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ABSTRACT

Background: Temperate grass (eg, ryegrass) pollen is a major driver of seasonal allergic rhinitis
(SAR) and asthma risks, including thunderstorm asthma. Data for the effectiveness of temperate
grass pollen allergen immunotherapy (AIT) in SAR patients from the southern hemisphere, who are
frequently polysensitized to subtropical grass pollens, are limited. The 300 IR 5-grass pollen
sublingual immunotherapy tablet (300 IR 5-grass SLIT) is known to be effective in polysensitized
SAR patients with primary allergy to temperate grasses, however, the influence of polysensitization
to subtropical grass pollen on treatment responses has yet to be specifically addressed. Key aims
of this study were to measure patient treatment satisfaction during 300 IR 5-grass SLIT treatment
and evaluate how polysensitization to subtropical grass pollens affects treatment responses.

Methods: A prospective observational study was conducted in 63 patients (aged �5 years) in
several temperate regions of Australia prescribed 300 IR 5-grass SLIT for SAR over 3 consecutive
grass pollen seasons. Ambient levels of pollen were measured at representative sites. Patient
treatment satisfaction was assessed using a QUARTIS questionnaire. Rhinoconjunctivitis Total
Symptom Score (RTSS) and a Hodges-Lehmann Estimator analysis was performed to evaluate if
polysensitization to subtropical grass pollen affected SAR symptom intensity changes during SLIT.

Results: A diagnosis of ryegrass pollen allergy was nearly universal. There were 74.6% (47/63)
polysensitized to subtropical and temperate grass pollens. There were 23.8% (15/63) mono-
sensitized to temperate grass pollens. From the first pollen season, statistically significant im-
provements occurred in SAR symptoms compared with baseline in both monosensitized and
polysensitized patients, particularly in those polysensitized (P ¼ 0.0297). Improvements in SAR
symptoms were sustained and similar in both groups in the second and third pollen seasons,
reaching 70–85% improvement (P < 0.01). Polysensitized patients from both northerly and
southerly temperate regions in Australia showed similar improvements. Grass pollen counts in
both regions were consistently highest during springtime.
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Conclusions: 300 IR 5-grass SLIT is effective in a real-life setting in SAR patients in the southern
hemisphere with primary allergy to temperate grass pollen and predominantly springtime grass
pollen exposures. Importantly, SLIT treatment effectiveness was irrespective of the patient’s pol-
ysensitization status to subtropical grass pollens.

Keywords: 5-grass pollen tablet, Allergen immunotherapy, Ryegrass, Allergic rhinitis,

Polysensitization
INTRODUCTION

In temperate regions of Australia, and in similar
climatic regions globally, pollens from temperate
grasses (such as ryegrass) are major drivers of
seasonal allergic rhinitis (SAR) and asthma risks,
including epidemic thunderstorm asthma.1–4

The effectiveness of temperate grass pollen
allergen immunotherapy (AIT) has been well-
characterized in SAR populations from the north-
ern hemisphere, with evidence available from a
number of large, double-blind, placebo-
controlled, randomized trials for the short- and
long-term treatment benefits of standardized AIT
products.5 However, there have been
comparatively few studies of the effectiveness of
temperate grass pollen AIT treatments in SAR
patients from the southern hemisphere, who are
frequently polysensitized to both temperate and
subtropical grass pollens.1,2

To date, one controlled study of grass pollen
AIT effectiveness in Australian SAR patients has
been performed, which was an open-label,
controlled study conducted with 300 IR 5-grass
pollen sublingual immunotherapy tablet (300 IR
5-grass SLIT), which contains a homologous
mixture of temperate grass pollens including
ryegrass pollen.6 This study by O’Hehir et al was
conducted over 2–3 consecutive pollen seasons
in Melbourne, Australia (2014–2016) and
confirmed that 300 IR 5-grass SLIT is effective
from the first pollen season in SAR patients with
primary allergy to temperate grass (ryegrass) pol-
len.6 Notably, evidence was obtained that 300 IR
5-grass SLIT treatment also conferred protection
against asthma exacerbations during an epidemic
thunderstorm asthma event in November 2016,6

which is understood to have been triggered by
acute exposure to respirable temperate grass
pollen fragments enriched in Group 5 allergens,
particularly ryegrass Lol p 53,4,7).

Despite this body of evidence, important ques-
tions remain whether temperate grass pollen AIT
can optimally benefit SAR patients with primary
allergy to temperate grass pollen where these
patients display polysensitization to other pollen
allergens. In the northern hemisphere this question
has been determined by analyses of large double-
blind, placebo-controlled studies and real-world
studies conducted in the United States and
Europe, which have established that 300 IR 5-grass
SLIT is effective in SAR patients irrespective of their
polysensitization status to non-homologous aller-
gens such as tree and ragweed pollen.8–11

However, these studies did not evaluate
outcomes in patients from the southern
hemisphere and, importantly, they did not
specifically examine how polysensitization to
subtropical grass pollen may influence 300 IR 5-
grass SLIT effectiveness. Addressing this specific
area of uncertainty is of considerable practical
importance for informing optimal approaches to
AIT for SAR patients in temperate regions of
Australia, and similar regions globally, where
temperate grass pollen is a major driver of SAR
disease burdens and risks and polysensitization to
subtropical grass pollen is prevalent.1–4

In the present study, patient treatment satisfac-
tion during treatment with 300 IR 5-grass SLIT over
3 consecutive pollen seasons was evaluated in a
real-life setting in SAR patients with primary allergy
to temperate grass pollen in temperate regions of
Australia. In a pre-specified subgroup analysis, the
impact of patient polysensitization status to sub-
tropical grass pollen on changes in SAR symptom
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Fig. 1 Typical biogeographical patterns of grass pollen exposure2,18,20 and sensitization2,18,30 in Australia. QLD ¼ Queensland;
WA ¼ Western Australia; NSW ¼ New South Wales; SA ¼ South Australia; VIC ¼ Victoria; TAS ¼ Tasmania. Ryegrass occurrence data is
from the Living Atlas of Australia (http://www.ala.org.au/).
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intensity during 300 IR 5-grass SLIT treatment was
evaluated.
METHODS

Study design

This was a prospective, open-label, uncon-
trolled, multi-centre, non-interventional study in
usual practice settings (private consultant aller-
gists’ practices and public hospital allergy clinics)
conducted in eastern Australian states (New South
Wales, Australian Capital Territory, Victoria, and
Tasmania) between May 2013 and February 2016
(see map in Fig. 1). The study protocol was
approved prior to commencement of the study.
Study participants were required to give written
informed consent.

The observation phase was conducted during 6
Visits (V1 – V6) over 3 consecutive pollen seasons,
commencing prior to the 2013–2014 pollen sea-
son. In each pollen season, a pre-pollen season
Fig. 2 Study design.The pollen seasons are indicated by the shaded ba
(V2, V4, V6) each grass pollen season. Data were documented retrospe
and V6, with "baseline" values for the 2012–2013 pollen season docum
visit was conducted between May 15 and August
15 (V1, V3, and V5) and a post-pollen season visit
was conducted between December 1 and
February 28 of the following year (V2, V4, and V6)
(Fig. 2). Demographic data, skin prick tests (and/or
serum specific IgE tests) and medical/allergy
history (including assessment of the relationships
between sensitizations and clinical symptoms, as
well as SAR and asthma severity according to
ARIA (Allergic Rhinitis and Its Impact on
Asthma)12 and GINA (Global Initiative for
Asthma) classifications13 were documented at V1.
AR symptom intensities experienced during the
pollen season were documented retrospectively
at V1, V2, V4, and V6 for symptoms experienced
over the immediately preceding pollen season,
with values documented at V1 representing
"baseline" values for the 2012–2013 pollen
season. AR symptom intensities experienced
outside the pollen season were documented
retrospectively at V3 and V5 (for the periods
preceding the 2014–2015 and 2015–2016 pollen
rs. Study visits (V1–V6) were scheduled before (V1, V3, V5) and after
ctively for the immediately preceding pollen season at V1, V2, V4,
ented at V1.

http://www.ala.org.au/
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seasons) (Figs. 2 and 4). Retrospective
documentation of AR symptoms at each study
visit was supplemented by the use of written
patient diaries and the quality of data collection
was assessed by a clinical trial nurse and/or
treating consultant, as well as by an independent
study monitor.

5-grass SLIT treatment

ORALAIR� is a 300 IR 5-grass SLIT tablet (300 IR
5-grass SLIT), which contains pollen extracts from
ryegrass (Lolium perenne L.), orchard/cocksfoot
grass (Dactylis glomerata L.), meadow grass (Poa
pratensis L.), sweet vernal grass (Anthoxanthum
odoratum L.), and Timothy (Phleum pratense L.).
The biological activity of the tablet is expressed
in the manufacturer-specific unit “Index of
Reactivity” (IR). Patients were prescribed daily
sublingual treatment with 300 IR 5-grass SLIT
(ORALAIR�) on a pre/co-seasonal treatment
schedule according to the Australian Product In-
formation, with treatment initiation occurring at
V1 (Fig. 2). It is recommended treatment be
initiated approximately 4 months prior to the
expected start of the pollen season and is
composed of 2 phases: the three-day dose esca-
lation phase (Day 1: 1 � 100 IR tablet, Day 2:
2 � 100 IR tablets, Day 3: 1 � 300 IR tablet) is
followed by a maintenance phase until the end of
the pollen season with 1 � 300 IR tablet per day.
For tablet intake, the tablets are kept under the
Fig. 3 Flow chart of study subjects stratified by patient subgroups,
location. Monosensitized ¼ sensitized to temperate grasses only. Poly
Below (south of) 37�S ¼ patients located in more northerly temperate r
temperate regions.
tongue until complete dissolution (at least 2 min)
and are swallowed subsequently.
Patient selection

Patients (aged �5 years) with SAR due to grass
pollen allergy who had been given 300 IR 5-grass
SLIT during the usual course of their treatment
(according to the Australian Product Information)
were eligible for recruitment. Thus, inclusion
criteria were grass pollen AR with or without
conjunctivitis in adults, adolescents, and children
(above the age of 5) with clinically relevant symp-
toms, known to be confirmed by a positive grass
pollen skin prick test and/or a positive titre of
serum specific IgE to the grass pollen with usual
AIT contraindications applied. According to these
entry criteria (supported by recorded clinical his-
tory and sensitizations; see below), all study par-
ticipants had primary allergy to temperate grass
pollen.

Patients were recruited by allergy specialists at
12 study sites responsible for the management of
allergic patients located in temperate regions of
eastern Australia (New South Wales, Australian
Capital Territory, Victoria [encompassing Mel-
bourne/southern Victoria] and Tasmania (see map
in Fig. 1).

Patient grass pollen sensitization status was
classified as follows: (i) monosensitized ¼
documented sensitization to at least one
according to grass pollen sensitization status and geographical
sensitized ¼ sensitized to temperate and subtropical grass pollens.
egions. Above (north of) 37�S ¼ patients located in more southerly
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Fig. 4 RTSS (0–24) in sub-groups stratified according to grass
pollen sensitization status (see Table 2 for statistical comparisons
between sub-groups). Monosensitized ¼ sensitized to temperate
grasses only. Polysensitized ¼ sensitized to temperate and
subtropical grass pollens. V1, V2, V4, and V6 ¼ RTSS values for
periods during consecutive pollen seasons (V1 ¼ 2012–2013
pollen season; V2 ¼ 2013–2014 pollen season; V4 ¼ 2014–2015
pollen season; V6 ¼ 2015–2016 pollen season). V3 and V5 ¼ RTSS
values for periods between consecutive pollen seasons
(V3 ¼ before the 2014–2015 pollen season; V5 ¼ before the 2015–
2016 pollen season). Values are mean � SD.

Volume 15, No. 2, Month 2022 5
temperate grass pollen (ryegrass, orchard/cocks-
foot grass, meadow grass, sweet vernal grass,
Timothy); (ii) polysensitized ¼ documented sensi-
tizations to at least one temperate grass pollen (as
above) and at least one subtropical grass pollen
(Bermuda grass [Cynodon dactylon], Johnson
grass [Sorghum halepense]); and (iii)
unknown ¼ no documented grass pollen
sensitizations.

Patient geographic location (see map in Fig. 1)
was characterized as follows: (i) above 37�S
(south of 37�S) ¼ patients receiving treatment in
more southerly temperate regions (Victoria and
Tasmania); and (ii) below 37�S (north of
37�S) ¼ patients located in more northerly
temperate regions (New South Wales and the
Australian Capital Territory).
Data collection methods

The primary study objective was to investigate in
a real-life setting patient satisfaction during the last
Pollen season Commenced pre-seasonal trea
N (%)

2013–2014 63 (100.0)

2014–2015 46 (73.0)

2015–2016 30 (47.6)

Table 1. Number of patients commencing and completing treatment i
3 months of the pollen season (regarding symp-
tom improvement, ease of use, frequency of
dosage) following 300 IR 5-grass SLIT treatment
using a modified QUARTIS questionnaire (a vali-
dated self-report questionnaire that is used to
assess patient-reported outcomes in patients with
AR who are treated with SLIT)16,17 over a full
treatment course of 3 pollen seasons. Patient-
reported satisfaction was documented retrospec-
tively at V2, V4, and V6 on 3 measures: (i) symptom
improvement ("much more than/more/just as/less
than/much less than, I hoped"); (ii) ease of use
("very satisfied/satisfied/neither satisfied or dissat-
isfied/dissatisfied/very dissatisfied"); and (iii) fre-
quency of dosing ("very satisfied/satisfied/neither
satisfied or dissatisfied/dissatisfied/very
dissatisfied").

A pre-specified secondary objective was to
determine the impact of polysensitization status to
subtropical grasses upon changes in AR symptom
intensity during SLIT over 3 consecutive pollen
seasons. Changes in AR symptom intensity were
indexed by change versus baseline analysis of the
Rhinoconjunctivitis Total Symptom Score (RTSS)
(Table 2). The RTSS was calculated as the sum of
individual symptom evaluations (sneezing, itchy
nose, runny nose, blocked nose, eyes itching,
eyes watering) and converted to a numerical
score (0–24) based on the following scale, which
was also used to index the intensity of asthma
symptoms: Not at all bothered ¼ 0; Slightly
bothered ¼ 1; Quite bothered ¼ 2; Very
bothered ¼ 3; Extremely bothered ¼ 4.

A post-hoc analysis was performed to determine
the impact of patient geographical location on the
outcome of the secondary analysis, comparing
changes in the RTSS during SLIT in polysensitized
patients from northerly temperate regions (below
37�S [north of 37�S]) vs southerly temperate re-
gions (above 37�S [south of 37�S]) (Fig. 1)
tment Completed co-seasonal treatment
N (%)

56 (88.9)

39 (61.9)

29 (46.0)

n each of the 3 pollen seasons



Visit Statistics All subjects Mono sensitized Poly sensitized

V2 N 54 15 39

Mean RTSS change vs baseline L9.9 L6.1 L11.4

(SD) (7.1) (8.8) (5.8)

Paired Student t-test p ¼ 0.0171 p < 0.0001

Difference vs monosensitized L6

Hodges-Lehmann Estimator p ¼ 0.0297

V4 N 37 8 29

Mean RTSS change vs baseline L12.4 L12.0 L12.5

(SD) (5.4) (7.3) (5.3)

Paired Student t-test p ¼ 0.0074 p < 0.0001

Difference vs monosensitized L1

Hodges-Lehmann Estimator P ¼ 0.8398

V6 N 27 7 20

Mean RTSS change vs baseline L11.5 L12.0 L11.4

(SD) (6.0) (7.9) (5.5)

Paired Student t-test p ¼ 0.0069 p < 0.0001

Difference vs monosensitized 1

Hodges-Lehmann Estimator p ¼ 0.8048

Table 2. Impact of grass pollen sensitization status on RTSS (0–24) during the pollen season (V2, V4, and V6): Change versus baseline (V1)
analysis and statistical comparisons between sub-groups. Monosensitized ¼ sensitized to temperate grasses only. Polysensitized ¼
sensitized to temperate and subtropical grass pollens. The baseline RTSS was similar for polysensitized patients (baseline RTSS ¼ 16.16;
n ¼ 45) and monosensitized patients (baseline RTSS ¼ 14.20; n ¼ 15). Hodges-Lehmann Estimator analysis was used to estimate differences
between median RTSS values for the mono- and polysensitized groups. Paired Student T-Test was used for other statistical comparisons.
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(Table 3). The rationale for differentiating between
these geographic regions is that data from pollen
monitoring studies at sites across Australia and
New Zealand indicate that the contribution of
subtropical grasses to pollen exposures is greater
in temperate regions below (north of 37�S) than
in more southerly temperate regions above
(south of 37�S)18 (Fig. 1).

Daily grass and total pollen concentrations were
measured during 4 consecutive pollen seasons
(commencing with the 2012–2013 pollen season)
using a Burkard volumetric trap at sites in Mel-
bourne, Victoria (data collection from October 1 to
December 31 each pollen season), and Sydney,
New South Wales (data collection from September
1 to January 31 of the following year in each pollen
season).14,155-grass SLIT treatment compliance
(V2, V4, and V6), use of medication to alleviate
symptoms (for AR and asthma; all visits) and other
AIT (all visits) were also documented. To evaluate
safety, any occurrence of an adverse event was
documented and classified according to the
Medical Dictionary for Regulatory Activities (Med-
DRA; https://www.meddra.org/).

Statistical methods

Data were analysed from all patients who
participated. There was no imputation of missing

https://protect-de.mimecast.com/s/eXSeC08wEgIkk6glfwvqVA/
https://doi.org/10.1016/j.waojou.2022.100632


Statistics
Polysensitized

Below 37�S Above 37�S

V2 N 12 27

Mean RTSS change vs baseline L12.5 L10.9

(SD) (5.4) (5.9)

Paired Student t-test p > 0.05 p > 0.05

V4 N 10 19

Mean RTSS change vs baseline L11.5 L13.0

(SD) (5.1) (4.5)

Paired Student t-test p > 0.05 p > 0.05

V6 N 8 12

Mean RTSS change vs baseline L9.5 L12.6

(SD) (5.0) (5.6)

Paired Student t-test p > 0.05 p > 0.05

Table 3. Impact of geographical location on RTSS (0–24) during pollen seasons: Change versus baseline analysis.
Polysensitized ¼ sensitized to temperate and subtropical grass pollens. Below/above 37�S ¼ patient geographical location. The baseline
RTSS was similar for polysensitized AR patients from regions below <37�S (baseline RTSS ¼ 15.00; n ¼ 15) and above <37�S (baseline
TRSS ¼ 16.73; n ¼ 30)
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values and change versus baseline analyses of the
RTSS were only performed for subjects with
documented baseline data at V1. Differences in
change versus baseline of the RTSS between sub-
groups were analysed using a Hodges-Lehmann
Estimator analysis (Wilcoxon rank sum test,
normal approximation, two-sided p-value).
RESULTS

Study population

A total of 63 patients with primary allergy to
temperate grass pollen (34 male, 29 female), with a
mean age of 24.6 � 16.0 (SD) years (35 children,
28 adults) were included in the study. Dropouts
between V1 – V2 numbered 7 (11.1%) and similar
decreases between consecutive visits were
observed throughout the study period, both dur-
ing and after completion of co-seasonal SLIT
treatment courses (Table 1). Over the three year
study period, 10 patients (15.9%) reported
discontinuing prematurely, 6 of these in relation
to adverse events. Post-pollen-season study visits
at the completion of co-seasonal SLIT treatment
(V2, V4, and V6) were scheduled during summer-
time, after peak springtime grass pollen exposures
(see Study Design). Due to Australia’s location in
the southern hemisphere, grass pollen seasons in
temperate regions extend over 2 calendar years,
with springtime grass pollen exposures generally
peaking around November and with summertime
grass pollen exposures continuing through
January of the following year1,18 (Fig. 5).

At baseline, the severity of AR and asthma
symptoms were classified according to ARIA
(n ¼ 63) and GINA (n ¼ 62) criteria respectively. A
large majority of subjects had persistent (n ¼ 49;
77.8%) and moderate-to-severe rhinitis (n ¼ 58;
92.1%). A majority of subjects had asthma (n ¼ 33;
53.2%); of these, about one-half had their asthma
partially controlled (n ¼ 15), about one-half had
their asthma controlled (n ¼ 17) and 1 subject had
uncontrolled asthma.

At baseline, all subjects with documented sen-
sitizations to grass pollen (n ¼ 62) were sensitized
to temperate grass pollen. One patient had no
documented grass pollen sensitizations (incom-
plete data), but was judged to meet the study



Fig. 5 Seasonal distributions of grass pollen. Cumulative monthly grass pollen counts during relevant pollen seasons were calculated
from measurements at two representative sites in temperate regions (A) below 37�S (Sydney, New South Wales) and (B) above 37�S
(Melbourne, Victoria).
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inclusion criteria and (therefore) have primary al-
lergy to temperate grass pollen. Ryegrass pollen
was the most common temperate grass pollen
sensitization (n ¼ 59/63; 93.7%) and, where the
relevant allergy history was documented (n ¼ 56),
ryegrass pollen allergy was near universal (n ¼ 55/
56; 98.2%). Bermuda grass pollen was the most
common subtropical grass pollen sensitization
(n ¼ 39/63, 61.9%) and, where the relevant allergy
history was documented (n ¼ 38), Bermuda grass
pollen allergy was common (n ¼ 23/38; 60.5%). Of
non-pollen allergens, house dust mite sensitization
was most common (n ¼ 33, 52.4%) and where the
relevant allergy history was documented, house
dust mite allergy was common (n ¼ 17/33; 51.5%).

Stratification of patient subgroups according to
polysensitization status and geographical location
is summarized in Fig. 3. There were 74.6% of
subjects (n ¼ 47) polysensitized to temperate
grass pollen and subtropical grass pollens. Of
these polysensitized patients (n ¼ 15), 31.9%
were located in northerly temperate regions
below 37�S (north of 37�S) (New South Wales
and Australian Capital Territory) whilst 68.1%
were located in southerly temperate regions
above 37�S (south of 37�S) (Victoria and
Tasmania).

Mean duration of AR symptoms prior to 5-grass
SLIT treatment was 12.2 (SD: 9.1) years (n ¼ 63).
The majority of subjects were AIT-naïve (n ¼ 55).
Eight subjects switched from an alternative AIT
treatment (SCIT, n ¼ 4; SLIT drops, n ¼ 4).
Concomitant AIT use was low: 5-grass SLIT was the
only grass pollen AIT treatment used during the
study period from V1 – V5; 1 subject was on
Bermuda grass SLIT at V6; at selected visits, 1–2
subjects were on HDM AIT (V2, n ¼ 2; V4, n ¼ 1;
V5, n ¼ 1). Compliance with 5-grass SLIT was
good, with a large majority of patients (96.4–100%)
reporting their daily usage as "most of the time" or
"always" at the end of each pollen season (V2, V4,
and V6), the remainder reporting daily usage as
"sometimes".

Patient treatment satisfaction

Subject treatment satisfaction was queried
following 300 IR 5-grass SLIT treatment at the end
of each pollen season (V2, V4, and V6). At each of
these visits, a large majority of subjects experi-
enced symptom improvements that exceeded or
met their expectations ("much more than/more
than/just as, I hoped": 82.1–89.1%) and there were
low levels of dissatisfaction with ease of use
("dissatisfied/very dissatisfied": 3.6–7.1%) and fre-
quency of dosing ("dissatisfied/very dissatisfied":
3.6–5.4%).

Changes in AR symptom intensity

In the overall study population, the baseline
RTSS (0–24) was 15.8 (SD: 6.0) (n ¼ 61). The
baseline RTSS in subgroups stratified according to
grass pollen sensitization status was similar: mon-
osensitized to temperate grass pollen ¼ 14.2 (SD:
6.9) (n ¼ 15); polysensitized to temperate and

https://doi.org/10.1016/j.waojou.2022.100632
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subtropical grass pollens ¼ 16.2 (SD: 5.6) (n ¼ 45)
(Fig. 4). In all groups, the RTSS was lower at all
subsequent study visits following 300 IR 5-grass
SLIT treatment (Fig. 4), as were all component AR
symptom scores (sneezing, itchy nose, runny
nose, blocked nose, eyes itching, eyes watering).

Change versus baseline analysis of the RTSS
showed that the intensity of AR symptoms during
the pollen season was significantly decreased in all
groups (all subjects, monosensitized and poly-
sensitized) from the first pollen season following 5-
grass SLIT treatment (V2), with these decreases
maintained during the second and third pollen
seasons (V4 and V6) (Table 2). At V2, AR symptom
reductions in the polysensitized group were
significantly greater compared to the
monosensitized group (p ¼ 0.0297; Hodges-
Lehmann estimator analysis) (Table 2). At V4 and
V6, the monosensitized group showed further AR
symptom reductions, minimizing differences to
the polysensitized group, with both groups
reaching 75–80% improvement vs baseline at V6
(p < 0.01; Table 2).

AR symptom reductions in polysensitized pa-
tients from geographical regions below (north of)
and above (south of) 37�S were very similar,
despite potential differences in the level of sub-
tropical grass pollen exposure between these
groups (Table 3; see Fig. 1).

Changes in the intensity of asthma symptoms

At baseline (V1) 33 patients reported having
asthma and 19 patients reported being quite/very/
extremely bothered by their asthma symptoms
(representing 32% of those that reported asthma
symptoms at this study visit). From V2 onwards, no
more than 6 patients reported these levels of
asthma symptoms (representing 2–14% of those
that reported asthma symptoms at each study
visit).

Pollen measurements

The seasonal distributions of grass pollen
measured at representative sites in the northerly
temperate region below 37�S (north of 37�S)
(Sydney) and in the southerly temperate region
above 37�S (south of 37�S) (Melbourne) were
analysed for relevant pollen seasons. Cumulative
grass pollen counts were calculated on a monthly
basis to clarify the timing of peak grass pollen
levels in each region (Fig. 5).

In both regions, grass pollen levels were
consistently highest during springtime, around
November (Fig. 5), which is the expected timing of
peak exposures to temperate grass (ryegrass)
pollen in temperate regions of Australia.18 As
previously reported by Silver et al,14 grass pollen
exposures also peaked during springtime
(around November), in the Australian Capital
Territory during an overlapping study period
(2014–2016).

In the region below 37�S (north of 37�S) (Syd-
ney), data were captured for an extended period
(until January 31), ensuring that measurements
encompassed the expected timing of peak sum-
mertime exposures to subtropical grass pollen,
around January.18 In each pollen season,
cumulative grass pollen counts during January
(summertime) were considerably lower than
during November (springtime) and represented a
comparatively minor fraction of cumulative
seasonal grass pollen counts (2–13%) (Fig. 5A).
Although data were not captured in January in
Melbourne, the overall distribution of pollen
counts indicates a trend for similarly low grass
pollen counts during this month (Fig. 5B).
Usage of medication for AR and asthma
symptoms

At baseline, regular use of medication for
symptoms of AR was common, with "daily" or
"often" usage reported at V1 as follows: oral anti-
histamines (71%), antihistamine nasal spray (27%),
antihistamine eye drops (21%), corticosteroid nasal
spray (35%); a smaller proportion of patients re-
ported "daily" or "often" usage of medication for
symptoms of asthma: b-sympathomimetics (13%),
inhaled corticosteroid (22%) and oral corticoste-
roid (2%). Over the course of the study, there were
consistent trends for decreased usage of medica-
tion for symptoms of AR and asthma during the
pollen season (methodological considerations
precluded change versus baseline and statistical
analyses; see Methods). "Daily" or "often" usage of
oral antihistamines during the pollen season fell
dramatically and remained below 7% from the first
pollen season (V2). "Daily" or "often" usage of
intranasal corticosteroids during the pollen season
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fell to 18% during the first pollen season and to
<4% during subsequent pollen seasons. Regular
usage of medication for symptoms of asthma
during the pollen season rose during the first
pollen season, however, during subsequent pollen
seasons "daily" or "often" usage fell to below 7%
for each class of asthma treatment.

Safety

A total of 62 adverse events were reported by
23 subjects. Thus 36.5% of subjects (n ¼ 23) re-
ported an event of any type, with gastrointestinal
disorders (n ¼ 17; 27.0%) and respiratory, thoracic,
and mediastinal disorders (n ¼ 11; 17.5%) being
the most prevalent system organ classes reported.
DISCUSSION

Evaluating how a patient’s polysensitization sta-
tus should influence approaches to AIT treatment
is a fundamental clinical challenge. This challenge
can be addressed with a considerable degree of
certainty when (i) a patient’s clinical history can
clearly identify the major causal allergen(s), (ii) a
well-characterized, standardized AIT treatment is
available that can appropriately target these causal
allergen(s), and (iii) there is evidence that this AIT
treatment can be highly effective in populations
with similar characteristics to the patient under
consideration. A particular practical challenge for
the management of SAR in the southern hemi-
sphere, compared to the northern hemisphere, has
been the relative lack of evidence from local
studies for the grass pollen AIT effectiveness in
SAR patient populations who present with poly-
sensitization to locally common aeroallergens,
such as subtropical grass pollen.

In temperate regions of Australia, where the
majority of the population resides, SAR patients
being considered for AIT therapy commonly pre-
sent with a clinical history indicating primary al-
lergy to temperate grass pollens (that is, their most
troublesome allergy symptoms occur predomi-
nantly during springtime) but also display sensiti-
zation to subtropical grass pollen (see Fig. 1).
Although the effectiveness of 300 IR 5-grass SLIT
has been confirmed in Australian SAR patients,6

the present study provides an important
additional advance by evaluating, for the first
time, how polysensitization to subtropical grass
pollen impacts upon the effectiveness of 300 IR
5-grass SLIT in patients with primary allergy to
temperate grass (ryegrass) pollen.

The main finding of this prospective observa-
tional study — of methodological relevance ac-
cording to the recent proposed hierarchy of Real-
World Evidence (RWE)19 — is that 300 IR 5-grass
SLIT treatment in Australian SAR patients (both
children and adults) with primary allergy to
temperate grass pollen from several temperate
regions of Australia (New South Wales, Australian
Capital Territory, Victoria, and Tasmania), and
including patients with polysensitization to sub-
tropical grass pollen, was associated with high
levels of patient-reported treatment satisfaction.

Consistent with these high levels of treatment
satisfaction, there were marked decreases in the
intensity of SAR symptoms versus baseline during
300 IR 5-grass SLIT treatment from the first pollen
season, which were sustained through 3 consecu-
tive pollen seasons, in patients with and without
polysensitization to subtropical grass pollen. In the
first pollen season, SAR symptom improvements in
patients with polysensitization to subtropical grass
pollen even slightly exceeded those in patients
with monosensitization to temperate grass pollen.
Furthermore, these improvements occurred in
polysensitized patients regardless of their
geographical location, including in more northerly
(above 37�S) temperate regions where the poten-
tial for exposures to subtropical grass pollen is
highest (see Fig. 1).

Overall, these novel findings reinforce and
extend findings from large, double-blind, placebo-
controlled trials and real-world studies conducted
in the northern hemisphere, which have estab-
lished that 300 IR 5-grass SLIT is effective in SAR
patients with primary allergy to temperate grass
pollen from the first pollen season and that poly-
sensitized patients achieve at least the same
magnitude of treatment efficacy as monosensitized
patients.8–11 The high levels of treatment
satisfaction observed during 300 IR 5-grass SLIT
treatment in Australian SAR patients likewise rein-
force the outcomes of large observational studies
in Europe, where 300 IR 5-grass SLIT treatment was
also shown to be associated with high levels of
treatment satisfaction.17

https://doi.org/10.1016/j.waojou.2022.100632
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The observed seasonal patterns of grass pollen
counts may assist in understanding why 300 IR 5-
grass SLIT treatment was similarly effective in all
patient subgroups analysed, stratified by poly-
sensitization status to subtropical grass pollen and
by geographical location (Fig. 3). A key finding was
that grass pollen counts were consistently highest
during springtime (November), when peak
exposures to temperate grass pollens are
expected, and were relatively low during
summertime (January), when peak exposures to
subtropical grass pollen are expected3,18,20 (see
Fig. 1). This raises the possibility that spring-
flowering temperate grasses (rather than
summer-flowering subtropical grasses) may have
been a predominant cause of SAR symptoms
during this study. Although pollen-specific ana-
lyses are needed to confirm this hypothesis, the
particular importance of springtime exposures to
temperate grass pollens in driving the burdens
and risks of SAR in temperate regions of Australia
is supported by other data: for example, recent
studies have identified that springtime peaks in
temperate grass pollen in temperate regions
correlate with springtime peaks in self-reported
SAR symptoms and hospital admissions due to
seasonal asthma, including during epidemic
thunderstorm asthma.3,4,14,21,22

The major limitation of this study is the small
number of patients studied. Minor limitations
include the instances of incomplete patient data, a
recognised limitation inherent in the conduct of
real-world studies.23 Not all subjects in the
monosensitized group were tested, or had data,
to confirm a lack of sensitization to subtropical
grasses. The effect of any bias introduced by this
limitation, however, would be to minimize
differences between the subgroups and would
not favour increased efficacy outcomes in the
poly versus the monosensitized groups, as was
observed. Furthermore, the reported rate of
polysensitization to subtropical grass pollen in
the whole study cohort (75%) is consistent with
values in the literature for SAR populations in
similar geographic locations (72.4%).24

With regard to pollen measurements, an iden-
tified limitation is that their predictive value for SAR
symptoms is sensitive to patient proximity to the
measurement site.25 Therefore, whilst the
observed data are useful to broadly indicate the
likely timing of peak grass pollen exposures
across the study population (for example,
springtime versus summertime), more detailed
inferences regarding relationships between
cumulative seasonal grass pollen counts and
treatment responses to 300 IR 5-grass SLIT are
necessarily limited as measurements were per-
formed only at 2 representative sites amongst 12
study sites. Importantly, baseline AR symptom
scores and AR symptom score reductions were
very similar in patients from different geographic
regions (Table 3).

As SAR patients with primary allergy to
temperate grass pollens are known to be at
particular risk of life-threatening asthma exacer-
bations during epidemic thunderstorm asthma
events (even for those without previously diag-
nosed asthma),3,4,26 international AR management
guidelines specifically highlight the importance of
considering AIT for this at-risk population, even
when AR is controlled by pharmacotherapy.27

Within this context, considering SAR patient
suitability for well-characterized, standardized
and clinically-proven temperate grass pollen AIT
treatments such as 300 IR 5-grass SLIT assumes
added importance in clinical practice.

Evaluating patient suitability for different AIT
treatments involves assessing the relative impor-
tance of different allergens in driving the individual
patient’s disease and assessing which available AIT
treatments can most effectively target the major
causal allergen(s). As highlighted above, a
possible explanation for why treatment responses
to 300 IR 5-grass SLIT in patients from the
temperate regions examined in this study were
uniformly high, regardless of patient sensitization
status or geographical location, is that SAR symp-
toms were largely driven by springtime exposures
to temperate grass pollen, with subtropical grass
pollen only playing a relatively minor role in
driving symptoms, even in northerly temperate
regions below 37�S (north of 37�S) (cf. Fig. 5).
Further studies are needed to investigate this
possibility; if correct, in SAR patients subject to
predominantly springtime grass pollen
exposures, there may only be limited scope for
improving clinical outcomes by additionally
targeting AIT to subtropical grass pollen.
Furthermore, adopting this approach may involve
consideration of less well-characterized AIT



12 van Nunen et al. World Allergy Organization Journal (2022) 15:100632
http://doi.org/10.1016/j.waojou.2022.100632
treatments, which carries risk: whilst available AIT
treatments containing mixtures of temperate and
subtropical grass pollen have theoretical benefits,
they have yet to be studied in relevant patient
populations as no controlled clinical studies have
been conducted to date. As such, there is no cer-
tainty that these treatments can match the proven
effectiveness of 300 IR 5-grass SLIT in addressing
disease burdens and risks due to temperate grass
pollen allergy, both in the short- and long-term.6,8

Given the prevalence of SAR patients globally
with similar characteristics and pollen exposures to
those examined in this study, the findings of this
study should have broad relevance globally for
informing optimal approaches to AIT. For
example, primary allergy to temperate grass pol-
len and polysensitization to subtropical grass pol-
len is likely be a common clinical presentation in
temperate regions of South Australia, Western
Australia, New Zealand, and North America (see
Fig. 1). The findings from this study are likely to be
relevant to temperate regions of North America,
where SAR patients from temperate climate
zones typically display primary sensitization to
temperate grass pollen,28 temperate grasses are
an important source of grass pollen during
springtime,29 and subtropical grasses contribute
to secondary pollen peaks during
summertime.28–30

In summary, this real-life study of children and
adults with SAR and primary allergy to temperate
grass (ryegrass) pollen located in temperate re-
gions of Australia showed that 300 IR 5-grass SLIT
treatment was associated with high levels of
treatment satisfaction and was associated with
high levels of SAR symptom improvements, irre-
spective of patient polysensitization status to sub-
tropical grass pollen or geographical location.
These findings should have broad relevance
globally and should increase certainty about the
characteristics of SAR patients who can be suitable
for this well-characterized, standardized and
clinically-proven temperate grass pollen AIT
treatment.
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