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Abstract
A systematic review and meta-analysis was undertaken to assess the efficacy and safety of intravaginal energy-based therapies
(laser and radiofrequency) on sexual health of cancer survivors (CS) (breast cancer (BCS) and/or gynecological cancer (GCS)).
PubMed, Scopus,Web of Science, and Cochrane Library were searched until 21/02/2019. Quality of reporting, methodology, and
body of evidence were assessed using STROBE, MINORS, and GRADE. Primary outcomes were dyspareunia, dryness, and
sexual health (FSFI, FSDS-R). Secondary outcomes were burning, itching, dysuria, incontinence, Vaginal Health Index Score
(VHIS), microbiome-cytokine evaluation, and adverse events. Main analyses, subgroup analyses, and sensitivity analyses were
performed. Eight observational studies (n = 274) were eligible for inclusion. None of the studies evaluated radiofrequency. BCS
and BCS-GCS were included in 87% and 13% of studies, respectively. All primary outcomes improved significantly with the
exception of FSDS-R (dyspareunia (5 studies (n = 233), standardizedmean difference (StdMD) (− 1.17), 95%CI [− 1.59, − 0.75];
p < 0.001; I2 = 55%), vaginal dryness (4 studies (n = 183), StdMD (− 1.98), 95%CI [− 3.31, − 0.65]; p = 0.003; I2 = 91%), FSFI (2
studies, n = 28, MD (12.79), 95%CI [7.69, 17.89]; p < 0.001; I2 = 0%). Itching, dysuria, and VHIS increased significantly, while
burning was not improved. Serious adverse events were not observed by any of the studies. Intravaginal laser therapies appear to
have a positive effect on dyspareunia, vaginal dryness, and FSFI of CS. However, the quality of evidence is “very low,” with no
data on intravaginal radiofrequency therapy. Further research with high-quality RCTs and long-term follow-up is needed to
evaluate the value of energy-based devices as a therapeutic option for CS with sexual problems.
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Introduction

Breast and gynecological cancer are among the most frequent
types of female cancer [1]. Although modern therapies have

increased the 5-year survival rates up to 98% (depending on
cancer type, stage, etc.) [2], these may influence sexual func-
tion and affect significantly quality of life [3–7]. Surgery for
gynecologic malignancies may cause anatomic and or neuro-
logic disruption or rapid decline of estrogen levels or even
psychological impact leading to sexual dysfunction. Pelvic
radiotherapy may result in stenosis and fibrosis of the vagina,
while chemotherapy may cause premature ovarian failure
[4–7]. Long-term hormonal therapies (HT) with estrogen
blockers in patients with hormone-responsive cancers may
induce iatrogenic menopause in patients receiving the therapy,
resulting in severe atrophic vaginitis [4–7]. It has been esti-
mated that sexual dysfunction affects ≥ 50% of CS [4–6].
Moreover, young women or women who are sexually active
at time of cancer diagnosis may experience even more stress-
ful sexual problems [6].

Dyspareunia, vaginal dryness and decreased desire, arous-
al, and orgasm are among the most frequent sexual problems
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of CS [4–6]. Other symptoms of the genitourinary syndrome
of menopause (GSM), such as lower urinary tract symptoms,
may also occur [7]. Treatment of such sexual problems in CS
includes the use of local moisturizers, vaginal dilators, and
therapy with vaginally administered estrogens [8], although
evidence for the efficacy of the treatments is grade C [6].
There are limited data on nonhormonal therapies and sexual
function of menopausal women [9]. Vaginal estrogens were
found to be superior to lubricants in studies evaluating sexu-
ality scores [9]. Nevertheless, women are reluctant to use vag-
inal estrogens due to safety concerns [10], while only 15% of
oncologists consider hormonal therapies to be safe [11].
Patients with history of estrogen-dependent tumors should
be offered the choice of therapy with vaginal estrogens only
when nonhormonal therapies have failed, considering the risk-
benefit ratio, at the lowest dose and only till symptom cessa-
tion [12].

During the last years, intravaginal energy-based devices
(laser and radiofrequency) appear to deliver promising posi-
tive results on sexual health and GSM symptoms of healthy
postmenopausal women [13–23]. In fact, there is evidence
that energy-based therapies improve significantly sexual func-
tion and GSM symptoms and restore vaginal health to pre-
menopausal status [13–25]. However, the efficacy on sexual
health of CS has not been systematically analyzed yet.

The objective of this study was to systematically summa-
rize and critically appraise evidence regarding efficacy of
intravaginal energy-based devices on female CS (breast can-
cer survivors (BCS) and/or gynecological cancer survivors
(GCS)) with sexual dysfunction. In particular, we aimed to
qualitatively and quantitatively synthesize data of sexual func-
tion, GSM symptoms severity, and vaginal health before and
after the intravaginal administration of energy-based devices
or compare intravaginal energy-based therapies to other avail-
able therapies or placebo.

Methods

PubMed, Scopus, Web of Science, and Cochrane library were
searched until 21/02/2019 by two reviewers independently
(EP, AD) using the following keywords: laser dyspareunia,
laser vaginal dryness, laser sexual function, laser orgasm, laser
vulvovaginal atrophy, laser vaginal atrophy, laser genitouri-
nary syndrome of menopause, radiofrequency dyspareunia,
radiofrequency orgasm, radiofrequency vaginal dryness, ra-
diofrequency sexual function, radiofrequency vaginal atrophy,
radiofrequency vulvovaginal atrophy, radiofrequency genito-
urinary syndrome of menopause. Eligible studies were those
published in full text in peer-reviewed journals with impact
factor, that evaluated the efficacy of intravaginal laser or ra-
diofrequency on dyspareunia and/or vaginal dryness and/or
sexual dysfunction of BCS and/or GCS (ovarian/

endometrial/cervical). Studies that included both healthy post-
menopausal women and CS were eligible to be included in
this review as long as they provided data for CS separately
(i.e., subgroup analyses). Older versions of studies were eligi-
ble to be included if they provided data that were not included
in updated published studies. The study design or methodo-
logical quality or language of publication were not considered
as exclusion criteria. A hand search of the references of all
eligible articles was also performed to ensure complete cover-
age of the literature. “Gray” literature, such as reports (i.e.,
pre-prints, technical reports, preliminary progress and ad-
vanced reports, technical reports, market research reports),
theses, conference proceedings, commercial documentations,
and official documents not published commercially, was not
searched. PRISMA guidelines were followed for conducting
and reporting the present review.

Data extraction was performed by two independent reviewers
(EP, AD) for the following aspects: First author, year of publica-
tion, study design, funding, type and settings of energy-based
devices, therapeutic protocol, follow-up period, number and
baseline characteristics of participants, tools of assessing sexual
function, measurements of GSM symptoms (dyspareunia, dry-
ness, vaginal bleeding, leukorrhea, burning, itching, dysuria, fre-
quency, urgency, urinary incontinence(UI)) and vaginal health,
patients satisfaction with therapy, adverse events and drop outs
due to adverse events. Evaluation of dyspareunia and dryness
intensity as well as sexual function were considered primary
outcomes. All other outcomes were defined as secondary.

Two reviewers (EP, AD) independently evaluated quality of
reporting, methodological quality of the included studies, and
body of evidence of meta-analyzed outcomes using
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) [26], Methodological Index for Non-
randomized studies (MINORS) [27], and GRADE system [28],
respectively. The ideal score of MINORS for uncontrolled stud-
ies is 16 [27]. Any discrepancies were resolved by consensus of
all authors. All studies that provided relevant data for each out-
come were included in the meta-analyses regardless of study
design or methodological quality. PRISMA guidelines were
followed for conducting and reporting this review.

Heterogeneity and publication bias were assessed using I2

statistics and funnel plots, respectively. Mean difference (MD)
or standardized mean difference (StdMD) was used as sum-
mary statistic when the same outcome was assessed with the
same or a variety of ways, respectively. RevMan version 5.3
was the statistical program that was used for all analyses using
generic inverse variance as statistical method, random effects
model, and differences in means or standardized means as
effect measure. Meta-analysis was performed when ≥ 2 stud-
ies were involved. Data transformation was performed wher-
ever median values were reported [29]. The main analyses
included the efficacy of energy-based devices on outcomes
regardless of the type of energy-based device. Subgroup
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analyses were performed based on type of energy-based de-
vice. Sensitivity analysis was performed based on number of
applied therapies with and without considering the type of
energy-based device.

Results

Initially, 3272 articles were retrieved, while 8 studies (n = 274)
[30–37] were eligible for inclusion in this systematic review
and meta-analysis (Fig. 1).

Characteristics of studies included in this review are pre-
sented in Table 1. None of the studies were controlled trials; 5
(n = 184) were prospective [30, 33–36] and 3 (n = 116) retro-
spective [31, 32, 37] studies. None of the studies evaluated
radiofrequency; 6 studies (n = 242) evaluated microablative
fractional CO2 laser (SmartXide2 V2LR, Monalisa Touch,
DEKA, Florence, Italy) [30–32, 34, 36, 37], 1 study (n = 15)
Fractional Pixel CO2 laser (Femilift, Alma Lasers) [33] and
1(n = 43) study Er:YAG laser (Fotona Smooth™ XS, Fotona,
Ljubljana Slovenia) [35]. BCS and BCS-GCS were included
in 7/8 (87%) [30, 31, 34–37] and 1/8 (13%) [33] of studies,
respectively. Three- and two-therapy protocols were included
in 7/8 (87%) [31–37] and 1/8 (13%) [30] of studies,

respectively. Applied energy was not mentioned in 1/8
(13%) study [31] while it was the same, increased, or de-
creased compared to first application in 4/8 (50%) [30,
34–36], 2/8 (25%) [32, 37], and 1/8 (13%) [33] studies, re-
spectively. Blinding of outcomes assessors and sample size
calculation was not reported by any of the studies. Score of
methodological quality of the studies ranged from 6 to 12.

Outcomes of included studies are presented in Table 1.
Studies assessed outcomes using the followingmeasurements:
(1) Female Sexual Function Index (FSFI) [38, 39] and Female
Sexual Distress Scale-Revised (FSDS-R) [40] for sexual
health: FSFI includes six domains corresponding to sexual
desire, arousal, pain, lubrication, orgasm, and satisfaction.
Synthesis of these domains calculates a total score ranging
from 2 to 36. Higher score indicates better sexual function.
A cut-off score of 26.55 distinguishes women with normal
sexual function from those with sexual dysfunction. FSDS-R
provides a total score ranging from 0 to 52 with higher score
indicating higher sex related distress. (2) Visual Analogue
Scales (ranges 0–10 cm, 0–3 cm, and 0–5 cm) and Wong–
Baker Faces Scale for GSM symptoms intensity and (3)
International Consultation on Incontinence modular
Questionnaire short form (ICIQ-UI) for urinary incontinence
(UI) [41]: total score ranges from 0 to 20 with higher scores
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indicating more severe UI. (4) Vaginal Health Index Score
(VHIS) [42] and microbiome-cytokine analysis for vaginal
health: VHIS evaluates vaginal tissue elasticity, epithelial in-
tegrity, moisture, volume, and pH of vaginal fluid. Total score
ranges from 5 to 25, while > 15 defines non-atrophic status.

Primary outcomes

In the main analyses (including 2- and 3-therapy protocols)
1 month following the last laser therapy, all outcomes im-
proved significantly with the exception of FSDS-R (Figs. 2
and 3). The proportion of patients with dyspareunia and dry-
ness before and after laser therapy was 98% and 100% versus
80% and 83%, respectively [32]. The significant improvement
of symptom intensity at short term remained unchanged at 3-
month (Fig. 2) and up to 12-month follow-up [35]. In the
sensitivity analyses of 3-therapy protocol, a significant de-
crease of dyspareunia and dryness was also found ((StdMD
(− 1.33), 95%CI (− 1.85, − 0.81); p < 0.001, I2 = 47%; n =
178) [30, 31, 35, 36] and (StdMD (− 2.51), 95%CI (− 3.76,
− 1.26); p < 0.001, I2 = 80%; n = 128) [30, 31, 35], respective-
ly). The quality of evidence rated “very low” for dyspareunia/
dryness/sexual health (Supplemental Table 1).

Secondary outcomes

In the main analyses (including 2- and 3-therapy protocols), 1-
month following the last laser therapy, itching/dysuria/VHIS
improved significantly, while burning was not improved (Fig.
2, Supplemental Fig. 1). The significant improvement of
VHIS at short-term (MD (9.65), 95%CI [5.53, 13.77];
p < 0.001; I2 = 99%; n = 113 [30, 35, 36]) remained un-
changed at 3-month (MD (9.3), 95%CI [4.99, 13.61];
p < 0.001; I2 = 86%; n = 58 [33, 35]) (Supplemental Fig. 1)
and 12-month follow-up [35]. Sensitivity analysis for the 3-
therapy protocol was not performed due to lack of studies. The
body of evidence rated “very low” for itching/burning/dys-
uria/VHIS (Supplemental Table 1).

The proportion of patients with vaginal bleeding related to
sexual intercourse and leukorrhea before and after 3-therapy pro-
tocol was 60% and 68% versus 45% and 45%, respectively [32].

Data for urinary frequency/urgency/urge incontinencewere
not provided by any of the studies. ICIQ-UI score decreased
significantly from 10 ± 4 (mean ± SD) to 7.2 ± 5.1 in women
with surgical-oncologic menopause and stress UI [33].

The proportion of bacteria in vaginal fluid as assessed
by molecular and conservative (Gram staining) techniques
was not improved after 2-therapy protocol [30]. Ηigher
levels of cytokines were found after 2-therapy protocol
for IL-18, CTACK, LIF, M-CSF, and IL-17, while lower
levels for IL-1ra, IL-2, IL-7, IL-9, IL-13, eotaxin, GM-
CSF, and RANTES [30].

Data regarding adverse events were provided by 63% (5/8)
of the studies (n = 148) [31–33, 35, 37]. In these studies, no
serious adverse events were observed. Patients discontinued
therapies due to “persistent procedure-related discomfort”
(n = 3/148 (2%)) and unknown reasons (n = 2/148 (1%)) [32].

Subgroup analyses

Subgroup analyses for CO2 laser (including 2- and 3-therapy
protocols) confirmed the improvement of dyspareunia, dry-
ness, and VHIS ((StdMD (− 0.97), 95%CI [− 1.28, − 0.67];
p < 0.001; I2 = 0% (n = 136) [30–32, 36]), (StdMD (− 1.41,
95% [− 2.56, − 0.27]; p = 0.02; I2 = 80% (n = 110) [30–32])
and (MD (8.51), 95%CI [0.27, 16.74]; p = 0.04; I2 = 100%;
n = 70 [30, 36]), respectively) (Fig. 4, Supplemental Fig. 1). In
the sensitivity analyses of 3-therapy protocol (CO2 laser), a
significant decrease was found for dyspareunia and dryness
(StdMD (− 1.08), 95%CI [− 1.44, − 0.72]; p < 0.01; I2 = 0%
(n = 116)) [31, 32, 36] and StdMD (− 2.07, 95% [− 2.81, −
1.33]; p < 0.001; I2 = 10% (n = 90) [31, 32], respectively).
Subgroup analyses was not performed for the Er:YAG laser
due to lack of studies.

Discussion

Intravaginal energy-based devices have recently been pro-
posed as a non-pharmacological therapeutic alternative for
the management of GSM. Although they have not yet obtain-
ed FDA approval for this indication, data on effectiveness and
safety in healthy postmenopausal women with GSM have
already been published [13–23]. Various authors investigating
intravaginal energy-based devices in healthy postmenopausal
women with GSM extrapolate their results to CS with GSM.
They advocate the hypothesis that most CSmight benefit from
these therapies, especially when estrogen-based HT is contra-
indicated. However, there are few studies with small number
of participants evaluating the efficacy and safety of energy-
based devices in CS, while there are no studies comparing the
effect of therapies on healthy postmenopausal and cancer sur-
vivors. The majority of studies assessed BCS using CO2 laser,
while data regarding GCS or radiofrequency were scarce. The
findings of the present meta-analysis indicate that
dyspareunia, dryness, itching, dysuria, VHIS, and FSFI may
improve significantly following the last laser therapy but the
body of evidence is of “very low” quality. In addition, RCTs
have not yet been published, the therapeutic protocols (num-
ber of therapies, level of applied energy) have not yet been
standardized, and studies with long-term follow-up as well as
assessment of quality of life are lacking.

Two laser technologies have been evaluated in CS: the CO2

and the Er:YAG. These two lasers have different mode of
actions as wavelength, penetration depth, emission mode,
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and applied tissue laser energy varies [43]. In particular, CO2

laser has a wavelength at 10.600 nm and produces a deep
thermal and microablative effect, while Er:YAG laser has a
wavelength at 2940 nm with photothermal effect [43].
Nevertheless, the mode of lasers’ action seems to be indepen-
dent to lasers beneficial effects on alleviating GSM symptoms
and restoring vaginal mucosa to non-atrophic status, as sug-
gested by the current literature on healthy postmenopausal
women [15, 17–25, 44]. Moreover, the significant positive
results can be maintained for more than 12 months for both
lasers [15, 18–21, 44]. Thus, we performed this meta-analysis

including both laser types and we used the “subgroup analy-
sis” methodology depending on the type of laser.

BCS undergoing intravaginal laser therapies for
dyspareunia and vaginal dryness may experience decrease in
the intensity of their symptoms in a “dose-response” manner,
as suggested by the present meta-analysis. In sensitivity anal-
ysis, using the 3-therapy protocol, a higher decrease in
dyspareunia and vaginal dryness was found in comparison
to the main analysis including 2- and 3-therapy protocols. A
recent study found that in healthy postmenopausal women
with GSM, extension of the therapeutic protocol to 4 or 5 laser

Fig. 2 Forest plots of standardized mean differences between mean
values of before the initiation of laser therapy and 1 month after the last
laser therapy (1-month follow-up) or 3-month follow-up, including 2- and
3-therapy protocols and all energy-based devices for the outcomes:

dyspareunia n = 159, vaginal dryness n = 153, Itching n = 110, burning
n = 28, and dysuria n = 110 (assessed by Visual Analogue Scale (ranges
0–3 or 0–5 or 0–10) or Wong–Baker faces Scale (range 0–10))
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sessions may have further improvement on symptom’s sever-
ity and increase the proportion of symptom-free women up to
12-month follow-up [18, 45, 46]. It would be of interest if an
additional fourth or fifth therapy might be beneficial for BCS,
especially in those that seem unresponsive to therapies.
Potential candidates could be women under tamoxifen as they
are usually younger and often undergo combinations of ther-
apies (i.e., tamoxifen plus GnRH agonists). Nevertheless, fur-
ther research is required focusing on the type of antiestrogen/
combination therapy used, as confounding factor to laser ther-
apy response. In addition, it is of interest that the improvement
of dyspareunia and dryness in this meta-analysis appeared to
be heterogeneous among the included studies, while in a prior
meta-analysis of laser’s efficacy in healthy postmenopausal
women with GSM, a consistent statistically significant de-
crease of these symptoms was apparent [16]. The latter further

supports that research is required for safe conclusions to be
obtained regarding response of laser therapy in CS.

Sexual dysfunction is a multifactorial condition includ-
ing not only dyspareunia and vaginal dryness but also
disorders of desire, arousal, orgasm, and satisfaction.
FSFI assesses these aspects, but specific data for each
domain are provided by just 1 study with 8 participants
[31]. It is interesting that although total FSFI score in-
creased significantly, FSDS-R remained unchanged.
Perhaps, this discrepancy reflects either that there are only
2/8 (25%) studies (n = 28), assessing these aspects or that
sexual distress is not only related to genital changes but
also to body image perception or to psychological and
intimacy changes [8]. Additionally, sexual distress may
increase in cases where therapeutic efficacy does not meet
patients’ goals and expectations. It has been suggested

Fig. 3 Forest plots of mean differences between mean values of before
the initiation of laser therapy and 1 month after the last laser therapy (1-
month follow-up) including 2- and 3-therapy protocols for sexual health

(n = 28) assessed by Female Sexual Function Index (FSFI) and Female
Sexual Distress Scale-Revised (FSDS-R)

Fig. 4 Forest plots of standardized mean differences between mean values of before the initiation of laser therapy and 1 month after the last laser therapy
(1-month follow-up) using just CO2 laser for dyspareunia (n = 136) and vaginal dryness (n = 110).
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that a multidisciplinary approach is the best therapeutic
approach in managing sexual health of CS [3]. However,
such approach was not performed in the included studies.

Microbiological assessment of BCS did not find any
significant differences following two laser therapies, but
only a trend for increase of lactobacilli [30]. The effect
might not be apparent due to the short follow-up and
studies with longer follow-up might be needed to observe
a potential long-term effect. The authors of this study
stated that the stability of microbiological environment
before and after laser application indicate the safety of
these therapies [30]. Histopathological and cytological
evaluation of healthy postmenopausal women have indi-
cated that there are beneficial changes on vaginal mucosa
(i.e., increased epithelial thickness, glycogen, vascularity)
following three laser therapies [16]. These changes could
have a positive impact on vaginal microenvironment as
well. Indeed, a microbiological evaluation of vaginal fluid
of healthy postmenopausal women with GSM observed a
significant gradual increase in normal vaginal flora and
lactobacilli accompanied by a decrease in uropathogens
and pH values of the vaginal fluid following three laser
therapies [22]. Discordance between the abovementioned
studies including BCS or healthy postmenopausal women
could be explained by the reduced number of therapies
applied on BCS, or decreased level of applied energy at
each session, or the use of antiestrogens or the relatively
few studies in CS. In our opinion, a 2-therapy protocol
and/or application of lower levels of energy are not ade-
quate to restore the vaginal microenvironment to a health-
ier status in BCS.

A limitation of this study is the small sample size and
the lack of controlled trials. Hence, possible placebo effect
of the treatment could not be identified and comparisons
with other available therapies could not be performed.
Most of the studies assessed the use of CO2 laser and stud-
ies are needed to assess other laser technologies such as the
Er:YAG. In addition, a weakness of this analysis could be
considered a short follow-up time of only 1 month, as dif-
ferent results may be observed at longer follow-ups.
Another limitation of this study is inclusion of all relevant
studies, regardless of study design or methodological qual-
ity in meta-analysis. Furthermore, some data were derived
from subgroup analysis, regarding CS, of studies that were
not focused in CS but in menopausal women with GSM in
general. Nevertheless, the pre-specified study design of
this review was to identify current evidence, regardless of
the presence or not of controlled trials. Moreover, the in-
cluded studies were published in peer-reviewed journals
with impact factor and efforts were made to limit publica-
tion bias by including all available data and performing
extensive search of databases and references, irrespective
to the language of publication.

Conclusions

CSwith sexual problems could be considered ideal candidates
for non-pharmacological therapies such as intravaginal
energy-based devices, especially in the presence of
hormone-dependent tumors. Available data suggests that
dyspareunia, vaginal dryness, and FSFI may significantly im-
prove following laser therapies. However, data are limited and
of “very low” quality. Energy settings of the laser device and
therapeutic protocols have not been standardized yet.
Confounding factors have not yet been evaluated, while there
is scarcity of data regarding the long-term efficacy of laser
therapies and their impact on sexual function. High-quality
RCTs comparing energy-based devices to other therapeutic
modalities with large sample sizes, including assessment of
sexual function and quality of life, are needed to clarify effec-
tiveness and safety profile. In addition, long-term follow-up is
of great importance as well as comparison of treatment results
between healthy postmenopausal and CS.
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