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Outline
• Pediatric AERS data for salmeterol
• Pharmacoepidemiology studies (mainly 

adult)
• Data from large, mostly adult safety trials of 

salmeterol
• Pediatric clinical trial data/meta-analysis

– Salmeterol
– Formoterol

• Data relevant to safety of salmeterol + ICS
• Summary/Conclusions

Updated 11/25/07

4

Pediatric Advisory Committee November 28, 2007

Adverse Event Reporting System 
(AERS) Data
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Salmeterol Adverse Event Reports 
Since Approval (Feb. 1994)

(Uncorrected for duplicates)

All (US) Serious (US) Death (US)

Total 4205 (3534) 1487 (838) 523 (228)
Adults (>25 y) 2497 (1990) 1035 (562) 385 (136)
Adults (17-25 y) 96 (71) 69 (44) 23 (14)
Pediatrics (0-16 y) 205 (152) 123 (72) 45 (31)

Unknown Age 1407 (1321) 242 (160) 70 (47)

Serious AEs (per regulatory definition) include death, life-threatening, 
hospitalization (initial or prolonged), disability and congenital anomaly
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Salmeterol Adverse Event Reports during One-
Year Post Exclusivity Period (Mar 2006-Apr 2007)

(Uncorrected for duplicates)

.
All (US) Serious (US) Death (US)

Total 225 (187) 96 (61) 21 (16)
Adults (> 25 y) 151 (124) 67 (42) 9 (8)
Adults (17-25 y) 3 (2) 3 (2) 2 (2)
Pediatrics (0-16 y) 9 (7) 6 (4) 5 (3)
Unknown Age 62 (54) 20 (13) 5 (3)
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Salmeterol AERS Reports Received During 
Exclusivity Period: March 9, 2006 to April 9, 2007 

Ages 0-16 y.o.
(Following hands-on review and removal of duplicates)
(Excluding salmeterol/fluticasone combination product)

• 9 cases total
– Outcome: 5 fatal/1 life-threatening/3 nonserious
– Source: 7 U.S., 2 foreign

• Adverse events (n):
– Lack of response (2 [1 death, from asthma])
– Overdose (3 [1 death, from viral pneumonia])
– Dizziness and leg cramps (1)
– Leaking device (1 [death, cause unspecified])
– Asthma (1 [death, from asthma]) 
– Death from unspecified cause (1) (may have been 

treated with Advair)
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Review of All Salmeterol Pediatric Deaths 
Reported to AERS 

From Approval (Feb. 1994) to Apr. 2007
Excluding salmeterol/fluticasone combination product
Following hands-on review and removal of duplicates

Total N = 23
Age: median 13 yrs; range 7-16 yrs
Gender: Female (8), Male (15)
Foreign: (3)
Reporter: Physician (14), attorney (5), consumer (4)
Reported concomitant inhaled corticosteroid use (7)
Death attributed to asthma exacerbation (14)*
* Per autopsy report and/or physician assessment.
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Salmeterol Pediatric Deaths Reported to AERS 
Since Approval (February 4, 1994) 

through April 9, 2007 (N=23), continued

Circumstances surrounding death (N=10)
– Clutching inhaler (2)
– Sports participation (4)
– Exposure to trigger (cat) (1)
– Camping/hike above tree line (1)
– Beside swimming pool (1)
– Partially digested food in bronchi on autopsy (1)
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• Product misuse (9)
– Overdose (3)
– Off-label use for acute attack (2)
– Noncompliance (3)
– Overdose/patient not using "breathing 

attachment" (1)
• Possible leaking device (1)

Salmeterol Pediatric Deaths Reported to 
AERS Since Approval (February 4, 1994) 
through April 9, 2007 (N=23), continued
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ADVAIR
(Salmeterol/fluticasone Combination) 

Pediatric AERS Death Reports 
From Approval (Aug 24, 2000) Through July 30, 2007

• N= 15
• Median age 13 y.o.; range 5-16 y.o.
• Gender: 6F, 9M
• Foreign: (1)
• Reporters: Attorney (7); Physician (7); Nurse practitioner (1)
• Death due to asthma exacerbation: (9)*
• Misuse (n=5) 

• noncompliance (3), 
• overdose of albuterol (1), 
• overdose of fluticasone (1)

*As stated in the report based on autopsy data (6) and/or physician assessment (3).
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Medication Errors Review
CDR Walter L. Fava, R.Ph., 

Division of Medication Errors and Technical Support

Salmeterol Pediatric Medication Error Cases 
from AERS

(1994 through 2006)
• Eleven in total (n = 11)
• Contributing factors 

– Knowledge Deficit
– Prescribed more than twice a day
– Patients used more or less than twice a day
– Used to treat acute symptoms
– Patients cannot taste or feel the medication
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AERS Data: Conclusions
• No unique adverse events identified in pediatric 

patients 
• Deaths due to asthma exacerbation have been 

reported in children using salmeterol and 
salmeterol/fluticasone

• Evidence of misuse in some fatal cases (not 
necessarily causal)

• Difficult to assess drug causality from AERS reports 
in the presence of confounding by indication
– Number of reports received may depend on level of use 

but also other undetermined factors 
– Must turn to more systematic data streams
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What Can Observational 
Pharmacoepidemiology Studies 

Tell Us About the Pediatric 
Safety Profile of Salmeterol?
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Relevant Published Salmeterol Observational Studies
(Primarily Adult Data)

1. Case-control study: 2x more ICU admissions with 
salmeterol, but appeared related to greater disease 
severity 

2. UK General Practice Research Database study: no 
increase in asthma deaths with salmeterol versus 
comparator drugs, wide confidence intervals

3. Health care claims study: slightly higher rates of nonfatal 
but serious asthma outcomes with salmeterol, but likely 
due to baseline asthma severity

References
1. Williams et al. Thorax 1998;53:7-13
2. Meier and Jick. Thorax 1997;52:612-617
3. Lanes et al. Am J Respir Crit Care Med 1998;158:857-861
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Relevant Published Salmeterol Observational Studies 
(2)

4. UK case-control study of asthma deaths: increased 
among former users of short acting beta agonists; 
reduced among former users of LABA (marginal 
statistical significance). 

5. UK General Practice Research Database study of 
asthma death: strongest association with heavy use of 
short acting beta agonists, relative risk for salmeterol 3.2 
(not statistically significant) 

6. GSK Medicaid cohort study of asthma deaths (as 
discussed at 2005 AC meeting): recently abandoned 
due to lack of statistical power

References
4. Anderson et al. BMJ 2005;330:117
5. Lanes SF et al. Thorax 2002; 57:683-686
6. Davis et al. Pharmacoepidemiol Drug Safe 2007;16:S169
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Conclusions Regarding 
Salmeterol Observational Studies
• Limited data relevant to pediatric population
• No clear evidence of association with 

catastrophic asthma outcomes
• Difficulty obtaining adequate statistical power
• Difficulty accounting for differences in asthma 

severity between comparison groups
• On balance, of less inferential value than 

controlled clinical trial data
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What Do Randomized Controlled 
Trial Data Show Regarding Risk 
of Serious Asthma Outcomes?

• Large, randomized, salmeterol safety trials
– SNS
– SMART

• Meta-analyses of publicly available controlled 
clinical trial data 
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Definition: 
Number Needed to Harm (NNH)

• How many patients exposed to produce one 
excess event?

• Calculation: inverse of risk difference
– If incidence 4% on drug and 2% on placebo 
– Risk difference = 0.04 – 0.02 = 0.02
– 1/.02 = 50
– One excess event (case) for every 50 patients 

exposed to drug
• In following, NNH shown for outcomes that 

were statistically significant
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Serevent Nationwide Surveillance (SNS) study
Castle et al. BMJ. 1993;306: 1034-7

Large, randomized, double blind, 16-wk trial in UK
Salmeterol 50 mcg BID versus Albuterol 200 mcg QID
2:1 randomization ratio salmeterol:albuterol
Mostly adults, 6% of subjects under 18 y.o.
Data on concomitant inhaled corticosteroid (ICS) use lacking

Number of pts.
(all ages)

Outcome

Salmeterol Albuterol
Randomized 16,787 8,393

Asthma-related 
Withdrawals 

488 318 0.8
(0.0002)

Asthma-related 
death 

12 2 3.0
(0.105)

All cause death 54 20 1.4
(0.250)

Relative 
Risk 

(p-value)
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SMART trial
Sources: Serevent, Advair labeling, Nelson et al. Chest 2006; 129: 15-26

Large, randomized, 28 week trial in US
Salmeterol 42 mcg BID versus placebo
Randomization ratio 1:1
Mostly adults, with 12% of subjects 12-18 y.o.
Data on concomitant ICS use lacking

Number of pts. (all ages)Outcome
Salmeterol 
(N=13,176)

Placebo 
(N=13,179)

Primary: Combined 
resp-related death or 
life-threatening 
experience 

50 36 1.4
(0.9-2.1)

-

Asthma death 13 3 4.4
(1.3-15.3)

1317
(739-6086)

Respiratory-related 
death 

24 11 2.2
(1.1-4.4)

1013
(536-9302)

All cause 
hospitalization 

469 420 1.1
(1.0-1.3)

-

Relative 
Risk 

(95% c.i.)

Number 
needed to 

harm
(95% c.i.)
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From Serevent & Advair Labels
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Conclusions from salmeterol large, 
randomized controlled trials 

“In view of the results of the two studies, both of the 
highest evidence class (Ib), the existence of salmeterol-
related excess mortality has to be assumed with near 
certainty.”

-Hasford and Virchow, Eur Respir J 2006; 28: 900–902

“One death was attributable to salmeterol for every 700 
patient-years of treatment [in SMART], a result strikingly 
similar to that in the United Kingdom study…Unfortunately, 
the limitations of the trials…preclude definitive conclusions 
regarding the potential for inhaled corticosteroids to limit or 
prevent these adverse outcomes.”

-Martinez, NEJM 2005;353: 2637-9

• Excess death rate of 1 per 700 patients per year will not be 
obvious to prescribers
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What Do Pediatric Clinical Trial 
Data Show Regarding Serious 

Asthma Outcomes?

• SNS--pediatric data not available
• SMART
• Other clinical studies
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SMART Pediatric Results
Number of pediatric pts. 

(aged 12-18 y.o.)
Outcome

Salmeterol 
(N=1648)

Placebo 
(N=1619)

Primary: Combined 
respiratory-related 
death or life-
threatening experience 

2 2 1.0 
(0.1-7.0)

Secondary:
Respiratory-related 
death 

1 0 Undefined

All cause 
hospitalization 

37 16 2.3 
(1.3-4.1)

Respiratory death or 
asthma hospitalization 
(from hands-on review 
of case report forms)

15 9 1.6
(0.7-3.7)

Relative Risk 
(95% c.i.)
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Meta-analysis by Salpeter et al.
Ann Intern Med. 2006;144:904-912

[Not available for July 2005 Pulmonary-Allergy Drugs Advisory 
Committee Meeting]

• Purpose: Assess risk for severe asthma exacerbations with long 
acting beta-2 agonists (LABAs) salmeterol or formoterol

• Data sources: 19 randomized, placebo controlled LABA trials > 3 
months in duration (n=33,826)
– 6 of these were pediatric trials (3 with salmeterol, 3 with formoterol), 

combined n=1768
• Analysis: Peto odds ratios and C.I. for outcomes

• Overall Results (for all ages combined): LABAs associated with 
– Asthma hospitalizations (odds ratio 2.6, 95% C.I. 1.6-4.3) 
– Asthma exacerbations requiring intubation and ventilation 

(odds ratio 1.8, 95% C.I. 1.1-2.9)
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Salpeter et al. 
Meta-analysis of LABA pediatric trials which 

provided data on asthma hospitalizations
(All trials except SMART had mean subject ages between 8 and10 y.o.)

Figure courtesy of Dr. S. Salpeter
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Conclusions From Survey of 
Pediatric Trial Data

• Pediatric LABA trial data are limited with respect to 
serious outcomes

• Numerical increase in asthma hospitalizations with 
salmeterol observed in SMART

• Meta-analysis of other pediatric trials with 
salmeterol and formoterol indicates association 
with pediatric asthma hospitalizations

• No basis to believe that the increased risk of 
asthma death or life-threatening exacerbations 
observed in adults does not also apply to children
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Does concomitant ICS therapy 
protect against catastrophic 

asthma events associated with 
LABAs?
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Current pediatric use of salmeterol/fluticasone
combination in U.S. >> salmeterol alone

Source: Verispan, LLC, Vector One® National (VONA) Data
extracted 5-9-2007 Source File: 2007-745 VONA molecule-age.qry

0

1,000,000

2,000,000

3,000,000

Total Number of Outpatient Rxs Dispensed for 
Salmeterol/Fluticasone and Salmeterol, 

Ages 0-16, April 2004 through March 2007

Salmeterol/fluticasone 2,344,871 2,482,028 1,970,343

Salmeterol 75,034 40,088 20,938

Apr 2004- Apr 2005- Apr 2006-
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Overview of Data Regarding 
Concomitant ICS

• In SMART:
– increase in asthma deaths more prominent among 

patients not receiving ICS at baseline
– data on ICS use not collected during trial

• Two recent meta-analyses of clinical trial data 
(one for salmeterol, one for formoterol) 
reported that ICS mitigates increase in 
asthma hospitalizations 
– Published only in abstract form at present

• Salmeterol: Nelson et al. Am J Respir Crit Care Med. 
2007;175:A59.

• Formoterol: Jaeschke et al. Am J Respir Crit Care Med. 
2007;175:A57.
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From September 2007 NIH Guidelines

• “…while the data do not necessarily support 
an increased risk of severe or serious 
exacerbations in patients who are taking 
LABA and are receiving concomitant ICS, 
data are also insufficient to establish 
definitively that ICS therapy completely 
obviates the risk.”

National Heart, Lung, and Blood Institute. Expert Panel 
Report 3 (EPR 3): Guidelines for the Diagnosis and 
Management of Asthma. 2007. Available at 
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm
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Pediatric data on severe asthma 
exacerbations with LABA plus ICS

Salmeterol: relevant pediatric clinical trial data appear limited
Meta-analysis of 5 GSK-sponsored pediatric trials that 

compared salmeterol plus ICS to ICS alone1

N=1254
Only 1 asthma hospitalization (in ICS alone subject)

Formoterol: In two randomized, controlled pediatric trials, 
serious asthma events were more frequent with 
formorterol plus concomitant ICS treatment than ICS 
without formoterol2,3

1. Nelson et al. Am J Respir Crit Care Med. 2007;175:A59
2. Bisgaard H, Le Roux P, Bjamer D, et al. Chest 2006;130:1733-1743.
3. Tal et al.Pediatr Pulmonol 2002;34:342–350. 
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Conclusions Regarding Effect of ICS 
on LABA-induced severe asthma events

• Definitive data lacking
• Relevant pediatric trial data for 

salmeterol limited
• In two pediatric trials of formoterol, 

serious asthma events increased  
despite ICS
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Summary and Conclusions (1)

• Pediatric AERS data for salmeterol
– No unique adverse events identified in 

pediatric patients 
– Fatal asthma exacerbations reported
– Evidence of misuse in some fatal cases 

(not necessarily causal)
– Difficult to assess drug causality from 

AERS reports when confounded by 
indication
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Summary and Conclusions (2)

• Pediatric clinical trial data available 
after 2005 (not in current label) 
suggest increased asthma 
hospitalizations with salmeterol and 
formoterol

• No clear evidence that ICS mitigates 
risks
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Summary and Conclusions (3)

Additional clinical trial data to assess 
serious/fatal asthma outcomes would be 
useful, but may not be feasible to obtain
– Difficulty recruiting subjects for large 

trials (e.g., SMART)
– Ethical issues, especially in pediatric 

population
• Would equipoise exist with respect to all 

randomized treatments?
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Summary and Conclusions (4)

• There is no basis to believe that the 
increased risk of asthma death and life-
threatening asthma exacerbation 
observed in adults does not also apply to 
children.

• In our view, this raises the question of 
what clinical benefits would justify these 
risks.
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