

ma improved’ was reported more frequently in theThe study was successful in including >12 634
post-exposure period compared with the 3 monthspatients, including information on off-label use in
prior. Intolerance was reported more significantly inchildren and patients with COPD. The data demon-
the first month and the total post-exposure periodstrate that Seretide Evohaler™ appeared to be gener-
compared with the pre-exposure period, which mayally well tolerated in these populations. There were
have occurred because some patients had used otherthree strengths of inhaler available and it was hoped
respiratory medications for a long time prior toto get an even proportion of patients on each of the
starting Seretide Evohaler™. Other adverse eventsstrengths; however, this was not possible because of
reported more significantly in the first month anddifferences in prescribing. There was selective post-
the whole post-exposure period were palpitation anding of questionnaires to patients on 25μg/50μg Sere-
cramp, which may be due to salmeterol;[12,14] ‘mal-tide Evohaler™ to try and achieve similar pro-
aise/lassitude’ was also reported. The IDRs have notportions to the patients initially prescribed the 25μg/
been adjusted for possible confounders such as se-125μg and 25μg/250μg strengths.
verity of disease, smoking history, season or age.

It was apparent that a number of patients with
It was important to identify whether there weredifferent forms of severity of the disease may have

any cases of paradoxical bronchospasm and deter-been receiving inappropriate doses; for example, a
mine whether there was a trend for these beingnumber of patients with severe disease were using
associated with using Seretide Evohaler™. Therethe lowest strength of Seretide Evohaler™. It did
was one case reported to have occurred within analso appear that a number of children were using
hour of using Seretide Evohaler™ that was assessedhigher than recommended strengths of inhaler,
as possibly related to treatment; however, when thewhich is of concern given the effects of high-dose
drug was restarted it did not reoccur. It must becorticosteroids on adrenal suppression.[15,16,29-31] A
noted that there may be under-reporting of an eventspecific warning on the use of high-dose fluticasone
such as paradoxical bronchospasm. In particular,propionate in children was also issued by the Medi-
determining whether an event occurred within ancines and Healthcare products Regulatory Agen-
hour of use requires this timing to have been report-cy.[32] During the study, there were no reports of
ed by the patient and for this to be sufficientlyadrenal suppression or growth retardation; however,
documented in the patient’s medical record (or for itthe duration of observation in our study was too
to be remembered by the GP).short to detect such events. Another concern is that

if children had switched from Seretide Accuhaler™ Other reports related to paradoxical bronchos-
to an equivalent strength Seretide Evohaler™, they pasm that occurred within an hour of treatment
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included three patients who experienced choking, a time of marketing, products have a pharma-
report of wheezing and another of breathlessness. A covigilance specification and a pharmacovigilance
report of fatal myocardial infarction that occurred plan.[40,41] The pharmacovigilance specification con-
within an hour of using Seretide Evohaler™ was tains details about the known and unknown aspects
assessed as possibly related to treatment. There was of safety as well as the populations studied; and the
also a report of an allergic reaction that was assessed pharmacovigilance plan describes the routine
as causally related to Seretide Evohaler™. A num- pharmacovigilance procedures and an action plan to
ber of other events were also reported to have oc- address any safety issues or missing information as
curred within an hour of using Seretide Evohaler™, needed.[40,41] These can be seen as steps towards a
and eight of these were reported as ADRs. However, more systematic approach to safety assessments in
these events of concern only affected a small num- the postmarketing phase, as well as trying to antici-
ber of patients. pate and prepare for any potential safety issues.[42]

While this modified PEM study predated the ICHThe results of this PEM study are consistent with
E2E guidelines, it was conducted to identify anyother clinical studies that have demonstrated the
untoward effects of the new product when used insafety of products delivered by the propellant
clinical practice. If at any stage during the conductHFA-134a.[19,20,34-37] However these studies were
of the study any serious concerns regarding drugconducted on a small number of patients, whereas
safety were identified, the DSRU would have in-the PEM study had information on >13 000 patients.
formed the drug manufacturer.The majority of adverse events identified in this

study are consistent with the known adverse effect
Conclusionprofiles of corticosteroids and long-acting β-ago-

nists.[14] However, a number of events assessed as
The introduction of Seretide Evohaler™ was gen-

causally-related to treatment were not listed on the
erally well tolerated when used in general practice in

SmPC.[13,18]
England. However, a small number of individuals

The pregnancy outcomes were similar in propor- experienced events of concern that were assessed as
tion to those found for other respiratory medications causally related to Seretide Evohaler™. This study
studied by PEM,[38] and a survey of the popula- provides a useful example of pharmacovigilance
tion.[39] There have been recent concerns about asth- planning to examine the introduction of a new pro-
ma related deaths in patients taking salmeterol;[17] in pellant and the use of an observational study (a
this PEM study no deaths were attributed to asthma. modified PEM study) to monitor the safety of the
However, the cause of a number of deaths did re- new product as part of a risk management plan.
main unspecified. Information was also provided on the off-label use

of Seretide Evohaler™ in children and patients withThe study was done as a result of a regulatory
COPD.request to the manufacturer and provides an exam-

ple of pharmacovigilance risk management. Interna-
Acknowledgementstional guidelines were implemented specifically for

transfer to CFC-free MDIs because it was recog-
The Drug Safety Research Unit (DSRU) is an independent

nised that there could potentially be a public health charity (No. 327206) that works in association with the
problem when new propellants were introduced to a University of Portsmouth, Portsmouth, UK. It receives un-

conditional donations from pharmaceutical companies. Thelarge population over a short period of time.[6] The
companies have no control over the conduct or the publica-concept of these guidelines provide an example of
tion of the studies conducted by the DSRU. The DSRU haspharmacovigilance planning, which has now been
received such funds from GlaxoSmithKline.

introduced formally as part of the ICH E2E guide- Dr Shakir used to be an employee of GlaxoSmithKline.
lines, which were published in 2004.[8] The ICH The other authors have no conflicts of interest that are directly
E2E guidelines introduce the concepts that at the relevant to the content of this study.
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