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Clinical trials have shown that AS03-adjuvanted H5N1 and A(H1N1)pdm09 vaccines are highly immunogenic,
although with an increased reactogenicity profile relative to non-adjuvanted vaccines in terms of the incidence of
common injection site and systemic adverse events (AEs). We evaluated pooled safety data from 22,521 adults who had
received an AS03-adjuvanted H5N1 or A(H1N1)pdm09 influenza or control vaccine with the purpose to identify
medically-attended AEs (MAEs), including subsets of serious AEs (SAEs), potentially immune-mediated diseases (pIMDs),
and AEs of special interest (AESI), and to explore a potential association of these AEs with the administration of an
AS03-adjuvanted influenza vaccine. For participants who had received an AS03-adjuvanted vaccine, the relative risks
(RRs) for experiencing a MAE or a SAE compared to control group (participants who had received a non-adjuvanted
vaccine or saline placebo) were 1.0 (95% confidence interval [CI]: 0.9; 1.1) and 1.1 (95% CI: 0.9; 1.4), respectively. The
overall RRs for experiencing an AESI or a pIMD (AS03-adjuvanted vaccine/control) were 1.2 (95% CI: 0.9; 1.6) and 1.7
(95% CI: 0.8; 3.8), respectively. Thirty-8 participants in the AS03-adjuvanted vaccine group had a pIMD reported after
vaccine administration, yielding an incidence rate (IR) of 351.9 (95% CI: 249.1; 483.1) per 100,000 person-years. The
estimated IRs in the AS03-adjuvanted vaccine group were greater than the literature reported rates for: facial paresis/
VIIth nerve paralysis, celiac disease, thrombocytopenia and ulcerative colitis. These results do not support an association
between AS03-adjuvanted H5N1 and A(H1N1)pdm09 vaccines and the AEs collected in the trials included in the
analysis.

Introduction

Modeling exercises have shown that vaccines, if available in
sufficient quantity, could markedly attenuate the impact of an
advancing influenza pandemic.1,2 Two major challenges include
the limitation of influenza antigen manufacturing capacity in the

face of a target for immunization comprising essentially 100% of
the population, and the exacerbating factor of intrinsic poor
immunogenicity of at least some potential pandemic vaccine
antigens, notably avian strains. Partially in response to this prob-
lem, GlaxoSmithKline (GSK) Vaccines developed the Adjuvant
System AS03, an oil-in-water emulsion containing a-tocopherol,
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squalene, and the surfactant polysorbate-80. Influenza vaccine
trials showed that AS03 enhances antibody and T-cell immune
responses and has marked antigen-sparing effects.3-9 Due to this
antigen-sparing effect, AS03-adjuvanted influenza vaccine regi-
mens using 3.75 mg of hemagglutinin content per dose fulfilled
the immunogenicity criteria based on hemagglutination-inhibit-
ing antibody titers, as set forth by both the US Food and Drug
Administration Center for Biologics Evaluation and Research
(CBER) and the Committee for Medicinal Products for Human
Use (CHMP) of the European Medicines Agency,3,4,7-9 increas-
ing the potential for vaccine supplies in the event of a pandemic.

A highly pathogenic avian influenza A (H5N1) virus emerged
in 1997 and was associated with high mortality rates in infected
persons;10 subsequently, the World Health Organization desig-
nated a number of H5N1 influenza virus strains as suitable for
inclusion in vaccines. GSK Vaccines initiated an H5N1 vaccine
development program and licensed 2 H5N1vaccines: one manu-
factured in Dresden, Germany (licensed in Europe) containing
3.75mg A/Vietnam/1194/2004 hemagglutinin and AS03A adju-
vant and one manufactured in Quebec, Canada containing
3.75mg A/ Indonesia/5/2005 hemagglutinin and AS03A adjuvant
(licensed in Europe, Canada and the United States). During the
2009/2010 A(H1N1)pdm09 pandemic, AS03A-adjuvanted split-
virion vaccines against the A/California/7/2009 H1N1 strain
were developed and licensed based on the experience acquired
with H5N1 vaccines.4,11 Data from the GSK Vaccines’ clinical
development program for immunization against influenza caused
by the H5N1 subtype and A(H1N1)pdm09 have shown that
AS03-adjuvanted H5N1 and A(H1N1)pdm09 vaccines are
highly immunogenic.3-9,12 In addition, a variety of observational
studies conducted during the 2009/2010 pandemic, as well as
one controlled efficacy trial, have demonstrated that AS03-adju-
vanted vaccines with reduced antigen content are effective in con-
trolling pandemic influenza disease.13-16 Despite an increased
reactogenicity profile relative to non-adjuvanted vaccines, in
terms of the incidences of common and transient injection site
and systemic adverse events,4,7-9,12 these vaccines are anticipated
to have an acceptable safety profile for addressing pandemic
threats.17,18

In early 2009, in preparation of marketing applications for
AS03-adjuvanted inactivated split virion H5N1 vaccine using
antigen manufactured in Quebec, Canada, GSK undertook
an integrated safety analysis of data from 12,281 adults who
received one of the AS03-adjuvanted H5N1 vaccines in com-
pleted clinical trials. Subsequent to GSK’s clinical develop-
ment of AS03-adjuvanted H1N1 vaccines in response to the
2009/2010 swine-origin A(H1N1)pdm09 pandemic, a second
integrated safety analysis was generated, incorporating both
the H5N1 and A(H1N1)pdm09 experience. This second
analysis aggregated data from 22,521 adult recipients of
GSK’s AS03-adjuvanted H5N1 and A(H1N1)pdm09 vac-
cines. Because the AS03 Adjuvant System may be used in
broad populations to address future influenza pandemic
threats, it was considered important to characterize the safety
profile of this class of AS03-adjuvanted inactivated split
virion influenza vaccines in the setting of prospective clinical

trials and to search for potential associations with low-fre-
quency adverse events that may be associated with their
administration to adults.

The aim of the present analysis was to summarize all available
safety data from completed clinical trials in adults who received
GSK’s AS03-adjuvanted H5N1 and A(H1N1)pdm09 vaccines
and to examine the occurrence of medically-attended adverse
events (MAEs), including the subsets of serious adverse events
(SAEs), potentially immune-mediated diseases (pIMDs) and
adverse events (AEs) that the CHMP considered as worthy of
closer safety monitoring following administration of pandemic
influenza vaccine (AEs of special interest [AESIs]).19 By analyzing
a large pooled database, our aim was to assess uncommon events
in these AE classes, which might have occurred in 0.1% or less
recipients of the adjuvanted vaccines. These are discussed in the
context of background disease rates and post-marketing safety
data available in the literature.

Results

Study population
Data from a total of 22,521 adults enrolled in clinical trials

fullfiling the eligibility criteria for this analysis and who had
received at least one dose of either adjuvanted study vaccine or
control were included (Table 1); 16,160 received an AS03-adju-
vanted influenza vaccine (either H5N1 [11,376 participants] or
A(H1N1)pdm09 [4784 participants] with any dose of AS03
[either AS03A or AS03B, containing half of the volume of adju-
vant emulsion contained in the AS03A/dose]) in controlled or
uncontrolled clinical trials. Of these, 13,325 had been enrolled
in controlled trials and followed for approximately 10,783 per-
son-years. The corresponding control group included 6,361 par-
ticipants who had received non-adjuvanted H5N1 or A(H1N1)
pdm09 vaccine, non-adjuvanted seasonal influenza vaccine
or placebo; the total follow-up for control participants was 5,161
person-years. The mean age (§ standard deviation [SD]) of the
participants was 44.0 § 18 .1 y (median: 42 years) and 56%
were women. The demographic characteristics of the participants
included in the analysis are shown in Table 2.

Assessment of medically-attended adverse events
In the analysis including controlled trials, at least one MAE

(see definition in the Methods section) was reported for 3,208
participants in the adjuvanted vaccine group and for 1,931 par-
ticipants in the control group (Table 3). The corresponding rela-
tive risk (RR) for any MAE was 1.0 (95% confidence interval
[CI]: 0.9; 1.1) (Fig. 1A). The RR for MAEs of Grade 3 severity
(see definition in the Methods section) was also 1.0 (95% CI:
0.8; 1.1). RR computed at the level of individual preferred terms
(PTs) showed that 3 PTs had been reported more frequently
(based on non-overlapping 95% CIs) in the adjuvanted vaccine
group: diarrhea, seasonal allergy and vulvovaginal candidiasis
(Table 4). When only AS03A-containing vaccines were consid-
ered, one additional PT was identified: cystitis. This event was
observed with an RR of 1.9 (95% CI: 1.0; 3.8). Conversely, 4
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PTs were more frequently reported as MAEs in the control
group: allergic rhinitis, gastroesophageal reflux disease, injection
site swelling and musculoskeletal chest pain. In the analyses per-
formed separately for the H5N1 and A(H1N1)pdm09 trials, 2
additional PTs were identified for H5N1 trials associated with
control vaccination for fall with an RR of 0 (95% CI: 0; 0.8) and
carpal tunnel syndrome with an RR of 0 (95% CI: 0; 0.7). Con-
sidering individual PTs for Grade 3 MAEs, only myocardial
infarction had an RR with the 95% CI excluding 1 (RR D 0,
95% CI: 0; 0.8).

When both controlled and uncontrolled trials were analyzed,
the IR of MAEs and MAEs of Grade 3 severity in the adjuvanted
vaccine group was 461.3 (95% CI: 446.6; 476.3) per 1,000 per-
son-years and 94.3 (95% CI: 87.7; 101.2) per 1,000 person-
years, respectively (Table 3).

Assessment of serious adverse events
In the analysis including controlled trials, at least one SAE

(definition is provided in the Methods section) was reported for
388 participants in the adjuvanted vaccine group and 189 partici-
pants in the control group, yielding an RR of 1.1 (95% CI: 0.9;
1.4) (Table 3, Fig. 1B). Similar RRs and 95% CIs were observed
when only the controlled trials with AS03A-adjuvanted vaccine
were analyzed (results not shown). The 95% CI of the RRs for
all individual SAE PTs included 1.0. As the p-value for heteroge-
neity using the 2-sided exact Breslow and Day test was <0 .05, a
review of aggregate data was performed for each of the controlled
trials. The RRs for each of the controlled trials are presented in
Fig. 1B.

In the analysis including controlled and uncontrolled trials,
507 participants who had received an adjuvanted vaccine
reported at least one SAE during the follow-up, accounting for
an incidence rate of 39.2 (95% CI: 35.8; 42.7) per 1,000 person-
years (Table 3). When only AS03A-adjuvanted vaccine trials
were assessed, the incidence rate was 38.7 (95% CI: 35.3; 42.4)
per 1,000 person-years.

Fourteen events were considered by the reporting investigators
to have a causal relationship with the study vaccine: 11 reported
after an adjuvanted vaccine administration and 3 reported after
the receipt of placebo control. None of these events were fatal.

Four of these events were pIMDs: autoimmune hepatitis, throm-
bocytopenia and polymyalgia rheumatica reported for partici-
pants in the adjuvanted vaccine group and multiple sclerosis
reported for a participant in the control group.

Fatal SAEs were reported for a total of 37 participants (25 in
the adjuvanted vaccines and 12 in the control groups) and none
were considered by the reporting investigators or GSK to be
related to the study vaccine. Considering only controlled trials,
the RR for experiencing a fatal SAE was 1.0 (95% CI: 0.4; 2.7).

Assessment of potential immune-mediated disorders
and adverse events of special interest

Forty-3 pIMDs were identified for 42 participants enrolled in
controlled trials: 31 participants in the adjuvanted vaccine group
(21 had received an H5N1 and 10 an A(H1N1)pdm09 vaccine)
and 11 participants in the control group (1 in the H5N1 trials
and 10 in the A(H1N1)pdm09 trials) (Table 3). The RR for
experiencing a pIMD (adjuvanted vaccine/control) was 1.7 (95%
CI: 0.8; 3.8) for any AS03 formulation (Fig. 1C) and 1.8 (95%
CI: 0.9; 4.1) for the AS03A formulation. When analyzed sepa-
rately, the RR was 6.9 (95% CI: 1.1; 283.4) and 1.0 (95% CI:
0.4; 2.7) for H5N1 and A(H1N1)pdm09 adjuvanted vaccine
groups, respectively.

There were 38 participants enrolled in controlled and uncon-
trolled trials (23 who had received an H5N1 adjuvanted vaccine
and 15 who had received an A(H1N1)pdm09 adjuvanted vac-
cine) who experienced a pIMD after the primary vaccination.
The incidence rate of pIMDs was 3.5 (95% CI: 2.5; 4.8) per
1,000 person-years, 3.8 (95% CI: 2.4; 5.7) per 1,000 person-
years and 3.2 (95% CI: 1.8; 5.2) per 1,000 person-years in
H5N1/ A(H1N1)pdm09, H5N1 and A(H1N1)pdm09 adju-
vanted vaccine groups, respectively.

Analyses performed at the level of individual PTs did not sug-
gest an increased risk for any individual diagnosis in participants
who had received an adjuvanted vaccine (Table 5). The pIMDs
reported in controlled and uncontrolled trials included: facial
paresis or VIIth nerve paralysis (7 cases), polymyalgia rheumatica
(7 cases), psoriasis (4 cases), autoimmune thyroiditis or Base-
dow’s disease (3 cases), celiac disease (3 cases), thrombocytopenia
(3 cases), radiculitis and/or radiculopathy (3 cases), multiple

Table 2. Demographic parameters of participants in the trials included in analysis

Controlled trials Controlled and uncontrolled trials

H5N1/ A(H1N1)pdm09 AS03 Control H5N1/ A(H1N1)pdm09 AS03

Number of participants 13,325 6,361 16,160
Age, mean (SD) 44.1 (18.3) 44.8 (18.6) 44.0 (18.1)
Women, n (%) 7,621 (57.2) 3,626 (57.0) 9,103 (56.3)
Race
White/Caucasian 11,204 (84.1) 5,510 (86.6) 13,441 (83.2)

African heritage / African American 636 (4.8) 320 (5.0) 662 (4.1)
Asian - east Asian heritage 623 (4.7) 165 (2.6) 953 (5.9)

Asian - south east Asian heritage 404 (3.0) 117 (1.8) 407 (2.5)
White - Arabic / north African heritage 145 (1.1) 70 (1.1) 162 (1.0)
Other 313 (3.3) 179 (5.8) 535 (3.3)

SD, standard deviation; n (%), number (percentage of sparticipant) in a given category.
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sclerosis (2 cases), uveitis (2 cases), ulcerative colitis (2 cases),
rheumatoid arthritis (2 cases), neuritis (1 case) and optic neuritis
(1 case).

The RR of experiencing a CHMP-defined adverse event of
special interest (AESI)15 (see Methods for definition) was 1.2
(95% CI: 0.9; 1.6) for the combined (H5N1/ A(H1N1)
pdm09) adjuvanted vaccine group (Fig. 1D). The RR for
experiencing an AESI was 2.7 (95% CI: 1.2; 7.0) and 1.1
(95% CI: 0.5; 2.2) for the H5N1 adjuvanted vaccine and the
A(H1N1)pdm09 adjuvanted vaccine groups, respectively.
Analyses for each adjuvanted vaccine cohort performed at the
level of the individual PTs suggested no increased risk for any
individual diagnosis in the adjuvanted vaccine group (results
not shown). For 2 AESIs identified by narrow Standardised
Medical Dictionary for Regulatory Activities (MedDRA)
queries (SMQs), anaphylaxis and convulsion, that are not con-
sidered pIMDs, the calculated RRs were 2.1 (95% CI: 0.2;
105.2) and 1.5 (95% CI: 0.3; 8.8). For controlled and uncon-
trolled trials analyzed together, 245 participants who had
received an adjuvanted vaccine experienced an event identified
as an AESI, giving an incidence rate of 22.7 (95% CI: 19.9;
25.7) per 1,000 person-years of follow-up (Table 3).

Discussion

In this analysis, pooled safety data obtained from clinical trials
in adults who had received H5N1 or A(H1N1)pdm09 vaccine
antigens together with the a-tocopherol and squalene-based oil-
in-water emulsion adjuvant system AS03 were analyzed to iden-
tify MAEs, including subsets of SAEs, pIMDs, and AESI, and to
explore a potential association of these relatively low frequency
events with the administration of an AS03-adjuvanted influenza
vaccine.

In controlled trials, 1,288 individual PTs were reported as
MAEs in both adjuvanted and control groups. Of the large num-
ber of individual PTs reported as MAEs, 4 events were more fre-
quently reported in the adjuvanted vaccines groups (cystitis [only
in the AS03A group], diarrhea, vulvovaginal candidiasis and sea-
sonal allergy), and 6 events were more frequently reported in the
control group (allergic rhinitis, gastroesophageal reflux disease,
injection site swelling, musculoskeletal chest pain, fall and carpal
tunnel syndrome). A mechanistic basis for the association of the
MAEs which occurred more commonly in AS03 recipients is not
obvious. Vulvovaginal candidiasis and cystitis, as well as diarrhea,
might imply an alteration in the gastro-intestinal or urogenital

Figure 1. Forest plots showing relative risks of medically-attended adverse events (A), serious adverse events (B), potential immune-mediated diseases
(C) and adverse events of special interest (D), in participants who received A(H1N1)pdm09 or H5N1 AS03-adjuvanted vaccines in controlled trials (total
vaccinated cohorts). Trials in which no endpoint of interest was reported are not included in the figure. RR, relative risk; CI, confidence interval.
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microflora, but are also common medical events in the general
population.20,21 There has been no evidence for alterations of
mucosal microflora in repeated dose animal toxicity studies of
AS03-adjuvanted influenza vaccines, where exposures are much
higher on a weight adjusted basis.22,23 Cystitis occurred almost
exclusively in women, thus a direct irritant effect in the bladder
present due to an AS03 component or degradant would be unex-
pected, as males typically have longer bladder retention times for
urine. Considering seasonal allergy, it is of interest to note that a
prior history of atopy or asthma, antedating vaccine exposure,
was present in 10 of 16 participants reporting this MAE (includ-
ing 9 adjuvanted vaccine recipients and one control). Addition-
ally, a related diagnosis, allergic rhinitis, appeared with increased
frequency in the control group. Mechanistic data from animal
models suggest that AS03 elicits balanced Th1 and Th2
responses, rather than the Th2-dominated response often associ-
ated with allergy.24 Future studies of AS03 vaccines should moni-
tor these classes of events, but it is reassuring that the analysis did
not suggest an increase in the overall incidence of MAEs (either
Grade 3 or of any severity) in the adjuvanted influenza vaccines
group (RR 1.0; 95% CI: 0.9 - 1.1) compared with the control
group.

The small number of SAEs, and their disparate nature, made
it difficult to draw conclusions on the association of individual
PTs with treatments. When analyzed as an aggregate across all
trials, no substantial imbalance between adjuvanted vaccine and
control recipients was observed. Similar results were observed in
all trials with the exception of the D-H5N1–002 trial. In study
D-H5N1–002, potential sources of bias contributing to the over-
all SAE imbalance (RR 13.0; 95% CI: 2.2; 523.5) may have

included the 4:1 randomization ratio for adjuvanted vaccines ver-
sus placebo and, more importantly, the much longer follow-up
period for adjuvanted vaccine recipients (up to 36 months after
the primary course as compared to only 6 months for control
recipients). In this regard, it is notable that 34 of the 51 SAEs
reported in the D-H5N1–002 adjuvanted vaccine group
occurred after the 6-month initial follow-up period, and during a
time interval when there was no safety follow-up of controls.

The analyses presented here consistently yielded point esti-
mates for the RR of the aggregate groups of pIMDs and AESIs
which were greater than 1, although the 95% CIs for these RRs
consistently included 1.0. For the composite endpoint of all
pIMDs and AESIs analyzed in aggregate in both A(H1N1)
pdm09 and H5N1 trials, the RRs were 1.7 (95% CI: 0.8; 3.8)
and 1.2 (95% CI: 0.9; 1.6), respectively. In the H5N1 sub-analy-
sis the RRs for pIMDs and AESIs were 6.9 (95% CI: 1.1; 283.4)
and 1.4 (95% CI: 1.0; 2.2), whereas the A(H1N1)pdm09 sub-
analysis did not generate an RR with a 95% CI that excluded
1.0. While the observation periods for A(H1N1)pdm09 trials
were evenly balanced (3174.7 y for adjuvanted vaccine recipients
vs. 3192.4 y for control participants in controlled trials, or a ratio
of 1:1), there was a marked imbalance of total safety follow-up of
adjuvanted vaccine recipients in H5N1 trials (5671.7 person-
years versus 1771.2 person-years in controls), due to both
unbalanced treatment allocation and differing lengths of safety
follow-up for adjuvant recipients and control subjects. In the
same manner noted for the SAE contrast in study D-H5N1–002
above, the randomization ratio of 3:1 for H5N1 trials overall,
compared to approximately 1:1 in A(H1N1)pdm09 trials, may
have contributed to the differences observed in RRs for very low

Table 4. Incidence rate (per 100,000 person-years) and estimated relative risk in controlled trials for medically-attended events by preferred terms with the
95% CI of the relative risk excluding 1.0 (total vaccinated cohorts)

H5N1/ A(H1N1)pdm09
AS03 N D 13,325

T D 7448.8

Control
N D 6,361
TD 4,389

RR (AS03 over
Control)

MedDRA Preferred Term n IR (95% CI) n IR (95% CI) RR (95% CI)
p-value
interact

At least one MAE 3208 43067.1 (41586.4; 44580.6) 1931 43995.9 (42049.9; 45997.5) 0.99 (0.93; 1.05) 0.259
Diarrhea 38 510.1 (361.0; 700.2) 10 227.8 (109.3; 419.0) 2.91 (1.40; 6.63) 0.399
Gastroesophageal reflux disease 36 483.3 (338.5; 669.1) 38 865.8 (612.7; 1188.4) 0.51 (0.31; 0.86) 0.463
Injection site swelling* 0 0 (0; 49.5) 4 91.1 (24.8; 233.3) 0 (0; 0.63) 1.000
Seasonal allergy 14 187.9 (102.8; 315.3) 2 45.6 (5.5; 164.6) 4.94 (1.09; 45.80) 0.761
Vulvovaginal candidiasis 10 134.2 (64.4; 246.9) 1 22.8 (0.6; 126.9) 7.96 (1.09; 350.95) 0.543
Musculoskeletal chest pain 9 120.8 (55.2; 229.4) 18 410.1 (243.1; 648.2) 0.34 (0.13; 0.83) 0.639
Allergic rhinitis 4 53.7 (14.6; 137.5) 9 205.1 (93.8; 389.3) 0.22 (0.05; 0.85) 0.855
Cystitis** 42 615.8 (443.8; 832.3) 15 341.8 (191.3; 563.7) 1.93 (1.03; 3.83) 0.185
Carpal tunel syndrome*** 0 0 (0; 83.5) 3 222.5 (45.9; 650.2) 0 (0; 0.74) 1.000
Fall*** 0 0 (0; 83.5) 3 222.5 (45.9; 650.2) 0 (0; 0.81) not calculated

N, total number of participants; T, total follow-up time in year calculated as sum of (Ns*Ts); n, number of participants reporting at least one event; 95% CI,
exact 95% Confidence Interval; IR, incidence rate (per 100,000 person-years) of participants reporting at least one event; RR, Relative Risk (AS03-adjuvanted
vaccine over Control group) adjusted by study effect; p-value interact, 2-sided Exact Breslow and Day Test for heterogeneity
*Solicited AE with a duration >4 days.
** For cystitis the incidence rate (per 100,000 person-years) and estimated RR was calculated in AS03A-adjuvanted vaccines and control groups based on
controlled trials only.
*** For carpal tunel syndrome and fall the incidence rates (per 100,000 person-years) and estimated RRs were calculated in AS03-adjuvanted H5N1 vaccines
and control groups based on controlled trials only. For ‘fall’, the three events were reported in the same trial while for ‘carpal tunnel syndrome’, the events
were reported in two different trials. Therefore, the p-values could be calculated for ‘carpal tunnel syndrome’ but not for ‘fall’.
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Table 5. Incidence rate and relative risk of potential immune mediated disease preferred terms reported in multiple trial participants in AS03-adjuvanted
vaccines and control groups and background rates reported in the literature

Participants considered
Total
N

N Rate per
100,000 person-years

( 95% CI) for adjuvanted
vaccine recipients*

N Rate per
100,000 person-years
(95% CI) for control

recipients**
Relative Risk***

(95% CI)

Background rates
reported in
the literature

Facial paresis and/or VIIth nerve paralysis
Controlled and uncontrolled trials 7 6

55.6 (20.4; 121.0)
1

20.1 (0.5; 112.3)
Not calculated 13.1 – 46.725–31

Controlled trials 5 4
45.2 (12.3; 115.8)

1
20.1 (0.5, 112.3)

2.3
(0.2; 118.1)

Polymyalgia rheumatica or temporal arteritis
Controlled and uncontrolled trials 7 6

55.6 (20.4; 121.0)
1

20.1 (0.5; 112.3)
Not calculated 12.7 – 112.6 32–34

Controlled trials 6 5
56.5 (18.4; 131.9)

1
20.1 (0.5; 112.3)

2.6
(0.3; 131.4)

Psoriasis
Controlled and uncontrolled trials 4 3

27.8 (5.7; 81.2)
1

20.1 (0.5; 112.3)
Not calculated 38.5 – 140.0 35,36

Controlled trials 3 2
22.6 (2.7; 81.7)

1
20.1 (0.5; 112.3)

0.7
(0.0; 39.3)

Autoimmune thyroiditis or Basedow’s disease
Controlled and uncontrolled trials 3 3

33.9 (7.0; 99.1)
0

0.0 (0.0; 74.3)
Not calculated 2.2 – 41.9 37–40

Controlled trials 3 3
33.9 (7.0; 99.1)

0
0.0 (0.0; 74.3)

Infinity
(0.3; Infinity)

Celiac disease
Controlled and uncontrolled trials 3 2

22.6 (2.7; 81.6)
1

20.1 (0.5; 112.3)
Not calculated 1.4 – 12.9 43,44

Controlled trials 3 2
22.6 (2.7; 81.6)

1
20.1 (0.5; 112.3)

1.5
(0.1; 91.6)

Multiple sclerosis
Controlled and uncontrolled trials 2 1

9.3 (0.2; 51.6)
1

20.1 ( 0.5; 112.3)
Not calculated 4.6 – 25.0 25,30 41,42

Controlled trials 1 0
0 (0.0; 41.7)

1
20.1 (0.5; 112.3)

0.0
(0.0; 39.0)

Thrombocytopenia
Controlled and uncontrolled trials 3 3

33.9 (7.0; 99.1)
0

0 (0.0; 74.3)
Not calculated 0.0 – 7.1 25,41,85

Controlled trials 3 3
33.9 (7.0; 99.1)

0
0 (0.0; 74.3)

Infinity
(0.4; Infinity)

Radiculitis or radiculopathy
Controlled and uncontrolled trials 3 1

11.3 (0.3; 63.0)
2

40.3 (4.9; 145.6)
Not calculated 83.2 45

Controlled trials 3 1
11.3 (0.3; 63.0)

2
40.3 (4.9; 145.6)

0.3
(0.0; 7.1)

Uveitis
Controlled and uncontrolled trials 2 1

11.3 (0.3; 63.0)
1

20.1 (0.5; 112.3)
Not calculated 10.5 – 52.4 41,50

Controlled trials 2 1
11.3 (0.3; 63.0)

1
20.1 (0.5; 112.3)

0.6
(0.0; 53.5)

Ulcerative colitis
Controlled and uncontrolled trials 2 2

22.6 (2.7; 81.7)
0

0.0 (0.0; 74.3)
Not calculated 0.3 – 17.0 46,47

Controlled trials 2 2
22.6 (2.7; 81.7)

0
0.0 (0.0; 74.3)

Infinity
(0.1; Infinity)

Rheumatoid arthritis
Controlled and uncontrolled trials 2 1

11.3 (0.3, 63.0)
1

20.1 (0.5; 112.3)
Not calculated 8.3 – 36.0 41,48,49

Controlled trials 2 1
11.3 (0.3; 63.0)

1
20.1 (0.5; 112.3)

0.6
(0.0; 52.2)

*Total person-years D 10,797 for controlled and uncontrolled H5N1 and A(H1N1)pdm09 trials and 8,846 for controlled H5N1 and A(H1N1)pdm09 trials.
**Total person-years D 4,964.
***RR was computed for the controlled trials only.
N, number of participants; CI, confidence interval; Infinity explicit value cannot be defined due to the absence of cases in the control group.
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frequency events such as pIMDs in H5N1 vs. A(H1N1)pdm09
trials. A post-hoc analysis of pIMDs was performed in which the
pIMD diagnoses that had been withdrawn or changed by investi-
gators, or had been considered a pre-existing disease and/or with
clear alternative causes, were removed. This analysis showed that
the RR for pIMDs increased from 1.7 to 4.2, although with a
substantially wider CI (95% CI: 1.0; 38.8). There was an overlap
between the CHMP-specified AESIs and the pre-defined list of
pIMDs (except for anaphylaxis and convulsion; for all other
AESIs, the list of PTs used to define AESIs includes the PTs
from the pIMD list). Therefore subcategories of pIMDs were
used to calculate RR for AESI and thus the discussion of the lat-
ter applies to AESIs.

When all pIMD cases were analyzed, the point estimates of
the incidence rates in the adjuvanted vaccine group were greater
than the literature reported rates for facial paresis/VIIth nerve
paralysis, celiac disease, thrombocytopenia and ulcerative coli-
tis.25-50 The incidence rate for celiac disease was also higher than
those in the literature for the control group. For facial paresis, an
alternative cause had been considered more likely by the investi-
gator in one case (secondary to a viral illness rather than to vacci-
nation); and for 5 of 7 cases, the time from the most recent
vaccine administration to onset had been <1 or � 78 days, and
thus outside the generally accepted risk window of 7 to 30 d pos-
tulated for seasonal influenza vaccines,51 although within the
one-year risk window recently proposed for adjuvated vaccines.52

Two subjects with celiac disease reported were found to have
symptom onsets and/or diagnostic findings which had preceded
the administration of the investigational test articles. In one case
of thrombocytopenia, the diagnosis as an immune-mediated dis-
order was unlikely based on the presence of another, more proba-
ble, cause: chemotherapy for Stage IV small cell lung cancer. In
another subject, decreased platelet count had occurred as part of
a symptom complex which was attributed to an allergic reaction
to sulfonamide following treatment with trimethoprim-sulfa-
methoxazole. Among the 2 cases of ulcerative colitis reported,
the temporal relationship to vaccination for one case was ques-
tionable considering that the participant had a 6-month complex
gastrointestinal medical history prior to vaccine administration.
An immune-mediated etiology related to vaccination can be
questioned for other diagnoses. Two cases of neuritis were
reported, both in the adjuvanted vaccine group and both with
time from the most recent vaccine administration to onset that
may not be consistent with a vaccine-induced auto-immune phe-
nomenon. One case of optic neuritis had an onset more than 3 y
following the second vaccine dose; while another report of
“neuritis” had onset within hours after the first vaccine dose, clin-
ical features suggestive of radial nerve injury due to improper
injection technique, and resolution 83 d post-vaccination. One
participant with autoimmune thyroiditis and one with multiple
sclerosis were found to have symptom onsets and/or diagnostic
findings which had preceded the administration of the investiga-
tional test articles. Based on the clinical data included in this
pooled analysis, there was no consistent pathogenic mechanism
implicated across the spectrum of pIMD diagnoses observed;
some were antibody-mediated diseases, whereas others are

believed to be T-cell mediated or even primarily non-
immunologic.

For convulsion, an AESI not considered a pIMD, 9 cases were
reported in the adjuvanted vaccine group and 3 cases in the con-
trol group, with an RR of 1.5 (95% CI: 0.3; 8.8).

Our findings are similar to those reported in post-marketing
studies. A GSK-sponsored prospective cohort post-authorization
safety study (PASS) in the United Kingdom, which enrolled
9,142 participants, reported only 2 AEs which are part of the
CHMP AESI list, with the observed number higher than
expected: neuritis (1 case within 31 days) and convulsions (8
cases with onset within 181 days).53 A retrospective cohort study
that examined the risk of neurological and autoimmune diagno-
ses following vaccination with adjuvanted A(H1N1)pdm09 vac-
cine in >1 million persons reported an increased risk for Bell’s
palsy (hazard ratio [HR] 1.3), paresthesia (HR 1.1) and inflam-
matory bowel disease (HR 1.1).54 A slightly increased risk for a
broad range of neurological and immune-related diagnoses in
persons who received an adjuvanted A(H1N1)pdm09 vaccine
(PandemrixTM) was reported in another population-based pro-
spective cohort study conducted in Sweden.55

Several retrospective studies suggest an association between vac-
cination with the A(H1N1)pdm09 vaccine PandemrixTM during
2009/2010 pandemic and the subsequent onset of narcolepsy in
persons less than 21 y of age as well as in adults.54,56-65 These retro-
spective observational studies alone will remain insufficient to deter-
mine whether the observed increased risk of narcolepsy was solely
related to the vaccine, or whether a complex interplay of other fac-
tors, including the A(H1N1)pdm09 virus itself, may have had an
etiologic role. Further research is needed to elucidate the chain of
events that resulted in narcolepsy and the potential roles of genetic
and environmental factors. In the clinical trials included in our anal-
ysis, only one case of somnolence was reported in a participant who
had received an adjuvanted vaccine in a controlled trial. The onset
was on Day 33 following vaccination, and the condition was
reported as persisting after 352 days, but with no additional diag-
nostic procedures carried out by the investigator to rule out or sub-
stantiate the possible diagnosis of narcolepsy. Following the reports
of potential association between PandemrixTM and narcolepsy, the
database was screened but no other cases of narcolepsy or similar
suspect terms were identified. The current analysis did not include
participants in the adolescent age group which is most commonly
affected by new onset of narcolepsy and, given the rarity of this diag-
nosis would not be expected to be informative unless the risk of nar-
colepsy or other rare disease states such as Guillain-Barr�e syndrome
was markedly greater than that suggested by the epidemiologic
data. 54,56-65

Although the analysis presented here represents a large
dataset in which a wide range of vaccine safety data were
collected, a variety of limitations must be recognized.
Because of the low incidence rates of some of the diagnoses
of interest here, even this pooled analysis has low power to
exclude the possibility that a modest increase in risk may
exist in adjuvanted vaccine recipients. This consideration is
counterbalanced, to some extent, by the recognition that
many of the intrinsic limitations and biases of this pooled
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analysis, including unbalanced randomization, unbalanced
periods of safety follow-up, and the increased acute reacto-
genicity of adjuvanted vaccines 8,9,11,66 may all operate to
exaggerate an apparent association of uncommon events
with the adjuvanted products or stimulate enhanced report-
ing by adjuvanted vaccine recipients. Conversely, the inclu-
sion of some trials with only 6 month follow-up periods
may have reduced the likelihood of recognition of diseases
with insidious onset, such as rheumatoid arthritis and poly-
myalgia rheumatica.

The use of literature-reported rates as a reference for the
incidence of safety outcomes also has important limitations,
such as age, geographical and seasonal differences in disease,
diagnostic procedures or case definitions that may be associ-
ated with false signaling or failure to identify a true signal,67

and the limited or heterogeneous available data for some dis-
eases. Differences in methodologies and populations may
account for the differences observed between literature
reported rates of AEs and those observed in our clinical trials.
Stimulated reporting of AEs in the controlled trials included
in the analysis ensured a more accurately estimation of the
IR than the methods commonly used in epidemiologic stud-
ies, but could also induce exaggerated background rates rela-
tive to purely observational data sets.

Conclusions

The results of this analysis do not suggest a statistically sig-
nificant association between the use AS03-adjuvanted H5N1
and A(H1N1)pdm09 influenza vaccines and the reporting of
MAEs, SAEs, AESIs, or pIMDs, although small increases in
the risk of such events cannot be ruled out. In the setting of
an advancing pandemic with attendant morbidity, mortality,
and severe economic and social disruption, the benefit/risk
ratio resulting from a small increased risk, if real, associated
with vaccines which could both reduce mortality and limit the
spread of pandemic disease may well be deemed acceptable.
Further clinical trials evaluating AS03-adjuvanted influenza
vaccines will likely be performed to ensure that the utility of
the adjuvant is confirmed for new evolving pandemic threat
strains such as A(H7N9) or A(H10N8). These trials must con-
tinue to closely monitor safety overall, including pIMDs, so
that the best possible information can be available to guide
use of these important medical counter measures.

Methods

Objectives
The objective of this analysis was to increase the likelihood of

detecting MAEs, including subsets of SAEs, pIMDs, and AESI
after the primary vaccination series, based on the maximum sam-
ple size attainable in participants with generally comparable data,
and to explore a potential association of these AEs with the
receipt of an AS03-adjuvanted influenza vaccine.

Eligibility criteria and design of trials included
in the analysis

Data from 28 multicenter, open-label, observer- or double-
blind clinical trials conducted in adults and sponsored by GSK
were included in the analysis. All completed clinical trials that
had included at least one adjuvanted monovalent A(H1N1)
pdm09 or H5N1 vaccine formulation and had had a locked
safety dataset covering at least 6 months after first vaccine expo-
sure were included in the analysis (Table 1). The adjuvant system
was either AS03A or AS03B. Of all trials, 26 had been random-
ized and 14 had been controlled with a plain unadjuvanted anti-
gen vaccine or placebo. The data lock point for the analysis of
the trials was 16 March 2011. All participants from the trials
who had received at least one dose of either adjuvanted study vac-
cine or control were included in the analysis. Participants were
included into the appropriate analysis group according to the vac-
cine received. We pooled recipients of H5N1 and A(H1N1)
pdm09 antigens, regardless of site of manufacture (Dresden, Ger-
many or St-Foy, Quebec, Canada), and regardless of antigen or
adjuvant dose.

H5N1 vaccine recipients had received one of the 4 antigen
dose levels (3.75mg, 7.5mg, 15mg or 30mg) from the A/Indone-
sia/05/2005/PR8-IBCDC-RG2, A/Vietnam/1194/04-like
NIBRG-14 or A/turkey/Turkey/1/2005-like NIBRG-23 strains.
Similar antigen dose levels of A/California/7/2009/NYMC X-
179A strain had been administered to the A(H1N1)pdm09 vac-
cine recipients. The AS03-adjuvanted influenza vaccine doses
had been prepared by mixing the antigen and AS03 prior to
administration. AS03 is an oil-in-water emulsion-based adjuvant
system containing squalene (10.69mg per dose for AS03A and
5.345mg per dose for AS03B), a-tocopherol (11.86mg per dose
for AS03A and 5.93mg per dose for AS03B) and polysorbate 80
(4.86mg per dose for AS03A and 2.43mg per dose for AS03B).
The control group included participants who had received saline
placebo alone or split virion unadjuvanted pandemic H5N1 or A
(H1N1)pdm09 antigen alone or commercially-available seasonal
influenza vaccines (FluarixTM or FluviralTM/FluLavalTM [GSK
Vaccines]).

Collection of safety data
To obtain information on pIMDs (a subset of AEs that

included both clear autoimmune diseases and other inflamma-
tory and/or neurologic disorders which may or may not have
autoimmune etiologies) for all trials included, GSK had initially
requested investigators to report any AE considered as a poten-
tially “new onset chronic disease” (NOCD) with onset up to 6
months after administration of the first dose of the study vaccine.
Reports were subsequently screened using a pre-defined list of
potential chronic diseases or signs/symptoms of NOCD. This
list included chronic diseases such as autoimmune disorders,
allergies, asthma and signs/symptoms of these diseases. For trials
initiated after December 2008, investigators had been requested
to identify AEs with potential underlying immunologic
mechanisms using a pre-defined list of terms capturing major
pIMD categories: neuro-inflammatory, musculoskeletal, skin,
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gastrointestinal, hepatobiliary, hematologic disorders and auto-
immune metabolic diseases.

Additionally, the database was searched for AESIs. The AESIs
were those AEs that the CHMP considered as worthy of closer
safety monitoring following administration of pandemic influ-
enza vaccine and included: anaphylaxis, Bell’s palsy, convulsion,
demyelination, encephalitis, Guillain-Barr�e syndrome, neuritis
and vasculitis.19 There was an overlap between the CHMP-speci-
fied AESIs and the pre-defined list of pIMDs. The AESIs ana-
phylaxis and convulsion are not considered pIMDS; however, for
all other AESIs, the list of PTs and SMQs used to define AESIs
includes the PTs from the pIMD list.

For each of the AEs experienced, the participant had been
asked if he/she had received medical attention, defined as hospi-
talization, an emergency room visit or an otherwise unscheduled
visit to or from medical personnel for any reason. AEs character-
ized by such unscheduled medical care were designated MAEs .
The severity of all MAEs had been graded by investigators on a
scale of 1–3, with Grade 1 for those that had not interfered with
everyday activities and Grade 3 for those that had prevented
everyday activities. A SAE had been defined as an event that had
resulted in death, had been life-threatening, had required hospi-
talization or prolongation of hospitalization, had resulted in dis-
ability/incapacity, had been a congenital anomaly/birth defect in
the offspring of a trial participant or had been considered by
medical judgment as medically significant.

The duration of follow-up for the events of interest had varied
between the trials and was �85 days for MAEs and �182 days
for SAEs, pIMDs and AESIs.

Ethics
All trials had been conducted in accordance with Good Clini-

cal Practice (GCP), the principles of the Declaration of Helsinki,
and all applicable regulatory requirements within each local or
national jurisdiction. The trial protocols and informed consent
forms had been reviewed and approved by Independent Ethics
Committees prior to study initiation, and all participants gave
written informed consent. The summaries of the trial protocols
are available at www.gsk-clinicalstudyregister.com.

Statistical analyses
All analyses were performed on the total vaccinated cohort,

which included all participants who had received at least one
dose of adjuvanted vaccine/control. Verbatim descriptions of
pIMDs, MAEs and SAEs were coded for analysis using MedDRA
PTs. MedDRA coding was performed before unblinding, at the
time of finalization of the individual clinical trial data sets.

The following analyses were performed: (i) comparative safety
analysis of AS03-adjuvanted vaccines vs. control considering con-
trolled trials only and including either all participants or (ii) anal-
ysis including only AS03A-adjuvanted vaccines (excluding
participants who received a half dose of the adjuvant, i.e. AS03B);
(iii) safety characterization of AS03-adjuvanted vaccines based on
both controlled and uncontrolled trials including either all partic-
ipants or (iv) analysis including only AS03A-adjuvanted vaccines
(excluding participants who received a half dose of the adjuvant).

Person-year incidence rates (per 1,000 or per 100,000 person-
years) were computed for all endpoints, with exact 95% CIs for
both adjuvanted vaccine and control groups, in both controlled
and uncontrolled trials. Computation of person-year incidence
was based on individual participant follow-up. The duration of
follow-up (in days) was defined as the time between the date of
the first vaccination and the date of the last data collection of the
endpoints.

For the controlled trials, the RR of an event in participants
who had received an adjuvanted vaccine relative to that in control
recipients was estimated, with an exact 95% CI, using the exact
conditional logistic regression adjusted for the trial effect.68

Homogeneity of the common RR across the different trials was
assessed using a 2-sided exact Breslow and Day test. The p-value
for homogeneity was calculated across all trials when there had
been at least one event in each treatment group and when the
events had been reported in more than one study. A p-value
below 0.05 was considered as indicative of heterogeneity. When
no cases had been identified in control recipients, a lower bound
of the 95% CI was estimated. Multiplicity was not accounted for
in the analysis of disproportionality. Each RR for which the 95%
CI excluded 1.0 was accepted as suggestive of a potential treat-
ment effect without controlling for the risk for false positive
signals.

Data from the literature were used to evaluate the probability
of observing pIMDs and to assess how the incidence rates before
and after case review match those reported in a non-exposed pop-
ulation. For each pIMD, the annual incidences reported from
different sources were used to calculate a median incidence rate
per 100,000 person-years.
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