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A B S T R A C T

Background: In trials of allergen immunotherapy, allergen exposure is typically assessed by pollen counts,
but these may misrepresent exposure if performed remotely from multiple study centers.
Objective: To assess whether symptomatology in placebo-treated patients is a better measure of local
allergen burden at individual centers in such trials.
Methods: Data from a multicenter, placebo-controlled trial of preseasonal grass pollen immunotherapy
were reanalyzed to identify the 4weeks at each center in which the placebo-treated subjects had the highest
combined symptom/medication scores (CSMS). The difference in CSMS between active and placebo groups
was compared during the 4 peak placebo score weeks (PlSW) and the 4 peak pollen count weeks (PoCW).
Results: The benefit of immunotherapy over placebo in the PlSW analysis (18.5%) was greater than in the
PoCW analysis (13.6%), with increased statistical significance (P � .0001, .0038, respectively). Similar im-
proved discrimination was observed when analyzing benefits in subgroups of patients with severe symp-
toms, a high disease burden, and in different geographical locations.
Conclusion: This novel PlSW analysis results in better discrimination of the effects of allergen immunother-
apy compared with placebo and may be widely applicable in similar studies, both prospectively and
retrospectively.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Allergic disease remains a major health care challenge for mod-
ern society, because it affects individuals’ quality of life1 and creates
a high socioeconomic burden.2 The prevalence of allergy has in-
creased considerably in recent decades,3 with allergic rhinocon-
junctivitis being the most common allergic disease in adults.4

Allergen-specific immunotherapy involves repeated, systemic
administration of allergen extracts to allergic individuals and re-
sults in sustained relief from symptoms caused by allergen expo-
sure.4,5 This is, in turn, attributed to modifications in the immuno-
logic response to the allergen. Specific immunotherapy is the only
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reatment for allergic rhinoconjunctivitis considered to target the
ause of the disease.6

During studies of the benefits of allergen immunotherapy in
easonal allergic rhinoconjunctivitis, allergen exposure can be
xperimentally simulated by local challenge or in exposure
hambers.7 However, ultimately the effects of immunotherapy
ust be investigated during natural exposure to pollen during

he pollen season. Although mimicking “real life” conditions,
here are several problems with this type of investigation. In
articular, the perceived benefits of treatment depend on the
everity and duration of symptoms, which, in turn, depend on
ocal pollen exposure. Local pollen exposure is usually measured
y counting pollen grains caught in traps and retrospectively
dentifying the weeks when these pollen counts are at their
ighest. The problem is that such traps may be situated at con-
iderable distances from study centers, so that the pollen counts
hey produce may bear little relationship to the actual exposure

f patients in the vicinity of the centers.

munology. Published by Elsevier Inc. All rights reserved.
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In this novel analysis of data from a randomized, multicenter,
placebo-controlled trial of grass pollen immunotherapy, we set out
to identify the 4 weeks at each center when the placebo-treated
patients experienced themost symptoms and used themost rescue
medications, as captured by a combined symptom and medication
score (CSMS), making the assumption that these were the 4 weeks
when the local allergen burden at each centerwas at its highest.8-11

These 4 weeks were then redefined as the presumptive periods of
maximum allergen exposure, rather than relying on remote pollen
counts used in the original outcome analysis. The time period of 4
weeks was prespecified as time for analysis of the primary end-
point (combined symptom/medication score) in the original anal-
ysis.12 We then compared data from each analysis.

Methods

We undertook a retrospective analysis of the data from a large
randomized, multicenter, double-blind, placebo-controlled study
of preseasonal grass pollen immunotherapy for grass pollen–in-
duced seasonal allergic rhinoconjunctivitis with Grass MATA MPL
(Pollinex Quattro, Pollinex Complete; Allergy Therapeutics, Lon-
don, United Kingdom) (NCT00414141, EudraCT trial 2005–
004959-35). This is a grass pollen allergoid vaccine containing
monophosphoryl lipid (MPL) adjuvant and L-tyrosine as depot me-
diator. The trial protocol has previously been described in full.12

The trial was conducted in 84 centers (58 US, 17 Canada, 6 United
Kingdom, 3 Austria) during the 2007 grass pollen season. It was
approved by all relevant regulatory and ethics authorities, and all
participants providedwritten, informed consent. Participantswere
adults aged 18 to 59 years with a history of moderate/severe sea-
sonal allergic rhinitis or conjunctivitis caused by grass pollen and
incompletely controlled by standard medications (antihistamines,
topical steroids, leukotriene modifiers), and sensitized to grass
pollen as shown by positive skin prick and serum immunoglobulin
E tests. Exclusion criteria and randomization methodology were
described previously.12

All investigational centers recorded the local pollen counts for
trees, grasses, and other relevant local allergenic plants at least 3
times per week for a period extending well beyond the beginning
and end of each pollen season. Commencement of the grass pollen
season at each center was defined as a grass pollen count of at least
5 grains/m3 for at least 2 of 7 days.13 This was when the subjects
began daily electronic symptom and medication diaries, which
were continued until the end of the pollen season and used to
derive daily CSMS as described.12 The end of the seasonwas defined
as a grass pollen count of less than 5 grains/m3 for 2 consecutive
weeks (approximately 10 weeks later).13

In the study, eligible subjects were randomized 1:1 to receive
subcutaneous injections of grassMATAMPL in 3 escalating dosages
and 1 booster dose or identical-looking placebo, which contained
no grass pollen or MPL (both Allergy Therapeutics UK Ltd) admin-
istered at 2- to 4-weekly intervals. Injections were completed at
least 3 weeks before the start of the grass pollen season.14

Placebo score weeks analysis

For this analysis, we considered the CSMS scores of the subjects
who had been treated with placebo. For each center, 4 weeks were
defined where the placebo-treated subjects had the highest mean
CSMS. These weeks were not necessarily consecutive and did not
necessarily correspond in absolute time between centers.

Pollen count weeks analysis

In this case, the 4 peakweeks of the pollen season at each center
were defined as in the original analysis12 as those with the highest
mean weekly pollen counts. As with the placebo score weeks

(PlSW) analysis, the peak weeks were not necessarily consecutive. .
fficacy analysis

Wedetermined the difference in CSMS in patients on active and
lacebo therapy for the 4 weeks defined by PlSW and pollen count
eeks (PoCW) analysis. The selection criteria for subjects in the
lSW and PoCW populations were identical. In addition to the
ntire patient population, we also analyzed differences in sub-
roups: (1) subjects with particularly severe symptoms at screen-
ng defined as a Disease Severity Questionnaire (DSQ) score of at
east 9 or 10; (2) centers with a high burden of disease (defined as
hose in which the median CSMS in the placebo-treated subjects
uring the 4 peak weeks defined by PlSW or PoCW analysis was
igher than the grand median of all the centers); (3) subjects with
dditional symptoms of asthma or cough; (4) subjects recruited at
uropean centers. We also compared the proportions of well sub-
ects (defined asmedian CSMS ’ 2 in the respective peakweeks) and
everely affected subjects (median CSMS ’ 10 in the respective peak
eeks) in the active and placebo-treated groups.

tatistical analysis

Both analyses were conducted in 2 data sets, an intention-to-
reat (ITT) set, which included all subjects commencing therapy,
nd a complete data set, which included all subjects with 28 com-
lete diary entries for the 4 relevant PlSW or PoCWweeks. For the
oCW analysis, missing diary card data were imputed using a
atched pair technique. The ITT population for the placebo score
nalysis was defined as all subjects with data available during the
eak placebo score weeks. The same population was used in both
nalyses.
Treatment group differences in CSMSwere assessed by analysis

f covariance (ANCOVA). For the PlSW analysis, CSMS was the
ependent variable, treatment group, sex, and region were factors,
nd age was a covariate. For the PoCW analysis, treatment differ-
nces were assessed by ANCOVA with CSMS as the dependent
ariable, treatment group, sex, and region as factors, and age and
verage pollen count (per center) during the 4 peak weeks as
ovariates. Efficacy data were log-transformed before the ANCOVA
o achieve a normal distribution. Two-sided tests were performed
t the 5% level. Adjusted geometricmeans for group and intergroup
ifferenceswere calculatedwith the corresponding 95% confidence
ntervals (CI). Treatment differences in the number of well or se-
erely affected subjects were assessed by �2 test, with significance
t the 5% level.

esults

ubject disposition

In total, 2,180 subjects were screened, of whom 1,028 were
andomized at 84 study centers. The numbers of subjects included
n the ITT and complete data populations for the PlSW and PoCW
nalyses are shown in Figure 1. Of the 875 subjects with informa-
ion on location available (437GrassMataMPL, 438 placebo), 92.3%
ived within a 16-km radius and could be considered matched for
llergen exposure conditions.8,9

omparison of the response to grass MATA MPL during the four peak
lacebo score weeks and the four peak pollen count weeks

Of the possible 336 peak placebo score weeks (4 weeks per
enter), a median of 75% were identical to the 4 peak pollen count
eeks (62.5% in North America and 75% in Europe).
In the PlSW analysis, active treatment with GrassMATAMPL (n �

77)was associatedwith an 18.5% reduction in CSMS comparedwith
lacebo (n � 489; P � .0001) (Table 1). This was greater than that
bserved in the PoCW analysis, in which active treatment (n � 514)
ed toa13.6% reduction inCSMScomparedwithplacebo (n�514;P�

0038).
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The mean CSMS using both PoCW and PlSW analyses showed a
high correlation of 0.96. The mean CSMS using PlSW significantly
increased for placebo-treated subjects (95% CI: 0.4–0.7) and also
increased for active-treated subjects but to a lesser degree and
missed statistical significance (95% CI: 0–0.4) as compared with
PoCW. Themean treatment difference between placebo- and Grass

Grass MATA MPL
n=477

Placebo
n=489

Placebo
n=155

Grass MATA MPL
n=154

Patients with complete
data entries for 

28 days of the peak
placebo score weeks

2,180 subjects
screened

1,028 subjects
randomized

966 subjects had data available
during the placebo score weeks

A

Fig. 1. Disposition of subjects in the placebo score (A) and polle

Table 1
Difference in CSMS during the 4 peak placebo score weeks and in the 4 peak pollen
data available)

Analysis Treatment group N Mean Median

Difference in CSMS in the grass MATA MPL and placebo groups
Placebo score Grass MATA MPL 477 7.39 6.01

Placebo 489 8.60 7.62
Pollen count Grass MATA MPL 514 7.21 6.00

Placebo 514 8.05 7.06
Differences in CSMS in the grass MATA MPL and placebo groups in subjects with
Placebo score Grass MATA MPL 265 8.22 6.51

Placebo 267 9.32 8.18
Pollen count Grass MATA MPL 269 8.00 6.66

Placebo 267 8.85 7.45
Difference in CSMS in the grass MATA MPL and placebo groups in subjects with
Placebo score Grass MATA MPL 202 8.45 6.54

Placebo 185 9.62 8.56
Pollen count Grass MATA MPL 207 8.23 6.70

Placebo 184 9.06 7.77
Difference in CSMS in the grass MATA MPL and placebo groups in centers with a
Placebo score Grass MATA MPL 259 7.70 6.01

Placebo 265 10.46 9.99
Pollen count Grass MATA MPL 244 7.55 5.99

Placebo 248 9.83 9.09
Difference in CSMS in the grass MATA MPL and placebo groups in subjects with
Placebo score Grass MATA MPL 187 8.02 6.01

Placebo 175 8.97 8.42
Pollen count Grass MATA MPL 193 7.74 6.23

Placebo 175 8.54 7.88
Difference in CSMS in the grass MATA MPL and placebo groups in subjects recru
Placebo score Grass MATA MPL 53 8.69 6.19

Placebo 60 10.26 8.68
Pollen count Grass MATA MPL 55 8.31 6.99

Placebo 62 9.54 8.15

Abbreviations: AGM, adjusted geometric mean.
a
Centers with a high burden of disease were defined as sites with CSMS �7.6 in the place
pollen count analysis.
ATA MPL–treated subjects was statistically significantly greater
n the PlSW vs the PoCW analysis (P � .0007, 95% CI: 0.2–0.6).

In the PlSW analysis, subjects with particularly severe symp-
oms (DSQ � 9) receiving Grass MATA MPL (n � 265) showed an
8.1% reduction in CSMS compared with placebo (n � 267; P �
0057), and those with DSQ of at least 10 (n � 202) a 19.6% reduc-

Grass MATA MPL
n=514

Placebo
n=514

Placebo
n=166

Grass MATA MPL
n=177

Patients with complete
data entries for 

28 days of the peak
pollen season

2,180 subjects
screened

1,028 subjects
randomized

1,028 subjects included in the
pollen count analysis*

B

t (B) analyses. *1,028 subjects analyzed, missing data imputed.

weeks in the Grass MATA MPL and placebo groups (ITT analysis, all patients with

Superiority (Grass MATA MPL vs placebo)

Relative difference
in AGM, %

Hodges-Lehmann for median
of differences 95% CI, %

2-sided
P value

03 18.5 8.6–25.4 .0001
92
57 13.6 4.6–20.8 .0038
57
>9
73 18.1 4.2–27.0 .0057
37
23 13.5 0.1–23.4 .0433
25
10
91 19.6 3.8–29.9 .0089
18
26 13.2 �1.6–25.3 .0852
01
burden of diseasea

57 35 22.4–40.6 �.0001
08
23 31 18.5–38.7 �.0001
93
pollen-induced cough or asthma
74 16 6.1–31.1 0.0384
44
12 13.4 �3.0–28.8 0.0787
24
n Europe
32 27.3 2.9–41.1 0.0280
29
91 22.0 �7.8–38.6 0.0845
07
count

SD

6.
5.
5.
5.

DSQ
6.
6.
6.
6.

DSQ >
6.
6.
6.
6.

high
6.
6.
6.
5.

grass
6.
5.
6.
5.

ited i
7.
7.
6.
7.
bo group in the placebo score analysis and CSMS �7.06 in the placebo group in the
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tion compared with placebo (n � 185; P � .0089) (Table 1). In the
PoCWanalysis, these differenceswere lessmarked (13.5%; P� .043
and 13.2%; P � .0852, respectively) (Table 1).

Using the PlSW analysis, the median CSMS in the placebo-
treated patients across all centers was 7.6. Centers with a median
CSMS greater than 7.6 in the placebo group were, therefore, iden-
tified as those with a high burden of disease presumably resulting
from a higher allergen load or recruitment of patients with more
severe disease. The geographic distribution of these sites is shown
in eTable 1. In the PoCW analysis, centers where placebo-treated
patients had a median CSMS greater than 7.06 were considered to
have a higher burden of disease. At these centers, reduction in
CSMS with active compared with placebo treatment was 35% (P �
.0001) using the PlSW analysis compared with 31% (P � .0001)
using the PoCW analysis (Table 1).

In the subgroup of patients with additional seasonal symptoms
of grass pollen–induced cough or asthma, active treatment was
superior to placebo, with a relative improvement in CSMS of 16%
(P � .0384) by PlSW analysis and 13.4% (P � .0787) by PoCW
analysis (Table 1). For patients enrolled in Europe, a 27.3% benefit of
GrassMATAMPL over placebo (P � .0280)was observedwith PlSW
analysis, whereas the PoCW analysis showed a benefit of 22%,
which was not statistically significant (P � .0845).

Compared with patients given placebo, twice as many patients
given active treatment had median symptom scores of 2 or less in
the PlSW analysis andwere considered to be well subjects (Fig 2A).
Similarly, fewer patients in the GrassMATAMPL group hadmedian
symptom score of 10 or more in the PlSW analysis and were con-
sidered to be severely affected (Fig 2B). The same benefit of active
treatment in terms of symptom score was evident in the PoCW
analysis, although the difference between Grass MATA MPL and
placebo was not as great as in the PlSW analysis.

For most of these outcome measures, reduction in CSMS by
active treatment compared with placebo was greater in the com-
plete data population than in the ITT population. As seen in the ITT
analysis, the relative benefit of Grass MATA MPL over placebo was
greater and of greater statistical significance in the PlSW analysis

†105% †85%

*P<.0001

* 2-sided P value; †Relative superiority of Grass MATA MPL over placebo

Placebo score
analysis (n=966)

A
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analysis (n=973)
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Fig. 2. Difference betweenGrassMATAMPL and placebo in the number ofwell subje
and the 4 peak pollen count weeks.
than in the PoCW analysis in all populations (Fig 3). The benefit of b
rass MATA MPL over placebo was 26.4% (P � .0012) in the PlSW
nalysis compared with 24.3% (P � .0031) in the PoCW analysis.
Figure 4 shows the CSMS in the Grass MATA MPL and placebo

roups together with the pollen count at a representative site.
lthough pollen counts increased, subjects needed time to develop
heir symptoms (priming), so there was a delay in CSMS increase
fter exposure to allergen. In addition, between days 28 and 35,
ymptoms remained high despite a trough in the pollen count. At
he end of the pollen season, the pollen counts were very low, but
ymptoms were still high, in particular in the placebo group (per-
istent mucosal inflammation). These different profiles resulted in
ifferent peakweeks being identified in the PlSW than in the PoCW.
t the representative site, the 4 peakweeks were days 14 to 28 and
5 to 49 in the PoCW analysis and days 21 to 49 in the PlSW.

iscussion

Specific immunotherapy is the only treatment for allergic rhi-
oconjunctivitis that manages the underlying cause of the disease.
t does this by desensitizing subjects to the allergen responsible for
he allergic symptoms, although the exact mechanism remains
nknown.4

Although the literature on specific immunotherapy for seasonal
llergic rhinoconjunctivitis is extensive, before 2005 very little data
rom randomized, controlled trials were available, and most stud-
es involved small numbers of patients.More recently, several large
nternational studies have been published that have not only rati-
ed the efficacy, tolerability, and safety of allergen immunotherapy
or allergic rhinoconjunctivitis but have also given rise to discus-
ion about the optimal design of immunotherapy studies and how
he data they produce should be interpreted.10,15

In this studywe have explored a novel approach for the analysis
f outcome data. The original analysis of this study, which showed
significant benefit of GrassMATAMPL over placebo, was based on
omparisons of CSMS during the 4 peak weeks of the pollen season
efined on the basis of pollen counts from pollen traps near the
tudy centers. Several studies have, however, confirmed what
eems intuitively likely, that pollen counts may vary significantly

†30%
†18%

*P=.0011

* 2-sided P value; †Relative superiority of Grass MATA MPL over placebo
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and number of severely affected subjects (B)during the 4 peak placebo scoreweeks
B

etween the site of the pollen trap and the subject’s place or
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residence.8,9 In these analyses by Dalan et al, pollen counts were
shown to be relevant to subjects living within 16 km of the
pollen counting station, but variability is likely for patients living
more than 16 km away. Furthermore it has been noted, for
example, in a study of reactions to birch pollen,16 that some
sensitized subjects report severe symptoms even on days with
apparently low birch pollen counts and that on some days the
difference between estimated allergen exposure based on pollen
counts and determination of allergen concentrations in the at-
mosphere by immunoassay may vary by as much as 10-fold.17

The authors of this latter study attributed this variance to a large
increase in expression of the birch pollen allergen Bet v1 just
before pollination. Consequently, the precise time at which the
pollen grain is released during ripening will affect its allergen
content. These studies suggest that even in locations close to the
pollen traps, pollen counting may not closely reflect allergen
exposure. In the current analysis, we demonstrated a delay in

†26.4% †24.3%

*P=.0012

* 2-sided P value; †Relative superiority of Grass MATA MPL over placebo

Placebo score
analysis (n=309)
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Fig. 3. Difference in CSMS in the Grass MATAMPL and placebo groups in the placebo
and (B) subjects with cough or asthma.
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Dashed line represents the 4 peak weeks in the PlSW analysis
p
Fig. 4. The time course of CSMS in Grass MATAMPL and placebo groups and pollen
count at a representative study center.
ubjects developing allergic symptoms after an increase in pol-
en exposure. In addition, patients’ symptoms continued even
hen pollen levels had decreased. This latter effect was partic-
larly apparent in the placebo group and may reflect mucosal
nflammation that persisted as a result of lack of treatment.
hese observations highlight that pollen counting may not be
he most appropriate method to determine the times in the
ollen season most associated with symptoms, whereas a
ethod based on response in placebo-treated patients may be
ore suitable.
With this in mind, we reanalyzed the Grass MATA MPL data,

efining for each center the 4 peak weeks of allergen exposure as
hose associated with the highest CSMS in the placebo-treated
ubjects. This obviously involves a number of assumptions; first
hat the times when the CSMS is highest in the placebo-treated
atients reflect times of the heaviest local allergen load8-11 and also
hat there is a reasonable geographicmixing of placebo and actively
reated subjects around any given center.8,9 In the current analysis,
ore than 90% of each treatment group livedwithin a 16-km radius
nd could be considered matched for allergen exposure condi-
ions.8,9

Nevertheless, we believe that it allows amore realistic estimate
f the allergen burden at each study center. The technique seems to
ave internal validity in the sense that peak allergen load weeks
efined by PlSWand PoCWcorresponded approximately 75% of the
ime, and there was an even distribution of placebo and Grass-
ATA MPL–treated subjects across study centers.
This PlSW analysis improved the apparent efficacy of Grass

ATAMPL over placebo for the primary outcomemeasure (reduc-
ion in CSMS during the peak 4 weeks of the pollen season) and the
ubgroup analyses, where some previously insignificant differ-
nces became statistically significant. These observations are com-
atible with the hypothesis that this novel analysis offers a sub-
tantial gain in discriminatory power when analyzing the efficacy
f pollen allergen immunotherapy compared with an approach
ased on pollen counts. We offer this technique as an alternative
aradigm for assessing the effect of any therapy (compared with
lacebo) on seasonal symptoms caused by any pollen allergen as an
lternative to performing pollen counts. This technique also might

†33.9% †31.8%

*P=.0026

* 2-sided P value; †Relative superiority of Grass MATA MPL over placebo
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and pollen count analyses in the complete data population. (A) Overall population
B

rove useful in retrospective analysis of existing studies.
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Table 1
enters with a high burden of disease (defined as median CSMS �7.6 in the
lacebo score analysis)

ountry Total number of centers Centers with median CSMS �7.6
in the placebo group, n (%)

ustria 3 2 (66.7)
anada 15 6 (40.0)
nited Kingdom 6 5 (83.3)
nited States 55 27 (49.1)

otal 79 40 (50.6)
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