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Abstract
Purpose Women with breast cancer (BC) often suffer from severe vulvovaginal atrophy (VVA) which ultimately leads to 
poor sexual and urinary quality of life. We conducted a prospective study among women with BC and VVA, in order to 
evaluate the long-term effect of laser therapy on VVA.
Methods Women with BC and VVA were proposed to have fractional microablative  CO2 laser therapy (MonaLisaTouch®, 
DEKA) once per month for 3 months. Efficacy of laser therapy was assessed at baseline, 6 months and 18 months after treat-
ment, using Female Sexual Function Index (FSFI) score, Ditrovie score and vaginal pH. A pap smear was also performed and 
the epithelial maturation pattern was noted. Paired statistical tests were used to compare results between baseline, 6 months 
and 18 months.
Results 46 women with BC (median age [interquartile range] 56.5 years [47.0 – 59.4]) were included between May and 
October 2018. PH level slightly decreased over time (mean Δ at 18 months −0.3, SD = 0.7, p = 0.02) whereas maturation 
pattern on pap smear did not change. Sexual quality of life was significantly improved at 6 months and 18 months (mean Δ 
at 6 months 8.3, SD = 6.2 (p < 0.0001) and mean Δ at 18 months 4.3, SD = 8.4 (p = 0.01)). Ditrovie total score improved at 
6 months (mean Δ −1.2, SD = 2.7, p = 0.01) but returned to baseline afterwards. Side effects were very mild. Three women 
developed low (2)- and high (1)-grade HPV-linked cervical lesions during follow-up.
Conclusion Among women with BC, fractional microablative  CO2 laser is effective on the long term on VVA symptoms 
and gynaecological quality of life.
Trial registration number: ID-RCB 2018-A01500-55
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Introduction

Breast cancer is the most frequent cancer among women. 
Median age at diagnostic is around 60 but 25% of affected 
women are premenopausal [1]. Women with breast cancer 
(BC) often suffer from genitourinary syndrome of meno-
pause (GSM), which includes severe vulvovaginal atrophy 
(VVA) and urinary symptoms, leading to dyspareunia and 
poor sexual and urinary quality of life [2]. These side effects 
are linked to endocrine deprivation in relation to chemo-
therapy, LHRH-agonists induced early menopause and 
endocrine therapy [3]. Endocrine therapy is prescribed for 
women with hormone receptor-positive breast cancer usually 
during 5 to 10 years [4–6] [7]. Thus, gynaecological side 
effects of BC treatments can last for many years or even for 
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a lifetime [8], with many implications on sexual health [9], 
couple intimacy [10] and potentially on adherence to treat-
ment such as endocrine therapy, which could have a real 
impact on survival [11].

GSM in women with BC is generally treated with non-
hormonal local treatment, such as hyaluronic acid, but 
with moderate effect [12]. Vaginal laser therapy has been 
explored since several years to treat GSM and VVA in 
postmenopausal women, using either erbium or  CO2 laser 
therapy, with the same efficacy [13–16]. However, this treat-
ment has not yet been approved in the United States, due of 
lack of long-term follow-up studies on safety and efficacy. 
In Europe, laser device has obtained CE marking and can 
be used. To our knowledge, there is no current warning in 
Europe on laser treatment for vaginal atrophy. Laser treat-
ment usually includes three laser sessions: one session per 
month for 3 months. Thereafter, a maintenance laser session 
can be proposed after several months or even a year, if effi-
cacy decreases over time. Few studies have investigated the 
efficacy of vaginal laser in women with a previous history of 
breast cancer; most of them were retrospective or prospec-
tive cohorts [17–21]. In addition, the majority of studies 
stopped after 12 weeks of follow-up, so little is known on 
long-term effects and efficacy duration. We conducted a pro-
spective single-centre study in women with BC to evaluate 
the long-term effect of fractional microablative  CO2 laser 
therapy on VVA.

Methods

Participant selection and treatment modalities

This prospective and single-centre study was conducted in 
Gustave Roussy, Villejuif, France, a comprehensive cancer 
centre. The study was approved by a French Ethics Commit-
tee (ID-RCB No: 2018-A01500-55). Postmenopausal women 
with a history of BC and suffering from GSM were referred 
by their medical oncologists and proposed to receive fractional 
microablative  CO2 laser therapy (MonaLisaTouch®, DEKA) 
once per month for 3 months. Women gave oral consent to 
participate at the study. Menopause could be natural or treat-
ment-induced. There were no restrictions regarding type and 
stage of BC, age at BC, type of BC treatment, time since end of 
treatment, and ongoing treatments. Contra-indications to laser 
therapy were ongoing gynaecological bleeding or infection, 
active genital herpes infection, pregnancy and severe geni-
tal prolapse. Laser parameters were those recommended by 
DEKA: laser energy was set at 26 to 40 W power with a dwell 
time of 1000 μs and dot spacing of 1000 μm, with increasing 
stack at each session (1–3). Women were excluded if they had 
no breast cancer, if they had abnormal pap smear at baseline, 
if they were receiving chemotherapy at the beginning of the 

study or if they had received pelvic radiotherapy. A gynae-
cological exam was performed before each laser session to 
exclude any sign of vaginal infection. To prevent pain dur-
ing gynaecological exam, soap could have been used to softly 
insert vaginal speculum.

Study measures and outcomes

Main objective was improvement in global, sexual and uri-
nary quality of life in the intention-to-treat population. Sec-
ondary objectives were objective laser efficacy on vaginal 
health using vaginal pH and maturity pattern on cervical pap 
smear. At the time of the study, there were no predefined 
minimally clinical important difference definitions for any 
of these parameters in the available literature. Vaginal health 
was determined with pH level using a pH test strip on vagi-
nal walls. The epithelial maturation pattern was evaluated on 
pap smear by a single anatomopathologist (V.S.), and clas-
sified as “mature”, “subatrophy” or “atrophy”. We chose to 
add a “subatrophy” category, in order to better assess matu-
ration, as there are various degrees of atrophic changes in 
pap smear’s interpretation [22, 23]. Global quality of life 
was assessed using the Short-Form 12 health survey (SF12) 
[24]. Sexual and urinary quality of life status were assessed 
using the Female Sexual Function Index (FSFI) score and 
the Ditrovie score. FSFI score investigates six different 
domains of sexual function: satisfaction, desire, lubrication, 
pain, arousal and orgasm. FSFI total score is scaled from 2 to 
36, 2 being worst sexual function [25, 26]. Ditrovie score is 
scaled from 1 to 5, 1 being best urinary quality of life [27]. 
Measurements of vaginal health were performed during a 
medical appointment at baseline, before the last laser session 
(i.e. at 2 months) and at 6 months after the last laser session. 
Quality of life scores were assessed at baseline, before the 
last laser session, at 6 months and 18 months after the last 
laser session. Due to the COVID-19 pandemic, the fourth 
assessment of quality of life score (i.e. 18 months after the 
last laser session) was remotely. Treatment and measure-
ments were unblinded. Comparisons were between baseline 
and 6 months and baseline and end of study. We used paired 
Wilcoxon test to compare pH levels, Ditrovie scores and 
FSFI scores, Macnemar test to compare epithelial matura-
tion pattern and Student t-test to compare SF12 mental and 
physical components. Tests were computed using R software 
(version 4.0.2).

Results

Study population

Between May and December 2018, 51 women were screened 
for the study, of whom 46 were included (Fig. 1) and treated 
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with a total of three vaginal laser therapy sessions (one ses-
sion every month for 3 months). Forty-five women (97.8%) 
received the full three laser therapies. Characteristics of the 
46 women at inclusion are described in Table 1. Median age 
at inclusion was 56 (IQR [45.0 – 59.0]). The age of young-
est woman was 35 and the oldest was 70. The majority had 
localized BC (n = 43, 93.5%) and only three had metastatic 
BC. Thirty-three women (71%) had received chemotherapy 
for BC. Thirty-six women (78%) were taking endocrine 
therapy at inclusion (tamoxifen n = 6, aromatase inhibitors 
n = 24, aromatase inhibitors + LHRH agonist n = 6). Dur-
ing the study, six women (17%) stopped taking endocrine 
therapy (median time since last laser session, 9.5 months 
IQR [6.5–12]). Two women had a known history of low-
grade papillomavirus (HPV)-induced cervical lesions, but 
had normal follow-up result since several years before study 
entry. The median follow-up of the cohort was 19 months 
after the last laser session (min 16 months, max 23 months). 
Fifty-eight percent of women (21 of 36) asked for a mainte-
nance session at the end of the study.

At inclusion, median pH was 7 (IQR [5.8–7.0]). Seventy-
two percent of the pap smears were labelled as atrophic, 9% 
as subatrophic and 19% as mature. Median Ditrovie total 
score was 1.2 (IQR [1.0–1.6]), and median FSFI score was 
9.5 (IQR [4.3–16.2]) (Table 1). Median mental component 
of SF12 score was 40.6 [33.8–50.5] and physical component 
score was 40.6 [35.1–47.0].

Before the last laser session (i.e. 2 months), vaginal pH 
was unchanged (median 7.0, IQR [5.8–7.0]), as well as 

epithelial maturation pattern on pap smear (73.9% of atro-
phy, 6.5% of subatrophy and 15.2% mature). Median Ditro-
vie total score was 1.1, IQR [1.0–1.4] and median FSFI total 
score was 20.5, IQR [14.0–25.2]. Median mental component 
of SF12 score was 39.6 [34.3–49.9] and physical component 
score was 42.0 [38.8–51.9].

Impact of microablative CO2 laser therapy 
on sexual and urinary quality of life and vaginal 
health

At 6  months, sexual and urinary quality of life both 
improved significantly (Ditrovie score: mean Δ = −1.2, 
SD = 2.7, p = 0.01, FSFI score: mean Δ at 6 months = 8.3, 
SD = 6.2, p < 0.0001)) (Fig. 2). Global quality of life was 
unchanged (p = 0.1 for mental component and p = 0.4 for 
physical component). At the end of the study, FSFI score 
remained significantly increased compared to baseline (mean 
Δ at the end of study = 4.3, SD = 8.4, p = 0.01) (Fig. 2), but 
tended to decrease over time between 6 months and end 
of study (Fig. 3). All 6 FSFI score domains increased at 
6 months then decreased at end of study but remained above 
median baseline except for pain and desire domains, which 
decreased to baseline value (Table 2). Ditrovie total score 
did not differ from baseline (mean Δ = −0.6, SD = 2.4, 
p = 0.1). Ditrovie score worsened between 6 months and end 
of study for women with urinary dysfunction (Fig. 4). Global 
quality of life remained unchanged (p = 0.8 for mental com-
ponent and p = 0.3 for physical component).  

At 6 months, pH level decreased very slightly (mean 
Δ = −0.3, SD = 0.7, p = 0.02). Epithelial maturation pattern 
on cervical pap smear did not change (Macnemar test p = 1) 
(Table 1S).

We performed a sensitivity analysis, by removing the 6 
women who stopped endocrine therapy during the study. 
PH evolution was no longer significant (p = 0.08). How-
ever, improvement of Ditrovie score and FSFI total score 
remained significant. Figure 1S and 2S represent FSFI score 
evolution over time according to endocrine therapy (yes/
never) and chemotherapy (yes/no). No particular pattern 
of FSFI score evolution appeared according to these breast 
cancer therapies.

Treatment side effects

No serious adverse effect directly linked to laser therapy 
was recorded during the study period. Main minor adverse 
effects were discomfort grade 1 (n = 3) and small vaginal 
bleeding (n = 3) during the day after laser therapy.

During follow-up, three women had abnormal pap 
smear results: two had low-grade squamous intraepithe-
lial lesions (LSIL), and one ultimately developed a high-
grade squamous intraepithelial lesion (HSIL), which was 

51 women selected

46 included

45 received 3 
sessions of laser 

therapy

42 underwent the 
6-months visit

(91.3%)

37 responded to end of study 
ques�onnaire (80.4%)

Exclusions :
- 2 had prior pelvic radia�on
- 2 without breast cancer
- 1 with abnormal pap smear at baseline

Fig. 1  Flow chart
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removed by loop excision. None of these women had his-
tory of abnormal pap smear before the study. The woman 
who developed HSIL was 49 years old at study entry and 
had a prior smoking history. She had de novo metastatic 
breast cancer since September 2017, treated with CDK4/6 
inhibitor (palbociclib) and endocrine therapy. The pap 
smear performed 6 months after last laser therapy showed 
atypical squamous cells that cannot exclude HSIL (ASC-
H). First biopsy only found cervicitis. Control pap smear 
at 1  year (according to the French recommendations) 
turned into HSIL with a positive high-risk HPV test (HPV 
31/35/33/52/58) and biopsy confirmed high-grade lesion. 
Loop excision found junctional high-grade intraepithelial 
lesion of 4 mm with healthy margins. Another woman, 

aged 44 and current smoker, had ASC-H pap smear at 
the last laser session. Colposcopy found low-grade lesions 
and high-risk HPV test was positive (no HPV typing). 
Control pap smear and colposcopy at 6 months were nor-
mal. Eighteen months after first HPV test, pap smear was 
normal and high-risk HPV test turned negative. The last 
women, aged 43 and non-smoking, had atypical squamous 
cells of undetermined signification (ASCUS) on pap smear 
11 months after the last laser session. Biopsy found a low-
grade lesion but high-risk HPV test was negative. Control 
pap smear one year later was normal. It should be noted 
that HPV testing as primary screening was not recom-
mended in France at the beginning of the study.

Table 1  Characteristics of the 
46 women included, at inclusion 
and at last laser session (i.e. 
2 months)

FSFI Female sexual function index, IQR interquartile range
a The 2 women had history of low-grade cervical lesions but with normal follow-up since several years 
before the study

Characteristics At inclusion At last laser 
session (i.e. 
2 months)

Age (median [IQR]) 56 [45–59] –
Menopause (n, %)
 Natural 29 (63.0%)
 Treatment-induced 17 (37.0%)

Type of breast cancer (n, %) –
 Localized 43 (93.5%)
 Metastatic 3 (6.5%)

Ever received chemotherapy (n, %) 33 (71.7%) –
Endocrine therapy during the study (n, %) 36 (78.2%) –
Type of endocrine therapy (n, %) –
 Tamoxifen 6 (16.7%)
 Aromatase inhibitor 24 (66.6%)
 Aromatase inhibitor + LHRH agonist 6 (16.7%)

History of abnormal pap smear before the  studya –
 Yes 2 (4.3%)
 No 46 (95.7%)

Vaginal pH
Missing

7.0 [5.8–7.0]
6

7.0 [5.8–7.0]
3

Epithelial maturation pattern on pap smear (n, %)
 Atrophy 33 (71.7%) 34 (73.9%)
 Subatrophy 4 (8.7%) 3 (6.5%)
 Mature 9 (19.6%) 7 (15.2%)
 Missing 0 2

Ditrovie score (median, [IQR])
Missing or incomplete

1.2 [1.0–1.6]
4

1.1 [1.0–1.4]
4

FSFI total score (median, [IQR])
Missing or incomplete

9.5 [4.3–16.2]
6

20.5 [14.0–25.2]
9

SF12 mental component score (median, [IQR])
Missing or incomplete

40.6 [33.8–50.5]
5

39.6 [34.3–49.9]
12

SF12 physical component score (median, [IQR])
Missing or incomplete

40.6 [35.1–47.0]
5

42.0 [38.8–51.9]
12
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Discussion

Vaginal laser therapy for the treatment of GSM and VVA 
in women with breast cancer is effective with an improve-
ment of sexual quality of life and urinary function, which 
is the ultimate objective, although global quality of life 
and objective measurements with pH level and epithe-
lial maturation pattern on pap smear did not change. 

Improvement was highest at 2 months after laser session 
for sexual quality of life and 6 months for urinary quality 
of life, then decreased but remained above baseline score 
for sexual function.

While most of laser therapy studies included women with 
various causes of VVA (with or without cancer), this study 
is, to our knowledge, one of the largest prospective cohort 
of women with BC treated for VVA with laser therapy. It 
is also one of the few studies to follow women with BC 
up to 18 months after laser therapy [19], whereas most of 
prior studies assessed laser efficacy at 1 or 3 months. To 
date, no results of randomized studies assessing vaginal 
laser therapy in breast cancer survivors are yet available. 
Several randomized trials are ongoing, which assess vaginal 
laser therapy versus placebo (sham laser) or local treatment, 
among women with breast cancer (such as: NCT04619485, 
NCT04517370, NCT04081805, NCT04606550).

Our results are similar to those of a recent cohort study 
in BC women treated with  CO2 laser therapy, where FSFI 
score improved in the same magnitude, and with changes 
remaining 12 months after laser therapy [28]. Of note, three 
randomized studies [29–31] comparing laser therapy versus 
local hormonal therapy or a combination of both in post-
menopausal women without breast cancer revealed that laser 
therapy and local hormonal therapy had similar efficacy on 
VVA symptoms, with improvement of FSFI scores in all 
of them.

Fig. 2  Evolution of FSFI total score over time (boxplot)

Fig. 3  Evolution of FSFI total 
score over time (per woman)
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Using regular pap smear assessments enabled us to 
detect three women who developed squamous intraepithe-
lial cervical lesions during the follow-up. None of them 
had known high-risk HPV infection before the study or 
history of abnormal pap smear, since HPV testing was not 
recommended in France at the time of the study. The two 
women who had high-risk HPV were also heavy smokers, 
which is a known risk factor of persistent HPV infection. 
Both women with LSIL received chemotherapy for BC 
treatment, but it was stopped 4 and 10 years before study 
entry. The women who developed HSIL were treated with 

CDK4/6 inhibitor palbociclib, which can decrease white 
cells count and modify immune system efficacy. Although 
a known risk factor of persistent HPV infection is immu-
nodeficiency, we found no data on the incidence of posi-
tive HPV tests and intraepithelial cervical lesions after 
the treatment of breast cancer, including chemotherapy or 
targeted therapy like CDK4/6 inhibitors. To our knowl-
edge, there are no data on a potential link between vagi-
nal laser therapy and HPV infection, and no other study 
described intraepithelial lesions after laser therapy. A role 
of the present laser therapy cannot be ruled out in the 

Fig. 4  Evolution of Ditrovie 
score over time (per woman)

Table 2  Evolution of each FSFI 
domain score over time

FSFI Female sexual function index

FSFI score domains 
(median, IQR)

Baseline 2 months 6 months End of study

Arousal
Missing

1.5 [0.3–2.8]
2

3.1 [1.9–4.5]
4

3.0 [2.2–4.5]
11

2.7 [0.75–4.5]
11

Desire
Missing

2.4 [1.2–3.0]
2

2.7 [1.8–3.6]
4

2.7 [1.8–3.6]
10

2.4 [1.2–3.6]
10

Pain
Missing

1.2 [0–2.0]
2

2.0 [0–4.4]
6

2.8 [0.9–3.7]
10

1.2 [0–2.6]
10

Lubrication
Missing

1.2 [0–2.1]
3

3.6 [1.5–4.8]
5

3.3 [1.8–4.6]
11

2.7 [0–3.7]
10

Orgasm
Missing

1.6 [0–3.2]
3

3.2 [1.2–4.8]
6

2.8 [1.4–4.2]
11

2.8 [0.4–4.2]
11

Satisfaction
Missing

2.4 [1.2–4.0]
5

3.8 [2.7–4.9]
6

4.0 [3.2–4.8]
16

3.6 [1.5–4.8]
14
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emergence of HPV-linked lesions in 3 participants in this 
study. Laser efficacy can also foster new intercourse and 
so, new HPV infection [32]. Although no causal effect 
with either treatment can be demonstrated, it would be 
interesting in further studies to investigate a potential link 
between laser and HPV infection or HPV-induced cervical 
lesions. However, while waiting for these studies, women 
should have recent negative high-risk HPV test before 
beginning vaginal laser therapy.

Other therapies are being tested to treat vaginal dryness 
among women with BC. Vaginal dehydroepiandrosterone 
(DHEA) has been approved in USA and in Europe for the 
treatment of VVA in healthy postmenopausal women. A 
recent randomized study comparing vaginal DHEA versus 
lubricant in BC women showed improved FSFI scores in the 
high-dose DHEA group [33]. Systemic estradiol level was 
higher in those with high-dose DHEA but not among women 
taking aromatase inhibitors [34]. To date, vaginal DHEA 
has not been approved yet for breast cancer survivors, in the 
absence of safety studies.

Our study has some limitations. First, it was a single-cen-
tred non-randomized study; thus, biases in population selec-
tion and results cannot be ruled out. Some pH measurements 
could have been affected by the technical procedures (using 
soap for gynaecological examination). As soap has basic pH, 
it could have increased pH values. Since most practition-
ers probably used soap during the study, pH measurements 
must have been affected for the vast majority of participants. 
Thus, this bias is likely to be non-differential. We did not 
assess vaginal trophicity, but only specified the maturation 
pattern on the cervical pap test, unlike most of laser studies 
which evaluated vaginal trophicity using vaginal maturity 
index on vaginal walls [29–31]. Thus, our results on cervi-
cal maturation pattern cannot be compared to others. This 
could partly explain why no cervical epithelial lesion has 
ever been described in laser studies, as they did not spe-
cifically used cervical pap smear in the follow-up. Moreo-
ver, only a few women had altered urinary quality of life at 
inclusion (7 women with Ditrovie total score ≥ 2), limiting 
results interpretation. FSFI score use requires that women 
have engaged in sexual activity and have attempted vaginal 
penetration over the past 4 weeks [26]. In our study, based 
on FSFI responses, only 29 women (63%) had had sex in the 
last 4 weeks at inclusion, reflecting that sexual dysfunction 
is common after breast cancer [35] or that some women may 
also not be involved in a relationship. That could explain 
why FSFI score could be lower than expected, as some FSFI 
domains cannot be properly evaluated (such as pain, lubri-
cation and orgasm). Thus, efficacy of laser therapy on FSFI 
score could be underestimated. A FSFI score adapted to 
women with breast cancer, measuring distress and changes 
after cancer, would be of better interest for further studies 
[36]. Finally, our cohort included only 46 women. Although 

it is one of the largest studies among women with breast 
cancer, subgroup analyses were thus only exploratory.

In conclusion, this study evaluating laser efficacy on VVA 
among women with breast cancer, one of the largest on this 
topic, showed that laser therapy increased sexual function 
and urinary function with long-term effects up to 18 months 
after treatment, although the observed effect decreased after 
6 months. Further studies should investigate the required 
number of initial laser sessions (3 or 4) and duration until 
maintenance laser session [20], as well as compare non-
hormonal local treatment versus laser therapy. Finally, the 
effects of vaginal laser therapy on risk of HPV infection 
is yet unknown. Therefore, laser should be used with cau-
tion with women with HPV history and women should have 
recent negative high-risk HPV test before beginning vaginal 
laser therapy.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10549- 021- 06226-3.
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