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ABSTRACT    24 

Purpose: We aim to provide a comprehensive overview of the role of the vagina as a route for drug 25 

delivery and absorption, with a particular focus on the use of vaginal hormonal compounds for the 26 

treatment of deep infiltrating symptomatic endometriosis. 27 

Methods: A MEDLINE search through PubMed was performed to identify all published studies in 28 

English language on vaginal hormonal treatments for symptomatic endometriosis. 29 

Results: Main advantages of the vaginal route include avoidance of the hepatic-first pass metabolic 30 

effect, the possibility of using lower therapeutic dosages, and the reduction of side effects compared 31 

with the oral administration. Studies on endometriosis treatment mainly focused on the use of 32 

vaginal danazol (n=6) and the contraceptive vaginal ring (n=2). One pilot study evaluated the 33 

efficacy of vaginal anastrozole in women with rectovaginal endometriosis. Most investigations 34 

evaluated the vaginal use of hormonal agents in women with deep infiltrating 35 

endometriosis/rectovaginal endometriosis. Overall, a substantial amelioration of pelvic pain 36 

symptoms associated with endometriosis was observed, particularly of dysmenorrhea. A significant 37 

reduction in rectovaginal endometriotic nodule dimensions measured at ultrasound examination was 38 

detected by some but not all authors. 39 

Conclusions: The vaginal route represents a scarcely explored modality for drug administration. 40 

High local hormonal concentrations might achieve a greater effect on endometriotic lesions 41 

compared with alternative routes. Future studies should focus on the use of the vagina for delivering 42 

target therapies particularly in patients with deeply infiltrating rectovaginal lesions. 43 

KEYWORDS: Intravaginal administration; vaginal ring; endometriosis; aromatase inhibitors; 44 

danazol; contraceptive vaginal ring 45 

 46 
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INTRODUCTION 47 

In the last decades, technological innovations in drug delivery have led to a wider range of sites for 48 

drug administration. Historically, the oral route represents the most frequently adopted one. 49 

However, another scarcely explored way of drug delivery is the vaginal route; although a large 50 

body of evidence proves the ability of this organ to absorb a wide variety of medication [1].   51 

The first published reports of drugs administered intravaginally are dated 1918, when Macht 52 

reported the absorption of morphine, potassium iodide and atropine [2]. Since then the vaginal route 53 

has been adopted for numerous, chemically different, compounds, such as misoprostol, 54 

bromocriptine, indomethacin, antimicrobials, and various steroidal hormones including estrogens, 55 

progestogens and androgens [1, 3].    56 

 An important field of application for intravaginal therapies could be endometriosis; in fact, 57 

in the past years, some authors have evaluated the efficacy of various vaginal hormonal compounds 58 

for the treatment of rectovaginal endometriosis with promising results [4-6]. 59 

Endometriosis is an estrogen-dependent chronic inflammatory disorder that requires a life-60 

long management plan. Some authors suggest that women with endometriosis should no longer be 61 

evaluated as a single and unique population [4]. In this optic, each woman should have a tailored 62 

approach based on her main disabling symptom and the type of lesion [4]. In particular, deep 63 

infiltrating endometriosis (DIE) represents the truly severe endometriotic disease [7]. DIE is a form 64 

of endometriosis characteristically related to marked proliferation of smooth muscle cells and 65 

fibrosis [8]. Deep lesions could infiltrate the muscular layer of different hollow organs, such as 66 

vagina, bowel, and bladder. Patients with DIE are usually the ones complaining most for pain and 67 

with the greatest alteration on the quality of life (QoL).  68 

Long-term adherence to treatment is pivotal to ensure an effective clinical management 69 

[4,9]. The rationale of the pharmacological therapy for symptomatic endometriosis is the 70 
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establishment of a hypo-estrogenic milieu, generally achievable through the use of hormonal 71 

therapies such as, for instance, estrogen-progestins and progestins [4]. These compounds could be 72 

administered orally, vaginally, intra-uterine, subcutaneously or intramuscularly [4].    73 

In this narrative review, we aimed to provide a broad overview on the role of the vagina as a 74 

route for drug delivery and absorption, with a specific focus on the use of vaginal hormonal 75 

compounds for the treatment of deep infiltrating symptomatic endometriosis. 76 

MATERIALS AND METHODS 77 

For this review, the best quality evidence was selected with preference given to the most 78 

recent and definitive original articles and reviews. Information was identified by searches of 79 

Pubmed/MEDLINE and references from relevant articles, using combinations of MESH terms 80 

“intravaginal administration”, “pharmacodynamics”, “endometriosis”, “deep infiltrating 81 

endometriosis”, “vaginal danazol”, “contraceptive vaginal ring”, “vaginal ring”, and “aromatase 82 

inhibitors”. The search was limited to peer-reviewed, full-text articles in the English language. For 83 

most issues, papers published between March 1990 and December 2016 were considered. No 84 

attempt was made to find unpublished studies. Since only published data were considered, the 85 

current research project was exempt from Institutional Review Board approval. 86 

RESULTS 87 

➢ Role of the vagina as a route for drug delivery and absorption  88 

The vagina is a collapsed organ, in which the surface absorption area is augmented by the presence 89 

of numerous rugae and could reach a maximum of 95 cm2 in standard conditions [10].   90 

  One of the peculiar aspects of the vagina is represented by its vascular supply that comprises 91 

a complex network of veins. In particular, the different portions of the vagina are drained by various 92 

venous systems influencing drug absorption depending on the level at which the compound has 93 
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been introduced [10]. The uterine and ovarian plexus are linked to the venous return of the superior 94 

part of the vagina, and they drain directly into the internal iliac vein, by-passing the hepatic portal 95 

system. In particular, a pharmacological compound administered in the superior part of the vagina 96 

has a specific affinity for the uterine tissues, especially for the endometrium, due to the extensive 97 

vascular connections between these two organs. This phenomenon, given its similarity with the 98 

hepatic-first pass metabolism secondary to the oral administration, has been termed “uterine first-99 

pass effect” [11]. Instead, the inferior part of the vagina is connected to the hemorrhoidal and 100 

pudenda internal plexus, which leads to the portal system and is subject to the metabolizing action 101 

of the liver [3].  102 

 In general, drug absorption is a passive process regulated by different factors such as 103 

molecular weight, liposolubility, constancy of diffusion, time, and surface of diffusion [10]. In 104 

addition, vaginal drug absorption is also influenced by some physiological factors, including age, 105 

pregnancy, hormone status, and pH changes. The modifications of this latter element are secondary 106 

to numerous variables such as bacterial colonization, semen, menstruation, and estrogen status. 107 

Vaginal absorption of a drug could be impacted by the presence of a larger volume of vaginal fluids 108 

that can favor a more rapid and efficient dissolution of compounds characterized by low 109 

hydrosolubility but, at the same time, can raise the possibilities of a drug to be ejected due to 110 

gravity. Moreover, the presence of cervical mucus with high viscosity could represent an obstacle to 111 

drug absorption [12].   112 

Another factor to keep in mind when prescribing intravaginal therapies is the age of the 113 

patient; in fact, in post-menopausal women, the thickness of the vaginal walls is reduced, and the 114 

absorption of steroids is higher than in fertile women [13]. In addition, changes in hormone levels, 115 

especially estrogen, during the menstrual cycle, cause alterations in the thickness of the epithelial 116 

cell layer, width of intercellular channels, pH, and secretions, with subsequent variations in vaginal 117 

drug absorption [10,14]. Estrogenization of the vaginal mucosa improves absorption of hormones 118 
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through the vaginal wall [10,15]. Finally, the formulation and the carrier also influence the 119 

absorption rate. For example, creams’ absorption is higher compared to rings and tablets [10].  120 

One of the most studied vaginal pharmacological compounds is represented by the vaginal 121 

contraceptive ring (CVR) (ethinyl estradiol (EE) 15 μg + etonogestrel (ENG) 120 μg).  Numerous 122 

studies have compared the pharmacokinetics of the steroids released by the CVR with those 123 

discharged by various combined oral contraceptive (COC) [16-18]. Timmer and Mulders [17] 124 

performed a randomized crossover study on 16 healthy women demonstrating that maximal serum 125 

concentration (Cmax) of ENG and EE obtained with the vaginal contraceptive ring were 40% and 126 

30% inferior of those gained with a COC containing 150 μg of desogestrel (DSG) and 30 μg of EE. 127 

In the same study group, absolute bioavailability was comparable for EE but higher for ENG with 128 

the CVR compared with the COC (103% vs 79%) [17].  129 

A randomized open-label study [18], performed on 24 women, compared different serum EE 130 

levels subsequent to the use of the CVR, of the transdermal patch or of a COC (EE 30 μg + 131 

levonorgestrel (LNG) 150 μg). Cmax of EE for the ring, the patch, and the COC were 37.1 pg/ml, 132 

105 pg/ml, and 168 pg/ml, respectively. In addition, analysis of area under the EE concentration-133 

versus-time curve (AUC) during 21 days of treatment showed that exposure to EE in the CVR 134 

group was 3.4 times lower than in the patch group and 2.1 times lower than in the COC group. 135 

These findings suggest that suppression of ovulation with the CVR is comparable to that reached 136 

with COCs but with lower circulating levels of EE.  137 

Moreover, Roumen et al. [19] compared the uterine concentrations of EE and ENG after use 138 

of CVR and a COC (EE 20 μg + DSG 150 μg). In both groups, concentration of ENG and EE were 139 

comparable in uterine samples of the myometrium and cervical region. However, unexpectedly, in 140 

women treated with the CVR concentration of both ENG and EE were significantly lower in tissue 141 

samples from the endometrium. Finally, Dogterom et al. [20] performed a pharmacokinetic study in 142 

order to assess the potential interaction of a concomitant treatment with oral antibiotics (amoxicillin 143 
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and doxycycline). No differences in ENG or EE serum concentrations were identified between 144 

women using vaginal contraceptive ring alone versus those receiving the ring plus either of the 145 

antibiotics. Conversely, co-administration of vaginal anti-mycotic resulted in a slight rise in 146 

systemic exposure of both ENG and EE, in particular with suppositories antifungal formulations 147 

[21]. 148 

Pharmacokinetic studies on progestogen only CVR demonstrated a good correlation 149 

between in vitro and in vivo release rates of LNG [22]. Serum levels reached the peak concentration 150 

2 hours after the insertion of the ring, after which levels diminished at a rate of 0.2%/day during 90 151 

days of continuous use. Other pharmacokinetic studies on various progestogen-releasing vaginal 152 

ring have been conducted. As an example, Landgren et al. [23, 24] evaluated two types of vaginal 153 

ring releasing norethisterone (NET) at a rate of 50 μg/daily and 200 μg /daily. The ring containing 154 

the lower dose of NET did not inhibit ovulation with consequent high pregnancy rate, whereas 155 

those releasing the higher dose of NET displayed a strong ovulation-inhibiting effect but showed a 156 

high frequency of unscheduled bleeding.  157 

➢ Vaginal therapies for the treatment of symptomatic deep infiltrating endometriosis 158 

The intravaginal route has been underused for the treatment of endometriosis (Table 1). The 159 

majority of the evidence regarding the vaginal route for the management of endometriosis are 160 

derived from the use of danazol.  161 

Danazol is a synthetic derivative of 17α-ethyniltestosterone with mild androgenic activity. 162 

Oral danazol has been widely adopted in the treatment of endometriosis at the daily dosage of 400-163 

800 mg, resulting in high serum concentration of the compound, which may elicit androgenic 164 

adverse effects, such as acne, hirsutism, weight gain, deepening of voice pitch, and alteration of the 165 

blood lipid profile [32,33]. Oral danazol acts on endometriotic lesions at two levels: firstly, danazol 166 

shows inhibitory effect on the hypothalamic-pituitary-ovarian axis; secondly, danazol can work 167 
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directly on endometriotic tissues through the inhibition of aromatase activity, reducing 168 

inflammation and the production of angiogenic factors, making endometriotic lesions inactive and 169 

atrophic [34]. However, danazol used orally for an extended period is not advisable, due to the 170 

important androgenic side effects, and for this reason different study groups have assessed its 171 

vaginal use (Table 1).  172 

 First, Igarashi et al. [25,26] evaluated the efficacy of a danazol-loaded vaginal ring in 173 

women with endometriosis. In the first study [25], the vaginal ring (releasing 95 mg of danazol per 174 

day) was used in 35 infertile women with endometriosis. Authors found a substantial amelioration 175 

in both dysmenorrhea and a decrease in the extent of pelvic endometriosis. In addition, as vaginal 176 

danazol did not inhibit ovulation, 13 patients conceived while using the vaginal ring. This point is 177 

particular concerning due to the potential teratogenic effects of this drug [35].  In fact, as reported in 178 

a previous retrospective review [35] on 129 women exposed to danazol during pregnancy, only 37 179 

delivered a normal male and 24 a non-virilized female, whereas, 23 women gave birth to a virilized 180 

female. All the abnormalities have been reported in those patients who continued danazol 181 

administration after the 8th week of gestation. In this view, danazol should remain contraindicated in 182 

pregnancy and a careful contraceptive advice to patients under danazol therapy should be given. 183 

In the second study [26], danazol was administered using a vaginal ring drug delivery 184 

system containing 1500 mg of danazol. Igarashi et al. [26] enrolled 56 infertile women with 185 

endometriosis, 42 with DIE, and 14 with ovarian endometriomas.  All the enrolled patients showed 186 

normal menstruation pattern and basal body temperature curves; in addition, 39 of them conceived 187 

during the study period, and none of the female infants born presented signs of masculinization. 188 

Serum levels of danazol remained undetectable. The effectiveness on pain symptoms differed in the 189 

two groups, in fact, dysmenorrhea disappeared in 76% (32/42) of the patients with DIE, but only in 190 

50% (7/14) in the group with ovarian endometriomas. In addition, also at transvaginal ultrasound 191 

the size of the ovarian cysts, conversely to endometriotic deep nodules, remained unchanged in 192 
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almost 80% of cases (11/14). Moreover, one woman out of four (2/8) conceived in the ovarian 193 

endometriotic cyst group, compared to one out of two (17/31) in the DIE group. A plausible 194 

explanation for this different outcome in the two study groups could be attributed to the proximity 195 

of deep endometriotic lesions to the site of action of the vaginal ring. In this way, the drug released 196 

from the vaginal ring should ideally reach higher concentrations in the vaginal endometriotic lesion.  197 

 Razzi et al. [27] treated 21 symptomatic patients with DIE with low dose vaginal danazol 198 

(200 mg/d) for 12 months. Dysmenorrhea and dyspareunia were relieved in 19 out of the 21 women 199 

and were improved in the remainders. Relief from dyschezia was also observed. At ultrasound 200 

examination, a reduction of the volume of the rectovaginal nodule was demonstrated (from 3.11.2 201 

mL to 1.20.8 mL). Moreover, the vaginal use did not alter metabolic or thrombophilic parameters, 202 

and the main reported side effect was a vaginal irritation during the first month of treatment in only 203 

four cases. These promising results were similar to those obtained by Bhattacharya et al. [29], who 204 

adopted in 21 patients with severe endometriosis (stage IV), for a total treatment period of six 205 

months, the same vaginal dosage of danazol.  206 

 In 2011, Ferrero et al. [30], evaluated the effectiveness of therapy with very low-dose of 207 

vaginal danazol (100 mg/d) in patients with rectovaginal endometriosis and persistent pain 208 

symptoms refractory to the use of a levonorgestrel-releasing intrauterine device (LNG-IUD). 15 209 

women were enrolled for the study, and the daily administration of danazol lasted six months. At 210 

the end of the study period, the satisfaction rate associated with the treatment was 80%. In addition, 211 

the volume of the rectovaginal plaque decreased during treatment (from 2.30.9 cm3 to 1.70.8 212 

cm3). Side effects were minimal and well-tolerated, the most frequently reported was acne (n = 4).  213 

 The above-mentioned studies confirm the potential beneficial role of vaginal danazol in the 214 

treatment of women with endometriosis, in particular in those with deep infiltrating and vaginal 215 

localizations. Contrarily to oral administration, vaginally administered danazol showed limited 216 

androgenic side effects, and its serum levels remained low or undetectable. These results are 217 
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consistent with those of Mizutani et al. [36], who demonstrated that danazol concentration in the 218 

ovary and uterus after daily vaginal administration of 100 mg of danazol were analogous to those 219 

reached after oral administration of 400 mg, and, at the same time, serum level after daily 220 

intravaginal danazol use was less than 1/20 of that after oral administration.   221 

  Another vaginally administered drug that has been evaluated for the treatment of 222 

endometriosis is an estrogen-progestogen contraceptive ring [5,31] (Table 1). In 2010, Vercellini et 223 

al. [5], performed a patient preference trial on 207 women with recurrent moderate or severe pelvic 224 

pain after conservative surgery for symptomatic endometriosis, comparing the CVR (EE 15 μg + 225 

ENG 120 μg) and a transdermal patch (EE 20 μg + norelgestromin 150 μg). A total of 123 (59%) 226 

women preferred the CVR, whereas 84 (41%) chose the patch. Both treatments were administered 227 

continuously for 12 months. Fifty-nine (28%) patients with rectovaginal endometriosis were 228 

included in the study group. The rate of withdrawal was high in both group, 36% in the CVR group 229 

and 61% in the transdermal patch group. Bleeding control was suboptimal with both delivery 230 

systems, in fact, by the end of the study period 46% of the patients who chose the ring and 42% of 231 

those who preferred the patch changed from continuous to cyclic use. Pelvic pain symptoms were 232 

reduced in both groups. In particular, the CVR performed better than the patch regarding 233 

dysmenorrhea relief in patients with rectovaginal endometriotic lesions. A considerable 234 

amelioration of deep dyspareunia was also obtained. No significant major adverse event was 235 

recorded. At the end of study, 71% of the patients who have chosen the CVR declared to be 236 

satisfied with the treatment, whereas the percentage of satisfied women dropped to 48% in the patch 237 

group. In the sub-group of women with rectovaginal lesions, the percentage of satisfied women was 238 

higher in both groups: 79% in the CVR group and 57% in patients treated with the patch.  239 

 A second patient preference trial [31] compared the CVR, administered cyclically, to the 240 

desogestrel-only contraceptive pill (75 μg/d) for the treatment of symptomatic patients with 241 

rectovaginal endometriosis. The duration of the treatment was 12 months; 60 women chose the 242 
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progestin-only pill and 83 the CVR. At the end of the study, the rate of satisfied women was higher 243 

in the group treated with desogestrel-only pill (61.7% vs. 36.1%). The discontinuation rate and the 244 

reduction in volume of rectovaginal nodules were similar in the two study groups. Gastrointestinal 245 

symptoms, chronic pelvic pain and deep dyspareunia were improved more in the progestin-only pill 246 

than in CVR group.  247 

The potential beneficial role of vaginally administered aromatase inhibitors has been 248 

evaluated in a pilot study [6] on ten symptomatic patients with histologically confirmed 249 

rectovaginal endometriosis. Women received 0.25 mg/d of vaginal anastrozole for 6 months. The 250 

preliminary results were encouraging and patients reported an improvement of dysmenorrhea and 251 

QoL. However, chronic pelvic pain, dyspareunia as well as rectovaginal lesion size remained 252 

unchanged. The dual energy absorptiometry (DEXA) scans, performed before the initiation of the 253 

study and within one month after the end of the treatment, show no change in bone mineral density. 254 

Serum hormonal levels were repeatedly measured during the study period and within one month 255 

after the completion of the treatment. No statistically significant differences were observed in 256 

values for gonadotropins FSH and LH or for P and E2. In women with endometriosis the inhibition 257 

of the hypothalamic-pituitary-ovarian axis is of fundamental importance. Therefore, as suggested by 258 

Hefler et al. [6], a combined therapy with a hormonal drug capable of inhibit ovulation should be 259 

proposed.  260 

 Recently, a vaginal ring containing a combination of anastrozole (ATZ) and the progestin 261 

LNG has been developed for the treatment of endometriosis and tested in healthy cycling female 262 

cynomolgus monkeys [37]. The intravaginal system was effective in causing a reduction of 263 

systemic E2 by about 30% in the proliferative phase without stimulating the development of ovarian 264 

cysts or the increase of FSH. In fact, one of the major limitation of aromatase inhibitors use in 265 

premenopausal women is the possible stimulation of follicular development, secondary to the rising 266 

of gonadotropin levels, which can lead to the formation of ovarian cysts [38]. To prevent this 267 
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phenomenon, a combination of aromatase inhibitors and a combined oral contraceptive (OC) or 268 

progestin could be advisable.  269 

A multicenter Phase I, randomized controlled trial [39], was conducted to evaluate the 270 

pharmacokinetics, pharmacodynamics, safety and tolerability of intravaginal ring containing three 271 

different dose combinations of AZT and LNG (Treatment A: 1 ring, 500 μg/d ATZ and 20 μg/d 272 

LNG; Treatment B: 1 ring, 1000 μg/d ATZ and 30 μg/d LNG; Treatment C: 2 ring, 1500 μg/d ATZ 273 

and 40 μg/d LNG. The trial was performed on 60 healthy premenopausal women and the treatment 274 

period consisted of 56 days (two cycles of 28 days without ring-free interval). During the study 275 

period the mean size of the largest follicle-like structures was higher in all three treatment arms than 276 

during the pre-treatment cycle; however, changes in the mean size of the cysts were comparable to 277 

those described for low-dose progestin-only OC and generally resolved during the 2-month 278 

treatment period. Serum E2 levels were below 20 pg/ml in both cycles only in the mid- and high-279 

dose groups. All the three combinations of AZT and LNG were well tolerated. To achieve a LNG 280 

systemic exposure similar to that obtained after daily oral administration, the optimal intravaginal 281 

ring LNG delivery rate was 40 pg/ml. The doses selected for AZT to be investigated in Phase 2 282 

studies on patients with endometriosis were 300, 600 and 1050 μg/d. 283 

DISCUSSION 284 

The main potential advantages of the vaginal administration of therapeutics are the reduction of 285 

daily dosages and the continuity of drug release. Moreover, the possibility of extending the interval 286 

between doses represents a favorable option for the patient that can enhance her adherence to the 287 

drug regimen [3]. 288 

 Another advantage of the vaginal route compared to oral administration is the by-passing of 289 

gastrointestinal absorption and thus of the hepatic first-pass effect. Unpredictable factors, like 290 

vomiting or reduced absorbent capacity of the bowel, could interfere with the gastrointestinal 291 

absorption. In addition, both the liver and the gastrointestinal system are accountable for the 292 
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elimination of numerous compounds [40]. For this reason, avoidance of the hepatic first-pass effect 293 

is especially useful for drugs subject to an intense hepatic metabolism. As an example, natural 294 

estrogens, when given orally, are metabolized by the liver for the 95%. Consequently, the 295 

possibility of vaginal drug delivery permits the prescription of lower doses with reduced incidence 296 

of side effects and, at the same time, is able to reach the same pharmacodynamic effect [41]. In fact, 297 

the avoidance of hepatic first pass metabolism with vaginal delivery of estradiol permits the use of a 298 

10- to 20-fold lower dose to obtain the same systemic levels compared with oral administration 299 

[41]. 300 

 An additional advantage of the intravaginal route is its reversibility and easiness of use, 301 

which makes the woman in control of its application. However, at the same time, this represents one 302 

of the major obstacles to overcome. In fact, a large part of the female population perceives the idea 303 

of inserting a drug (ring, tablet or gel) in the vagina as a “foreign body” that can interfere with 304 

personal hygiene or can cause adverse effects on coitus [42]. In addition, as demonstrated by an 305 

online survey in 2004, entitled the International Vagina Dialogue Survey, more than half of the 306 

interviewed didn't know the correct anatomy of the vagina and only 35% were aware of the 307 

possibility of using the vaginal route for drug administration. In this view, the role of gynecologists, 308 

in counseling their patients regarding popular misconceptions about the vagina and the applicability 309 

of this route for drug administration is of primary importance [42]. 310 

 The disadvantages associated with the intravaginal route include the risk of spontaneous 311 

expulsion of vaginal rings, that occasionally goes unnoticed, the possibility of increased local 312 

adverse effects, such as vaginal infection, increased leucorrhea, vaginal discomfort and local 313 

lesions. In a large observational study on the use of the CVR [43] the most commonly reported side 314 

effects were headache (6%), vaginitis (6%) and leucorrhea (5%). Vaginal discomfort and ring-315 

related local events were described in 2% and 4% of the enrolled patients [43]. The withdrawal rate 316 

due to vaginitis and leucorrhea was low (1.3%) [43]. Another clinical trial [44] compared the CVR 317 
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with a COC (EE 30 μg + LNG 150 μg), with a follow-up of 12 months. A high percentage of 318 

women enrolled in the CVR group reported vaginitis and leucorrhea during the study period (11%), 319 

however, only 1% discontinued the CVR for this reason. Fine et al. [45] evaluated the safety and 320 

efficacy of the CVR in 81 women who had undertaken a surgical abortion. The CVR was inserted a 321 

week after the surgical procedure. After one month, 4% of the patients had experienced a bacterial 322 

vaginosis and 2% a Candida infections. Finally, the increased risk of bacterial vaginosis was 323 

supposed also by Archer et al. [46], who reported an improved Nugent score in 40% of vaginal 324 

contraceptive rings users.  325 

 Another field of concern regarding CVR is the fear of feeling the ring during coitus and 326 

during everyday activity. Two large studies [47-48] showed reassuring results, in fact, more than 327 

85% of the participants reported that they did not perceive the ring during sexual intercourses.  328 

The rationale behind the use of local treatments for vaginal endometriosis includes the 329 

above-mentioned advantages of the vaginal route, comprising the avoiding of the hepatic first-pass 330 

effect, the possibility of adopting lower doses than those required for oral administration, the 331 

reduction of side effects. Moreover, a local administration in close proximity to the endometriotic 332 

nodules and plaques could result in higher concentrations of the drug in the surrounding area, with 333 

the potential result of a “target lesion” therapy. Overall, a substantial amelioration of pelvic pain 334 

symptoms associated with endometriosis was observed, particularly of dysmenorrhea.  335 

Several studies have demonstrated that vaginal administration of danazol allows the use of 336 

significantly lower doses than those adopted for the oral route, with serum concentration being 337 

lower than after oral assumption [34, 36]. In fact, low-dose vaginal danazol has been adopted with 338 

positive results in mild-to-moderate endometriosis at a daily dose of 100 mg and 200 mg [27,29,30] 339 

(Table 1), whereas, in most studies, higher oral daily doses (400 to 800 mg) are needed to achieve 340 

positive outcomes on pain symptoms [49-62]. In addition, vaginal danazol has been proven to be 341 

effective for endometriosis-related pain with limited side effects [25-30,34].  342 
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 In addition, an increased expression of aromatase activity has been demonstrated in 343 

endometriosis lesions. This overexpression provokes a hyperestrogenic milieu within the implant 344 

that could favor the progression of the disease [34]. Furthermore, aromatase activity is absent in 345 

normal human endometrium and is increased in endometriosis lesions [63]. Almost all the available 346 

evidence concerning the use of aromatase inhibitors in patients with endometriosis refer to oral 347 

drugs [64-74]. Only a pilot study [6] has evaluated the potential role of vaginal anastrozole on 348 

women with symptomatic rectovaginal endometriosis, with encouraging preliminary results. Given 349 

this background, the use of vaginal drugs with inhibitory activity on this enzyme, like danazol or 350 

aromatase inhibitors, could have a role specifically in the treatment of vaginal endometriosis.    351 

CONCLUSIONS 352 

 Future studies should focus on implementation of the use of the vagina as a drug delivery 353 

modality, in particular in those patients with deep infiltrating and vaginal lesions. In fact, as 354 

demonstrated in previous studies [5,26], vaginal treatments appeared efficacious mostly in women 355 

with rectovaginal lesions, probably due to the higher local concentration of drug obtainable from 356 

direct contact between the drug itself and the lesions located in the posterior fornix.  357 

 Women should be carefully instructed about the correct modality for positioning drugs 358 

intravaginally. In fact, the compounds should be placed at bedtime, deeply into the cranial portion 359 

of the vaginal canal to prevent drug dispersion with subsequent variability of serum levels. 360 

Moreover, the correct placement of vaginal drugs appears crucial particularly in women with DIE, 361 

in order to obtain a high drug concentration near the endometriotic vaginal lesions and avoid 362 

absorption of the compound into the hemorrhoidal and internal pudendal vascular plexuses.  363 

  Ideally, in endometriosis patients’ hormonal drugs should inhibit ovulation. Therefore, in 364 

case aromatase inhibitors are used vaginally, they should be combined with progestins at doses 365 

sufficient to inhibit the hypothalamic-pituitary-ovarian axis.  366 
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The vaginal route represents a partially unexplored route for drug administration, especially 367 

in women with vaginal endometriosis. Transvaginal drug delivery offers several biochemical and 368 

metabolic advantages, beyond its simplicity and reversibility of use.  There is a great need for 369 

further research in this promising field of application of hormonal drugs for the treatment of the 370 

most demanding forms of endometriosis. 371 



   

 
Buggio et al., 18 

CONTRIBUTION TO AUTHORSHIP 372 

L Buggio: Project development, Data collection, Manuscript writing/editing 373 

C Lazzari: Data collection, Manuscript editing 374 

E Monti: Data collection 375 

G Barbara: Data collection, Manuscript editing 376 

N Berlanda: Data collection 377 

P Vercellini: Project development, Manuscript writing/editing 378 

COMPLIANCE WITH ETHICAL STANDARDS: 379 

Funding: This article was financed by Italian fiscal contribution "5x1000" - Ministero 380 

dell'Istruzione, dell'Università e della Ricerca - devolved to Fondazione Istituto di Ricovero e Cura 381 

a Carattere Scientifico Ca' Granda Ospedale Maggiore Policlinico, Milano, Italy. 382 

Conflict of interest: all authors declare that have no conflict of interest 383 

Ethical approval: this article does not contain any studies with human participants or animal 384 

performed by any of the authors  385 



   

 
Buggio et al., 19 

REFERENCES 386 

1. Lete I, Luis Dueñas JL, Esplugues JV, Marti-Cabrera M (2010) Is the vagina an 387 

adequate route for the administration of hormonal contraceptives? Curr Drug Metab 388 

11:839-849. 389 

2. Macht DI (1918) The absorption of drugs and poisons through the vagina. 390 

J Pharmacol Pathol 10:509–22. 391 

3. Alexander NJ, Baker E, Kaptein M, Karck U, Miller L, Zampaglione E (2004) Why 392 

consider vaginal drug administration? Fertil Steril 82:1-12. 393 

4. Vercellini P, Buggio L, Berlanda N, Barbara G, Somigliana E, Bosari S (2016) 394 

Estrogen-progestins and progestins for the management of endometriosis. Fertil Steril 395 

106(7):1552-1571 e2. doi: 10.1016/j.fertnstert.2016.10.022. 396 

5. Vercellini P, Barbara G, Somigliana E, Bianchi S, Abbiati A, Fedele L (2010) 397 

Comparison of contraceptive ring and patch for the treatment of symptomatic 398 

endometriosis. Fertil Steril 93:2150-2161. doi: 10.1016/j.fertnstert.2009.01.071. 399 

6. Hefler LA, Grimm C, van Trotsenburg M, Nagele F (2005) Role of the vaginally 400 

administered aromatase inhibitor anastrozole in women with rectovaginal 401 

endometriosis: a pilot study. Fertil Steril 84:1033-1036. 402 

7. Vercellini P (2015) Introduction: management of endometriosis: moving toward a 403 

problem-oriented and patient-centered approach. Fertil Steril 104:761-763. doi: 404 

10.1016/j.fertnstert.2015.09.004. 405 

8. Chapron C, Fauconnier A, Dubuisson JB, Barakat H, Vieira M, Bréart G (2003) Deep 406 

infiltrating endometriosis: relation between severity of dysmenorrhoea and extent of 407 

disease. Hum Reprod 18:760-766. 408 

9. Practice Committee of the American Society for Reproductive Medicine (2014) 409 

Treatment of pelvic pain associated with endometriosis: a committee opinion. Fertil 410 

Steril 101:927–935. 411 



   

 
Buggio et al., 20 

10. Cicinelli E (2008) Intravaginal oestrogen and progestin administration: advantages and 412 

disadvantages. Best Pract Res Clin Obstet Gynaecol 22:391-405. 413 

11. De Ziegler D, Bulletti C, De Monstier B, Jääskeläinen AS (1997) The first uterine pass 414 

effect. Ann N Y Acad Sci 828:291-299. 415 

12. Katz DF, Dunmire EN (1993) Cervical mucus: problems and opportunities for drug 416 

delivery via the vagina and cervix. Adv Drug Deliv Rev 11:385-401. 417 

13. Pschera H, Hjerpe A, Carlstrom K (1989) Influence of the maturity of the vaginal 418 

epithelium upon the absorption of vaginally administered estradiol-17β and 419 

progesterone in postmenopausal women. Gynecol Obstet Invest 27:204-207. 420 

14. Vermani K, Garg S (2000) The scope and potential of vaginal drug delivery. Pharm Sci 421 

Technolo Today 3:359-364. 422 

15. Villanueva B, Casper RF, Yen SS (1981) Intravaginal administration of progesterone: 423 

enhanced absorption after estrogen treatment. Fertil Steril 35:433-437. 424 

16. Mulders TM, Dieben TO (2001) Use of the novel combined contraceptive vaginal ring 425 

NuvaRing for ovulation inhibition. Fertil Steril 75:865-870. 426 

17. Timmer CJ, Mulders TM (2000) Pharmacokinetics of etonogestrel and ethinylestradiol 427 

released from a combined contraceptive vaginal ring. Clin Pharmacokinet 39:233-242. 428 

18. van den Heuvel MW, van Bragt AJ, Alnabawy AK, Kaptein MC (2005) Comparison of 429 

ethinylestradiol pharmacokinetics in three hormonal contraceptive formulations: the 430 

vaginal ring, the transdermal patch and an oral contraceptive. Contraception 72:168-431 

174. 432 

19. Roumen FJ, Dieben TO (2006) Comparison of uterine concentrations of ethinyl 433 

estradiol and etonogestrel after use of a contraceptive vaginal ring and an oral 434 

contraceptive. Fertil Steril 85:57-62. 435 



   

 
Buggio et al., 21 

20. Dogterom P, van den Heuvel MW, Thomsen T (2005). Absence of pharmacokinetic 436 

interactions of the combined contraceptive vaginal ring NuvaRing® with oral 437 

amoxicillin or doxycycline in two randomised trials. Clin pharmacokinet 44:429-438. 438 

21. Verhoeven CH, van den Heuvel MW, Mulders TM, Dieben TO (2004) The 439 

contraceptive vaginal ring, NuvaRing®, and antimycotic co-medication. Contraception 440 

69:129-132. 441 

22. Landgren BM, Aedo AR, Johannisson E, Cekan SZ (1994) Pharmacokinetic and 442 

pharmacodynamic effects of vaginal rings releasing levonorgestrel at a rate of 27 μg/24 443 

hours: A pilot study. Contraception 49:139-150. 444 

23. Landgren BM, Johannisson E, Masironi B, Diczfalusy E (1979) Pharmacokinetic and 445 

pharmacodynamic effects of small doses of norethisterone released from vaginal rings 446 

continuously during 90 days. Contraception 19:253-271. 447 

24. Landgren BM, Oriowo MA, Diczfalusy E (1981) Pharmacokinetic and 448 

pharmacodynamic studies with vaginal devices releasing norethisterone at a constant, 449 

near zero order. Contraception 24:29-44. 450 

25. Igarashi M (1990) A new therapy for pelvic endometriosis and uterine adenomyosis: 451 

local effect of vaginal and intrauterine danazol application. Asia Oceania J Obstet 452 

Gynaecol 16:1-12. 453 

26. Igarashi M, Iizuka M, Abe Y, Ibuki Y (1998) Novel vaginal danazol ring therapy for 454 

pelvic endometriosis, in particular deeply infiltrating endometriosis. Hum Reprod 455 

13:1952-1956. 456 

27. Razzi S, Luisi S, Calonaci F, Altomare A, Bocchi C, Petraglia F (2007) Efficacy of 457 

vaginal danazol treatment in women with recurrence deeply infiltrating endometriosis. 458 

Fertil Steril 88:789-794. 459 



   

 
Buggio et al., 22 

28. Okamura Y, Suzuki J, Honda R, Hoba T, Katabuchi H, Okamura O (2008) Clinical 460 

outcome of vaginal danazol suppository use in women with pelvic endometriosis. Fertil 461 

Steril 90(Suppl1):S486. 462 

29. Bhattacharya SM, Tolasaria A, Khan B (2011) Vaginal danazol for the treatment of 463 

endometriosis-related pelvic pain. Int J Gynaecol Obstet 115:294-295. doi: 464 

10.1016/j.ijgo.2011.06.021. 465 

30. Ferrero S, Tramalloni D, Venturini PL, Remorgida V (2011) Vaginal danazol for 466 

women with rectovaginal endometriosis and pain symptoms persisting after insertion of 467 

a levonorgestrel-releasing uterine device. Int J Gynaecol Obstet 113:116-119. doi: 468 

10.1016/j.ijgo.2010.11.015. 469 

31. Leone Roberti Maggiore U, Remorgida V, Scala C, Tafi E, Venturini PL, Ferrero S 470 

(2014) Desogestrel‐only contraceptive pill versus sequential contraceptive vaginal ring 471 

in the treatment of rectovaginal endometriosis infiltrating the rectum: a prospective 472 

open‐label comparative study. Acta Obstet Gynecol Scand 93:239-247. doi: 473 

10.1111/aogs.12326. 474 

32. Spooner JB. Classification of side-effects to danazol therapy (1977) J Int Med Res 5 475 

Suppl 3:15-17. 476 

33. Henzl MR, Kwei L (1990) Efficacy and safety of nafarelin in the treatment of 477 

endometriosis. Am J Obstet Gynecol 162:570-574. 478 

34. Godin R, Marcoux V (2015) Vaginally administered danazol: an overlooked option in 479 

the treatment of rectovaginal endometriosis? J Obstet Gynaecol Canada 37:1098-1103. 480 

35. Brunskill PJ (1992) The effects of fetal exposure to danazol. Br J Obstet Gynaecol 481 

99:212-215. 482 

36. Mizutani T, Nishiyama S, Amakawa I, Watanabe A, Nakamuro K, Terada N (1995) 483 

Danazol concentrations in ovary, uterus, and serum and their effect on the 484 



   

 
Buggio et al., 23 

hypothalamic-pituitary-ovarian axis during vaginal administration of a danazol 485 

suppository. Fertil Steril 63:1184-1189. 486 

37. Rotgeri A, Korolainen H, Sundholm O, Schmitz H, Fuhrmann U, Prelle K, Sacher F 487 

(2015) Characterization of anastrozole effects, delivered by an intravaginal ring in 488 

cynomolgus monkeys. Hum Reprod 30:308-314. doi: 10.1093/humrep/deu315 489 

38. Reinecke I, Schultze-Mosgau MH, Nave R, Schmitz H, Ploeger BA (2017) Model-490 

based dose selection for intravaginal ring formulations releasing anastrozole and 491 

levonorgestrel intended for the treatment of endometriosis symptoms. J Clin Pharmacol 492 

57:640-651. doi: 10.1002/jcph.846. 493 

39. Schultze-Mosgau MH, Waellnitz K, Nave R, Klein S, Kraetzschmar J, Rautenberg T, 494 

Schmitz H, Rohde B (2016) Pharmacokinetics, pharmacodynamics, safety and 495 

tolerability of an intravaginal ring releasing anastrozole and levonorgestrel in healthy 496 

premenopausal women: a Phase 1 randomized controlled trial. Hum Reprod 31:1713-497 

1722. doi: 10.1093/humrep/dew145. 498 

40. Rowland M, Tozer TN (1995) Elimination. In: Clinical pharmacokinetics: concepts and 499 

applications, 3rd edn. Williams and Wilkins, Baltimore, pp 156-183. 500 

41. Dezarnaulds G, Fraser IS (2003) Vaginal ring delivery of hormone replacement 501 

therapy–a review. Expert Opin Pharmacother 4:201-212. 502 

42. Nappi RE, Liekens G, Brandenburg U (2006) Attitudes, perceptions and knowledge 503 

about the vagina: the International Vagina DialogueSurvey. Contraception 73:493–500. 504 

43. Dieben TO, Roumen FJ, Apter D (2002) Efficacy, cycle control, and user acceptability 505 

of a novel combined contraceptive vaginal ring. Obstet Gynecol 100:585-593. 506 

44. Oddsson K, Leifels-Fischer B, de Melo NR, Wiel-Masson D, Benedetto C, Verhoeven 507 

CH, Dieben TO (2005) Efficacy and safety of a contraceptive vaginal ring (NuvaRing) 508 

compared with a combined oral contraceptive: a 1-year randomized trial. Contraception 509 

71:176-182. 510 



   

 
Buggio et al., 24 

45. Fine PM, Tryggestad J, Meyers NJ, Sangi-Haghpeykar H (2007) Safety and 511 

acceptability with the use of a contraceptive vaginal ring after surgical or medical 512 

abortion. Contraception 75:367-371. 513 

46. Archer D, Raine T, Darney P, Alexander NJ (2002) An open-label noncomparative 514 

study to evaluate the vagina and cervix of NuvaRing® users. Fertil Steril 78:S25. 515 

47. Roumen FJ, Apter D, Mulders TM, Dieben TO (2001) Efficacy, tolerability and 516 

acceptability of a novel contraceptive vaginal ring releasing etonogestrel and ethinyl 517 

oestradiol. Hum Reprod 16:469-475. 518 

48. Novák A, de la Loge C, Abetz L, van der Meulen EA (2003) The combined 519 

contraceptive vaginal ring, NuvaRing: an international study of user acceptability. 520 

Contraception 67:187-94. 521 

49. Ingerslev M (1977) Danazol: an antigonadotrophic agent in the treatment of recurrent 522 

pelvic and intestinal endometriosis. Acta Obstet Gynecol Scand 56:343-346. 523 

50. Telimaa S, Puolakka J, Rönnberg L, Kauppila A (1987) Placebo-controlled comparison 524 

of danazol and high-dose medroxyprogesterone acetate in the treatment of 525 

endometriosis. Gynecol Endocrinol 1:13-23. 526 

51. Henzl MR, Corson SL, Moghissi L, Buttram VC, Berqvist C, Jacobson J (1988) 527 

Administration of nasal nafarelin as compared with oral danazol for endometriosis. A 528 

multicenter double-blind comparative clinical trial. N Engl J Med 318:485-489. 529 

52. Burry KA, Patton PE, Illingworth DR (1989) Metabolic changes during medical 530 

treatment of endometriosis: nafarelin acetate versus danazol. Am J Obstet Gynecol 531 

160:1454-1459. 532 

53. Fedele L, Arcaini L, Bianchi S, Baglioni A, Vercellini P (1989) Comparison of 533 

cyproterone acetate and danazol in the treatment of pelvic pain associated with 534 

endometriosis. Obstet Gynecol 73:1000-1004. 535 



   

 
Buggio et al., 25 

54. Fedele L, Bianchi S, Viezzoli T, Arcaini L, Candiani GB (1989) Gestrinone versus 536 

danazol in the treatment of endometriosis. Fertil Steril 51:781-785. 537 

55. Fraser IS, Shearman RP, Jansen RP, Sutherland PD (1991) A comparative treatment 538 

trial of endometriosis using the gonadotrophin-releasing hormone agonist, nafarelin, and 539 

the synthetic steroid, danazol. Aust N Z J Obstet Gynecol 31:158-163. 540 

56. The Nafarelin European Endometriosis Trial Group (NEET) (1992) Nafarelin for 541 

endometriosis: a large-scale, danazol-controlled trial of efficacy and safety, with 1-year 542 

follow-up. Fertil Steril 57:514-522. 543 

57. Shaw RV (1992) An open randomized comparative study of the effect of goserelin 544 

depot and danazol in the treatment of endometriosis. Zoladex Endometriosis Study 545 

Team. Fertil Steril 58:265-272. 546 

58. Vercellini P, Trespidi L, Panazza S, Bramante T, Mauro F, Crosignani PG (1994) Very 547 

low dose danazol for relief of endometriosis-associated pelvic pain: a pilot study. Fertil 548 

Steril 62:1136-42. 549 

59. Bromham DR, Booker MW, Rose GL, Wardle PG, Newton JR (1995) Updating the 550 

clinical experience in endometriosis--the European perspective. Br J Obstet Gynaecol 551 

102 Suppl 12:12-16. 552 

60. Rotondi M, Labriola D, Rotondi M, Ammaturo FP, Amato G, et al. (2002) Depot 553 

leuprorelin acetate versus danazol in the treatment of infertile women with symptomatic 554 

endometriosis. Eur J Gynaecol Oncol 23:523-526. 555 

61. Wong AY, Tang L (2004) An open and randomized study comparing the efficacy of 556 

standard danazol and modified triptorelin regimens for postoperative disease 557 

management of moderate to severe endometriosis. Fertil Steril 81:1522-1527. 558 

62. Kitawaki J, Ishihara H, Kiyomizu M, Honjo H (2008) Maintenance therapy involving a 559 

tapering dose of danazol or mid/low doses of oral contraceptive after gonadotropin-560 



   

 
Buggio et al., 26 

releasing hormone agonist treatment for endometriosis-associated pelvic pain. Fertil 561 

Steril 89:1831-1835. doi: 10.1016/j.fertnstert.2007.05.052. 562 

63. Burney RO, Giudice LC (2012) Pathogenesis and pathophysiology of endometriosis. 563 

Fertil Steril 98:511-519. doi: 10.1016/j.fertnstert.2012.06.029. 564 

64. Ailawadi RK, Jobanputra S, Kataria M, Gurates B, Bulun SE (2004) Treatment of 565 

endometriosis and chronic pelvic pain with letrozole and norethindrone acetate: a pilot 566 

study. Fertil Steril 81:290-296. 567 

65. Soysal S, Soysal ME, Ozer S, Gul N, Gezgin T (2004) The effects of post-surgical 568 

administration of goserelin plus anastrozole compared to goserelin alone in patients 569 

with severe endometriosis: a prospective randomized trial. Hum Reprod 19:160-167. 570 

66. Amsterdam LL, Gentry W, Jobanputra S, Wolf M, Rubin SD, Bulun SE (2005) 571 

Anastrazole and oral contraceptives: a novel treatment for endometriosis. Fertil Steril 572 

84:300-304. 573 

67. Remorgida V, Abbamonte LH, Ragni N, Fulcheri E, Ferrero S (2007) Letrozole and 574 

desogestrel‐only contraceptive pill for the treatment of stage IV endometriosis. Aust N 575 

Z J Obstet Gynaecol 47:222-225. 576 

68. Remorgida V, Abbamonte HL, Ragni N, Fulcheri E, Ferrero S (2007) Letrozole and 577 

norethisterone acetate in rectovaginal endometriosis. Fertil Steril 88:724-726. 578 

69. Ferrero S, Camerini G, Seracchioli R, Ragni N, Venturini PL, Remorgida V (2009) 579 

Letrozole combined with norethisterone acetate compared with norethisterone acetate 580 

alone in the treatment of pain symptoms caused by endometriosis. Hum Reprod 581 

24:3033-3041. doi: 10.1093/humrep/dep302. 582 

70. Roghaei MA, Tehrany HG, Taherian A, Koleini N (2010) Effects of letrozole compared 583 

with danazol on patients with confirmed endometriosis: a randomized clinical trial. Int J 584 

Fertil Steril 4:67-72. 585 

71. Chawla S (2010) Treatment of endometriosis and chronic pelvic pain with letrozole and 586 



   

 
Buggio et al., 27 

norethindrone acetate. Med J Armed Forces India 66:213-5. doi: 10.1016/S0377-587 

1237(10)80039-5. 588 

72. Ferrero S, Camerini G, Ragni N, Venturini PL, Biscaldi E, Seracchioli R, Remorgida V 589 

(2010) Letrozole and norethisterone acetate in colorectal endometriosis. Eur J Obstet 590 

Gynecol Reprod Biol 150:199-202. doi: 10.1016/j.ejogrb.2010.02.023. 591 

73. Ferrero S, Venturini PL, Gillott DJ, Remorgida V (2011) Letrozole and norethisterone 592 

acetate versus letrozole and triptorelin in the treatment of endometriosis related pain 593 

symptoms: a randomized controlled trial. Reprod Biol Endocrinol 9:88. doi: 594 

10.1186/1477-7827-9-88. 595 

74. Alborzi Sa, Hamedi B, Omidvar A, Dehbashi S, Alborzi So, Alborzi M (2011) A 596 

comparison of the effect of short-term aromatase inhibitor (letrozole) and GnRH agonist 597 

(triptorelin) versus case control on pregnancy rate and symptom and sign recurrence 598 

after laparoscopic treatment of endometriosis. Arch Gynecol Obstet 284:105-110. doi: 599 

10.1007/s00404-010-1599-6.  600 


	Laura Buggio, M.D.1   ORCID ID: 0000-0002-1199-1888
	Paolo Vercellini, M.D.1 ORCID ID: 0000-0003-4195-0996
	INTRODUCTION

