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Background: Sublingual immunotherapy with liquid extracts
provides an appealing alternative to subcutaneous
immunotherapy for the treatment of allergic rhinoconjunctivitis
(ARC), but a lack of robust evidence has deterred its use in
North America.
Objective: To determine the efficacy and tolerability of
standardized glycerinated short ragweed sublingual allergen
immunotherapy liquid (RW-SAIL) extract in subjects with
ragweed-related ARC.
Methods: This phase 3, randomized, placebo-controlled trial
was conducted in North America. Subjects (age range, 18-55
years) with or without asthma were selected based on ARC
symptom severity and erythema skin prick reaction to short
ragweed. Subjects self-administered the maximum tolerated
dose of RW-SAIL (n 5 218) or placebo (n 5 211) daily
beginning approximately 8 to 16 weeks before and through the
end of the ragweed pollen season. The primary end point was
subject-assessed total combined daily rhinoconjunctivitis
symptom and medication scores (TCS).
Results: During the entire season, there was a 43% decrease in
TCS in subjects treated with RW-SAIL compared with placebo.
Similar decreases were observed in TCS between the 2 groups
during peak season (42%) and in daily symptom scores during
the entire (42%) and peak (41%) seasons. The occurrence of

adverse events was similar between the treatment groups; most
were mild in severity. Treatment-related oromucosal local
application site reactions occurred early and were transient and
self-limited. No anaphylaxis occurred.
Conclusions: This is the first successful North American
confirmatory phase 3 clinical trial to demonstrate the safety
and efficacy of a sublingual standardized ragweed
allergen immunotherapy liquid extract for the treatment
of ARC. (J Allergy Clin Immunol 2013;nnn:nnn-nnn.)
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Subcutaneous immunotherapy has been the conventional mode
of therapy in the United States and Canada for patients with
seasonal allergic rhinoconjunctivitis (ARC) and milder asthma
that is unresponsive to pharmacotherapy.1 This effective form of
treatment is burdened, however, by a prolonged injection
schedule,2 patient noncompliance due to frequent physician visits
necessitated by the regimen,3 the discomfort associated with in-
jections,4 and the recognized risk of anaphylaxis.1 Sublingual
immunotherapy (SLIT) represents an alternative mode of treat-
ment that may afford a safe, convenient, and effective treatment
modality for the management of allergic respiratory disease.2,5,6

Sublingual aqueous forms of immunotherapy have been espoused
in Europe, and various studies have shown degrees of improve-
ment with pollens and dust mite.4,7 However, SLIT is not
approved by the US Food and Drug Administration (FDA), and
it is used off-label with limited safety or dose-defining efficacy
studies.8-13

Ragweed, the dominant seasonal aeroallergen for much of
North America,14 causes significant morbidity, is associated with
disease sequelae, and adversely affects the economic burden. The
objective of this study was to demonstrate the efficacy and toler-
ability of SLIT with a standardized glycerinated short ragweed
allergenic extract in adult subjects with ragweed-pollen-related
ARC, with or without mild asthma. Here, we report the first suc-
cessful confirmatory phase 3 clinical trial to demonstrate the
tolerability and efficacy of a standardized ragweed sublingual
allergen immunotherapy liquid extract (SAIL) (Greer SAIL,
Greer Laboratories Inc, Lenoir, NC).

METHODS

Study design and oversight
This phase 3, randomized, double-blind, placebo-controlled, parallel-

group clinical trial (NCT01353079) was conducted at 26 US and Canadian

centers from April 2011 (before the natural ragweed pollinating season) until
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Abbreviations used

AE: Adverse event

ANCOVA: Analysis of covariance

ARC: Allergic rhinoconjunctivitis

DSS: Daily symptom score

FDA: US Food and Drug Administration

ITT: Intent to treat

LS: Least squares

MTD: Maximum tolerated dose

RW-SAIL: Ragweed sublingual allergen immunotherapy liquid

extract

SLIT: Sublingual immunotherapy

TCS: Total combined symptom score and medication score

TRAE: Treatment-related adverse event

November 2011 (the end of the 2011 ragweed pollen season). Eligible subjects

were randomized (1:1) by an interactive voice response system according to a

computer-generated block-randomization scheme into ragweed SAIL

(RW-SAIL) or to placebo groups. The study drug was administered

sublingually, held under the tongue for up to 2 minutes, and then the residual

was swallowed. Double blinding was ensured through use of a placebo

identical to RW-SAIL in taste and appearance. Blinding was maintained until

the databasewas locked. No fewer than 8 but nomore than 16weeks before the

ragweed pollen season, all the subjects received a single subject-blinded

placebo dose (Fig 1). The patients who reacted to that dose in the 15-20minute

follow-up were eliminated from the trial; those who could tolerate the initial

dose received up to 2 incremental RW-SAIL doses (approximately 18 mg

Amb a 1 or approximately 50 mg Amb a 1) or placebo at 15- to 20-minute in-

tervals while being observed by the clinic staff. The dose was increased to the

maximum tolerated dose (MTD) unless the subject experienced bothersome

but tolerable symptoms. The MTD for each subject served as the subject’s

starting study dose. TheMTDwas self-administered once daily in themorning

before food until the end of the ragweed pollen season. The subjects were pro-

vided with self-injectable epinephrine in case of a severe allergic reaction to

treatment and as-needed antiallergy medications (loratadine 10 mg oral tablet

once daily; olopatadine 0.1%, 1 drop twice daily) to use in a stepwise manner

during the ragweed season for relief of moderate-to-severe ARC symptoms.

Use of b-agonists was allowed for the subjects with asthma. The subjects

were seen by the investigator every 30 days (67 days) during the treatment

phase of the study. Treatment compliance was assessed by using daily elec-

tronic diary entries, and treatment vials were inspected during the monthly

visits to confirm adherence to the dosing regimen. The subjects recorded

each dose in their diary and were referred for further training if compliance

dropped below 80%.

Ragweed pollen season was defined as starting on the first day in which

ragweed pollen counts were >10 grains/m3 and ending on the first of 3 consec-

utive days in which ragweed pollen counts were <5 grains/m3. The peak sea-

son was defined as the maximal 3 noncontiguous peak weeks of pollen counts

over the course of the season for each study site, as determined by calculating a

moving average of the available pollen counts for each week.

This study was conducted in accordance with the Declaration of Helsinki

and the guidelines of the FDA and the International Conference on

Harmonisation (Good Clinical Practices). The protocol was approved for

each center by institutional review boards; written informed consent was

obtained from all the subjects. The study sponsor and we were responsible for

study design and/or data collection, data analysis, and manuscript preparation.

We attest to the completeness and accuracy of the presented data.

Study population
Subjects, ages 18 to 55 years, with ragweed-related ARC, with or without

mild intermittent asthma were included in the study. The subjects had a
>_2-year history of moderate-to-severe ragweed-related ARC symptoms that

required antiallergy medications. An orthogonal sum of erythema skin prick

test reaction (+E) >_60 mm to short ragweed allergenic extract 15 to 20

minutes after application was required. Skin prick tests (Greer Pick; Greer

Laboratories) were performed with allergenic extracts, saline solution, and

histamine controls. Subjects with a history of anaphylaxis or a history of

persistent or unstable asthmawere excluded. Other exclusion criteria included

ARC symptoms attributable to perennial allergens that overlapped the

ragweed season, a history of symptomatic perennial ARC to an allergen to

which the subject was regularly exposed, or inability to achieve dose 2

(approximately 18mg Amb a 1) or higher during preliminary dosing. Subjects

whowere polysensitized based on skin prick tests in the absence of symptoms

were allowed in the trial.

Clinical and safety assessments
The primary efficacymeasurewas the net average daily rhinoconjunctivitis

total combined symptom score and medication score (TCS) during the entire

ragweed pollen season. The subjects recorded daily morning and evening

symptoms and antiallergy medication use in an electronic diary. Ocular

(itchiness, swelling and/or redness, and watery eyes and/or tears), nasal

(sneezing, itching, runny nose, and stuffy nose), and aural (itching) symptoms

were assessed and rated on an ordinal scale from 0 (no symptoms) through 3

(severe symptoms). Relief medication use was scored as 1 point for each daily

use of oral or ocular antihistamine or albuterol treatment (excluding albuterol

use before exercise). The TCS score was derived from the ocular (3

components) plus nasal (4 components) plus aural (1 component) (scored,

0-3; maximum symptom score, 24) plus the medication score (1 point for each

medication use; maximummedication score, 3). The potential maximumTCS

was 27.

Secondary efficacy variables were the TCS during the peak season, net

average rhinoconjunctivitis daily symptom score (DSS) reported during the

entire season, and the DSS during the 3 peak weeks of the season. Short

ragweed specific IgG4 and IgE antibody levels were exploratory end points

evaluated from serum samples (ImmunoCap; Phadia AB, Uppsala, Sweden)

collected at screening and the final study visit.

Safety was evaluated by adverse events (AE) self-reported by the subjects,

concomitant medication use, vital signs, clinical laboratory evaluations, and

changes in physical examinations. AEswere characterized for date and time of

onset, duration, severity, and causal relationship with the study drug or other

factors.

Statistical analysis
The intent-to-treat (ITT) population included all randomized subjects who

received at least 1 dose of double-blinded study medication and who had at

least 1 postdose efficacy assessment. The per-protocol population included

subjects who met all inclusion and exclusion criteria, had no major protocol

violations, and had at least 4 days of valid baseline data and at least 2 valid

weeks of data during the entire pollen season. The safety population included

all randomized subjects who received at least 1 dose of study medication.

A sample size of 188 subjects in each group had 90% power to detect a

difference of 21.44 in TCS means between the treatment groups by using a

2-group Satterthwaite t test with an SD of 2.9 and a 0.05 2-sided significance

level. The sample size was increased by 10% to account for dropouts, which

resulted in an estimated 209 subjects per treatment group. A clinically mean-

ingful difference was defined as a 20% decrease in TCS in RW-SAIL versus

placebo. Sensitivity testing for missing data for the primary end point

included the use of the last-observation-carried-forward method by using

the last data available before dropout on posttreatment assessments only,

the use of the last-observation-carried-forward method on morning and eve-

ning symptom scores separately, examination of the rate of missing data in

primary end-point scores between treatment groups, and the use of matched

pairs.

Descriptive statistics were used for baseline, posttreatment, and change

from baseline by treatment. Baseline symptom scores were determined during

theweek immediately before the ragweed season; at least 4 days of usable data

were required. Efficacy end points were assessed in the ITT population.

Analysis of covariance (ANCOVA) was performed to compare the active and
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placebo groups. Change from baseline in TCS was used as the outcome

variable for the ANCOVA with baseline TCS as a covariate. Treatment and

study center were used as the independent variables. Least squares (LS)means

for each treatment and treatment difference, as well as the 95%CI andP value,

were calculated. Statistical analyses for secondary end points were done in a

manner similar to TCS. Additional post hoc analyses were performed that

served as sensitivity testing to confirm the robustness of the conclusions.

ANCOVAs on the final scores (without baseline adjustment) and on

baseline-adjusted scores were performed.

A post hoc analysis also was performed on the primary variable to test for a

clinically meaningful difference between placebo and RW-SAIL based on a

threshold applied to a lower bound of the 95% CI. Three cases were examined

with delta5 10%, 15%, and 20%margins based on the mean TCS of placebo.

Confidence bounds were based on a conservative 2-tailed approach.

RESULTS

Study participants
A total of 429 subjects were randomized (RW-SAIL, n5 218;

placebo, n 5 211); 381 subjects (88.8%) completed the study
(RW-SAIL, n 5 191; placebo, n 5 190). The ITT and safety
populations each totaled 429 subjects. Overall study compliance

was 89%. A total of 48 subjects (11.2%) discontinued in the
study; the primary reason was withdrawal of consent (Fig 2). One
subject in the RW-SAIL group and 2 subjects in the placebo group
discontinued in the study because they failed randomization.
A slight majority of subjects were women (56.9%), and the
mean age was 38.3 years (Table I). Sensitivity to ragweed pollen
was confirmed for all enrolled subjects (mean +E 5 94 mm).

Ragweed pollen season
The mean duration of the 2011 ragweed season was 50 days

(median, 49 days). The mean daily pollen count for the
entire ragweed season was 44 pollen grains/m3 (peak ragweed
season 5 86 pollen grains/m3).

Primary efficacy end point
There was a significant improvement in the primary efficacy

end point, TCS, during the entire ragweed pollen season, when
RW-SAIL treatment was compared with placebo. The active-
treatment group reported a 43% reduction in the primary end

FIG 1. Study design. Determination of MTD occurred at visit 1.

FIG 2. Enrollment and randomization of study subjects.
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point relative to placebo recipients. The change from baseline in
active treatment and placebo TCS was 0.82 versus 1.44,
respectively (Table II); the median change was 0.45 versus 0.92
(difference in LS means, 20.83 [95% CI, 21.30 to 20.37]; P <
.001). TCS scores paralleled the level of ragweed pollen over
time (Fig 3). Analysis of the per-protocol population during the
entire ragweed pollen season showed results similar to the ITT
population.

Post hoc ANCOVAs on the final scores (without baseline
adjustment) (see Table E1 in this article’s Online Repository at
www.jacionline.org) and ANOVA on baseline-adjusted scores
produced similar results and supported the conclusions from the
primary analysis. The adjusted lower bounds were higher than
zero in all 3 cases, which indicated that, even after adjusting the
95% CIs to take into account a 10%, 15%, or 20% clinically
meaningful threshold over placebo, the results from RW-SAIL
remain statistically significantly lower compared with placebo
(see Table E2 in this article’s Online Repository at www.
jacionline.org).

Secondary end points
The secondary efficacy end points significantly improved with

RW-SAIL compared with placebo. Primary analysis of the peak
season was based on the 3 noncontiguous ‘‘maximum’’ peak
weeks. The subjects who received active treatment reported a
42% reduction in TCS during the peak season relative to placebo
recipients. The change from baseline for subjects who received
active treatment versus placebo at peak TCSwas 1.17 versus 2.02,
respectively (Table II); the median change was 0.67 versus 1.21
(difference in LS means, 20.86 [95% CI, 21.39 to 20.33];
P 5 .002). Similarly, subjects who received active treatment re-
ported a 42% reduction in the DSS during the entire ragweed pol-
len season relative to placebo recipients. The change in the DSS
from baseline for active treatment versus placebo was 0.79 versus
1.37 (Table II); the median change was 0.43 versus 0.91 (differ-
ence in LS means, 20.77 [95% CI, 21.21 to 20.33]; P < .001).
The subjects who received RW-SAIL reported a 41% reduction
in the DSS during the peak season relative to the placebo

recipients. The change in the peak DSS from baseline for active
treatment versus placebo was 1.12 versus 1.90 (Table II); the me-
dian change was 0.65 versus 1.06 (difference in LS means,20.79
[95% CI, 21.29 to 20.28]; P 5 .002).

Immunologic findings
There was a significantly greater increase in ragweed-specific

IgG4 antibody with RW-SAIL than with placebo (Fig 4, A). The
change (6 SE) from baseline for active treatment versus placebo
was 0.99 (60.13) versus 20.01 (60.01) mg/L, respectively
(Fig 4, B); the median change was 0.21 versus20.03 (difference
in LS means, 0.94 [95% CI, 0.69-1.19]; P <.001). RW-SAIL also
induced a significantly greater increase in ragweed-specific IgE
antibody than in placebo (Fig 4, C). The change from baseline
in active treatment versus placebo was 55.92 (610.21) versus
4.97 (61.18) kU/L (Fig 4, D); the median change was 11.47
versus 0.46 (difference in LS means, 41.41 [95% CI,
24.32-58.49]; P < .001).

Safety
Ninety-four percent of subjects achieved the MTD (approxi-

mately 50 mg Amb a 1); 6% of the subjects either remained on, or
stepped down, to the lower dose (approximately 18 mg Amb a 1).
RW-SAIL was well tolerated, with no deaths, systemic allergic
reactions, anaphylaxis, or life-threatening events. The percentage
of subjects who reported AEs was similar throughout the entire
study for the active and placebo groups (48% and 44%,
respectively). Most AEs (95%) were mild or moderate in severity.
The most common treatment emergent AEs were headache and
upper respiratory and gastrointestinal symptoms (Table III). The
percentage of subjects who reported treatment-related AEs
(TRAE) was slightly higher throughout the entire study for the
active-treatment group compared with the placebo group (12%
vs 3%, respectively). The most frequently reported TRAEs
were early occurring, transient, self-limited oromucosal reac-
tions. Serious AEs occurred in 8 subjects (6 events in 3 subjects
in the placebo group, 2 events in 2 subjects in the active-
treatment group); none were considered treatment related by the
study investigators. No clinically significant findings were re-
corded for laboratory parameters, except 1 subject with posttreat-
ment emergent hematuria, judged not related to the study drug by
the clinical investigator. A 25-year-old woman in the RW-SAIL
group developed subcutaneous angioedema of the hand after con-
tact with a cleansing product and was administered epinephrine in
the emergency department. The AE was judged as not serious,
was graded as mild, resolved in 2 days, and was considered prob-
ably not related to the study drug by the investigator.

DISCUSSION
To our knowledge, this is the first confirmatory phase 3 clinical

trial to demonstrate the clinical efficacy of SLIT with a liquid
allergenic extract (SLIT-liquid) in North American subjects with
ARC. RW-SAIL significantly improved the primary efficacy end
point and each of the secondary end points of the study throughout
the entire season as well as the peak ragweed season. As further
confirmation that meaningful clinical significance can be as-
signed to the statistical findings (mean TCS improvement with
RW-SAIL over placebo), we also performed a lower-bound CI

TABLE I. Baseline characteristics of study subjects

Characteristic

Treatment

Total

(N 5 429)

Placebo

(n 5 211)

RW-SAIL

(n 5 218)

Age (y), mean (SD) 38.4 6 10.1 38.2 6 10.6 38.3 6 10.3

Female, no. (%) 117 (55.5) 127 (58.3) 244 (56.9)

Race, no. (%)

White 168 (79.6) 168 (77.1) 336 (78.3)

Black 28 (13.3) 34 (15.6) 62 (14.5)

Asian 11 (5.2) 9 (4.1) 20 (4.7)

Other 4 (1.9) 7 (3.2) 11 (2.6)

Weight (kg), mean (SD) 80.7 6 21.5 81.7 6 22.3 81.2 6 21.9

Ragweed sensitivity

Skin test reactivity (mm),

mean +E (SD)

96.0 6 23.6 93.2 6 20.4 94.6 6 22.1

RW-specific IgE (kU/L),

mean (SD)

14.6 6 27.3 11.3 6 18.9 13.0 6 23.5

Asthmatics, no. (%) 19 (9.0) 17 (7.8) 36 (8.4)

Multisensitized, no. (%) 181 (85.6) 179 (82.1) 360 (83.9)
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analysis. This lower bound analysis was performed by using 10%,
15%, and 20% as clinically relevant margins, and the upper
bounds for all were <0, which demonstrated statistical and, more
importantly, clinical significance at the specified deltas (Table
E2). In addition, the results from the current trial are comparable
with those reported with other liquid or tablet SLIT
studies7,11,15-19 that assessed TCS and immunologic end points.
In the United States, SLIT is not approved by the FDA. However,
increasingly, aqueous allergen extracts approved for subcutane-
ous administration are being administered off-label in the United
States. This crystallizes the relevance of this clinical study
because only limited data from safety and dose-defining efficacy
studies exists to support this use.

Four studies have been reported in the literature with aqueous
ragweed, none of which provide conclusive evidence of meaning-
ful clinical effectiveness.11,13,20,21 The study by Andre et al20

could be considered the first demonstration that ragweed extract
can be administered as an aqueous material, although most sub-
jects were converted to a tablet. Statistical significance in that
study, which was not achieved for the primary end points (individ-
ual symptoms), was only achieved for secondary end points
(physician global assessments and patient global assessments)
that are not currently accepted as rigorous clinical outcomes for
assessment by regulatory agencies.20 The study by Bowen
et al21 demonstrated a trend toward improvement in the primary
end points of the study, sneezing (P 5 .09) and nasal pruritus
(P 5 .06). Significance (P 5 .04) was only achieved for these

end points after exclusion of data from 1 study center because
of a low pollen peak.21 The study by Esch et al13 was a phase 1
safety study performed on small numbers of subjects (n 5 9 to
32) to establish the MTD in subjects allergic to ragweed, grass,
dust mite, and/or cat, and did not provide efficacy data. The study
by Skoner et al11 was a dose-ranging study (48 vs 4.8 mg Amb a 1
vs placebo) that helped define the optimal dose for our clinical
trial. This article did not find a statistically significant improve-
ment in the ITT population for the primary end point, the rhino-
conjunctivitis score (15% difference for active treatment vs
placebo [P > .1 by ANOVA]). Only when subgroup analysis
was performed on the group in the high-dose arm of the study
could an effect be demonstrated (P5 .02 by ANCOVA) for com-
bined medication-symptom scores when compared with pla-
cebo.11 Clearly, none of these studies provide pivotal evidence
of efficacy with ragweed immunotherapy when it is administered
as an aqueous sublingual extract.

In the United States, studies of SLIT-liquid with other allergens
have been limited in size and aimed to establish safety (phase 1),
insight into mechanism, or exploration of dose.8-10,12 As impor-
tantly, a review of the recent literature7,17,22,23 shows that the
largest reported clinical studies of SLIT-liquid are less than half
the size of our trial. Therefore, our study findings represent a ma-
jor statement, not only for ragweed but also for SLIT as an entity.

We recognize that SLIT also can use dissolvable tablet
formulations (SLIT-tablet).16,18-20,24-26 However, we would point
out that the distinction between SLIT-liquid and SLIT-tablet is

FIG 3. Mean TCS during the entire ragweed pollen season. Days 72-104 of the graph display data from only

3 centers (with data from only 4-13 subjects; only 1 center continued to supply data after day 77). The uptick

in TCS seen in the RW-SAIL arm of the study on days 76-79 comprises data from only 3-6 subjects who

recorded symptoms.

TABLE II. Summary of RW-SAIL and placebo in average daily total combined symptom and medication scores and daily symptom

scores during the ragweed pollen season

Total combined score Daily symptom score

Placebo RW-SAIL P value* Placebo RW-SAIL P value*

Entire pollen season, no. patients 211 218 193 196

Score, mean (SD) 1.44 6 2.40 0.82 6 1.64 <.001 1.37 6 2.29 0.79 6 1.56 <.001

Peak pollen season, no. patients 196 196 193 196

Score, mean (SD) 2.02 6 3.20 1.17 6 2.10 .002 1.90 6 3.01 1.12 6 1.99 .002

*P values designate difference in LS means.
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important for several reasons. The 2 treatment formulations have
different modes of delivery (aqueous extract vs dissolvable tablet)
and may possess different absorption characteristics that could
lead to different safety and efficacy profiles. In addition, the liquid
formulation is currently FDA approved for subcutaneous immu-
notherapy and the clinical trials are aimed at providing sufficient
evidence of safety and efficacy based on current FDA regulatory
agency requirements for phase 3 pivotal trials to extend the use of
the material to SLIT.

The complexities and difficulties inherent in conducting
clinical trials that evaluate the efficacy of single allergen
treatments in polysensitized subjects are evident from the findings
in several recent reports.9,11,21 In this context, subject screening,
inclusion-exclusion criteria, and confounding allergen exposure
in the relevant allergen season are likely critical factors that
reduce statistical power to detect meaningful differences in clin-
ical trials.27 In this trial, we attempted to address each of these
potential study design flaws. Our study design used stringent
screening to identify subjects who were highly allergic to
ragweed based on clinical history and medication use, and

avoided geographic areas where confounding allergens were his-
torically present or overlappedwith the ragweed season. In partic-
ular, we used a higher threshold for study inclusion based on skin
prick test+E and not wheal, which has a flattening dose-response
curve. This latter criterion represents a major difference in patient
selection criteria compared with other trial designs. The determi-
nation of the+E cutoff point and subject stratification was based
on the methodology used in previous clinical trials initiated by the
lead author (Peter Creticos) and retrospective analysis of subject-
group skin test stratification from previous trials of RW-SAIL
performed by the sponsor.11,13 Interestingly, Casale et al28 recom-
mended patient selection based on a combination of skin test
sensitivity and ragweed-specific IgE, and recent clinical studies
of SLIT-tablet indicate that IgE is a critical determinant in identi-
fying symptomatic patients.15,16,18 In contrast, our findings
clearly highlight the importance of in vivo methodology for
ensuring robust clinical measurements.

The exposure to confounding allergens in polysensitized
subjects in the context of allergen immunotherapy trials designed
to prove efficacy toward a single allergen can have a significant

A B

C D

FIG 4. IgG4 at baseline and end of study (A), IgG4 change from baseline (B), IgE at baseline and end of study

(C), and IgE change from baseline (D). Error bars indicate 95% CIs. P values designate difference in LS

means.
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impact on the outcome. The selection of subjects that are
predominantly sensitized to the relevant allergen and the
avoidance of geographic areas where overlapping and confound-
ing allergens have been historically present can help but is not
always feasible. In our previous ragweed SLIT trial,11 we attemp-
ted to isolate the impact of ARC symptoms caused by confound-
ing allergens on efficacy measures reported during the ragweed
pollen season. The contribution of the symptoms induced by
non-ragweed pollen allergens was estimated by recording symp-
toms during the week immediately before the ragweed season
(baseline symptom score). We then used the baseline-adjusted
symptom score to estimate the magnitude of the symptoms attrib-
uted to ragweed pollen exposure during the season. The use of this
end-point measure greatly improved the statistical power by
reducing the variability of symptom scores caused by subjects
with sensitivities to the confounding allergens. This is the
preferred statistical method of analysis when estimating a treat-
ment effect, as opposed to ignoring baseline behavior altogether,
and is especially valuablewhen baseline values are not negligible.
This approach also may lead to an apparent enhanced treatment
effect. For example, use of the baseline-adjusted scores predicted
a 43% improvement in symptom-medication scores with respect
to placebo, whereas use of the unadjusted scores predicted less
improvement (calculated from Table E1). Given that the majority
of the subjects included in this trial were polysensitized and that
they were treated only for their ragweed allergy, the apparent dif-
ference of outcomes can be resolved. Further studies by using
multiallergen immunotherapy in polysensitized subjects are
needed to fully evaluate these effects. RW-SAIL increased IgG4

and IgE significantly more than placebo, which is consistent
with immunologic data observed in previously published clinical
trials of subcutaneous immunotherapy29,30 and SLIT.16,18,20,31 In-
creases in IgG4 were associated with decreases in ARC symptoms
andmedication use, which indicated that IgG4may be a protective
biomarker.

During the 36-week treatment period, RW-SAIL was generally
well tolerated. There were no deaths or anaphylaxis during this
study, and few subjects (n 5 8) withdrew because of AEs, all of

which were not unexpected (eg, diarrhea, local oromucosal AEs).
The AEs reported in the study were mainly mild-to-moderate
application-site reactions that are consistent with those reported
in other SLIT trials of pollen allergens.32-34 No serious local or
systemic allergic reactions were observed, which corroborated
recommendations that SLIT is safe for at-home administration.35

In conclusion, this North American clinical trial provides the first
confirmatory evidence that once-daily SLIT-liquid administered
to individuals with ragweed allergy is well tolerated and can result
in highly significant clinical improvements in seasonal symptoms
and rescue medication use. SLIT may provide a promising alter-
native therapeutic option for the treatment of patients with ARC.

We thank Erin P. Scott, PhD, and Daniel McCallus, PhD, at Complete

Publication Solutions, LLC, for assistance in manuscript preparation. We

thank all the participants, coordinators, and investigators for their

participation.

Clinical implications: The results of this study provide evidence
that aqueous SLIT is well tolerated and effective for the treat-
ment of ragweed allergy in a large North American population.
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Supplemental Material1
2

Methods3

An exploratory post hoc lower bound analysis was also performed at the request of the FDA on4

the primary variable. The purpose of this analysis was to examine whether the difference in TCS5

for RW-SAIL versus placebo was not only statistically and clinically significant as per the a6

priori Statistical Analysis Plan, but also to examine the clinical relevance of that difference when7

using different thresholds to define the margin. To test for a clinically meaningful difference8

between RW-SAIL and placebo based on a threshold applied to a lower bound of the 95%9

confidence interval (ie, upper bound for the negative difference), 3 cases were examined: 10%,10

15%, and 20% margins based on the mean of placebo.11

Results12

For the lower bound analyses, the adjusted upper bound was −0.201when the 10% pre-defined13

difference was used. When using the 15% difference, the adjusted upper bound was −0.116, and14

when using the 20% difference, the adjusted upper bound was −0.032 (Table E2). All15

confidence limits listed above were based on a conservative two-tailed test. The adjusted upper16

bounds were less than zero in all 3 cases, indicating that even after adjusting the 95% CI to take17

into account a 10%, 15%, or 20% clinically meaningful threshold over placebo, the results for18

RW-SAIL remain statistically significantly lower than the results for placebo.19

Discussion20

The lower bound confidence interval analysis provides a strong indicator for determining the21

clinical relevance of a drug’s therapeutic efficacy when compared with a population treated with22

placebo. The margin of difference observed in this clinical trial demonstrates a clear23

differentiation of results with treatment with RW-SAIL versus placebo.24



Creticos 1

Table E1. Summary of Change From Baseline in RW-SAIL and Placebo in Average Daily Total Combined Symptom-1
Medication Scores During the Ragweed Pollen Season2

3
Post hoc Baseline Unadjusted ANCOVA Analysis4

5

Total Combined Score (TCS)* Daily Symptom Score (DSS)*

Placebo RW-SAIL P Value† Placebo RW-SAIL P Value†

Baseline Score 2.11±2.74 2.17±2.73 2.06±2.68 2.09±2.61

Entire Pollen Season n=211 n=218 n=193 n=196

Score 3.55±3.40 2.99±3.00 <0.01 3.42±3.30 2.88±2.90 <0.01

Peak Pollen Season n=196 n=196 n=193 n=196

Score 4.13±3.81 3.31±3.24 <0.01 3.96±3.65 3.20±3.14 <0.01

LS=least squares; RW-SAIL=ragweed sublingual allergen immunotherapy liquid extract.6
*Mean ± SD.7
†P values designate difference in LS means.8



Creticos 2

Table E2. Lower Bound Analysis9
Lower Bound CI

Difference*
Adjusted Upper

Bound

@10% –0.201

@15% –0.116

@20% –0.032

CI=confidence interval.10

*Confidence limits based on a conservative two-tailed approach.11

12
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