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Uterine fibroids (UF) are the most common gynecological tumors in 
premenopausal women. Hysterectomy remains the major and de-
finitive therapeutic option. Minimally invasive surgical techniques for 
performing hysterectomy have many advantages over laparotomy. 
Current drug therapies for UF remain unsatisfactory. Unquestionably, 
continued investigation of novel agents is necessary. The currently 
used drugs for UF treatment which exclusively modulate a single tar-
get, typically either the estrogen or progesterone signaling pathways, 
are limited in their therapeutic effects. By contrast, multi-target drugs 
which simultaneously modulate multiple critical hubs in the network 
of the signaling pathways underlying UF pathogenesis should achieve 
robust and durable therapeutic effects.
(J Turkish-German Gynecol Assoc 2013; 14: 40-5)
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Uterin fibroidler (UF) premenopozal kadınlarda en yaygın görülen 
jinekolojik tümörlerdir. Histerektomi başlıca tedavi seçeneğidir. His-
terektomi uygulamasında minimal cerrahi yaklaşımların laparotomi-
ye göre avantajları mevcuttur. UF tedavisinde kullanılan güncel ilaç 
tedavileri ise tatmin edici olmaktan uzaktır. Şüphesiz, yeni ajanlar için 
çalışmalar devam etmelidir. UF tedavisinde kullanılan, ya östrojen ya 
da progesteron yolakları gibi tek bir hedef üzerinden etki eden güncel 
tedaviler terapötik etkinlik konusunda yetersiz kalmaktadır. Bunların 
yanında, UF patogenezinde rol alan yolaklardaki birden çok kritik 
noktayı değiştiren çok hedefli ajanlar etkin ve uzun süreli terapötik 
etki sağlayacaktır.
(J Turkish-German Gynecol Assoc 2013; 14: 40-5)
Anahtar kelimeler: Uterin fibroid, histerektomi, patogenez, ilaç te-
davisi, çok hedefli ilaçlar.
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Introduction

Uterine fibroids (UF) are the most common gynecological 
tumors in premenopausal women (1, 2). The direct health-
care costs for UF management are estimated to be over $2 
billion annually in the United States. Hysterectomy remains 
the major and definitive therapeutic option, performed in 
more than 200,000 cases per year in the United States alone 
(3, 4). Unfortunately, hysterectomy results in permanent infer-
tility of reproductive-age women. Surgical removal of fibroids 
alone, myomectomy, is associated with significant risks, such 
as massive intra-operative hemorrhage and distortion of the 
uterine cavity. In addition, the scar left on the uterus after 
myomectomy increases the chance of uterine rupture in 
future pregnancies. Even with myomectomy, UF have up to a 
50% recurrence rate (5). Two relatively new modalities have 
been utilized for treatment of UF: myolysis and uterine artery 
embolization. Myolysis disrupts or abolishes the blood supply 
to the fibroid using bipolar or monopolar electrosurgery (6). 
The procedure is rarely performed and is not recommended 
for women who wish to become pregnant (7). Uterine artery 
embolization (UAE) is a procedure that uses radiologically 

directed injection of microspheres to block the blood supply 
to specific fibroids (8). At this point this method is also not 
recommended for women seeking future fertility. In addition, 
not all fibroids respond to UAE and it does not prevent recur-
rence of UF (9, 10).

Current medical therapies
The current therapeutic approaches for UF treatment include 
gonadotropin-releasing hormone (GnRH) agonists which 
may reduce tumor volume by up to 40% in 3 months, 
with significant improvement in clinical symptoms (11, 12). 
However, GnRH agonists also cause a hypoestrogenic envi-
ronment, which leads to serious side effects. Therefore, the 
use of GnRH agonists is limited to preoperative treatment 
of UF, both for myomectomy and hysterectomy in selected 
cases (13-16) Regrettably, the effects of GnRH agonists are 
short-lived and UF tend to rapidly re-grow, with recurrence of 
clinical symptoms after cessation of treatment (17). Another 
therapeutic strategy for UF treatment is inhibition/modulation 
of progesterone receptor (PR) transcriptional activity. This 
approach has been validated in preclinical and clinical stud-
ies and both antiprogestins and selective progesterone recep-
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tor modulators (SPRMs) have been shown to reduce tumor 
volume, control bleeding, and reduce pelvic pressure (18, 19). 
Unfortunately, there are adverse effects of long-term use of 
SPRMs, even at low doses, which include abnormal endome-
trial morphology, endometrial hyperplasia, and liver damage 
(20-22). These side effects have emerged as an impediment to 
the use of antiprogestins and SPRMs for all but short-term use 
as UF treatments. Recently, aromatase inhibitors (AIs) have 
been introduced as potential treatments; two case series have 
documented improved symptoms and reductions in the size 
of the tumors with the use of AIs (23, 24). In premenopausal 
women, AIs can be used for a short time before myomectomy 
or hysterectomy (25). Combined oral contraceptives, steroid-
delivering vaginal rings, skin patches, Levonorgestrel-releasing 
intrauterine devices, progestin implants/injections, and pro-
gestin-only pills are currently used for improving symptoms in 
clinical settings. All of the current options have their limitations 
and contraindications for patient selection and efficacy (26, 
27). Thus, current drug therapies for UF remain unsatisfactory. 
Unquestionably, continued investigation of novel agents is nec-
essary. 

Current surgical therapies
The first successful selected hysterectomy operation was 
performed in 1813 by Conrad Langenbeck via the vaginal 
approach, and today, after nearly two centuries, hysterectomy 
is the second most frequent surgery in women of reproductive 
age, with the first being cesarean section (28). Approximately 
80000 hysterectomies are performed each year in the United 
Kingdom (UK), and over 600.000 in the United States (USA) (29, 
30). Vast majority of these numbers (more than 70%) are for 
benign indications such as menorrhagia (%21), fibroids (33%), 
pelvic pain (3%) and uterine prolapse (28%) (30). 
The traditional surgical approach to hysterectomy involves a 
large abdominal incision, two to four day hospital stay and 
significant requirements for postoperative analgesia. Minimally 
invasive surgical (MIS) techniques for performing hysterectomy 
have many advantages over laparotomy, including reduced 
postoperative pain, shorter length of hospital stay, better 
cosmesis and quicker resumption of regular activity (31-38). 
The Nationwide Inpatient Sample of the Healthcare Cost and 
Utilization Project recently reported that abdominal hysterec-
tomy was performed in 64% of cases, followed by the vaginal 
route in 22% of cases and the laparoscopic route in 14% (34). 
Improvements in minimally invasive techniques were intro-
duced with 2005 Federal Drug Administration (FDA) approval 
of the da Vinci® Surgical System (Intuitive Surgical, Inc., 
Sunnyvale, CA) for use in gynecologic procedures. The da 
Vinci® Surgical System has some advantages compared to con-
ventional laparoscopic surgery, such as three-dimensional (3D) 
vision, wristed instrumentation, improved dexterity, ergonomic 
positioning allows surgeon comfort with less hand fatigue and 
frustration, and eliminates the hand tremors (35-38). Currently, 
robotic-assisted hysterectomy is emerging as a new technique 
for hysterectomy and many of the general gynecologists have 
become to prefer robotic surgery for hysterectomy. For both 
general gynecologist and subspecialist including gynecologic 

oncologists and urogynecologists introduce to the robotic 
surgery usually through simple hysterectomies. In this chapter 
we aimed to describe the step by step approach to the simple 
hysterectomy performed with the da Vinci® Surgical System.
The AAGL Advancing Minimally Invasive Gynecology Worldwide 
(formerly known as the American Association of Gynecologic 
Laparoscopists) released a statement in 2010 advising that 
‘’most hysterectomies for benign disease should be performed 
either vaginally or laparoscopically and that continued efforts 
should be taken to facilitate these approaches. Surgeons 
without the requisite training and skills required for the safe 
performance of vaginal hysterectomy (VH) or laparoscopic hys-
terectomy (LH) should enlist the aid of colleagues who do or 
should refer patients requiring hysterectomy to such individuals 
for their surgical care’’ (39). In calling for a dramatic reduction 
in the number of abdominal hysterectomies, the AAGL position 
is in line with that of the American College of Obstetricians and 
Gynecologists (ACOG), issued in a committee opinion paper 
“Choosing the Route of Hysterectomy for Benign Disease” in 
November 2009 (39). ACOG supports the notion that LH and VH 
offer substantial advantages over abdominal hysterectomy (AH) 
(40). Taking these points into account, vaginal hysterectomies 
should be preferred for simple hysterectomies. In case vagi-
nal hysterectomy is not feasible minimally invasive approach 
should be preferred. Gynecologist who cannot offer vaginal or 
MIS should consider referring the patients to surgeon who can 
perform these before offering open AH.
After introducing robotic technology, hysterectomies performed 
utilizing MIS increased significantly in the last 5 years (41, 42). 
In our experience after introducing robotic program it takes 
one year to see switching number of cases from open to MIS 
hysterectomies which seems to be common trend nationwide 
(43). Currently there is a great deal of overlap in the indications 
of hysterectomies between laparoscopy and robotic surgery. 
However robotic surgery seems to have certain advantage over 
laparoscopy in obese patients and surgeries requires more dis-
section (endometriosis, pelvic-abdominal severe adhesions) (44, 
45). Our prospective comparative study focused on the intra- and 
perioperative outcomes of 208 obese [Body mass index (BMI) 
> 30kg/m2) patients who underwent robotic-assisted hysterec-
tomy (n: 51), laparoscopic hysterectomy (n: 24), and abdominal 
hysterectomy (n: 133) for benign indications at our institution 
(Unpublished data). We found that robot-assisted hysterectomy 
was associated with fewer intraoperative complications and 
estimated blood loss (EBL) and shorter length of hospital stay; 
there were no differences in postoperative complications, con-
versions to laparotomy. In our conclusion, we mentioned that 
robotic-assisted hysterectomy is safely and feasible procedure 
for obese patients with low morbidity, a shorter hospital stay, and 
comparable blood loss. Robotic surgery provides shorter learn-
ing curve commonly accepted opinion is approximately 20 cases 
required to reach to the steady state (46, 47). Compare to this 
steep learning curve in robotic surgery laparoscopy demands 
to higher number of cases to reach to the same level (48, 49). 
Conversely, the main disadvantages of the robotic surgery across 
applications are the cost, the large size of the robot and console 
and lack of tactile feedback or habits (50). 
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A Cochrane review for surgical approaches to hysterectomy for 
benign gynecological disease found no definite evidence for 
favoring technique and stated that the surgical approach should 
be decided by the woman in discussion with her surgeon in 
light of the relative benefits and hazards (51). Recently, a new 
review was published by Cochrane about robotic surgery for 
benign gynecological disease and indicated that robotic surgery 
did not benefit women in effectiveness or in safety. However, 
this statement was limited by the small sample size (52). In 
literature, some authors have suggested vaginal approach pri-
marily for hysterectomy (11, 12), some studies have showed the 
superiority of the MIS (53) and some have focused on robotic-
assisted hysterectomy and advised this approach for special 
individual cases (17, 54). There are only few comparative stud-
ies about robotic-assisted hysterectomy for benign indications 
and most of them are retrospective. Only three prospective 
comparative studies were published in the literature. The first 
one by Sarlos et al., second by Geppert et al., and last one was 
published by our group. The safety and feasibility of the robotic 
approach were reported in all three studies (55-58). The sample 
sizes were low in most series except for the study by Pasic et 
al. (42). They analyzed data from the Premier hospital database 
of 358 hospitals in USA and found the use of robotic assistance 
was consistently associated with higher per-patient average 
hospital costs (14). Recently, Landeen et al. (59) analyzed the 
clinical and cost comparisons for hysterectomy via abdominal, 
standard laparoscopic, vaginal and robot-assisted approaches 
and demonstrated the highest complication rates for abdomi-
nal procedure and significantly greater blood loss and longer 
hospital stay with standard laparoscopic hysterectomy com-
pared to robotic-assisted. Scandola et al. (60) in 2011 also 
reported a metaanalyses about robotic-assisted hysterectomy 
versus traditional laparoscopic hysterectomy and concluded 
that robotic-assisted hysterectomy has less deleterious effect on 
hospital, society, and patient stress and leads to better interven-
tion quality. No randomized controlled trial has been published 
to date and current medical data is immature to draw concrete 
conclusion for robotic-assisted hysterectomy. The need for 
randomized controlled trials to compare outcomes of robotic 
technology to other forms of MIS is a topic of debate. 

The complex and multifactorial nature of UF 
Clinical and molecular studies have demonstrated that UF are 
not a single entity but a clinically and genetically heterogeneous 
disease (56-59). Although earlier studies have traditionally 
focused on estrogen and progesterone as major risk factors, 
compelling evidence indicates that multiple etiological factors 
such as growth factors, profibrotic cytokines, and proinflamma-
tory mediators also contribute to UF pathogenesis (45, 60-67). In 
addition, complex interlocking networks of signaling pathways 
that regulate cell proliferation and differentiation, apoptosis, 
angiogenesis, and ECM synthesis and remodeling are aberrantly 
regulated in UF and are characterized by built-in redundancy 
and biological buffering capacity. For instance, it has been 
reported that progesterone can function through activating the 
PI3K/Akt pathway independent of the classical PR pathway 
(68). Similarly, activation of the PI3K/Akt pathway leads to 

estrogen-independent activation of ER-α, with phosphorylation 
of ER and subsequent upregulation of estrogen-regulated genes 
and resistance to aromatase inhibitors (69). 
 Successful treatment of a complex disease such as UF requires 
effective means to control the full biological network underly-
ing the disease. However, these networks are typically robust 
to external perturbations, making it difficult to beneficially alter 
the dynamics by controlling a single target. In fact, multi-target 
therapeutics are often more effective compared to monothera-
pies, and combination drugs are commonly used for treating 
various complex diseases (70). Consequently, the currently 
used drugs for UF treatment which exclusively modulate a 
single target, typically either the estrogen or progesterone 
signaling pathways, are limited in their therapeutic effects. By 
contrast, multi-target drugs which simultaneously modulate 
multiple critical hubs in the network of the signaling pathways 
underlying UF pathogenesis should achieve robust and durable 
therapeutic effects. Thus, it is logical to rethink the current 
treatment paradigm for UF in the context of multi-target drugs. 
These agents would have improved therapeutic efficacy by 
their collective effects on multiple primary and compensatory 
or alternative pathways. In addition, these multi-target drugs 
will affect not only the fibroid cells, but also the tumor microen-
vironment which is a crucial regulator of tumor growth. 

Microtubules: master regulators for multiple signaling pathways 
in UF 
Identification of a “druggable target” that regulates multiple 
biological processes and signaling pathways involved in UF 
pathogenesis is the gateway for developing a multi-target poly-
pharmacological drug for UF treatment. Compelling evidence 
indicates that almost every pathway critically involved in UF de-
velopment and progression is functionally regulated by microtu-
bule (MT) dynamics. MT serve as master scaffolds for a variety 
of active molecules and transcription factors involved in cell 
proliferation, differentiation, apoptosis, angiogenesis, and ECM 
synthesis and remodeling. In addition, MT function as molecular 
“rails” which regulate the intracellular localization and the ac-
tivities of many transcription factors, including ERα, PR, TGF-β, 
growth factors, and profibrotic cytokines (71-78). Studies from 
my laboratory and others have demonstrated that drugs which 
target MT dynamics dampen the signaling pathways of ERα (74, 
75), PR (75), TGF-β (79,80), connective tissue growth factor 
(CTGF) (81-84), proangiogenic factors, (85) and anti-apoptotic 
factors (86) by sequestering these transcription factors or their 
downstream effectors in a ‘‘repressive state” in the cytoplasmic 
compartment of the cells. Thus, owing to their crucial role in or-
chestrating many biological processes and signaling pathways 
relevant to UF development and growth, MT represent appeal-
ing targets for innovative development of anti-UF drugs. With-
out a doubt, MT-targeting drugs have met with excellent clinical 
success in the treatment of many fibrotic diseases (72, 79).

Conclusion

This review article addresses an important risk to women’s 
health, as UF occur in 70-80% of women. UF are also a major 
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health disparity issue, occurring 3-4 times more frequently 
in African Americans as compared to white women. UF sub-
stantially increase the risk of a number of significant health 
outcomes, such as pain, preterm labor, placental abruption, 
postpartum hemorrhage, and cesarean section (87). Despite 
the magnitude of the problem, there are currently no effec-
tive therapies for UF and hysterectomy remains the major and 
definitive treatment option, resulting in direct healthcare costs 
of over $2 billion annually (3, 4) In addition, for women who 
desire to preserve their fertility, hysterectomy is not a viable 
option. 
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