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Abstract. — OBJECTIVE: To investigate the
non-inferiority of efficacy and tolerability of Lac-
tobacillus plantarum P 17630 soft vaginal cap-
sules compared to the antifungal therapy with
miconazole nitrate 400 mg soft vaginal capsules
in patients with symptomatic vulvovaginal infec-
tion due to Candida.

PATIENTS AND METHODS: Adult women with
vulvovaginal candidiasis were randomized to ei-
ther L. plantarum P17630 100,000,000 CFU soft
vaginal capsules by vaginal route each day for 3 or
6 consecutive days or miconazole nitrate 400 mg
soft vaginal capsule. Visual Analog Scale (VAS)
scores for vaginitis symptoms were used, and
vaginal fluid interleukin 6 (IL6) was dosed. The
study was registered in EudraCT database (code
LPP17630-C-018; number: 2018-003095-12).

RESULTS: 200 patients were included in the
study. The mean VAS scores for vaginitis symp-
toms were progressively reduced in both treat-
ment groups at each visit, without significant
difference between groups (p>0.05 for each
symptom, at each time point). The efficacy of L.
plantarum and the reference medicinal product
was maintained at follow-up (day 21). The mean
concentration of IL-6 decreased from visit 1 to
visit 3 in both groups without a significant differ-
ence (p>0.05). No adverse events were reported.

CONCLUSIONS: L. plantarumP17630 100,000,000
CFU soft vaginal capsules are effective and safe for
treating vaginal candidiasis without the concomitant
use of an antifungal product, which rules out the risk
of antimicrobic resistance. The long-term effect on
vaginal microflora may add the possibility of reduc-
ing the risk of recurrences.
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Introduction

The vaginal microbiota plays a crucial role
in preserving health and warding off infections.
When there is a disturbance in the vaginal micro-
bial community, referred to as vaginal dysbiosis,
it is often associated with an elevated suscepti-
bility to vaginal infections, including vulvovag-
inal candidiasis (VVC)'. Vaginal candidiasis is a
highly prevalent condition, affecting 70-75% of
women at any age during their lifetime?. Candida
albicans, a fungal pathogen, poses a significant
threat to human health, giving rise to a range of
infections. This pathogen is identified in 85-95%
of cases, highlighting its widespread association
with the occurrence of vaginal candidiasis. Can-
didiasis is often uncomplicated and can resolve
quickly, but 9% of patients with VVC experience
recurrence, defined as four or more repeated ep-
isodes of the infection within a year**. Candida
species are usually found in the lower genital
tract of 10-20% of healthy women of childbear-
ing age. The evolution to symptomatic infection
is due to host factors, such as susceptibility and
inflammatory responses and/or the imbalance of
vaginal microbiota’. Epithelial cells play a role
in the inflammatory process by generating cy-
tokines and chemokines. This suggests that ep-
ithelial cells could potentially contribute to the
regulation of Candida infections by engaging in
an inflammatory response mediated by various
substances, including interleukin-6 (IL-6), IL-8,
and tumor necrosis factor alpha (TNF-0)°. The
vaginal microbiota of healthy women is dominat-
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ed by Lactobacilli, non-pathogenic living micro-
organisms which exert significant health-promot-
ing effects on the host’. Lactobacilli are depleted
during infectious vaginosis, suggesting their piv-
otal role in the anti-infection defense of urogeni-
tal mucosa. The mechanisms of the anti-infective
function of Lactobacilli are not fully understood,
but several hypotheses have been presented based
on different observations®’. Lactobacilli produce
several antimicrobial compounds (e.g., hydrogen
peroxide, lactic acid and create a physical barrier
against pathogen adhesion in the vaginal epithe-
lium, with a protection activity against diseases
such as recurrent urinary infections, bacterial
vaginosis (BV), and VVC’. Current treatment
regimens, predominantly relying on antifungal
agents, such as azoles (e.g., fluconazole, clotri-
mazole), demonstrate effectiveness in managing
candidiasis'®. However, antifungal resistance
in Candida species, especially in the context of
VVC, is a growing concern in healthcare. The
emergence of resistance is on the rise, attributed
to factors like overuse, misuse, and the preva-
lence of non-albicans species'®!!. Moreover, the
impact of these medications on the local micro-
biota is not well understood. Notably, fungicidal
compounds do not contribute to the restoration of
a healthy vaginal microflora and may potential-
ly predispose susceptible women to recurrences
and/or reinfections'. Lactobacillus plantarum P
17630 is a strain known to be able to colonize
the vagina®, with a particular ability to adhere
to vaginal epithelium and to compete against C.
albicans™">; moreover, L. plantarum P17630 can
survive in a broad range of temperature and pH
and is one of the few Lactobacillus strains that
are resistant to many commonly used antibiot-
ics, including vancomycin and azoles; biofilm
production was also noted'®. Live biotherapeutic
products (medicinal products containing live mi-
croorganisms) represent a strategy to restore local
microbiota and treat an infection without the risk
of resistance related to antibiotics and antimycot-
ics'”. The administration of oral or topical L. plan-
tarum P 17630, either alone or in addition to an
antifungal product, was found to improve vagina
colonization with lactic acid bacteria, suggest-
ing a favorable role in treating candidiasis and
preventing recurrences*'s, The concomitant ad-
ministration of soft capsule L. plantarum P 17630
and one-dose fluconazole reduced the incidence
of candidiasis recurrences by 72% compared to
fluconazole alone!®. Moreover, as Candida iso-
lates induced host cells to release proinflamma-

tory cytokines, including I1L-6%%°, a decrease in
their levels, along with other factors, may suggest
Candida eradication. Indeed, gene expression
analysis in epithelial cells revealed that live C. al-
bicans increased the expression of the IL-6 gene.
In contrast, exposure to heat-killed C. albicans
did not induce IL-6 release, indicating that only
live C. albicans has the ability to upregulate both
IL-6 expression and secretion®'??. Moreover,
pretreatment of HelLa cells with vaginal Lacto-
bacillus plantarum and Lactobacillus fermentum
isolated from healthy Cuban women reduced the
production of proinflammatory cytokines IL-1p,
IL-6, and IL-8 when challenged with C. albi-
cans***. This study was designed to investigate
the non-inferiority of efficacy and tolerability, as-
sessed by clinical evaluation and by IL-6 dosing,
of L. plantarum P 17630 100,000,000 CFU soft
vaginal capsules compared to the antifungal ther-
apy with miconazole nitrate 400 mg soft vaginal
capsules in patients with clinically symptomatic
vulvovaginal infection due to Candida.

Patients and Methods

A randomized, investigator-blinded, active-con-
trolled, multicenter, two-parallel-group study was
designed and carried out between September 2019
and February 2020.

The study was approved by the Bulgarian Drug
Agency (protocol Ref. No. KI1-109-2-0045/26-07-
2019). The study was conducted according to the
International Council for Harmonization of Tech-
nical Requirements for Registration of Pharma-
ceuticals for Human Use (ICH), the Good Clinical
Practices, and the clinical principles of the Decla-
ration of Helsinki (Brazil, October 2013). All en-
rolled patients released written informed consent.
The study was registered in the European Union
Drug Regulating Authorities Clinical Trial Data-
base (code LPP17630-C-018; EudraCT number:
2018-003095-12).

Subjects

Premenopausal women between 18 and 45 years
of age diagnosed with vulvovaginal candidiasis
based on symptoms (pruritus, discharge, pain,
dryness) and negative results for bacterial vulvo-
vaginitis (assessed by the Gyno-Canestest® kit,
Bayer AG, Leverkusen, Germany) were enrolled.

The main exclusion criteria were menstruating
at the baseline visit, primary or secondary im-
munodeficiency, severe liver disease, history of
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regional enteritis or ulcerative colitis, evidence
of non-bacterial vulvovaginitis within the last 4
months, cervical neoplasia, history of hypersensitiv-
ity to study medications, use of topical or systemic
antibiotics/antifungal drug within 2 weeks prior to
the baseline, and use of intra-vaginal device or prod-
uct within 48 hours prior to first dosing.

Study Treatments

Each patient was randomized to receive ei-
ther L. plantarum P17630 100,000,000 CFU soft
vaginal capsules [LJ LACTO, medicinal product
licensed by the company Proge Farm S.r.l. — No-
vara, Italy], or miconazole nitrate 400 mg soft
vaginal capsules (DAKTARIN®, Janssen Cilag
Spa, Milan, Italy), by vaginal route each day, for 3
consecutive days starting from the evening of vis-
it 1 (baseline). The therapy was stopped if com-
plete recovery was ascertained at visit 2 (day 3) or
continued for another 3 days (visit 3). The exact
time of administration was reported in the pa-
tient’s diary. No medications were allowed during
the study periods. No sexual intercourse was al-
lowed on days 0-7.

Study Plan

The primary objective was to evaluate the
non-inferiority of the efficacy of L. plantarum
vs. miconazole in patients with vaginal candidi-
asis based on the assessment of vaginal pruritus,
discharge, pain, and dryness using a daily VAS
scale. The secondary objective was to assess IL-6
concentration as a marker of inflammation and
infection'®, evaluated by validated method of En-
zyme-Linked Immunosorbent Assay (ELISA).

At baseline, investigators recorded vaginal
symptoms and assigned the treatment starting
the same day. On day 3 (visit 2), the patient was
visited, and if healed, the treatment was stopped.
She continued the treatment until visit 3 on day 6
if symptoms were still present. A follow-up visit
(visit 4) was carried out on day 21. Symptom se-
verity was evaluated on a VAS scale from 0 to 10,
in which 0 was no symptoms, and 10 was severe.
All adverse events occurring during the study
were recorded. IL-6 concentration was measured
in the vaginal fluid recovered at visits 1, 2, and 3.

Statistical Analysis

A sample size of 100 patients per treatment
arm was calculated in order to have a significant
statistical result with a clinical margin of 20%
and to obtain a 90% power to demonstrate the
non-inferiority of L. plantarum P 17630 vs. mi-
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conazole nitrate (a level, 5%; B level, 10%). De-
scriptive analyses were performed using point
and confidence interval estimation. Inferential
analysis was performed using a nonparametric
unpaired test to compare the number of patients
who stopped the treatment after 3 days and after
6 days. The VAS mean score values at baseline
and visits 2, 3, and 4 were also evaluated. Treat-
ment effects were assessed using an unpaired
t-test, Mann-Whitney, and contingency Fisher’s
exact tests. The statistical significance was set
at p < 0.05. All analyses were performed with
IBM SPSS Statistics for Windows.

Results

Overall, 210 patients were screened, and 200
were enrolled and treated in four different clinical
centers. The mean + SD age of enrolled subjects
was 33£6 years; their mean = SD weight was 63£8
kg, and their mean + SD height was 170+0.06 cm.
No relevant data were recorded from medical his-
tories. On day 1, 100 patients per group started
the treatments.

Efficacy

The mean VAS scores for vaginitis symp-
toms were progressively reduced in both treat-
ment groups at each visit, without significant
difference between groups (p >0.05 for each
symptom, at each time point). The efficacy of
L. plantarum P17630 and the reference medic-
inal product was maintained at follow-up (day
21), with similar VAS scores compared to the
visit of the complete recovery (visit 2 of day 3
or visit 3 of day 6) in the overall population of
the group (Table I).

At visit 2 (day 3), 20 patients on L. plantarum
P17630 and 26 on miconazole were judged to
have entirely recovered by the investigator. Two
patients (one from the reference group and one
from the test group) dropped out for personal
reasons. The other 79 on L. plantarum P 17630
and 73 on miconazole continued the treatment
for an additional 3 days. At follow-up, 99 pa-
tients on L. plantarum P 17630 and 97 (two pa-
tients failed to attend the visit) on miconazole
were evaluated. No significant difference was
found in the change of mean VAS scores for
any symptom from baseline to visit 2 in pa-
tients considered healed and from baseline to
visit 3 in those who continued the treatment for
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Table 1. Mean VAS scores + SD for symptoms of candidiasis in the overall populations of the groups treated with L. plantarum and miconazole at each study visit.

Visit 1 Visit 2 Visit 3 Follow-up visit

Symptoms

of vaginal L. plantarum P Miconazole L. plantarum P Miconazole | L. plantarum P Miconazole L. plantarumP  Miconazole

candidiasis (n =100) (n=100) (n=99) (n=99) (n=79) (n=73) (n=99) (n=97)
Pruritus 5.84+2 5.57+3 2.84+2 247+£2 093+1 0.55+1 0.61+1 042+1
Discharge 6.85+2 691+2 3.26+2 3+1 1.19+1 092+1 071+0.8 0.58+1
Pain 294+3 2912 1.2+1 0.87+1 0.13£0.3 0.08+04 0.26+0.9 0.07+0.3
Dryness 346+3 384+3 1.23+1 L11+1 0.24+04 0.18+0.5 0.22+0.8 0.06+0.2
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Table Il. Mean VAS scores + SD for symptoms of vaginal candidiasis at visits 1

17630 or miconazole who stopped treatments on day 3.

and 2 in patients treated with L. plantarum P

Visit 1 Visit 2
Symptoms of L. plantarum P Miconazole L. plantarum P Miconazole
vaginal candidiasis (n = 20) (n = 26) (n = 20) (n = 26)
Pruritus 5.85+£0.4 4.69+3 0.45=+1 038+ 1
Discharge 59+£2 6.27+2 1+2 092+1
Pain 27+3 215+2 1.2+1 0.15+0.7
Dryness 36£3 3.58+3 0.25+0.7 0.23£0.8

Table Ill. Mean VAS scores for symptoms of vaginal candidiasis at visits 1 and 3 in patients treated with L. plantarum P 17630
or miconazole who continued treatments up to day 6.

Visit 1 Visit 3
Symptoms of L. plantarum P Miconazole L. plantarum P Miconazole

vaginal candidiasis (n=79) (n=73) (n=79) (n=73)
Pruritus 5.89+2 5.96+2 0.87+1 0.55+1
Discharge 7.09+£2 715+£2 1.19+1 079+1
Pain 3.03+3 32242 0.29+0.6 0.04+0.2
Dryness 346+3 399+3 0.39+£0.9 0.08+0.2

6 days. The mean values are reported in Tables Safety

IT and III.

The mean concentration of IL-6 decreased from
visit 1 to visit 3 in both groups without a significant
difference (p>0.05) between groups (Figure 1).

No severe or non-serious adverse or life-threat-
ening events were reported by the patients or
documented by the investigators throughout the
study in both groups.

15—

pg/mL

13.01

Il Miconazole
M L. plantarum P 17630

Visit

Figure 1. Mean + standard deviation of IL-6 concentration in patients treated with L. plantarum P 17630 and with miconazole
at baseline and after 3 and 6 days.
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Discussion

This clinical study investigated the efficacy
and safety of L. plantarum P17630 100,000,000
CFU soft vaginal capsules in women with vagi-
nal candidiasis. It showed comparable effective-
ness to the treatment involving miconazole soft
vaginal capsules, which served as the reference
medication. Moreover, the soft vaginal capsules
containing L. plantarum P17630 at a concentra-
tion of 100,000,000 CFU were successful in ad-
dressing the four clinical indicators associated
with vaginal candidiasis (itching, discharge, pain,
and dryness) and in reducing IL-6 levels in the
vaginal fluid. No adverse events were reported in
either of the groups.

To our knowledge, this is the first published
non-inferiority study of a medicinal product con-
taining Lactobacillus compared to a convention-
al antimycotic medicinal product. These results
suggest that topical L. plantarum P17630 alone is
effective and safe for treating candidiasis. It may
be used not only as an adjunctive treatment but
as an alternative to antifungal drugs. This result
may be of practical importance as treatment with
a live biotherapeutic product has no risk of an-
timicrobial resistance®®. It had previously been
demonstrated that oral L. plantarum P17630 may
improve vaginal colonization, suggesting that
different administration strategies may concur to
the prevention of recurrences®. Candidiasis has
a high incidence and frequent recurrences and
is related to repeated and prolonged exposure to
conventional antifungal treatments, which makes
resistance a heavy problem.

A previous study by Carriero et al'’ suggested
that administration of L. plantarum P17630 may
be continued, after a main course of treatment to
restore the vaginal microflora, to prevent recur-
rences. As candidiasis has a high risk of recur-
rence due to the persistence of risk factors such as
mucosa atrophy, metabolic diseases, and concom-
itant medications, the use of a product that may
be used for prolonged periods without inducing
resistance with a good safety profile, is of para-
mount importance, together with the possibility
of restoring the physiological defense of the va-
gina environment. Our results may support the
previous findings by Palacios et al?.

Limitations
A limitation of this study was that candidiasis was
diagnosed according to the current clinical practice

based on clinical observation and bacteriological
exclusion of bacterial infection, but no mycological
test was carried out, either by microscopic observa-
tion or culture of vaginal fluid; the presence and the
concentration of the proinflammatory cytokine in-
terleukin-6 (IL-6), reported as released in response
to Candida albicans, was evaluated™.

Conclusions

L. plantarum P17630 100,000,000 CFU soft
vaginal capsules are effective and safe for treating
vaginal candidiasis without the concomitant use
of an antifungal product, which rules out the risk
of antimicrobic resistance. The long-term effect
on vaginal microflora may add the possibility of
reducing the risk of recurrences.
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