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CONDENSATION: Vaginal estrogen cream, oral ospemifene and vaginal CO2 laser therapy are 24 

all cost-effective strategies for the treatment of menopausal dyspareunia. 25 

SHORT TITLE: COST-EFFECTIVENESS ANALYSIS OF VAGINAL CO2 LASER 26 

THERAPY 27 

AJOG at a Glance: 28 

A. Why was the study conducted? 29 

We sought to perform a cost-effectiveness analysis of three therapies for dyspareunia 30 

associated with genitourinary syndrome of menopause (GSM) including vaginal estrogen, 31 

oral ospemifene and vaginal CO2 laser therapy and determine if vaginal laser therapy is a 32 

cost-effective treatment for this condition. 33 

B. What are the key findings? 34 

All three treatment methods were found to be cost-effective at a threshold of <$50,000 35 

per QALY for both moderate dyspareunia and severe dyspareunia. Vaginal CO2 laser is 36 

the optimal cost-effective strategy with the highest effectiveness (QALYs) below the 37 

WTP threshold of $50,000 per QALY. 38 

C. What does this study add to what is already known? 39 

This study suggests that the vaginal fractional CO2 laser is a cost-effective strategy for 40 

the treatment of dyspareunia associated with GSM, as are vaginal estrogen and oral 41 

ospemifene. 42 

Key Words: (alphabetized) cost-effectiveness analysis, dyspareunia, energy-based devices, 43 

fractional CO2 vaginal laser, genitourinary syndrome of menopause, ospemifene, vaginal 44 

estrogen cream, vaginal laser 45 

 46 
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STRUCTURED ABSTRACT: 47 

ABSTRACT BODY (250-500 words): 48 

Background: Topical vaginal estrogen is considered the gold standard therapy for GSM-49 

associated dyspareunia, but early investigations of energy-based devices show promise for 50 

patients with contraindications or who are refractory to vaginal estrogen cream. While evaluating 51 

safety, efficacy and long-term outcomes for novel technologies is critically important when new 52 

technologies become available to treat unmet healthcare needs, evaluation of the costs of these 53 

new technologies compared to existing therapies is also critically important, but often 54 

understudied. 55 

Objectives: We sought to perform a cost-effectiveness analysis of three therapies for GSM 56 

including vaginal estrogen, oral ospemifene and vaginal CO2 laser therapy and determine if 57 

vaginal laser therapy is a cost-effective treatment for dyspareunia associated with GSM. 58 

Study Design: An IRB-exempt cost-effectiveness analysis was performed by constructing a 59 

decision tree using decision analysis software (TreeAge Pro; TreeAge Software, Inc., 60 

Williamstown, MA) using integrated empirical data from the published literature. Tornado plots, 61 

one-way and two-way sensitivity analyses were performed to assess how changes in the model’s 62 

input parameters altered the overall outcome of the cost-effectiveness model. 63 

Results:  All three treatment methods were found to be cost-effective below the WTP threshold 64 

of $50,000 per QALY for moderate dyspareunia. The ICER for vaginal CO2 laser treatment of 65 

moderate dyspareunia was $16,372.01 and the ICER for ospemifene was $5,711.14. Although all 66 

three treatment strategies were on the efficient frontier, vaginal CO2 laser treatment was the 67 

optimal strategy with the highest effectiveness. In a one-way sensitivity analysis of treatment 68 

adherence, the vaginal CO2 laser was no longer cost effective when the adherence fell below 69 
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38.8%. Vaginal estrogen cream and ospemifene remained cost-effective strategies at all ranges of 70 

adherence. When varying the adherence to 100% for all strategies, oral ospemifene was 71 

“dominated” by both vaginal fractional CO2 laser therapy and vaginal estrogen cream. In a two-72 

way sensitivity analysis of vaginal CO2 laser adherence and vaginal CO2 laser cost, vaginal CO2 73 

laser therapy still remained the optimal strategy at 200% of its current cost ($5,554.00) if the 74 

adherence was greater than 55%. If the cost fell to 20% of its current cost ($555.40), it was the 75 

optimal strategy at all adherence values above 29%. 76 

Conclusion: The present study showed that the vaginal fractional CO2 laser is a cost-effective 77 

strategy for the treatment of dyspareunia associated with GSM, as are vaginal estrogen and oral 78 

ospemifene. In our model, the vaginal CO2 laser is the optimal cost-effective strategy and 79 

consideration should be made to providing insurance coverage for this treatment option. 80 

 81 

 82 

 83 
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MAIN TEXT: 93 

Introduction: 94 

Genitourinary syndrome of menopause (GSM), previously described incompletely as 95 

vulvovaginal atrophy (VVA), is a chronic progressive condition associated with postmenopausal 96 

estrogen deficiency1. GSM is characterized by thinning and atrophy of the poorly unestrogenized 97 

vaginal epithelium causing genital dryness, decreased lubrication with sexual activity, discomfort 98 

or pain related to sexual activity, irritation of the vulva or vagina, dysuria and urinary frequency 99 

and urgency. Unlike menopausal vasomotor symptoms, GSM typically worsens without 100 

treatment and can significantly impact a patient’s quality of life. Up to 60% of postmenopausal 101 

women may be affected by GSM, but many women do not seek treatment due to embarrassment 102 

or misconception that these vaginal symptoms are a “normal part of aging.2,3” 103 

Due to the chronicity of this condition, a long-term therapy is required for symptom 104 

regression,4,5. Topical vaginal estrogen is currently considered the gold standard therapy for 105 

GSM. Administration of exogenous estrogen restores normal vaginal pH levels, thickens and 106 

revascularizes the epithelium, and increases vaginal lubrication. The reported one-year efficacy 107 

of vaginal estrogen cream for GSM is approximately 80% to 90% based on observational data6-
108 

10. The recommended regimen for vaginal estrogen cream is vaginal administration daily for two 109 

weeks and then twice weekly. Although efficacy for vaginal estrogen cream is high, vaginal 110 

estrogen cream has been documented to have low adherence rates between 15-54%11-16. This 111 

lack of compliance may be attributed to vaginal estrogen cream being inconvenient and difficult 112 

to apply, especially in patients with limited dexterity. Although vaginal estrogen cream has few 113 

side effects and has not been shown to markedly increase blood estrogen levels, many patients 114 

are still concerned about the potential for postmenopausal bleeding and increased endometrial 115 
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thickening. Additionally, patients with a history of thromboembolism, endometrial hyperplasia 116 

or cancer, breast cancer or estrogen-dependent cancers may not feel comfortable using vaginal 117 

estrogens.  118 

Nonhormonal therapies have been developed for these patients including selective 119 

estrogen receptor modulators (SERMs) and energy-based devices (EBDs) for vaginal therapy. 120 

SERMs, like ospemifene, exert estrogen agonist effects on vaginal epithelium. Ospemifene 121 

treatment consists of daily oral therapy and clinical trials have shown that ospemifene is 122 

generally well tolerated, has minimal effects on the endometrium, and neutral effects on the 123 

breast. Most of the ospemifene safety and efficacy data have been reported in clinical trials, 124 

where efficacy ranges from 75-80% after one-year follow-up. In general, adherence to an oral 125 

therapy is higher than adherence to a vaginal cream which can be inconvenient and messy. 126 

Previously, ospemifene adherence in the general population was difficult to approximate as most 127 

adherence data was extracted from randomized clinical trials (RCTs), where it is estimated to be 128 

80-90%16-23. Faught et al. recently reviewed the medical and pharmacy claims data for 86,946 129 

patients who were prescribed a dyspareunia-related medication. In this retrospective study, 130 

ospemifene adherence was 40% compared with vaginal estrogen cream adherence which was 131 

21%16. 132 

Energy-based devices have gained momentum as minimally invasive procedures to treat 133 

both medical and cosmetic pelvic floor disorders (PFDs) including GSM, vaginal laxity, stress 134 

urinary incontinence, dyspareunia and vulvar disorders such as lichen diseases and vestibulitis24-
135 

31. Vaginal EBDs remodel connective tissue and rebuild stratified squamous epithelium with 136 

increased glycogen and fibroblasts32. While the FDA has cleared energy-based devices for the 137 

treatment of pre-cancerous cervical or vaginal tissue and condylomas, the FDA has not cleared 138 
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energy-based devices for the treatment of GSM, urinary incontinence, sexual dysfunction or 139 

vaginal rejuvenation33,34. However, early investigations of EBDs show good promise for the 140 

treatment of these PFDs and many physicians offer vaginal energy-based treatment for patients 141 

with contraindications or who are refractory to vaginal estrogen cream. There are multiple 142 

devices on the market and the most commonly used device in the United States is the Mona Lisa 143 

Touch® vaginal fractional CO2 laser. Standard therapy consists of one laser treatment session 144 

every four to six weeks for a total of three sessions annually. After the first year, expert opinion 145 

recommends one laser treatment session annually for maintenance therapy. Long-term outcome 146 

studies on EBDs for GSM are lacking, but multiple one-year observational studies have shown 147 

efficacy approaching that of estrogen therapy. Published adherence rates of close to 100% are 148 

from observational and nonrandomized controlled trials35-43. 149 

In light of a recent FDA safety communication regarding EBDs for “vaginal 150 

rejuvenation,” prospective RCTs are underway or currently being designed to further evaluate 151 

the efficacy and safety of these therapies for GSM33,34. Evaluating safety, efficacy and long-term 152 

outcomes for novel technologies is critically important when new technologies become available 153 

to treat unmet healthcare needs. In the current healthcare climate, evaluation of the costs of new 154 

technologies compared to existing therapies is also critically important, but often understudied. 155 

The objective of this study was to perform a cost-effectiveness analysis of three therapies 156 

for GSM-associated dyspareunia including vaginal estrogen, oral ospemifene and vaginal CO2 157 

laser therapy and determine if vaginal laser therapy is a cost-effective treatment for this 158 

condition. 159 

Materials and Methods: 160 
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An IRB-exempt cost-effectiveness analysis was performed on three therapies for GSM-161 

associated dyspareunia including vaginal estrogen, oral ospemifene and vaginal CO2 laser 162 

therapy. We constructed a decision tree using decision analysis software (TreeAge Pro; TreeAge 163 

Software, Inc., Williamstown, MA) using integrated empirical data from the published literature. 164 

The input parameters of the model and assumptions are discussed below and listed in Table 1. 165 

Treatments modeled 166 

We modeled a population of women with symptomatic GSM with dyspareunia without 167 

contraindication for any therapy. Our model time horizon was 1 year, consistent with reported 168 

outcomes of vaginal CO2 laser therapy in the literature. 169 

Model Design and Parameters 170 

We did not allow crossover from vaginal estrogen cream to ospemifene to vaginal CO2 171 

laser or vice versa in order to focus on a single treatment effect. For example, patients who failed 172 

vaginal estrogen cream or SERMs were not allowed vaginal CO2 laser in this model. With 173 

efficacy < 100%, there may be individuals using multiple treatment strategies, making it 174 

challenging to distinguish differential cost-effectiveness for each specific treatment arm. 175 

Adherence and side effects were modeled for the three treatment options. Vaginal 176 

estrogen cream adherence in the general population is variable. To account for this variability, 177 

the average vaginal estrogen cream adherence of four large studies was calculated and then 178 

weighted by the number of patients in each study11,12,14,16. This estimated average adherence for 179 

vaginal estrogen cream was 24% which was used as the base case adherence rate. The base case 180 

adherence rate for ospemifene was 40% , derived from the retrospective study by Faught et al16. 181 

In order to more closely model real-world adherence rates for the vaginal CO2 laser, we used 182 

adherence rates for other in-office procedures that require multiple visits. In-office procedures 183 
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such as intravesical Botox injections and percutaneous tibial nerve stimulation have adherence 184 

rates varying from 75-85% in the literature. As most RCTs have shown adherence close to 100% 185 

with the vaginal CO2 laser, we used the upper limit of 85% as the base case adherence rate for 186 

the vaginal CO2 laser44-46. 187 

Data sources 188 

We derived all probabilities from literature searches in PubMed to find probabilities for 189 

each of the relevant outcomes. We used search terms to identify articles specific to all treatment 190 

arms, including relevant review articles. Table 1 shows the base case scenario treatment outcome 191 

probabilities. 192 

The efficacy of vaginal estrogen was assumed to be 90% for those with twice weekly 193 

treatment for 1 year and the efficacy of ospemifene was assumed to be 80% for those with daily 194 

treatment for 1 year. The reported efficacy at one year after vaginal CO2 laser therapy is 90%. As 195 

symptom resolution of GSM-associated dyspareunia requires persistent use of vaginal estrogen 196 

cream or ospemifene, non-adherent patients were assumed to have no efficacy of the treatment. 197 

We similarly assumed that patients who were nonadherent to vaginal CO2 laser therapy did not 198 

have any efficacy of treatment, as there is limited data on symptom resolution in patients who 199 

receive on one or two laser sessions. 200 

Complications or side effects associated with treatment were modeled with noted relative 201 

probabilities based upon prior research. For vaginal estrogen, the probability of experiencing a 202 

side effect within one year was 42%. The most common side effects included in the model were 203 

vaginitis, headache, breast tenderness, endometrial hyperplasia/cancer, and vaginal discharge.  204 

For ospemifene, the probability of experiencing a side effect within one year was 29% and the 205 

most common side effects included in the model were muscle spasms, hot flashes, vaginitis, 206 
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vaginal bleeding and endometrial hyperplasia/cancer. The probability of experiencing a side 207 

effect with vaginal laser therapy was 6%, and the side effects included were dysuria, vaginal 208 

bleeding, and vaginitis. The relative probabilities of each side effect and the relative health utility 209 

scores are listed in Table 1 and Table 2.  210 

Health State Utility Values 211 

Health state utility values were obtained from the literature in a similar fashion for 212 

treatment efficacy, dyspareunia health states and side effects. Utility scores ranges from 0 to 1, 213 

with 0 representing a health state equivalent to death and 1 representing perfect health. We 214 

calculated the expected number of QALYs for each strategy by taking a weighted average of the 215 

utility of each pathway in the tree and the proportion of the patient cohort who followed that 216 

pathway. We then calculated the QALYs over a 1-year period because costs and health benefits 217 

were calculated over a 1-year time horizon. Based on published estimates, we estimated the 218 

relative health utility score of postmenopausal women with severe dyspareunia (0.5), moderate 219 

dyspareunia (0.65), and effective treatment without dyspareunia (0.9). 220 

Costs 221 

Drug costs were obtained from the 2017 Medicare database. This is a recognized source 222 

of available drug costs in the US. One vaginal estrogen cream tube lasts three months and costs 223 

$200. If the patient was adherent to the treatment regimen, a one-year supply of vaginal estrogen 224 

cream was equivalent to four tubes for a total of $800. If the patient was not adherent to the 225 

vaginal estrogen treatment regimen, then the cost was assumed to be $200 for the initial tube. A 226 

three-month supply of ospemifene costs $210. If the patient was adherent to ospemifene 227 

treatment, a one-year supply costs $840. If the patient was not adherent to the ospemifene 228 

treatment, then the cost was assumed to be $210 for the initial three-month supply. The vaginal 229 
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fractional CO2 laser costs were $911 per treatment session which is the out-of-pocket cost at our 230 

institution. A one-year treatment regimen of vaginal laser therapy costs $2,733 which is 231 

equivalent to three treatment sessions. If the patient was not adherent to the vaginal fractional 232 

CO2 laser, then the cost was assumed to be $911. Costs are listed in Table 3. Only patient costs 233 

were modeled in this cost-effectiveness analysis. Physician and hospital costs including 234 

physicians’ and nurses’ time and equipment, as well as indirect costs like transportation and 235 

productivity losses were not modeled. Side effects did not accrue additional costs. 236 

Cost-effectiveness analysis (CEA) 237 

Cost-effectiveness was determined using the incremental cost-effectiveness ratio (ICER). 238 

ICERs were calculated by first ranking strategies by increasing cost and then calculating 239 

ΔCost/Δ Effectiveness for adjacent strategies. The willingness-to-pay (WTP) threshold was set a 240 

priori at $50,000 per QALY. Strategies were considered “dominated” if they were both less 241 

effective and more expensive than another strategy. No ICER was reported for dominated 242 

strategies as they are not cost-effective. 243 

Sensitivity analysis 244 

The sensitivity analyses determined whether changes in the model’s input parameters 245 

altered the overall outcome of the cost-effectiveness model. We conducted Tornado plots and 246 

multiple one-way and two-way sensitivity analyses. Probability values were varied across the 247 

ranges listed in Table 1and Table 2 to determine if a threshold existed where the preferred 248 

strategy would change. Costs were varied from 20 to 200% of the base case value. 249 

Results: 250 

Cost-effectiveness analysis: 251 
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All three treatment methods were found to be cost-effective at a WTP threshold of 252 

<$50,000 per QALY for moderate dyspareunia in the base case scenario. The ICER for vaginal 253 

CO2 laser treatment of moderate dyspareunia was $16,372.01 and the ICER for ospemifene was 254 

$5,711.14. Although all three treatment strategies were on the efficient frontier, vaginal CO2 255 

laser treatment was the optimal strategy with the highest effectiveness (Table 4).  256 

One-way sensitivity analysis: 257 

 Tornado plots and univariate sensitivity analyses were performed on all variables. The 258 

variables that most influenced the results were the adherence rates of vaginal estrogen cream, 259 

adherence rates of the vaginal CO2 laser and the treated dyspareunia health utility scores (Figure 260 

1). 261 

A. Dyspareunia health utility score 262 

In a one-way sensitivity analysis, all strategies were cost-effective when the health utility 263 

value of untreated dyspareunia was varied between 0.2 and 0.8. When using 0.5 as the health 264 

utility score of severe dyspareunia, all three strategies were cost effective with the vaginal CO2 265 

laser as the optimal treatment strategy (Table 4). All strategies were cost-effective when the 266 

health utility score of treated dyspareunia was above 0.75, but when the score fell below 0.65, 267 

ospemifene and the vaginal CO2 laser were no longer cost-effective. 268 

B. Adherence 269 

In a one-way sensitivity analysis of treatment adherence, the vaginal CO2 laser was no 270 

longer cost effective when the adherence fell below 38.8%. Vaginal estrogen cream and 271 

ospemifene remained cost-effective strategies at all ranges of adherence. The vaginal CO2 laser 272 

was no longer a cost-effective strategy when adherence of vaginal estrogen cream increased to 273 

90% and when the adherence of ospemifene increased to 100%. 274 
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C. Cost 275 

All three treatment methods were cost effective when varying the annual cost from 20% 276 

to 200% of the base case cost of all three strategies. 277 

D. Complications 278 

When the probability of complications for each of the three strategies was varied from 279 

0% to 100%, both vaginal estrogen cream and the vaginal CO2 laser remained cost effective. 280 

When the probability of complications after vaginal CO2 laser treatment exceeded 98%, then 281 

ospemifene became the optimal strategy. Ospemifene became a “dominated” strategy when the 282 

probability of complications with ospemifene treatment exceeded 85%.  283 

Two-way sensitivity analysis: 284 

A. Adherence of Different Treatment Strategies 285 

When adherence was assumed to be 100% for all treatment strategies, then oral 286 

ospemifene was “dominated” by both vaginal CO2 laser therapy and vaginal estrogen cream. 287 

Vaginal CO2 laser remained the optimal strategy with the highest effectiveness and an ICER of 288 

$39,508.3 (Table 5). In a two-way sensitivity analysis of vaginal estrogen cream adherence and 289 

vaginal CO2 laser adherence, ospemifene was the optimal treatment strategy if vaginal estrogen 290 

cream adherence was less than 36% and vaginal CO2 laser adherence was less than 38%. 291 

Otherwise the relationship between vaginal estrogen cream adherence and vaginal CO2 laser 292 

adherence was linear such that vaginal estrogen cream was the optimal strategy if adherence was 293 

3-5% more than the vaginal CO2 laser (Figure 2). 294 

B. Adherence and Cost 295 

In a two-way sensitivity analysis of vaginal CO2 laser adherence and vaginal CO2 laser 296 

cost, vaginal CO2 laser therapy still remained the optimal strategy at 200% of its current cost 297 
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($5,554.00) if the adherence was greater than 55%. If the cost fell to 20% of its current cost 298 

($555.40), it was the optimal strategy at all adherence values above 29% (Figure 3). In a two-299 

way sensitivity analysis, even at 20% of its current cost ($160.00), vaginal estrogen cream only 300 

became the preferred strategy when vaginal estrogen cream adherence exceeded 83% (Figure 3). 301 

Similarly, in a two-way sensitivity analysis, ospemifene became the optimal strategy when 302 

ospemifene adherence exceeded 91% at 20% of its current cost ($168.00) (Figure 4). 303 

Discussion/Comment: 304 

1. Principal Findings: 305 

The present study showed that the vaginal fractional CO2 laser is a cost-effective strategy for 306 

the treatment of dyspareunia associated with GSM, as are vaginal estrogen and oral ospemifene.  307 

2. Results: 308 

Our model demonstrated that although all three strategies were cost-effective, the vaginal 309 

CO2 laser was the optimal strategy with the highest effectiveness. We were surprised by this 310 

finding given the higher up-front costs of vaginal laser therapy. Currently, vaginal fractional CO2 311 

laser therapy for non-FDA approved indications is not covered by any private or government 312 

insurance and patients pay out-of-pocket for treatment. The results of our research could support 313 

coverage of vaginal laser therapy, as many insurance companies and Medicaid/Medicare provide 314 

coverage for vaginal estrogen cream and ospemifene.  Our research suggests that the vaginal 315 

CO2 laser is actually the preferred cost-effective strategy and consideration should be made to 316 

providing insurance coverage for this treatment option once the FDA has approved the use of the 317 

vaginal laser for the treatment of GSM-associated dyspareunia. 318 

3. Clinical Findings: 319 
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At all ranges of adherence, both vaginal estrogen cream and ospemifene were cost-effective 320 

strategies. However, the vaginal CO2 laser was always the optimal cost-effective strategy until 321 

adherence fell below 38.8%. Although adherence did not considerably affect cost-effectiveness 322 

in our model, vaginal estrogen cream and ospemifene were not optimal strategies at lower ranges 323 

of adherence. Our base case scenario models real-world situations where adherence rates of 324 

vaginal estrogen cream have been historically low in the general population. Weissman-Brenner 325 

at el retrospectively reviewed 1,782 Israeli patients who were using continuous monotherapy 326 

with estrogen-containing vaginal creams or gels. They found that after 6 months of treatment, 327 

only 54% of patients had asked for another prescription12. Similarly, in a recent study on 23,761 328 

postmenopausal women who were using vaginal estrogen cream, Portman et al demonstrated that 329 

during 12 months of follow-up more than 86.2% to 89.4% of estrogen cream users had 330 

discontinued treatment after the first prescription11. 331 

Current observational cohort studies and randomized controlled trials of vaginal laser 332 

therapy have high compliance rates. While patient’s out-of-pocket payment may confound this 333 

data, other in-office procedures such as intravesical Botox injections and percutaneous tibial 334 

nerve stimulation also have high adherence rates (75%-85%)44-46. If vaginal CO2 laser therapy is 335 

as cost-effective for the patient as other treatment options, then a strategy with higher 336 

compliance rates may overcome suboptimal treatment of GSM due to low adherence. 337 

Long-term efficacy, safety and complications of vaginal laser therapy for the treatment of 338 

GSM is limited. However, one-year and two-year studies seem to highlight the mild and transient 339 

nature of most side-effects of vaginal laser therapy38-40. Gasper et al published an 18-month 340 

prospective study comparing patients who received vaginal laser therapy with vaginal estrogen 341 

cream to those patients who received vaginal estrogen cream alone55. In the vaginal laser group, 342 
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4% of patients experienced side effects including mild-to-moderate pain, transient edema and 343 

vaginal spotting. This was less than the side effects of the vaginal estrogen group, 8% of whom 344 

experienced vaginal spotting, 4% mastodynia and 12% abdominal pain. 345 

Although vaginal estrogen cream and ospemifene have a higher risk of side-effects in the 346 

literature, most of these are short-term and quickly treated. In our model, the health utility scores 347 

related to side-effects of the three treatment options were small. Sensitivity analyses show that 348 

they had minimal effect on the overall cost-effectiveness of the treatment strategies. 349 

4. Research Implications: 350 

At our institution, we try to systematically evaluate efficacy, safety, mechanisms of action, 351 

complications and cost-effectiveness of novel technologies to provide a complete picture. Recent 352 

controversies surrounding medical devices in the women’s health space highlight the critical role 353 

of such a model before wide-spread adoption of these technologies. Our analysis should 354 

encourage hospital systems, private insurance companies and government insurers to consider 355 

coverage of vaginal laser treatments for patients if they are shown to be safe and effective, as 356 

required by FDA. 357 

5. Strength and Limitations: 358 

The major strength of this study was our use of published national data and data from 359 

randomized controlled trials where outcomes measures are collected with careful regular follow-360 

up. Our results are also generalizable given that the vast majority of probabilities, costs, and 361 

utilities came from nationally representative studies and publicly available cost data from 362 

Medicare. Furthermore, our sensitivity analyses varied parameters including adherence across 363 

reasonable ranges of values to investigate factors that could affect the cost-effectiveness of our 364 

model. 365 
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As with any model, we are limited by the availability of data and the accuracy of our 366 

assumptions. This is further limited in the case of more novel therapies with less long-term data, 367 

such as ospemifene and vaginal CO2 laser therapy. We chose to model the reported 368 

complications from recent randomized controlled trials of vaginal laser therapy. Anecdotal 369 

reports and some case series suggest that there may be additional rare complications of the 370 

vaginal laser such as post-treatment burning and scarring.56 With more long-term outcome data 371 

on the horizon from randomized-controlled trials and prospective studies, the vaginal laser 372 

therapy complication profile may have to be updated. 373 

As more efficacy data was available for vaginal laser treatment as mono-therapy for GSM, 374 

we chose not to allow concurrent treatment or crossover between treatment arms. In practice, 375 

many providers may use a multimodal treatment strategy for GSM with vaginal laser therapy in 376 

addition to estrogen or SERM therapy. More complex CEA models may model real-world 377 

situations more accurately, but models should also be simple enough to be reproducible and 378 

transparent. Inherent to the nature of modeling, this balance can be complicated when designing 379 

a model to garner meaningful results. Once more data is available on the outcomes of vaginal 380 

laser therapy plus estrogen or SERM treatment, an additional CEA of multimodal therapy may 381 

be warranted. 382 

Our results should only be used as a guide in the context of existing clinical guidelines. 383 

Clinical decision-making for individual patients should also account for other factors, such as 384 

medical history, comorbidities, and patient preference. Future research on treatment efficacy, 385 

probabilities and costs will help decrease the uncertainty in the model input parameters and 386 

improve the precision of the finding. A unique limitation is that CO2 laser therapy is the only 387 

non-covered treatment modality included in this study, so the costs may be artificially elevated 388 
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compared to vaginal estrogen and ospemifene, which are covered by Medicare. As costs of 389 

treatment evolve over time and more long-term data become available, this research may need to 390 

be replicated to account for these changes. 391 

6. Conclusions: 392 

In conclusion, we found that vaginal fractional CO2 laser therapy is a cost-effective 393 

strategy for the treatment of menopausal dyspareunia, as are vaginal estrogen cream and oral 394 

ospemifene. Our research suggests that the vaginal CO2 laser is actually the preferred cost-395 

effective strategy and consideration should be made to providing insurance coverage for this 396 

treatment option if it is proven to be safe and effective in FDA trials. 397 

 398 
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Tables: 591 

Table 1: Model Outcome Percentage 592 

 593 

 594 

 595 

 596 

 597 

 598 

 599 

Model Outcome Percentages

Variable Probability Source Range

One year adherence to vaginal estrogen cream 28.0% [11, 12] 0%-100%

Symptom improvement with 1 year vaginal estrogen cream 90.0% [7, 8]

Complications with 1 year vaginal estrogen cream 42.0% [7, 8, 9, 15] 0%-100%

*If complications:

Vaginitis with 1 year vaginal estrogen cream 14.5% [7, 8, 9, 15]

Headache with 1 year vaginal estrogen cream 34.3% [7, 8, 9, 15]

Breast tenderness with 1 year vaginal estrogen cream 3.6% [7, 8, 9, 15]

Vaginal bleeding with 1 year vaginal estrogen cream 21.0% [7, 8, 9, 15]

Endometrial hyperplasia/cancer with 1 year vaginal estrogen cream 2.9% [7, 8, 9, 15]

Vaginal discharge with 1 year vaginal estrogen cream 23.8% [7, 8, 9, 15]

One year adherence to ospemifene 88.0% [15, 16, 17] 0%-100%

Symptom improvement with 1 year ospemifene 70.0% [16, 17, 20]

Complications with 1 year ospemifene 29.0% [20, 21, 22] 0%-100%

*If complications:

Hot flashes with 1 year ospemifene 24.3% [20, 21, 22]

Vaginitis with 1 year ospemifene 26.7% [20, 21, 22]

Muscle spasms with 1 year ospemifene 28.0% [20, 21, 22]

Vaginal bleeding with 1 year ospemifene 19.0% [20, 21, 22]

Endometrial hyperplasia/cancer with with 1 year ospemifene 2.1% [20, 21, 22]

One year adherence to CO2 vaginal laser 88.0% [44, 45, 46, 55] 0%-100%

Symptom improvement with CO2 vaginal laser 90.0% [39, 40, 43]

Complications after CO2 vaginal laser 6.6% [39, 40, 43] 0%-100%

*If complications:

Vaginitis after CO2 vaginal laser 14.5% [39, 40, 43]

Dysuria after CO2 vaginal laser 45.5% [39, 40, 43]

Vaginal bleeding after CO2 vaginal laser 21.0% [39, 40, 43]

* Indicates conditional probabilities
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Table 2: Model Utility Values 600 

 601 

Table 3: Model Cost Estimates 602 

 603 

 604 

 605 

 606 

 607 

 608 

 609 

 610 

 611 

Model Utility Values

Variable Utility value Source Range

Dyspareunia 0.65 [47, 48] 0.2 -0.85

Improved dyspareunia after treatment 0.90 [47, 48] 0.65-0.95

Headache 0.79 [49] 0.3-0.95

Breast tenderness 0.83 [48] 0.4-0.98

Postmenopausal vaginal bleeding 0.83 [50] 0.4-0.98

Endometrial hyperplasia/cancer 0.76 [51] 0.3-0.95

Vaginal discharge 0.96 [48] 0.5-1.0

Vaginitis 0.96 [48] 0.5-1.0

Dysuria 0.90 [52] 0.45-1.0

Hot flashes 0.85 [48] 0.4-0.98

Muscle spasms 0.71 [48] 0.3-0.95

Model Cost Estimates

Variable Cost Source Range

3 months of vaginal estrogen cream $200.00 [53, 54] $40-$400

1 year of vaginal estrogen cream $800.00 [53, 54] $160-$1600

3 months of ospemifene $210.00 [53, 54] $42-$420

1 year ospemifene $840.00 [53, 54] $168-$1680

1 session of CO2 vaginal laser treatement $911.00 [53, 54] $182.20-$1822

3 sessions of CO2 vaginal laser treatment $2,733.00 [53, 54] $546.60-$5466
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Table 4: Base case one-year cost, effectiveness, and incremental cost-effectiveness ratio for 612 

GSM-associated dyspareunia treatment options ranks by cost 613 

614 

Table 5: One-year cost, effectiveness, and incremental cost-effectiveness ratio for GSM-615 

associated dyspareunia treatment options ranks by cost assuming 100% adherence for all 616 

strategies 617 

618 

 619 

 620 

 621 

 622 

 623 

Model Strategy Cost (2017 Medicare $US)

Incremental 

cost

Effectiveness 

(QALY)

Incremental 

effectiveness 

(QALY)

ICER (2017 

US$/QALY)

Base case adherence

Moderate Dyspareunia Vaginal estrogen $344.00 - 0.69 - -

Ospemifene $462.00 $118.00 0.71 0.02 $5,711.14

CO2 vaginal laser $2,497.10 $2,035.10 0.84 0.12 $16,372.01

Base case adherence

Severe Dyspareunia Vaginal estrogen $344.00 - 0.57 - -

Ospemifene $462.00 $118.00 0.61 0.02 $3,254.15

CO2 vaginal laser $2,497.10 $2,035.10 0.80 0.19 $10,651.98

Model Strategy Cost (2017 Medicare $US)

Incremental 

cost

Effectiveness 

(QALY)

Incremental 

effectiveness 

(QALY)

ICER (2017 

US$/QALY)

100% adherence

Moderate Dyspareunia Vaginal estrogen $800.00 - 0.82 - -

CO2 vaginal laser $2,777.00 $1,977.00 0.87 0.05 $39,508.31

Ospemifene $840.00 $40.00 0.8 -0.02 Dominated

100% adherence

Severe Dyspareunia Vaginal estrogen $800.00 - 0.80 - -

CO2 vaginal laser $2,777.00 $1,977.00 0.85 0.05 $39,508.31

Ospemifene $840.00 $40.00 77 -0.03 Dominated
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Figure 1: Tornado Plots 624 
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Figure 2  634 
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