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A b s t r a c t

Introduction: Uterine fibroids (UFs) are benign tumors of the female repro-
ductive system originating from the smooth muscle of the uterus. Currently, 
progesterone is known to play a key role in the differentiation of the myo-
metrial tissue to form UFs and their abnormal growth. The mechanism of ac-
tion of  progesterone in UF tumorigenesis involves its effect on increasing 
the concentrations and dysregulation of selected growth factors.
Material and methods: A retrospective cohort study was performed to eval-
uate and compare tumor necrosis factor alpha (TNF-α), insulin-like growth 
factor 1 (IGF-1), plasminogen activator inhibitor-1 (PAI-1) serum concentra-
tions in patients with UFs without prior hormonal treatment, patients with 
UFs treated with a 3-month standard ulipristal acetate (UPA – a type of se-
lective progesterone receptor modulator) scheme (5 mg/day) and in control 
patients without UFs. A  total of  120 patients were divided into 3 groups 
(controls, UFs with UPA treatment, UFs without UPA treatment).
Results: There were no significant differences in TNF-α serum concentra-
tions between patients with UFs who underwent UPA treatment and pa-
tients who did not. Serum concentrations of  IGF-1 and PAI-1 did not show 
significant intergroup differences.
Conclusions: No significant differences were found between TNF-α concen-
trations in the serum of patients with UFs treated with UPA, and patients 
without UPA treatment. In addition, our data analysis did not show signifi-
cant differences in the concentrations of IGF-1 and PAI-1 between patients 
with UFs and the control group. Further studies on the dependence of spe-
cific symptoms on selected growth factors are mandatory. 

Key words: uterine fibroid, selective progesterone receptor modulator, 
ulipristal acetate, tumor necrosis factor alpha, insulin-like growth factor, 
plasminogen activator inhibitor.
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Introduction

Uterine fibroids (UFs) are benign tumors of 
the female reproductive system originating from  
the smooth muscle of the uterus [1]. These tumors 
are a particularly common pathology of the repro-
ductive system and may affect up to 70% of women 
[2, 3]. They are usually asymptomatic, but they may 
cause a  broad spectrum of  signs and symptoms, 
depending on the  number, size and location [4]. 
The manifestations may impair the quality of  life 
(QoL) [5, 6]. The most common ones include ane-
mia, pain and compression of pelvic and abdominal 
organs, gastrointestinal symptoms, urinary system 
disorders [2–4], infertility [7] and adverse obstetric 
outcomes [8, 9]. The uterine fibroids classification 
by the International Federation of Gynecology and 
Obstetrics (FIGO) lists the main types of these tu-
mors according to their location. In general, UFs 
may be divided into intracavitary, submucosal, 
intramural, subserosal and pedunculated ones  
[10, 11]. Both indirect and direct costs associated 
with the diagnostic work-up and treatment of UFs 
constitute a heavy economic burden for health care 
budgets worldwide [12].

Despite many years of  intensive research, 
the pathophysiology of UFs has been poorly elu-
cidated and numerous issues still need to be an-
alyzed [1, 13, 14]. Accumulating evidence suggests 
that some intrinsic abnormalities of the myome-
trium, abnormal myometrial receptors for estro-
gen, and hormonal changes or altered responses 
to ischemic damage during menstruation may be 
responsible for the  initiation of  genetic and epi-
genetic changes found in the  myometrium and 
UFs [1, 15]. The main factors determining UF devel-
opment and growth include steroid hormones, ge-
netic predisposition and the  influence of growth 
factors [13, 16, 17]. According to the lite rature UFs 
are caused by monoclonal proliferation of an im-
mortalized myometrial cell, which escapes from 
cell cycle control [18]. Tumor growth occurs through 
numerous cell divisions, as well as the production 
and accumulation of an increased amount of ex-
tracellular matrix (ECM)  [19], depending on hor-
monal stimulation [1, 13, 14]. 

To date, progesterone has been considered one 
of  the  main factors initiating the  differentiation 
of  the  myometrial tissue into UF and its subse-
quent abnormal growth  [16, 17]. In particular,  
its mechanism of action in UF tumorigenesis in-
volves the effect on increasing the concentrations 
and the dysregulation of selected growth factors 
[13, 14, 20]. These factors are secreted within  
the UF microenvironment, resulting in self-stimu-
lating neoplastic proliferation due to altered levels 
of  transforming growth factors, vascular growth 
factors, platelet-derived growth factor and oth-
ers [20–24].

Tumor necrosis factor alpha (TNF-α) is one 
of  the  main cytokines responsible for the  reac-
tions of  the  acute phase. It is mostly produced 
by activated macrophages  [25]. The  dysregula-
tion of  the production and distribution of  TNF-α 
was demonstrated to be of  key importance in 
the pathophysiology of various diseases, including 
injuries and neoplasms [23, 26–28]. Increased ex-
pression of TNF-α was found in the tissues of UFs 
compared to the  normal myometrium surround-
ing them [24]. In addition, TNF-α secreted by ad-
ipocytes was found to increase the  proliferation 
of UF cells [29]. Available data suggest the occur-
rence of TNF-α-induced inflammation in patients 
with UFs  [30–32]. Finally, numerous symptoms 
associated with UFs may be recognized as depen-
dent on elevated TNF-α concentrations in women 
affected by these tumors [20, 23, 33].

Insulin-like growth factor (IGF) was shown to 
play an  important role in the  promotion of  cell 
proliferation and inhibition of  cell death  [34].  
According to the  literature IGF-1 and IGF-2 are 
present in UFs and healthy myometrial tissue [35]. 
Accumulating evidence suggests that IGF-1 plays 
a  crucial role in UF tumor growth by increasing 
the expression of proliferating cell nuclear antigen 
(PCNA) and up-regulation of  the apoptosis path-
way protein Bcl-2  [20]. On the one hand, higher 
levels of IGF-1 were found in large UFs in compar-
ison with small ones, suggesting that IGF-1 dys-
regulation may be (at least partially) due to the in-
fluence of various mechanisms that stimulate UF 
tumor growth [20, 36, 37]. However, other authors 
reported that progesterone plays an  important 
role in the differential expression of growth factor 
receptors in UFs, such as IGF receptor I [38]. 

Increased levels of plasminogen activator inhib-
itor-1 (PAI-1) were found in several diseases. PAI-1 
is able to suppress fibrinolysis and is involved in 
the  regulation of  cell replication and angiogene-
sis [39–41]. Interestingly, changes in PAI-1 expression 
lead to altered growth factor activity in the ECM [42]. 
In addition, Rutanen et al. [43] suggested a relation-
ship between continuous induction of PAI-1 and im-
proved efficiency in menorrhagia therapy.

Selective progesterone receptor modulators 
(SPRMs) have been used in the treatment of UFs 
for several years [44, 45]. These drugs may act as 
agonists or full antagonists for the progesterone 
receptor. Therefore, they may provoke different 
clinical effects  [46]. The  use of  SPRMs causes 
a measurable reduction in tumor size and related 
symptoms in women with UFs [44, 47–50]. Clini-
cal trials on one of the SPRMs, i.e. ulipristal ace-
tate (UPA), showed that this drug is effective in 
the  case of abnormal excessive bleeding caused 
by UFs and in the  reduction of  UF volume  [45, 
47–49, 51]. In particular, patients receiving UPA 
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women without UFs (controls, n  =  49); patients 
with UFs without prior UPA treatment (non-UPA 
group, n = 61); patients with UFs after a 3-month 
preoperative UPA treatment (oral 5 mg/day) (UPA 
group, n = 10).

The control group consisted of  women with-
out previously identified UFs who were recruited 
from the  outpatient clinic during their gyneco-
logical visits. This group included premenopausal 
women who were at least 18 years of age with-
out UFs on an transabdominal or transvaginal ul-
trasound scan. The  demographic characteristics 
of the study groups are included in Table I.

The inclusion criteria for patients without prior 
UPA treatment were: age equal to or more than 18 
years, at least one UF (minimum of 10 mm in dia-
meter) found on transvaginal or transabdominal 
ultra sound examination, and eligibility for the surgi-
cal removal of the UF due to clinical symptoms (e.g. 
abnormal or excessive uterine bleeding, iron defi-
ciency anemia, abdominal and pelvic pain or pres-
sure, adjacent organ disorders, and female infertility). 

The exclusion criteria for all groups were: addition-
al hormonal therapy during the previous 6 months, 
menopause, pregnancy, any previous or current dia-
betes, hyperprolactinemia or neoplastic disease.

Methods

Ultrasound scans were performed by a  certi-
fied gynecologist in two-dimensional gray-scale 
presentation transvaginally and/or transabdomi-
nally (if necessary). A UF was defined as a hypo-
echogenic and heterogenous area with detectable 
distinct margins. Uterine fibroid sizes varied from 
approximately 2 cm to the maximum of about 9 cm 
in diameter. 

Venous fasting blood samples were collected 
from the  patients. In UF-positive patients, in both 
non-UPA and UPA groups, the blood samples were 
taken a day before the surgery. The serum was sep-
arated immediately, and aliquots were frozen at 
–80°C until needed for biochemical analyses. The 
enzyme-linked immunosorbent assay (ELISA) meth-
od was used to determine serum levels of TNF-α 
(Invitrogen, USA), IGF-I (Mediagnost, Germany) and 
PAI-1 (Invitrogen, USA). Each sample was measured 
in duplicate with an  Epoch microplate analyzer 
(BioTek), according to the manufacturer’s protocols. 
The minimum detectable dose was 0.09 pg/ml for 
TNF-α, 0.091 ng/ml for IGF-1, and 30 ng/ml for PAI-1. 
The intraassay coefficient of variation (CV%) was 5.5 
for TNF-α, 5.8 for IGF-1, and 5.6 for PAI-1. 

Statistical analysis

Values were expressed as means, medians, stan-
dard deviation (SD) and standard error of the mean 
(SE). Data were analyzed with the Kruskal-Wallis 

reported a  considerable reduction in symptoms 
associated with UFs, and an  overall improve-
ment of their QoL [51]. Therefore, UPA treatment 
may be considered before the  surgical removal 
of UFs [44, 45, 52]. Some reports were published 
concerning the pathways of action of UPA in UFs 
(such as the influence on metalloproteinases and 
growth factors)  [53–55]. According to the  most 
recent publications UPA was found to inhibit en-
dogenous glucocorticoid signaling in human liver 
and UF tumor cells [56], which is also connected 
with the paragraph above, as IGF-1 plays an  im-
portant role in modulating the metabolism of glu-
cocorticoids [57]. However, not all of the proposed 
mechanisms have been clarified and confirmed so 
far. In addition, UPA was found to increase the risk 
of liver dysfunction in cases of previous (known or 
unknown) baseline alterations. Therefore, a safety 
alert has recently been published, requiring liver 
function to be checked before, during and after 
treatment  [58]. Nevertheless, other authors sug-
gested that this recommendation could be con-
sidered an  overstatement, due to the  low rate 
of  adverse events regarding liver dysfunction in 
the general population of UPA users [59, 60].

The aim of the present study was to investigate 
serum levels of TNF-α, IGF-1 and PAI-1 in patients 
with UFs without treatment and patients treated 
with a 3-month standard UPA scheme (5 mg/day).

Material and methods

Patients

The analysis was performed between Septem-
ber 2014 and May 2015, at the First Department of 
Obstetrics and Gynecology, The Center of Postgrad-
uate Medical Education, Warsaw, Poland. The de-
sign, analysis, interpretation of data, drafting and 
revisions conform to the Helsinki Declaration and 
the STROBE (strengthening the reporting of obser-
vational studies in epidemiology) statement, avail-
able through the EQUATOR (enhancing the  qual-
ity and transparency of health research) network 
(www.equator-network.org). The study was ap-
proved by the independent Institutional Review 
Board of the The Center of Postgraduate Medical 
Education, Warsaw, Poland. Each patient enrolled in 
this study signed informed consent for all the pro-
cedures and to allow data collection and analysis 
for research purposes. The study was not adver-
tised, and no remuneration was offered to encour-
age patients to give consent for the collection and 
analysis of their data. Patients enrolled in this study 
were also a part of previous studies on transform-
ing growth factor beta (TGF-β3) and UPA treatment 
and TNF-α, published earlier by our team [32, 55].

A total of 120 Caucasian women were included 
in this study. They were divided into three groups: 
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test followed by Dunnett’s multiple comparison 
test. The c2 test was used to compare categorical 
data. Multivariate logistic regression analysis was 
performed to verify whether age and body mass 
index (BMI) affected serum TNF-α levels in sub-
jects with UF not treated with UPA (non-UPA) and 
subjects without UF (controls). Due to the  small 
size of the group of patients with UF treated with 
UPA, we excluded this group from the regression 
analysis. The value of p < 0.05 was considered sta-
tistically significant. All analyses were performed 

using Statistica software (version 12.0 PL; StatSoft 
Inc., Tulsa, OK, USA; StatSoft, Kraków, Poland). 

Results

As shown in Table I, we included a total of 120 
premenopausal Polish Caucasian women, aged 
from 22 to 53 years. We did not find significant dif-
ferences for age (p = 0.090), BMI (p = 0.167), rate 
of obesity (p = 0.177) or nulliparity (p = 0.212), so 
these variables are not likely to have influenced 
study outcomes.

Values of serum TNF-α, IGF-1, and PAI-1 concen-
trations in three studied groups are presented in 
Table II. 

A statistically significant difference in TNF-α se-
rum concentrations was found between the group 
of patients with UFs and the controls (p = 0.00001). 
The post hoc Dunnett’s test for intergroup compar-
isons showed significant differences in TNF-α se-
rum levels. Tumor necrosis factor alpha concentra-
tions in the serum of patients after UPA treatment 
and patients without treatment were significantly 
higher compared to healthy controls (UPA – control, 
p = 0.0002; non-UPA – control, p = 0.0002). How-
ever, interestingly, there were no significant differ-
ences in TNF-α serum concentrations between UPA 
and non-UPA patients (Table III). Serum concentra-
tions of IGF-1 and PAI-1 did not differ significantly 
between the groups included in the study (Table II 
and Table III).

Scatterplots show serum levels of TNF-α (Figure 1), 
IGF-1 (Figure 2) and PAI-1 (Figure 3) in the studied 
groups of patients. 

Multiple regression analysis (Table IV) showed 
that BMI and age were important variation fac-

Table I. Characteristics of the study population

Parameter
All subjects 
(N = 120)

Controls 
(n = 49)

Non-UPA 
(n = 61)

After UPA 
(n = 10)

P

Age [years] 40.35 ±6.99 39.84 ±7.39 41.33 ±6.82 36.90 ±4.98 0.090a

BMI [kg/m2] 24.50 ±4.10 24.19 ±4.62 24.97 ±3.55 23.39 ±22.23 0.167a

Obesity (BMI ≥ 30) [kg/m2] 51 (43%) 19 (39%) 30 (49%) 2 (20%) 0.177b

Nulliparity 48 (40%) 15 (31%) 28 (46%) 5 (50%) 0.212b

Data are presented as the mean ± standard deviation (SD). a refers to p-value for Kruskal-Wallis test; b refers to p-value for χ2 test. UPA – 
ulipristal acetate, BMI – body mass index.

Table II. Serum concentrations of TNF-α, IGF-1, and PAI-1 in studied groups

Parameter
All subjects 
(N = 120)

Controls 
(n = 49)

Non-UPA 
(n = 61)

After UPA 
(n = 10)

P

TNF-α [pg/ml] 0.26 ±0.15 0.17 ±0.09 0.32 ±0.14 0.34 ±0.14 0.00001

IGF-1 [ng/ml] 17.77 ±48.74 166.06 ±51.63 169.39 ±164.13 202.30 ±61.01 0.137

PAI-1 [ng/ml] 9.92 ±3.07 10.03 ±3.12 9.82 ±2.90 9.91 ±4.11 0.764

Data are presented as the mean ± standard deviation (SD), and analyzed by the Kruskal-Wallis test. TNF-α – tumor necrosis factor alpha, 
IGF-1 – insulin-like growth factor 1, PAI-1 – plasminogen activator inhibitor-1.

Table III. Intergroup comparisons of TNF-α, IGF-1, 
PAI-1 serum levels

Parameter P

TNF-α [pg/ml]

Non-UPA – after UPA 0.946

Non-UPA – Control 0.0002

After UPA – Control 0.0002

IGF-1 [ng/ml]

Non-UPA – after UPA 0.091

Non-UPA – Control 0.918

After UPA – Control 0.062

PAI-1 [ng/ml]

Non-UPA – after UPA 0.995

Non-UPA – Control 0.921

After UPA – Control 0.992

Data were analyzed by post hoc Dunnett’s test. TNF-α – tumor 
necrosis factor alpha, IGF-1 – insulin-like growth factor 1, PAI-1 – 
plasminogen activator inhibitor-1.
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tors for serum TNF-α concentration in the  con-
trol group (p = 0.035). Such a correlation was not 
found in patients with UF (non-UPA group).

The minimum sample size of 132 is required to 
test whether a set of two predictor variables can 
predict the outcome with a minimum target value 
r-squared of  0.172. This calculation is based on 
a  multiple linear regression test with the  values 
of alpha and desired power to be set at 0.05 and 
0.8 respectively.

For the  Kruskal-Wallis test no population pa-
rameters are estimated, so no confidence inter-
vals are provided.

Discussion

To date, the diagnosis and management of UFs 
have been of  paramount importance. Although 
a surgical approach is feasible and safe, with dif-
ferent minimally invasive approaches depending 
on the  location of UFs (hysteroscopy in the case 
of  submucosal UFs  [6, 61], laparoscopy/robot-
ic surgery for intramural/subserosal ones  [62]), 
medical therapy is usually the first choice to re-
duce UF volume and related signs and symptoms.

The mechanism of the development of UFs de-
pends on several factors, and it is still not fully 
understood [2, 3, 13]. For example, the influence 
of pregnancy on UF size still remains an unsolved 

Figure 1. Scatterplot with boxplot showing tumor 
necrosis factor alpha (TNF-α) serum concentrations 
in patients with uterine fibroids (after ulipristal ac-
etate [UPA] and non-UPA) and healthy controls

Figure 2. Scatterplot with boxplot showing insu-
lin-like growth factor 1 (IGF-1) serum concentrations 
in patients with uterine fibroids (after ulipristal ace-
tate [UPA] and non-UPA) and healthy controls

Figure 3. Scatterplot and boxplot plasminogen ac-
tivator inhibitor-1 (PAI-1) serum concentrations in 
patients with uterine fibroids (after ulipristal ace-
tate [UPA] and non-UPA) and healthy controls

Table IV. Relationship between body mass index (BMI) and tumor necrosis factor alpha (TNF-α) concentration 
adjusted for age among patients with uterine fibroids (UFs) (non-UPA group) and control subjects without UFs

Group R R2 F 95% CI Power of test P

Control group 0.415 0.172 3.124 0.023–0.331 0.073 0.035

Non-UPA group 0.338 0.114 2.446 0.006–0.245 0.619 0.073

CI – confidence interval

0.6

0.5

0.4

0.3

0.2

0.1

0.0

–0.1

TN
F-

α 
[p

g/
m

l]

Study groups

Control Non-UPA After UPA

Median 25–75% Min-max

320

300

280

260

240

220

200

180

160

140

120

100

80

60

40

IG
F-

1 
[n

g/
m

l]

Study groups

Control Non-UPA After UPA

Median 25–75% Min-max

22

20

18

16

14

12

10

8

6

4

2

0

PA
I-

1 
[n

g/
m

l]

Study groups

Control Non-UPA After UPA

Median 25–75% Min-max

dilemma. Based on current knowledge, physicians 
are not able to inform patients about the likelihood 
that UFs may modify their size during pregnan-
cy [63]. According to recent data, long-term stimu-
lation of myometrial cells by progesterone results 
in UF growth [16]. It is still unknown why UFs sig-
nificantly increase in size during early pregnancy 
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and then decrease in the third trimester [63, 64]. 
Therefore, we cannot explain everything as being 
due to progesterone activity and we should look 
for other important pathways and dependencies. 
Some of  these connections may vary depending 
on other hormones whose levels rise during preg-
nancy, e.g. glucocorticoids or prolactin. 

Studies on the role of progesterone in the de-
velopment of UFs were the basis for the develop-
ment of  pharmacological treatment with SPRMs. 
Additionally, SPRMs showed tissue-specific activ-
ity and partial antagonism against progesterone  
[44, 46, 47, 49, 50]. Over a few years UPA became 
one of the main SPRMs in the treatment of UFs and 
was included in the UF therapeutic scheme [52, 65, 
66]. UPA is used for the  preoperative treatment 
of moderate and severe manifestations of UFs and 
for the temporary treatment of moderate and se-
vere manifestations of UFs occurring in adult wom-
en of reproductive age [67]. Despite recent reports 
on UPA-induced side effects such as hepatic fail-
ure, this drug is still successfully used in UF ther-
apy. However, the  occurrence of  the  above-men-
tioned complication led to the  implementation 
of  intensive monitoring of  liver function through-
out the treatment with UPA [45, 60, 66]. Therefore, 
it seems to be important to study the role of pro-
gesterone and to determine the exact mechanisms 
of  the action of drugs (such as SPRMs) affecting 
the  pathway of  progesterone transformation in 
the pathophysio logy of UFs [4].

In order to understand the potential causative 
roles in the  development of  UFs, the  correlation 
between progesterone and growth factor levels 
has gained increasing attention  [1, 20]. Trans-
forming growth factor beta (TGF-β) controls pro-
liferation and differentiation in the majority of cell 
types in the human body [68] and is considered to 
be one of the key factors in the pathophysiology 
of UFs [13, 14]. TGF-β3 induces ECM secretion and 
affects its degradation [19, 69, 70]; in addition, in-
creased concentration of TGF-β3 in the serum was 
reported in patients with UFs [71, 72]. We previ-
ously found that UPA treatment may affect UFs 
through the TGF-β3 pathway. In particular, levels 
of  TGF-β3 were comparable in the  serum of  pa-
tients who were treated with UPA and in the se-
rum of patients without UFs (control group) [55]. 

Another dilemma is whether the  location in 
the myometrium is in correspondence with the or-
igin of  UF and whether it plays a  role in UF tu-
mor structure and cytokine production. According 
to recent studies concerning progenitor cells in 
myometrial pathology, these cells were found to 
present the  differential expression of  cytokines 
related to inflammation. As found by Orciani et al. 
(2018), the  upregulation of  cytokines related to 
chronic inflammation may trigger the  formation 

of a microenvironment suitable for UF formation 
and growth [73].

TNF-α is another important factor involved 
in UF pathophysiology  [31–33], since it controls 
cell growth, differentiation, and apoptosis  [74]. 
As regards tumor biology, TNF-α is considered as 
an antineoplastic and anti-angiogenic factor [31]. 
In spite of these anticancer properties, TNF-α can 
lead to adverse effects in the  course of  breast 
tumor [75], and might also be involved in the de-
velopment of UFs [23, 32]. Abdominal and pelvic 
pain, infertility, and gastrointestinal manifes-
tations may be a  direct effect of  tumor growth, 
but they may also result from its endocrine and 
paracrine properties associated with increased se-
cretion of proinflammatory cytokines (e.g. TNF-α). 
TNF-α is recognized as a strong aromatase stimu-
lant, which causes enhanced conversion of andro-
stenedione to estrone, which may intensify tumor 
growth [75]. In addition, it induces the expression 
of key genes coding for enzymes responsible for 
estrogen metabolism, making UF tissue more 
hormonally active, and intensifies the  process 
of carcinogenesis. [76]. Interestingly, activin A, one 
of  the main profibrotic factors, is a protein link-
ing the TNF-α pathway and UFs [77]. In particular, 
activin A was found to be capable of  influencing 
the development of UFs mainly via the induction 
of ECM proteins [19, 78].

As previously found, the  presence of  UFs in 
women may lead to or be the  effect of  a  state 
equivalent to non-specific systemic inflammation 
due to increased secretion of TNF-α and its higher 
concentrations in the serum and tissues [31, 32]. 
These speculations are supported by the  results 
of  the present study, in which we demonstrated 
significant differences between TNF-α concen-
trations in the  serum of  UF patients (both with 
and without UPA treatment) and healthy con-
trols (UPA – control p = 0.0002; non-UPA – con-
trol p = 0.0002). We should take into account that 
obese patients are characterized by excessive 
secretion of  various inflammatory mediators, in-
cluding TNF-α, so obesity may have a significant 
impact not only on the prevalence of UFs but also 
on the  occurrence of  UF-derived symptoms  [23, 
79]. Nevertheless, in the present study the aver-
age BMI values were not significantly different be-
tween the analyzed groups, so this parameter is 
not likely to have influenced the outcomes.

Most importantly, our results did not show 
a  significant difference in TNF-α concentrations 
between non-UPA and UPA groups (p  =  0.946), 
suggesting that UPA does not influence TNF-α con-
centrations, in contrast to the observed reduction 
in TGF-β3 after UPA therapy [55]. In our opinion, 
this observation may support the  recommenda-
tions regarding the use of UPA in some symptoms 
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associated with UFs. It was confirmed that UPA 
affects ECM volume, and, as a consequence, it re-
duces tumor volume [53, 65, 80], excessive uter-
ine bleeding associated with UFs [81, 82], and also 
abnormal bleeding occurring in patients without 
the diagnosis of UFs [83]. Several authors have re-
ported that UPA reduced pelvic pain [47, 84], but 
the mechanism has not been fully elucidated so 
far. Nevertheless, in some cases the effect of UPA 
treatment is not fully satisfactory. It was also re-
ported that using UPA may cause pain or discom-
fort within the abdomen and pelvis [85]. 

The precise mechanism responsible for UF-as-
sociated pain has not been fully elucidated, al-
though stretching, compression, endocrine or 
paracrine actions are known factors involved. 
TNF-α stimulates the  production of  prostaglan-
dins  [86], and its role as a  pain inducer is well 
documented [87, 88]. Therefore, the use of a drug 
with the anti-TNF-α component may be a solution 
in patients treated pharmacologically with symp-
tomatic UFs in whom a better analgesic effect is 
expected, or in patients in whom such an effect 
was not achieved in their previous therapy. Cur-
rently, anti-TNF-α drugs are not used in clinical 
practice for UF treatment, despite the  fact that 
a  considerable part of  manifestations of  UFs is 
TNF-α-dependent [33].

Several previous studies reported that some 
UFs may limit fertility or cause infertility  [89]. In 
this scenario, UF-associated infertility may be (at 
least partially) due to TNF-α dysregulation  [90]. 
According to available scarce evidence, women 
with a history of infertility have increased serum 
TNF-α concentrations in comparison with fertile 
controls  [91]. Additionally, increased TNF-α levels 
play a detrimental role as regards the outcomes 
of assisted reproductive techniques  [92]. In obe-
sity, chronic inflammation and an increased TNF-α 
level may have an  indirect influence on fertili-
ty [93]. Animal studies corroborated these obser-
vations and showed that using anti-TNF-α drugs 
improved reproductive outcomes [94].

Uterine fibroids treatment with UPA preserves 
fertility, but the  use of  anti-TNF-α together with 
UPA may improve the effectiveness of pharmaco-
logical therapy of infertility due to UFs. In a previ-
ous review published by our group we described 
compounds with confirmed anti-TNF-α proper-
ties, i.e. pentoxifylline, capsaicin and non-steroi-
dal anti-inflammatory drugs (NSAIDs) [32]. In our 
opinion, a  combination therapy with UPA and 
one of these substances may improve the fertility 
of  patients with UFs due to the  effect on TNF-α 
levels [65], although this hypothesis needs to be 
verified in large human trials.

To date, available data have indicated that both 
IGF-1  [34, 35] and PAI-1  [40] may be important 

in the pathophysiology of UFs and the treatment 
of UFs may influence their serum concentrations. 
Asoprisnil, a  type of SPRM, was found to reduce 
the  expression of  IGF-1 and its receptor in UF 
cells  [95]. Nevertheless, our results did not show 
a  significant difference of  IGF-1 and PAI-1 levels 
in the  serum between UF patients and the  con-
trols, and between UPA-treated UF patients and 
non-UPA patients. Interestingly, a previous study 
demonstrated reduced expression of  TGF-β3 in 
UF cells cultured with asoprisnil  [95]. Similarly, 
data analysis in our previous study showed that 
UPA treatment is associated with lowered TGF-β3 
concentrations in the serum and in UF tissue [55]. 
Therefore, additional research is necessary to as-
sess the  influence of drugs on growth factors in 
patients with UFs.  

What are our recommendations as regards 
the interpretation of the above results? The iden-
tification of  all signal transduction pathways in 
UFs will be impossible for a  long time because 
of  the  abundance of  their components. To date, 
the  significance of  TGF-β  [14, 96], TNF-α  [33], 
or, according to recent data, neurogenic growth 
factors  [97] seems to have been confirmed in 
the pathophysiology of UFs. Researchers are still 
studying whether other growth factors, cytokines 
and chemokines may be similarly significant. 
In our viewpoint the  above results indicate that 
IGF-1 and PAI-1 are of secondary importance com-
pared to the above-mentioned factors. Obviously, 
further studies are necessary in this area.

One of  the  main steps to take in the  treat-
ment of  UFs will be patient-tailored treatment. 
An  increasing proportion of patients decline sur-
gical treatment in favor of pharmacotherapy reg-
imens. This lead should be partially followed to 
offer the patients effective treatment with med-
ications only. In our viewpoint subsequent stud-
ies should focus on analyzing which factors play 
a specific role in the formation and growth of UFs, 
which drugs have an effect on specific factors, and 
how to combine the drugs effectively to provide 
the appropriate clinical effect. Currently, it seems 
exceptionally difficult, but more effort will make it 
possible to reach the target. The present study fits 
this purpose.

Knowledge concerning the  effect of  drugs de-
pending on the  dose and types of  drug combi-
nations will be a  good starting point to analyze 
synergisms. A  relatively high price and often dif-
ficult accessibility are the  main disadvantages 
of available drugs registered in UF treatment. None 
of the available drugs may be used for prevention 
of the development of these tumors [52]. Until now, 
no hormonally active agents have been qualified for 
long-term treatment of UFs because of associated 
side effects  [60, 66]. Co-drugs that present differ-
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ent kinds of synergy may be a potential paradigm 
shift for future anti-UF therapy and, in our opinion, 
these pathways deserve to be extensively explored. 
For example, a  recent study found a  reduction in 
the growth of UFs in vitro due to the synergistic ef-
fect of UPA and vitamin D [98]. Another synergism, 
which is less commonly known, but seems to be 
important in the  treatment with UPA, is its com-
bination with simvastatin [99]. Therefore, we take 
the  opportunity to solicit future investigation for 
new combinations of drugs effective in the  treat-
ment of UFs and their symptoms. 

The main advantage of  the  present study is 
new knowledge concerning growth factors in the 
pathophysiology of UFs. Another important issue is 
the fact that the study presents the effect of the 
anti-UF drug UPA on growth factors. Detailed data 
regarding the effect of  this drug on pathophysio-
logical pathways in UFs are still hardly available 
and each piece of information is important, espe-
cially after some research was suspended following 
the alert issued by the European Medicines Agen-
cy [58]. This study bridges such gaps and offers new 
knowledge about IGF-1 and PAI-1 factors. Moreover, 
it partially complements data concerning TNF-α. 
The main limitation of this study results from a rel-
atively small sample size, especially in the  group 
of patients treated with UPA. Conducting research 
on this drug is challenging in Poland due to the low 
popularity of the drug and the fact that physicians 
tend to choose surgical methods in the treatment 
rather than pharmacotherapy.

In conclusion, uterine fibroids occur in a large 
number of  women and are a  considerable prob-
lem of health care systems worldwide. Therefore, 
extensive research should be conducted to find 
new treatment methods and to optimize already 
existing therapies. No significant differences were 
found between TNF-α concentrations in the  se-
rum of  patients with UFs treated with UPA, and 
patients without UPA treatment. In addition, our 
data analysis did not show significant differences 
in the concentrations of IGF-1 and PAI-1 between 
patients with UFs and the control group. 

Personalized therapies using symptom-specif-
ic drugs or co-drugs should be a new direction in 
anti-UF research. However, according to the avail-
able data, further extensive research is mandatory. 
Future studies on this topic should also take into 
account that UFs might cause a different effect on 
cytokines and growth factors in relation to various 
localization and origin of lesions.
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