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      Abstract


      Uterine fibroids are benign tumors of the smooth muscles of the uterus that are the most common indication of hysterectomy in the America with over $34.4 billion annual cost. Risk factors include age, hypertension, diabetes, polycystic ovarian syndrome, black race, early age of menarche, nulliparity, obesity and a genetic factor comes in place.


      Their pathophysiology has not been fully understood; genetic and hormonal factors, particularly sex steroids, seem to play a role. Many treatments for fibroid have been proposed both medical and surgical. However, the perfect medical treatment is still elusive.


      Vitamin D has been in the spotlight recently for many of its anti-cancerous effects. It was thus reasonable to suggest it might play a role in the pathophysiology of uterine fibroids Women who had fibroids seemed to not have sufficient serum levels of calcidiol. Overall, in vivo, it reduced tumor sizes when used as a drug. 0.5 μg/kg/d was sufficient to produce these results. It seemed to reduce the level of matrix metallo proteinases 2 and 9 and decrease COMT expression.


      Based on these findings, it is recommended to start clinical trials for using vitamin D in the treatment of fibroids as a safe, long-term medical therapy. Toxicity can be avoided by having short term correction of deficiency then having a maintenance dose. Both vitamin D and its analogs can be used and it has been shown to have a synergistic effect with ulipristal acetate against fibroids.
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      Aim of Work


      The aim of this literature review is to determine whether there is a relationship between fibroids and vitamin D deficiency, and if established, whether vitamin D could be used as a treatment modality for uterine fibroids.


      Introduction


      Leimyomas, also known as myomas or uterine fibroids (UF), are benign tumors of the smooth muscles of the uterus. UFs are the most common benign tumor in the uterus in child-bearing age [1]. They are the single most common indication of hysterectomy in the United States, and have been for almost 55 years [2]. The cost of UFs to health-care systems is difficult to measure, as many cases would go undiagnosed, but estimates have put the cost of UFs to be above $34.4 billion per year [3].


      The most common presentation of UFs is asymptomatic, and are usually discovered with Ultrasound. Only one fourth to one third of patients are symptomatic. The experienced symptoms include pelvic pain, severe bleeding that can lead up to anemia as well as reproductive disturbances [1].


      Several risk factors have been identified for UFs, including age, hypertension, diabetes, polycystic ovarian syndrome, black race, early age of menarche, nulliparity and obesity. There is also a genetic factor, since non-random cytogenetic abnormalities have been found in about 40% of the tumors examined by Flake, et al. [4]. It has also been well-established in several reports that UFs are hormonally mediated, with prolonged elevated estrogen and progesterone levels being identified as a definite risk factor for UFs development. First degree relatives seem to have more than twice the likelihood of developing fibroids and nearly 6 times the likelihood if the cases have an early onset. Monozygotic twins were twice as likely to both get hysterectomy when compared to dizygotic twins [5].


      Regarding race as a risk factor in particular, several devoted studies have been made in this regard and have found that black race is the most important risk factor for developing fibroids. Black women have significantly more chances to develop UFs for the same age and socio-economic class, more likely to develop UFs at an earlier age, more likely to have more severe symptoms, including severe bleeding and anemia. They were also more likely to report affected quality of life with symptoms affecting physical activities, relationships and causing work absenteeism. They were also 2.4 times more likely to have hysterectomy and 6.8 times more likely to have myomectomy sparing the uterus [6-8].


      Fibroids


      Classification


      Abnormal uterine bleeding (AUB) has been researched extensively and The International Federation of Gynecology and Obstetrics (FIGO) has decided to adopt a new classification system in 2010 termed PALM COIEN for describing the causes of AUB, including fibroids. These are shown in Figure 1. This is an acronym comprising polyps, adenomyosis, leiomyomas, malignancy (and hyperplasia), Coagulopathy, Ovarian dysfunction, Endometrial, Itatrogenic and Not yet classified causes [9].


      
        Figure 1: Causes of abnormal uterine bleeding with the subclassification of leimyomas as adopted by FIGO [9]. View Figure 1

      


      Pathophysiology


      The pathophysiology of the development of UFs is not completely understood but several etiological factors seem to contribute.


      There appears to be a genetic factor as 40-50% of patients show karyotypical chromosomal abnormalities [10]. Meanwhile, mutations of the MED12 have been shown in over 70% of UFs [11,12].


      The generally held principle is that these genetic factors would then interact with the sex hormones. Estrogen and progesterone have repeatedly been implicated in the development of UFs. They promote cell division, upregulate growth factors and their receptors, downregulate apoptotic factors or up regulate their antagonists and interact with other hormones. Moreover, estrogen and progesterone influence each other as well as prolactin signaling which all influence the nuclear receptors for these hormones. Estrogen is thought to upregulate IGF-1, EGFR, TGF-beta1, TGF-beta3 and PDGF, while also down-regulating p53, increasing expression of the anti-apoptotic factor PCP4 and antagonizing PPAR-gamma signaling, all of which stop the natural apoptosis of tumor cells. Progesterone is believed to up-regulate EGF, TGF-beta1 and TGF-beta3. Progesterone also up-regulates Bcl-2 expression and down-regulates TNF-alpha, thus helping cancer cells to avoid apoptosis. On the other hand, Progesterone can downregulate IGF-1 and thus oppose growth. UF is characterized by an increase in expression of transforming growth interacting factor (TGIF) when compared with normal myometrium. TGIF is a potential repressor of TGF-β pathways in myometrial cells [13].


      Moreover, as with the mechanism of endometriosis, Aromatase and 17 beta-hydroxysteroid dehydrogenase are abnormally more frequently expressed in fibroids, converting circulating androgens into estradiol. From this line of thinking, Aromatase inhibitors are currently being considered for treatment. The rationale is that at an optimum dose, they can completely inhibit estrogen production in the fibroid without affecting systemic estrogenic effects by estrogen from the ovaries [14,15]. In African-American women, Aromatase over expression is particularly pronounced [16,17].


      UFs can expand by slow cellular proliferation, coupled with production of a large amount of extracellular matrix and angiogenesis [18,19].


      Current treatments


      Current forms of treatment of UFs vary from medical to surgical therapies.


      Medical therapies in general constitute symptomatic relief and medical treatments targeting the UFs. Symptomatic medications include NSAIDs for reducing pain, or iron supplements to correct anemia due to blood loss. Medications targeting UFs include levonorgestrel intrauterine devices, cabergoline, ullipristal acetate, danazol, GnRH analogues, progesterone antagonists and aromatase inhibitors [20,21].


      Levonorgestrel intrauterine devices releasing pregestagen locally and thus having few side effects, are originally used as a contraceptive device. Although not originally intended to be used for the treatment of fibroids, some studies such as Kailasam, et al. have reported good results with significant reduction in the size of the UFs [22,23].


      Cabergoline, a dopamine D2 receptor agonist, has been shown to effectively reduce the size of the UFs as well as reduce symptoms [24]. The mechanism of action responsible for how cabergoline shrinks fibroids is unclear and it seems as though combining cabergoline with aromatase inhibitor did not make a significant change to the effects of reduction of the size of UFs [25].


      Ulipristal acetate (UPA), originally used as an emergency contraception is a synthetic selective progesterone receptor modulator (SPRM). Plenty of research has supported its use for reducing the size of UFs before undergoing surgery or even alone without surgery. UPA was also reported to reduce symptoms, including bleeding, and improve quality of life [26-30]. Long-term use of UPA has shown up to 70% reduction in size of tumors and linked to increased action of matrix metaloprotinases (MMP) [31]. On the 9th of February, 2018, the Pharmacovigilance Risk Assessment Committee (PRAC) of the European Medicines Agency (EMA) posted an announcement that all women currently on UPA should have regular liver testing and no new patients should be started on UPA while the committee completes a review of the benefits and risks of the medication as some patients who were under the treatment for UFs using UPA have had liver injury up to failure requiring transplantation [32].


      Danazol, a synthetic isoxazole derivative, has been stated as an effective treatment to reduce the volume of UFs and decrease symptoms. However, its dose-dependent side effects might be problematic. These side effects include hirsutism, acne, irreversible deepening of the voice, adverse lipid profile, weight gain, hot flashes and mood changes [20,21].


      Gonadotropin-releasing hormone analogues may lead to temporary reduction in size of fibroids, thus making them useful as pre-surgical medical treatment but cannot be used alone. Their continued use beyond six months is not advised due to the risk of osteoporosis and other postmenopausal symptoms. GnRH antagonists seem to avoid the initial flare-up of the GnRH analogues but no other advantages have been observed [20,21].


      Progesterone antagonists such as mifepristone have been shown in some studies to reduce symptoms due UFs but alarming histological changes may deter from their use in a clinical setting [33,34].


      As a general rule, any medication that would significantly alter the metabolism of progesterone and estrogen would have a detrimental effect on reproduction and thus, its use would not be advisable [20,21].


      Aromatase inhibitors were compared to GnRH agonists in a randomized controlled, clinical trial and found to be more effective in reducing the size of UFs, and this was the only trial that fit the criteria for a 2013 cochrane review. However, it has been critiqued as having been unblinded and not reporting the volume reduction in a manner that allowed odds ratio calculation. This led to the conclusion that there is not enough evidence to support the use of Aromatase inhibitors for treatment of UFs [35,36]. In 2017, Sayyah-Melli, et al. showed that aromatase inhibitors do reduce the volume of UFs and reduce symptoms and adding cabergoline made no significant difference, as stated before [25].


      Therefore, each of these medical therapies has its own points against it. The ideal medical therapy for UFs would preferably be an oral, long-term tablet taken as rarely as possible which would have little to no side effects and would quickly control symptoms and reduce the size of UF and all the while, not affect fertility. Of all the medications listed above, none would fulfil these criteria and therefore, the search for the ideal medical treatment continues.


      Surgical treatment might include uterine artery embolization, hysterectomy, myomectomy (which can be hysteroscopic, laporoscopic or laporotomic), endometrial ablation, radiofrequency ablation and Magnetic resonance guided focused ultrasound. Although a big debate exists as to which is the best and each of these options has advantages over others and has its own indications, they are not the main focus of this literature review and as such, will not be discussed in further detail [37-41].


      Vitamin D


      Metabolism


      Vitamin D3 (cholecalciferol) is taken in the diet (from fortified dairy products and fish oils) or is synthesized in the skin from 7-dehydrocholesterol by ultraviolet irradiation. The vitamin D produced by 7-dehydrocholesterol depends on the intensity of UV irradiation, which varies with season and latitude, but is typically having a wavelength of 280-320 nm, with this conversion being interrupted by sunscreen and clothing [42].


      Cholecalciferol is still not active biologically and must be activated to carry out its physiological functions. It is transported to the liver bound to vitamin D binding protein (DBP), which is solely responsible for transport of vitamin D and its metabolites. In the liver, vitamin D is converted to 25-hydroxyl cholecalciferol (25(OH)D3), by being hydroxylated at C-25 by one or more cytochrome P450 vitamin D 25-hydroxylases (such as CYP2R1 (the main enzyme), CYP2D11, and CYP2D25) [42]. A patient with symptoms of vitamin D deficiency, confirmed by lab was found to have a homozygous transition mutation of the CYP2R1 gene, thus suggesting that it is the main enzyme [43].


      25-hydroxycholecalciferol is the major circulating form of vitamin D in the blood. After it is formed, it is transported by DBP to the kidney for the next step of hydroxylation. It enters the cells by endocytosis by binding with megalin, a low-density lipoprotein receptor. Once in the kidney, the 25(OH) Vit D3 is hydroxylated by CYP27B1 in the proximal convoluted tubule of the nephrons, to add a hydroxyl group to the first carbon atom in the α-ring Figure 2 [42,44].


      
        Figure 2: Metabolism of vitamin D. View Figure 2

      


      Relationship with cancers


      Vitamin D has been linked to several cancers in the past, with particular attention given to colorectal cancer, breast cancer and skin cancers.


      For colorectal cancer, higher intake of calcium and vitamin D has been associated with a reduced risk of colorectal cancer in epidemiologic studies and polyp recurrence in polyp-prevention trials. The evidence to date suggests that daily intake of 1000-2000 IU/day of vitamin D3 could reduce the incidence of colorectal with minimal risk, as this would maintain the serum level to be above 33 ng/ml. A 50% lower risk of colorectal cancer was associated with a serum 25(OH)D level ≥ 33 ng/mL, compared to ≤ 12 ng/mL [45-49].


      For breast cancer, inadequate photosynthesis or oral intake of Vitamin D are associated with high incidence and mortality rates of breast cancer in ecological and observational studies. Further studies have confirmed this with RCTs and meta-analyses [50]. Chen, et al. have found that there is a 45% reduction in the breast cancer incidence from the highest to the lowest quantile of circulating plasma levels of active 25 hydroxy-vitamin D3 in 25 studies [51].


      For skin cancers, it is well established that ultraviolet B (UVB) radiation is the major causative agent of nonmelanoma skin cancer (NMSC), while simultaneously, UVB, as mentioned in the previous section, is necessary for formation of cholecalciferol from 7-dehydrocholesterol. Thus a paradox is created regarding the amount of sunlight exposure that is beneficial and whether supplementation of vitamin D might be helpful or harmful [52]. Moan, et al. have recommended that increased exposure to sunlight is overall beneficial and that vitamin D levels would help improve the prognosis of melanomas [53].


      Vitamin D and Fibroid


      An association in vitro


      Based on these findings, given that the exact pathogenesis of fibroids is not fully understood and that hormones play an important role, and given that vitamin D plays an important role in several cancer types, it seems that Vitamin D may play an important role in the pathogenesis of UFs and might even have potential as a treatment, given that the search for a perfect medical treatment for fibroids is still on-going.


      To answer this question, first were the in vitro studies that needed to show that either lower vitamin D levels were associated with increased fibroid risk or that vitamin D would have a positive effect that could potentially have an anti-fibroid action [54].


      Bläuer, et al. demonstrated this in 2009, where in their biology lab, six women with fibroids undergoing hysterectomy had samples obtain for myometrial and leimyomas and the effect of vitamin D derivatives on them was measured and compared with controls. 0.1 Nm of Calcitriol (1, 25 (OH)2 D3) inhibited the growth of both myometrial and leiomyoma cells by 12% more than the control. 100 nM of calcitriol inhibited growth by 62%. At 500 nM and 1000 nM less inhibition of growth was seen with only 50%. Meanwhile proliferation was stimulated by the lower levels of vitamin D. This showed that vitamin D had the potential as both a risk factor and a treatment modality [55].


      Sharan, et al. in 2011 demonstrated the possible mechanisms that vitamin D could reduce the size of the UFs, while simultaneously confirming that vitamin D could inhibit the growth of UF cells. human uterine leiomyoma (HuLM) were treated with vitamin D and the results compared with controls after 120 hours. Higher concentrations of vitamin D inhibited proliferation more. Then using Western blotting, proliferating cell nuclear antigen (PCNA), BCL-2, BCL-w, cyclin-dependent kinase (CDK) 1, and catechol-O-methyltransferase (COMT) levels were analyzed. All were down-regulated by vitamin D COMT mRNA measured by quantitative reverse-transcription polymerase chain reaction (RT-PCR) showed less expression of COMT with vitamin D treatment. The enzyme activity of COMT was also shown to be decreased. To confirm the findings, endogenous COMT expression was silenced and the effect of vitamin D disappeared. This showed that vitamin D may act mainly by inhibiting the expression and activity of COMT [56].


      Furthermore, Halder, et al. have demonstrated in 2013 that matrix metalo proteinases MMP 1, 3, 9, 13 and 14 were significantly reduced in a dose dependent manner. Furthermore, pro-MMP-2, active MMP-2, pro-MMP-9 and protein levels of MMP-2 and MMP-9 were all significantly reduced. Vitamin D receptor (VDR) and Tissue inhibitor of metaloproteinase (TIMP-2) were upregulated in a dose dependent manner [57].


      Brakta, et al. reviewed the literature in 2015 and confirmed these findings of ours that there is plenty of supportive evidence for in vitro studies that prove that lower vitamin D levels were significantly associated with an increased risk of vitamin D [58].


      In vivo


      Animal models needed to show that vitamin D would reduce the size of fibroids.


      Halder, et al. demonstrated in 2010 that vitamin D in Eker rats had a highly effective anti-tumor activity in reducing the size of tumors compared with the control group given only vehicle. The results were significant. Proliferation promoting genes such as PCNA, cyclin D1, c-MYc, CDK1, CDK2 and CDK4 were suppressed. Antiapoptotic genes (BCL2 and BCL-xl), Estrogen receptor ER-a, and Progesterone receptors PR-A and PR-B were also suppressed Furthermore, rats that had inflammation, edema and fluid retention were completely resolved by the Vitamin D. Comparison between the treated group and the control group for liver and calcium toxicity showed no significant difference. This further proved that in vivo, vitamin D had the potential to be a therapeutic agent [59].


      In another study by the same team, Halder, et al. in 2014 the efficacy of paricalcitol, which an analog of calcitriol, with calcitriol and a placebo on UFs. Paricalcitol has a lower hypercalcemic effect and is a potential activator of VDR. Both calcitriol and paricalcitol significantly reduced the UF size in nude mice [60].


      In humans


      The epidemiological studies needed to prove that women who had fibroids had less vitamin D levels, and that these results were statistically significant after removal of other known risk factors.


      Baird, et al. reported this in 2013. In the 1996-1999 period, the National Institute of Environmental Health Sciences Uterine Fibroid Study enrolled randomly selected 35-49 year-old members of an urban health plan. They determined whether they had UFs or not by ultrasound scans. 620 black women and 416 white women had UFs. Radioimmunoassay of (25(OH)D) was used to determine their vitamin D levels and they were asked about their sun exposure. Associations were evaluated with logistic regression, controlling for potential confounders. The prevalence of vitamin D deficiency was high, as 90% of blacks and 50% of whites did not have levels above 20 ng/ml. Women with sufficient levels of vitamin D and had a sun exposure of more than one hour per day were less likely to get UFs. Sufficient vitamin D levels meant 32% less chance of having UFs, after controlling for other cofounders [61].


      Sabry, et al. in 2013 made a cross sectional observational study where 154 women were recruited, 50 were fibroid-free and 104 had fibroids measuring at least 2 cm3 in volume calculated by the prolate ellipse formula (a × b × c × 0.523), where a is height, b is width, and c is depth. Vitamin D status was determined by radioimmunoassay of 25 (OH)D3. Lower vitamin D levels were significantly associated with having UFs, with higher levels significantly linked to smaller volumes. This seemed even more pronounced in blacks than whites. This showed yet again that vitamin D insufficiency is a risk factor for the development of UFs, and seemed to show that black race reacts more severely to vitamin D deficiency by developing larger fibroids [62].


      Paffoni, et al. also showed similar findings in 2013, where 128 women with UFs and 256 controls were chosen. The controls were always within 1 year of age of the women who had the UFs. Women who had the UFs were diagnosed by transvaginal ultrasound and were selected if the fibroid had a mean diameter ≥ 10 mm. Women with UFs had significantly lower vitamin D levels than the controls, and the percentage of women with vitamin D deficiency was significantly higher in the group with UFs when compared to the control [63].


      Summary


      Figure 3.


      
        Figure 3: Summary of relation of Vitamin D to Uterine Fibroid. View Figure 3

      


      Conclusion


      Vitamin D deficiency is one of the causative factors of development of UFs, and vitamin D or its analogues can be used as a future safe, long-term, medical treatment of UFs. The issue facing this long-term treatment is the adjustment of the dosage because of fear of toxicity, which would cause hypercalcemia and functional hypoparathyroidism, which would adversely affect bones, leading to bone aches and fractures.


      The Endocrine Society practice guidelines on the treatment of vitamin D deficiency recommend target level of serum 25 (OH)D of 30 ng/ml. This is achieved by an 8-week initial dose of 6000 IU/d for adults followed by a maintenance dose of 1500-2000 IU/d. This protocol should prevent toxicity. This therapy is very cheap compared to alternatives, with the initial 8-week regiment costing just $16 and the maintenance costing $32 annually [64].


      Ali, et al. in 2017 have demonstrated that vitamin D could actually synergize the antiproliferative, apoptotic, antifibrotic and anti-inflammatory effects of ulipristal acetate against UFs [65].


      The next step recommended is to carry out clinical trials to establish medical treatment guidelines with the usage of vitamin D or its analogs with or without the addition of other medical treatments to establish the best course of treatment.
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