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ABSTRACT
Ovarian cancer is characterized by an extremely poor prognosis in women with an advanced
stage of this carcinoma. In United States every year 20,000 women are diagnosed with ovarian cancer.
It is the fifth most frequent cause of death from cancer in females and the most common cause of
death for 15 years after diagnosis in women with stage III-IV tumors. Among ovarian neoplasms the
most frequent are surface epithelial-stromal tumors. Moreover, non-epithelial ovarian tumors are
distinguished. This group matters 10% of patients with diagnosed ovarian tumors. Due to a huge
variety of ovarian tumors, the following work focuses mainly on the current clinical treatment of the
epithelial ovarian cancer. The following paper summarizes current clinical treatment of epithelial
ovarian cancer, including surgical procedure, chemo- and immunotherapy including modern
therapeutic approaches.
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1. INTRODUCTION
Ovarian cancer is characterized by an extremely poor prognosis in women with an
advanced stage of this carcinoma [1]. In United States every year 20,000 women are
diagnosed with ovarian cancer [2]. It is the fifth most frequent cause of death from cancer in
females [3] and the most common cause of death for 15 years after diagnosis in women with
stage III-IV tumors [4]. The mean survival time in case of ovarian cancer is 19 months [5] and
the 5-year survival for women with advanced disease’s stage reaches only 50% [6]. Among
ovarian neoplasms the most frequent are surface epithelial-stromal tumors. They are
subdivided into serous, mucosal, clear-cell, adenocarcinomas and those derived from
transitional epithelium (Table 1). All above-mentioned tumors present a different histological
image [7]. Moreover, non-epithelial ovarian tumors are distinguished. This group matters
10% of patients with diagnosed ovarian tumors. Among these, SCST-sex cord stromal tumors
[8] or GCT germ cell tumors are distinguished [9]. Such heterogeneity of ovarian tumors
results from the presence of three cell types present in a normal ovary:




cells of multipotential surface epithelium,
totipotent germ cells,
sex cord cells.

Each of the following cells’ type can proliferate pathologically and develop numerous,
different cancers. Moreover, metastases from other organs can be found in oncologically
managed ovary. The most common cancers that give metastases to the ovaries are tumors
originating from the so-called Muller's ducts, as well as: breast cancers, malignant melanoma
or carcinomas of gastrointestinal tract [2][10]. Highly characteristic for ovaries is metastasis
from the gastrointestinal system - the Krukenberg tumor. This is the most common type of
metastasis from gastric cancer located in the pylorus [11]. Due to a huge variety of ovarian
tumors, the following work focuses mainly on the current clinical treatment of the epithelial
ovarian cancer.
Table 1. Simplified classification of ovarian tumors according to World Health Organization
based on [2].
Surface epithelial – stromal tumors
Serous
Mucous
Endometrial
Clear cell
Transitional cell carcinoma (Brenner tumors)
-52-

World Scientific News 111 (2018) 51-63

Cord stromal tumors
Granulosa cell tumor
Thecoma, fibrothecoma, fibroma
Androblastoma
Tumor with a lipid cell origin
Germ cell tumors
Dysgerminoma
Yolk sac tumor
Carcinoma embrionale
Choriocarcinoma
Teratoma
Mixed tumors
Unclassified tumors
Metastatic tumors

2. ETIOPATHOGENESIS
The following risk factors are related to the more frequent occurrence of ovarian cancer:





low number or lack of deliveries [12],
BRCA1, BRCA2 gene mutations [13],
congenital syndromes of breast and ovarian cancer and hereditary ovarian cancer [14],
family occurrence of Lynch syndrome (hereditary nonpolyposis colorectal cancer)
[15].

Nulliparous women exhibit an increased risk of ovarian cancer [16]. The controversial
is the risk of cancer related to the fertility drug use and it needs further, large, well-designed
investigations with sufficient follow-up time [17][18].
The nest risk factor involves BRCA1, BRCA2 gene mutations. The BRCA1 gene is
located in locus 17q21 [19] and BRCA2 on 13 chromosome [20]. The average cumulative
risks for ovarian cancer in BRCA1-mutation carriers by age 70 years is 39% (18%–54%)[21].
The Lynch syndrome is the next hereditary disorder associated with an increased risk in
women. It is also known as hereditary nonpolyposis colorectal cancer (HNPCC) [22]. The
syndrome is responsible as well for the increased risk of other tumors occurrence such as:
colorectal cancer, endometrial cancer, digestive adenoma (gastric, pyloric gland, duodenal,
intestinal adenoma) [23]. The Lynch syndrome is caused by mutations within the genes
responsible for mismatch repair such as hMSH2 (human mutS protein homolog 2) in the
2p21-22 locus, hMLH1 (human mutL homolog 1) in the locus 3p21.3-23, hPMS1 (human
postmeiotic segregation 1) at the 2q31-33 locus, hPMS2 (human postmeiotic segregation 2) at
the 7p22 locus, hMSH6 at the 2p16 locus, hMSH3 at the 5q11.2-q13.2 locus [24]. The
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diagnosis of this syndrome is based on the guidelines set out in the Amsterdam system and the
Bethesda criteria [25][26].
The other important risk factor seems to be chronic exposure to asbestos[27]. Also viral
diseases, such as epidemic parotitis (mumps) [28][29][30] or rubella [31] may play a
significant role in the pathogenesis of some types of ovarian cancer. Several factors associated
with the reduction of the ovarian cancer risk were indicated: uterine excision, tubal occlusion
and breastfeeding [29].

3. CLINICAL SYMPTOMS
Ovarian cancer usually develops insidiously. The first signs of the disease are often
absent or uncharacteristic; thus, often ignored or misdiagnosed. In many cases some of them
exist for several months before the diagnosis. The most common symptoms include bloating,
abdominal pain or discomfort, loss of appetite, changes in bowel movements, fatigue, back
pain, irregular menstruation or postmenopausal vaginal bleeding and pain or bleeding after or
during sexual intercourse. Urinary symptoms such as more frequent or urgent need to urinate
may also be present [32]. The majority of women have stage III or stage IV at diagnosis and
they mostly present with ascites, abdominal pain or compression symptoms, such as bowel
obstruction or urinary retention [33]. Symptoms may vary due to localization of metastases.
Interestingly, metastases may cause Sister Mary Joseph nodule. It is a palpable tumor in the
umbilical region resulting from the metastatic disease located within peritoneal lymph nodes.
Ovarian cancer is the most common metastatic tumor in the umbilical region in women [34].
Clinical representation of patients depends mostly on the stage of the disease and involvement
of adjacent anatomical structures[35].

4. RECOGNITION CRITERIA AND DETERMINATION OF THE LEVEL OF
ADVANCEMENT
Table 2. FIGO Ovarian Cancer Staging - Effective Jan. 1, 2014 based on
https://www.sgo.org/wp-content/uploads/2012/09/FIGO-Ovarian-Cancer-Staging_1.10.14.pdf

Stage

Characteristic

IB

Tumor confined to ovaries
Tumor limited to 1 ovary, capsule intact, no tumor on surface,
negative washings.
Tumor involves both ovaries otherwise like IA.

IC

Tumor limited to 1 or both ovaries

IC1

Surgical spill

IC2

Capsule rupture before surgery or tumor on ovarian surface

IC3

Malignant cells in the ascites or peritoneal washings.

IA
I
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II
IIA

Tumor involves 1 or both ovaries with pelvic extension
(below the pelvic brim)
or primary peritoneal cancer
Extension and/or implant on uterus and/or Fallopian tubes

Extension to other pelvic intraperitoneal tissues
IIB
Tumor involves 1 or both ovaries with cytologically or histologically
confirmed spread to the peritoneum outside the pelvis and/or metastasis
to the retroperitoneal lymph nodes
Positive retroperitoneal lymph nodes and /or microscopic
IIIA
metastasis beyond the pelvis
Positive retroperitoneal lymph nodes only
IIIA1
Metastasis ≤ 10 mm

IIIA1(i)
III
IIIA2
IIIB

IIIC

IV

IVA
IVB

Metastasis > 10 mm
IIIA1(ii)
Microscopic, extra-pelvic (above the brim) peritoneal
involvement ± positive retroperitoneal lymph nodes
Macroscopic, extra-pelvic, peritoneal metastasis ≤ 2 cm ±
positive retroperitoneal lymph nodes. Includes extension to
capsule of liver/spleen
Macroscopic, extra-pelvic, peritoneal metastasis > 2 cm ±
positive retroperitoneal lymph nodes. Includes extension to
capsule of liver/spleen.
Distant metastasis excluding peritoneal metastasis
Pleural effusion with positive cytology
Hepatic and/or splenic parenchymal metastasis, metastasis to
extra-abdominal organs (including inguinal lymph nodes and
lymph nodes outside of the abdominal cavity)

The basis for the diagnosis of the ovarian cancer is based on the pathomorphological
evaluation of the material collected from the patient during the surgery. The biopsy performed
under the control of imaging methods is important as well. The stage of the assessment is
based on the FIGO criteria (The International Federation of Gynecology and Obstetrics),
based on the surgical evaluation and the histopathological picture. The current classification
from 2014 is presented in the Table 2.

5. TREATMENT
The treatment of the ovarian cancer is based on combined treatment based on surgery
and chemotherapy. In addition, the following paper presents current information on the
effectiveness of other available therapeutic methods e.g. immunotherapy and biological
treatment.
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5. 1. Surgical procedure
Surgical treatment is the treatment of choice. The scope of the surgery is closely related
and depends on the classification according to FIGO. Due to the frequent bilateral occurrence
of the tumor and tendency to endometrial infiltration, the surgical procedure is relatively
extensive, because in the low stages and thus in stage I-IIA the total hysterectomy is
performed - which means removal of the uterus along with bilateral removal of the fallopian
tubes with ovaries. Additionally, the procedure includes the removal of the greater omentum
and pelvic and aortic lymph nodes excision. During the procedure, samples of biological
material are also collected - smears and random peritoneum sections [36].
However, there are a few deviations and modifications of this procedure. The most
important is the surgical development of cancer in women of childbearing age with a singlesided FIGO stage IA in a situation where the patient wants to preserve fertility. In this
situation, it is acceptable to leave the uterus and the second ovary [37].
In the case of tumors in the stage IA and equal to IIB, the complete cytoreduction is
required [38]. In this case, the extent of resection includes not only these organs as in the case
of less advanced tumor but also segmental resections of the large intestine, small intestine and
all existing changes on the surface of the liver [39]. An important issue is IDS/ICS, so-called
Interval Debuking Surgery / Interval Cytoreductive Surgery. This procedure is based on the
resection only after 3 cycles of chemotherapy and continuation of chemotherapy after the
procedure. The application of this type of surgery seems to be promising [40][41].
5. 2. Chemotherapy
The duration, cycles and doses of CTH are also dependent on the stage of the cancer. It
is extremely important to start chemotherapy as early as it is possible from the time of
diagnosis. The basis of chemotherapy for ovarian cancer is biphasic therapy. CT scheme
protocols include the following cytostatics and its combinations: platinium combined with
taxoid [42], carboksilplatin and paclitaxel [43], futhermore, cisplatin and docetaxel [44]. The
most commonly used treatments are based on the individual stages according to FIGO. The
promising diagnose was presented for a group of patients with tumors in stage IA or IB G1.
Authors indicated the withdraw from chemotherapy, but only after careful examination of
the pelvic and para-aortic lymph nodes [45]. In other cases, it was recommended to apply 6
cycles of carboxyplatatin with paclitaxel. There was also demonstrated a good efficacy of the
treatment with carboxyplatin with pegylated liposomal doxorubicin. However this method of
treatment requires further investigation to assess its effectiveness and mechanisms in more
details [46].
The noteworthy method of chemotherapy used in patients with left over 1cm tumor
residue is an intraperitoneal chemotherapy [47]. Chochrane's (2016) meta-analyzes
demonstrated the high efficacy of a combination of standard intravenous and IP
chemotherapy[48].
5. 3. Immunotherapy
Immunotherapy can be also called targeted therapy. Targeted therapy (TT) includes the
usage of drugs which can access cancer cells in a specific or unique way. TT is mostly
concentrated on the specific proteins or inhibition of action of molecules that are essential to
cancer growth. An example of biological treatment used in the treatment of ovarian cancer is
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the use of bevacizumab [49]. This drug is a recombinant, humanized anti-VEGF monoclonal
IgG1 antibody [50]. Cells under hypoxia conditions increase the VEGF's transcription [51].
Epithelial cells presents receptors for vascular endothelial growth factor (VEGFR) -1 [52] and
VEGFR-2 [53] on their surface. In addition, neuropilin NRP -1 and NRP-2 are also
responsible for binding to VEGF. This factor is responsible for the angiogenesis and
stimulation of epithelial cell division [54].
The mechanism of action of bevacizumab is based on selective combining with
circulating VEGF to inhibit the binding of VEGF to its cell surface receptors [49]. It caused
reduction in blood vessels. The compound appears to be effective, however, it is capable of
also inducing side effects like hypertension, asymptomatic proteinuria, thromboembolic
events. However, these disadvantages do not undermine its role in anti-cancer therapy [55].
Furthermore its approved in the treatment of metastatic breast cancer, glioblastoma
multiforme and renal cell cancer [54].

Scheme 1. The mechanism of action of bevacizumab.
(Modified from: https://www.healio.com/hematology-oncology/learn-immuno-oncology/clinicalindications/colorectal-cancer and Servier Medical Art website, http://smart.servier.com/)
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5. 4. Hormone therapy
Hormone therapy (HT) includes the application of hormones or drugs that inhibit
hormones crucial for cancer cells. HT is rather not used in case of epithelial ovarian cancer
but is more often used in ovarian stromal tumors. In clinical practice is implemented
luteinizing-hormone-releasing hormone (LHRH) agonists to modulate estrogen levels,
tamoxifen which acts anti-estrogens, and aromatase inhibitors which reduce estrogen
production [56][57]. These procedures can be also combined as a novel strategies with other
standard protocols to improve the expected effect.
5. 5. Therapy on place of action
Personalized medicine selected individually for patient is becoming still more popular.
One of the most known methods defined as a personalized treatment applied directly on tumor
tissue is photodynamic therapy (PDT). PDT is marginally invasive and effective method,
which requires simultaneous application of photoactive drug (photosensitizer), presence of
oxygen and a proper wavelength to drug activation [58][59]. Photodynamic method is widely
and successfully applied in United States, where ovarian cancer is one of the fourth most
frequent cancers in woman [60]. This method is mainly advised for patients not qualified for
surgery or characterized by platinum-resistant ovarian carcinoma. Moreover, the
photosensitiser is highly selective in detecting minimal tumor residuals, what enables better
tumor tissue detection because [60].
The other tumour targeted approach is electrochemotherapy (ECT), which is commonly
applied for various tumours, but in case ovarian treatment is still in basic [61] and clinical
trials [62]. This method is based on the application of pulsed electric fields utilizing short
pulses (100µs) and electric field intensity up to few kV/cm. This phenomenon causes
temporary cell membrane permeabilization and drug particles can easily and more efficiently
target cancer cell interior [63]. Presently, during ECT clinical protocols are applied two drugs,
which exposed the highest efficacy, i.e.: bleomycin and cisplatin. ECT in experimental
approach occurred particularly beneficial for cancer with multidrug resistance [64][65].
Moreover, there was also proved a promising potential of electroporation in combination with
photodynamic therapy [66][67] and nanocarriers delivery [68].

6. CONCLUSIONS
The above considerations demonstrated that ovarian tumors are frequently appeared
cancers in women and described current guidelines, classifications as well as guidelines for
the treatment of this cancer. This review revealed also new perspectives in ovarian cancer
treatment that might be useful in the future, however further research is required to broaden
the basic biological mechanisms to be implicated in clinical practice.
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