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Abstract

Introduction We report on a meta-analysis of Silexan, a proprietary active substance produced from Lavandula angustifolia,
in subthreshold anxiety, mixed anxiety and depressive disorder (MADD), and generalized anxiety disorder (GAD).
Methods The present analyses are based on all currently completed 5 double-blind, randomized, placebo-controlled trials
investigating Silexan in adult out-patients who received Silexan 1 X 80 mg/day or placebo for ten weeks according to ran-
dom assignment (n=1213). Efficacy was assessed based on the Hamilton Anxiety Rating Scale (HAMA), several anxiety
self-rating scales, the Clinical Global Impression (CGI) scale, and the Short Form-36 (SF-36) health status questionnaire.
Results After ten weeks’ treatment, Silexan was significantly superior to placebo in reducing the HAMA total score (includ-
ing the psychic and somatic anxiety sub-scores) and self-rated anxiety. Based on a>50% HAMA total score reduction, the
responder rate ratio was 1.34 favoring Silexan, and the rate ratio of subjects much or very much improved according to the
CGI was 1.51. Silexan was also significantly superior in improving the physical and mental health summary scores of the
SF-36. There were no significant between-group differences concerning the occurrence of adverse events (AEs), serious
AEs, and premature withdrawal due to AEs.

Conclusions This meta-analysis demonstrates that Silexan exerts significant anxiolytic effects in subthreshold anxiety, GAD
and MADD that were consistently reflected in investigator ratings and patient-reported outcomes, including improvement
of health-related life-quality, while showing favorable tolerability and safety.
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communicable cause of DALY in patients of all sexes and
ages, the 10th most important in patients between 25 and
49 years of age, and the 3rd most important in patients aged
10-24 years, with higher prevalence rates in females [21].
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participants meeting the diagnostic criteria of a past-year
anxiety disorder according to the International Classification
of Diseases, Tenth Revision (ICD-10) sought the assistance
of a health care professional. While 61% of those received
an evidence-based intervention, 31% received minimally
adequate treatment [27]. These findings are consistent with
European data indicating that less than 20% of patients with
an anxiety disorder are treated adequately [31]. Since anxi-
ety disorders are associated with a high burden of illness
[5, 71, they may have negative consequences, including dis-
ability, low life-quality, reduced ability to work leading to
loss of productivity, and a high suicidal risk when remaining
un- and undertreated [31].

With regard to the pharmacotherapy of anxiety disorders,
current international practice guidelines [e.g., 1, 3, 6, 7, 20,
40, 48, 59] mainly recommend selective serotonin reuptake
inhibitors (SSRIs—e.g., citalopram, escitalopram, paroxetine,
sertraline) and serotonin-norepinephrine reuptake inhibitors
(SNRIs-e.g., venlafaxine, duloxetine) as first-line and tricy-
clic antidepressants (TCAs) and moclobemide as second-
line treatments. Further second-line recommendations exist
for add-on benzodiazepines in short-term given their poten-
tial to develop abuse and dependence [e.g., 5, 9, 55] as well
as undesired sedation [5, 34]. The latter adverse effect (AE)
refers also to buspirone, representing further second-line
psychopharmacotherapeutic option, and partly to pregabalin
that can be very effectively applied as add-on treatment in
patients with generalized anxiety disorder (GAD).

Due to the potential AEs mentioned above and those of
SSRIs and SNRIs, which may include jitteriness, nausea,
restlessness, headache, fatigue, altered appetite, weight gain
or loss, tremor, sweating, QTC prolongation, sexual dys-
function, diarrhea, and constipation [5], and potential para-
doxical and discontinuation symptoms [17, 18, 49], which
are, importantly, less pronounced under SSRIs and SNRIs
as compared to TCAs [7], the currently recommended medi-
cation for anxiety disorders may be suboptimal in terms of
tolerability [52}. In turn, the potentially associated reluc-
tance to adhere to the psychopharmacotherapy may explain
why anxiety disorders remain un- or undertreated [12]. After
years of relative stagnation in anxiolytic drug development
[24], a growing interest in the investigation of novel psy-
chopharmaceutic targets has led to an increased investiga-
tion and introduction of promising compounds including
the effective and well tolerable phyto-pharmacotherapeutic
alternative Silexan.

The pharmacological profile of the herbal compound Sil-
exan,' an essential oil for oral administration manufactured
from Lavandula angustifolia flowers complying with and

! Silexan® is the proprietary active ingredient of Dr. Willmar
Schwabe GmbH & Co. KG, Karlsruhe, Germany.
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exceeding the quality definition the monograph Lavender
oil of the Ph. Eur. [38, 46], has been assumed to be based on
a potent inhibition of voltage-dependent calcium channels
(VDCCs) as demonstrated in studies with murine synap-
tosomes, primary hippocampal neurons and stably overex-
pressing cell lines [56]. Inhibition of VDCCs is thought to
attenuate the overreaching, situationally inadequate stress
response of the central nervous system associated with
anxiety and mood disorders [53]. Furthermore, Silexan has
been shown to significantly increase the density of 5-HT
receptors and to reduce the serotonin-1A receptor binding
potential, leading to increases in extracellular serotonin,
dopamine, and norepinephrine [2, 41].

The rapidly growing number of international studies,
reviews and meta-analyses indicates a huge interest in lav-
ender oil preparations for the treatment of the so-called
subthreshold anxiety [60], anxiety disorders, their frequent
comorbidities and related symptoms [8, 58, 61]. In terms of
subthreshold anxiety and anxiety disorders, Donelli et al.
[15] as well as Sayed et al. [54] reviewed randomized and
non-randomized studies investigating different lavender oil
preparations with various routes of administration (e.g., oral,
aromatherapy, massage oil), while Generoso et al. [22] and
Yap et al. [63] focused on Silexan. Hereby, meta-analyses
of different strengths of Silexan, that was investigated in
one reference-controlled and four placebo-controlled clini-
cal trials in anxiety disorders, were presented. Furthermore,
Moller et al. [44] reviewed the effects of Silexan in pla-
cebo-controlled trials in subthreshold anxiety disorders. Our
research adds to the existing evidence by presenting a meta-
analysis of all placebo-controlled, therapeutic trials with
the currently marketed dosage of 1x 80 mg/day Silexan in
subthreshold anxiety, mixed anxiety and depressive disorder
(MADD) and GAD completed to date.

Materials and methods
Study and participant characteristics

A total of five randomized, double-blind, placebo-controlled
clinical trials investigating the efficacy and tolerability of
Silexan in subthreshold anxiety and anxiety disorders were
completed by the manufacturer of Silexan at the end of the
year 2020 [33, 35-37, 39]. Additionally, free-text searches
of all fields of PubMed as well as of the EU Clinical Trials
Register, the ISRCTN Register and of the ClinicalTrials.
gov register were performed to identify any other studies
with Silexan in subthreshold anxiety and anxiety disorders
performed independently of the manufacturer. Search terms
were ‘anxiety’ in combination with either ‘Silexan’, ‘Lasea’,
‘WS1265° or ‘WS 1265° (‘WS 1265’ was the internal code
used by the manufacturer for Silexan) and suppressing the
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automatic PubMed translation of ‘Silexan’ to ‘lavender oil’
when building the search query. Searches were performed
from the earliest record until December 2022. Searching
PubMed resulted in 37 matches, none of which referred to a
double-blind, randomized, placebo-controlled, therapeutic
clinical trial with Silexan in subthreshold anxiety and anxi-
ety disorders beyond those already mentioned. Searches in
the indicated trial registers also did not add any clinical trials
meeting these criteria.

The 5 trials included into our analysis were performed
according to essentially similar protocols that differed
mainly in the diagnosis for inclusion and in the derived
inclusion and exclusion criteria as well as in some second-
ary outcome measures (Table 1). Trial A reported by Kasper
et al. [35] (trial A) assessed patients with subthreshold anxi-
ety, Kasper et al. [33] (trial B) investigated patients with
restlessness and sleep disturbances, the trial of Kasper et al.
[39] (trial C) was performed in patients with MADD, and
Kasper et al. [37] (trial D) as well as Kasper et al. [36] (trial
E) investigated patients suffering from GAD. In all trials,
the participants were male or female out-patients between
18 and 65 years of age who sought treatment by a psychia-
trist or by a general practitioner. In addition to meeting the
diagnostic criteria for inclusion shown in Table 1, eligible
participants had to have a baseline Hamilton Anxiety Rating
Scale (HAMA; [26]) total score > 18 points and had to meet
other anxiety specific eligibility criteria as shown in Table 1.

The schedule of each trial started with a 3—7-day qualifi-
cation phase after which eligible subjects entered a 10-week
double-blind, randomized treatment phase. Eligibility crite-
ria had to be met both at the start (screening) and at the end
of the qualification phase (baseline). In trials A, B, D, and
E, post-baseline outcome assessments were scheduled every
two weeks while the protocol of trial C included assessments
at the end of weeks one, two, four, seven, and ten.

Interventions

Participants took Silexan or matching placebo for 10 weeks.
Treatments were available in immediate-release soft gelatin
capsules. Silexan is a proprietary essential oil manufactured
from Lavandula angustifolia flowers by steam distillation
that complies with the monograph Lavender oil of the Euro-
pean Pharmacopoeia and exceeds the quality requirements
of the monograph. Batch to batch consistency is assured by a
well-defined, standardized manufacturing process. To avoid
inadvertent unblinding, the smell of the capsules containing
Silexan was matched by flavoring the capsules containing
placebo with 1/1000 of the amount of lavender oil contained
in the Silexan capsules.

Analyses were performed on trial participants who
received either the recommended daily dose of the mar-
keted product, i.e., 1 X 80 mg Silexan, or placebo. Trial D

also included additional treatment arms with 10 and 40 mg/
day Silexan. In trial E, paroxetine served as an active con-
trol, and another group received Silexan 160 mg/day. The
results of these treatment groups were not considered in our
meta-analysis.

Meta-analysis outcomes

Meta-analyses were conducted according to a prospec-
tively defined analysis plan. Analyses were performed for
change between baseline and individual end of treatment of
the 14-item HAMA as an observer rating scale of anxiety
using the total score, HAMA sub-scores ‘Psychic anxiety’
and ‘Somatic anxiety’ [42] as well as the single HAMA
items ‘Anxious mood’, ‘Tension’, ‘Sleep’, ‘Intellectual’,
‘Depressed mood’, ‘Somatic — muscular’, and ‘Somatic
— sensory’. Additional analyses were performed on the fol-
lowing outcomes: the total scores of the Zung Self-Rating
Anxiety Scale (SAS; [66]), of the Covi Anxiety Scale (CAS;
[13]), and the anxiety score of the Hospital Anxiety and
Depression Scale (HADS; [65]). These rating scales were
applied in different trials (Table 1) and were used in our
meta-analysis as subject self-ratings of anxiety. Clinical
Global Impressions scale (CGI; [48]) item ‘Global improve-
ment’ was evaluated as a global, observer-rated assessment
of change in mental health. The ‘Mental health’ and ‘Physi-
cal health’ summary scores of the Short Form Health Sur-
vey (SF-36; [62]) administered in 4 out of the 5 trials were
included as patient-reported measures of disease-associated
quality of life. Moreover, we assessed treatment response
defined prospectively as a>50% reduction of the HAMA
total score compared to baseline or a score <2 (‘much
improved’) for CGI item ‘Global improvement’ as well as
full remission defined as a HAMA total score <7 points at
the end of the treatment [43].

Tolerability was assessed by analyzing the proportions
of subjects in each treatment group with at least one AE,
at least one serious AE (SAE), and subjects prematurely
withdrawn due to an AE.

Statistical methods

Meta-analyses were performed on the individual subject
data of the included trials that were obtained from the study
sponsor. The applicable analysis data sets included the full
analysis set (FAS) of the original protocols for all efficacy-
related outcomes and the safety analysis set for analyses
of AEs as well as for premature withdrawal. For efficacy
outcomes, missing data were imputed by carrying forward
the last valid observation in order to maintain comparability
with the published results of the trials.

@ Springer
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Table.2 Study populgtion Trial Treatment Randomized Drop-outs® FAS Females? Age (years)b HAMA total score®
baseline characteristics (number
and % or mean +SD) A Silexan 110 18 (16.4%) 104  73.1% 45.6+114 268+54
Placebo 111 14 (12.6%) 108 76.9% 46.6+11.3  27.1+£5.2
B Silexan 86 12 (14.0%) 86 72.1% 48.0+11.3 255+6.0
Placebo 84 10(11.9%) 84 71.4% 46.9+12.7 26.5+6.1
C Silexan 160 1509.4%) 159 66.0% 477+12.6  257+5.6
Placebo 158 1382%) 156 72.4% 479+12.6 257452
D Silexan 118 11(9.3%) 103  76.7% 433+11.7 24.6+44
Placebo 113 8(7.1%) 102 65.7% 455+11.5  257+5.1
E Silexan 136 17 (12.5%) 135  70.4% 457+11.5 258+4.8
Placebo 137 19(13.9%) 135 73.3% 44.6+12.3  25.1+4.7
Pooled Silexan 610 73 (12.0%) 587 71.0% 46.1+£11.9  257+5.3
Placebo 603 64 (10.6%) 585 72.1% 46.4+12.2 259452

FAS full analysis set, HAMA Hamilton Anxiety Rating Scale

“Based on all randomized patients

Based on full analysis set

To characterize the study populations, descriptive statis-
tics were computed for age, sex, and premature withdrawal
rate. Meta-analyses were based on a two-stage approach [10,
50]: within each trial, continuous outcomes were analyzed
using analysis of covariance (ANCOVA) with the difference
between baseline and end of treatment for the outcome of
interest as the dependent variable, treatment as a factor, and
the baseline value of the analyzed outcome as a covariate.
For the analysis of CGI item ‘Global improvement’, the
baseline score of the item ‘Severity of illness’ was used as
a covariate. Scores from items and (sub-)scales were ana-
lyzed as continuous outcomes. Marginal (adjusted) mean
values and their standard deviations were then used as input
for a random-effects meta-analysis on the treatment group
mean difference. Inverse variance weighting was used for
combining the results of the single trials, and the DerSimo-
nian-Laird method was applied for calculating the variance
between the trials. Mean differences (MD) were estimated
for the continuous outcomes when the same scale was used
in all trials. These effect sizes were presented in forest plot
visualizations. Additionally, standardized mean differences
(SMD) based on bias-corrected Hedges” g were indicated
within the text to provide better comparability with the liter-
ature. Where different scales were used (i.e., various anxiety
self-rating sores), SMDs were presented in the forest plot.

For binary outcomes, (1) risk ratios (RRs) (response and
remission rates) and (2) odds ratios (ORs) (occurrence of
AEs, attrition rates), both accompanied by 95% confidence
intervals (Cls), were calculated as effect sizes. Meta-analy-
ses of binary efficacy outcomes were performed using ran-
dom effects models with the inverse variance method. For
safety outcomes, fixed effects models were calculated using
Mantel-Haenszel weighting for combining the results from
single trials.

For the investigation of subgroups, we used mixed effects
models assuming random effects within subgroups and a
fixed effect across subgroups.

All p-values are two-sided; values <0.05 were considered
descriptively significant.

Heterogeneity between the trials was assessed using the
P statistic in accordance with the criteria proposed in Deeks
etal. [14].

Meta-analyses were computed with R software (version
3.6.0) using functions ‘metacont’ (for continuous outcomes),
‘metabin’ (for binary outcomes), and ‘forest’ included in
package meta (version 4.13-0). All other analyses were per-
formed in SAS statistical software version 9.4 for Windows.

Results
Study participant characteristics

In the pooled data set including all five trials, a total of 1213
subjects (Silexan 610; placebo 603) were randomized and
1172 (Silexan 587; placebo 585) were analyzed for efficacy
in the FAS (Table 2) and 1206 (Silexan 606; placebo 600)
for safety. Overall withdrawal rates were low (12% in the
Silexan group and 11% in the placebo group).

In total, 382 patients suffered from subsyndromal anxiety,
315 from MADD and 790 from GAD (FAS). The partici-
pants’ age averaged around 46 years. More than 2/3 of the
subjects of all trials were female.

Within each trial, the HAMA total score baseline mean
values were essentially comparable between treatment
groups, with a mean value difference of 0.2 points for the
pooled data set including all trials. Moreover, the average
baseline HAMA total scores of subjects with diagnoses

@ Springer
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HAMA total score (d17) - all subjects FAS (LOCF)

Silexan Placebo Mean difference
Study Total Mean SD Total Mean SD MD 95%-CI W(random)
A 104 -16.01 863 108 -9.51 863 —+— ! -6.50 [-8.82,-4.18] 19.2%
B 86-1200 780 84 -935 780 — -2.65 [-5.00;-0.30) 19.1%
Cc 159 -10.78 9.00 156 -8.35 9.00 — -2.43 [4.42,-0.44) 20.9%
D 103 -11.70 8.05 102 -11.36 8.05 i -0.34 [-2.54; 1.86) 19.8%
E 135-1260 828 135 -9.76 8.28 —= -2.84 [-4.82,-0.86) 21.0%
Random effects model 587 585 “' -2.93 [-4.77;-1.08] 100%
Heferogeneify: l-squared=72.7%, fau-squared=3.223, p=0.0055 :
Test for overall effect: p=0.0019 H
-5 0 5

Favours Silexan

Favours Placebo

Fig.1 Hamilton Anxiety Scale total score change between baseline and end of treatment (MD mean difference, CI confidence interval, W

weight, FAS full analysis set, LOCF last observation carried forward)

characterized by subthreshold anxiety (trials A-C) and of
subjects with GAD (trials D, E) were in a comparable range.

Anxiety: observer rating

Silexan was significantly more efficacious than placebo in
the management of anxiety disorders. Analyzing the HAMA
total score reduction, this meta-analysis revealed an aver-
age 2.9-point advantage for Silexan over placebo (p =0.002)
(Fig. 1), with an estimated minimum benefit of 1.1 points
according to the lower bound of the 95% CI. The estimated
mean difference corresponds to an SMD of 0.35 (95% CI
0.13; 0.56) favoring Silexan. During the 10-week rand-
omized treatment period, the HAMA total score decreased
by averages between 10.8 (trial C) and 16.0 points (trial A)
for Silexan and by between 8.4 (trial C) and 11.4 points (trial
D) in the placebo groups (Fig. 1).

Figure 1 also indicates that Silexan was significantly
superior to placebo in 4 out of the 5 individual trials included
in the meta-analysis. Substantial heterogeneity (I =72.7%)
was mainly attributable to between-trial differences in effect
sizes favoring Silexan, not to different directions of the treat-
ment effect.

Figure 2 summarizes the treatment group mean differ-
ences and their 95% CIs determined in meta-analyses of
the HAMA psychic and somatic anxiety sub-scores (upper
panel) and for individual HAMA items identified prospec-
tively in the analysis plan (lower panel). According to the
lower bounds of the 95% Cls, Silexan was significantly supe-
rior to placebo in reducing anxiety-associated symptoms for
both sub-scales as well as for all single HAMA items inves-
tigated, with the largest effect sizes observed for anxious
mood followed by tension and insomnia.

Main results of subgroup meta-analyses of HAMA total
score change broken down by subject sex, age, as well as
by somatic complaints at baseline (based on the sum of the

@ Springer

scores of HAMA items ‘Somatic muscular’ and ‘Somatic
sensory’) and by intellectual impairment (based on HAMA
item ‘Intellectual’) are presented in Fig. 3. Whereas the
effect sizes for female and male subjects were compara-
ble, elderly subjects showed a larger treatment effect than
younger participants, and comparatively larger improve-
ments were also observed for subjects with more pronounced
somatic complaints and intellectual impairment (i.e., diffi-
culty in concentration, poor memory) at baseline. Figure 3
also shows that Silexan was significantly superior to placebo
in all subsets investigated.

At end of treatment, 304/587 subjects (51.8%) of the Sil-
exan 80 mg/day groups of the 5 trials and 227/585 subjects
(38.8%) of the placebo groups showed a HAMA total score
reduction by >50% of their baseline value and were thus
classified as treatment responders, with a meta-analysis
risk ratio of 1.34 favoring Silexan (p =0.004; Fig. 4). The
corresponding number needed to treat (NNT, with 95% CI)
was 8 (5; 28) for trials A—E and 6 (4; 36) for trials A-C
(performed in subthreshold anxiety). Complete remission
(i. e.,a HAMA total score < 7 points at end of treatment) was
achieved by 167/587 (28.4%) and 130/585 subjects (22.2%)
for Silexan and placebo, respectively (meta-analysis risk
ratio: 1.29; p=0.013).

Anxiety: self-rating

The results of the meta-analysis performed on change from
baseline of the total scores of the anxiety self-rating scales
(trials A, B: SAS, trial C: HADS, trials D, E: CAS) are
presented in Fig. 5. To account for the different ranges of
the scales, standardized mean differences (SMDs) based
on Hedges’ g with bias correction were calculated as effect
size. Significant superiority of Silexan group over placebo
was determined with a SMD of 0.27 standard deviation units
(»<0.0001). For trial D, showing the lowest effect size (of
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Fig.2 Meta-analysis of trials
A-E. Hamilton Anxiety Scale
total score, sub-score, and
individual item score treatment
group differences for change
between baseline and end of
treatment (random effects model
point estimates and 95% confi-
dence intervals)

Fig.3 Meta-analysis of trials
A-E. Hamilton Anxiety Scale
total score treatment group
differences for change between
baseline and end of treatment in
pre-defined subsets of subjects
(random effects model point
estimates and 95% confidence
intervals; number of valid
subjects for Silexan/placebo in
parentheses)

Favors Favors
Silexan placebo
Total score - f e !
Somatic anxiety sub-score - —e—
Psychic anxiety sub-score - b—e—1
5 4 3 -2 A1 0 1
Anxious mood - b——e—
Tension - b——e—
Insomnia { o !
Intellectual - b——e—
Depressed mood - f ° !
Somatic muscular - —e—
Somatic sensory - ——e—

-05 -04 -03 -0,2 -0,1 0,0 0,1

Sex Females (n=417/422)

Males (n=170/163)

Age <60 years (n=502/496)

260 years (n=85/89)

Somatic <8 points (n=140/137)
complaints

23 points (n=447/448)

Intellectual <2 points (n=211/204)

impairment
22 points (n=376/381)

Mean difference (points)

Favors
Silexan

Favors
placebo

-8

-6 -4 2 0

Mean difference (points)

Mean difference,
95%-ClI

-2.93 [-4.77; -1.08]
-1.24 [-2.09; -0.39]

-1.77 [-2.73; -0.81]

-0.36 [-0.50; -0.23]
-0.32 [-0.45; -0.20]
-0.32 [-0.54; -0.10]
-0.29 [-0.45; -0.13]
-0.21 [-0.38; -0.04]
-0.22 [-0.33; -0.11]

-0.15[-0.28; -0.03]

Mean difference,
95%-Cl

-2.98 [-4.53; -1.43]
-2.81[-6.14; -0.52]
-2.75 [-4.62; -0.89]
-4.14 [-6.63; -1.65]
-2.32 [-4.44; -0.19]
-3.14 [-5.04; -1.24]
-1.60 [-3.08; -0.11]

-3.61 [-6.39; -0.83]
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At least 50% reduction of HAMA total score - all subjects FAS (LOCF) - Inverse Variance

Silexan Placebo Risk Ratio
Study Events Total Events Total RR 95%-CI W(random)
A 75 104 44 108 —E— 1.77 [1.37;2.29) 221%
B 42 86 28 84 —— e 1.47 [1.01;2.12) 15.6%
C 66 159 54 156 T 1.20 [0.90;1.59] 20.4%
D 51 103 50 102 —_— 1.01 [0.77,1.33] 20.7%
E 70 135 51 135 — 1.37 [1.05;1.80] 21.2%
Random effects model 587 585 - 1.34 [1.10; 1.63] 100%
Heferogeneily: l-squared=57 .1%, fau-squared=0.0285, p=0.0535 :
Test for overall effect: p=0.0037 I H .

05 1 2

Favours Placebo Favours Silexan

HAMA total score less or equal 7 - all subjects FAS (LOCF) - Inverse variance

Silexan Placebo Risk Ratio
Study Events Total Events Total RR 95%-C1 W{random)
A 40 104 26 108 |—'—'— 1.60 [1.06; 2.42] 22.9%
B 15 86 15 84 & : 0.98 [0.51;1.87] 9.3%
cC 41 1549 30 156 —'—'-— 1.34 [0.88;2.03] 227%
D 3103 29 102 —_— 1.06 [0.69;1.62] 21.6%
E 40 135 30 135 T 1.33 [0.89; 2.01] 23.5%
Random effects model 587 585 *"-"'“ 1.29 [1.05; 1.57] 100%

Heferogeneify: -squared=0%, fau-syuared=0, g=0. 624
Test for overall effect: p=0.0128

[ : 1
0.5 1 2

Favours Placebo Favours Silexan

Fig.4 Treatment response (upper panel) and complete remission (lower panel) at end of treatment according to criteria derived from the Hamil-
ton Anxiety Scale total score (RR risk ratio, CI confidence interval, W weight, FAS full analysis set, LOCF last observation carried forward)

Self-rating of anxiety - all subjects FAS (LOCF)

Silexan Placebo Standardised mean difference

Study Total Mean SD Total Mean SD SMD 95%-Cl W(random)
A 104 -15.76 11.41 108 -10.98 11.41 ——— -0.42 [-0.69;-0.15) 17.9%
B 86-11.41 925 84 -903 925 —*F— -0.26 [-0.56; 0.05) 14.5%
C 159 -258 434 156 -202 434 -1 -0.13 [-0.35; 0.09] 271%
D 103 -422 267 102 -353 267 — -0.26 [-0.53; 0.02) 17.5%
E 135 -4.41 277 135 -347 277 —=i— -0.34 [-0.58;-0.10) 23.0%
Random effects model 587 585 - -0.27 [-0.38;-0.15] 100%
Neferogeneify: l-squared=0%, fau-squared=0, p=0.5541 :

Test for overall effect: p<0.0001 f : : ! ' : '

-06-04-02 0 02 04 06

Favours Silexan  Favours Placebo

Fig.5 Anxiety self-rating total score change between baseline and end of treatment (SMD standardized mean difference, CI confidence interval,
W weight, FAS full analysis set, LOCF last observation carried forward)
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CGlI change from baseline (t2) - all subjects FAS (LOCF)

Silexan Placebo Mean difference

Study Total Mean SD Total Mean SD MD 95%-CI W(random)
A 98 1.83 1.20 103 283 1.20 —+— ! -1.00 [-1.33;-0.67) 19.3%
B 80 249108 80 280108 & -0.31 [-0.64; 0.02) 19.2%
C 155 268 1.24 154 313 1.24 —= -0.45 [-0.73;-017] 21.9%
D 101 226 1.23 101 259 1.23 —- -0.33 [-0.67; 0.01] 19.0%
E 129 226 1.24 130 282 1.24 —= -0.56 [-0.86;-0.26) 20.7%
Random effects model 563 568 - -0.53 [-0.76; -0.29] 100%
Heferogeneify: l-squared=63.8%, fau-squared=0.0466, p=0.0259 :

Test for overall effect: p<0.0001 [ :I . .

-1 05 0 05 1

Favours Silexan

Favours Placebo

CGl Item 2 equals 1 or 2 - all subjects FAS (LOCF) - Inverse variance

Silexan Placebo
Events Total Events Total

A 77 98 44 103
B 45 80 27 80
C 74 155 48 154
D 60 101 49 101
E 79 129 56 130

Random effects model 563 568
Heferogeneify: l-squared=27 8%, fau-squared=0.0074, p=0.2362
Test for overall effect: p<0.0001

Risk Ratio
RR 95%-Cl W(random)
5 1.84 [1.44;2.35) 23.1%
——— 1.67 [1.16;2.40) 12.9%
— T 1.53 [1.15,2.04) 18.6%
T—= 1.22 [0.95;1.58) 21.7%
— 1.42 [1.12;1.81) 23.8%
- 1.51 [1.31; 1.74] 100%
I 1
1 2

05

Favours Placebo

Fig.6 Clinical global impression. Global improvement (upper
panel) and responder rate (proportion of subjects much or very much
improved; lower panel) at end of treatment (MD mean difference, RR

the included/individual trials) in the observer-rated HAMA
(Fig. 1), the standardized mean difference to placebo in the
subject self-rating (Fig. 5) differed only marginally from the
meta-analysis average across all trials.

Clinical global impression

Analyzing the CGI item ‘Global improvement’ as param-
eter for the participants’ general mental condition, Silexan
80 mg/day was significantly superior to placebo. (Fig. 6,
upper panel; MD =0.53; p <0.001). The corresponding
SMD amounted to 0.44 (95% CI 0.25; 0.63) favoring Sil-
exan. In the accompanying meta-analysis of dichotomous/
binary treatment response based on the CGI (Fig. 6, lower
panel), Silexan-treated subjects were on average 51% more
likely to be much or very much improved than placebo-
treated subjects according to the risk ratio (p <0.001), with
a pooled responder rates of 59.5% (335/563 subjects) and
39.8% (226/568 subjects) for Silexan and placebo, respec-
tively, and an NNT of 5 (95% CI: 4; 8).

Favours Silexan

risk ratio, CI confidence interval, W weight, FAS full analysis set,
LOCF last observation carried forward)

Disease-associated quality of life

Figure 7 presents the meta-analysis results for the physi-
cal (upper panel) and mental health (lower panel) sum-
mary scores of the SF-36. Improvements in both domains
of patient-reported, disease-associated quality of life were
significantly more pronounced for Silexan than for placebo
(MD =5.83 [physical health]; MD =8.13 [mental health];
p<0.001 for both summary scores), corresponding to a
SMD of 0.58 for physical health and of 0.81 for mental
health.

Tolerability

No significant between-group differences for the occurrence
of at least one AE (OR=1.16,95%-CI 0.91; 1.49, p=0.24,
fixed effect model) and at least one SAE (OR=1.18, 95%
CI 0.38; 3.69, p=0.73, fixed effects model) could be deter-
mined. SAEs were reported in a total of 6/606 subjects
(1.0%) for Silexan and in 5/600 (0.8%) for placebo.
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SF36 subscore physical health (d9) - all subjects FAS (LOCF)

Silexan Placebo
Study Total Mean  SD Total Mean SD
A 97 2015 1981 1021112 19.81
C 1551273 19.78 154 6.50 19.78
D 100 12.53 1845 101 7.78 1845
E 131 1346 1781 133 920 17.81
Random effects model 483 490
Heferogeneify: l-squared=0%, fau-squared=0, p=0 5695
Test for overall effect: p<0.0001

Mean difference
MD 95%-CI W(random)
——%—— 9.03 [3.52;14.54) 18.6%
—= 6.23 [1.82;10.64] 29.0%
= 4.75 [-0.35; 9.85] 21.7%
= 4.26 [-0.04; 8.56) 30.6%
- 5.83 [ 3.45; 8.20] 100%
[ T T l. T 1
15 10 -5 0 5 10 15

Favours Placebo  Favours Silexan

SF36 subscore mental health (d10) - all subjects FAS (LOCF)

Placebo
sD

Silexan

Study Total Mean  SD Total Mean
97 32.51 22.20
155 20.05 23.91
100 20.79 19.46
131 21.97 22.81

102 19.77 22.20
154 11.85 23.91
101 15.43 19.46
133 1477 2281

moox»

Random effects model 483 490
Heferogeneily: l-squared=8.3%, fau-squared=0.7354, p=0.3515
Test for overall effect: p<0.0001

-15-10 -5 0 §

Favours Placebo

Mean difference

MD 95%-CI W(random)
——=—— 1274 [6.57;18.91] 20.7%
—em 8.20 [2.87;13.53) 271%
= 536 [-0.02;10.74) 26.6%
— 7.20 [1.70;12.70] 25.6%
R 8.13 [5.22; 11.04] 100%

I I I I 'I 1

10 15

Favours Silexan

Fig.7 SF-36. Change in summary scores ‘Physical health’ (upper panel) and ‘Mental health’ (lower panel) between baseline and end of treat-
ment (MD mean difference, CI confidence interval, W weight, FAS full analysis set, LOCF last observation carried forward)

There was no evidence for a difference between groups in
the risk of premature withdrawal due to AE (OR=1.14,95%
CI0.55;2.33, p=0.73, fixed effect model). The correspond-
ing attrition rates were 2.6% (16/606 subjects) for Silexan
and 2.3% (14/600 subjects) for placebo.

Discussion

With 14 clinical trials of different development phases pub-
lished by the end of the year 2020 and a total of about 2,200
subjects evaluated, Silexan is probably the best researched
herbal medicinal product for the treatment of subthreshold
anxiety, anxiety disorders and related clinical manifestations
worldwide [8, 44, 58, 61]. The body of evidence includes 5
double-blind, randomized, placebo-controlled trials in sub-
threshold anxiety and anxiety disorders, all of which were
included into our meta-analysis. Silexan, administered at the
marketed dosage of 1x80 mg/day, was shown to be sig-
nificantly superior to placebo in the observer-rated HAMA,
including its psychic and somatic anxiety sub-scores and a
set of prospectively selected single HAMA items, as well
as in different patient-reported anxiety scales. Hence, the

@ Springer

anxiolytic effect of Silexan was not exclusively observed by
the attending physicians but also subjectively perceived by
the study participants. Beyond the indication-specific symp-
toms assessed by means of the anxiety scales, the herbal
medicinal product was also associated with significant
improvements in patient's global functioning as assessed
by the CGI, indicating a beneficial effect on mental health.
Finally, our meta-analysis also showed a significant posi-
tive effect of Silexan on patient-reported, disease-associated
quality of life, with comparable improvements over placebo
in the areas of mental and physical health. The latter results
correspond with existing evidence reporting beneficial
effects of Silexan on co-occurring depressive symptoms [8],
sleep disturbances [58], as well as psychosomatic symptoms
as fatigue and pain for instance [61].

Importantly, superiority over placebo was observed for
all diagnostic categories represented in our meta-analysis
(subthreshold anxiety disorder, MADD, GAD). While our
analyses were limited to the marketed Silexan dosage of
1 x 80 mg/day, a pooled analysis of the placebo-controlled
trials performed in GAD (trials D and E) published by
Kasper et al. [37] showed a clear dose-response relation-
ship for once-daily doses of Silexan between 10 and 160 mg,
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with 80 mg/day at the lower end of the therapeutic range and
a substantially more pronounced anxiolytic effect at 160 mg/
day, the maximum dosage investigated in these trials. It is
also worth mentioning that 160 mg/day were not associated
with a higher rate of AEs than lower dosages of Silexan or
placebo [36, 37].

For HAMA total score reduction from baseline, our meta-
analysis also indicates significant superiority of Silexan over
placebo for prospectively defined subsets of subjects. While
women are more frequently affected by anxiety disorders
than men [21] and at least 2/3 of the subjects in each trial
were female, our subgroup analysis indicates that subjects of
both sexes show a similarly pronounced response to Silexan.
For subsets defined by age, it is certainly of clinical interest
that treatment with the herbal medicinal product was at least
as efficacious in elderly subjects as in younger ones, even
though the number of participants aged 60 or above was
quite low since patients aged over 65 were excluded from the
trials. Similar observations were reported in a meta-analysis
by von Kinel et al. [61] who found that the effect of Sil-
exan on somatic symptoms and physical health of patients
with anxiety disorders was largely independent of age and
sex. Consistent with our findings, this meta-analysis could
determine a superiority of Silexan over placebo in treating
somatic manifestations of anxiety [61].

At baseline, close to 2/3 of the subjects in the pooled data
set suffered from at least moderate, anxiety-related difficul-
ties in concentration and poor memory (labelled ‘Intellectual
impairment’ in the HAMA). Our subgroup meta-analysis
indicates that subjects initially affected by these difficul-
ties showed improvement of anxiety-associated symptoms,
including impaired memory and concentration, and ben-
efited from Silexan treatment to at least the same extent as
those with lower or no baseline impairment. This is consist-
ent with other research showing that, unlike several other
anxiolytic drugs, Silexan is devoid of central depressant
effects [57, 58].

For HAMA total score change, which served as a primary
outcome measure of anxiolytic efficacy in all trials avail-
able for analysis, no minimal clinically important difference
(MCID) has yet been derived empirically, and thus the inter-
pretation of differences between medication and placebo
with regard to clinical meaningfulness is not straightforward.
According to the protocols of the included trials, a treatment
group mean value difference in HAMA total score reduction
of between 2.5 and 3.5 points was assumed to be clinically
important. The observed meta-analysis mean value differ-
ence of 2.93 points was found to be within this range, and 4
out of the 5 analyzed trials showed mean differences between
2.43 and 8.5 points favoring Silexan. Standardized effect
size comparisons between anxiolytic agents and placebo
for HAMA total score change versus baseline in patients
with GAD have been determined in several meta-analyses:

Hidalgo et al. [29] (21 trials) reported effect sizes of 0.50 for
pregabalin, 0.45 for hydroxyzine, 0.42 for venlafaxine, 0.38
for benzodiazepines, 0.35 for SSRIs, and 0.17 for buspirone.
Gomez et al. [23] (56 trials) found effect sizes of 0.33 for
SSRIs, 0.34 for SNRIs, 0.50 for benzodiazepines, and of
0.37 for all drug classes combined. In the analysis of Carl
et al. [11], meta-analysis effect sizes were 0.38 for psychop-
harmacotherapy (43 trials) and 0.76 for psychotherapy (39
trials). With an SMD of 0.35, the standardized effect size
for Silexan determined in this meta-analysis was thus in the
range of the effect sizes for SNRIs and for SSRIs, which are
currently recommended as first-line treatment for anxiety
disorders [1, 6, 7, 29, 40, 47, 59]. Moreover, when compar-
ing the efficacy of Silexan with that of other medicinal herbs,
Silexan yielded the highest effect size when analyzing the
herbs with an at least moderate cumulative sample size [64].

There is evidence that reluctance to accept the unwanted
effects of conventional anxiolytic agents such as SSRIs,
SNRIs and benzodiazepines, together with concerns regard-
ing the sustainability of their anxiolytic effects [52], may
contribute to the not seldom occurring under- or even un-
treatment of anxiety disorders [12]. AEs attributed to Sil-
exan were mainly limited to mild, transient gastrointestinal
effects such as nausea or eructation [63]. The herbal product
does, however, not interfere with activities of daily living
[34], including driving performance [45], and has neither
a sedating effect nor a potential for abuse [57, 58]. Silexan
does also not cause withdrawal symptoms even when dis-
continued abruptly [19] and does not interact with oral
contraceptives [28], which is an important finding since an
appreciable proportion of patients affected by anxiety dis-
orders and subthreshold anxiety are young female patients
[60]. Generally, therapeutic doses of Silexan did not show
any interaction potential with activities of cytochrome P450
enzymes CYP1A2, 2C9, 2C19, 2D6, and 3A4 [16].

In anxiety disorders, an appreciable proportion of patients
has been shown to respond favorably to placebo treatment
[25]. This is also a known issue in placebo-controlled tri-
als in the indication, and placebo response rates have been
shown to even rise during the last decades [51]. The results
of the individual studies and our meta-analyses in favor of
Silexan are remarkably consistent.

As a limitation of this work, all trials available for
analysis were initiated by the manufacturer of Silexan and
performed in one country (Germany). However, a number
of reviews and meta-analyses of the effects of lavender
preparations in general and of Silexan in particular has
been published independently [15, 30, 54, 63], which
underlines the scientific and clinical interest in the appli-
cation of lavender oil preparations in and beyond anxiety
disorders and the robustness and soundness of the results.
Although there appears to be a general agreement among
the authors that Silexan has a significant and clinically
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meaningful anxiolytic effect, further independent trials
which would investigate the broad potential of its efficacy
would be welcome. As a further potential limitation, it
should be considered that the diagnoses of the enrolled
patients differed between the individual trials. In one trial,
participants suffering from mixed anxiety and depressive
disorder were recruited [39]. However, in all included tri-
als, patients had to fulfill an anxiety specific inclusion cri-
terion (HAMA total score of > 18 points).

In conclusion, our meta-analysis shows a clinically
important anxiolytic effect of Silexan at the marketed dos-
age of 1 X80 mg/day in subthreshold anxiety and anxiety
disorders, with statistically significant superiority over
placebo. A beneficial effect was consistently observed for
observer-rated and for patient-reported anxiety, for overall
mental condition, as well as for self-rated, disease-asso-
ciated quality of life. Moreover, significant superiority of
Silexan was also stable within several pre-specified subsets
of subjects defined by demographic features and baseline
characteristics. The analyses do not indicate a systematic,
Silexan-associated risk of AEs above the placebo level.
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