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Introduction

The healthy vaginal microbiota is dominated by Lactobacillus 
(L.) species (spp.) playing an important role in the modulation of 
host immune responses and the subsequent protection against 
genital infections. In premenopausal women, estrogen encourages 
the vaginal colonization with Lactobacillus spp. which metabolize 
glycogen to produce lactic acid and maintain a low vaginal pH at a 
level at which many pathogens cannot flourish [1, 2]. In postmen-
opausal women, the genitourinary syndrome of menopause is as-
sociated with a decrease in estrogen secretion leading to a deple-
tion of lactobacilli and an increase in vaginal pH followed by colo-
nization with enterobacteria. From the clinical perspective, vaginal 
dryness, burning, itching, and dyspareunia are frequent com-
plaints, along with dysuria, urinary frequency, and recurrent in-
fections [3, 4].

As a result of chemotherapy and estrogen deprivation therapy, 
the genitourinary syndrome of menopause is a common finding 
among women with breast cancer (BC). The syndrome leads to 
symptomatic vaginal atrophy in both pre- and postmenopausal 
women, accompanied by cytological changes in the vaginal smear 
[5–7]. Vaginal estrogen therapy reduces Escherichia coli coloniza-
tion and increases the number of lactobacilli, resulting in a signifi-
cant decrease in recurrent urinary tract infections [8]. However, 
estrogen treatment for genitourinary syndrome in women with BC 
is performed with restraint since this tumor entity is often hor-
mone-sensitive [6, 9]. Hence, the use of lactobacilli could be a safe 
and effective treatment option for the prevention of bacterial dys-
biosis and recurrent urinary tract infections in BC patients with 
genitourinary syndrome of menopause.
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Summary
Background: Due to chemotherapy and estrogen depriva-
tion therapy, genitourinary syndrome of menopause is a 
common condition in breast cancer patients. We aimed 
to determine the effect of an orally administered Lactoba-
cillus preparation on the vaginal microbiota in breast 
cancer patients. Methods: Postmenopausal breast cancer 
patients receiving chemotherapy, with vaginal atrophy 
and an intermediate vaginal microbiota (Nugent score 
4–6), were either randomized to the intervention group 
receiving probiotic capsules of 4 Lactobacillus species or 
to the control group receiving placebo twice daily for 2 
weeks. Consecutive vaginal swabs were taken at base-
line, 1 day after administration of the last capsule (follow-
up 1), and after 1 week (follow-up 2) in 22 patients (11 vs. 
11). Results: We observed a positive influence on the 
vaginal microbiota in 7/11 (63%) women in the interven-
tion group, and 4/11 (36%) women in the control group. 
There was a shift in Nugent score towards normal micro-
biota levels in the intervention group (–1.3 at follow-up 1, 
–0.45 at follow-up 2) and a significant deterioration of the 
Nugent score in the control group (+0.4 at follow-up 1, 
+2.5 at follow-up 2). Conclusion: The orally administered 
Lactobacillus preparation has the potential to improve 
the vaginal microbiota in women undergoing chemother-
apy for breast cancer.
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Although Lactobacillus spp. are most commonly administered 
through vaginal suppositories, oral substitution represents a patient-
friendly concept for the restitution of a normal vaginal microbiota. 
In this randomized placebo-controlled double-blinded pilot study, 
we aimed to determine whether there is an effect of an orally admin-
istered preparation of 4 Lactobacillus spp. on the vaginal microbiota 
of postmenopausal BC patients undergoing chemotherapy.

Patients and Methods

From May 2014 to May 2016, all postmenopausal women with BC receiving 
chemotherapy at the Department of Obstetrics and Gynecology, Medical Uni-
versity of Vienna, Austria were invited to participate in this study. Only women 
without vaginal bleeding or abnormal vaginal discharge were eligible for study 
inclusion. Premenopausal women, women with diarrhea, constipation, or uri-
nary tract infection, and those having received previous antibiotic therapy (≤30 
days) or any Lactobacillus spp. preparations (≤4 weeks) were excluded from the 
study.

After having given oral and written informed consent, an initial vaginal 
smear was taken with sterile swabs from the lateral vaginal wall and posterior 
fornix vaginae; smears were Gram-stained and microscopically analyzed using 
the Nugent scoring system [10] by experienced microbiology staff specialized in 
gynecological cytopathology at our laboratory which is certified according to 
DIN EN ISO 9001: 2008 (regular quality management training is compulsory 
for all laboratory assistants who together analyze more than 5,300 Gram-
stained smears per year).

The Nugent scoring system was used since it is an objective semi-quantita-
tive evaluation of vaginal fluid. The Nugent score ranges from 0 to 10, therewith 
describing a weighted combination of the following morphotypes: i) Lactobacil-
lus spp., ii) Gardnerella vaginalis, iii) Bacteroides (small Gram-variable rods or 
Gram-negative rods), and iv) curved Gram-variable rods. To detect minor ef-
fects, scoring was performed using the entire 10-grade scale rather than using 
the simplified classification, with bacterial vaginosis being defined as a score 
≥ 7, intermediate vaginal microbiota as a score 4–6, and normal vaginal micro-
biota as a score 0–3.

Following the analysis of the initial vaginal swabs, only women with Nugent 
scores between 4 and 6, defined as intermediate vaginal microbiota, were rand-
omized to 1 of 2 study groups using a computer-generated randomization list. 
According to the Nugent scoring system, a Nugent score of 4–6 included 
smears without any bacterial colonization or Lactobacillus spp. showing only 
epithelial cells on the examined smears, and/or smears with colonization by 
mixed aerobic bacteria and depletion of lactobacilli.

Women in the intervention group received probiotic capsules containing 
2.5 × 109 colony-forming units (CFU) each of lyophilized L. crispatus LbV 88, 
L. rhamnosus LbV 96, L. jensenii LbV 116 and L. gasseri LbV 150N (table 1). 
Administration included twice daily oral intake for 2 weeks. Women in the con-
trol group received an oral placebo containing lactose, which was also given 
twice daily for 2 weeks. From each participant, consecutive vaginal swabs for 
Nugent scoring were taken on the day following the last capsule administration 
and 1 week later. All participants, investigators, and microbiological staff were 
blinded to the treatment assignment. The Nugent score after treatment served 
as the primary outcome variable.

Demographic information was summarized and displayed using descriptive 
statistics. Continuous data are presented as mean (± standard deviation (SD)) 
in the case of a normal distribution, or as median (interquartile range (IQR)) in 
the case of a skewed distribution. Discrete data are presented as number (per-
centage). The chi-square test was used to compare categorical data, and Stu-
dent’s t-test was used to compare continuous data. A 2-sided p value of <0.05 
was considered to indicate statistical significance in all tests. Statistical calcula-
tions were performed using the statistical software SPSS 23.0 for Mac (IBM 
Corp., Armonk, NY, USA). The ethical review board of the Medical University 
of Vienna approved this study (protocol number 1417/2012; EudraCT no. 

2012-003468-31; clinical trials no. NCT01723592). The study was performed in 
accordance with the Declaration of Helsinki and the guidelines of Good Scien-
tific Practice, and was supported by the Head of the Institute.

Results

Patients
A total of 62 postmenopausal women met the inclusion criteria 

and were assessed for eligibility. Of these, 27 (43.5%) women pre-
sented with an intermediate vaginal microbiota and were allocated 

Table 1. Composition of the study medication

Composition Guaranteed viable cell count 
(CFU/dose)

L. crispatus LbV 88 (DSM 22566) 1 × 109
L. rhamnosus LbV 96 (DSM 22560) 1 × 109
L. jensenii LbV 116 (DSM 22567) 0.2 × 109
L. gasseri LbV 150N (DSM 22583) 0.3 × 109
Potato maltodextrin
Insoluble dietary fiber
Silicon dioxide

Table 2. Baseline characteristics of the 27 study patients undergoing chemo-
therapy for primary breast cancer

Intervention 
group, n (%)
median (IQR)

Control group,  
n (%)
median (IQR)

All patients, 
n (%)
median (IQR)

Patients 11 (100) 11 (100) 22 (100)
Paritya  2 (1–2)  1 (0–2)  2 (1–2)
Menopausal status

Premenopausal  0 (0)  0 (0)  0 (0)
Postmenopausal 11 (100) 11 (100) 22 (100)

Nicotine abuse  1 (9.1)  3 (27.3)  4 (18.2)
Alcohol abuse  2 (18.2)  5 (45.5)  7 (31.2)
Affected breast

Left  5 (45.5)  4 (36.4)  9 (41.0)
Right  5 (45.5)  4 (36.4)  9 (41.0)
Bilateral  0 (0)  3 (27.3)  3 (13.6)
n/a  1 (9.1)  0 (0)  1 (4.6)

Distant metastases
None  6 (54.6)  3 (27.3)  9 (41.0)
Lung  0 (0)  1 (9.1)  1 (4.6)
Liver  0 (0)  3 (27.3)  3 (13.6)
Bone  1 (9.1)  0 (0)  1 (4.6)
Skin  1 (9.1)  0 (0)  1 (4.6)
Multiple  3 (27.3)  4 (36.4)  7 (31.2)

Histology
Ductal  7 (63.6)  9 (81.8) 16 (72.7)
Lobular  1 (9.1)  0 (0)  1 (4.6)
Inflammatory  1 (9.1)  1 (9.1)  2 (9.1)
Other  1 (9.1)  1 (9.1)  2 (9.1)
DCIS/LCIS  3 (27.3)  7 (63.6) 10 (45.5)
n/a  1 (9.1)  0 (0)  1 (4.6)

Table 2. Continued on next page
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Intervention 
group, n (%)
median (IQR)

Control group,  
n (%)
median (IQR)

All patients, 
n (%)
median (IQR)

Grading
G1  1 (9.1)  1 (9.1)  2 (9.1)
G2  4 (36.4)  3 (27.3)  7 (31.2)
G3  5 (45.5)  7 (63.6) 12 (54.6)
n/a  1 (9.1)  0 (0)  1 (4.6)

ER status
Negative  1 (9.1)  6 (54.6)  7 (31.2)
Positive  9 (81.8)  4 (36.4) 13 (59.1)
n/a  1 (9.1)  1 (9.1)  2 (9.1)

PR status
Negative  5 (45.6)  6 (54.6) 11 (50.0)
Positive  5 (45.6)  4 (36.4)  9 (41.0)
n/a  1 (9.1)  1 (9.1)  2 (9.1)

HER2/neu status
Negative  9 (81.8)  2 (18.2) 11 (50)
Positive  1 (9.1)  8 (72.7)  9 (41.0)
n/a  1 (9.1)  1 (9.1)  2 (9.1)

p53 status
Negative  7 (63.6)  7 (63.6) 14 (63.6)
Positive  3 (27.3)  4 (36.4)  7 (31.2)
n/a  1 (9.1)  0 (0)  1 (4.6)

Ki67 indexa 40 (20–70) 40 (30–40) 40 (30–50)
Surgery

BCS  3 (27.3)  3 (27.3)  6 (27.33)
Mastectomy  2 (18.2)  2 (18.2)  4 (18.2)
n/a  6 (54.6)  6 (54.6) 12 (54.6)

SLNE  3 (27.3)  0 (0)  3 (13.6)
Axillar dissection  2 (18.2)  5 (45.6)  7 (31.2)
Chemotherapy

Neoadjuvant  5 (45.6)  5 (45.6) 10 (45.5)
Adjuvant  5 (45.6)  6 (54.6) 11 (50.0)
n/a  1 (9.1)  0 (0)  1 (4.6)

Regimen
EC+T  6 (54.6)  4 (36.4) 10 (45.5)
Paclitaxel weekly  3 (27.3)  3 (27.3)  6 (27.3)
FEC  2 (18.2)  1 (9.1)  3 (13.6)
Platinum-based  0 (0)  0 (0)  0 (0)
Gemcitabine  0 (0)  2 (18.2)  2 (9.1)
TDM1  0 (0)  1 (9.1)  1 (4.6)

aData presented as n (%) if not otherwise stated or as median (IQR).
IQR = Interquartile range; n/a = not available; DCIS/LCIS = ductal/lobular 
carcinoma in situ; ER = estrogen receptor; PR = progesterone receptor;  
BCS = breast-conserving surgery; SLNE = sentinel lymphonodectomy; EC+T 
= epirubicin, cyclophosphamide, followed by docetaxel; FEC = 5-fluorouracil, 
epidoxorubicin, cyclophosphamide; TDM1 = trastuzumab-emtansine.

Table 2. Continued

Baseline Follow-up 1 Follow-up 2

Nugent Nugent p value Nugent p value

Intervention groupa 4.73 (± 1.01) 3.27 (± 2.15) 4.00 (± 3.27)
Δ from baseline – –1.30 0.084 –0.57 0.751
Control groupa 4.00 (± 0.0) 4.45 (± 2.25) 6.50 (± 1.73)
Δ from baseline – +0.45 0.473 +2.50 <0.001

aData are presented as mean (± standard deviation).
Δ = Difference.

Table 3. Detailed Nugent scores at baseline, 
 follow-up 1, and follow-up 2 in the intervention 
and the control group

to the study groups. Study participants were randomized to the fol-
lowing study groups: 14 (51.9%) women to the intervention group 
receiving an orally administered Lactobacillus spp. preparation, 
and 13 (48.1%) women to the control group receiving a placebo. 
Due to loss to follow-up (n = 2) or discontinuation of treatment (n 
= 3), a final number of 22 patients (n = 11 in each group) were 
analyzed.

The median age of the women at the time of study inclusion was 
59 years (IQR, 53–69 years) in the intervention group, and 62 years 
(IQR, 50–77 years) in the control group. Sociodemographic and 
BC-related patient characteristics are provided in table 2.

Vaginal Smears
Analysis of the initial screening smears revealed significant dif-

ferences with respect to the Nugent score at baseline. Women in 
the intervention group showed a mean (SD) Nugent score of 4.73 
(± 1.01), whereas those in the control group had a mean (SD) Nu-
gent score of 4.0 (± 0.0) (p = 0.038).

There was a trend towards an improvement in Nugent score in 
the intervention group following the administration of oral probiot-
ics. In 7/11 (63%) women in the intervention group, and 4/11 (36%) 
women in the control group, the Nugent score indicated a change 
towards a normal vaginal microbiota (i.e., Nugent score of 0–3).

When analyzing the difference between the Nugent score at 
baseline and after treatment among women in the intervention 
group, we observed a mean reduction of –1.3 at follow-up visit 1, 
and –0.57 at follow-up visit 2.

Women in the control group presented with an increase in Nu-
gent score from baseline to follow-up visit 1 by +0.45. At follow-up 
visit 2, the smears of the women in the control group revealed a 
significant increase of +2.5. The observed changes in Nugent scores 
from baseline to the follow-up visits are presented in table 3. Nei-
ther the women in the intervention group nor those in the control 
group reported any adverse events throughout the study period.

Discussion

In this randomized placebo-controlled double-blinded pilot 
study, we were able to determine a trend towards an improvement 
in Nugent score through an orally administered Lactobacillus spp. 
preparation in postmenopausal BC patients undergoing chemo-
therapy. The absence of vaginal Lactobacillus spp. in the interme-
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diate vaginal microbiota has shown to be a pathological condition 
rather than a simple deficiency [11]. Due to chemotherapy and es-
trogen deprivation therapy, BC patients have an increased risk for 
absence of and reduction in vaginal lactobacilli [5–7]. In this co-
hort, treatment with lactobacilli constituted a safe and effective op-
tion for the prevention of bacterial dysbiosis, infection, and symp-
tomatic genitourinary syndrome [6, 9].

The most common way of Lactobacillus spp. substitution is the 
administration of vaginal suppositories. Nevertheless, oral admin-
istration represents an alternative and patient-friendly concept for 
the restitution of a normal vaginal microbiota. The fundamental 
theory is based on studies that have found a connection between 
the colonization of the gastrointestinal and genitourinary tract by 
Lactobacillus spp., showing that the gut may serve as a reservoir for 
vaginal colonization by lactobacilli for the maintenance of a nor-
mal vaginal microbiota [12–14]. Morelli et al. [15] demonstrated 
by polymerase chain reaction amplification that certain Lactobacil-
lus spp. could be delivered to the vaginal microbiota when admin-
istered orally. In 2008, our study group was able to demonstrate a 
significant change in the vaginal microbiota with an increased 
presence of Lactobacillus spp. after oral administration of probiotic 
Lactobacillus spp. preparations [16].

Evidence suggests that there is a notable geographic variation in 
the composition of the normal microbiota of the vagina [17–19]. 
Vásquez et al. [17] found that this microbiota is dominated by a 
single Lactobacillus spp. in most women, with a broad individual 
variability regarding the presence of other species. In one of our 
previous studies, we were able to report that L. crispatus and L. 
gasseri are the most frequent species in the vagina of pregnant 
women, followed by L. jensenii and L. rhamnosus [19]. Moreover, 
we successfully tested probiotic capsules containing these species 
and reported an improvement in the vaginal Lactobacillus micro-
biota after oral administration in male-to-female transsexual 
women [20].

In the present study, we were able to demonstrate that the geni-
tourinary syndrome of menopause and symptomatic vaginal atro-
phy are common findings among women with BC undergoing 
chemotherapy. This stands in accordance with the currently avail-
able literature [5–7]. Moreover, we found that the Nugent score of 
these patients could be improved through the intake of oral probi-
otics. According to our data, Nugent scores increased after only 1 
week following the final administration. This leads us to hypothe-
size that the protective effect of orally administered lactobacilli on 
the vaginal microbiota ends with the discontinuation of the treat-
ment in postmenopausal women. The finding that Nugent scores 
increased by +2.5 from baseline to follow-up 2 in untreated women 
may support this theory.

As a result of the widespread use of probiotics, some studies 
have questioned their safety, postulating a possible correlation be-
tween the intake of lactobacilli and adverse events [21–24]. Con-
sidering the risk of systemic bacteremia, immunocompromised 
patients in particular were regarded as suboptimal candidates for 
probiotic treatments. However, evidence for safety was derived 
from studies that safely administered probiotic strains to this spe-
cific patient population [22, 24]. Our study again confirms these 
data since we did not observe any adverse events in our study co-
hort, only a positive effect on the vaginal microbiota of our immu-
nocompromised cancer patients. This stands in accordance with 
data of a systematic review that evaluated the results of 53 trials, 
which found basically no negative effect on safety outcomes re-
garding infectious adverse events [21].

We are aware of the fact that the sample size of our study was 
very small, and therefore our results need to be interpreted with 
caution. In light of the fact that our data form a pilot study, further 
studies are urgently needed to assess the improvement in Nugent 
score in this setting. We admit that our study population might 
have been too small to reach statistical significance within the anal-
yses, and clearly the observed effect failed to reach the level of sta-
tistical significance by the end of this observation. However, we 
noticed a positive trend toward improvement in Nugent score dur-
ing the therapy. This opens up a new discussion about the duration 
of treatment with probiotics during chemotherapy. Of note, it was 
relatively difficult to motivate women undergoing chemotherapy 
to participate in a study such as this.

In conclusion, this randomized placebo-controlled double-
blinded pilot study found an improved Nugent score after the ad-
ministration of an orally administered Lactobacillus preparation in 
postmenopausal BC patients undergoing chemotherapy, whereas 
the score deteriorated without treatment. This lends support to the 
idea that the tested probiotic preparation has the potential to im-
prove the vaginal microbiota of affected cancer patients. According 
to our data, probiotics should be applied during chemotherapy in 
order to increase the lactobacillary level in the vagina, as well as to 
decrease symptomatic vaginal atrophy. As probiotic treatment 
could potentially prevent the development of genitourinary syn-
drome in postmenopausal women with BC and subsequent bacte-
rial dysbiosis, further research in larger cohorts is highly warranted 
to confirm our findings.

Disclosure Statement

The authors declare that they have no conflict of interest in connection with 
this article.
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