OVARIAN CANCER
Introduction
· Ovarian cancer is the fifth most common cancer in women and the fifth most frequent cause of cancer death.

Epidemiology

· Epithelial ovarian cancer (EOC) can occur in females as young as 15 years, but the mean age is 56 years.

· The risk of EOC is increased in women who have not had children and possibly those with early menarche or late menopause. 

· Two theories attempt to explain this. 

· The incessant ovulation theory suggests that repeated ovarian epithelial trauma caused by follicular rupture and subsequent epithelial repair results in genetic alterations within the surface epithelium. 

· The gonadotropin theory proposes that persistent stimulation of the ovaries by gonadotropins, coupled with local effects of endogenous hormones, increases surface epithelial proliferation and subsequent mitotic activity

· Malignant lesions of the ovaries include primary lesions arising from normal structures within the ovary and secondary lesions from cancers arising elsewhere in the body. 

· Primary lesions include epithelial ovarian carcinoma (70% of all ovarian malignancies), germ-cell tumors, sex-cord stromal tumors, and other more rare types. 

· Metastases to the ovaries are relatively frequent, with the most common being from the endometrium, breast, colon, stomach, and cervix
· Approximately 1 in 70 newborn girls will develop ovarian cancer during her lifetime. 
· In general, ovarian cancer is a disease of the postmenopausal woman and the prepubescent (Immediately prior to the commencement of puberty) girl, although it is documented to occur in females of all ages.

Etiology 
· The cause of ovarian cancer is unknown, although a number of predisposing risk factors have been identified. 

· It has been proposed that repeated ovulation is causally related to the development of this disease.

· Ovulation is accompanied by disruption of the germinal epithelium and the activation of cellular repair mechanisms. 

· Repeated ovulation may provide ample opportunity for somatic gene deletions and mutations to occur, which in turn can contribute to tumor initiation and progression. 

· Supporting this theory are the observations that chronic anovulation, multiparity, and a history of breastfeeding are protective.

· Pregnancy is associated with a risk reduction of 13-19% per pregnancy. 
· Infertility treatment may be associated with a slightly increased risk of ovarian cancer as suggested by a meta-analysis. 
· Furthermore, women with polycystic ovarian syndrome (PCOS) were found to have a 2.5-fold increased risk of developing epithelial ovarian cancer. 

· Hormone replacement therapy has not been found to increase the overall risk of ovarian cancer. 

· However, unopposed estrogen therapy may be associated with a significant increase in risk of endometroid, epithelial ovarian tumors. 

· Use of oral contraceptives decreases the risk of epithelial ovarian cancer by 50% for users of 5 years and longer.
· This risk reduction is also evident in high-risk families with a genetic predisposition.

· Diets high in saturated animal fats seem to confer an increased risk by unknown mechanisms.

· Other factors like alcohol and milk product consumption have been hypothesized as risk factors but never confirmed. 
· Lactose consumption and the use of talcum powder on the vulva and perineum may be associated with increased risk
· Exposure to talc has also been proposed as a risk factor in women who place talcum powder on the external genitalia

· Over 90% of ovarian cancer develops sporadically. 

· However, an estimated 10% of epithelial ovarian cancers are based on genetic predisposition. 
· Women with a history of breast cancer have an increased risk of EOC. 
· Disorders of the genes associated with breast cancer, BRCA1 and BRCA2, and more rarely, genes within the Lynch II syndrome complex, are associated with ovarian cancer. 
· Mutations in these genes are inherited in an autosomal dominant pattern, with the mutated gene coming from either parent
· Women with two first-degree relatives with ovarian cancer have a 50% likelihood of developing ovarian cancer until age 70
· Individuals with a BRCA1 gene mutation have a 50-85% lifetime risk of developing breast cancer and a 15-45% risk of developing EOC. 
· Those with a BRCA2 gene mutation have a 50-85% lifetime risk of developing breast cancer and a 10-20% risk of developing EOC.
· Hereditary ovarian cancer occurs in two forms, either as breast and ovarian cancer syndrome (BOC), or the less common Lynch II syndrome, also known as hereditary nonpolyposis colorectal cancer syndrome (HNPCC syndrome).
· Individuals with Lynch II syndrome (hereditary nonpolyposis colorectal cancer syndrome) have a higher incidence of ovarian, endometrial, breast, and other malignancies, including ureter, kidney, pancreas, small bowel, and stomach. 
· Mutations have been demonstrated in mismatch repair genes MSH2, MLH1, PMS1, and PMS2.
· Chromosomal abnormalities are commonly associated with ovarian malignancies.

· Patients with Turner's syndrome (45, XO) are at increased risk of dysgerminoma and gonadoblastoma. 

Classification (WHO)
· Ovarian cancer may be divided into three major categories, based on the cell type of origin

1. Epithelial Neoplasms
· Epithelial neoplasms are derived from the ovarian surface mesothelial cells and include six cell types: serous, mucinous, endometrioid, clear cell, transitional cell, and undifferentiated. 

· Epithelial tumors account for over 60% of all ovarian neoplasms and more than 90% of malignant ovarian tumors.
a. Serous cystadenocarcinoma

· Ovarian serous cystadenocarcinoma is the most common malignant tumor of the ovary, accounting for 35-50% of all epithelial tumors.

· Grossly, these neoplasms are bilateral in 40-60% of cases, and 85% are associated with extraovarian spread at the time of diagnosis
b. Mucinous neoplasms

· Mucinous neoplasms of the ovary account for 10-20% of all epithelial ovarian tumors and are the second most common type of epithelial ovarian cancer. 
· In contrast to serous tumors, mucinous tumors are bilateral in less than 10% of cases.

· Pseudomyxoma peritonei is an unusual condition that may occur in association with mucinous neoplasms of the ovary resulting from the progressive accumulation of mucin in the abdominal cavity following its slow leakage from a neoplasm

· Although rare and histologically benign in appearance, pseudomyxoma peritonei has a protracted and potentially morbid course secondary to repeated bowel obstruction, with a mortality rate that approaches 50%.
c. Endometrioid neoplasm

· An endometrioid neoplasm of the ovary exhibits an adenomatoid pattern that resembles endometrial adenocarcinoma 

· It is bilateral in 30-50% of cases. 
· Rarely, this neoplasm arises in foci of endometriosis (less than 10% of cases).
d. Clear cell carcinoma

· Clear cell carcinoma of the ovary, also referred to as mesonephroid carcinoma of the ovary, accounts for approximately 5% of epithelial ovarian cancers.
e. Transitional cell (Brenner) carcinoma

· Transitional cell (Brenner) carcinoma of the ovary is a newly described entity composed of cells that resemble low-grade transitional cell carcinoma of the urinary bladder.
f. Undifferentiated carcinoma

· Undifferentiated carcinoma of the ovary accounts for less than 10% of epithelial neoplasms 

· This neoplasm is characterized by the absence of any distinguishing microscopic features that permit its placement in one of the other histologic categories.

2. Germ Cell Neoplasms
· Germ cell neoplasms arise from the germ cell elements of the ovary and include: 
1. Dysgerminoma 
2. Endodermal sinus tumor 
3. Embryonal cell carcinoma 
4. Choriocarcinoma 
5. Teratoma 
6. Polyembryona 
7. Mixed germ cell tumors

· Unlike the epithelial neoplasms, which tend to occur during the sixth decade of life, this group of tumors tends to occur during the second and third decades and as a group is associated with a better prognosis.
3.  Sex cord-stromal tumors of the ovary
· Granulosa cell tumors represent 1-2% of all ovarian neoplasms and are the most common malignant tumors of the sex cord-stromal tumor category.

· They are associated with hyperestrogenism and may cause precocious puberty in young girls and adenomatous hyperplasia and vaginal bleeding in postmenopausal women.

· Like the granulosa cell tumors, an ovarian thecoma is often associated with hyperestrogenism.
· This benign ovarian tumor consists of lipid-laden stromal cells, which give the tumor a yellow color on cut section.

· An ovarian fibroma is another benign tumor that is noteworthy because of its association with Meigs' syndrome. 

· Meigs' syndrome refers to the occurrence of an ovarian fibroma, ascites, and pleural effusion, which collectively mimic the presentation of ovarian cancer.

· Sertoli-stromal cell tumors are rare and consist of testicular structures at different stages of development. 

· They are usually virilizing and occur most commonly during the third decade of life.

4.  Neoplasms metastatic to the ovary
· Cancer metastatic to the ovary accounts for as many as 25% of all ovarian malignancies.

· Clinically, these tumors often mimic primary ovarian cancer and usually present as bilateral adnexal masses, although a unilateral mass occurs in as many as 25% of patients. 
· These masses are usually smooth and bosselated, solid, and mobile
· The most common primary cancers that metastasize to the ovary are those of the breast, stomach, colon, and endometrium. 
· Ovarian metastases in patients with breast cancer are found in up to 40% of cases.
Clinical manifestations
· Ovarian cancer typically develops as an insidious disease, with few warning signs or symptoms. 

· Most neoplastic ovarian tumors produce few symptoms until the disease is widely disseminated throughout the abdominal cavity.
· A history of nonspecific gastrointestinal complaints, including nausea, dyspepsia, and altered bowel habits, is particularly common. 

· Early satiety and abdominal distention as a result of ascites are generally signs of advanced disease. 

· A change in bowel habits, such as constipation and decreased stool caliber, is occasionally noted. 

· Large tumors may cause a sensation of pelvic weight or pressure. 

· Rarely, an ovarian tumor may become incarcerated in the cul-de-sac and cause severe pain, urinary retention, rectal discomfort, and bowel obstruction.

· Menstrual abnormalities may be noted in as many as 15% of reproductive age patients with an ovarian neoplasm.

· Abnormal vaginal bleeding may occur in patients with ovarian cancer in the presence of a synchronous endometrial carcinoma or as a consequence of metastatic disease to the lower genital tract.

· Rarely, excess androgens or estrogens may be present in women with ovarian neoplasms, presumably because of stimulation of normal theca, granulosa, or hilar cells that surround the neoplasm. 

· Ovarian stromal hyperplasia or hyperthecosis may also be associated with excess androgen production, which alters the normal menstrual cycle. 

· Granulosa theca cell tumors are classically estrogen-producing tumors that present with abnormal vaginal bleeding.
Investigatinons

Ultrasonography

· Ultrasonographic evaluation can detect the majority of ovarian neoplasms but has poor specificity. 
· Several scoring systems have been developed to differentiate benign from malignant lesions based on ovarian volume and the complexity of the cyst, including thickness of the cyst wall, number of cysts, papillary projections into the cyst, thickness of septa, surface excrescences, and presence of ascitic fluid.
Cancer antigen 125 and other tumor markers

· One of the best characterized tumor markers in epithelial ovarian cancer is CA-125.

· CA-125 is an antigen from fetal amniotic and coelomic epithelium and its level can be detected in serum using immunoassay. 

· The accepted upper limit of normal is 35 IU/mL but this is a rather arbitrary cutoff.

· CA125 is not specific for EOC and is elevated in other benign and malignant conditions, including menstruation; endometriosis; pelvic inflammation; liver, renal, and lung disease; and cancer of the endometrium, breast, colon, pancreas, lung, stomach, and liver. 
· It also is elevated in 6% of women who do not have EOC. 
· Although CA125 is elevated in 83% of women with EOC, it is elevated in only 50% of those with stage I disease
· Other markers have been investigated, including lysophosphatidic acid, tumor-associated glycoprotein 72 (TAG 72), OVX1, and macrophage colony-stimulating factor (M-CSF). 
· Newer experimental markers have been identified through various laboratory techniques. 
· These markers include mesothelin, human epididymis protein 4, kallikrein, and haptoglobin-alpha
Others
· Characterization of adnexal masses by computed tomography (CT) or magnetic resonance imaging (MRI) may provide clinically useful information in select instances.

· If the patient notes a change in bowel habits or if guaiac-positive stools are detected, a barium enema should be obtained.

Laboratory Evaluation

· A complete blood count (CBC) and serum electrolyte test should be obtained in all patients

· The serum hCG level should be measured in any female in whom pregnancy is a possibility.

· In addition, a serum AFP and lactate dehydrogenase (LDH) should be measured in young girls and adolescents who present with adnexal masses because the younger the patient, the greater the likelihood of a malignant germ cell tumor. 
· The serum CA-125 level should also be determined whenever an ovarian malignancy is included in the differential diagnosis.

Staging

· The current staging of ovarian cancer approved by the International Federation of Gynecology and Obstetrics (FIGO)
Stage I: Growth limited to the ovary

a. One ovary involved, no ascites present containing malignant cells, no tumor on the external surface, capsule intact
b. Both ovaries involved, no ascites present containing malignant cells, no tumor on the external surface, capsule intact
c. a or b and ovarian surface tumor, raptured capsule, malignant ascites or peritoneal cytology for positive malignant cells.
Stage II: Extension of neoplasm from the ovary to the pelvis
a. Extension and/or metastasis to the uterus and/or fallopian tube

b. Extension to the other pelvic tissues

c. a or b and ovarian surface tumor, raptured capsule, malignant ascites or peritoneal cytology positive for malignant cells

Stage III: Disease extension to the abdominal cavity. 
a. Abdominal peritoneal surfaces with microscopic metastasis

b. Tumor metastasis < 2 cm in size

c. Tumor metastasis > 2 cm in size or metastatic disease to pelvic, par-aortic or inguinal lymph nodes

Stage IV: Distant metastatic disease

· Malignant pleural effusion

· Pulmonary parenchymal metastasis

· Live or splenic parenchymal metastasis

· Metasitasis to supraclavicular lymph nodes 
Spread pattern

· EOC most often spreads initially within the peritoneal cavity 
· Metastatic disease often is found on the peritoneal surfaces, particularly on the undersurface of the diaphragms, the paracolic gutters, the bladder, and the cul-de-sac. 
· Other common sites are the surface of the liver, the mesentery and serosa of the large and small bowel, in the omentum, the uterus, and para-aortic and pelvic lymph nodes.
· Outside the peritoneal cavity, EOC may spread to the pleural cavity, lungs, and groin lymph nodes. 
· Presence of pleural effusion does not necessarily indicate disease in the chest, and malignancy can be diagnosed only cytologically. 
· Mucinous tumors tend to form large dominant masses, while papillary serous tumors have a more diffuse distribution and are more commonly bilateral. 
· Endometrioid and clear-cell variants more commonly exhibit local invasion, retroperitoneal disease, and hepatic metastases

Treatment
Surgery
· Surgery is the cornerstone of therapy for ovarian cancer, regardless of cell type or stage of disease.
· Surgery is the initial treatment of choice, provided patients are medically fit. 
· Patients who are not fit for surgery may be given chemotherapy and considered for surgery later. 
· The aim of surgery is to confirm the diagnosis, define the extent of disease, and resect all visible tumor
· Patients diagnosed with ovarian cancer have to undergo surgical staging to reduce the amount of disease and evaluate the extent of spread. 

· Removal of the primary tumor as well as the associated metastatic disease is referred to as debulking or cytoreductive surgery. 

· The incision for surgery should be midline abdominal. 

· In young women with early-stage disease, a transverse incision may be considered. 

· Careful inspection and/or palpation of the abdominal contents should be performed, including all peritoneal surfaces, the liver, large and small bowel and mesentery, stomach, appendix, kidneys, spleen, retroperitoneal spaces, and all pelvic structures

· In early stages and when fertility is desired, removal of the involved adnexa alone may be considered.

· At the time of diagnosis, over 70% of patients with epithelial ovarian cancer have metastases beyond the pelvis. 

· The most common locations of metastases secondary to advanced stage ovarian cancer are the peritoneum (85%), omentum (70%), liver (35%), pleura (33%), lung (25%), and bone (15%). 

· Lymphatic metastasis occurs frequently, with up to 80% involving pelvic lymph nodes and 67% involving para-aortic lymph nodes, depending on the stage of disease.
Surgery for ovarian cancer 
· No visible disease outside of an ovary 

· Aspirate ascitic fluid for cytology studies. 

· Perform peritoneal washings for cytology if ascites is not present. 

· Remove the ovary and ovarian tumor intact. 

· Perform diaphragmatic scraping or biopsy for cytology studies. 

· Obtain peritoneal biopsy specimens. 

· Perform a subcolic omentectomy. 

· Obtain bilateral para-aortic and pelvic node samples. 

· Obtain biopsy samples of adhesions or other suspicious areas. 

· If the patient does not desire future fertility, perform a total abdominal hysterectomy and excise the opposite ovary. 

· Remove the appendix if mucinous tumor is present.

· Macroscopic disease outside of the ovary 

· All visible tumor should be removed. This may require extensive surgery, including bowel resection, excision of peritoneal implants, liver resection, omentectomy, and splenectomy. 

· The extent of bowel resection should depend on the role this plays in achieving maximal cytoreduction.

Chemotherapy

· Only a small percentage of women with EOC can be treated with surgery alone. 
· These include patients with stage IA grade 1 and stage IB grade 1 serous, mucinous, endometrioid, and Brenner tumors. 
· Clear-cell carcinomas are associated with a significantly worse prognosis in stage I, and patients with this histologic subtype should be considered for chemotherapy at all stages

· Surgery to remove the uterus and residual ovary should be considered when the patient no longer desires to remain fertile

· Higher-risk early-stage disease includes all histologic subtypes with stage IA and stage IB grade 2 and all stage I grade 3. 
· These patients should be treated with front-line chemotherapy with a taxane/platinum combination for a minimum of 3 courses

· All patients with stage II cancer and greater should receive front-line chemotherapy

· Until January 2006, standard therapy for all patients with advanced disease following surgery was a taxane/platinum combination, usually carboplatin and either paclitaxel or docetaxel for a minimum of 6 courses. 
· Carboplatin given at an area under the curve (AUC) of 6-7.5 mg/mL/min (using the Calvert formula for calculating total dose of carboplatin: Total dose (mg) = target AUC x (GFR + 25), where GFR = glomerular filtration rate, taken to be the creatinine clearance in mL/min and AUC in mg/mL/min

· The normal range of AUC for treatment of ovarian carcinoma varies from 5-8. 
· Patients who have received extensive prior chemotherapy or radiation should start with an AUC of less than 5. 
· Paclitaxel and docetaxel are usually dosed at 175 mg/m2 and 60-75 mg/m2 respectively. 
· Cisplatin at 50-75 mg/m2 can be substituted for carboplatin. 
· Docetaxel in combination with carboplatin has been shown to provide equivalent survival rates with less neurotoxicity but greater neutropenia
Intraperitoneal chemotherapy

· Use of chemotherapy agents instilled into the peritoneal cavity has the theoretical advantage that much higher concentrations can be obtained locally without the risk of adverse systemic effects; however, the agents are unable to penetrate more than a few millimeters.

· At least 3 randomized studies comparing chemotherapy regimens, including the intraperitoneal route with the intravenous route, have shown a survival advantage for the arms receiving intraperitoneal chemotherapy

· Thus, intraperitoneal chemotherapy should be strongly considered for the treatment of front-line disease following surgery where 5mm or less-residual disease exists and perhaps, for more advanced cancers

· This route of chemotherapy may cause more side effects for the patient and administration requires the placement of a subcutaneous tube into the peritoneal cavity (an intraperitoneal port); this is associated with a number of complications including infection, blockage, retraction out of the peritoneal cavity, and discomfort.

Neoadjuvant chemotherapy
· This is given to patients with disease that is initially considered inoperable or if the patient is unfit for surgery at the time of diagnosis. 
· If the patient has a good response to 3 or more cycles of chemotherapy, interval debulking surgery may be performed followed by further chemotherapy. 
· Overall, patients treated with this approach likely have an inferior outcome to patients undergoing initial maximal cytoreductive surgery followed by chemotherapy

Radiation therapy
· Radiation has not been widely accepted as a routine treatment modality in the initial treatment of patients with EOC, despite reports of efficacy for higher-risk stage I and II disease and in stage III disease where small-volume residual disease is present after surgery. 
· In selected cases, pelvic diseases may respond to palliative dosing regimens with minimal toxicity

Second-look laparotomy

· Second-look laparotomy is a surgical procedure performed within a few weeks following initial treatment of EOC when no disease is evident on clinical examination, by CA125, or radiology. 
· The aim is to inspect the abdominal cavity for disease and, when no macroscopic disease is found, perform peritoneal washings and extensive biopsies for pathologic assessment for microscopic disease

Estrogen replacement therapy after treatment of epithelial ovarian cancer

· The safety of estrogen replacement therapy (ERT) after treatment for EOC has not been tested in a randomized trial, but current evidence suggests that the benefits of ERT outweigh the risks

Intraoperative differentiation of benign and malignant masses 

Benign  

1. Simple cyst

2. Unilateral

3. No adhesions

4. Smooth surfaces

5. Intact capsule
Malignant 

1. Adhesions 

2. Bilateral

3. Rupture 

4. Ascites

5. Solid areas 

6. Areas of hemorrhage or necrosis 

7. Papillary excrescences 

8. Multiloculated mass 

Prevention

· The risk of developing EOC is significantly reduced by bearing children, using the combined oral contraceptive pill, undergoing tubal ligation, and undergoing bilateral oophorectomy.

· Evidence suggests that taking the oral contraceptive pill for at least 5 years reduces the relative risk of developing EOC to 50% of the risk for a woman who has never taken it.

· For patients who are known carriers of BRCA1 or BRCA2 mutations, bilateral oophorectomy may be performed as soon as childbearing is complete, and probably before the patient is aged 35 years. 
· This reduces the chance of developing EOC, but it does not prevent carcinoma of the peritoneum.

