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Efficacy and safety of the probiotic Lactobacillus paracasei 1.P-33
in allergic rhinitis: a double-blind, randomized, placebo-controlled

trial (GA2LEN Study)

DJ Costa', P Marteau?, M Amouyal’, LK Poulsen®, E Hamelmann®, M Cazaubiel®, B Housez®, S Leuillet®>, M Stavnsbjerg®, P Molimard’,

S Courau’ and J Bousquet®®

BACKGROUND/OBJECTIVES: An imbalance between Th1 and Th2 cells is involved in allergic rhinitis (AR) that may be improved by
probiotics. To test the efficacy of the probiotic Lactobacillus paracasei subsp. paracasei LP-33, a double-blind, placebo-controlled,
randomized trial was carried out in patients with AR to grass pollen treated with loratadine and presenting altered quality of life.
SUBJECTS/METHODS: Subjects with persistent AR, symptomatic during the grass pollen season, and a positive skin test or specific
immunoglobulin E to grass pollens were included by general practitioners (GPs). All received loratadine for 5 weeks. The primary
end point was the improvement in Rhinitis Quality of Life (RQLQ) global score at the fifth week of LP-33 consumption compared
with placebo (in addition to loratadine). Secondary end points included nasal and ocular symptoms (individual and total symptom
scores), visual analogue scale and time of first exacerbation of the symptoms when loratadine was stopped.

RESULTS: A total of 425 subjects were included. Using intent-to-treat analysis, the RQLQ global score decreased significantly more
in the LP-33 group than in the placebo group (P=0.0255, difference = — 0.286 (95% confidence interval (Cl): — 0.536; — 0.035)).
No significant differences were noted for the change of the rhinitis total symptom score 5 global score between groups (P=0.1288,
difference = — 0.452 (95% ClI: — 1.036; 0.132)). Significant differences in ocular symptoms (RQLQ) were observed between groups
(P=0.0029, difference = — 0.4087 (95% Cl: — 0.6768; — 0.1407)).

CONCLUSIONS: This study performed by GPs shows that LP-33 improves the quality of life of subjects with persistent AR who
are currently being treated with an oral Hy-antihistamine. Whereas nasal symptoms had not changed, ocular symptoms had

consistently improved.

European Journal of Clinical Nutrition advance online publication, 26 February 2014; doi:10.1038/ejcn.2014.13

INTRODUCTION

Allergic rhinitis (AR) is a very common disease worldwide." It is
characterized by nasal and, often, ocular symptoms that impact
quality of life (QOL), including social life, work and school
performance.’ It is subdivided into intermittent and ‘PER’
(persistent) disease based on the time of allergen exposure.
Treatment-resistant phenotypes® have been described, and a
significant proportion of patients continue to experience
symptoms®* or are dissatisfied.”> Ocular symptoms are the most
bothersome® and are often difficult to control. AR results from
immunoglobulin E (IgE)-mediated immune responses and a
complex inflammatory network of cells, mediators and cytokines.
An imbalance between Th1 and Th2 cells is involved in IgE-allergic
inflammation.! The gut microbiota interacts with the gut-
associated lymphoid tissue, and modulates inflammation and
immune reactions in AR Probiotics are defined as ‘live
microorganisms that, when administered in adequate amounts,
confer a health benefit on the host’.'® They may improve health by
several mechanisms including immune modulation resulting from
the recognition of specific microbial molecules or patterns by

toll-like receptors and nod-like receptors."’ Some probiotics can
regulate local and systemic immunity and, as a consequence, may
reduce allergic responses.'? In vitro studies show that probiotic
lactic acid bacteria stimulate interferon-alpha production
influencing a Th1 phenotype.””'* Moreover, allergy was
associated with change in faecal microbiota composition.'”
A restricted biodiversity of the intestinal microbiota was directly
related to a risk of allergy, and probiotics may have a preventive
effect on allergy.'®'” The consumption of probiotic strains can
also stabilize the microbiota."®2° Probiotic lactic acid bacteria
may be a promising approach in the management of AR,>"** with
or without concomitant pharmacologic treatment. A meta-analysis
described the results of 12 randomized clinical trials with
probiotics in AR:?®> in nine of the 12 trials, there were some
improvements in clinical outcomes including nasal or ocular
symptoms. Two studies with Lactobacillus paracasei subsp. LP-33
showed an improvement of QOL and symptoms in AR>***> Other
studies showed the efficacy of probiotics in AR related to house
dust mite allergy,®® in addition to levocetirizine in children®” or
during nasal allergen challenges?® However, the number of
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patients enrolled in these randomized controlled trials was usually
low, most studies involved children and a confirmation of the data
in a large randomized controlled trial in adults was still warranted.
Moreover, as the effects of probiotics are strain-specific,>*3°
a larger scaled study with LP-33 was missing.

In order to test the efficacy of the probiotic LP-33, we carried
out a randomized trial in patients with demonstrated AR to grass
pollen. The primary end point was the improvement in QOL at the
fifth week of LP-33 consumption compared with placebo (as
assessed by the Rhinitis Quality of Life (RQLQ) global score).?’
RQLQ is a validated scale and was the end point of the previous
studies with LP-33. Secondary end points included nasal and
ocular symptoms (individual and total symptom scores), visual
analogue scale (VAS) and time of first exacerbation of the
symptoms.3>*3 Exploratory outcomes included individual RQLQ
scores.

SUBJECTS AND METHODS
Study design

A double-blind, randomized, parallel, placebo-controlled study was
conducted in France. Subjects included adults with persistent AR sensitized
to grass pollens. The trial was scheduled for the pollen season of 2010 but
a second year of recruitment was necessary in 2011 because of insufficient
number of randomized subjects in 2010.

Subjects.  Subjects were included after written informed consent. The
study conformed to good clinical practices and was first approved by the
Montpellier (France) ethics committee in January 2010. All subjects fulfilled
the following inclusion criteria: (i) 18-60 years of age; (ii) of either sex; (iii)
with at least a 2-year history consistent with symptoms of AR defined
according to the International Consensus on Rhinitis;*> and (iv) who met
the criteria for PER according to the ARIA classification.>® Allergy had to be
confirmed by a positive skin prick test or by serum-specific IgE to grass
pollen (current or historical: 5 years). Subjects had to have an RQLQ global
score >2 after 7-10 days of loratadine 10 mg once daily treatment®” to be
randomized. Subjects had to consent to stop consumption of probiotics
(food or food supplement containing probiotics) and vitamins and/or
minerals throughout the study.

Intervention. The study was conducted in 164 general practitioners (GPs)
in France. As the study lasted for 5 weeks, it was not ethical to leave
subjects without treatment in the placebo group. Thus, during the first two
periods of the study, all subjects were treated with loratadine 10 mg once
daily (Qualimed, France), oral H1-antihistamines being the recommended
AR treatment.’

Active product (containing at least 2.0 x 10° colony forming units of LP-33),
microcrystalline cellulose, dicalcium phosphate and magnesium stearate or
placebo (microcrystalline cellulose, dicalcium phosphate and magnesium
stearate) were administered orally once daily in identical capsules and had
to be consumed with a meal. Active and placebo capsules were
manufactured by Chr. Hansen A/S (Hersholm, Denmark). GPs provided
the products (LP-33 or placebo and loratadine) to the subjects.

The study consisted of three consecutive periods (Figure 1). The run-in
period lasted for 7-10 days, and subjects received loratadine alone. At the
end of the run-in period, subjects having a RQLQ global score >2 were
randomized to LP-33 or placebo treatment for 5 weeks in addition to
loratadine. Loratadine was then discontinued and the subjects continued
only LP-33 treatment (placebo or active product) for two additional weeks,
in order to test the effect of LP-33 alone. Each subject was followed up by
his/her GP during five visits (V0-V4) scheduled in the protocol. VO was the
pre-inclusion visit, V1: inclusion and randomization visit, V2: follow-up visit,

L: indicates Loratadine consumption a
P: indicates study products consumption.

(Run-in (L), Intervention (L+P) | Intervention (P) , N
I 1 1 1 1
Vo Vi V2 V3 va
DO D35 D49
Figure 1. Experimental plan. L indicates loratadine consumption and

P indicates study products consumption.
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V3: follow-up visit and V4: end-of-study visit. Concomitant medications
for the treatment of AR were coded according to the WHO Drug
Dictionary and categorized by an Anatomical Therapeutic Chemical
Classification code.*®

Outcomes

The primary outcome was the improvement in the RQLQ global score at
the fifth week (V3) of LP-33 consumption compared with placebo (in
addition to loratadine). The RQLQ is a validated scale for evaluating the
QOL on the basis of how symptoms affect the subject. It includes 28
questions related to 7 domains (activities, sleep, general practical
problems, nasal problems, eyes problems and emotional state) All the
items are averaged in an overall score ranging from 0 (no at all) to 6
(ex‘cremely).31 The questionnaire was filled in at V1 and V3.

Secondary outcomes. The improvement was measured by the change from
V1 to V3 of the RTSS-5 (Rhinitis Total Symptoms Score) global score. RTSS
includes five individual AR symptoms (nasal congestion, sneezing,
rhinorrhea, nasal pruritus and eye itching) noted from 0 (none symptom)
to 3 (severe symptom). Each AR symptom was recorded in the evening in
subject daily diaries from V1 to V4. The RTSS-5 global score is the sum of
the ratings for individual scores.3**® For analysis, it was averaged weekly.

The improvement was measured by the change from V1 to V3 of the
score of nasal and ocular symptoms of the RQLQ (RQLQ sub-domains),
nasal (nasal obstruction, sneezing, rhinorrhea and nasal itching) and ocular
symptoms (ocular itching) of the RTSS-5.

The time to onset of the first exacerbation of symptoms measured as
intolerable symptoms (use of rescue medication) or RTSS-5 increased by at
least 3.

The 24-h reflective VAS rating on well-being was recorded in subject
daily diaries. Subjects were asked to indicate the severity of their
symptoms: scores range from not at all bothersome (0mm) to very
bothersome (100 mm).3°~#

Exploratory outcomes. The improvement, measured by the change from
V1 to V3 of the score of individual RQLQ domains, other than ocular and
nose symptoms, and individual scores of nasal symptoms of RTSS-5.

Compliance was assessed by comparing the number of capsules
dispensed at the baseline visit with the number returned at the end of
the trial. Subjects were considered non-compliant, if they had taken <80%
or >120% of the study product.

Adverse events were recorded in the diary at each visit.

Randomization

Products were randomly allocated to the subjects, according to a
randomization table generated by Biofortis using the software SAS 9.1.3
Service Pack 4 (SAS Institute Inc., Cary, NC, USA). Centres received a block
of six randomization numbers (named NR for the corresponding French
acronym). Each NR was assigned when a screened patient became eligible
at the end of the baseline assessments (V1). Active or placebo allocation
was dependent only on the time sequence in which subjects entered the
study. Subjects, investigators and other study personnel were blinded to
the treatment the subjects received.

Statistical methods

A sample size of 418 subjects was calculated to provide at least 92.5%
power to detect a 0.5-product difference in a change from baseline
reflective RQLQ score at V3, with a 5% two-sided level of significance and
an assumed s.d. of 1.5. In order to account for a drop-out rate of 15%, 500
subjects were planned.

Statistical analyses were performed using the software SAS 9.2
Service Pack 4 (SAS Institute Inc.). The significance level of statistical
tests was set to 5%. An ITT (intent-to-treat) analysis was performed for
efficacy analysis. Baseline characteristics were compared between
groups by a Student’s t-test or y>test for quantitative or qualitative
parameters, respectively. Comparison of the proportion of subjects in
each group who took at least one concomitant medication was
conducted using a y>-test. Analysis of covariance was applied on the
primary end point, that is, the RQLQ score of V3, and was expressed as
the change from V1 (baseline), with product as a factor and baseline
value as a covariate of adjustment. Secondary end points were ranked
according to clinical relevance, and the multiplicity issue was handled
according to a hierarchical strategy for testing these pre-ordered

© 2014 Macmillan Publishers Limited



hypotheses, avoiding the need for any formal adjustment of type | error
rates. The same analysis (analysis of covariance) was planned for all
secondary and exploratory quantitative end points. The time of the first
exacerbation of rhinitis symptoms (use of rescue medication or RTSS-5
increased by at least 3) was analysed with a log-rank test and a survival
curve plotted using the Kaplan-Meier method. Intragroup analysis
comparing V3 and V1 on the RQLQ global score used the paired
Student’s t-test. The difference between RQLQ at V3 between groups
was analysed by analysis of variance.

RESULTS
Participant flow and compliance

A total of 602 subjects were screened (LP-33 group: 96 in 2010,
119in 2011; placebo group: 95 in 2010, 115 in 2011) and 425 were
randomized: 215 subjects in the LP-33 group and 210 in the
placebo group (Figure 2). The data are presented for the ITT
population, which corresponds to all subjects randomized
whether they completed the study or not (N=425). The
demographic characteristics of the randomized subjects are given
in Table 1. There were no statistically significant differences
between the two groups at baseline. Nearly the same numbers of
subjects were recruited in 2010 and 2011. For LP-33 and the
placebo products, a mean compliance of 101.6% and 100.8% was
observed in the placebo group and the active group, respectively.
For loratadine, a mean compliance of 106.5% and 113.3%,
respectively, was observed in the placebo group and in the active
group (not statistically different P=0.2303). Extreme values of
above 100% are mainly explained by subjects who prematurely
discontinued the study and did not return any capsules at the final
visit. The numbers of subjects non-compliant to the study product
(placebo or LP-33) according to the definition of returned product
were the following: compliance <80%, 9 subjects in the placebo
group and 5 in the probiotic group; compliance >120%, 12
subjects in the placebo group and 10 in the probiotic group. The
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numbers of subjects non-compliant to loratadine according to the
definition of returned product were the following: compliance
<80% for loratadine, 6 subjects in the placebo group and 6 in the
probiotic group; compliance > 120% for loratadine, 29 subjects in
the placebo group and 34 in the probiotic group.

Outcomes

Primary outcome. The RQLQ global score were comparable at
inclusion (placebo 3.25+0.91, LP-33 3.25+0.85. P=1.0). At V3,
the score was significantly lower in the LP-33 group vs the placebo
group (1.40 £0.98 vs 1.65 P=0.04). Intragroup analysis highlights
a significant decrease in the RQLQ global score between V1 and
V3 in both groups, however, the decrease in the RQLQ global
score between V1 and V3 was significantly greater in the LP-33
group compared with the placebo group (Table 2) (—1.89£1.22
vs —1.61+1.31; P=0.0255) which corresponds to a difference of
0.286 (95% confidence interval (Cl): — 0.536; —0.035)), and an
additional effect of 17.7% of LP-33 over the placebo group.

Secondary outcomes. No significant differences were noted with
regards to the change of the RTSS-5 global score between the
active and placebo groups (P=0.1288, difference = — 0.452 (95%
Cl: —1.036; 0.132)) and the hierarchical strategy was thereafter
stopped. Other secondary parameters were therefore analysed for
complementary information. Significant differences in ocular
symptoms assessed by the RQLQ ‘eye symptoms’ domain
(V3 — V1 change) were observed between the active and placebo
groups, in favour of the active group (P=0.0029, difference =
—0.4087 (95% Cl: —0.6768; — 0.1407)) (Table 3). No statistically
significant differences were noted between the two groups for
nasal symptoms (‘nose symptoms’ domain of the RQLQ), time of
the first exacerbation of the symptoms and the VAS score
(Table 3).

N=602
Screened subjects (NS)
|
[ 1
N=425 - N=177
Randomized subjects (NR) o Non-included subjects
easons:
N=0 Not meeting inclusion/ exclusion
N . criteria (155)
Subjects th? received Declined to participate (14)
no products Lostto follow-up (5)
N=425 Intercurrent disease (2)
Subjects who received the D seins DT prEkICOliE)
products * A subject could present more than
T one reason for non inclusion
I |
N=215 N=210
Active Group Placebo Group
I—I_l I_I_I
N=179 N=36 N=165 N=45
Completed Did not complete Completed Did notcomplete
the study the study the study the study

Not meeting inclusion/
exclusion criteria (12)
Declined to participate (3)
Lostto follow-up (3)

Intercurrent disease (5)
Non-adherence to the protocol
(8)

Did not receive the allocated
product (1)

Other (9)

* A subject could present more
than one reason for not
completing the study

Not meeting inclusion/ exclusion
criteria (12)

Declined to participate (7)

Lostto follow-up (6)

Intercurrent disease (6)
Non-adherence to the protocol
(10)

Did not receive the allocated
product (2)

Other (7)

* A subject could present more
than one reason for not
completing the study

Figure 2. Disposition of the subjects.
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Table 1. Baseline characteristics of subjects (ITT population)

Placebo (N=210) Probiotic LP-33 (N=215)

Gender (F/M) 106/104 123/92
Age (years) 37.19 (11.82) 38.05 (12.25)
Height (cm) 169.12 (9.07) 170.49 (9.18)
Weight (kg) 73.65 (16.44) 73.71 (15.61)
BMI (kg/mz) 25.65 (4.99) 25.28 (4.66)

Abbreviations: BMI, body mass index; ITT, intent-to-treat. Values are
means (s.d.).

Table 2. Primary parameter: RQLQ global score
Parameter Groups Vi V3 V3—Vvi
variation
RQLQ global score  Placebo 3.25(0.91) 1.65 (1.24)* —1.61(1.31)
LP-33 3.25(0.85) 1.40 (0.98)" —1.89 (1.22)"
P (ANOVA) NS 0.046 0.0255

Abbreviations: ANOVA, analysis of variance; NS, not significant; RQLQ,
rhinitis quality of life. Values are means (s.d.). Within-group comparisons
between V3 and V1, #P<0.0001. Between-group comparison on V3 — V1
variation, P <0.05.

Table 3. Changes in secondary outcomes (V3 —V1)
Secondary parameters Placebo LP-33 P-value
RTSS-5 global score —2.46 (3.57) —2.70(3.48) 0.1288
RQLQO—'Nose symptoms’ domain —1.80 (1.61) — 1.89 (1.66) 0.4622
RQLQ—'Eye symptoms’ domain —1.36 (1.77) —1.75(1.63)  0.0029"
Time to first exacerbation of 10.63 (4.63) 10.50 (5.04) 0.6473
symptoms (d)
Well-being VAS —2.81(3.03) —3.17 (297)  0.4958
RTSS-5—nasal symptoms —1.95 (2.86) —2.15 (2.89) 0.1783
RTSS-5—ocular symptoms —0.50 (0.92) —0.56 (0.85)  0.0700

Abbreviations: RQLQ, rhinitis quality of life; RTSS, rhinitis total symptom
score; VAS, visual analogue scale. Values are means (s.d.). Between-group

comparison on V3 — V1 variation, 'P<0.05.

Exploratory outcomes. Statistically significant differences were
noted, in favour of the active product, for two domains of the
RQLQ: the ‘emotional function’ domain, (P=0.0095, difference =
—0.335(95% Cl: —0.587; —0.082)), the ‘non-nose/eye symptoms’
domain (P=0.0151, difference= —0.275 (95% Cl: — 0.496;
—0.053)). In addition, analysis revealed statistically significant
differences in favour of LP-33 in the change of individual score of
rhinorrhea at V3/V1 in favour of the active product (P=0.0320,
difference = — 0.154 (95% Cl: —0.294; — 0.013)).

Concomitant medications

No statistically significant association was observed between this
concomitant medication consumption and the study groups
(22.9% and 29.8% of subjects took at least one concomitant
medication in the placebo and active groups, respectively)
(P=10.1059).

Safety

Dietary supplementation with LP-33, in addition to loratadine, was
considered safe. Adverse events were reported by 56 patients
(27.1%) of the placebo group vs 64 of the probiotic group (30.2%)
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(difference not significant). Only 13.7% of the adverse events were
estimated by the GPs as being related to the study (10 in the
placebo group, 10 in the active group), and a large part was
exacerbation of AR symptoms. Two severe adverse events were
reported, both in the placebo group: a case of acute appendicitis
and a case of periarthritis of the shoulder.

DISCUSSION

This multi-center, randomized, double-blind, placebo-controlled,
parallel study performed by GPs shows that LP-33 significantly
improves the QOL of subjects with persistent AR (PER) currently
being treated according to medical guidelines with an oral
Hi-antihistamine. Whereas nasal symptoms were not changed,
ocular symptoms were consistently improved. To our knowledge,
this study is the first to show that a probiotic is effective in AR as
an add-on therapy to the recommended medicinal treatment.

The diagnosis of PER was established in all subjects using a
standardized questionnaire, evaluation of QOL and a positive skin
prick test or serum-specific IgE to grass pollen. All subjects
received loratadine during the first phase of the study (from days
minus 7-10 to 35) for the following reasons: (i) it is not acceptable
that symptoms should be experienced during a long period of
time without medicinal treatment with established efficacy; (ii) in
real life, subjects receive treatment, and our study aimed to mimic
real life as closely as possible; (iii) oral H1-antihistamines
moderately potentiate other AR treatments.?” An add-on design
was, for example, used in a study of a probiotic given to
adolescents treated with levocetirizine.?”

The primary outcome was the improvement in RQLQ in the
LP-33 group compared with the placebo group. RQLQ is the most
widely used tool for the assessment of QOL in subjects suffering
from AR3' Previous studies on LP-33 showed an effect on this
parameter,”*?*> and our group is well trained to use it.***
Secondary and exploratory outcomes were also based on
validated tools (RTSS-5, nasal and ocular symptoms and VAS) 3%~
Baseline levels of global RQLQ scores were comparable between
the two groups and in keeping with usual results in literature for
subjects with moderate-to-severe PER.*?

The intragroup analysis showed significant and important
decreases from the baseline of RQLQ global score at V3 in both
groups. The effect in the placebo group is high and can largely be
ascribed to loratadine.3>*3¢ We planned our study to be able to
detect a difference in the score of 0.5 and observed a difference of
0.28 points. This difference is statistically significant and we
consider it as an interesting improvement in the QOL. Compliance
to loratadine and to the study products was high. Some results
with a compliance of loratadine above 100% are likely to be owing
to the fact that patients did not return loratadine pills as well as
they returned the tested product. Compliance did not differ
between the study groups and it is unlikely that they could
influence the results. The pollen season may also have some
impact on rhinitis symptoms. Given the high number of subjects,
and the rather short duration of the pollen season, it was not
possible to recruit all the subjects in the time frame in a single
year. It is known that the seasonal variation in pollen counts may
be considerable from one year to another and dictates symptoms.
We do not believe that this biased our results, as the same
tendencies were observed in the effect in both years and they
were equally represented. At last, the loss of subjects for
evaluation is largely explained by partly unfilled questionnaires.
We did not (and could not) use any substitution method of
missing data for this primary criterion.

Secondary objectives focused on the analysis of the change of
AR symptoms at the fifth week of product consumption and were
analysed using the hierarchical method. The change in RTSS-5
global score was the second outcome analysed. Significant
improvement in symptom intensity was observed in both LP-33
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and placebo groups at V3, but the difference between the two
groups was not significant. This result should not be interpreted as
contradictory as those of the primary end point, as impairment of
QOL is usually only poorly related to symptoms.3™*' Analysis of
the secondary and exploratory outcomes was conducted from an
informative point of view. Significant differences were observed
between active and placebo groups in change from baseline to V3
in the RQLQ domains ‘eye symptoms’, ‘emotional function’ and
‘non-nose/eye symptoms’, and in the RTSS domain ‘rhinorrhea’. A
trend was found in the RTSS with regards to improvement of
ocular symptoms. These results suggest an effect of LP-33 on eye
symptoms, the most bothersome symptoms of AR.>*’

No immunological parameters were measured in the present
study. The level of serum-specific IgE varies largely during the
pollen season and there is no evidence of a correlation between
IgE levels during any treatment and clinical efficacy.

The study confirmed previous studies and the effect of LP-33
consumption on the QOL of subjects with rhinitis symptoms.>*2
In these studies, positive significant results were obtained on QOL,
which was their primary end point. Our findings are also in line
with previous studies showing that some probiotic strains
are effective in AR.'219202326730 However, as probiotic strains
have strain-specific effects, results cannot be extended to all
probiotics.

Probiotic foods or food supplements seem to be popular and
widely used by subjects suffering from AR, however, a study under
real-life conditions and in subjects receiving a medicinal treatment
was needed. We believe that our data showing a significant
improvement in the QOL of subjects with moderate/severe AR
uncontrolled by oral H1-antihistamines is of high relevance, as the
disease is recognized as a public health issue in view of its
numerous negative effects on day-to-day activities and social life
as well as the corresponding economical impact.
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