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Abstract
Purpose Fractional CO2 laser therapy is an emerging treatment for genitourinary syndrome of menopause (GSM). The objective
of this study was to determine the feasibility and preliminary efficacy of fractional CO2 laser therapy in breast cancer survivors.
Methods This was a single arm feasibility study of breast cancer survivors with dyspareunia and/or vaginal dryness.
Participants received three treatments of fractional CO2 laser therapy at 30-day intervals and returned for a 1-month
follow-up. Feasibility was defined as treatment completion without serious adverse events (SAE) in 80% of patients.
We collected data on the Vaginal Assessment Scale (VAS), the Female Sexual Function Index (FSFI), the Urinary Distress
Index (UDI), and SAE.
Results A total of 64 patients participated in the study. The majority of women had Estrogen receptor/Progesterone receptor (ER/
PR) positive/Her2neu negative (n = 37; 63%), stage I (n = 32, 54%) or II (n = 19, 32%) breast cancer. Most were receiving
endocrine therapy (n = 54, 92%), most commonly aromatase inhibitors (AI; n = 40, 68%). Fifty-nine (88.1%) of those enrolled
completed all treatments according to protocol with no reported SAE. No patient withdrew due to SAE. The scores of the VAS
(mean Δ − 0.99; 95% CI [− 1.19, − 0.79], p < 0.001)), FSFI (mean Δ 9.67; 95% CI [7.27, 12.1], p < 0.001), and UDI (mean Δ −
8.85; 95% CI [− 12.75, − 4.75], p < 0.001)) improved from baseline to follow-up.
Conclusion Fractional CO2 laser treatment for breast cancer survivors is feasible and appears to reduce GSM symptoms across
treatment and follow-up.
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Genitourinary changes develop as a result of natural, surgical,
or oncologic treatment-induced menopause. Decreased lubrication and elasticity of the vagina lead to symptoms including
vaginal dryness, burning, pain, bleeding, dyspareunia, and
dysuria [1–3]. Together, these symptoms are referred to as
genitourinary syndrome of menopause (GSM) [4]. Between
50 and 75% of breast cancer survivors have symptoms of
GSM as a result of physiologic changes of menopause,
discontinuing hormone therapy after a cancer diagnosis, and/
or treatment [3]. Chemotherapy can induce an abrupt temporary or permanent menopause in 80% of premenopausal women from premature ovarian failure and can also further decrease estrogen levels after a natural menopause [3]. Women
with breast cancer on endocrine therapy, including tamoxifen
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and aromatase inhibitors (AIs), have higher rates of vaginal
dryness and dyspareunia than do postmenopausal controls,
with the highest rates in those on AI therapy. These symptoms
can decrease sexual function, quality of life, and compliance
with endocrine therapy [3, 5]. In one study, 93% of women
with breast cancer on AI therapy had sexual dysfunction and
79% developed a new sexual problem that was not present
prior to therapy [6].
Vaginal symptoms of GSM may worsen with time and do
not typically resolve without treatment [7]. A number of local
hormonal and non-hormonal strategies have been studied for
relief of GSM in breast cancer survivors [5, 8–10]. Fractional
CO2 laser therapy is an emerging potentially effective treatment for GSM that remodels vaginal tissue by activation of
fibroblasts, collagen production, and neovascularization [11].
Prospective non-randomized observational trials have provided support that this treatment is effective for relief of symptoms of GSM in postmenopausal women [12–17]. A recently
published randomized controlled trial showed that fractional
CO2 laser therapy and vaginal estrogen treatment both improved GSM symptoms in postmenopausal women and that
there was no significant difference between the two treatments
[18].
Retrospective studies and nonrandomized prospective observational trials of the use of fractional CO2 laser treatments
in breast cancer survivors have also demonstrated improvement of symptoms of GSM [1, 2, 19, 20], which makes laser
therapy an appealing treatment option over topical estrogen
for women with breast cancer to eliminate the concern for
systemic absorption. Because of the number of women with
breast cancer who suffer from GSM, additional safe and effective treatments are needed. Of the two prospective studies
of fractional CO2 laser therapy in women with breast cancer,
very few women on AI therapy were included [1, 20].
Therefore, due to the limited data on the use of this treatment
in breast cancer patients, particularly women on AI therapy
who are the most symptomatic from profound estrogen deprivation [3, 21], the current pilot study was conducted to better
determine the feasibility and preliminary efficacy of fractional
CO2 laser treatment in breast cancer survivors.

Methods
Sample and eligibility
Participants were recruited from breast medical oncology
clinics during routine follow-up for their breast cancer.
Women reporting vaginal dryness and/or dyspareunia were
given information about the study. If interested in participating, they were referred to the Female Pelvic Medicine and
Reconstructive Surgery clinic where they were screened for
eligibility and consented for treatment.

Women with stage 0-III breast cancer with symptoms of
GSM were recruited for this study. Inclusion criteria were selfreported dyspareunia and/or vaginal dryness of any severity.
Patients had to have completed any planned cancer treatment
with surgery, chemotherapy, and radiation. Patients who were
on endocrine therapy and/or trastuzumab were eligible. There
was no restriction on enrollment based on the time since their
initial treatment or breast cancer diagnosis.
Patients were excluded from participation if they had metastatic breast cancer; vaginal stenosis preventing vaginal
probe placement; active genital infection; pelvic organ prolapse greater than stage II; prior reconstructive pelvic surgery
involving mesh for prolapse; and systemic hormone therapy,
local vaginal estrogen, or dehydroepiandrosterone within
6 weeks prior to enrollment.
The study was approved by the Ohio State University
Medical Center Cancer Institutional Review Board.

Procedures
Demographics, clinical data, and inclusion/exclusion criteria
were obtained and recorded for all patients at their initial consultation. Subjective and objective symptoms of GSM were
assessed at baseline (T0) or prior to the first treatment (T1),
prior to the second and third treatment (T2, T3), and at followup (T4). Additional questionnaires assessing sexual function,
urinary function, and global impression of improvement were
assessed at the same time.
The treatment consisted of fractional microablative CO2
laser (MonaLisa Touch ™, DEKA Florence, Italy) at three
time points 30–45 days apart, according to standard protocol
[1]. Treatments were compliant with laser safety protocol according to institutional policy and were executed by one of
three trained physicians following a consistent protocol. Prior
to treatment, vaginal exam and pH testing were performed.
EMLA cream was applied to the introitus and removed after
15 min. The laser was set to 30-W power with a dwell time of
1000 μs, a dermal optical thermolysis spacing of 1000 μm,
and a smart stack parameter of one for the first treatment and
three for remaining treatments. The standard internal probe
was inserted to the vaginal apex or cervix, and a burst of laser
pulses were delivered to treat the entire circumference and
length of the vagina from the apex to the introitus [22]. The
vestibule and posterior fourchette from 3 o’clock to 9 o’clock
were then treated separately using the external vulvar probe.
For this external treatment, the laser was set to 26-W power
with a dwell time of 800 μs, a dermal optical thermolysis
spacing of 800 μm, and a smart stack parameter of one for
every treatment.
Participants were asked to abstain from intercourse and use
of vaginal creams/lubricants for 48 h prior to and following
the procedure. Participants were asked to return for follow-up
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at T4 at which time a gynecologic exam was done and the
questionnaires were completed by the patients.

Adverse events Adverse events (AE) were self-reported prior
to T1, T2, and T3 and at T4. They were graded according to
the NCI Common Terminology Criteria for Adverse Events
v4.0 (CTCAE).

Measures
Self-reported measures

Clinician assessment

Subjective vaginal symptoms The Female Sexual Medicine
and Women’s Health Program form developed at Memorial
Sloan Kettering Cancer Center was used to assess the subjective findings related to GSM [23]. This form consists of the
Vaginal and Vulvar Assessment Scales (VAS and VuAS),
which are validated clinical measurement tools that assess
vulvovaginal symptoms including vaginal dryness, soreness,
irritation, and dyspareunia over the preceding 4 weeks.
Symptoms are rated as mild, moderate, or severe, and each
item is scored from 0 (none) to 3 (severe) with a composite
score calculated by taking the average of the items answered.
A lower score indicates better function [23, 24].

Objective vaginal symptoms All participants had a gynecologic evaluation for objective symptoms related to GSM at T0
using the Vaginal Health Assessment (VHA), a physical exam
tool that accompanies the VAS and VuAS (Appendix 1) [24].
Exam findings included vaginal pH, moisture, elasticity, rugosity, length, epithelial thickness, vascularity, and integrity
and was repeated prior to each treatment at T2, T3, and at T4.

Sexual function Sexual function was measured using the
Female Sexual Function Index (FSFI), a 19-item self-reported
instrument that has been previously validated to measure sexual functioning in women in clinical trials. It measures 6 domains of sexual functioning. Overall test-retest reliability coefficients are high for each domain, and the internal consistency is high with a Cronbach’s alpha of 0.82 and higher. A score
of < 26.55 indicates risk for sexual dysfunction, with higher
scores indicating better sexual function [25]. It has been validated in patients with breast cancer [26].
Urinary function Urinary symptoms were assessed using the
Urogenital Distress Inventory-6 (UDI-6), a validated 6-item
questionnaire with three subscales: irritative symptoms, obstructive/discomfort, and stress symptoms. The subscale
scores are added for a total score, with a higher score indicating higher disability [27]. The UDI-6 questions were asked in
two parts: 1. Do you experience the symptom? and 2. How
much does it bother you? Each question was scored using the
five-point scale with no = 0, not at all = 1, somewhat = 2, moderately = 3, and quite a bit = 4. The average score was calculated for the answered items only. No subject was missing
more than two responses. The average UDI was multiplied
by 25 to scale the total to a score of 100. If a subject answered
no for the first question and not at all for the second question
they were given a score of 0.
Global satisfaction Overall patient assessment of symptoms
was obtained prior to T2 and T3 and at T4 using the Patient
Global Impression of Improvement scale (PGI-I), a single
item questionnaire with a seven-point Likert scale that is validated to measure change of symptoms [28, 29].

Statistical analysis
The primary objective of this study was to estimate the feasibility of fractional CO2 laser therapy in a sample of breast
cancer patients with GSM. Participants with only baseline
measures were considered as drop-outs and were not included
in the feasibility analysis. The study was to be deemed feasible
if 80% or more of the patients were able to complete all
planned treatments without serious adverse events (SAE),
which was compatible with other studies that have shown
the treatment to be well tolerated [13, 15]. The primary measure for preliminary efficacy was the change in the VAS score
from T0 to T4. Secondary endpoints included change in
VuAS, FSFI, UDI-6, and PGI for global improvement in
symptoms. Changes in the VHA were also analyzed.
Descriptive statistics using means and 95% confidence intervals for continuous variables and proportions for categorical
variables were used to summarize demographics, clinical
characteristics, and endpoints. The change in continuous outcomes from T0–T4 was compared using a paired t test or a
Sign Rank test (UDI).

Results
A total of 67 patients were enrolled in the study. Three patients
withdrew from the study at screening prior to any treatment,
resulting in a total of 64 treated participants. An additional 5
patients withdrew after starting treatment. Two patients withdrew after the second laser treatment (one moved out of town,
and one was lost to follow-up), and two patients withdrew
after the third laser treatment and refused follow-up. One patient did not receive a third treatment or follow-up due to study
suspension.
Participant and breast cancer treatment characteristics are
summarized in Table 1.
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Table 1

Patient demographic and clinical characteristics

Preliminary efficacy
Total (n=64)

Age
Stage

Histology
ER status

PR status

Her2 Neu status

Chemotherapy

Endocrine therapy use

Type of endocrine therapy

Mean (SD)
0
I
II
III
IV *
Adenocarcinoma
Other
Negative
Positive
Unknown
Negative
Positive
Unknown
Negative
Positive
Unknown

57.4 (9.5)
3 (4.7%)
32 (50.0%)
21 (32.8%)
7 (10.9%)
1 (1.6%)
51 (76.7%)
13 (20.3%)
5 (7.8%)
58 (90.6%)
1 (1.6%)
15 (23.4%)
47 (73.4%)
2 (3.1%)
50 (78.1%)
11 (17.2%)
3 (4.7%)

ER-/PRER+/PR+
ER+/PRUnknown
No
Unknown
Yes
No
Unknown
Yes
Tamoxifen
AI
Tamoxifen ovarian
suppression
Not applicable

5 (7.8%)
47 (73.4%)
10 (15.6%)
2 (3.1%)
27 (42.2%)
1 (1.6%)
36 (56.3%)
4 (6.3%)
1 (1.6%)
59 (92.2%)
13 (20.3%)
44 (68.8%)
2 (3.1%)
5 (7.8%)

*Patient had incidental finding of an ovarian metastasis at the time of
oophorectomy and was disease free for 5 years prior to enrolling

Feasibility
In total, 59 (88.1%) (95% CI 77.9%, 94.1%) of those enrolled
on the study were able to complete all laser treatments according to protocol. Of those participants who received one laser
treatment (n = 64), 92.2% (95% CI 82.7.0%, 97.4%) were able
to complete all three laser treatments. Only 5 (7.8%; 95% CI
2.6%, 17.3%) participants who started treatment did not
complete all three treatments. No patient withdrew due to
AE. There were no AE attributable to the laser treatment other
than grade 1–2 vaginal discharge (n = 69, 54.3%) and vaginal
dryness (n = 30, 23.6%). No grade 3 or higher AE were
identified.

At the time of screening, 81.2% reported moderate (n = 16,
27%) to severe (n = 32, 54.2%) dyspareunia compared with
30.5% (n = 18) at the time of follow-up (13.5% moderate;
17% severe). Similarly, 88.1% reported moderate (n = 28,
47.5%) to severe (n = 24, 40.7%) vaginal dryness at screening
compared with 30.5% (n = 18) at follow-up (18.6% moderate;
11.9% severe). The total VAS score, comprised from the score
of vaginal dryness, vaginal soreness, vaginal irritation, and
dyspareunia, decreased from baseline to follow up, indicating
an improvement in symptoms (mean Δ − 0.99; 95% CI [−
1.19, − 0.79], p < 0.001)). Figure 1 shows the mean VAS score
at baseline, prior to the second and third treatments, and at
follow-up.
Secondary endpoints (VuAS, FSFI, UDI, PGI)
There was a statistically significant improvement in the VuAS
score from baseline to follow up (mean Δ − 0.72; 95% CI [−
0.95, − 0.48] p < 0.001). The FSFI and UDI scores also improved from baseline to follow-up (mean Δ 9.67; 95% CI
[7.27, 12.08], p < 0.001 and mean Δ − 8.85; 95% CI [−
12.45, − 4.75], p < 0.001, respectively). Figures 2 and 3 show
FSFI and UDI scores at baseline, prior to the second and third
treatments and at follow-up.
Patient reported improvement in symptoms based on the
PGI-I showed that as early as cycle 2, 45.8% of participants
reported that their symptoms were a little better, 11.9% reported that they were much better, and 3.4% reported they were
very much better. At the time of follow-up, 33.9% of participants reported that their symptoms were a little better, 28.8%
reported they were much better, and 22.0% reported they were
very much better. Overall, 8.5% reported no change in symptoms and 1.7% reported that their symptoms were a little
worse.
Objective physical exam findings
At T0, 46% of the participants had a vaginal pH > 6.5, and
37% had a pH between 5 and 6.5. At T4, only 24% had a
vaginal pH > 6.5, and 69% had a pH between 5 and 6.5, indicating a trend toward normalization. Additional physical exam
findings, including vaginal moisture, elasticity, rugosity, wall
thickness, epithelial integrity, and vascularity, also improved
from T0–T4 as shown in Fig. 4.

Discussion
This study demonstrated that fractional CO2 laser therapy is
feasible in breast cancer survivors, with 88% of women completing all three laser treatments without SAE. In addition,
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Fig. 1 Distribution of VAS scores
at baseline (T0/1), prior to the
second (T2) and third (T3) treatments, and at follow-up (T4).
Mean (diamond), median (white
line), and the 1st and 3rd quartiles
are displayed. The whiskers are
the distance equal to 1.5 times the
interquartile range (IQR). The diagram also shows outliers
(circles) which are values that
above or below the whisker ends

subjective and objective vaginal symptoms improved from
baseline to follow-up, preliminarily suggesting efficacy of
treatment. The study also supports an improvement in sexual
and urinary function after completion of study.
Vaginal symptoms from lack of estrogen can have a significant impact on the sexual health and quality of life of women
with breast cancer [6–8]. The use of vaginal estrogens to treat
GSM is the gold standard treatment for GSM in postmenopausal women without a history of breast cancer [30] but is
controversial in breast cancer survivors, due to concern for
increase cancer recurrence risk [7]. Although no study has
shown an association with adverse cancer outcomes, several
studies have demonstrated a transient increase in serum
Fig. 2 Distribution of FSFI score
at baseline (T0/1), prior to the
second (T2) and third (T3) treatments, and at follow-up (T4).
Black diamonds indicate sample
means at each time point. Mean
(diamond), median (white line),
and the 1st and 3rd quartiles are
displayed. The whiskers are the
distance equal to 1.5 times the
interquartile range (IQR). The diagram also shows outliers
(circles) which are values that
above or below the whisker ends

estradiol levels in women using vaginal estrogens [3, 5, 31]
and many providers prefer non-hormonal therapy over estrogen therapy due to concerns of systemic absorption which
could counteract the effects of endocrine therapy [32].
Women on AI therapy have worse GSM symptoms compared with women on tamoxifen and postmenopausal women
[3, 33]. The majority of women on AI will have sexual dysfunction within the first 2 years of starting AI therapy and, as a
result, many women will choose to become sexually inactive,
to switch to tamoxifen for endocrine therapy, or even discontinue endocrine therapy altogether [6]. Improving vaginal
symptoms in this population is crucial, not only for quality
of life but also to reduce non-adherence or discontinuation of
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Fig. 3 Distribution of UDI score
at baseline (T0/1), prior to the
second (T2) and third (T3) treatments, and at follow-up (T4).
Black diamonds indicate sample
means at each time point. Mean
(diamond), median (white line),
and the 1st and 3rd quartiles are
displayed. The whiskers are the
distance equal to 1.5 times the
interquartile range (IQR). The diagram also shows outliers
(circles) which are values that
above or below the whisker ends

receiving ongoing endocrine therapy, who experience a greater degree of GSM symptoms than postmenopausal women
[3], would benefit from laser therapy or if laser therapy is even
safe to use in severely atrophic vaginal tissue from endocrine
therapy [38].
The data from the current study are consistent with other
prospective nonrandomized studies of postmenopausal women with vaginal atrophy who were treated with fractional CO2
laser therapy, further supporting that the treatment was feasible and well tolerated [12, 13, 15] . Similarly, this study is
consistent with others that have demonstrated improvement
in vaginal dryness, dyspareunia, sexual function, and urinary
symptoms [12, 14–17, 22, 39]. Data on the use of fractional
CO2 laser therapy are limited in breast cancer, and, to date,
there are only four published studies [1, 2, 19, 20] . The first is
a prospective nonrandomized study of 50 women with a history of breast cancer treated with fractional CO2 laser therapy.
Less than half the women were on endocrine therapy, which

Fig. 4 Changes in physical exam
findings based on the Vaginal
Health Assessment from T0–T4

Physical exam ﬁndings
Percent parcipants

endocrine therapy, which can increase breast cancer mortality
[34, 35]. AI therapy in conjunction with ovarian suppression
is now also being used more common in premenopausal women on endocrine therapy, thus potentially increasing the number of breast cancer survivors affected by this treatment [34,
36].
To date predominately non-estrogen–based topical agents
have been studied for women with breast cancer as a means to
treat vaginal symptoms [5, 9, 10]. The recently reported
VeLVET study randomized 69 postmenopausal women participants with GSM to fractional CO2 laser therapy or to vaginal estrogen. The study found no difference in improvement
in vaginal symptoms with laser therapy compared with estrogen therapy [18]. Fractional CO2 laser therapy may provide
an alternative treatment option over topical agents, including
vaginal estrogens, which are only effective if the patient remains complaint with regular use [37]. Although these data
have been promising, it is unclear that breast cancer survivors
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differs from the current study that had 54 participants (92%)
on endocrine therapy. At 11-month follow-up, women had
improvement in objective and subjective symptoms of GSM,
consistent with the present study results. Two retrospective
studies by Pagano et al. showed improvement in GSM symptoms in breast cancer survivors with three fractional CO2 laser
treatments. Based on their study results, the authors concluded
that fractional CO2 laser therapy was safe and may be effective for treatment of GSM in women with breast cancer [19].
More recently, Becorpi et al. published a case series of 20
postmenopausal breast cancer survivors treated with vaginal
CO2 laser therapy [20]. They observed improvements in subjective symptoms, including vaginal dryness, dyspareunia,
itching, and burning. In addition, sexual function and physical
exam findings on the vaginal health index improved.
Although long-term safety and efficacy data are lacking,
anecdotal cases of substantial toxicity with fractional CO2
laser therapy have been reported [40]. The US Food and
Drug Administration has issued a warning against the use of
vaginal lasers for vaginal “rejuvenation” or vaginal cosmetic
procedures (https://www.fda.gov/medical-devices/safetycommunications/fda-warns-against-use-energy-baseddevices-perform-vaginal-rejuvenation-or-vaginal-cosmetic),
but no study to date has reported significant toxicity as a result
of treatment, similar to our findings of no grade 3 or higher
adverse events. The recently published VeLVET study
reported only mild AE including vaginal pain, bleeding, and
discharge with the laser treatments [41].
The strength of the current study is that it is larger than any
other prospective study of breast cancer survivors published to
date and includes the largest number women on AI therapy
studied to date [1]. Thus, this study is the first to support a
benefit in a larger population of women on AI therapy, who
are known to have more symptoms of GSM than postmenopausal women in the general population or than women with
breast cancer on tamoxifen [3].
The limitations of the study include the follow-up at only
4 weeks from the last treatment. Further investigations with
longer-term follow-up are needed to assess safety as well as
the duration of symptom improvement and the potential need
for additional treatments. Additional important limitations of
our study include the lack of a placebo comparison arm, lack
of blinding, and no treatment randomization. Therefore, the
next step in answering these questions in breast cancer survivors is a double-blind, randomized controlled trial, comparing
fractional CO2 laser therapy versus sham laser treatment.

Conclusion
In conclusion, this trial supports that fractional CO2 laser
therapy is feasible and preliminarily appears effective for
symptoms of GSM in women with breast cancer, including

those on endocrine therapy. A double-blind, randomized clinical trial with a placebo/sham laser and longer follow-up to
determine safety and efficacy of treatment is currently under
development.
Funding information Funding was provided by OSU FAME PRO (AQ)
and by the OSU Spielman Development Funds (MBL).

Compliance with ethical standards
Conflict of interest No financial support was provided by Hologic inc.
The laser devise was provided by loan to OSU from Hologic/Cynosure.
None of the investigators received financial support from Hologic/
Cynosure. The company was not involved in study data analysis or manuscript preparation. The corresponding author has full control of the primary data and can be reviewed by the journal if requested.

References
1.

Pieralli A, Fallani MG, Becorpi A, Bianchi C, Corioni S, Longinotti
M, Tredici Z, Guaschino S (2016) Fractional CO2 laser for
vulvovaginal atrophy (VVA) dyspareunia relief in breast cancer
survivors. Arch Gynecol Obstet 294(4):841–846. https://doi.org/
10.1007/s00404-016-4118-6
2. Pagano T, De Rosa P, Vallone R, Schettini F, Arpino G, De Placido
S, Nazzaro G, Locci M, De Placido G (2016) Fractional
microablative CO2 laser for vulvovaginal atrophy in women treated
with chemotherapy and/or hormonal therapy for breast cancer: a
retrospective study. Menopause (New York, NY) 23(10):1108–
1113. https://doi.org/10.1097/gme.0000000000000672
3. Falk SJ, Bober S (2016) Vaginal health during breast cancer treatment. Curr Oncol Rep 18(5):32. https://doi.org/10.1007/s11912016-0517-x
4. Faubion SS, Sood R, Kapoor E (2017) Genitourinary syndrome of
menopause: management strategies for the clinician. Mayo Clin
Proc 92(12):1842–1849. https://doi.org/10.1016/j.mayocp.2017.
08.019
5. Melisko ME, Goldman ME, Hwang J, De Luca A, Fang S,
Esserman LJ, Chien AJ, Park JW, Rugo HS (2017) Vaginal testosterone cream vs estradiol vaginal ring for vaginal dryness or decreased libido in women receiving aromatase inhibitors for earlystage breast cancer: a randomized clinical trial. JAMA Oncol 3(3):
313–319. https://doi.org/10.1001/jamaoncol.2016.3904
6. Schover LR, Baum GP, Fuson LA, Brewster A, Melhem-Bertrandt
A (2014) Sexual problems during the first 2 years of adjuvant treatment with aromatase inhibitors. J Sex Med 11(12):3102–3111.
https://doi.org/10.1111/jsm.12684
7. Faubion SS, Larkin LC, Stuenkel CA, Bachmann GA, Chism LA,
Kagan R, Kaunitz AM, Krychman ML, Parish SJ, Partridge AH,
Pinkerton JV, Rowen TS, Shapiro M, Simon JA, Goldfarb SB,
Kingsberg SA (2018) Management of genitourinary syndrome of
menopause in women with or at high risk for breast cancer: consensus recommendations from The North American Menopause
Society and The International Society for the Study of Women's
Sexual Health. Menopause (New York, NY) 25(6):596–608.
https://doi.org/10.1097/gme.0000000000001121
8. Barton DL, Sloan JA, Shuster LT, Gill P, Griffin P, Flynn K,
Terstriep SA, Rana FN, Dockter T, Atherton PJ, Tsai M, Sturtz K,
Lafky JM, Riepl M, Thielen J, Loprinzi CL (2018) Evaluating the
efficacy of vaginal dehydroepiandosterone for vaginal symptoms in
postmenopausal cancer survivors: NCCTG N10C1 (Alliance).

Support Care Cancer

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Support Care Cancer 26(2):643–650. https://doi.org/10.1007/
s00520-017-3878-2
Barton DL, Shuster LT, Dockter T, Atherton PJ, Thielen J, Birrell
SN, Sood R, Griffin P, Terstriep SA, Mattar B, Lafky JM, Loprinzi
CLJSCC (2018) Systemic and local effects of vaginal dehydroepiandrosterone (DHEA). NCCTG N10C1 (Alliance) 26(4):1335–
1343. https://doi.org/10.1007/s00520-017-3960-9
Advani P, Brewster AM, Baum GP, Schover LR (2017) A pilot
randomized trial to prevent sexual dysfunction in postmenopausal
breast cancer survivors starting adjuvant aromatase inhibitor therapy. J Cancer Surviv 11:477–485. https://doi.org/10.1007/s11764017-0606-3
Stefano S, Stavros A, Massimo C (2015) The use of pulsed CO2
lasers for the treatment of vulvovaginal atrophy. Curr Opin Obstet
Gynecol 27(6):504–508. https://doi.org/10.1097/gco.
0000000000000230
Perino A, Calligaro A, Forlani F, Tiberio C, Cucinella G, Svelato A,
Saitta S, Calagna G (2015) Vulvo-vaginal atrophy: a new treatment
modality using thermo-ablative fractional CO2 laser. Maturitas
80(3):296–301. https://doi.org/10.1016/j.maturitas.2014.12.006
Sokol ER, Karram MM (2016) An assessment of the safety and
efficacy of a fractional CO2 laser system for the treatment of
vulvovaginal atrophy. Menopause (New York, NY) 23(10):1102–
1107. https://doi.org/10.1097/gme.0000000000000700
Pitsouni E, Grigoriadis T, Tsiveleka A, Zacharakis D, Salvatore S,
Athanasiou S (2016) Microablative fractional CO2-laser therapy
and the genitourinary syndrome of menopause: an observational
study. Maturitas 94:131–136. https://doi.org/10.1016/j.maturitas.
2016.09.012
Salvatore S, Nappi RE, Zerbinati N, Calligaro A, Ferrero S, Origoni
M, Candiani M, Leone Roberti Maggiore U (2014) A 12-week
treatment with fractional CO2 laser for vulvovaginal atrophy: a
pilot study. Climacteric 17(4):363–369. https://doi.org/10.3109/
13697137.2014.899347
Athanasiou S, Pitsouni E, Grigoriadis T, Zacharakis D, Falagas ME,
Salvatore S, Protopapas A, Loutradis D (2018) Microablative fractional CO2 laser for the genitourinary syndrome of menopause: up
to 12-month results. Menopause (New York, NY). https://doi.org/
10.1097/gme.0000000000001206
Behnia-Willison F, Sarraf S, Miller J, Mohamadi B, Care AS, Lam
A, Willison N, Behnia L, Salvatore S (2017) Safety and long-term
efficacy of fractional CO2 laser treatment in women suffering from
genitourinary syndrome of menopause. Eur J Obstet Gynecol
Reprod Biol 213:39–44. https://doi.org/10.1016/j.ejogrb.2017.03.
036
Paraiso MFR, Ferrando CA, Sokol ER, Rardin CR, Matthews CA,
Karram MM, Iglesia CB (2019) A randomized clinical trial comparing vaginal laser therapy to vaginal estrogen therapy in women
with genitourinary syndrome of menopause: the VeLVET trial.
Menopause (New York, NY). https://doi.org/10.1097/gme.
0000000000001416
Pagano T, De Rosa P, Vallone R, Schettini F, Arpino G, Giuliano M,
Lauria R, De Santo I, Conforti A, Gallo A, Nazzaro G, De Placido
S, Locci M, De Placido G (2017) Fractional microablative CO2
laser in breast cancer survivors affected by iatrogenic vulvovaginal
atrophy after failure of nonestrogenic local treatments: a retrospective study. Menopause (New York, NY). https://doi.org/10.1097/
gme.0000000000001053
Becorpi A, Campisciano G, Zanotta N, Tredici Z, Guaschino S,
Petraglia F, Pieralli A, Sisti G, De Seta F, Comar MJ, Li MS
(2018) Fractional CO2 laser for genitourinary syndrome of menopause in breast cancer survivors: clinical, immunological, and microbiological aspects. 33(5):1047–1054. https://doi.org/10.1007/
s10103-018-2471-3
Geisler J, Haynes B, Anker G, Dowsett M, Lonning PE (2002)
Influence of letrozole and anastrozole on total body aromatization

and plasma estrogen levels in postmenopausal breast cancer patients evaluated in a randomized, cross-over study. J Clin Oncol
20(3):751–757. https://doi.org/10.1200/jco.2002.20.3.751
22. Sokol ER, Karram MM (2017) Use of a novel fractional CO2 laser
for the treatment of genitourinary syndrome of menopause: 1-year
outcomes. Menopause (New York, NY). https://doi.org/10.1097/
gme.0000000000000839
23. Carter J, Stabile C, Seidel B, Baser RE, Goldfarb S, Goldfrank DJ
(2017) Vaginal and sexual health treatment strategies within a female sexual medicine program for cancer patients and survivors. J
Cancer Surviv 11(2):274–283. https://doi.org/10.1007/s11764-0160585-9
24. Eaton AA, Baser RE, Seidel B, Stabile C, Canty JP, Goldfrank DJ,
Carter J (2017) Validation of clinical tools for vaginal and vulvar
symptom assessment in cancer patients and survivors. J Sex Med
14(1):144–151. https://doi.org/10.1016/j.jsxm.2016.11.317
25. Rosen R, Brown C, Heiman J, Leiblum S, Meston C, Shabsigh R,
Ferguson D, D'Agostino R Jr (2000) The female sexual function
index (FSFI): a multidimensional self-report instrument for the assessment of female sexual function. J Sex Marital Ther 26(2):191–
208. https://doi.org/10.1080/009262300278597
26. Bartula I, Sherman KA (2015) The female sexual functioning index
(FSFI): evaluation of acceptability, reliability, and validity in women with breast cancer. Support Care Cancer 23(9):2633–2641.
https://doi.org/10.1007/s00520-015-2623-y
27. Uebersax JS, Wyman JF, Shumaker SA, McClish DK, Fantl JA
(1995) Short forms to assess life quality and symptom distress for
urinary incontinence in women: the incontinence impact questionnaire and the urogenital distress inventory. Continence program for
women research group. Neurourol Urodyn 14(2):131–139
28. Weber MA, Lim V, Oryszczyn J, Te West N, Souget J, Jeffery S,
Roovers JP, Moore KH (2017) The effect of vaginal oestriol cream
on subjective and objective symptoms of stress urinary incontinence and vaginal atrophy: an international multi-centre pilot study.
Gynecol Obstet Investig 82(1):15–21. https://doi.org/10.1159/
000445074
29. Yalcin I, Bump RC (2003) Validation of two global impression
questionnaires for incontinence. Am J Obstet Gynecol 189(1):98–
101
30. Stuenkel CA, Davis SR, Gompel A, Lumsden MA, Murad MH,
Pinkerton JV, Santen RJ (2015) Treatment of symptoms of the
menopause: an Endocrine Society clinical practice guideline. J
Clin Endocrinol Metab 100(11):3975–4011. https://doi.org/10.
1210/jc.2015-2236
31. Kendall A, Dowsett M, Folkerd E, Smith I (2006) Caution: vaginal
estradiol appears to be contraindicated in postmenopausal women
on adjuvant aromatase inhibitors. Ann Oncol 17(4):584–587.
https://doi.org/10.1093/annonc/mdj127
32. Biglia N, Bounous VE, D'Alonzo M, Ottino L, Tuninetti V, Robba
E, Perrone T (2017) Vaginal atrophy in breast cancer survivors:
attitude and approaches among oncologists. Clin Breast Cancer.
https://doi.org/10.1016/j.clbc.2017.05.008
33. Cella D, Fallowfield L, Barker P, Cuzick J, Locker G, Howell A
(2006) Quality of life of postmenopausal women in the ATAC
(“Arimidex”, tamoxifen, alone or in combination) trial after completion of 5 years’ adjuvant treatment for early breast cancer. Breast
Cancer Res Treat 100(3):273–284. https://doi.org/10.1007/s10549006-9260-6
34. Sulaica E, Han T, Wang W, Bhat R, Trivedi MV, Niravath P (2016)
Vaginal estrogen products in hormone receptor-positive breast cancer patients on aromatase inhibitor therapy. Breast Cancer Res Treat
157(2):203–210. https://doi.org/10.1007/s10549-016-3827-7
35. Hershman DL, Shao T, Kushi LH, Buono D, Tsai WY,
Fehrenbacher L, Kwan M, Gomez SL, Neugut AI (2011) Early
discontinuation and non-adherence to adjuvant hormonal therapy
are associated with increased mortality in women with breast

Support Care Cancer
cancer. Breast Cancer Res Treat 126(2):529–537. https://doi.org/
10.1007/s10549-010-1132-4
36. Pagani O, Francis PA, Fleming GF, Walley BA, Viale G, Colleoni
M, Lang I, Gomez HL, Tondini C, Pinotti G, Di Leo A, Coates AS,
Goldhirsch A, Gelber RD, Regan MM (2019) Absolute improvements in freedom from distant recurrence to tailor adjuvant endocrine therapies for premenopausal women: results from TEXT and
SOFT. J Clin Oncol. https://doi.org/10.1200/jco.18.01967
37. Gaspar A, Brandi H, Gomez V, Luque D (2017) Efficacy of erbium:
YAG laser treatment compared to topical estriol treatment for symptoms of genitourinary syndrome of menopause. Lasers Surg Med
49(2):160–168. https://doi.org/10.1002/lsm.22569
38. Kallak TK, Baumgart J, Nilsson K, Akerud H, Poromaa IS,
Stavreus-Evers A (2015) Vaginal gene expression during treatment
with aromatase inhibitors. Clin Breast Cancer 15(6):527–535.e522.
https://doi.org/10.1016/j.clbc.2015.06.012

39.

Salvatore S, Nappi RE, Parma M, Chionna R, Lagona F, Zerbinati
N, Ferrero S, Origoni M, Candiani M, Leone Roberti Maggiore U
(2015) Sexual function after fractional microablative CO(2) laser in
women with vulvovaginal atrophy. Climacteric 18(2):219–225.
https://doi.org/10.3109/13697137.2014.975197
40. Gordon C, Gonzales S, Krychman ML (2019) Rethinking the techno vagina: a case series of patient complications following vaginal
laser treatment for atrophy. Menopause (New York, NY) 26(4):
423–427. https://doi.org/10.1097/gme.0000000000001293
41. Baser RE, Li Y, Carter J (2012) Psychometric validation of the
female sexual function index (FSFI) in cancer survivors. Cancer
118(18):4606–4618. https://doi.org/10.1002/cncr.26739

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

