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Chapter 

Introduction and outline of the thesis 



General introduction and outline of the thesis 

General introduction 
Epithelial cancer of the ovary is the sixth most common cancer in women, affecting 

approximately 1 in 70 women in the developed world, and is the leading cause of death from a 

gynaecological malignancy '. In the Netherlands, approximately 1300 new cases of ovarian cancer 

per year are diagnosed resulting in 1000 deaths 2. At the time of presentation, the majority of 

women with ovarian cancer are diagnosed with high stage disease (FIGO stage III or IV) .These 

patients are treated with surgical exploration, tumour debulking and subsequent chemotherapy. 

The extent to which the tumour is reduced at surgery is an important prognostic factor, since 

patients with residual tumour 1 cm or less in diameter have higher survival rates \ At this 

moment, the combination of paclitaxel and platinum-based postoperative chemotherapy is 

standard for patients at high risk for relapse. In all patients subsequent chemotherapy improves 

progression free survival and overall survival w . Only 50% of the patients with an initial response 

to chemotherapy will still be alive after 5 years. Platinum resistance is considered multi-factorial 

and includes pharmacokinetic, tumour micro-environmental and cancer cell specific mechanisms 

like decreased drug uptake, and increased repair of platinum D N A adducts '. Insight in the 

molecular carcinogenesis can aid the clinician in stratifying the patient's risk of relapse after 

standard treatment. 

Genetic alterations play a role in tumour development and tumour progression \ In the 1970's 

Henry Lynch described a family with predominant site-specific ovarian cancer. This and other 

reports have lead to the identification of the familial ovarian cancer syndrome 'M l . Following this, 

the BRCA1 gene was first localized in 1990 and identified in 1994 using linkage analysis and 

cloning '2;1\ BRCA1 is present on the long arm of chromosome 17 at locus 21. The BRCA2 gene 

was discovered in 1995 and it is present on chromosome 13 '4. The BRCA genes function as 

tumour suppressor genes, with loss of function of both alleles required for tumour development. 

In 2003 1237 BRCA1 and 1381 BRCA2 mutations, required for carcinogenesis, were known at 

the Breast Cancer Information Core database. Most of these mutations include splice-site 

mutations, small insertions or deletions resulting in a frame shift causing a truncated protein . 

Of all ovarian cancer cases, 5-10% are associated with germline mutations, including BRCA1 and 

BRCA2 "'. The average cumulative risk of ovarian cancer in BRCA1 mutation carriers at the age 

of 70 years is 39% (95% confidence interval (CI) 18%-54%) and for BRCA2 mutation carriers 

1 1 % (CI 2.4%-19%). The risk of developing ovarian cancer at an earlier age is higher in BRCA1 

mutation carriers than in BRCA2 mutation carriers " . Besides ovarian cancer risk, BRCA1/2 

mutation carriers are also prone for fallopian tube cancer and peritoneal papillary serous cancer. 

Population based studies of fallopian tube carcinoma have revealed the presence of BRCA1/2 

germline mutation in over 15-17% of fallopian tube carcinomas 18;19. Furthermore, a 120 fold 

'increased risk of fallopian tube carcinoma in BRCA1 mutation carriers is published by Brose et al. 

These data strongly support the prophylactic removal of the fallopian tubes as risk reducing 

strategy 2". Considering the high life time risks of developing ovarian and fallopian tube-

carcinoma, high-risk women are being offered preventive measures today. Women may choose to 

undergo prophylactic surgery to reduce their risk of ovarian cancer after completing childbearing 

"'. It has been found that prophylactic oophorectomy reduces the risk of ovarian cancer by 96% 

in germline mutation carriers 21. O n the other hand, semi-annual screening with transvaginal 

ultrasound (TYU) and serum CA-125 determination is optional "'. The success of screening is 

determined by the efficiency of serum CA-125 determination and TVU as screening tests for 

ovarian cancer. At this time, routine screening of low-risk women with these screenings tools 
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seems ineffective due to a failure to detect early-stage disease and high false-positive rates • 

Many reports on the outcome of ovarian cancer screening in a high risk population have been 

published, but all of these studies differ in study population and frequency of screening . Mote 

importantly, none of these studies demonstrate the effectiveness of screening. 

In addition to the BRCA1 and BRCA2 genes, also other genes might play a role in the 

carcinogenesis of ovarian cancer 3M3. The discovery of the human genome seems pending, after 

the publication of the sequences of almost the near complete human genome ' - . T h e expression 

of thousands of genes can be studied simultaneously by use of D N A microarrays. The principle 

of a microarray experiment is illustrated in figure 1. A minimum amount of RNA from one 

condition (for example an ovarian cancer sample) is labelled with a fluorescent dye and mixed 

with the same amount of RNA of another condition i.e. reference (for example normal ovarian 

tissue) labelled with a reverse-colour dye for hybridisation. The hybridisation intensities of each 

spot are measured and analysed too identify differentially expressed genes. 

The application of this technique has allowed researchers to search for gene expression patterns 

that may lead to further understanding of the development of ovarian cancer, stage distribution 

and the overall survival. In addition, genetic alterations recognized in ovarian cancer might 

provide information for novel treatment strategies. 

Gene expression profiling was used to derive a set of genes that distinguished normal ovarian 

tissue from ovarian carcinomas 3 " w In the study by Schridhar et al seven early (F IGO stage I / I I) 

and seven late stage ( m / I V ) o v a n a n tumours were analysed by hierarchical clustering after 

hybridising these tumours on c D N A microarrays containing 25,000 genes. Similarities in the gene 

expression patterns were found for early and late stage ovarian cancer suggesting that early stage 

cancers have most of the characteristics required for metastatic spread v'. It has been suggested 

that microarray analysis can also be used as a predictor of chemotherapy response. There is 

preliminary data on microarray analysis published that looks ven- promising, although sample size 

is small, which is frequently the case 4" 4 \ Furthermore, independent validation series are lacking, 

so the value in clinical practise remains unknown so far. One study investigating the issue of a 

genomic profile in relation to clinical outcome after treatment for ovarian cancer has shown the 

prognostic power of microarray analysis. Although all patients had platinum based chemotherapy 

they were not all optimally debulked 43. The inherent statistical error arising from the analysis of 

more than 10,962 D N A elements, stresses the need for an external validation in a much larger 

series. 

Outline of this thesis 
Overall this thesis will deal with the genetics of ovarian cancer in relation to the clinical 

management. In the following five chapters several issues that have arisen regarding the ovarian 

cancer management of BRCA1 and BRCA2 germlme mutation carriers will be highlighted. In 

C h a p t e r 2, an overall introduction is given. Topics such as the contribution of BRCA1 and 

BRCA2 to ovarian and fallopian tube carcinomas and PPSC incidence are reviewed. Furthermore, 

the pathology and clinical outcome of BRCAl/2-related gynaecologie tumours are described. 

The next four chapters describe the strategies for ovanan cancer risk reduction in BRCA1 and 

BRCA2 mutation carriers. In this institute, women underwent a bilateral prophylactic 

oophorectomy (BPO) to reduce the risk of ovarian cancer. After the finding of an occult 

fallopian tube carcinoma in our institute together with a growing number of articles about occult 

tumours, B P O as standard prophylactic procedure has been extended to bilateral salpingo-

11 
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oophorectomy (BPSO) in 1997. The histopathologic findings at bilateral prophylactic (salpingo)-

oophorectomy (BP(S)O) and incidence of PPSC in follow-up are presented in Chapter 3. 

C h a p t e r 4 discusses the possible implications for high risk women with their fallopian tubes still 

in situ. The need for additional bilateral prophylactic salpingectomy (BPS) after previous BPO 

has not been addressed before in literature. However in our center, a total of 15 women have 

undergone BPS after previous BPO. The outcome as well as the pros en cons of this procedure 

are discussed. 

Our experience of ovarian cancer screening by means of pelvic examination, serum CA-125 and 

TVU as screening modalities in high risk women is shared in Chapter 5. 
To evaluate the efficacy of screening, an independent database was set up with pooled data of 

multiple family cancer clinics on behalf of the Dutch Collaborative Group on Hereditär}' Breast 

Cancer (HKBON). In Chapter 6, the observed incidence of ovarian cancer during screening is 

compared with expected numbers in this multi-centre study. 

The last three chapters of this thesis describe the use of micro array gene expression profiling. 

The application of the microarray technique allows us to search for gene expression patterns 

involved in the development of ovarian cancer, to identify histological subtypes, to predict 

chemosensitivity and overall/disease free survival. The value of gene expression profiles using the 

microarray technique in these issues will be addressed in a review in Chapter 7. 
Chapter 8 describes a microarray study of sporadic high stage ovarian cancer. The relation 

between expression profile and clinical outcome of patients with high stage ovarian cancer is 

investigated. This thesis ends with a summary, a general discussion and future prospects 

(Chapter 9). 

\
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Figure 1. Schematic drawing of a cDNA microarray experiment 
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BRCA1/BRCA2-related gynaecologie malignancies 

Introduction 
Germline mutations in the BRCA1 and BRCA2 genes are the most important cause of inherited 

susceptibility to familial ovarian, fallopian tube, and peritoneal papillary serous carcinoma (PPSC). 

In this chapter, we discuss the contribution of BRCA1 and BRCA2 to ovarian and fallopian tube 

carcinomas and PPSC incidence. Furthermore, strategies involved in ovarian cancer risk 

reduction in BRCA1 and BRCA2 mutation carriers are explained. The pathology and clinical 

outcome of these tumours are also described. 

The contribution of BRCA 1/2 germline mutations to ovarian and 
fallopian tube carcinomas and PPSC incidence 

Identification of BRCA1 and BRCA2 
In 1990 the BRCA1 gene was first localized and identified in 1994 using linkage analysis and 

cloning . BRCA1 is present on the long arm of chromosome 17 at locus 21. The BRCA2 gene 

was discovered in 1995 and it is present on chromosome 13 . The BRCA genes function as 

tumour suppressor genes, with loss of function of both alleles required for tumour development 

. In 2003 1237 BRCA1 and 1381 BRCA2 mutations, required for carcinogenesis, are known at 

the Breast Cancer Information Core database. Most of these mutations include splice-site 

mutations, small insertions or deletions resulting in a frame shift causing a truncated protein . 

D N A analysis has been performed using denaturing gradient gel electrophoresis, denaturing high 

performance liquid chromatography, protein truncation tests, multiplex ligation-dependent probe 

amplification or mutation-specific tests ''. The majority of the mutations are being found 

randomly throughout the population. However, certain mutations are found more frequendy in 

certain populations and are called founder mutations. For example, in Ashkenazi Jews three 

mutations are often found: 185delAG BRCA1, 5382insC BRCA1 and 6174delT BRCA2 7. 

Epidemiology of ovarian carcinoma 
( lancer of the ovary is the sixth most common cancer in women, affecting approximatelv 1 in 70 

women in the developed work), and is the leading cause of death from a gynaecological 

malignancy N. Of ovarian cancer cases, 90-95% are sporadic and 5-10% are hereditary of which 

the majority is associated with germline mutations, including BRCA1 and BRCA2 '''"'. In an 

analysis of 237 families, each with at least four cases of breast cancer, it was estimated that in 

52% of the families the disease was linked to BRCA1 and to BRCA2 in 32% of the families ". 

The lifetime risk for ovarian cancer has recently been calculated in a study of 8,139 index case 

patients. Of these patients, unselected for a positive family history, 86% had female breast cancer, 

2"" had male breast cancer and 12% had epithelial ovarian cancer. In total, 500 (6%) were carrier 

of a BRCA1 or BRCA2 mutation. The estimated risk of ovarian cancer has been reported with a 

range of 11-39%, depending on the penetrance of the germ-line mutation . 

Epidemiology of fallopian tube carcinoma 
Carcinoma ot the fallopian tube comprises 0.5 % of all gynaecologie tumours in the general 

population . The true incidence of both early and late stage fallopian tube carcinomas is 

unknown and maybe underestimated. In a screening study of 22,000 women participating, three 

cases of early stage primary fallopian tube carcinoma were diagnosed. This number was 25-fold 
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higher than expected by national incidences figures. Several explanations were given. Firstly, it 

was possible that the ' selected population was at high risk for developing fallopian tube 

carcinoma. Secondly, the screening test CA-125 may especially be effective in detecting fallopian 

tube carcinoma. Finally, it was stated that in general clinical practice, it could be possible that the 

primary site of some ovarian carcinomas is in fact in the fallopian tubes '\ A primary fallopian 

tube carcinoma can be diagnosed when the main tumour is present in the fallopian tube, and it 

the wall is involved, a transition of dysplastic tubal epithelium to carcinoma is observed (Figure 1) 

F i 9 ure 1. A tumour embolus with a diameter of 2,5 mm nearly completely obliterating the lumen of the left fallopian tube 

Both the clinical and histopathological diagnosis of fallopian tube and ovarian carcinoma is 

usually made at an advanced stage. However, fallopian tube carcinoma is characterized by a 

number of signs and symptoms, most frequently abnormal vaginal bleeding, discharge and 

abdominal pain, while ovarian carcinoma patients have less signs . 

The association between BRCA1/2 mutations and fallopian tube carcinomas has been 

recognized. In the last few years there is a growing number of articles reporting fallopian tube 

carcinomas in proven mutation carriers '7'25. These fallopian tumours were occult carcinomas 

found in prophylactic oophorectomy specimens. Zweemer et al published molecular evidence 

linking fallopian tube carcinoma to a BRCA1 mutation. In two patients with a BRCA1 mutation a 

loss of the wild type allele was shown in both tumours2 1 . A population based study of fallopian 

tube carcinoma has revealed the presence of BRCA1/2 germline mutation in over 15% of 

fallopian tube carcinomas 26. Furthermore, a mutation frequency of 17% (5/29 patients) was 

reported by Levine et al 27. Finally, a 120-fold increased risk of fallopian tube carcinoma in 

BRCA1 mutation carriers is published by Brose et al2K. 
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Epidemiology of peritoneal papillary serous carcinoma 
PPSC is diagnosed in 1000 women each year in the United States. PPSC is diffusely spread on the 

peritoneal surfaces and the ovaries are not or superficially involved 2''. For the diagnosis of PPSC 

the criteria are strict according to those of the Gynecologic Oncology Group 3U. Firstly, both 

ovaries arc either normal in si/e or enlarged by a benign cause. Judged by the surgeon and the 

pathologist, the bulk of the tumour is in the peritoneum and the extent of extra ovarian tumour is 

greater than on the surface of either ovary. Secondly, microscopic examination of the ovaries 

reveals : a) no tumour; b) tumour confined to the surface epithelium and no cortical invasion; c) 

tumour involving the surface and the cortical stroma but less than 5 x 5 mm in diameter; d) 

tumour less than 5 x 5 mm within the ovarian substance, with or without surface involvement. 

Thirdly, pathological characteristics of the tumour are predominantly serous and similar or 

identical to those of ovarian serous papillär)- carcinomas of any grade. Finally, cases in which an 

oophorectomy has been done before the diagnosis of PPSC must have the pathology report of 

the oophorectomy to document the absence of carcinoma with (attempt to) review of all slides. 

The question of PPSC being a primary carcinoma or a metastasis of ovarian carcinoma is widely 

discussed. Reasons for PPSC being a primary carcinoma can be summarized as follows: Firsdy, 

the clinical behaviour of PPSC patients was compared with that of high-stage ovarian cancer 

patients. In the study by Bloss et al median survival for the PPSC group was 20 months 

compared to 28 months in the ovarian carcinoma group, although this was not significantly 

different. This can be explained because of the small size of the cohort 3 0 . However, in the study 

by Killackey et al, patients with PPSC had more limited cytoreduction (65.5 % versus 79% in 

sporadic cases), shorter disease-free interval (3.4 months versus 11.7 months) and shorter overall 

survival time (19 versus 51 months) ''. Secondly, there is evidence that some cases of PPSC have 

a multifocal origin as compared to the unifocal origin of advanced stage epithelial ovarian 

carcinoma. Muto et al reported that in four out of six PPSC cases different patterns of allelic loss 

at différent localizations were found. Also a P53 mutation was found in one of these patients but 

not at all anatomic sites. A possible explanation for these findings is that PPSC] arises as 

synchronous primaries within multifocal rests of the miillerian epithelium, spread throughout the 

peritoneal cavity A 

furthermore, PPSC has been diagnosed after prophylactic surgery of the ovaries 17,20,33 ". In 1982, 

three (11%) cases of intra-abdominal adenocarcinoma indistinguishable histopathologically from 

ovarian carcinoma were described for the first time in patients 1-11 years after oophorectomy for 

a family history of ovarian cancer >5. Piver et al described 9 (2.8%) cases of PPSC after abdominal 

total hysterectomy and salpingo-oophorectomy in women with one or more family members with 

ovarian cancer . In an analysis of 551 women, two of 259 (0.8%) mutation carriers had papillary-

sen ais peritoneal carcinoma 3.8 and 8.6 years after bilateral prophylactic oophorectomy iA. 

\n argument tor PPSC being a metastasis is the immunohistochemicallv similarity between PPSC 

and ovarian carcinoma. Thirteen patients with PPSC and 31 with ovarian carcinoma were 

analyzed with immunohistochemistry. Both groups of carcinomas were positive for cytokeratin 

and epithelial membrane antigen; in addition, they had similar reactions to B72.3 antigen, 

carcinoembryonic antigen, Leu Ml , CA-125 antigen, L N 1 , LN2, 1VIB2, S100 protein, placental 

alkaline phosphatase and amylase "'. 

PPSC has been described in BRCA1 mutation carriers. The incidence of PPSC found by Kauff et 

al (0.5 in 100 women-years) was lower than the 3.4 in 100 BRCA1 women-years found in our 

cohort, but this maybe due to a shorter mean follow-up duration (23.4 months in the study by 
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Kauff et al versus 45 months in our study) ' "" . PPSC is also related to BRCA2 mutations. The 

first report of PPSC occurring in two BRCA2 carriers after hysterectomy and salpingo-

oophorectomv is just published recently. Clearly, it is too early to conclude that BRCA2 carnets 

face a lower risk than BRCA1 carriers of developing PPSC. The authors mention that BRCA2 

mutation carriers, besides a known delayed onset of ovarian carcinoma also have a delayed onset 

of PPSC 37. Furthermore, six BRCA2 mutation carriers are found in 22 cases of PPSC by Levine 

et al, but whether these cases developed after a prophylactic procedure is not mentioned 27. 

In general, besides ovarian carcinoma, fallopian tube carcinoma and PPSC] should also be 

considered'as malignancies expressed in the hereditary ovarian cancer syndrome. Higher risks of 

ovarian, fallopian tube, and PPSC in women with a proven BRCA1 and BRCA2 mutation 

compared to women with sporadic carcinomas have stimulated counselling towards 

regarding screening and an optional prophylactic salpingo-oophorectomy. 

ds carriers 

Gynaecologie management of BRCA1 and BRCA2 mutation carriers 

Screening 

There are some important considerations concerning screening high risk women. Firstly, due to a 

lack of pre-malignant lesions, early stage detection is of crucial importance in the surveillance and 

therefore screening will hopefully achieve a longer overall survival of patients. Secondly, because 

of the high ovarian cancer risk randomized controlled trials in these women are unethical. Annual 

or semi-annual screening with transvaginal ultrasound (TVU) and CA-125 determination and an 

optional prophylactic surgery of the ovaries and fallopian tubes (BPSO) is recommended by a 

taskforce of the Cancer Genetics Studies Consortium (CGSC) w. These recommendations were 

also applied in the Netherlands v'. Despite these clear guidelines, there is limited data regarding 

the application of these guidelines. The efficiency of annual screening in low and high risk 

patients by assessing serum CA-125 and transvaginal ultrasound (TVU) monitoring is not clear. 

The largest studies' on screening are mostly performed in the general population and low- risk 

women" Screening with CA-125 resulted in the diagnosis of mainly advanced tumours . 

Although the specificity of CA-125 for early-stage disease is high (96-100%), the sensitivity is 

poor 4I'42. TVU is also advocated as a screening tool for ovarian cancer. In the largest study in 

women at general population risk, mostly early stage carcinomas were detected. The majority of 

these carcinomas, however, were of non-serous epithelial origin 4 \ The combination of CA-125 

and TVU was also tested in the general population. The performance of the combination was 

assessed in an analysis of 22,000 women. A sensitivity of 58% and a specificity of 100"'" at two 

year follow-up was'achieved. However, failure to detect 7 3 % of early-stage disease and high false-

positive rate of CA-125 and TVU are the major limitations of this type of screening 44. Menon et 

al showed that if the elevated CA-125 was associated with an abnormal TVU, then the risk of 

developing a cancer in the subsequent year was increased approximately 300-fold, supporting the 

use of these screening tests m combination '\ This multimodaltty screening concept was further 

tested in the general population in a randomized way, but it failed to show a difference in number 

of deaths from ovarian cancer between the control and screened group 4<l. Furthermore, the low 

prevalence of ovarian cancer in the general population may limit the potential cost-effectiveness 

of screening. At this moment routine screening of low-risk women is unlikely to be effective. 

Bourne et «/used TVU to screen 776 women for familial ovarian cancer. A sensitivity of TVU of 

100% and a specificity of 97% after finding three stage I ovarian carcinomas was reported. The 
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major limitation of this study is that only 2 % of the cohort had two first-degree affected relatives 

and no data on D N A analysis are given 4 . A screening study using CA-125 and TVU as 

screening tools in high risk women was done by Laframboise et al. In these 311 women, 2.7% of 

the CA-125 results and 16.8% of the transvaginal ultrasounds were abnormal. Nine patients 

underwent surgery because of an abnormal screening test. Only one (0.3%) patient appeared to 

have a stage l a ovarian carcinoma, grade 1, endometrioid adenocarcinoma. The reason that the 

detection rate is so low may be due to the fact that only 13 (10%) of the patients were known 

mutation carriers, which is the main limitation of this study. Furthermore, sensibility and 

specificity were not calculated 4K. Hogg et al reviewed studies about screening in low as well as in 

high risk groups published between 1988-2003. In this review 15 interval carcinomas were 

documented in 12 different published studies. The occurrence of interval carcinomas shows the 

incapacity of this type of screening. This unpredictable character of ovarian carcinoma makes it 

hard to make guidelines and recommendations for the frequency of screening. Finally, studies are 

lacking data demonstrating a significant survival advantage for a screened population . 

Prophylactic surgery 
There is insufficient evidence for the efficacy of screening in high risk women and these women 

should be counselled that prophylactic salpingo-oophorectomy (BPSO) is an option that will 

lower substantially their risk. In 1995 a National Institutes of Health consensus was published: 

prophylactic oophorectomy should be offered after completion of childbearing or at age 35 years 
1 '. Since then, a growing number of manuscripts reporting the incident findings of tumours at 

prophylactic salpingo-oophorectomy including patients with fallopian tube cancer have been 

published (Table 1). Occult carcinomas within the fallopian tubes have changed the standard 

procédure from bilateral oophorectomy into salpingo-oophorectomy. The prevalence of 

published occult carcinomas including ovarian carcinomas varies depending on the cohort 

studied from 3.0-18% n ~ 2 " ' 2 2 . These studies show the importance of attcntiveness to occult 

tumours. 

BPSO has been shown to reduce the ovarian cancer risk in BRCA1 or BRCA2 mutation carriers. 

Rebbeck et al studied 259 oophorectomized and 259 non-oophorectomized high risk women. 

Two cases of PPSC after BP(S)0 were diagnosed versus 58 ovarian carcinomas in the non-

surge IT group. This resulted in a risk reduction of 96% with a hazard ratio (HR) of 0.04 (95% 

confidence interval (CI), 0.01-0.16). This hazard ratio could be an overestimation due to unclear 

surveillance of the control group. 

As noted before, removal of the ovaries and the fallopian tubes does not eliminate the 

development of PPSC 34. Piver et al reported nine cases of PPSC] after abdominal total 

hysterectomy and salpingo-oophorectomy . The cumulative risk of developing PPSC 

subsequent to risk reducing BPSO may be as high as 10% based on the study by Tobacman, 

however an update of the same group of patients later showed that no additional cancers were 

found ' . 

BPSO rates after genetic testing have been reported in the literature. In a Dutch family cancer 

clinic, 64%) of unaffected women with a BRCA1 or 2 mutation chose prophylactic oophorectomy 

\ I lowever, Schwartz et al reported a lower risk reducing surgery rate of 27% in mutation 

carriers compared to women with no proven mutation (5%) after one year, while 58 of 79 (73%) 

BRI A1/2 carriers were being screened one year after testing. Besides this, a positive D N A test 

result was associated with a more frequent use of TVU and CA-125 . Regarding the timing and 

age at which women should decide to undergo preventive surgery, the age specific cumulative 
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probability of developing ovarian cancer suggests an increased risk of ovarian carcinoma after the 

age of 40 years for BRCA1 carriers and after the age of 50 for BRCA2 mutation carriers . 

Therefore, 'in the future a longer period of fertility can be preserved with eventually changing 

guidelines with respect to the discussion of an optional BPSO. 

Ovarian ablation has also disadvantages. Like even- operation it has its own complications and 

leads to a surgical menopause and infertility with related symptoms lil«; flushes, night sweats, 

depression, vaginal dryness and atrophy caused by estrogen deficiency ,4. Only one study has 

compared quality of life (QOL) effects of BPSO and screening. Oophorectomized women 

reported a significantly worse Q O L . However, the sample size of this single centre study was 

small (n=57). Furthermore, BPSO was not found to relieve cancer-specific distress or to worsen 

sexual functioning in this cohort . 

At The Netherlands Cancer Institute, an additional bilateral prophylactic salpingectomy (BPS) is 

offered to high risk women who underwent risk reducing BPO only. Although no (pre) malignant 

lesions were found in 15 patients, we believe that an additional risk reduction of fallopian tube 

carcinoma may be achieved with BPS in high risk women after previous BPO, based on 1) a 120 

fold-increased'risk in BRCA1 mutation carriers found by others 2S, 2) findings of occult fallopian 

tube carcinomas and pre-malignant lesions in previous reports (Table 1) and 3) the failure of early 

detection at screening 5<'. 

Pathology of BRCA1 or BRCA2 related gynaecologie malignancies 
Surface epithelial tumours account for 90 percent of all malignant ovarian tumours in the western 

world. The six epithelial subtypes are serous, mucinous, endometrioid, clear, transitional and 

squamous. The serous subtype, which is often associated with rings of calcification known as 

psammoma bodies, represents 60 percent of all sporadic malignant epithelial tumours . 

Furthermore, serous carcinomas are characterized by extensive cellular budding. The extent of 

papillarity varies gready 3 . 

Histologically, fallopian tube carcinoma and PPSC are identical to invasive epithelial ovarian 

carcinoma. In a clinicopathologic study of 151 women with fallopian tube carcinoma, 82% had a 

histological sereus subtype "'. The frequency of serous carcinomas among cases with PPSC (80%) 

carcinomas was not significantly different to that of ovarian carcinomas (66%) in the cohort of 

Barda et al 59. These similarities between PPSC and ovarian carcinoma support the probability of 

a common molecular pathogenesis. 

BRCA1/2 carcinomas are compared to sporadic tumours histologically different. Serous 

tumours are more common (81%) in patients with a BRCA1 or BRCA2 mutation than in 

sporadic tumours '"'. This is further supported by the finding that ovarian carcinomas arising in 

women from BRCALposit ive families are more likely to be nonmucinous than cancers arising m 

women from BRCA1-negative families. Furthetmore, none of the 66 tumours were borderline 

tumours in BRCA mutation carriers, while 10 (6.9%) of the 148 primary ovarian carcinomas from 

BRCA1 negative patients were borderline turnouts "'. biologically different from advanced stage 

carcinomas. Two separate models were proposed for the development and progression of 

epithelial ovarian carcinoma. In the first model, well differentiated sereus and other epithelial 

carcinomas are included and early stage detection with screening appears to be possible. In the 

second model, high grade sereus carcinomas are included and then screening is of limited value ". 

There might be an in situ form of fallopian tube carcinoma, since others have reported dysplastic 

changes in the fallopian tubes of women at high risk for developing ovarian cancer "'". Carcangiu 
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et al reported that in the 22 BRCA1-mutated women, two in situ carcinomas and two cases of 

atypical hyperplasia of the tubal epithelium were found . In the study by Piek et al, the fallopian 

tubes of women predisposed to develop ovarian cancer harboured dysplastic changes, indicating 

an increased risk of developing tubal cancer. Of 12 women with a predisposition for ovarian 

cancer, six showed dysplasia and five had hyperplasic lesions in the tubes . 

Other histological and molecular features of BRCA1 and 2 mutated carcinomas have also been 

reported. In a systematic review of 178 BRCA1, 29 BRCA2 mutation carriers and 235 controls 

both BRCA1 and BRCA2 ovarian carcinomas were of higher grade than controls (p=0.001 and 

p=0.028 respectively). Furthermore, a higher frequency of P53 staining was found in BRCA1 and 

BRCA2 compared to sporadic ovarian tumours (70% for BRCA1, 67 for BRCA2 and 39% for 

sporadic tumours respectively) . This is consistent with earlier published data on P53 staining in 

BRCA1 breast carcinomas. The percentage of breast carcinomas showing a high P53 staining 

(34%) was higher than in controls (17%) "'. The increased frequency regarding a higher grade and 

P53 staining has raised the possibility that these women may have poor survival . Cell 

proliferation and apoptosis did not differ between BRCA1 and BRCA2 associated tumours, 

which indicates that BRCA related tumours have a higher growth fraction than sporadic 

carcinomas . It has been suggested that histological and immunohistochemical analysis can 

provide information on a possible BRCA1 or 2 mutation status, which could help genetic testing 

programs, given the higher frequency of serous carcinomas, P53 staining and higher grade . 

Clinical aspects of BRCA1/2 related gynaecologie malignancies 
Age at diagnosis in sporadic ovarian carcinoma differs from the age at diagnosis in BRCA1 

mutation carriers. Age at onset was 8 years younger for BRCA1 associated cases compared to 

sporadic cases (54 years versus 63 years respectively) in the cohort studied by Boyd et al. Mean 

age for BRCA2 carriers was not different compared to women with sporadic ovarian carcinoma . 

In another study these data were supported by Cass et al. Thirty-four BRCA I and 2 carriers were 

significantly nine years younger compared with 37 patients with sporadic tumours. Of these 34 

BRCA mutation carriers, 12 were carrier of a BRCA2 mutation of which none was diagnosed at 

the age younger than 45 years, whereas 36% of BRCA1 carriers was diagnosed before the age of 

45 ('8. The age different penetrance of ovarian cancer in BRCA1 versus BRCA2 mutation carriers 

is consistent with earlier published estimates in breast and ovarian cancer families. The estimated 

penetrance of BRCA2 up to 50 years is lower compared to the penetrance of the BRCA1, but at 

the age of 70 the penetrance is similar (88% versus 8 3 % respectively) '. This may have important 

implications with regard to counselling of these women and their decision at what time to 

undergo an optional prophylactic surgery. 

The management of sporadic and high risk patients is similar. Total abdominal hysterectomy with 

salpingo-oophorectomy and staging (examination of all peritoneal surfaces, biopsy of paraaortic 

lymph nodes when appropriate, random biopsies of clinically involved areas and peritoneal 

washings) is the standard treatment in patients with sporadic ovarian carcinoma. Furthermore, 

the combination of paclitaxel and platinum based postoperative chemotherapy is standard for 

patients at high risk for relapse . A randomized trial have shown that the combination of 

cisplatin-paclitaxel prolongs the progression free survival compared to cisplatin-

cyclophosphamide (median, 18 versus 13 months) and overall survival (median, 38 versus. 24 

months) ' . Patients at high risk are those with stage I, grade 3 and those with higher stages . 
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Table 1 . Review of the literature for occult tumours at prophylactic surgery 

Author(s) Age 
(vr) 

Diagnosis BRCA 
mutation 

Follow-up 
(months) 

Design 

Salazar et al, 50 Ovary N.D. - Retrospective 

1996 

Zweemer et al, 
44 
61 

Ovary 
Fallopian tube 

BRCA1 
2804delAA(BRCA1) 

- N=20 
Retrospective 

2000 

Hartley et al, 
50 
49 

Fallopian tube 
Fallopian tube 

1410insT(BRCA1) 
BRCA1 -

N=23 
Retrospective 
Case-report 

2000 
Lu et al, 2000 49 

65 
Fall.tube/ovary 
Fallopian tube 

BRCA1 
BRCA2 

- Retrospective 
N=50 

40 Borderline BRCA1 -
49 Borderline BRCA1 - Retrospective 

Colgan et al, Ovary 185delAG(BRCA1) DOD < 36 N=60 

2001 
Fall.tube/ovary 5382insC(BRCA1) NED 36 

Fall.tube/ovary 5083del19(BRCA1) NED 12 
. Fallopian tube in situ G4236T(BRCA1) NED 12 

Fallopian tube 5382insC(BRCA1) -
Paley et al, 2001 47 Fallopian tube in situ 2800delAA(BRCA1) - Retrospective Paley et al, 2001 

62 Fallopian tube 2800delAA(BRCA1) - Case-report 

Agoff et al, 2002 63 Fallopian tube 2800delAA(BRCA1) NED 7 Retrospective Agoff et al, 2002 
47 Fallopian tube 2800delAA(BRCA1) NED 6 Case-reports 

65 Fallopian tube 2558insA(BRCA1) -
74 Fallopian tube - -
43 Fallopian tube Metastatic 

breast 
cancer 

48 PPSC 3795del4(BRCA1) Rec. 7 

48 Borderline fibroma - - Retrospective 

Leeper et al, 48 PPSC 3795del14(BRCA1) NED 23 N=30 

2002 
47 Fallopian tube in situ 2800delAA(BRCA1) NED 24 

62 Fallopian tube 2800delAA(BRCA1) Rec. 21 

65 Fallopian tube in situ 2558insA(BRCA2) NED 16 

48 Borderline fibroma N.D. NED 19 

Kauft et al, 2002 Ovary - - Retrospective 
N=98 - Ovary -
Retrospective 
N=98 

Fallopian tube - -
Olivier et al, 33 Fallopian tube 3875del4(BRCA1) NED 46 Retrospective 

2004 
49 Fallopian tube BRCA1* Rec. 20 N=128 

45 Fall.tube/ovary 2312del5(BRCA1) Rec. 11 
47 Ovary 1411insT(BRCA1) NED 35 
37 Ovary exon11stop(BRCA1) NED 11 

Abbrevations- N D, not determined; Fall. Fallop.an; DOD: Dead of Disease; NED; No Evidence of Disease; Rec: Recurrence; 
PPSC: peritoneal papillary serous carcinoma; *' not further specified; -: not available 
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Survival is high in all ovarian cancer patients with a stage I or II ovarian carcinoma, who have a 5-

year survival rate of 88% and 48% respectively after 5 years of the diagnosis. In approximately 

7 5 % of all cases, the disease is disseminated beyond the ovary at diagnosis. Only 25 % of women 

with a stage III /1V disease are alive after 5 years 8'7". 

Boyd et al found a longer disease free interval in stage III patients with germline mutations 

compared with a matched control group of non-carriers with a median time to recurrence of 14 

months and 7 months, respectively. BRCA advanced cases had also a significant longer survival 

(p=0.04) than advanced sporadic cases \ Data published by Cass et al and Ben David et al 

supported also Boyd's data ',K'71. In the study by Cass et al overall survival had improved in BRCA 

patients with advanced stage: 91 months in BRCA patients versus 54 months in sporadic patients. 

''". Ben David et al reported a significant survival pattern between carriers and non-carriers with 

ovarian cancer (median survival 53.4 months versus 37.8 months). BRCA mutation status was a 

good prognostic factor and independent of age at diagnosis or stage. The fact that this better 

survival was seen in all stages shows that the results are not the effect of early detection 71. The 

hypothesis behind this improved survival could be associated with a potential indolent clinical 

behaviour through a slower rate of cell division or secondly, a better response to platinum base 

chemotherapy. This later idea is also supported by the knowledge that BRCA proteins are 

involved in D N A damage recognition and repair and that BRCA mutated ovarian carcinomas 

could be more sensitive to chemotherapy . 

Although most data suggest a better outcome for BRCA patients, there are contradictory data as 

well. According to the data by Cass et al, success of cytoreductieve surgery seemed to be similar 

in hereditär)- and sporadic cases 68. A population-based study from southern Sweden noted an 

initial survival advantage for BRCA1-associated ovarian cancers that disappeared with time. 

However, compared with the age- and stage-matched control group, survival appeared equal or 

worse (HR, 1.2; 9 5 % CI, 0.5 to 2.8). This is in agreement with the earlier mentioned adverse 

histopathological gynaecological characteristics (e.g., higher frequency of serous carcinomas, P53 

staining and higher grade) of the tumours . 

Advanced fallopian tube carcinomas and PPSC have a clinical behaviour similar to epithelial 

ovarian carcinomas. Therefore, Baekelandt et al recommended that the treatment and follow-up 

strategies for patients with ovarian cancer can be used in the management of patients with 

fallopian tube carcinoma . 

Conclusions 
Women with a BRCA1 or BRCA2 mutation should be fully informed about the issues and 

dilemmas raised in this chapter. Women electing screening should be aware of the lack of proven 

benefit of screening and the low likelihood of detecting early stage cancer. 

Findings of occult carcinomas and interval carcinomas show the incapacity of screening as well. 

Bilateral prophylactic salpingo-oophorectomy is at this moment the most effective approach to 

the management in these women. However the risk of developing PPSC remains unaltered. 

At this moment there are discrepancies in the results of published studies of survival in BRCA 

associated ovarian cancer, although they clearly exhibit a number of histopathological and 

molecular generic features typically associated with a poorer survival as compared to sporadic 

ovarian cancer. 
Genetic analysis should able us soon to give us more data on the biology of a BRCA1 ovarian 

carcinoma. Jazaeri et al revealed that BRCA1 and BRCA2 germline mutations have different gene 
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expression profiles suggesting different pathways to carcinogenesis. Furthermore, m sporadic 
Z o u b o * B R O v f as ! R C A 2 expression pattern were seen Therefore, many of £ 
^ e x p r e s s e d genes involved in BRCA-pathways were interferon mduoble; some were member 
r S a j o r hLcompatibility complex class II family. These genes could be used ,n the future 

as an immunotherapeutic target . . 0i„,n,),- chmvn 
Proteomtcs may prov.de us with early detection of the tumours. One study has already shown 
L discrimination between serum of normal todividuals and serum of patten« * J P ^ J 
ovarian cancer is poss.ble. If these results are more firmly confirmed, a possible survival benefit 
can also be sorted out . 
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Outcome of prophylactic surgery 

Summary 
A retrospective study was performed to assess histopathologic findings in high risk women 

undergoing bilateral prophylactic (salpingo)- oophorectomy. The medical files of BRCA1 or 

BRCA2 mutation carriers and members of a hereditär}' breast / ovarian cancer (HBOC) family, 

who had undergone prophylactic surgery, were reviewed. 

Thirty-eight women underwent a bilateral oophorectomy (26 BRCA1, 3 BRCA2 and 9 HBOC, 

respectively). Ninety women underwent a bilateral salpingo-oophorectomy (58 BRCA1, 6 

BRCA2, 1 BRCA1 and 2, 25 HBOC, respectively). At the time of salpingo-oophorectomy, 5 of 

58 BRCA1 carriers (8.6%) were diagnosed with an occult carcinoma: two fallopian tube 

carcinomas, two ovarian carcinomas and one case was defined as a fallopian tube/ovarian 

carcinoma. N o occult carcinomas were found in the other groups. 

Of the 38 patients, who underwent a bilateral oophorectomy (mean follow-up 45 months), three 

of 26 BRCA1 mutation carriers (3.4 in 100 women-years) developed peritoneal papillär}' serous 

carcinoma (PPSC) during follow-up. So far, no PPSC have occurred in the 90 women, who 

underwent a salpingo-oophorectomy (mean follow-up 12 months) including 58 BRCA1 carriers 

(0 in 60 in women-years). 

These results contribute to the thesis that BRCA1 germline mutation carriers are not only at risk 

for ovarian cancer but also for fallopian tube carcinoma and peritoneal papillary serous 

carcinoma. Our data suggest that PPSC risk among BRCA2 carriers is lower than among BRCA1 

carriers. 
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Introduction 
Women with a BRCA1 or BRCA2 germline mutation are at increased risk of developing breast 
and ovarian cancer. At the age of 70 the cumulative risk of developing ovarian cancer in a 
BRCA1 mutation carrier ranges from 16 to 85%, whereas the risk with a BRCA2 mutation is 10 
to 27% 'A Annual screening by assessing serum CA-125 and transvaginal ultrasound monitoring 
is recommended in these patients '. Since the efficiency of these screenings methods is still not 
clear '', prophylactic surgery of the ovaries for patients with proven BRCA1 or BRC A2 mutations 
or a strong family history of breast a n d / o r ovarian cancer is an important option M . It has been 
found that this procedure reduces the risk of ovarian cancer by 96 % and breast cancer by 53 % 
in BRCA1 or BRCA2 mutation carriers "•'". 

fallopian tube carcinoma comprises 0,5 % of all gynaecologie rumours ". The true incidence is 
probably underestimated, since most patients diagnosed with fallopian tube carcinoma present 
with more advanced disease involving the tubes as well as the ovaries and are classified as ovarian 
cancer. Primary fallopian tube carcinoma can only be diagnosed when the largest bulk of the 
carcinoma is present in the fallopian tube, or if a transition of dysplastic tubal epithelium to 
carcinoma is observed ,2. In cases were there is no evidence which favours either a fallopian tube 
carcinoma or an ovarian carcinoma, the term tubo-ovarian carcinoma is used A fallopian tube 
cancer has been reported in BRCA1 and BRCA2 germline mutation carriers recent h ' : \ 
There is a growing number of manuscripts reporting the incident findings of tumours at 
prophylactic salpingo-oophorectomv including patients with fallopian tube cancer W ^ i - ; * , 
However, these are either small studies including no more than 60 patients or studies without a 
clear distinction between either salpingo-oophorectomv versus an oophorectomy, or BRCA1 
versus BRCA2 carriers. The development of peritoneal papillarv serous carcinoma (PPSC) has 
also been observed after prophylactic surgery of the ovaries ',J''2"'"'. N o comparison has been 
made between the outcome of a bilateral oophorectomy and the outcome of a bilateral salpingo-
oophorectomy. 

The purpose of this study is to assess the prevalence of histopathologic findings at bilateral 
prophylactic (salpingo)- oophorectomy and incidence in follow-up based on the findings of 128 
high risk women. 

Patients and methods 
Patients 

Clinical data of women, who had undergone a prophylactic oophorectomy or salpingo-

oophorectomj at the Antom van Leeuwenhoek I lospital, were obtained from clinical charts. The 

women were determined to be at high-risk by the following criteria: BRCA1 or BRCA2 germline 

mutation carriers or women with breast cancer from a hereditary breast-ovarian cancer Q IB( )( 

family. D N A testing was either done before the prophylactic surgery or performed after testing 

became available. If no mutation was found in a person herself nor in her family, the 1 ) \ \ result 

was called non-informative. Women were seen by a gynaecologie oncologist once a year for a 

gynaecologie examination, transvaginal ultrasound and serum CA-125 determination, also after 

the prophylactic surgery for screening of papillary serous peritoneal cancer. 

From January 1990 to November 2001, we identified 38 women (mean age 4~! years), who had 

undergone prophylactic oophorectomy and 90 patients (mean age 46 years), who received 

prophylactic salpingo-oophorectomv (Table 1). In May 1997 an 'incidental salpingo-
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oophorectomy was performed, while the standard procedure up till that time was a bilateral 

oophorectomy. In this patient an occult fallopian tube carcinoma was found. This finding 

together with the growing number of articles about salpingo-oophorectomy, prompted us to 

extend the prophylactic procedure from oophorectomy to salpingo-oophorectomy. Thirty-five 

patients underwent a primary laparotomie bilateral oophorectomy, 93 a laparoscopy, from which 

10 operations were converted into a laparotomy. The mean age of all women was 46 years, range 

26-74 yrs. 

Pathology 
After oophorectomy or salpingo-oophorectomy, the ovaries and fallopian tubes were entirely-

sectioned. Occult carcinoma was defined as follows: the patients were not suspected of having an 

ovarian malignancy before surgery, determined by patient history, pelvic examination, 

transvaginal examination or scrum CA-125 determination and the tumour was an unexpected 

finding seen only at histological examination. The histological diagnosis fallopian tube carcinoma 

was based on tumour size, histological markers and histological subtype. To study the relation 

between normal fallopian tube tissue and the carcinoma in a BRCA1 mutation carrier, a 

molecular analysis was performed in one patient. D N A was isolated by micro dissecting areas of 

10 urn and extracted in a solution of T N E buffer, 500mM E D T A and 20 mg ml '1 proteinase K. 

The isolated D N A was analyzed for BRCA1 loss of heterozygosity (LOH) by polymerase chain 

reaction using 10 microsatellite markers, 6 spanning chromosome 17 and four spanning other 

chromosomes. P53 staining was performed in all cases with a carcinoma, because BRCA1 

gemutete mutation carriers with breast cancer were more likely to be positive for p53 protein 

compared with sporadic breast cancer patients ''. P53 expression was detected 

immunohistochemically using D0-7 monoclonal antibodies (DAKO, Denmark) and scored as 

overexpressed when staining was present in more than 50% of tumour cells. 

Results 
Characteristics of the 38 women (mean age 47 years, range 31-64), who underwent an 

oophorectomy and the 90 women (mean age 46 years, range 26-74), who underwent a salpingo-

oophorectomy, are depicted in Table 1. There was no difference between the two groups in terms 

( >f percentage with BRCA1 or BRCA2 mutations or percentage with a history of breast cancer. 

In the group of women, who underwent an oophorectomy no occult carcinomas were found. In 

the second group women with a salpingo-oophorectomy five occult tumours were found in 8.6% 

of 58 BRCA1 mutation carriers (Table 2): two cases of fallopian tube carcinoma, one case of 

fallopian tube /ovarian carcinoma and two cases of ovarian carcinoma. 

The patients with an occult tumour had a mean age of 42.2 years (range 33-49). All five tumours 

were only detected at microscopic pathological examination. At subsequent staging procedures, 

there were two F I G O stage 1A, one stage 1C, one 3B and one stage 4 carcinomas. Despite 

adjuvant chemotherapy, two patients (patient 2 and 3) developed a recurrence alter 11 and 20 

mi niths. 
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Table 1. Patient characteristics of 38 patients with a bilateral oophorectomy and 90 patients with a bilateral salpingo-

oophorectomy 

Bilateral Bilateral salpingo-
oophorectomy oophorectomy 

Characteristics N=38 % N=90 % 
Previous breast cancer 28 74 55 61 
Laparoscopic surgery 24 63 59 66 
Laparotomie surgery 14 37 31 34 
BRCA1 mutation 26 68 58 64 
BRCA2 mutation 3 8 6 7 
BRCA1 and 2 mutation 0 0 1 1 
Non-informative DNA test result 9 24 25 28 

The microscopical examination of patient 1 showed a tumour embolus with a diameter of 2,5 
mm nearly completely obliterating the lumen of the left fallopian tube (Fig.l). P53 staining was 
negative. To examine the role of BRCA1 in fallopian tube carcinoma development in this patient, 
DNA was isolated from the tumour and from surrounding normal tissue for a BRCA1 loss of 
heterozygosity analysis. Six markers were selected located in the vicinity of the BRCA1 locus at 
chromosome 17. A loss of heterozygosity of the non-mutated BRCA1 allele was detected in the 
fallopian tube tissue. The patient is alive and well after 46 months of follow-up. 

Figure 1. A) Endometrioid adenocarcinoma, (case patient 1), obliterating the lumen of the fallopian tube with a diameter of 2.5 
mm (hematoxilin [H&E)], magnification X 50). B) Negative P53 staining of the same tumour in A (magnification X 200). C) 
Microscopic serous papillary adenocarcinoma, (case patient 2), 1.0 cm in diameter (H&E. magnification X 100) D) 
Overexpression of P53 of the same tumour in C (magnification X 200). E) Poorly differentiated adenocarcinoma (case patient 
3), 5 mm in diameter (H&E, magnification X 25). F) Positive P53 staining of the same tumour in E (magnification X 200) G) 
Invasive serous papillary adenocarcinoma, (case patient 4), with a diameter of 8 mm Note the formation of complex papillae 
(H&E, magnification X100). H) The same tumour as H. P53 positive (magnification X 200). I) Serous papillary adenocarcinoma 
(case patient 5) with mitotic activity ( H&E, magnification X100). J) The same tumour as I, P53 positive (magnification X 200) 

One year after treatment for breast cancer with surgery, adjuvant chemotherapy and tamoxifen, 
patient 2 underwent prophylactic salpingo-oophorectomy. Only at microscopy, a primary serous 
papillary adenocarcinoma (diameter 10 mm) at the end of the fallopian tube was detected. 
Overexpression of p53 was observed. Despite postoperative chemotherapy, a recurrence was 
noted after 20 months. The pathology of patient 3 revealed a poorly differentiated 
adenocarcinoma spread diffusely in both fallopian tubes and one ovary (diameter 5 mm). In the 
lymphatic vessels of the fallopian tubes tumour fragments were noticed. However, the bulk of the 
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tumour was seen on the surface of the ovary as well as both tubes. The diagnosis "fallopian 

tube/ovarian carcinoma" was made. The tumour cells were p53 positive. Eleven months after 

confirming the initial diagnosis, she had a recurrence. Patient 4 was treated three years before for 

breast cancer. At prophylactic surgery an occult ovarian carcinoma with a diameter of 8 mm was 

seen at microscopy. The histology of patients 4 and 5 revealed a grade two papillary serous 

ovarian adenocarcinoma and p53 staining was positive in both cases. The tubes were all normal. 

They received no further treatment and are alive without recurrence. 

The mean follow-up of the 38 women who underwent bilateral oophorectomy was 45 months 

(range 24.1-93.1 months). Three cases of papillär)' serous peritoneal cancer were diagnosed 27, 33 

and 70 months after prophylactic oophorectomy in 26 BRCA1 carriers (3.4 in 100 

BRCAlwomen-years). At prophylactic surgery a right-sided salpingo-oophorectomy was 

performed in patient 6, since the left tube could not be recognized due to adhesions as a result of 

culdotomic sterilization. Due to a rising CA-125 27 months later, she underwent an exploratory 

laparotomy and was found to have peritoneal papillary serous carcinoma. The tumour cells were 

p53 positive. The left fallopian tube could not be identified. The debulking was suboptimal. 

Despite a complete remission after 6 paclitaxel/cisplatin cycles, she had a recurrence 22 months 

later. In the other two patients only the ovaries had been removed at prophylactic surgery. The 

tubes were left in situ and the pathology reports showed no evidence of ovarian cancer. Patient 7 

had also a rising CA-125 33 months after the prophylactic surgery. She had a debulking. The 

pathologist saw intra-lummal no fragments of tumour in the remnant tubes. P53 staining was 

negative. Despite a complete remission after 6 paclitaxel/cisplatin cycles, she died of liver 

metastases 53 months after the diagnosis. Patient 8 had a distended abdomen due to ascites 70 

months after the oophorectomy. Serum CA-125 was also elevated. She also had a debulking, 

where only the left tube could be identified. The tube showed an intact architecture 

microscopically. The serous papillär,- tumour cells were p53 positive. There is still no evidence of 

disease 20 months after completion of 6 cycles pacLitaxel/carboplatin. 

N o cases of papillary serous peritoneal cancer were registered in the follow-up after the group 

with a bilateral salpingo-oophorectomy including 58 BRCA carriers (0 in 60 women-years). 

I lowever, the mean follow-up of all these women was still short (12 months, range 0.5- 65.5). 

Discussion 
In our series, five occult tumours were found in 58 BRCA1 germline mutation carriers (8.6%), 

who had undergone prophylactic salpingo-oophorectomy. None of the tumours were suspected 

before or at the time of surgery; all five carcinomas were only seen at microscopy. N o occult 

tumours were found m the remaining women (1 BRCA1 and BRCA2, 6 BRCA2 and 25 women 

with non-informative test results, respectively), who underwent al bilateral salpingo-

oophorectomy, nor in the group of 38 women (26 BRCA1, 3 BRCA2, 9 women with non-

mformative test results), who received a bilateral oophorectomy. PPSC during follow-up was 

found m the BRCA1 carriers, who underwent an oophorectomy (3.4 per 100 women-years) and 

none in the other groups. 

Occult carcinomas have been reported before. Colgan et al found among 60 patients (mean age 

48.5 years) five occult carcinomas of the ovaries a n d / o r in situ or invasive carcinoma of the 

fallopian tube, all BRCA1 mutation positive. The prevalence of occult tumours found in their 

series at prophylactic surgery in 27 BRCA1 mutation carriers is 18.5%. In the study of Lu et al, 

four (12%) of 33 women (mean age 46 years) with a high calculated risk of carrying a BRCA1 or 
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BRCA2 mutation, who had undergone prophylactic salpingo-oophorectomy, had occult ovarian 
cancer found only at pathological examination 2\ Three women had a BRCA1 mutation, while 
one patient carried a BRCA2 mutation. Recently, Kauff et al described three cases (3.0%) of 
unexpected findings at total abdominal hysterectomy/ bilateral salpingo-oophorectomy in 1(11 
BRCA1 or BRCA2 germline mutation carriers (mean age 47.5 years). One fallopian tube-
carcinoma and two ovarian carcinomas were diagnosed. A prevalence of 2 .3% occult ovarian 
tumours was found by Rebbeck et al in their series of 259 mutation carriers (mean age 42.0 years) 
undergoing oophorectomy or salpingo-oophorectomy. Thus, a prevalence of 2.3-18.5% of occult 
tumours in BRCA1 or BRCA 2 germline mutation carriers has been found. First, this wide range 
is probably attributable to the variable sizes of cohorts. Second, our finding of 8.6 % prevalence 
of occult tumours is established in BRCA1 mutation carriers undergoing prophylactic salpingo-
oophorectomy, while other series did not make a clear distinction between a salpingo-
oophorectomy or an oophorectomy, nor between BRCA1 and BRCA2 carriers. Third, the risk of 
developing ovarian or fallopian tube carcinoma increases with age, so the low prevalence found 
by Rebbeck et al, might be due to a lower mean age at prophylactic surgery. These studies show 
the importance of attentiveness of occult tumours. It is interesting to see that no occult 
carcinomas were found in our remaining group of women with either a BRCA2 mutation or a 
non-informative D N A test results. Our results suggest that carriers of a BRCA1 germline 
mutation have a substantial higher risk of occult carcinomas compared to BRCA2 carriers or 
non-informative test results. However, the power for the group of BRCA2 mutation carriers is 
still low. 

To estimate the prevalence of occult fallopian tube and ovarian carcinoma at prophylactic 
salpingo-oophorectomy, we need to be able to distinguish both carcinomas, which is often not 
possible in advanced disease. In our series, two clear cases of fallopian tube carcinoma and one 
fallopian tube/ovarian carcinoma were found. In patient 3 the exact origin was not clear: the bulk 
of the tumour was seen on the surface of the ovaries and both tubes. The histological subtype 
"poorly differentiated adenocarcinoma" was also not helpful, since this cell type is associated with 
both tumours ' \ Zweemer et al showed a loss of the wild-type BRCA1 allele in two fallopian tube 
carcinomas. In both patients the presence of a BRCA1 mutation was confirmed and a loss of the 
wild-type BRCA1 allele in both tumours was shown 2". In our first patient we used the same 
method and also found a loss of heterozygosity of the non-mutated BRCA1 allele in the fallopian 
tube tissue. These findings strongly suggest that fallopian tube cancer is linked to BRCA1 
mutations. 

Paley et al described two patients with occult fallopian tube carcinomas at surgical prophylaxis, 

one carcinoma in situ without extension to the stroma and the other patient with a papillary 

serous adenocarcinoma without extension to the serosa 24. It was advised that hysterectomy 

should be discussed with patients who are considering prophylactic salpingo-oophorectomy. 
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However, there are no long term data to support hysterectomy in addition to bilateral salpingo-
oophorectomy. Until now, just a few reports were published linking BRCA1 and 2 mutations 
with uterine serous papillary carcinomas 12'" Furthermore, hysterectomy has additional risks and 
complications . Given the anatomy, a hysterectomy cannot prevent the development of PPSC. 
Piver et al described nine cases of PPSC after abdominal total hysterectomy and salpingo-
oophorectomy ~'. 

All five occult carcinomas were discovered only at microscopical examination. Neither 
transvaginal examination or serum CA-125 determination were sufficient enough to detect these 
malignancies. The combination of CA 125 and TVU was tested before in the general population 
and was shown to be a feasible screenings method ,5V'. However, failure to detect more than 57% 
of early-stage disease is cited as the major limitation of this type of screening 37. More studies are 
required to establish in a large group of high risk patients the sensitivity, specificity and predictive 
value of ovarian cancer screening, by means of pelvis examination, transvaginal ultrasound and 
serum CA 125 determination. This high failure rate of ovarian screening stresses the importance 
of complete enclosure of both ovaries and tubes following prophylactic surgery in order not to 
miss the presence of an occult carcinoma. We agree with Colgan et al who advised to entirely 
section both tubes and ovaries 21. 

Four of the five occult tumours and two papillary serous peritoneal carcinomas of women with a 
BRCA1 germline mutation were positive of P53 protein. These findings are consistent with the 
results of Lakhani et al, who found that breast carcinomas in patients with a BRCA1 mutation are 
more likely to be positive for p53 protein than controls 3I. 
Among the 38 patients, who underwent a bilateral oophorectomy, were 26 BRCA1 mutation 
carriers, three of whom (3.4 in 100 women-years) developed papillary serous carcinoma of the 
peritoneum 27, 33 and 70 months after the prophylactic surgery. The lack of PPSC incidence in 
the salpingo-oophorectomy group including 58 BRCA1 carriers (0 in 60 in women-years), could 
well be explained by the difference in follow-up duration (45 months versus 12 months in the 
salpingo-oophorectomy group, respectively). Only ten women of the group with a salpingo-
oophorectomy passed the time point at which the first PPSC case occurred in the group of 
women with a bilateral oophorectomy. For a meaningful comparison between the two types of 
surgery a longer follow-up is needed. Another explanation of the difference of PPSC incidence 
may be that PPSC could be a metastasis of the remnant fallopian tubes. However, at the time of 
the diagnosis PPSC no malignant lesions were found in the fallopian tubes. Furthermore, it has 
been shown that PPSC has developed after salpingo-oophorectomy 2\ So, we have concluded 
that PPSC is a primary tumour and not a metastasis. Kauff et al reported one case of PPSC (0.5 
in 100 women-years) in 98 BRCA1 and BRCA2 mutation carriers, who chose risk-reducing 
salpingo-oophorectomy with a mean follow-up duration of 23.4 months. The incidence of PPSC 
in our study (3.4 in 100 BRCA1 women-years) was higher than the 0.5 in 100 women-years , but 
this maybe due to a longer mean follow-up duration (45 months in our study versus 23.4 months 
in the study by Kauff et al). Second, the later study includes also 42 BRCA2 carriers (43%), while 
the incidence in ours series is established for BRCA1 carriers, who have a higher intrinsic ovarian 
cancer risk and this may also be true for PPSC. Other studies neither described procedures nor 
whether the cases were BRCA1 or BRCA2 mutation carriers ''"'. Our series of 64 BRCA1 and 
BRCA2 mutation carriers after salpingo -oophorectomy include onlv 6 BRCA2 carriers (9.4%). 
The only report of PPSC occurring in two BRCA2 carriers after hysterectomy and salpingo-
oophorectomy is published recently M. Unfortunately no data on follow-up of a cohort is given. 
Six BRCA2 mutation carriers are found in 22 cases of PPSC by Levine et al, but whether these 
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cases developed after a prophylactic procedure is not mentioned w . Clearly, it is too early to 

conclude that BRCA2 carriers face a lower risk than BRCA1 carriers of developing PPSC. 

These results contribute to the thesis that BRCA1 germline mutation carriers are not only at risk 

for ovarian cancer but also for fallopian aibe carcinoma and peritoneal papillary serous 

carcinoma. Prophylactic salpingo-oophorectomy and sectioning both tubes and ovaries is 

recommended in order not to miss any occult carcinomas. Our data suggest that PPSC risk 

among BRCA2 carriers is lower than among BRCA1 carriers. 
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Additional salpingectomy 

Abstract 
Objectiver. Since BRCA1/2 germline mutation carriers are also at a higher risk of developing 

fallopian tube carcinoma, resection of the fallopian tubes is currently included at the time of risk 

reducing surgery. In this study, we comment on the need of additional bilateral prophylactic 

salpingectomy (BPS) following previous bilateral prophylactic oophorectomy (BPO) in women at 

high risk of ovarian cancer. 

Methods: Retrospectively, the medical files of 42 high-risk women, who had undergone B P O only, 

were reviewed. 

Results: In our centre, risk reducing surgery consisted of BPO only for 42 women. Twenty-seven 

women received an informative letter in which counselling for additional BPS was offered. In 

total, 15 women opted for additional BPS. Surgery was performed with a mean interval of 65 

months (range 6-101) in 10 BRCA1 carriers, one BRCA2 carrier, one BRCA1 and 2 carrier and 

three women with non-informative test results. The procedure was readily done by laparoscope' 

in 13 women and two needed a laparotomy. N o post-operative complications had occurred. 

Histopathological examination revealed no malignancy. 

Conclusions: We believe that additional risk reduction of cancer necessitates BPS in BRCA1/2 

carriers after previous BPO. BPS after previous BPO was easily performed. Today, physicians 

should include resection of the fallopian tube at prophylactic surgery in high risk women and 

should consider additional BPS in women who have undergone BPO only. 
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Introduction 
The average risk in BRCA1 -mutation carriers by age 70 is 39% for ovarian cancer and for 

BRCA2 1 1 % ' . 

Therefore, these women often undergo bilateral prophylactic (salpingo-)oophorectomy (BP(S)O) 

to reduce the risk of ovarian cancer . The detection of occult fallopian tube carcinoma in BPS( ) 

specimens of BRCA1/2 mutation carriers had implications for the surgical procedure . Today, 

bilateral oophorectomy (BPO) should be extended to a bilateral salpingo-oophorectomy (BPSO) 

as prophylactic procedure . 

In 1997, following the identification of an occult fallopian tube carcinoma in a BPSO specimen, 

BPSO became the standard prophylactic surgical procedure in our center. A relative of a patient 

with occult fallopian tube carcinoma requested to undergo BPS after previous B P O and 

underwent this procedure. In addition, together with the medical ethical board of our institute, it 

was decided that the above had implications for all women who previously underwent BPO only. 

In the literature, the need for additional bilateral prophylactic salpingectomy (BPS) after previous 

BPO has not been addressed before. The aim of this report is to discuss the possible implications 

for high risk women with their fallopian tubes still in situ. 

Patients and methods 
Up to 1997, a total of forty-two women at high risk of developing ovarian cancer had undergone 

BPO. These women were determined to be at high-risk bv the following criteria: BRCA1/2 

germline mutation carriers or women with breast cancer from a hereditary breast cancer (HBC) 

family or women from a hereditary breast and ovarian cancer (HBOC) family. Data on the 

number of breast and /o r ovarian carcinomas in the family were unknown. 

D N A testing for known BRCA mutations was done either before risk reducing surgery or 

performed when D N A testing became available for these women. D N A analysis was performed 

using denaturing gradient gel electrophoresis, denaturing high performance liquid 

chromatography, protein truncation test, MLPA or mutation-specific tests . 

If no mutation at that time was identified in a person herself nor in her family, the D N A result 

was called inconclusive. If no mutation was found, while there was a family member with a 

proven BRCAI mutation, she was called a non-carrier. In our institute, prophylactic surgery was 

also performed before the era of BRCAI or 2 testing in women who were family member of a 

H B O C family. 

Medical records of 42 women who had undergone a BPO were reviewed (Table 1). 

Fifteen of these 42 women were not contacted for counselling due to death (n=2), 70 years of age 

(n= l ) or metastatic disease at the time of reviewing the clinical charts (n=5). Two women had 

metastatic breast cancer and three cases of papillary serous peritoneal cancer were diagnosed 27, 

33 and 70 months after prophylactic oophorectomy and are described in detail elsewhere . For 

seven women it was expected that hardly any fallopian tube tissue was left in situ after 

hysterectomy (n= l ) or after previous BPO (n=6). Of these seven women, the histology reports 

concluded that tubal tissue had been removed with a length of more than 3 cm on both sides. 

Together with the medical ethical board of our institute it was decided to send an informative 

letter, in which the possibility of the occult fallopian tube carcinoma was discussed, to the other 

women, who were eligible for an additional BPS. Twenty-seven women received an informative 

letter in which counselling was offered. Seven women did not respond to the informative letter. 
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Three women choose not to undergo another surgical procedure after counselling; one has not 
made a final decision about salpingectomy and one woman was recently diagnosed with 
endometrial carcinoma. In total, the mean follow-up of the 27 women who underwent only 
bilateral oophorectomy was 66 months (range 1-109 months). 

Table 1 . Characteristics of the women studied 

DNA results 
BRCA1 mutation 
BRCA2 mutation 

BRCA1 and 2 mutation 
Non-informative test results 
Not tested 
Non-carrier BRCA1 
Mean age at oophorectomy (yr, range) 
Mean follow-up (months, range) 
Mean age at salpingectomy (yr, range) 
Salpingectomy 
Laparoscopic 
Laparotomie 
Interval between BPO and BPS (months, range) 
Post-oophorectomy peritoneal papillary serous cancer 
(N) 
Age at diagnosis (yr, range) 
Follow-up time to diagnosis (months, range)  
NA: not applicable 

Additional BPS BPO 
after BPO (N=15) (N=27) 

10 
1 

1 
3 

42.7 (32-60) 
80(64-112) 
47 (37-65) 

13 
2 
65(6-101) 

0 
NA 
NA 

17 
3 

2 
3 
2 
48.7 (32-65) 
66(1-109) 
NA 

NA 
NA 
NA 

57 (53-64) 
60 (33-77) 

For laparoscopy, three or four ports were used, with a 10-12 mm port placed in the midline and 5 
mm ports placed laterally. A systematic exploration of the intra-abdominal surfaces and the 
viscera is performed. Fallopian tubes were removed within a laparoscopic sac using a cutting 
forceps. 

After BPS, gross specimens of the fallopian tubes were step serial sectioned with intervals of 2-3 
mm and entirely submitted for histological examination. This is routinely done in our pathology 
laboratory. Haematoxylin and eosin-stained slides were examined. Importanti)-, gross 
examination, before sectioning, included the measurement of the fallopian tubes, after overnight 
fixation in formalin. 

Results 
Fifteen women underwent an additional salpingectomy with a mean interval of 65 months after 
the prophylactic oophorectomy (range 6-101 months). N o signs of intra abdominal pathology 
were observed. Salpingectomy was performed in 10 BRCA1 carriers, one BRCA2 carrier, one 
BRCA1 and 2 carrier and three women with non-informative test results. The procedure was 
readily done by laparoscopy in 13 women. One laparoscopic surgery was converted due to 
adhesions and one woman had a primary laparotomie bilateral salpingectomy, because of 
expected difficulties with the presence of a Marlex mesh. N o major or minor 'postoperat ive 
complications occurred. 
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ow any 
The histopathologic examination of the 30 additional removed fallopian tubes did not shov . 
evidence of malignancy nor pre-malignant changes of the epithelium. The mean length of the 
additional removed fallopian tubes was 4.4 cm (range 1.5-9.0 cm). 

Discussion 

In our centre, a total of 15 women have undergone BPS after previous BPO. N o signs of 

malignancy were found at histopathological examination. To our knowledge, this is the first^papcr 

addressing the issue of additional BPS after BPO. With a review of the literature of fallopian tube 

carcinoma in high risk women, the pros and cons will be discussed. 

In the general population, the clinical and histopathological diagnosis of fallopian tube carcinoma 

is usually made at an advanced stage, despite the fact that fallopian tube carcinoma is 

characterized by a number of signs and symptoms as compared to ovarian carcinoma patients 

which have few s l gns. Prognostic factors in patients with early stage disease seems to differ 

between the two diagnoses. Advanced fallopian tube carcinomas are often histopatholog.callv 

indistinguishable from and have a clinical behaviour similar to epithelial ovarian carcinomas 

Importantly, patients are often diagnosed at high stage with poor prognosis. Baekelandt et al 

recommended that the treatment and follow-up strategies for patients with ovarian cancer can be 

used m the management of higher stage patients with fallopian tube carcinoma 7 

The incidence of both early and late fallopian tube carcinoma is not clear. An average annual 

incidence rate of fallopian tube carcinoma of 3.6 per 1 million women is reported in the US * In 

a screening study of 22000 women participating, three cases of early stage primary fallopian tube 

carcinoma were diagnosed. This number was higher than expected by national incidences figures 

The association between BRCA1/2 mutations and fallopian tube carcinomas has been recognized 
by histopathological examination of the prophylactic specimens '" '2. A population based study of 
fallopian tube carcinoma has revealed the presence of BRCA1/2 germline mutation in over 15% 
of fallopian tube carcinomas ". Furthermore, Levine et al reported a mutation frequency of 17% 

. Brose et al found a 120 fold increased risk of fallopian tube carcinoma in BRCA1 mutation 
carriers. Compared to a risk in the general population of 0.025 %, the cumulative age-adjusted 
lifetime risk of fallopian tube cancer was 3.0% ». These data strongly support that additional risk 
reduction of cancer may be achieved with BPS in BRCA1/2 carriers after previous B P O only 
A transition from benign epithelium through carcinoma in situ (CIS) to invasive fallopian 
carcinoma may be observed. Others have reported dysplastic changes in the fallopian tubes of 
women predisposed to developing ovarian cancer " ' r . In the study by P.ek et al the fallopian 
tubes of women predisposed to developing ovarian cancer harboured dysplastic changes 
indicating an increased risk of developing tubal cancer. O f 12 women with a predisposition for 
ovarian cancer, six showed dysplasia and five had hvperplasic lesions. 

We have examined the slides of fallopian tubes of the 15 high risk women for epithelial 
hyperplasia, atypia and carcinoma in situ. N o pre-malignant lesions or malignancy was detected in 
our series; the fallopian rubes were completely submitted for histopathological examination An 
explanation may be the lower mean age at additional salpingectomy (47 years) in our series The 
nudum age of 151 patients was 61 years at time of diagnosis in the series of Baekelandi el al 
Furthermore, the models presented by Hogg et al, could also be an explanation for the lack of 
dysplasia in our series . Because of rapid progression of the tumour, cancer precursors are not 
identifiable. 
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Screening strategies for ovarian cancer, including CA-125 and ultrasound, have been the subject 

of many studies in the general population and in high risk women. The high false-positive rate of 

TVUS and serum CA-125 and the failure to detect more than 57% of early-stage disease are cited 

as the major limitations " 2 2 . Similarly, the screening method may not be effective for the 

detection of early stage fallopian tube carcinoma. The risk reduction surgery is therefore an 

important option to consider for high risk women. 

For seven women it was expected that hardly any fallopian tube tissue was left in situ after 

previous gynaecologie surgery. The histology reports concluded that tubal tissue had been 

removed with a length of more than 3 cm on both sides. Fallopian tubes are approximately 9 to 

12 cm in length, extending from the uterine cornu to the infundibulum ~ . In our series, the mean 

length of the additional removed tubes was 4.4 cm (range 1.5-9.0 cm) and is comparable with our 

data on the mean length of fallopian tubes removed at BPSO (4.3 cm; range 1.6-8.0; unpublished 

data). These lengths of the tubes at BPS could well be explained by several reasons. 

The infundibulum and the ampullary portion of the fallopian tube account for approximately half 

of the fallopian tube. The gross examination and the measures are taken at the pathology 

laboratory after overnight formalin fixation. Because it is a muscular organ, shrinkage will 

influence the length, with individual variations. We believe that a mean length of 4.4 cm was to be 

expected and most certainly will include enough tissue from the ampulla. 

The fallopian tubes have a dual blood supply, one by a branch of the uterine artery and one 

branch of the ovary arten'. The dissection of the mesosalpinx at time of BPO could have 

Otherwise, all women were postmenopausal and lacking the blood supply from the ovarian artery 

branch. In postmenopausal women, the vessels may be calcified, have thickened walls and 

narrowed lumens " . 

An unresolved issue remains the intramural portion, which is approximately 1 cm in length. Some 

authors suggest that a preventive hysterectomy should also be performed . However, it is 

known that fallopian tube carcinomas are more often located in the ampulla than in the istmic 

portion 2 \ Moreover, there are no long-term data to support hysterectomy in addition to bilateral 

salpingo-oophorectomy to reduce the risk of fallopian tube carcinoma. Furthermore, the 

complication rate is not negligible 26. 

High risk women are also at risk of developing peritoneal papillary serous carcinomas (PPSC) and 

women who have undergone BP(S)0 remain at risk. The cumulative risk of developing PPSC 

subsequent to risk reducing BPSO is less than 10% 25' ',2B. In our study, there was no difference in 

follow-up after oophorectomy versus the interval between oophorectomy and additional 

salpingectomy (66 months versus 65 months respectively, table 1). Although three women, who 

had undergone only B P O developed PPSC and no PPSC was seen in the group with BPS, the 

present difference of PPSC may be chance. PPSC] is considered as a primary tumour or as a 

metastasis of ovarian or fallopian tube carcinoma. A population-based study showed clinical 

similarities between ovarian carcinoma and PPSC, but it was stated that due to biomolecular 

differences concerning the clonal origin of the tumour, it cannot be ruled out that PPSC is 

separate entity 2''. We believe that PPSC] is part of the model, which consist of high-grade 

carcinomas, which are not screen detectable and rapidly progress . 

The findings of PPSC only in BRCA1 carriers and not in BRCA2 carriers suggest that PPSC risk 

is higher among BRCA1 germline mutation carriers. BRCA1 carriers have a higher intrinsic 

ovarian cancer risk than BRCA2 mutation carriers and only few reports publish data on PPSC] 

occurring in BRCA2 carriers. Foulkes et al reported two cases with BRCA2 mutation (mean age 

56 years) after hysterectomy and BPSO 3". Unfortunately no data on follow-up of the cohort was 
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given. Six BRCA2 mutation carriers (mean age 59 year) versus 4 BRCA1 mutation carriers (mean 
age 59 years) were found in 22 cases of PPSC by Levine et al, but whether these cases developed 
after a prophylactic procedure is not mentioned '4. Mean age at diagnosis in our series was 57 
years, while mean age of four BRCA2 carriers in our series was 51 years. It is too early to 
conclude that BRCA2 carriers face a lower risk than BRCA1 carriers of developing PPSC and a 
delayed age of onset might be the reason for our observation. 
In conclusion, we choose to offer counselling on additional BPS to high risk women who 
underwent risk reducing BPO only. Although no (pre-) malignant lesions were found in our 
series, we believe additional BPS makes sense, because of an additional risk in BRCA1 /2 carriers 
after previous BPO, based on 1) data in the literature, as discussed above, 2) finding of occult 
fallopian tube carcinoma in previous reports and 3) failure of early detection at screening. Today 
therefore, physicians should include resection of the fallopian tubes at prophylactic surgery in 
high risk women and should consider additional BPS in women who have undergone BPO only. 
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Performance of diagnostic tests 

Abstract 
Objectives: The main objective of screening is to identify cases of ovarian cancer in early stages. 

However, screening of women in the general population is ineffective due to a failure of detecting 

early stage disease and high false positive rates of CA125 and transvaginal ultrasound (TVU) 

monitoring. The purpose of this study is to evaluate ovarian cancer screening by means of pelvic 

examination, serum CA-125 and TVU in a consecutive series of high risk women. 

Methods: Clinical data were collected from 132 BRCA1, 20 BRCA2 germline mutation carriers, 72 

members of hereditary breast and ovarian cancer (HBOC) families and 88 breast cancer patients 

from a hereditary breast cancer (HBC) family, seen between January 1996 and December 2002. 

Results: Among ten women with an elevated CA-125 level and a positive TVU, three screen-

detected carcinomas (one F I G O stage IC, one stage HIB and one stage IV) and one interval 

carcinoma (stage IV) were detected. Five occult ovarian/fallopian tube carcinomas (two stage IA, 

one stage IC, one stage HIB and one stage IV) after bilateral prophylactic (salpingo-) 

oophorectomy (BP(S)O) have been found in 152 women. 

The sensitivity, specificity, positive and negative predictive values (PPV and NPV) of the 

combination of CA-125 and TVU were the highest (40%, 99%, 40% and 99%) followed by 

CA125 alone (50%, 96%, 1 3 % and 99%), pelvic exam (40%, 98%, 2 1 % and 99%) and TVU 

separately (40%, 90%, 6% and 99%). 

Conclusion: By combining CA-125 with TVU results a PPV of 40% was achieved. However, the 

diagnostic tools appear to be only sensitive in detecting ovarian cancer at an advanced stage, 

while three of four tumours with early stage disease in this series had normal screening tests prior 

to the diagnosis. 
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Introduction 
In the Netherlands, ovarian cancer is the fifth leading cause of death in women. Approximately 

1200 new cases of ovarian cancer per year are diagnosed of which 900 women will die '. The 

main objective of screening for ovarian cancer is to identify cases of ovarian cancer in early stages 

so that mortality will decrease and cure rates will improve. 

Screening strategies, including pelvic examination, CA-125 and TVU have been subjects of 

prospective studies in the normal population, both in pre- and in postmenopausal women. 

Although the specificity of CA-125 for early-stage disease is high (96-100%), the sensitivity is 

poor . A PPV of 4.6% was achieved using CA-125 alone in women aged 50 years or older \ 

T \ T is also advocated as a screening tool for ovarian cancer. In the largest study in women at 

general population risk, mostly early stage carcinomas were detected. The majority of these 

carcinomas, however, were of non-serous epithelial origin . The combined approached of pelvic 

examination and CA-125 was found to have a sensitivity of 100%, but a PPV of 44" 1. ''. The 

performance of the combination of CA-125 and TVU was assessed in an analysis of 22,000 

women. A sensitivity of 58% and a specificity of 100% at two-year follow-up were achieved. 

However, failure to detect 7 3 % of early-stage disease and high false-positive rate of CA-125 and 

TVU were the major limitations of this type of screening '. Menon et al showed that if the 

elevated CA-125 was associated with an abnormal TVU, the risk of developing a cancer in the 

subsequent year was increased approximately 300-fold, supporting the use of these screening tests 

in combination . This multimodality screening concept was further tested in the general 

population in a randomised way, but it failed to show that the number of deaths from ovarian 

cancer significantly differed between the control and screened group '. In conclusion, at this time 

routine screening of low-risk women is ineffective. 

However, ovarian cancer screening might be worthwhile in high risk groups under careful 

investigational scrutiny. Women from H B O C families or from a HBC family are at high risk foi 

developing ovarian carcinoma. The average risk in BRCA1 mutation carriers by the age of 70 is 

39% for ovarian cancer and for BRCA2 1 1 % "'. Several studies : '5 have examined the value of 

screening in high risk women, only two "' ' assessed the reliability of the screening modalities by 

means of sensitivity and specificity. However, the first study lacked calculations on the results of 

CA-125 and TVU combined. Moreover, the proportion of women with a known BRCA1/2 

mutation was unknown and the definition of high risk (one first degree relative with ovarian 

cancer) was not ven- strict "'. Finally, both studies did not mention any information on the 

tolloyv-up duration of the women with negative test results "'•' . 

The purpose of this study is to establish in a large group of high risk yvomen the sensitivity, 

specificity, positive predictive value (PPV) and the negative predictive value (NPV) of ovarian 

cancer screening by means of pelvic examination, serum CA125 determination and TVU. 

Patients and methods 
Consecutive series 
Women at high risk of ovarian cancer seen between January 1996 and December 2002 in the 

Antoni van Leeuwenhoek Hospital were analysed. Genetic counselling was provided by pedigree 

assessment and BRCA testing. High risk women were then referred to the gynaecologist tot-

screening. Women were at high risk of ovarian cancer if they were 1) BRCA1 or 2 germline 
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mutation carriers; or 2) members from a H B O C family; or 3) breast cancer patients from a HBC 

family All women were D N A tested in this analysis. 

The following data were extracted from the medical files: menopausal status, hormonal usage, 

history of breast cancer, prophylactic mastectomy, BP(S)0 , pelvic examination, TVU and CA125 

results and D N A status. Women were considered premenopausal if a regular menses took place; 

they were considered perimenopausal when an irregular menses was reported after the age of 40 

and women were considered postmenopausal when the last menstrual cycle was reported more 

than one year ago. 

Screening 
Screening is offered at the age of 35 years or older 1K. H B ( 0 ) C members are screened annually. 

BRCA1 or 2 germline mutation carriers are screened biannually (Figure 1). During each visit 

medical history was taken and a pelvic exam and TVU was performed. Pelvic examination was 

scored as normal or as abnormal. TVU findings were classified according to Sassone criteria with 

the following variables: inner wall structure, wall thickness, septa and echogenicity . Unilocular 

cysts> six cm, multilocular cysts and thick septae were considered as abnormal. Non-visualised 

ovaries were considered to be abnormal. Abnormal findings were re-evaluated within three 

months. The decision at what time the test should be repeated was individualised. If the 

abnormality was persistent or increased, a diagnostic surgery took place for pathological 

examination. 

Furthermore, CA-125 was determined at the time of the initial and follow-up visits. The reference 

limit for CA-125 is 35 kU/L . If elevated, a new sample was taken 2-6 weeks later. A continued 

rise in CA-125 resulted in diagnostic surgery. The decision at what time the test should be 

repeated was individualised. Women could opt for prophylactic surgery if they had completed 

childbearing, if their age was 35 or older or if they had a strong repeated wish of undergoing this 

procedure. After BP(S)0 the ovaries and fallopian tubes were entirely sectioned. An occult 

carcinoma was defined as follows: the patients were not suspected of having an ovarian or tubal 

malignancy before surgery and the tumour was an unexpected finding seen only at histological 

examination. 

If cancer was diagnosed during a regular screening visit (screen detected cancer), the patient was 

referred for oncological treatment and discharged out of the screenings program. An interval 

cancer was defined as cancer diagnosed as a result of complaints between screening visits, with 

no abnormal test results during the previous visit. To monitor side effects of prophylactic 

surgery, women visited our clinic annually after surgery. In addition, women were screened 

annually for peritoneal papillary serous carcinoma (PPSC) with CA-125 and TVU. 

Statistical analysis 
Descriptive statistics were used for demographic characteristics. A student's t-test was used when 

comparing groups with a normal distribution or X2 test when proportions were concerned. Test 

results were considered as of the date of first examination to the date of detection of ovarian 

cancer or to the date of BP(S)0 , the date that a patient stopped surveillance or to the cut-off date 

for this analysis (|anuary 1, 2003). 

In this study, a CA-125 value higher than 35 k U / L was defined as positive. Pelvic examination 

and TVU were considered abnormal as described earlier. The combination was considered 

positive, only when both an increased CA-125 and an abnormal TVU was observed. 
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Verification of the test result was obtained with a pathology report of the removed ovaries and 

fallopian tubes (reference standard) or a normal pelvic examination, CA125 or TVU follow-up of 

more than one year, which is also the interval advised for HB(0 )C members when they have 

normal test results. In 351 CA-125 and 291 TVU test results the final diagnosis was established 

by means of histology after either BP(S)0 or diagnostic surgery. Values obtained as a result of 

previous deviant CA-125 and TVU results were not included in the analysis. When the results of 

either pelvic examination or CA-125 or TVU or the combination of CA-125 and TVU were rated 

as abnormal, but no malignancy was diagnosed after one year of follow-up or as a result of 

histological examination, the results were scored as false-positive. 

Sensitivity, specificity, PPV and N P V were calculated for pelvic examination, TVU and CA-125 

and the combination of TVU and CA-125. Sensitivity was defined as the percentage of the 

women with ovarian cancer who had positive screening results. Specificity was defined as the 

percentage of women without ovarian cancer who had negative test results. PPV is the 

percentage of individuals with a positive test result, who have the disease. N P V is the percentage 

of individuals with a negative test result, who do not have the disease. 

Results 
Study Characteristics 
A total of 312 women were seen in our clinic from January 1996 to December 2002, including 

152 BRCA1/2 carriers (49%). 152 women choose BP(S)0 (49%) and 160 (51%) opted for 

screening so far. The characteristics of the population according to the risk category studied are 

shown in table 1. 

Table 1 . Characteristics of the study population according to specific risk group 

BRCA1 BRCA2 HBOC HBC Total 

Number (N) 132 20 72 88 312 
N BP(S)0 (%) 91 (69) 10(50) 27 (38) 24 (27) 152 (49) 
Mean age first screening (yr) 42.1 43.1 52.3 49.3 46.5 
Mean follow-up till BP(S)0 12 1 22.6 17.4 41.1 23.1 
Mean total follow-up 44.9 50.8 20.6 47.2 43.8 
N history of breast cancer (%) 72 (55) 10(50) 39 (54) 88(100) 209 (67) 
N prophylactic mastectomy (%) 60 (45) 10(50) 12(17) 16(18) 98(31) 
Menopausal status at first visit: 
Premenopausal 89 13 37 37 176 
Postmenopausal 35 7 34 41 117 
Perimenopausal 7 - 1 6 14 
Unknown 1 - - 4 5 

The proportion of women undergoing BP(S)0 is higher among carriers (66%) than among 

women with a non-informative test result (32%, p<0.001). The follow-up up until an optional 

BP(S)0 also differs between BRCA1/2 (mean 13.6 months) and women with a non-informative 

test result (37.2 months; p<0.001). Mean age at first visit was 46.5 years; mean age of the 

mutation carriers (42 years) is lower compared to those with a non-informative test result (51 

years, p<0.001). At the first visit 176 (56%) of 312 women were premenopausal. 
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Screening tests 
Table 2 shows the results of the screening methods in the entire study population. 

Pelvic examination 
Overall, 732 pelvic examinations were performed in 292 women of which 19 (3%) were judged as 
suspicious. Among these 19, three screen-detected carcinomas and one interval carcinoma were 
later on confirmed bv histology, while 15 pelvic examinations were false positive. Eleven 
abnormal pelvic examinations were considered false positive after a follow-up of more than one 
rear. The pelvic exam achieved a sensitivity of 40%, a specificity of 98%, a PPV of 21% and a 
NPVof99%. 

CA-125 
863 CA-125 values were determined in 288 women of which 39 (5%) were abnormal. This 
increased level ranged from 36 to 4050 kU/L. Furthermore, CA-125 was false positive in 34 
cases. Nineteen CA-125 values were considered false positive after a follow-up of more than one 
year. CA-125 achieved a sensitivity of 50%, a specificity of 96%, a PPV of 13% and a NPV of 
99%. 

Table 2. Performance of diagnostic tests 

Disease No disease Total 
Pelvic exam 
Positive 
Negative 
Total 
Sensitivity=40% 

4 
6 
10 
Specificity=98% 

15 
707 
722 
PPV=21% 

19 
713 
732 
NPV=99% 

CA-125 
Positive 
Negative 
Total 
Sensitivity=50% 

5 
5 
10 
Specificity=96% 

34 
819 
853 
PPV=13% 

39 
824 
863 
NPV=99% 

TVU 
Positive 
Negative 
Total 
Sensitivity=40% 

4 
6 
10 
Specificity=90% 

68 
646 
714 
PPV=6% 

72 
652 
724 
NPV=99% 

CA-125+TVU 
Positive 
Negative 
Total 
Sensitivity=40% 

4 
6 
10 
Specificity=99% 

6 
576 
582 
PPV=40% 

10 
582 
592 
NPV=99% 

TVU 
724 TVU's were performed in 292 women before end of follow-up or BP(S)0. 72 (10%) were 
defined as abnormal (42 unilocular cysts < 6cm, four unilocular cyst> 6cm, 21 multilocular cvst < 
6cm, three multilocular cj t > 6cm and two echogenic masses). Nine women were referred for 
diagnostic surgery. Of these women, four had an ovarian carcinoma. Twentv-eight TVU's were 
considered false positive after a follow-up of more than one year, while in 40 cases pathological 
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work-up did not reveal any malignancy. TVU achieved a sensitivity of 40%, a specificity of 90%, 
a PPV of 6% and a N P V of 99%. 

Fifty-three of 72 abnormal transvaginal ultrasounds (74%) were from pre-menopausal women, 9 

postmenopausal (12%), six perimenopausal (8%) and also four women had an unknown 

menopausal status (6%). In twenty-five cases of 72 abnormal TVU's (35%), hormone usage was 

noted (13 tamoxifen, seven birth control pills and five hormonal replacement therapy) compared 

to 163 hormone users with 652 normal TVU results (25%, p=0.074). 

Combining TVU and CA-125 
TVU was 592 times performed in combination with CA-125. Only 10 women were found to 
bave an increased leve] of CA-125 and an abnormal TVU at the same time. Of these, four 
women were diagnosed with an ovarian carcinoma. The combination of CA-125 and TVU results 
achieved a sensitivity of 40%, a specificity of 99% and a N P V of 99%. The PPV of the 
combination is the highest compared to the PPV of CA-125 and TVU separately (40% versus 
13% and 6%, respectively). 

Patients diagnosed with cancer 
In total, 9 women were diagnosed with an ovarian or a fallopian tube carcinoma (table 3). Firstly, 

three screen-detected carcinomas (one F I G O stage 1C, one stage HIB and one stage IV) and one 

interval ovarian carcinoma (stage IV) were diagnosed. One patient (with stage 1 disease) had an 

inconclusive D N A test, while all the other three women were proven BRCA1 mutation carriers. 

Three of these four ovarian carcinomas were detected during normal screening visits, while one 

patient came two months after her normal screening visit with complaints of abdominal pain and 

was diagnosed with an interval carcinoma. TVU revealed an abnormal right unilocular cystic 

ovary with dimensions of 83-64-74 mm; the ovary had been normal (38-27-24 mm) two months 

earlier. CA-125 level was raised from 33 to 82 kU/L . Her screening test results two months prior 

to the diagnosis were scored as false-negative. 

Secondly, five occult ovarian/fallopian tube carcinomas (two stage IA, one stage IC, one stage 

HIB and one stage IV), all in BRCA1 mutation carriers, at BP(S)0 were diagnosed. One of these 

five patients with an occult carcinoma had an elevated CA-125 level within one year before the 

operation. At that time endometriosis was thought to be the cause of tha t increased CA-125. For 

the performance of the screening tests this value was scored as positive. 

Overall, in five women with an increased CA-125 determination, a gynaecological malignancy was 

diagnosed, whereas four carcinomas were not related to an increased CA-125 level. Abnormalities 

were visible with TVU in all four patients, detected during screening. The tumours with either an 

increased CA-125 level or an abnormal transvaginal ultrasound or both were mostly of patients 

with high stage ovarian cancer, whereas three of four tumours with early stage disease had normal 

screening tests prior to the diagnosis. 

Performance of the screening tests in BRCA1 mutation carriers 
Among the nine patients diagnosed with cancer were eight proven BRCA1 mutation carrier. 

Therefore, we generated the results of the diagnostic tools for this subpopulation. 286 CA-125 

values were determined of which 23 (8%) were abnormal. CA-125 achieved a sensitivity of 44%, 

a specificity of 93%, a PPV of 17% and a N P V of 98%. 227 TVU's were performed before end 

of the follow-up or BP(S)() and achieved a sensitivity of 33%, a specificity of 87%, a PPV of 

10% and a NPV of 97%. TVU was 189 times performed in combination with CA-125. The 
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combination of CA-125 and TVU results achieved a sensitivity of 33% a specificity of 99% 
PPV of 60% and a NPV of 99%. 

Discussion 
In this series of 312 high risk women, which were screened in this centre between 1996 and 2003 
four ovarian carcinomas were detected during surveillance, furthermore, five women were' 
diagnosed with an occult ovarian/fallopian tube carcinoma after BP(S)0. During screening 863 
CA-125 values were determined of which 39 raised levels. It resulted in an overall sensitivity 
specificity, PPV and NPV of CA-125 of 50%, 96%, 13% and 99%. Furthermore, 724 TVU were' 
performed of which 72 were defined as abnormal. Of these, during follow-up TVU turned up 
normal in 68 cases. The overall sensitivity, specificitv PPV and NPV of TVU was 40% 90% 6% 
and 99%. The combination of CA-125 and TVU results achieved a sensitivity of 40% a 
specificity of 99%, a PPV of 40% and a NPV of 99%. 

Table 3. Clinical features of cancers found at BP(S)0 and of the cancers found during screening 

Occult Cancers Age at Mutation CA-125 TVU Complaints FIGO 
diagnosis (yrs) 

1 33 BRCA1 27 Normal None IA 
2 
3 
4 
5 

49 BRCA1 19 Normal None HIB 2 
3 
4 
5 

45 BRCA1 138 Normal None IV 

2 
3 
4 
5 

47 BRCA1 5 Normal None IC 

2 
3 
4 
5 37 BRCA1 24 Normal None IA 
Cancers found Age at Mutation CA-125 TVU Complaints FIGO 
during screening 
6 

diagnosis 
50 

(yrs) 
BRCA1 105 Multilocular cyst Abdominal pain 

stage 
HIB 

7 > 6 cm 7 52 BRCA1 217 Multilocula rcyst Bloated feeling IV 
> 6 cm 

8 49 HBOC 1562 Echogenic mass Abdominal pain IC 

9 +bloated feeling 9 32 BRCA1 82 Unilocular i ;yst Abdominal pain IV 
< 6 cm 

This is the first study on the efficiency of serum CA-125 determination and TVU a s screenings 
tests for ovarian cancer in high risk women, all DNA tested, including 49% BRCA 1/2 carriers 
Hogg et al reviewed studies about screening in low as well as in high risk groups published 
between 1988-2003. Entry criteria varied and studies included women without DNA informa,,,,,, 
lacked information on sensitivity or specificity or had a short follow-up :". Bourne et al reported a 
sensitivity of 100% and a specificitv of 97% of TVU after screening 776 women for familial 
ovarian cancer. The major limitation of this study is that only 2% of the cohort had two first-
degree affected relatives and therefore only these cases can be considered hereditary Besides no 
data on DNA analysis were given 21. A sample size of 22% (58/258) BRCA carriers was noted by 
Schwartz et al. Unfortunately, their study did also not include numbers on false positive and 

^^l"nZTë t e S t r e S U k S 22- L a f r a m b o i s e « a l «Ported in a series of 311 women only 10% 
(31/311) BRCA mutation carriers, which is the main limitation of this last study In these 311 
women, 2.7% of the CA-125 results were abnormal and 16.8% of the transvagina] ultrasounds 
were abnormal. Nine patients underwent surgery because of an abnormal screening tes, Only 
one (0.3%) patient appeared to have a FIGO stage la ovarian carcinoma, grade 1, endometrioid 
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adenocarcinoma M. The reason that the detection rate is so low may be due to the low number of 

BRCA1/2 mutation carriers. Another reason for the low detection rate in this study as well as in 

our study maybe due to the occurrence of primary fallopian tube carcinomas at the same rate as 

ovarian carcinomas in these high risk patients 2\ In another study intensive screening resulted in 

the diagnosis of only one early stage ovarian cancer in a cohort of 290 women. Of these only, 

16% carried a BRCA1 or BRCA2 mutation. Four of eight cancers presented in symptomatic 

women while having normal screening tests ' . 

The proportion of women undergoing BP(S)0 is higher among carriers than among women with 

a non-informative test result (66% versus 32%, p<0.()01). The intention to undergo BP(S)0 may

be one of the motivations to have a D N A test. This explains also the longer follow-up duration 

among women with non-informative test results. 

The CA-125 test in this series had a specificity of 96%. Previous studies reported a similar 

specificity 2 ,\ However, thirty-four false-positive tests were counted, due to the fact that non-

malignant features can also cause an elevation of the CA-125 level 2'. Furthermore, 176 women 

(56%) in our cohort were premenopausal, who are subject to cyclic CA-125 fluctuations and have 

higher serum concentrations than postmenopausal women '. 

724 TVU's were performed of which 72 (10%) were defined as abnormal. Of these, 68 (94%) 

were false positive. Furthermore, 3 5 % of abnormal TVU's were seen among women taking 

hormones. However, this percentage was not significantly higher than the percentage of normal 

TVU's also among women taking hormones. Therefore, hormonal usage seemed not an 

explanation for the development of an abnormal TVU. Seventy-four percent of all false positive 

TVU results were of premenopausal women. This observation is slightly lower compared with 

that of earlier studies. Muto et al found in his series of 386 women 89 abnormal TVU's of which 

89% was premenopausal ' \ In the study of Laframboise et al, 95 percent of the abnormal TVU's 

were detected in women under 50 '4. Forty-two of 72 abnormal TVUS in our series were 

unilocular cysts of which only one contained an ovarian carcinoma. Likewise, Modesitt et al 

reported the spontaneous resolution of cystic ovarian tumours in 2261 (69%) of unilocular 3259 

cvsts, mostly within 3 months. It was concluded that the risk of malignancy in unilocular cysts 

less than 10 cm is extremely low . 

By combining CA-125 with the TVU results a PPV of 40% was achieved compared t o l 3 % of 

CA-125 and 6% of TVU alone, leading to decreasing numbers of unnecessary operations (~ 2.5 

operation for each cancer). Furthermore, the present study showed that screening was in fact not 

effective, because the tumours with either an increased CA-125 level or an abnormal transvaginal 

ultrasound or both were mostly of patients with high stage ovarian cancer. Jacobs et al state that 

in order to be acceptable as an ovarian cancer screening strategy a minimum PPV of 10% must 

be achieved 2K. In all four modalities the NPV reaches 99-100% and proves that they are all 

reliable negative tests. 

The ideal screening test is both highly sensitive and highly specific and has a PPV and N P V of 

100% respectively. When the prevalence of preclinical disease is low, the predictive value is low, 

even for a test with high sensitivity and specificity. Thus, for rare diseases as is the case in 

hereditary ovarian cancer, a large proportion of those with positive screening test results are 

inevitably found, at further testing, not to have the disease. In the case of ovarian cancer 

screening, N P V is important due to high mortality rates of the disease. Furthermore, the 

individual perspective of the women screened is important. Many factors influence a woman's 

attitude to and decision about screening: the perception of the risk of having ovarian cancer, the 
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attitude to BPSO, the risk of undergoing an unnecessary operation or having children. It is likely 
that the value that women assign to screening also varies. 
Improvement of detection of early stage ovarian carcinoma and a reduced number of false 
positive tests may be achieved with other combined markers 2'\ The use of the proteomic 
technique may be of benefit in the detection of ovarian cancer. Several studies found expression 
profiles which could distinguish samples from healthy women and patients with ovarian 
carcinoma . However, these results have to be confirmed more firmly. 
Some limitations can be pointed out in our study. Our screening tests are not always followed by 
pathology, because a normal follow-up of one year was also considered as being healthy. If all 
women with abnormal TVU's and CA-125 results had received surgery, the risk of morbidity 
would increase. However, most of these abnormal test results normalized. Therefore, we believe 
that these results justify the policy to re-evaluate abnormal tests after 1-3 months. Furthermore, it 
should be well understood that the high specificity numbers are also due to our tendency to 
include results with a follow-up of one year or more instead of only data followed by histology. 
Moreover, it should be kept in mind that these data are based on a small number of ovarian 
cancers. 

In conclusion, detection of advanced ovarian cancer could not be prevented, although the 
sensitivity, specificity and PPV in high risk women are higher than values from normal 
population based studies. 
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Efficacy of screening 

Abstract 
Introduction: BRCA1 / 2 mutation carriers are offered gynaecologie screening with the intention to 

improve mortality by detecting ovarian cancer at an early stage. The study aim was to investigate 

compliance and efficacy of gynaecologie screening in BRCA1/2 mutation carriers. 

Materia! and Methods: In this multi-centre follow-up study we examined medical record data of a 

consecutive series of 888 B R C M / 2 mutation carriers who started gynaecologie screening (annual 

transvaginal ultrasonography and serum CA-125 analysis) between 1993-2005 in six University 

Family Cancer Clinics in the Netherlands. Detailed data on every screening visit was available for 

three centres (N=459). 

Results: Overall, BRCA1/2 mutation carriers were compliant to annual screening for 7 5 % of their 

period in screening and compliance decreased with longer follow-up. Sensitivity of both 

screening tools assessed simultaneously was 42%. Excluding prevalent screen-detected cases, not 

significantly more ovarian cancers were detected during the screening period than expected (10 

observed versus 6.5 expected, Standardized Incidence Ratio: 1.5; 9 5 % Confidence Interval: 0.7-

2.8). Women fully compliant to annual screening had similar results. Five of the ten incident 

cancers were interval tumours and no difference in stage distribution between incident screen-

detected and interval tumours was found. Right of the ten incident cancers were stage I I I / IV. 

Conclusion: Annual gynaecologie screening cannot prevent a high proportion of interval cancers 

(50%) and a high proportion of high stage diagnoses (80%). Since compliance decreases during 

follow-up, these findings will not improve. Therefore, it is unlikely that annual screening will 

markedly affect mortality from ovarian cancer in B R C M / 2 mutation carriers. 
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Introduction 
B R C A l / 2 mutation carriers have a high lifetime risk of developing ovarian cancer (39% for 

BRCA1, l l % - 2 2 % for BRCA2 at age 70 years) '~. T o decrease the mortality of ovarian cancer, 

B R C A l / 2 mutation carriers arc currently being counselled for gynaecologie screening or 

prophylactic bilateral (salpingo-) oophorectomy (BP(S)O). While efficacy of BPSO has been 

demonstrated efficacy of gynaecologie screening with (bi) annual transvaginal ultrasonography 

(TVU) and the serum rumour marker CA-1254° is still unclear. To summarize the literature on 

gynaecologie screening of B R C A l / 2 carriers, excluding overlap with the present study, seven 

interval cancers among 19 cancers were diagnosed among a total of 277 B R C A l / 2 carriers (Table 

1) ' ' " . Regretfully, prevalent and incident cases were not distinguished in most studies. Also, 

compliance to the intended screening protocol was generally unclear, while lack of compliance 

may interfere with the efficacy of screening. 

Especially for B R C A l / 2 carriers more information on compliance and efficacy of gynaecologie 

screening is urgently needed. Although compliance to the protocol may be higher for B R C A l / 2 

carriers than for other high-risk women, efficacy of screening may be lower. Ovarian rumours of 

carriers may have unfavourable clinico-patholocical characteristics and higher growth rate . 

Moreover, carriers generally start screening well before menopause, when temporary abnormalities in 

TVU and CA-125 for benign reasons are more common. 

The purpose of this multi-centre retrospective follow-up stuck was to investigate compliance of 

B R C A l / 2 carriers and their gynaecologists to annual gynaecologie screening and to examine 

efficacy of screening in a consecutive series of 888 B R C A l / 2 carriers. 

Methods 
Study population 
For this multi-centre follow-up study we identified a consecutive series of all B R C A l / 2 mutation 

carriers who started gynaecologie screening in six University Family Cancer ("linies in the 

Netherlands (VU University Medical Centre, The Netherlands Cancer Institute, Sint Radboud 

University Medical Centre Nijmegen, Erasmus University Medical Centre Rotterdam, University 

Medical Centre Groningen, and Leiden University Medical Centre) in the period 1993-2005. In 

total, 1035 B R C A l / 2 carriers visited the gynaecologists. Women presenting with complaints at 

first visit and women who visited the gynaecologist only once were excluded. Among the 

remaining 888 women five prevalent cancers were detected at the first screening visit, leaving 883 

women for the evaluation of screening during follow-up. 

For analyses on compliance and sensitivity, we had to restrict the study population to women 

who visited one of the three centres (VU University Medical Centre, The Netherlands Cancer 

Institute and Sint Radboud University Nijmegen Medical Centre) with information on each single 

screening visit (N=601 of the total group of 1035), and to the 459 women who were 'annually 

screened', defined as having had at least one screening visit with both screening tools and at least 

one other visit to create time of follow-up. Among the 459 women two prevalent screen-detected 

cases were detected, leaving 457 women for evaluation of annual screening during follow-up. 

Gynaecologie screening 
Since 1993 the national screening guideline implied annual visits at the gynaecologist, including 

pelvic examination, TVU and serum CA-125 analysis'1. From the late nineties biannual visits have 

been introduced, though not systematically in all centres. For both BRCA1 and BRCA2 mutation 

carriers the minimum age of entry into the surveillance program was 35 years or five years earlier 
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than the youngest age at diagnosis of ovarian cancer in the family. We coded TVU and CA-125 in 

two steps. First TVU findings were classified as abnormal for ovaries or tubae, or normal 

including non-visualized ovaries and serum CA-125 above 35 k U / L were scored as abnormal. 

Secondly, abnormal codings were maintained if the clinical decision based on these findings was 

an extra visit or a diagnostic surgery (laparoscopy or laparotomy). As a result, stable slightly 

elevated CA-125 levels that were clinically judged as normal for that premenopausal woman, were 

coded as normal. 

Kndometrial abnormalities and related clinical interventions fall outside the scope of this paper." 

A prophylactic surgery that followed a visit within three months , while at this visit abnormalities 

were detected, was coded as diagnostic surgery (N = 8). The sensitivity analysis was based on 

findings of the last visit, if a regular screening visit was followed by extra visits. Ovarian cancer 

cases were classified as prevalent screen-detected cases (diagnosed at the first screening visit), 

incident screen-detected cases (diagnosed at a regular screening visit) or as incident interval cases 

(diagnosed as a result of abdominal complaints, while no abnormalities were found at the 

previous screening visit). 

Data Collection 
The data for this study comprised BRCA1/2 mutation status, first and last gynaecologie screening 

visits, prophylactic and diagnostic surgery and pathology, as recorded in gynaecologie medical 

records and pathologic reports. For three centres detailed data on each screening visit (date of 

visit, date of genetic testing, TVU, and CA125, reason to stop screening) were available. 

Part of our pooled data were also used for earlier publications: three centre-based studies by 

Meeuwissen et al. (152 carriers) '4, Gaarenstroom et al. (113 carriers) '5, Oei et al. (265 carriers) "' 

and the registry-based study by Vasen et al. for which latter study the overlap could not be 

established other than for the cases (one case, number eight in Table 3). 

Statistical analysis 
T o calculate the Standardized Incidence Ratio (SIR) of ovarian tumours detected by screening, 

observed numbers of ovarian cancer were compared with expected numbers, based on age-, and 

mutation-specific incidence rates of ovarian cancer for BRCA1/2 mutation carriers, as modelled 

by Antoniou et al. An international population-based series of index breast or ovarian cancer 

patients for BRCA1 / 2 mutation was tested, and the risk of ovarian cancer among first-degree 

relatives of identified mutation carriers was calculated.' As reference, we used the incidence rates 

derived as part of refitting the B O A D I C E A model of genetic susceptibility to breast cancer ' 'H. 

This was based on combined data from three UK population based studies of breast cancer 1M1, 

families with multiple cases of breast cancer " and family data from BRCA1/2 carriers identified 

in 22 population based studies of breast and ovarian cancer '. 

Women were eligible for the overall person-years analysis if no ovarian cancer was detected at the 

first gynaecologie screening visit. Starting date was date of first visit, stopping date was defined as 

date of diagnosis of ovarian cancer (endpoint), date of BP(S)0 , or date of last screening visit, 

whichever was first. In three centres with information on each single screening visit, the period of 

optimal annual screening was defined as the period during which the national guideline 

('complete screening visit', i.e. visit with both TVU and CA-125, every 13 months) was met. 

Starting date was the date of the first complete screening visit. As long as the guideline was met, 

stopping date was defined as date of diagnosis of ovarian cancer (endpoint), date of BP(S)0 , date 

of last complete screening visit plus 13 months, or date of last visit, whichever was first. 
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Women who decide to be tested may be more likely to have ovarian cancer than those who are 

not vet aware of their carrier staais and, thus, are not eligible for the study." If cancer events 

preceding the D N A test are included in the analysis, overestimation of the incidence rate may 

occur. We explored this potential testing bias by starting follow-up at date of first complete 

screening visit or date of BRCA1 / 2 mutation testing, whichever was later. 

Results 
In total, 1035 BRCA1/2 carriers ever visited the gynaecologists for screening advice and 883 

BRCA1/2 carriers actually were screened for 1473 women-years of follow-up. At first visit the 

683 BRCA1 carriers (77%, median age 40 years, range 21-76 years) were three years younger than 

the 200 BRCA2 carriers (23%, median age 44 years, range 25-77 years, Figure 1). Twenty-three 

percent of the women started screening in the age group 35-39 years, as was advised m the 

guideline. 

100 

BRCA1 

BRCA2 

Age group (yrs, 

Figure 1. Age distribution at first visit of 683 BRCA1 mutation carriers compared with 200 BRCA2 mutation 

Compliance and observed cancer cases 
Among the 601 women with full data on each single visit of the total group of 1035 BRCA1/2 
carriers, 118 women (19.6%) visited the Family Cancer Clinic only once (without follow-up, 
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Table 2), while 24 women with follow-up never received a screening visit with both TYU and 

CA-125. Among the remaining 459 women only 97 women were still in screening at the end of 

follow-up. Most women opted out of screening for valid reasons, like being too young (median 

age 28 years, range 20-34 years) or undergoing prophylactic surgery (median age 44 years, range 

26-75 years). Thus, the non-compliance, defined as not showing up at the next screening visit was 

only 31/601 = 5% in the total group, and 6% including the missings. 

BRCA1/2 mutation carriers were compliant to annual screening during 7 5 % of their period in 

screening. 

Table 2. Reasons not to start or to stop screening (at least annual screening with TVU and CA-125) for all 601 BRCA1/2 mutation 

carriers who visited the gynaecologist at the Family Cancer Clinic in three centres 

Status at end of With follow- up Without follow- Total 
follow-up up number 

Screened with Screened but never 
both TVU and with both 
CA-125 TVU and CA-125 
N % N % N % N 

In screening 97 21.1 4 16.6 9 7.6 110 
Did not show up at 14 3.1 4 16.6 13 11.0 31 
appointment 
Moved to other 7 1.5 2 8.3 21 17.8 30 
place/other gynaecologist 
Too young 3 0.7 4 16.6 42 35.6 49 
Too old 1 0.2 0 0 2 1.7 3 
Prophylactic surgery 311 67.8 10 41.7 28 23.7 349 
Missing 1 0.2 0 0 3 2.5 4 
Diagnostic surgery 25* 5.4 0 0 0 0 25 
Total 459 100 24 100 118 100 601 
* one woman had two diagnostic surgeries 

Compliance decreased with longer follow-up. Women three or m< >re years in screening (mean 5.2 

years) were annually screened for 6 8 % of their follow-up, meaning that they were annual!] 

screened for a mean of 3.6 years and non-compliant tor 1.6 years. Non-compliance either implies 

an interval of more than 13 months or a screening visit with only one of the two screening tools. 

At the first screening visit, five women were diagnosed with a prevalent ovarian cancer (Table 3). 

Nine of the ten women diagnosed with incident ovarian cancer during follow-up had been 

compliant to annual screening. 

Sensitivity and specificity of the screening tools 
Table 4 shows the sensitivity and specificity of the multimodal screening procedure performed in 

the 459 women (457 women and the two prevalent screen-detected cases). Without the occult 

tumours, the sensitivity of both TVU and CA-125 assessed simultaneously was 7 1 % , the 

specificity 98%, the positive predictive value 2 3 % and the negative predictive value 100%. As 

shown in Table 2, 311 of the 459 women (68%) opted for a BP(S)0 and five occult tumours 

were diagnosed (4 stage I and 1 stage 11). Including the occult tumours, the sensitivity decreased 

to 42%. 
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Table 3.Cases diagnosed with ovarian cancers among 888 BRCA1/2 carriers during gynaecologie screening" 

DNA Second last Interval Last screening Detection Age at Histological FIGO Status Fup 

Screening visit between visi * diagnosis classification Stage ate' 
visits (Grade) diacne» 

(Months) (Monti 
TVU CA-125 

(Months) 
TVU CA-125 

(Monti 

(kU/ml) (kU/ml) 
3Î" 1 BRCA2 NA NA NA Normal 331 Prevalent 77 Serous NIB NED 3Î" 

screen- (Gil) 
detected 

2 BRCA1 NA NA NA Normal 113 Prevalent 
screen-
detected 

52 Serous IIIC NED 5 

3 BRCA1 NA NA NA Abnormal 188 Prevalent 
screen-
detected 

56 Serous 
(Gill) 

IIIC SD e 

4 BRCA1 NA NA NA Normal 211 Prevalent 
screen-
detected 

47 Serous 
(Gil) 

IIIC NED 5 

5 BRCA1 NA NA NA Normal 138 Prevalent 
screen-
detected 

45 Adeno** 
(Gill) 

IV REC 11 

6 BRCA1 Normal 22 10 Abnormal 1693 Incident 
interval 

59 Serous IIC NED 

7 BRCA1 Normal 15 4 Abnormal 15 Incident 
interval 

73 Serous IIIC NED 

8 BRCA1 Normal 5 10 Abnormal 1450 Incident 
interval 

38 Mucinous 
(Gl) 

IIIC SD '•8 

9 BRCA1 Normal 15 9 Abnormal 202 Incident 
interval 

39 Serous IV SD '9 

10 BRCA1 Normal 33 3 Abnormal 82 Incident 
interval 

33 Mucinous 
(Gill) 

IV DOD 9 

11 BRCA1 Normal 11 14 Abnormal 1815 Incident 
screen-
detected 

43 Serous IIC NED 34 

12 BRCA1 Normal 12 13 Abnormal 159 Incident 
screen-
detected 

55 Serous 
(Gill) 

HIB NED 28 

13 BRCA1 Normal 10 11 Abnormal 105 Incident 
screen-
detected 

50 Endometrioid 
(Gill) 

HIB DOD 

14 BRCA1 Normal 11 6 Abnormal 48 Incident 
screen-
detected 

73 Serous 
(Gill) 

HIB DOD 41 

15 BRCA1 Normal 24 12 Normal 217 Incident 
screen-
detected 

52 Serous 
(Gill) 

IV NED 

Abbreviations 

NA = not applicable, NED = no evidence of disease; SD = stable disease; RE = recurrence of disease; PD = progressive 

disease 

DOD = death of disease; in bold; women diagnosed in one of the three centres with information on each screening visit. 

* last visit is last screenings visit for the interval and incident screen-detected cases 

• " not further specified 

# For 311 of the 459 women (68%) follow-up ended with a BP(S)0 and five occult tumours were diagnosed (last CA-125 

measurements 5, 24, 27, 18, 11 kU/mL, respectively; stages at diagnosis; 4 stage I and 1 stage II). 
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Observed versus expected cases 
It screening is effective, ovarian cancer is diagnosed at an earlier stage with better prognosis than 

would have been the case without screening. Moreover, the improvement of prognosis should 

exceed the lead-time, the time-shift of diagnosis to an earlier age, but this can onlv be evaluated in 

a screening trial, which is not feasible among carriers. We evaluated the lead-time by roughly 

comparing the observed cases with age- and mutation- specific external incidence curves, as 

estimated in an international dataset.' Among the 883 BRCA1/2 carriers we observed incident 10 

cases while 6.5 cases were expected, giving a SIR of 1.5 (95% Confidence Interval (CI) 0.7-2.8) 

(Table 5). The same analysis within the subgroup of 457 women screened in the three centres 

produced a SIR of 1.3 (95%CI: 0.4-3.0). The SIR slightly increased to 1.6 (95%CI 0.5-3.6) if the 

analysis was restricted to the women-vears during which women were annually screened with 

both screening tools. For BRCA1 carriers the SIR was 1.7 (0.6-4.1). 

Since only one case was tested for a BRCA1/2 mutation after the diagnosis of ovarian cancer, 

testing bias did not markedly confound the results (4% change of the SIR, data not shown). 

Incident screen-detected versus interval cancers 
In an efficiently screened population the majority of cancers are detected by screening instead of 

diagnosed following complaints. I Iowever, in our series five of ten incident cancers were 

unexpectedly diagnosed as a result of abdominal complaints, while at the preceding visit no 

abnormalities had been found (incident interval cases). The five incident screen-detected cases 

presented with both an abnormal TVU and CA-125, while no abnormalities were detected at the 

preceding visit (Table 3). 

Table 4. 

Quality of screening tools used during combined multimodal gynaecologie screening of 459 BRCA1/2 carriers during 1116 

regular screening visits 

Test Number 
of 

Number of 
unaffected 

Sensitivity 
(95%CI) 

Specificity 
(95%CI) 

Positive 
Predictive 

Negative 
Predictive Value 

cases* women Value 
(95%CI) 

(95%CI) 

CA-125, 
irrespective of 
TVU 

+ 

TVU, 

5(5) 
7(2) 

10 (10) 
1094(? 099) 

42% (14-70) 
71% (38-100) 

99% (99-100) 
99% (99-100) 

33% (9-57) 
33% (9-57) 

99% (99-100) 
100% (100-100) 

irrespective of 
CA-125 

+ 

CA-125 and/or 

3(3) 
9(4) 

12(12) 
1092 (1097) 

25% (1-50) 
43% (6-80) 

99% (98-100) 
99% (98-100) 

20% (0-40) 
20% (0-40) 

99% (99-100) 
100% (99-100) 

TVU 
+ 5(5) 

7(2) 
17 (17) 
1087 (1092) 

42% (14-70) 
71% (38-100) 

99% (98-99) 
99% (98-99) 

23% (5-40) 
23% (5-40) 

99% (99-100) 
100% (100-100) 

* in italic: numbers and percentages without the five occult ovarian cancer cases, diagnosed during prophylactic surgery, were 

included in the case group. For 311 of the 459 women (68%) follow-up ended with a BP(S)0 and five occult tumours were 

diagnosed (4 stage I and 1 stage II). 
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Chapter 6 

Seven cases (two prevalent screen-detected, three incident screen-detected and two incident 

interval cases, indicated in bold in Table 3) were diagnosed in the group of 459 women that 

underwent annual screening in one of the three centres with information on each screening visit. 

The 459 women received 1116 screening visits during 690 annuallv screened women-years (2.4 

visi ts/woman and 1.6 visits/year, Figure 2). Abnormalities were detected in one or both of the 

screening tools, at 38 out of 1116 regular screening visits (3%), for 24 women (5%) followed by 

32 extra visits at which 16 abnormalities were found (50%). After normal regular screening visits 

complaints resulted in 26 visits for 21 women (5%) at which 4 abnormalities were found (15%). 

In total, abnormalities were found for 40 women (9%) resulting in 26 diagnostic surgeries. N o 

cancer was detected at nine surgeries that followed abnormal TVU only, two cancers were 

detected at six surgeries that followed abnormal CA-125 only (33%), and five cancers were 

detected at 11 surgeries (45%) that followed abnormal findings in both screening tools. At the 

last visit an exponential rise in CA-125 levels from the individual baseline level occurred for all 

incident screen-detected and interval cases (Figure 3). 

Table 5. Standardized Incidence Rates (SIR) calculated for the total group of 883 BRCA1/2 mutation carriers and for the 

subgroup of 457 BRCA1/2 mutation carriers, known to be annually screened* 

Women-years Number 
of 

women 

Number of 
women-years 

Observed Expected** SIR (95% Confidence 
Interval) 

All women-years, 883 1473 10 6.5 1.5 (95% CI: 0.7-2.8) 
six centres 
All women-years, 457 921 5 3.9 1.3 (95% CI: 0.4-3.0) 
three centres 
Exclusively annually- 457 690 5 3.2 1.6 (95% CI: 0.5-3.6) 
screened women- years, 
three centres 
* in three of the six centres data were available for each screening visit, which enabled the selection of women who were at least 

some time annually screened, i.e. a visit with both TVU and CA125 and some time of follow-up 

** reference data: age-, and mutation-specific risk of ovarian cancer among BRCA1/2 carriers, as modelled by Antoniou et al.1 

Stages at diagnoses 
Among prevalent screen-detected cases stages at diagnosis may be high. Indeed, advanced stages 

(III/IV) were diagnosed in all cases. Incident screen-detected cases should preferably be 

diagnosed at an earlier stage with a better prognosis than if these women would have been 

diagnosed without screening. However, not one stage I tumour was detected at gynaecologie 

screening. For the incident screen-detected cases, the stages at diagnosis were stage II (N = l ) , 

stage III (N=3) and stage IV (N = l ) , whereas for the incident interval cases, tumours were 

diagnosed at stage II ( N = l ) , stage III (N=2) and stage IV (N=2). At a mean follow-up since 

diagnosis of 28 months, three of all cases listed in Table 3 died of ovarian cancer. 

Discussion 
We evaluated the actual gynaecologie screening in a consecutive series of 888 BRCA1/2 mutation 

carriers. Ven' few women (5-6%) were not compliant at the end of follow-up, and 7 5 % of the 

women-years were annually screened with both screening tools (optimal compliance of women 

and gynaecologists). Compliance decreased with longer follow-up. Efficacy of gvnaecologic 

screening seemed to be limited, because 1) in the total group as well as in the compliant group 
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hardly more ovarian cancers were detected during screening than expected, 2) sensitivity of 

simultaneously assessed TVU and CA-125 was only 42%, 3) interval tumours comprised five out 

o f t en cancers 
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Figure 3. 
CA-125 levels of women with ovarian cancer detected at regular screening visits (nr 12, 13 and 15} or 
detected in between 2 visits (i.e interval ovarian cancer cases; 6 and 10); numbers of cases consistent with 
Table 2 

detected during follow-up, and all women diagnosed with an interval tumour had been compliant 

to annual screening, and 4) eight of the ten cancers were stage I I I / IV and no difference in stage 

distribution between incident screen-detected and interval tumours was found. Thus, although we 

could not formally test efficacy with mortality as outcome, these findings do not suggest that 

annual gynaecologie screening will reduce mortality. 

Reported compliance of high risk women to a standard gynaecologie screening protocol proved 

to vary extremely among studies s'lli:'-24. This may result from differences in definition of 

compliance, differences in the requested frequency of screening visits and differences in risk 

perception of the women and their physicians . Thus, though adherence to annual TVU's was 

only 19% in a series of 112 high risk women (29% BRCA1/2 carriers), adherence to screening 

seems to be higher in a group of exclusively BRCA1/2 carriers. Scheuer et al. examined biannual 

gynaecologie screening of 62 BRCA1/2 earners and found that adherence was 7 3 % to TVU and 

68% to CA-125 during two years of follow-up. We evaluated annual screening and found diat 

women were compliant for 75% of their follow-up, but compliance decreased with longer follow-up. 

TVU and serum CA-125 lack adequate sensitivity apart or together (40%-92% for TVU, 50%-

82% for CA-125 and 15%-71% for TVU/CA-125) , " ^ l u " 2 s and our finding of 42% for 

TVU/CA-125 is in accordance with these findings. 

We found slightly more cases in the screened group than expected, but the SIR was not 

statistically significant. The external reference population that we used to calculate the expected 

number of ovarian cancer consisted of family members of a largely population-based index case 
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series, partly from the UK, who were tested positive in a research setting. We assumed that these 

women might be less intensively screened than the BRCA1/2 carriers in our study. However, this 

assumption is not the only reason why the estimated SIR should be interpreted with caution. The 

SIR may be underestimated, because use of oral contraceptives protects against ovarian cancer, 

and use of oral contraceptives is higher in the Netherlands (<50 years: 42%) than, for 

instance, in the UK (<50yrs: 26%) 3<U1. Though international differences may be smaller among 

carriers, the reference curve based on international data may be too high as comparison for these 

Dutch carriers. On the other hand, the risk of ovarian cancer among carriers with a family 

history, who visit a Family Cancer Clinic, might be higher than the risk among a population-based 

sample of BRCA1/2 carriers. Therefore, if anything, the SIR suggests that the extra number of 

ovarian cancer cases detected by screening is neither overwhelming in the total group, nor in the 

compliant group. In combination with the high stages at diagnoses of the incident screen-

detected cancers, the lead-time does not seem to be large enough to shift diagnosis to an earlier 

stage with a better prognosis. 

In evaluating efficacy of screening several factors hamper the comparison among various studies, 1) 

compliance to the intended screening procedure has not been examined in combination with 

efficacy, 2) generally, no distinction is made between prevalent and incident screen-detected cases, 3) 

the screening protocol may differ, such as the frequency of screening, the cut-off level of CA-125 

(15-35 U/ml ) , ' and the combined or sequential order of applying the screening tools 
8 , 1 4 , 2 6 , 2 7 , 3 3 i A \ V r • , , . , ° ' 

and 4) quality measures of screening tools, like sensitivity, are typically reported including 
occult tumours, while the proportion of women opting for a BP(S)0 differs strongly across various 
countries' . Consequently, the proportion of interval cancers detected during screening vanes among 
studies from 5 / 7 = 7 1 % in the study by Liede et al/ 1 /3=33% in the study by Scheuer et al/ and 
1/6=17% in the study by Vasen et al "' (Table 1). In our study the proportion of interval cancers was 
5 /15=33% including the prevalent screen-detected cases and 5 /10=50% excluding the prevalent 
cases. Apart from this high proportion of interval cancers, the unfavourable stages at diagnoses for 
incident screen-detected cancers as well as for interval cancers (stage III / IV: 8 out of 10 cases in our 
study, even excluding prevalent screen-detected cases) were quite disappointing given the high 
compliance of cases. In other studies the stage distribution may be moreK or less7 favourable, but 
power of most studies is low (Table 1). 

In conclusion, annual gynaecologie screening with TVU and CA-125 does not seem to be effective 

for BRCA1/2 carriers. In our series, all but one case were diagnosed as a result of an abnormal CA-

125 with or without an abnormal TVU. Thus, the question remains, whether more frequent CA-125 

measurements would have given better results. Seven of the ten incident cases were diagnosed 9-14 

months after the last visit with normal findings, suggesting room for improvement. However, the 

three incident cases that were diagnosed within six months of the last visit with normal findings were 

all diagnosed at stage III / IV. Therefore, our limited data on this issue do not suggest that the 

efficacy of gynaecologie screening might be markedly improved by more frequent screening with 

CA-125, though evidence should come from mals. 1 lopefully, die search for other tumour markers, 

for instance by proteomics, will generate promising alternatives. For now, it is unlikely that annual 

gynaecologie screening with TVU and CA-125 will markedly affect mortality from ovarian cancer in 

BRCA1/2 mutation carriers. Prophylactic removal of the ovanes and fallopian tubes has been 

proven its value as a risk reducing strategy for ovarian cancer as well as breast cancer , s v ' ant! 

therefore should be the cornerstone in the management of BRCA1/2 mutanon carriers, as long as 

no other effective screening tool is available. 
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Gene expression profiling of ovarian cancer 

Abstract 
Several research groups have addressed the clinical value of gene expression profiling in the field 

of ovarian cancer. This paper reviews the current status of knowledge that can be derived from 

such studies. Gene expression profiles can be used to reveal sets of genes that can distinguish 

normal ovarian tissue from invasive ovarian carcinomas. Independent validation of these sets may 

result in the identification of (a set of) markers valuable for the detection in an early stage. 

Microarray analysis has shown that different histological subtypes of ovarian cancer might be 

partly reflected by a different aetiology through the deregulation and activation of different 

pathways. In addition, this heterogeneity could therefore also lead to different tumour behaviour. 

Worldwide, the combination of paclitaxel and platinum chemotherapy has been incorporated in 

the standard protocol for the management of patients with advanced stage ovarian cancer, 

although the outcome in individual patients is uncertain. Gene expression profiling was found to 

be a prognostic tool with respect to chemosensitivity and had a predictive performance of 78-

86%. With increasing numbers of data from published reports, access to this data for the 

reproducibility of its results and pooling becomes more and more important and will possibly 

lead to more individualization of therapy. 
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Introduction 
Epithelial cancer of the ovarv is the sixth most common cancer in women, affecting 

approximately 1 in 70 women in the developed world, and is the leading cause of death from a 

gynaecological malignancy . The age at diagnosis, extent of disease (as expressed by F I G O stage), 

success of primary surgery, and the histopathological features of the tumour are important 

prognostic markers . Several single genes have been suggested as markers for prognosis, but are 

still under investigation (Tablel) '" . 

Table 1. Ovarian cancer markers associated with prognosis 

Marker Incorporation in the 
clinic 

Determinants References 

Age at diagnosis Established 

Histological subtype Established 

Surgical outcome 

FIGO stage 

BRCA status 

Epidermal growth 
factor receptors 

P53 

BCL-2 

Established 

Established 

Under investigation 

Under investigation 

Under investigation 

Under investigation 

Patients older than 69 years of age exhibit (4) 
significantly poorer survival than those 
younger, even after correction for stage, 
residual disease, and performance status. 
Clear cell carcinomas are more likely to be (1 ) 
chemoresistant and associated with a poor 
prognosis; advanced stage mucinous 
carcinomas have a bad prognosis. 
Patients with residual tumour 1 cm or less in (2) 
diameter have higher survival rates. 
Patients with a stage l-ll have a 5-yrs (3;5) 
survival rate of 70-90%. 
Both a worse as well as a better survival is (7; 10) 
noted for BRCA ovarian cancer patients. 
The prognostic impact of EGFR (8; 10; 11 ; 13) 
overexpression is controversial as a 
predictor of survival. 
A correlation was shown in an univariate (9; 12) 
analysis between P53 mutation and 
chemosensitivity and a shortened survival. 
BCL2 has been associated with an (6;9) 
improved prognosis  

Present 5-year survival rates are about 80-90% for stage Ia-Ic, 70-80% for stage I la- l lc , 30-50% 

for stage Il la-IIIc and 1 3 % for stage IV. 1 [owever, the majority (>60%) of ovarian cancers are 

found in advanced stage (FIGO stage I I I / IV) . 

Except for those with subgroups within stage I tumours, patients are treated with chemotherapy 

after surgical exploration and tumour debulking. However, no good predictor of who will benefit 

from chemotherapy is available. Only 50% of the patients with an inidal response to 

chemotherapy will still be alive after 5 years. Drug resistance may (partially) explain this effect, 

which is thought to be caused by pharmacokinetic, tumour micro-environmental or cancel cell 

specific factors . Single molecular markers, e.g., expression of genes that are known to be 

involved in drug resistance in experimental systems, have not kept their promise in the clinical 

setting '"''"'. 

Thus, the prognostic and predictive parameters as described are far from precise, nor are the 

current chemotherapy regimens highly effective, which emphasize the need to identify new 

markers including those that could potentially be used to develop new targeted therapies. It is 

believed that the gene expression patterns of tumours could fulfil this demand as tumour 
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behaviour is determined by the integrated action of many genes. Expression of thousands of 

genes can nowadays be studied simultaneously by the use of different kinds of microarrays (Table 

2). 

Table 2, Common different types of micro arrays and hybridizations used 

Platform Features Hybridization 
cDNA cDNA clones of 500-5000 base RNA from a test and reference sample, isolated from 

pairs are spotted at defined normal or tumour tissue is converted into cDNA or cRNA 
positions on a glass slide. and labelled with a fluorescent dye (red or blue dye). 

After hybridization the relative expression levels are 
measured. Expression levels of the test samples are 
assessed by determining fluorescent intensities and 
compared to expression levels of a reference sample 
that is labelled with the complementary dye. 

Oligo array Oligonucleotides of 20-80 base Long oligonucleotide platforms use the above-described 
pairs are synthesized either in method. Hybridization of one labelled sample (cDNA or 
situ (on-chip/glass slide) or by cRNA) is used in short oligonucleotide platforms. 

conventional synthesis followed 
by spotting on a glass slide. 

Recently, several research groups have taken this approach and established gene expression 

profiles of ovarian tumours and normal ovarian tissue, different subtypes of ovarian cancer or of 

those that are responsive to therapy. This minireview will summarize the current profiles that 

address prognosis and therapy response prediction. 

Methods 
A systematic literature study was performed to identify articles published until December 2005. A 

Pub Med search was performed using MeSH terms "ovarian neoplasm", "micro array" and "gene 

expression profiling". We selected clinical studies in which cDNA or oligonucleotide microarray 

analyses were described that distinguish normal ovarian tissue from ovarian cancers, that classify 

cancers into histopathological or genetic subtypes or that predict prognosis or tumour response 

to treatment. Significance of each of the papers is discussed. A statistical meta-analysis of all 

reviewed articles was not possible due to the lack of randomized studies, small groups and the 

diversity of the studies. 

Usage of gene expression profiling in the aetiology of ovarian 
cancer 
At this moment little is known on the molecular changes that are associated with the 

development from normal ovarian tissue to invasive ovarian cancer. N o lesion is clinically 

recognized that immediately precedes ovarian cancer. The late onset of symptoms (in patients 

with invasive cancers), makes early detection difficult. Surface epithelial tumours account for 50 

to 5 5 % of all ovarian tumours, and their malignant forms account for approximately 90% of all 

ovarian cancers in the western world ' . Four major histological epithelial subtypes are known: 

serous, mucinous, endometrioid, and clear cell. The serous and mucinous ovarian carcinomas 

primarily originate from the mesothelial lining of the ovarian cortex or cortical inclusion cysts. 

The metaplastic change of the surface mesothehum into a Müllerian phenotype may occur either 

before or during the genesis of malignancy. The aetiology of endometrioid and clear cell ovarian 
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cancers is strongly associated with endometriotic deposits 1K. Hogg et al " discuss in the context 

of efficacy of screening, the evidence that stage I ovarian carcinomas are biologically different 

from advanced stage carcinomas. Following the line of argumentation for the dualistic models of 

serous carcinomas described by Singer et al 2", Hogg et al propose two separate models for the 

development and progression of epithelial ovarian cancer in general. The first model includes 

endometrioid, clear cell, mucinous and well-differentiated micropapillary serous cancers. Most (at 

least 75%) of these are either stage I or II at the time of clinical presentation. They have a slower 

onset and are detectable by screening. The second model includes high-grade serous cancers and 

the great majority is advanced at the time of diagnosis. This type has a multifocal origin, 

progresses rapidly and screening with the current modalities is of little value ". As yet, the 

practical value of this modelling is limited due to the great variety of clinicopathological 

manifestations of ovarian cancers . Thus , these models only partly apply to tumour behaviour 

and are at present not sufficient enough to use in clinical practice. 

Therefore, can microarray analysis be of help in revealing pathways that lead to ovarian cancer? 

Several studies demonstrated that gene expression profiles could be used to derive sets of genes 

that can distinguish normal ovarian tissue from invasive ovarian carcinomas 2'"27. Most studies 

listed in Table 3 focused on gene lists that are differentially expressed between ovarian cancer 

samples and normal ovarian tissue, rather then attempting to classify samples into these two 

groups using specified gene expression profiles. 21~ ; :4 : . 

Although the cohorts studied were small, the best available results were the more recent reports 

of Santin et al "4 and Lu et al . The first report concerns 12 malignant ovarian serous papillary 

carcinoma cell lines (OSPC; 10 primary and 2 established) and 5 normal ovarian epithelium 

(NOVA) cell lines. In the hierarchical clustering by using 299 genes, which can be of help in 

discriminating different groups, it was shown that all 10 primär}' OSPC clustered tightly together. 

Expression of some of the 299 significantly differentially expressed genes was validated by 

quantitative RT-PCR, flow cytometry and immunohistochemical staining. CD24, T R O P -

1/EPCAM and Claudio 3 and 4 were among the most overexpressed genes in OSPC as 

compared to N O V A . It was suggested by the authors that these genes may be used for the 

development of novel therapeutics 24. CD24 protein expression was also described by others, as 

determined immunohistochemically in 9 normal ovaries and 69 epithelial ovarian tumours of 

different types. In invasive ovarian carcinomas, they found membranous expression in 84% of 

the samples. Moreover, CD24 was found to be independently associated with shortened patient 

survival in a multivariate analysis 2K. Lu et al 23 explored the use of recursive descent partition 

analysis (RDPA) in which a sample is assigned to a diagnostic category of cancer or normal tissue 

based on a gene expression decision tree. 86 genes were identified that were 3-fold up-regulated 

in ovarian cancer compared to normal ovarian cells. O f these, the combination of four genes: 

E2F3, H N 1 , N O T C H 3 and RACGAP1, or the combination C L D N 3 and V E G F , could perfectly 

separate tumour from normal cells . 

Taken together, numerous genes have been identified that were shown to be up- or down 

regulated in the process of carcinogenesis. A molecular distinction between normal tissue and 

malignancy was found, but for a firmer confirmation of the models proposed by Hogg et al " , 

profiling of histological subtypes preferably at different stages of disease are required. Can indeed 

different histological epithelial subtypes be distinguished by microarray profiling, substantiating 

different aetiologies? It is known that the serous subtype represents approximately half of all 

malignant epithelial tumours, the endometrioid subtype about 17% and the clear cell and 

mucinous carcinomas account for 8% and 13%, respectively, of all ovarian carcinomas '. In 
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pathology, an endometrioid adenocarcinoma may be difficult to distinguish from a serous 

carcinoma, especially when the tumour is poorly differentiated. The stage distribution at diagnosis 

of endometrioid carcinomas (50% are stage I / I I ) differs from that of serous carcinomas (27% are 

stage I / I I ) . Clear cell carcinomas are more commonly found at stage I . 

Reviewing the articles on gene expression patterns that distinguished the histological subtypes 

(Table 4), the earlier mentioned article by Lu et al 2 ' revealed that all serous tumours, 89% of the 

endometrioid, 4 3 % of the clear cell tumours and 22% of the mucinous were separated from 

normal tissue with elevated H E 4 using RDPA on mRNA expression levels. A low CA-125 

separated 7 8 % of the mucinous and 11 % of endometrioid tumours from the remaining clear cell 

tumours and normal samples. A profile in clear cell tumours was found by Schwartz et al , that 

was different from other histological subtypes. Using 158 genes, 7 out of 8 (88%) clear cell 

carcinomas were correctly classified. The overexpression of certain genes like glutathione 

peroxidase 3, glutaredoxin and superoxide dismutase in clear cell carcinomas may explain their 

rather poor prognosis compared to other subtypes. These genes are all antioxidants, which 

implicates that there might be a role for antioxidant inhibitors in the therapy of clear cell 

carcinomas ". More recently, these findings were confirmed . However, on both articles it 

appears that there is also a certain overlap of genes between the histological subtypes, which 

implies that at least some part of the carcinogenesis is shared ' . Indeed, all epithelia of the 

reproductive tract derive from the Müllerian ducts which may explain the overlap. 

In conclusion, these results indicate that different histological subtypes might be partly reflected 

by a different aetiology through the deregulation and activation of different pathways. In 

addition, this heterogeneity could therefore also lead to different tumour behaviour, which was 

postulated by Hogg et a. . The next step to a more definite confirmation, which is required, is an 

independent validation. 

Gene expression profiling of patients with hereditary ovarian cancer 
Of all ovarian cancer cases 5-10% are associated with germline mutations, primarily in BRCA1 

and BRCA2. Serous tumours are 2-times more frequent in patients with a BRCA1 or BRCA2 

mutation than in patients without these mutations. In a systematic review of 178 BRCA1, 29 

BRCA2 mutation carriers and 235 controls both BRCA1 and BRCA2 ovarian carcinomas were 

also of higher grade than controls. Furthermore, a higher frequency of P53 staining was found in 

tumours of patients with BRCA1 or BRCA2 mutations compared to tumours of patients with 

sporadic ovarian tumours . At this moment there are discrepancies in the results of published 

studies on survival in patients with BRCA associated ovarian cancer ' ' , although they clearly 

exhibit a number of histopathological and molecular genetic features typically associated with a 

poorer survival as compared to sporadic ovarian cancers as described above . 
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Genetic analysis should be able to give us more insight into the biology of a BRCA1 ovarian 

carcinoma. Jazaeri et al 34 revealed that ovarian carcinomas from BRCA1 and BRCA2 germline 

mutation carriers have different gene expression profiles suggesting different pathways of 

carcinogenesis (Table 4). A group of 110 genes could separate ovarian sporadic tumours into 

BRCAl-like and BRCA2-like subgroups. Many of the overexpressed genes involved in BRCA-

pathways were interferon inducible; some were member of the major histocompatibility complex 

class II family. These genes could be used in the future as an immunotherapeutic target A These 

findings are in agreement with a previous study reporting differences in gene expression profiles 

between BRCA1 and BRCA2 breast carcinomas 35. The fact that BRCA1 and BRCA2 breast 

tumours are so different at the level of gene expression suggests that they perhaps arise from 

different precursors. Furthermore, also in sporadic breast tumours both BRCA1 as well as 

BRCA2 expression patterns were seen. An explanation for this could be a disruption in the 

BRCA functjon such as promoter hypermethylation in sporadic tumours. Comparison of these 

data with a comparative genomic hybridization (CGH) study of ovarian tumours support the 

hypothesis that BRCA1 and BRCA2 tumours develop through a different tumour development 

pathway. The number of genetic alterations was significantly higher in tumours of both BRCA1 

as well as BRCA2 mutation carriers compared to sporadic tumours . 

In conclusion, ovarian cancers with germline mutations in the BRCA1 and BRCA2 genes both 

have different pathways involved in its carcinogenesis compared to the development of cancer in 

sporadic cases. Stronger evidence in the sense of validation is needed. 

Gene expression profiling and prognosis 
At this moment, a staging operation (peritoneal washings, total hysterectomy and bilateral 

salpingo-oophorectomy, omentectomy, biopsies from the peritoneal surface of the diaphragm, 

both paracolic gutters, the mesentery and the pelvic side-walls and systematic para-aortic and 

pelvic lymfadenectomy) and a debulking operation (total hysterectomy and bilateral salpingo-

oophorectomy, omentectomy and removal of all tumour tissue if possible) is the standard surgical 

treatment in patients with ovarian cancer '. The extent of the disease correlates with surgery 

outcome and both are important prognostic factors. Patients with stage 1 disease have a 5-years 

survival rate of 90%. For patients with advanced stage disease the 5-year survival rate is much 

worse. Within each stage, there are short-term and long-term survivors. The need for an 

improved staging in these subgroups is obvious. Therefore, microarray analysis may be a useful 

additional tool providing a molecular staging of patients. 

In the study by Schridhar et al " seven early (F IGO stage I/TI) and seven late stage (III/IV) 

ovarian tumours were analysed by hierarchical clustering after hybridizing these tumours on 

c D N A microarrays containing 25,000 genes (Table 5). Matnlysin, gelatinase and matrix 

metalloproteinase 10 and 12, genes involved in invasion and metastasis, were 5-fold up-regulated 

in both early and late stage carcinomas. Similarities in gene expression were found in early and 

late stage cancer, whereas differences were observed with C G H , suggesting a tumour progression 

model \ Optimal surgical outcome seems an important prognostic factor. Some people argue 

that the survival benefit has more 
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to do with the resectability than with the resection, i.e. more with the biological characteristics of 

the tumour than with the surgery itself 'x. 

In a meta-analysis by Bristow et al \ comprising of a total of 81 cohorts of patients with stage III-

IV ovarian carcinoma, cohorts with < 2 5 % maximal cytoreduction had a mean weighted median 

survival of 22.7 months, whereas cohorts with > 7 5 % maximal cytoreduction had a survival of 

33.9 months - an increase of 50%.2 The result of this study is evidence for the importance of 

surgical resection. This does not exclude the possibility that resectability as a biological feature 

also plays a role. 

The best available evidence of the use of molecular profiling to predict optimal versus suboptimal 

cytoreduction comes from a single centre study by Berchuck et al M (Table 5). Forty-four 

advanced serous ovarian carcinomas (19 debulked optimally, i.e., residual tumour nodules < 1 cm 

versus 25 debulked suboptimally) were analysed with Affymetrix arrays, which contained more 

than 22,000 genes. The hypothesis used is that if differences in gene expression profiling beUveen 

Optimally and suboptimal debulked cancers are found, the biological differences rather than the 

extent of cytoreduction, are the primary prognostic factors. The tumours could be subdivided 

into two subgroups after an internal cross-validation with 32 genes and a 72,7% predictive 

accuracy. Therefore, the authors concluded that these data support their hypothesis that there are 

biological differences between cancers that are optimally versus suboptimal debulked . 

I low ever, it is still not clear from this study whether the size of the tumour bulk at diagnosis, the 

remaining tumour bulk after surgery or the underlying tumour gene profile determines the 

survival v'. Furthermore, with respect to the small numbers, the problem that can occur is called 

overfitting . 

Microarray analysis to predict chemosensitivity 
The recommended standard chemotherapy for advanced ovarian carcinoma comprises a 

combination of paclitaxel and platinum based postoperative chemotherapy M1. Randomised trials 

have clearly shown that these women will benefit from platinum based chemotherapy following 

cvtoreductive surgery with respect to survival and time to recurrence as compared to earlier used 

regimens M2. Chemotherapy has also limitations. Many women undergo this treatment with both 

acute and long-term toxicity ''. More importantly, although standard treatment will result in an 

initial response rate of more than 70%, only 50% of these patients with an initial response to 

chemotherapy will still be alive after 5 years 4:. Platinum resistance is considered multi-factorial 

and includes pharmacokinetic, tumour micro-environmental and cancer cell specific mechanisms 

like decreased drug uptake, increased repair of platinum D N A adducts '4. Recently, 

intraperitoneal chemotherapy got much attention 44,4S. Compared with conventional intravenous 

chemotherapy alone, combined intravenous and intraperitoneal chemotherapy offers a survival 

advantage although at the price of increased toxicity. Therefore, it would be a big step forward if 

we were able to separate those patients who will benefit from intensified treatment from those 

that will not. It has been suggested that microarray analysis can be used as a predictor of 

chemotherapy response and chemoresistence by revealing the underlying biological mechanisms. 

There is preliminary data on microarray analysis published that looks very promising, although 

sample size is small. In a microarray analysis of 14 cell lines of which seven from patients who 

failed chemotherapy, a significant association of Stat I expression was found with a decreased 

sensitivity to ' cisplatin (r=0.65) and AMD472 (a platinum-
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based chemotherapy, r=0.76). These results were later on confirmed with qRT-PCR . N o 

distinction was made between cell lines of patients treated with cisplatinum and patients treated 

with carboplatin. Furthermore, it needs to be established that the genes found in vitro apply also 

to chemosensitivity in vivo. Selvanayagam et al 47 performed expression arrays on samples of 

eight patients, four of which were classified as chemosensitive and four of which were 

chemoresistant (Table 5). Chemoresistence was considered when the patient relapsed or had 

progressive disease within six months. All patients were treated with platinum-based 

chemotherapy. The top 100 genes predicted the response correctly in all cases, however, not yet 

validated . 

In a larger series of samples from high stage patients, 85 genes were differentially expressed 

between chemosensitive and chemoresistant tumours. The magnitude of the difference (<2-fold), 

was rather modest. The authors postulate that the reason for this could be that only a small 

percentage of the cells are likely to posses a chemoresistant phenotype and therefore this will 

result in a dilution of the observed gene expression differences. Also, it is likely that 

chemoresistence is partly acquired under treatment exposure. This hypothesis was supported by 

differences seen between post chemotherapy samples and primary chemosensitive tumours . 

Recently, these findings have been confirmed in another study that included an independent test 

group. Limitation of this study was the difference in endpoint between the training 

(chemoresistence) and test (overall and disease free survival) series 4''. Taken together, 

chemoresistence is likely to be caused by intrinsic pathways as well as by acquired molecular 

changes. 

The use of gene expression profiling may identify different groups of patients as candidates for 

different treatment approaches based on the likelihood of achieving a specific good or poor 

sun ival. Spentzos et al 50 found a profile of 115 genes in a training cohort of 68 patients, which 

signature could distinguish patients into those with a favourable survival and those with an 

unfavourable overall survival (median, 30 months versus not vet reached) in independent 

validation setting with an accuracy of 8 5 % by weighted voting. The signature also remained an 

independent prognostic factor in a multivariate analysis. Similar patterns distinguishing short and 

long term survivors were found by Berchuck et al 51. The classifier, existing of 186 genes, 

predicted 19 of 24 long-term survivors and 27 of 30 short-term survivors, all high stage, correctly 

(85% accuracy) and achieved a 100% accuracy in an independent test set of 11 stage I / I I ovarian 

cancers. Hence, the observation that in this study early stage ovarian cancers always shared the 

same expression profiles with good survivors, implies that the poor survivors with high stage 

ovarian cancer even at an earlier stage will not be picked up by screening 51. These findings 

p» n ide e\ idence for the models proposed by Hogg et al '", which suggest that cancers diagnosed 

at an early stage are of different biological origin, less likely to progress and have a more 

favourable outcome. In a more recent study a 14-gene profile found in a training set of high 

grade advanced stage ovarian tumours predicted the outcome of 24 of 28 test samples correctly 

with respect to early relapse after platinum-paclitaxel chemotherapy. However, the reported top 

14 genes did not list am of the known markers associated with drug resistance like MRP1, Bcl-2 

or GSTs 1_. 
Summarizing, gene expression profiling was found to be a prognostic tool with a predictive 

performance of 78-86%. In total less than 500 genes were overexpressed in chemoresistant 

tumours as compared with chemosensitive ovarian tumours. To establish the role of microarray 

analysis as a predictor of prognosis with respect to chemosensitivity, 
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(randomised) trials are needed. The inherent statistical fault arising from the analysis of more than 

10, 000 D N A elements, stress the need for an external validation in a much larger series. Finding 

new genes related to potential mechanisms that underlie platinum resistance is essential in 

developing novel treatment strategies. Especially the small sample size of these microarrav studies 

hamper, therefore, the incorporation of these findings into the clinic. 

Discussion and prospects for the future 
Current molecular profiling data of ovarian cancer is starting to give us new insights in the 

genesis of ovarian cancer. Several studies demonstrated that gene expression profiles could be 

used to derive sets of genes that can distinguish normal ovarian tissue from invasive ovarian 

carcinomas. Independent validation of studies describing these differences in gene expression 

between malignant ovarian tumours compared to normal tissue may result in the identification of 

(a set of) markers valuable for the detection in an early stage, especially needed in the 

management of high risk women. 

Given the published results of the articles reviewed, the models proposed by I togg et al are to 

some extent supported by the profiling studies of the histological subtypes. In these models it is 

proposed that a difference in tumour behaviour is displayed by a difference in the underlying 

histological features. For further extension of the models, microarrav experiments analysing the 

correlation between different grades of ovarian cancers and stage distribution, will be needed. 

High stage patients are usually treated with surgical exploration, tumour debulking and 

subsequent chemotherapy, l o r the prediction of surgery outcome, the individual skills of the 

gynaecologie oncologist are of utmost importance. Therefore, the clinical significance of 

microarrav studies predicting the debulking status seems at this point rather low. 

Worldwide, the combination of paclitaxel and platinum chemotherapy has been incorporated in 

the standard protocol for the management of patients with advanced stage ovarian cancer. 

although the outcome in individual patients is uncertain. It remains to be established if other drug 

agents achieve am advantages over the standard first line treatment. We assessed literature on 

microarrav analysis addressing chemosensitivity. The predictive performance of the classifiers 

found is encouraging with a 78-86% accuracy. More knowledge about chemosensitivity will lead 

to more individualization of therapy. It could possible decrease the amount of chemotherapy 

prescriptions or in case of a poor prognosis to an intensified treatment by means of 

intraperitoneal chemotherapy. 

However, one should bear in mind that at this moment microarrav tiara from large (prospective 

trials are not (yet) available. With increasing numbers of data from published reports, access to 

this data for the reproducibility of its results and pooling becomes more and more important. 

Despite its rapid incorporation m research and although this procedure seems to be very 

promising at this moment, indistinctness with respect to its role in clinical management remains, 

which should be resolved in the near future. 
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Gene expression to predict clinical outcome 

Abstract 
Objectives: Clinically valuable biomarkers predicting outcome after standard treatment for high 

stage ovarian cancer are lacking. We conducted a study to investigate whether a gene expression 

profile can be identified that is associated with clinical outcome. 

Methods: Tumour samples of 51 patients with epithelial ovarian cancer, all stage I I I / IV , 7 3 % 

optimally debulked, and treated with platinum-based chemotherapy were analysed for gene 

expression on human 35K oligoarrays. The gene expression profiles of patients with an overall 

survival (OS) less than 21 months (n=12) were compared to those of patients, which survived 

more than 40 months (n=12). In addition, differentially expressed genes of the 115-gene 

prognostic classifier found by others were tested in our independent cohort. 

Results: A classifier of 14 genes was found which was able to discriminate in a cross-validated 

procedure the short and prolonged survival groups with an accuracy of 62%. By ranking the 

signal to noise ratio values against the distribution per gene after 1000 permutations, no genes 

were to be expected true positive. 

Furthermore, 24 of the 115 differentially expressed genes were evaluated for the reproducibility 

in 24 samples of our independent cohort. We observed minimal overlap of genes between our 

gene profile and the 115-gene classifier; the resulting predictive success rate was 54%. 

Conclusion: Our 14-gene expression profile has limited predictive power with an accuracy of only 

62%. In this patient series we were not able to reproduce the prediction of chemoresistance by a 

subset of the 115 genes reported by others. Currently, the microarray technique should be further 

explored in the research setting. 
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Introduction 
Cancer of the ovary is the sixth most common cancer in women, affecting approximately 1 in 70 

women in the developed world. It leads to more deaths than any other gynaecological 

malignancy. Most women present with advanced stage disease (F IGO stage II-IV) at dme of 

diagnosis. Surgical exploration for staging and tumour debulking followed by chemotherapy is the 

treatment of choice for these padents '. In a meta-analysis by Bris tow et al," comprising of a total 

of 81 cohorts of patients with stage III-IV ovarian carcinoma, cohorts with < 2 5 % maximal 

cytoreducdon had a mean weighted median survival of 22.7 months, whereas cohorts with > 

7 5 % maximal cytoreduction had a survival of 33.9 months - an increase of 50% 2. Randomised 

trials have shown the benefit from platinum-based chemotherapy following cytoreductive surgery 

with respect to survival and time to recurrence as compared to earlier used regimens u . However, 

only 50 percent of the patients with advanced disease who receive chemotherapy achieve a' 

complete remission and approximately only 44-50% of these will have a recurrence-free survival 

of more than five years after this standard treatment M Therefore, it is clinically relevant to be 

able to predict the clinical outcome and decide which panents are most likelv to benefit from 

current treatment strategies and which patients have to be treated more intensively. 

Accumulating evidence from molecular series shows that clinical outcome is an integrative effect 

from different biological features of the tumour. The microarray technique allows us to search for 

gene expression patterns that display the molecular make-up of the tumour and it is of interest to 

evaluate whether these are related to prognosis. Spentzos et al demonstrated that a profile of 115 

genes, the "Ovarian Cancer Prognostic Profile" (OCPP), distinguishes patients with a favourable 

from those with an unfavourable overall survival. The signature remained an independent 

prognostic factor in a multivariate analysis \ However, before patients may benefit from this new 

mtcroarray technique, a prognostic profile has to be validated using independent patient series. 

We conducted a study to determine a gene profile associated with clinical outcome for 51 patients 

with high stage ovarian cancer. Furthermore, we tested the differentially expressed genes of the 

O C P P in our independent cohort. 

Materials and methods 

Patients and tumour specimen 

Fifty-one fresh frozen tumour samples of ovarian cancer patients treated at the Netherlands 

Cancer Institute (n=34), Academic Medical Centre (n=6) and Leiden University Medical Centre 

(n-11) were available. All these patients underwent primary surgery for staging and debulking, 

and had a definitive histological diagnosis of an epithelial ovarian cancer after review of the 

original slides. Furthermore, full medical history, assigned stage, success of tumour debulking 

chemotherapy given, clinical response and date of last follow-up or death were obtained from the' 

medical record. Optimal debulking was defined as less than 1 cm residual tumour after surgery 

and suboptimal debulking was defined as 1-2 cm left after surgery. Incomplete surgical debulking 

was defined as gross residual disease (at least more than 2 cm). Treatment response was assessed 

after six cycles of chemotherapy according to previously defined criteria ''. 

Descriptive statistics were used for demographic characteristics. A student's t-test was used when 

comparing groups with a normal distribution or X2 test when proportions were concerned. 

107 



Gene expression to predict clinical outcome 

RNA isolation and amplif ication 
In hcmatoxilin/eosin stained sections the tumour percentage was determined (>50 % required) 

before and after obtaining 30 sections of 30 urn of ovarian cancer tissue for RNA isolation. 

Detailed protocols for RNA isolation, amplification, labelling and microarray hybridisation can be 

found at ht tp: / /www.nki .nl /nkidep/pa/microarray/protocols .htm. In brief, RNAzol (Campro 

Scientific) was used to extract total RNA from frozen tissue that was purified using the Qiagen 

RNAse free DNAse kit and Rneasy spin columns. The quality of the total RNA was determined 

by agarose gel electrophoresis. Four (ig of total RNA was amplified with Superscript II reverse 

Transcriptase (Invitrogen Life Technologies) and a T7 Megascript kit (Ambion). 

Hybridisation 
Human 35k oligoarravs from the central micro array facility- at the N K I were available for the 

hybridisation. A complete list of genes and controls included on the slides is available on the 

CMF web site http:/ /microarrays.nki.nl/download/geneid.html and 

http:/ /microarravs.nkt.nl/download/protocols.html. All samples were co-hybridised with a 

standard reference of pooled and amplified RNA (aRNA) from 44 randomly chosen ovarian 

tumours. This reference was chosen to provide a standard containing all genes that are potentially 

expressed in ovarian tumour tissue at a significant level and closely related to the tumour samples 

to be able to identify small changes in expression levels between the tumour groups. One ug of 

aRNA was labelled with ULS-Cy3 or ULS-Cy5 (Kreatech Biotechnology). Labelled tumour was 

mixed with one ug of colour reversed labelled aRNA from the reference pool. The amount of 

labelled aRNA is measured using the N a n o D r o p spectrophotometer. Hybridisations were 

performed in the Tecan HS4800 hybridisation station. All experiments were done in both colour 

ceversed modes. One out of ten hybridisations was a self-self hybridisation using the identical 

aRNA to validate the quality. After hybridisation for 15-18 hours, slides also were washed in the 

Tecan in a 5X SSC, 0 , 1 % SDS solution; a 2X SSC, 0 ,1% SDS solution at 42°C, 1XSSC solution at 

42°C and a 0,2X SSC solution at room temperature. The oligoarrays were scanned with the 

Agilent Microarray scanner. 

Data selection and fi ltering 

ImaGene 5.1/6 Software (BioDiscovery Ine, El Segundo, CA) was used to quantify the RNA 

expression levels using the tiff images. Background-corrected intensities were used to calculate 

log2- trans formed expression ratios. The ratios were normalized as described previously . 

Analysis of DNA expression array data 

Supervised classification 
To obtain a classifier that distinguishes between good and poor clinical outcome the following 

supervised method was used. From the genes on the micro array, those genes (11084) were 

selected that were significantly different from the reference in at least 2 tumours. Differentially 

expressed genes between two subgroups were evaluated by ranking based on a signal-to-noise 

ratio (SNR) correlated with the outcome. The probability of obtaining the number of 

differentially expressed genes in each comparison by chance is estimated with Monte Carlo 1000 

random permutations. Determination of the optimal set of top ranked genes that separate the 
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Table 1. Patient characteristics 

Characteristic 

All patients Training set: poor outcome Training set: good 
(n=51) (death due to disease<21 outcome (overall 

months survival > 40 months) 
(n=12) (n=12)  

Median age at diagnosis 
(yrs, range) 
Median follow-up 
(months, range) 
Stage (FIGO*) 

57.0(17-81) 

28.0 (7-230) 

N % 
63.0(55-81; 

15.0(7-21) 

III 40 10 83 
IV 11 2 17 
Histological subtype 
Sereus 22 4 33 
Endometrioid 16 6 50 
Combined 13 2 17 
Grade 
I 8 3 25 
II 22 5 42 
III 20 4 33 
Undifferentiated 1 - _ 
Debulking status 
Optimal 37 12 100 
Suboptimal 8 -
Incomplete 6 -
Outcome after standard 
treatment 
Complete response 35 7 59 
Partial response 7 1 8 
Stable disease 4 1 8 
Progression 5 3 25 
First line chemotherapy 
Platinum-based 50 12 100 
Other 1 -

N % 
50.0(17-79) 

50.0(43-143) 

11 
1 

4 
2 
6 

7 
4 
1 

12 

10 
1 
1 

12 

92 

33 
17 
50 

58 
33 
8 

100 

83 
8 

100 

P-value 

< .0001 

< .0001 

.537 

.135 

.228 

.317 

• Abbreviation: FIGO-In te rna t iona l Federation of Gynaecology and Obstetrics 

two groups was done by a leave-one-out cross-validation (LOOCV) procedure. In even- leave-
one-out step a tumour sample is left out, and genes were ranked for the remaining samples to 
build a classifier. This classifier was employed to predict the outcome of the left-out sample. This 
procedure was repeated by incrementally adding genes and repeated for every tumour. The 
performance was measured as the percentage true predictions over a full LOOCV round. 
To evaluate the performance of the O C P P on our series of samples, overlapping genes on the 
human 35k oligoarray were searched using Ensembl (ht tp: / /www.ensembl.org/) . We used 24 of 
the 115 genes. 

Results 
The climcopathologic features of the 51 samples used in the analysis are depicted in Table 1. 

The age at diagnosis of these patients ranged from 17 to 81 years (median 57.0 wars, median 

follow-up 28 months, range 7-230 months). Almost half of the patients were diagnosed with 

serous histology (43%). Seventy-three percent of the women were optimally cytoreduced after 
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Classification i 

Figure 1. 

Correlation plot and heatmap of the gena 
expression of the 14 genes separating the 
samples of women who died within 21 
months after standard treatment an 1 
samples of 
women with an overall survival > 40 month: 
Correlation plot: green spots, samples from 
patients with an overall survival of more thai 
21 months; red spots, samples with poor 
survival The classifier of 14 genes correctly 
identified 15 of 24 patients. 
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Heatmap of 14 selected genes across 24 
training samples. Each row represents 
tumor and each column a gene; green, dowi 
regulation; red, upregulation The genes an 
clustered based on their similarities between 
the 24 tumors Tumors are ranked 
according to their distance to the centroids 
as determined during the LOOCV. 
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primary surgery. The median overall survival for all patients was 28 months (range 7-230). The 
women with optimal cytoreduction (n=37) had a median survival time of 28.0 months , whereas 
the other women with suboptimal or incomplete debulking (n=14) had a median survival time of 
29.0 months. 

First, we compared the gene expression profiles of patients with an overall survival (OS) less than 

24 months (n=20) with the gene expression profiles of patients that survived more than 24 

months (n=31). We performed Monte Carlo permutations to identify genes significantly 

differentially expressed between the two groups. N o significant SNRs were found (data not 

shown). Secondly, we also applied Monte Carlo permutations to a second division now limited to 

all high stage patients optimally debulked to increase the probability of rinding the underlying 

biology driving chemoresistance (OS < 24 months (n=13) and OS> 24 months (n=21). 

However, no significant SNRs were found (data not shown). 

Finally, in a third analysis we limited the selection to more extreme subgroups of clinical response 

where the poor outcome group consisted of 12 samples with the shortest overall survival, i.e. 

death within 21 months (median survival 15.0 months, range 7-21 months). For the good 

outcome group, samples of 12 patients with the longest survival were selected (median survival 

50.0 months, range 43-143 months). The clinical characteristics are listed in Table 1. The groups 

showed significant differences for age at diagnosis, but not for stage, histopathologic type, grade 

or debulking status after standard treatment. 

With 1000 permutations no individual genes were found discriminating between the poor and the 

favourable group. With the leave-one-out class prediction, an accuracy of 62% was found with 14 

genes (Figure 1A+B). These prognostic genes are depicted in table 2. 

5 10 15 
24 mapped Spentzos genes 

Figure 2. 

Heatmap of the gene expression of the genes separating the samples of women dead within 21 months after standard treatment 
and samples of women with an overall survival > 40 months using the 115 genes of Ovarian Cancer Prognostic Profile 
published by Spentzos et al. 

I l I 
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In addition, the accuracy of the 'OCPP ' profile as described by Spentzos et al. was also tested on 

this series of samples (Figure 2A and 2B) employing 24 of their 115 genes. The resulting success 

rate was 54 %. We observed minimal overlap of genes between our gene profile and the OCPP. 

Discussion 
Using microarray analysis we identified a gene expression profile that is able to discriminate 

between two different survival groups (i.e. overall survival less than 21 months and overall 

survival > 40 months) with accuracy of 62%. However, by ranking the signal to noise ratio values 

against the distribution per gene after 1000 permutations, no genes were to be expected true 

positive. 
The analytic model used is rather similar to that used in previous studies. After finding a profile 

of 1 15 genes in a training cohort of 68 patients by Spentzos et al, the signature also distinguished 

patients into those with a favourable survival and those with an unfavourable overall survival 

(median, 30 months versus not yet reached) in an independent validation setting with an accuracy 

of 85% by weighted voting. The signature also remained an independent prognostic factor in a 

multivariate analysis 5. Similar patterns distinguishing short and long term survivors were found 

by Berchuck et al. The classifier, existing of 186 genes, predicted 19 of 24 long-term survivors 

and 27 of 30 short-term survivors, all with high stage ovarian cancer, correctly and achieved a 

100% accuracy in an independent test set of 11 stage 1/11 ovarian cancers 8. Comparing the 

classifiers, the'lack of overlap m genes is remarkable. This is probably partly explained by the use 

of different microarrays, analytical methods as well as dependent on sample selection. 

The classifier described by Spentzos et al was also used in our series to test its accuracy 5. After 

searching the predictive genes with the use of Knsembl, we were only able to test 24 of 115 

genes. With this limited set the error rate was 46%, which could well be explained by the reduced 

number of genes. There are also some differences in patient characteristics compared with our 

series. The samples of the patients selected by Spentzos et al were mainly (92%) serous, while in 

our series 3 3 % (8/24) had a serous histological subtype. More importantly, the classifier 

described b\ Spentzos et al predicts patient's outcome independently from the debulking status. 

In contrast, our patients were all optimally debulked. 

As pointed out earlier, the differences found between the two groups in our 14-gene classifier, 

which we found with predictive gene expression profiling, are not based on solid proof. After 

performing the permutation test, the possibility that other or none of the "predictive" genes are 

found to be in the gene set, is greater than 95%. Even when the "favourable" and "poor" groups 

are defined m different ways (data not shown), this problem remains. 

The disappointing results of this study cannot be the result of wrong patient selection. In fact, the 

homogeneity between the poor and good survivors with respect to patient characteristics is rather 

remarkable. There was only an age difference between the two groups. One explanation for these 

negative findings could be the small sample size. The problem that can occur is called overfitting, 

which is actually displayed by the permutation test. The gene expression profile found in the 

analysis of thousands of genes expressed in a microarray fits perfectly, but is probably based on 

chance and is hard to be reproduced ". A larger set of samples would positively increase the 

probabiiitj to find a true classifier. In addition, our findings also suggest that maybe only a few 

genes can be responsible for chemosensitivity/rcsistance and therefore hard to find with 

microarray analysis. Interestingly, prediction of treatment outcome is also not always successful m 

breast cancer ' microarray analysis m \ Drug resistance is thought to be caused by 

112 



Chapter 8 

pharmacokinetic, tumour micro-environmental and cancer-cell specific factors. Only a single-

change in the expression of proteins involved in the pathways towards apoptosis or cell-cycle 

arrest can possibly cause a defect and therefore resistance '2. The few overlapping top ranked 

genes support the idea of redundancy of genes in large gene profiles. 

In conclusion, one should bear in mind that at this moment microarrav data from large 

prospective trials are not (yet) available. With increasing numbers of data from published reports, 

access to this data for the reproducibility of its results and pooling becomes more and more 

important. Despite its rapid incorporation in research and although this procedure seems to be 

very promising at this moment , the indistinctness with respect to its role in clinical management 

remains and should be resolved in the near future. Hopefully then, knowledge about 

chemosensitivity will decrease the amount of chemotherapy prescriptions or gives an indication 

for more intensified treatment such as intraperitoneal chemotherapy, and lead to more 

individualization of therapy. 
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Table 2. Fourteen top-ranked genes of chemoresistance classifier 

No Ensembl Gene symbol Gene description 
310451 AC006276 
300900 AF272036 

311906 AK056774 

314937 

RRAGD 

320870 - -
302476 AB001872 MAP3K' 

334192 AF020089 BRSK2 
332462 - -
324351 AF268613 P05FN 
310258 U52096 ZNF600 
304182 BC017660 G8 
311136 BC007498 COX7C 

306982 BC003409 OCIAD1 
322990 BC002591 MMP10 

H19 

NO DESCRIPTION 
RAG D PROTEIN; HYPOTHETICAL GTP-BINDING 
PROTEIN DKFZP761H171 
NO DESCRIPTION 
MITOGEN-ACTIVATED PROTEIN KINASE KINASE 
KINASE 13; LEUCINE ZIPPER-BEARING KINASE 
BR SERINE/THREONINE PROTEIN KINASE 2 
NO DESCRIPTION 
POU 5 DOMAIN PROTEIN 
ZINC FINGER PROTEIN 600 
G8 PROTEIN 
CYTOCHROME C OXIDASE POLYPEPTIDE VIIC, 
MITOCHONDRIAL PRECURSOR (EC 1.9.3.1) 
OCIA DOMAIN CONTAINING 1 
STROMELYSIN-2 PRECURSOR (EC 3.4.24.22) (MATRIX 
METALLOPROTEINASE-10) (MMP-10) (TRANSIN-2) (SL-2) 
H19, IMPRINTED MATERNALLY EXPRESSED 
UNTRANSLATED mRNA 
NA 
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Summary and conclusions 

Summary 
Screening of the ovaries for cancer in high risk women is standard medical care in western 

countries, although the efficacy of such a programme is still unclear. However, prophylactic 

removal of the ovaries and the fallopian tubes has proven its value as a risk reducing strategy. 

Chapter 1 contains a brief introduction on ovarian cancer and describes the outline of this thesis. 

Chapter 2 provides an overview on the specific role of the BRCA1 and BRCA2 genes in ovarian, 

fallopian tube and primary peritoneal serous carcinoma (PPSC). Besides ovarian carcinoma, 

fallopian tube carcinoma and PPSC should also be considered as malignancies expressed in the 

hereditary ovarian cancer syndrome. Bilateral prophylactic salpingo-oophorectomy is at this 

moment the most effective approach in the management of these women with a 96% risk 

reduction. However, the risk of developing PPSC remains (4%). At this moment there are 

discrepancies in the results of published studies of survival in BRCA associated ovarian cancer, 

although they clearly exhibit a number of histopathological and molecular genetic features 

typically associated with a poorer survival as compared to sporadic ovarian cancer. 

Chapter 3 describes our experiences with bilateral prophylactic (salpingo-) oophorectomy 

(BP(S)O). A retrospective study was performed to assess histopathologic findings in high risk 

women undergoing BP(S)0 . The medical files of 128 BRCA1 or BRCA2 mutation carriers and 

members of a hereditary breast / ovarian cancer (HBOC) family, who had undergone 

prophylactic surgery, were reviewed. Thirty-eight women underwent a BPO (26 BRCA1, 3 

BRCA2 and 9 HBOC). N o occult carcinomas were found in these women. During follow-up of 

the 38 patients who underwent a BPO (mean follow-up 45 months), three of 26 BRCA1 

mutation carriers (3.4 in 100 women-years) developed PPSC. Ninety women underwent a BPSO 

(58 BRCA1, 6 BRCA2, 1 BRCA1 and 2, 25 HBOC). At the time of BPSO, 5 of 58 BRCA1 

carriers (8.6%) were diagnosed with an occult carcinoma: two fallopian tube carcinomas, two 

ovarian carcinomas and one case was defined as a fallopian tube/ovarian carcinoma. So far, no 

PPSC's have occurred in the 90 women who underwent a BPSO (mean follow-up 12 months) 

including 58 BRCA1 carriers (0 in 60 women-years). These results support the thesis that BRCA1 

germline mutation carriers are not only at risk for ovarian cancer but also for fallopian tube 

carcinoma and PPSC. Our data suggest that PPSC risk among BRCA2 carriers is lower than 

among BRCA1 carriers. Due to our findings we changed the standard prophylactic procedure 

from BPO into BPSO. Chapter 4 focuses on the implications for the women with their fallopian 

tubes still in situ after BPO. We believe additional bilateral prophylactic salpingectomy (BPS) 

makes sense, because high risk women face an additional risk after previous BPO, based on 

findings of occult fallopian tube carcinomas in previous reports and failure of early detection at 

screening. In total, 15 women opted for additional BPS after having received an informative letter 

from the gynaecologist. Histopathological examination revealed no malignancy in these series of 

women with a relatively long follow-up between B P O and BPS (mean 65 months). 

In Chapter 5 the performance of the diagnostic tools in ovarian cancer screening is studied. In 

total, 312 women at high risk of ovarian cancer and seen at the family cancer clinic, were 

investigated. Pour ovarian carcinomas (one F I G O stage IC, one stage HIB and two stage IV) 

were detected during surveillance. Furthermore, five women were diagnosed with an occult 

ovarian/fallopian tube carcinoma after BP(S)0 , while having normal CA-125 and transvaginal 

ultrasonography (TVU) before the surgery. 863 CA-125 values were determined of which 39 

raised levels. It resulted in a overall sensitivity, specificity, PPV and N P V of CA-125 of 50%, 

96%, 1 3 % and 99%. Furthermore, 724 TVU were performed of which 72 were defined as 
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abnormal. The overall sensitivity, specificity PPV and N P V of TVU was 40%, 90%, 6% and 99%. 

The combination of CA-125 and TVU results achieved a sensitivity of 40%, a specificity of 99%, 

a PPV of 40% and a N P V of 99%. The diagnostic tools appear to be only suitable in detecting 

ovarian cancer at an advanced stage, while three of four tumours with early stage disease in this 

series had normal screening tests prior to the diagnosis. 

The magnitude of benefit of ovarian screening is addressed in Chapter 6. In this multi-centre 

follow-up study, medical record data of a consecutive series of 888 women with a proven BRCA1 

(N = 687) or BRCA2 (N = 201) mutation was examined. These women started with 

gynaecological screening ( (bi-)-annually TVU and serum CA-125 measurements) between 1993 

and 2005. For 459 women, data on all screening visits were available. The Standardized Incidence 

Ratio (SIR) of detecting ovarian tumours during screening was calculated based on age- and 

mutation-specific incidence rates, modelled by Antoniou et al '. Overall, BRCA1/2 mutation 

carriers were compliant to annual screening for 7 5 % of their women-years. However, compliance 

dropped with longer follow-up. Slighdy more cancers were detected (10) during screening than 

expected (6.5; SIR: 1.5 (95%CI: 0.7-2.8)) and women compliant to screening had similar results (5 

observed versus 3.2 expected). Sensitivity of the combination of TVU and CA-125 was only 4 2 % 

including occult tumours as cases. Interval tumours comprised five out of ten cancers detected 

during follow-up and all women diagnosed with an interval tumour had been compliant to annual 

screening. Eight of the ten cancers were stage III /1V and no clear differences in stage 

distribution between screen-detected and interval tumours were found. Though slightly more 

tumours seem to be diagnosed during gynaecologie screening among BRCA1/2 mutation 

carriers, the diagnosis of ovarian and tubal cancer is not shifted to an earlier stage. Therefore, it is 

unlikely that annual screening will markedly affect mortality from ovarian cancer in BRCA1/2 

mutation carriers. 

Chapter 7 provides an overview of articles addressing the clinical value of gene expression 

profiling in the field of ovarian cancer. At this moment there is litde information on t he-

molecular changes that are associated with the development from normal ovarian tissue to 

invasive ovarian cancer. Several microarray studies are discussed that demonstrate that gene 

expression profiles can be used to derive sets of genes that can distinguish normal ovarian tissue 

from invasive ovarian carcinomas. Independent validation of studies described earlier may result 

in the identification of (a set of) tumour markers valuable for the detection in an early stage, 

especially needed in the management of high risk women. Microarray analysis has shown that 

different histological subtypes of ovarian cancer might be pardy reflected by a different aetiology 

through the deregulation and activation of different pathways. In addition, this heterogeneity 

could therefore also lead to different tumour behaviour, which was postulated by Hogg et al ~. 

Furthermore, gene expression profiling was found to be a prognostic tool with respect to 

chemosensitivity and had a predictive performance of 78-86%. 

Chapter 8 further deals with microarray analysis. Clinically valuable markers predicting outcome 

after standard treatment for high stage ovarian cancer are absent. We conducted a study to 

determine a gene expression profile associated with clinical outcome for 51 patients with high 

stage epithelial ovarian cancer, all optimally debulked. Gene expression profiles of advanced 

staged patients and treated with chemotherapy with an overall survival (OS) less than 21 months 

(n=12) were compared with the gene expression profiles of patients, which survived more than 

40 months (n=12) using human 35k oligoarrays. A classifier of 14 genes was found which is able 

to discriminate between two different survival groups (i.e. overall survival less than 21 months 
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and overall survival > 40 months) with an accuracy of 62%. Unfortunately, by ranking the signal 
to noise ratio values against the distribution per gene after 1000 permutations, no genes were to 
be expected true positive. In addition, we tested the reproducibility of a classifier previously 
published on our cohort. Spentzos et al demonstrated that a profile of 115 genes, the "Ovarian 
Cancer Prognostic Profile, distinguished patients with a favourable survival from those with an 
unfavourable overall survival \ To evaluate its reproducibility, overlapping genes on our human 
35k oligoarray were searched. 24 of the 115 genes were used for a leave-one-out cross analysis on 
the presented data. We observed minimal overlap of genes between our gene profile and the 115-
gene classifier. The resulting prédictive success rate was only 54%. So far, the application of 
microarray technique should therefore be limited to scientific purposes. 

Conclusions and future prospects 
The research described in this thesis adds to the current knowledge on genetics of ovarian cancer. 
Firstly, some pitfalls in the management of high risk women has been shown, e.g. 8.6% 
prevalence of occult tumours after BPSO, low performance of the diagnostic tools and many 
advanced cancers diagnosed during screening. Secondly, our microarray experience has not been 
shown to give an answer on predicting chemoresistence. 
Since the discovery of the BRCA1 and BRCA2 genes, the debate over the clinical management 
for high risk women is still unresolved. The multi-centre study showed clearly that although 
slightly more ovarian cancers were diagnosed during screening than expected, most cancers were 
diagnosed at an advanced stage. One question arises: Could possibly others markers be more 
sensitive in detecting ovarian cancer at an earlier stage? In a case-control study, three biomarkers 
were identified with proteomic technology, which were able to detect early stage ovarian cancer. 
The sensitivity of the combination of apolipoprotein Al, transthyretin, H4 and CA-125 was 
higher than CA-125 alone \ More recently, the combination of four other proteins (leptin, 
prolactin, oseopontin and insulin-like growth factor II) were identified with microarray analysis 
and ELISA distinguished ovarian cancer patients from healthy controls with a sensitivity and 
PPV of 95% 5. However, the incorporation of these findings into the clinic lies still ahead of us. 
To establish the role of such markers as predictors of disease, (randomised) trials are needed. In 
the United Kingdom a large randomised control trial (www.ukctocs.org) is underway. This trial 
examines the cost, morbidity and patient's compliance of ovarian screening in addition to the 
primary end point of ovarian cancer mortality. In this study a strategy is used based on the age 
and CA-125 profile of the women. Already 95,000 women have been enrolled in the study, but 
the final results will not be expected before the year 2011. 
For now, it is unlikely that annual gynaecologie screening with TVU and CA-125 will markedly 
affect mortality from ovarian cancer in BRCA1/2 mutation carriers. Prophylactic removal of the 
ovaries and fallopian tubes has been proven its value as a risk reducing strategy for ovarian cancer 
as well as breast cancer and therefore should be the cornerstone in the management of BRCA1 /2 
mutation carriers, as long as no other effective screening tool is available. Counselling will be of 
the most importance in the management of high risk women. Women should be counselled on 
the disadvantages of current screening. Also, the pros and cons of BPSO should be discussed. 
Furthermore, the guidelines may need more specification: BPSO is now optional after the age of 
35 or if there is a strong repeated wish of undergoing this procedure. However, mean age at 
diagnosis in BRCA1 and 2 mutation carriers is 55 years, although lower than in sporadic cases. 
The mean age at diagnosis in our multi-centre study was 53 years. This may have important 
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implications with regard to counselling of these women and their decision at what time to 
undergo optional prophylactic surgery. Also, an immediate consequence of BPSO in 
premenopausal women is the initiation of a surgically induced menopause. Therefore, many 
women face vasomotor symptoms and possible sexual dysfunction. Recently, it has been shown 
that BPSO has no measurable adverse effect on the general quality of life of high risk women, 
although hormone replacement therapy may not have the same beneficial effect on vasomotor 
symptoms and sexual symptoms in surgically induced menopause as in natural menopause 'K\ 
However, with the possibility that more women will choose BPSO in the future, it is also relevant 
to know if the physiology of a surgically induced menopause is different than that of a 
spontaneous menopause. 
Furthermore, the individual perspective of the women screened is important. Many factors 
influence a woman's attitude to and decision about screening and/or BPSO: the perception of 
the risk of having ovarian cancer, the attitude to BPSO, the risk of a false-positive diagnostic test 
with a subsequent unnecessary operation or having children. For future studies it can be 
interesting to see what value women assign to screening. 

The application of microarray technique in the evaluation of chemoresistence of ovarian cancer 
has been successful with an accuracy of 78-86%. As described in this thesis, results can also be 
disappointing with an accuracy of only 62% and without a validation series. The inherent 
statistical fault arising from the analysis of more than 10000 DNA elements, stress the need for 
an external validation in a much larger series. Taken together, numerous genes have been 
identified that were shown to be up- or down regulated in the process of chemoresistence. Less 
than 500 genes were overexpressed in chemoresistant tumours as compared with chemosensitive 
ovarian tumours. However, in the process of finding prognostic markers, there is a gap in 
isolating the most valuable candidates for clinical use. So far, its application should therefore be 
limited to scientific purposes. In future, with increasing numbers of data from published reports, 
access to the relevant over- and underexpressed genes for the reproducibility and pooling will 
become more and more important. Hopefully then, knowledge about chemosensitivity will 
decrease the amount of chemotherapy prescriptions and lead to more individualization of 
therapy, i.e. in case of a profile with a poor outcome, the option of intensified treatment strategies 
such as intraperitoneal combined with intravenous chemotherapy should be investigated. 
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Samenvatting en conclusies 

Samenvatting 
De effectiviteit van screening op ovariumcarcinoom bij vrouwen met een hoog risico is tot op 

heden niet helder. Preventieve adnexverwijdering heeft echter zijn waarde al wel bewezen. 

In Hoofdstuk 1 wordt een korte introductie gegeven over ovariumcarcinoom. Daarnaast wordt 

de opbouw van dit proefschrift uiteengezet. 

In Hoofdstuk 2 wordt een overzicht gegeven van de specifieke rol van de BRCA1 en BRCA2 

genen met betrekking tot ovarium-, tuba en peritoneale kanker (PPSC). Naast een verhoogd 

risico op een ovariumcarcinoom, hebben vrouwen met een erfelijke/familiaire belasting ook een 

verhoogd risico op een tubacarcinoom en PPSC. Door middel van een profylactische bilaterale 

(tuba)-ovariectomie (BP(S)O) wordt een risicoreductie van 96% op ovariumcarcinoom verkregen. 

Het risico op PPSC blijft echter onveranderd na een BPSO (4%). O p dit moment bestaan 

tegenstrijdige resultaten wat betreft de overleving en het ziektevrije interval van BRCA patiënten 

in vergelijking met patiënten met een sporadisch ovariumcarcinoom. De histopathologische 

kenmerken van BRCA1/2 gerelateerde tumoren zijn geassocieerd met een relatief slechte 

prognose. 

In Hoofdstuk 3 worden de resultaten van preventieve adnexverwijdering beschreven. De 

medische geschiedenis werd bestudeerd van 128 BRCA1 en BRCA2 draagsters en van vrouwen 

uit een familie met een familiair mamma- e n / o f ovariumcarcinoom (HBOC) die allen een 

BP(S)0 hebben ondergaan. Bij 38 vrouwen werd een bilaterale profylactische ovariectomie 

(BPO) verricht: bij 26 BRCA1 draagsters, drie BRCA2 draagsters, en negen vrouwen uit een 

H B O C familie. Geen van de vrouwen bleek een tumor te hebben. De incidentie van PPSC na een 

BPO was 3.4 in 100 vrouwjaren. Bij 90 vrouwen werd een profylactische bilaterale tuba-

ovariectomie (BPSO) verricht: bij 58 BRCA1 draagsters, zes BRCA2 draagsters, één BRCA1 en 2 

draagster en 25 vrouwen uit een H B O C familie. Tijdens het pathologisch onderzoek werd bij vijf 

(8.6%) van 58 BRCA1 mutatiedraagsters een occult carcinoom gevonden: twee tubacarcinomen, 

twee ovariumcarcinomen en de diagnose tuba-/ovariumcarcinoom werd bij een vijfde vrouw 

gesteld. De incidentie van PPSC na een BPSO was 0 in 100 vrouwjaren. Deze resultaten dragen 

bij aan de theorie dat vrouwen met een BRCA1 of BRCA2 genmutatie niet alleen een verhoogde 

kans op ovariumcarcinoom hebben, maar ook op tubacarcinoom en PPSC. Voorts suggereren de 

resultaten dat het risico op PPSC onder BRCA2 mutatiedraagsters lager is dan onder BRCA1 

mutatiedraagsters. Als gevolg van deze bevindingen is de verwijdering van de Ovaria én tubae de 

standaardprocedure bij preventieve chirurgie geworden. Het preparaat moet volledig worden 

ingesloten en serieel worden opgesneden om occulte tumoren niet over het hoofd te zien. 

H o o f d s t u k 4 richt zich vervolgens op de implicaties voor vrouwen die een B P O hebben 

ondergaan en waarbij de tubae nog in situ zijn. Een additionele tubectomie (BPS) wordt 

rechtvaardig geacht. De belangrijkste argumenten zijn dat er occulte carcinomen in profylactisch 

verwijderde tubae gerapporteerd zijn bij vrouwen met een verhoogd risico op ovariumcarcinoom 

en dat screening vooralsnog weinig effectief is in de opsporing van de ziekte in een vroeg 

stadium. In totaal kwamen 27 vrouwen in aanmerking voor een BPS. Vijftien vrouwen kozen 

hiervoor, nadat zij over de mogelijkheden en risico's geïnformeerd waren door de gynaecoloog. 

Bij het histopathologisch onderzoek werden geen maligniteiten vastgesteld in deze groep 

vrouwen met een relatief lange follow-up tussen BPO en BPS (gemiddeld 65 maanden). 

Screening met behulp van CA 125 bepaling en transvaginale echografie is het onderwerp geweest 

van een aantal studies, voornamelijk in de algemene populatie. De lage sensitiviteit van de 
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screeningsinstrumenten en de lage prevalentie van eierstokkanker zijn de belangrijkste 

beperkingen. 

In H o o f d s t u k 5 worden de resultaten van screening met behulp van CAI25 bepaling en 

transvaginale echografie (TVE) beschreven in een populatie van 312 vrouwen, allen met een 

verhoogd risico op ovariumcarcinoom. Drie ovariumcarcinomen werden gediagnosticeerd als 

gevolg van screening (één F I G O stadium IC, één F I G O stadium IIIB en één F I G O stadium IV) 

en bij 1 vrouw werd als gevolg van klachten een ovariumcarcinoom vastgesteld 

(intervalcarcinoom, F I G O stadium IV). Bij vijf van de 152 (3.3%) vrouwen die een profylactische 

bilaterale (salpingo-) ovariectomie hebben ondergaan werd een occult ovarium-/tubacarcinoom 

(twee F I G O stadium IA, één F I G O stadium IC, één F I G O stadium IIIB en één F I G O stadium 

IV) geconstateerd. In totaal werd 863 maal het CAI25 bepaald, waarvan er 39 verhoogd waren. 

Het heeft geresulteerd in een sensitiviteit, specificiteit, positief voorspellende waarde (PPV) en 

negatief voorspellende waarde (NPV) van 50%, 96%, 1 3 % en 99%. Tevens werd 724 maal een 

T V E uitgevoerd, waarvan 72 als abnormaal werden beschouwd. Het heeft geresulteerd in een 

sensitiviteit, specificiteit, positief voorspellende waarde (PPV) en negatief voorspellende waarde 

(NPV) van 40%, 90%, 6% en 99%. D o o r de CA125 uitslagen te combineren met T V E werd een 

PPV van 4 0 % behaald. Echter, de diagnostische testen lijken alleen sensitief in het ontdekken van 

gemetastaseerde ziekte. Alleen drie van de vier vrouwen met een stadium I / I I ovariumcarcinoom 

hadden voorafgaand aan de diagnose normale screeningstesten. 

Of screening op eierstokkanker dan ook daadwerkelijk effect heeft wordt besproken in 

H o o f d s t u k 6. In een retrospectieve multi-center studie worden de gezamenlijke ervaringen van 

zes centra in Nederland met screening op ovariumcarcinoom beschreven bij 888 vrouwen met een 

bewezen BRCA1 (N = 687) of BRCA2 (N = 201) mutatie. De geobserveerde incidence is 

vergeleken met een te verwachten incidentie, gebaseerd op leeftijd- en mutatiespecifieke gegevens 

gepubliceerd door Antoniou et al '. Van 459 vrouwen waren gegevens van elk screeningsbezoek 

beschikbaar. In totaal waren de BRCA1/2 mutatiedraagsters voor 7 3 % van hun gescreende jaren 

compliant aan jaarlijkse screening. De compliantie daalde echter gedurende de follow-up van deze 

vrouwen. Een iets groter aantal kankers (10) werd gevonden dan verwacht (6.5; hazard ratio: 1.5 

(95% betrouwbaarheidsinterval: 0.7 - 2.8). De sensitiviteit van de combinatie van de diagnostische 

testen was 42% met de occulte tumoren meegerekend. Van het totale aantal vrouwen met een 

ovariumcarcinoom, was bij vijf de diagnose vastgesteld als gevolg van klachten (intervalcarcinoom), 

terwijl zij compliant waren aan jaarlijkse screening. 80% van de vrouwen hadden ziekte in een 

vergevorderd stadium (FIGO stadium III/IV). ET werd geen verschil gezien in de stadiumverdeling 

tussen vrouwen met een interval- dan wel screeningscarcinoom. Concluderend, een iets groter aantal 

kankers werd gevonden dan verwacht tijdens gynaecologische screening, echter dit heeft niet geleid 

tot een groter aantal diagnoses in een vroeg stadium. Het is daarom onwaarschijnlijk dat jaarlijkse 

screening zal leiden tot een verlaging van de mortaliteit ten gevolge van eierstokkanker bij BRCA1/2 

mutatiedraagsters. 

In H o o f d s t u k 7 wordt de klinische toepasbaarheid van genexpressie profielen beschreven met 

betrekking tot het voorspellen van de prognose bij patiënten met eierstokkanker. Tot op heden is 

weinig bekend over de ontstaanswijze van eierstokkanker. Met behulp van microarray analyse 

kwamen sommige genen sterker tot expressie in maligne eierstoktumoren in vergelijking met 

normaal eierstokweefsel of sommige meer in tumoren met een vroeg stadium dan in tumoren 

met een laat stadium. Onafhankelijke validatiestudies zijn nodig en zullen mogelijk resulteren in 

de identificatie van een set van tumormerkers die van diagnostische betekenis kunnen worden. 
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Dit laatste is zeker van belang voor het beleid bij vrouwen met een hoog risico. Microarray 

studies hebben verder aangetoond dat de verschillende histologische subtypes mogelijk deels 

weerspiegeld worden door een verschillende ontstaanswijze. Daarnaast, zal deze heterogeniteit in 

subtypes en etiologie mogelijk ook een verschil in tumorgedrag kunnen verklaren, zoals eerder is 

voorgesteld in een hypothese betreffende de relatie tussen histologisch subtype, graad en stadium 

Daarnaast lijken de resultaten van microarray analyse een prognostische betekenis te hebben met 

betrekking tot de chemosensitiviteit. 78-86% van de patiënten in de onderzochte series werd juist 

geclassificeerd. In totaal kwamen niet meer dan 500 genen tot overexpressie in chemoresistente 

tumoren in vergelijking met chemosensitieve tumoren. Meer inzicht in de mechanismen achter 

chemosensitiviteit zal misschien in de toekomst uiteindelijk leiden tot een individualisatie van het 

beleid en in sommige patiënten leiden tot een andere vorm van of een intensievere 

chemotherapie. 

In Hoofdstuk 8 wordt het gebruik van oligo microarray analyse voor de identificatie van 

patiënten met een goede dan wel slechte prognose na standaard behandeling beschreven. Van 51 

patiënten met een epitheliaal ovariumcarcinoom werd RNA uit tumormateriaal verkregen. Na een 

mediane follow-up van 28 maanden (range 7-230) waren nog 12 vrouwen in leven 40 maanden na 

diagnose en 12 patiënten waren overleden aan de ziekte. Met behulp van 35k oligo microarray 

analyse werd vervolgens onderzocht of deze twee groepen gescheiden konden worden op basis 

van hun expressie profiel. Met behulp van de "leave-one-out" methode werd een "classiher" van 

14 genen geconstrueerd welke voor 62% van patiënten de uitkomst juist kon voorspellen. Helaas, 

bleek de kans dat deze 14 genen werkelijk positief zijn na computersimulatie uitermate klein. 

Tevens werd de reproduceerbaarheid van een profiel zoals beschreven in de literatuur op ons 

cohort getest. Spentzos en anderen hebben aangetoond dat met behulp van een profiel bestaande 

uit 1 15 genen, patiënten met een goede overleving onderscheiden konden worden van patiënten 

met een slechte prognose \ Maar 24 genen van dit profiel werden teruggevonden op de 

oligoarray en in totaal werd maar 54% van de patiënten juist geclassificeerd. De toepassing van 

microarray technologie zal voorlopig beperkt blijven tot wetenschappelijke doeleinden 

Conclusies en toekomstperspectieven 
Het onderzoek zoals beschreven in dit proefschrift draagt bij aan de huidige kennis over de 

genetische aspecten van ovariumcarcinoom. Ten eerste zijn een aantal beperkingen in klinisch 

beleid van vrouwen met een verhoogd risico op ovariumcarcinoom beschreven: namelijk het 

8.6% voorkomen van occulte tumoren na BPSO, de bruikbaarheid van de diagnostische 

instrumenten en het diagnosticeren van ovariumcarcinoom in een laat stadium. Ten tweede, 

hebben onze microarray resultaten nog geen antwoord gegeven of het optreden van 

chemoresistentie voorspeld kan worden met behulp van deze technologie. Sinds de lokalisatie van 

de BRCA1 en BRCA2 genen, is het debat met betrekking tot het klinische beleid bij vrouwen met 

een verhoogd risico op het krijgen van eierstokkanker nog steeds gaande. De uitkomsten zoals 

beschreven in Hoofdstuk 5 en 6 laten duidelijk zien dat ondanks een hoge opbrengst van de 

gevonden tumoren vroege diagnosticering moeizaam verloopt. Een vraag verrijst: Zijn andere 

merkers misschien meer sensitief in het detecteren van eierstokkanker in een vroeg stadium? 

Onlangs zijn in een gezamenlijke studie van vijf centra, drie tumormerkers ontdekt met behulp 

van een discriminerend eiwitprofiel (= de zogenaamde "proteomic" technologie), welke in staat 

waren eierstokkanker in een vroeg stadium op te sporen. De sensitiviteit van de combinatie van 
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apolipoproteine A l , transthyretins H4 and CA125 was hoger dan de sensitiviteit van CA 125 

alleen \ Meer recent is een andere combinatie van vier andere merkers (lepttne, prolactine, 

osteopontine en insuline-achtige groeifactor) geïdentificeerd met behulp van microarrav analyse 

en I {LISA, welke in staat was patiënten met eierstokanker te onderscheiden van gezonde 

individuen met een sensitiviteit en PPV van 9 5 % . Fxhter, de klinische toepasbaarheid van deze 

bevindingen ligt nog ver voor ons. O m de predictieve waarde van de merkers te bevestigen, zijn 

grote (gerandomiseerde) studies nodig. Naast de kosten, morbiditeit en compliantie van 

screening, is mortaliteit het primaire doel van een grote gerandomiseerde studie in Groot-

Brittannië (www.ukctocs.org). In deze studie wordt gebruik gemaakt van een nieuwe 

screeningsstrategie, gebaseerd op leeftijd en een zogenaamde "CAI25 profiel" van de gescreende-

vrouwen. Tot op heden zijn al 95,000 vrouwen geïncludeerd; de definitieve resultaten worden 

echter niet verwacht voor 2011. 

Voorlopig lijkt het onwaarschijnlijk dat jaarlijkse screening zoals de/e tot op heden gebeurt 

waarde heeft en enig effect zal hebben op de mortaliteit. Daarentegen is profvlactische bilaterale 

(tuba)-ovariectomie (BP(S)O) wel zinvol gebleken en behoort zolang er nog geen effectievere 

screeningsinstrumenten voor handen zijn het kernpunt te zijn in het beleid van BRCA1/2 

mutatiedraagsters. Voor bewezen mutatiedraagsters, maar ook voor vrouwen uit een familie met 

een familiair mamma- e n / o f ovariumcarcinoom is goede counseling dus van het grootste belang. 

Naast voorlichting over de nadelen van de huidige screening, behoort ook de voorlichting 

betreffende de voor- en nadelen van preventieve chirurgie bediscussieerd te worden. Met dit in 

het achterhoofd zullen mogelijk de richtlijnen meer specificatie behoeven. O p dit moment is 

preventieve adnexverwijdering een optie vanaf het 35ste levensjaar of wanneer een zeer intense 

wens om dit eerder te ondergaan herhaaldelijk is geuit. De gemiddelde leeftijd echter waarop de 

diagnose eierstokkanker gesteld wordt is 55 jaar voor BRCA1/2 mutatiedraagsters. En ook de 

gemiddelde leeftijd van de patiënten beschreven in Hoofdstuk 6 was 53 jaar. Dit zou een 

aanpassing tot gevolg kunnen hebben met betrekking tot de voorlichting naar vrouwen toe en 

hun beslissing wanneer over te gaan tot een preventieve adnexverwijdering. Verder leidt een 

verwijdering van de adnexen tot een zogenaamde iatrogene menopauze met als gevolg tie daarbij 

behorende klachten zoals flushes, nachtzweten en mogelijk klachten van seksuele aard. Recent is 

aangetoond dat verwijdering van de adnexen geen meetbaar negatief effect heeft op de kwaliteit 

van leven. Het gebruik van hormoonsuppletie voor de behandeling van dergelijke klachten heeft 

echter niet hetzelfde effect als behandeling voor deze klachten na een spontane menopause'' ' . 

Hchter, als gevolg van de aanzienlijke hoeveelheid profylactische procedures is het ook relevant te 

weten of de fysiologie van een chirurgische menopauze verschillend is van deze van een spontane 

menopauze. Verder is ook het perspectief van de gescreende vrouwen van belang. Meerdere 

factoren bepalen de houding tegenover en beslissing om tot screening e n / o f chirurgie over te-

gaan: onder andere de perceptie over het krijgen van eierstokkanker, de houding tegenover 

preventieve adnexverwijdering, het risico om een ingreep onnodig te ondergaan en als laatste 

natuurlijk een mogelijke kinderwens zijn belangrijke overwegingen. Voor vervolgonderzoek is het 

interessant om te onderzoeken welke waarde de desbetreffende vrouwen hechten aan screening 

e n / o f chirurgie. 

De toepassing van microarray technologie in de evaluatie van chemoresistentie is tot op heden 
succesvol geweest met een juiste predictieve voorspelling van 78-86%. Fxhter zoals beschreven is 
in dit proefschrift, zijn de resultaten soms ook teleurstellend. Door alle studies samen te nemen 
zijn in totaal minder dan 500 genen geïdentificeerd welke meer tot expressie kwamen in 
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chemoresistente tumoren dan in chemosensitieve tumoren. Echter, om prognostische factoren te 
vinden is het nu van belang om de meest waardevolle genen te identificeren. Resultaten van 
microarray studies moeten daarom voorlopig niet gezien worden als eindresultaten, maar meer als 
basis voor wetenschappelijke doeleinden. In de toekomst zal met een toenemend aantal 
publicaties, publieke toegang tot de data van deze studies zeer belangrijk worden om de 
desbetreffende gevonden profielen te reproduceren en om de data van diverse studies te poolen 
om zodanig grotere cohorten te generen. Hopelijk zullen deze uitkomsten dan leiden tot een 
succesvollere behandeling van patiënten met eierstokkanker. Meer inzicht in de mechanismen 
achter chemosensitiviteit zal mogelijk in de toekomst leiden tot een individualisatie van het beleid 
en in patiënten met een ongunstig prognose profiel leiden tot een intensievere of een andere 
vorm van chemotherapie zoals een combinatie van intraperitoneale met intraveneuze 
chemotherapie. 
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Appendix I 

Inleiding 
In Nederland wordt ieder jaar bij ongeveer 1200 vrouwen een ovariumcarcinoom 

gediagnosticeerd en overlijden 900 vrouwen aan de gevolgen daarvan.1 In 5-10% van de patiënten 

betreft het vrouwen met een BRCAlof 2 mutatie." De ontdekking van de BRCA1 en 2 genen in 

respectievelijk 1994 en 1995 heeft een belangrijke rol gespeeld bij de aandacht voor opsporing en 

preventie van erfelijke vormen van ovariumcarcinoom. '4 

Vroege opsporing is van cruciaal belang. Het vaststellen van de ziekte in een laat stadium (FIGO 

stadium III of IV) leidt namelijk tot een slechte overleving. De 5-jaars overleving voor deze groep 

patiënten is minder dan 2 5 % . In Nederland bestaan 10 poliklinieken erfelijke/familiaire tumoren 

die families met een familiaire of erfelijke vorm van kanker specifieke zorg en begeleiding bieden 

ten aanzien van de preventie, diagnostiek en eventueel levenslange follow-up. Belangrijkste 

doelstelling van screening bestaat uit het identificeren van casus in een vroeg stadium en hierdoor 

verbetering van de overleving. 

Screening van BRCA1 en 2 mutatiedraagsters bestaat uit jaarlijks gynaecologisch onderzoek, 

transvaginale echografie van de ovaria door een gynaecoloog en bepaling van het CA-125 in het 

bloed en screening start vanaf het 35SK levensjaar. Ter preventie van een ovariumcarcinoom kan 

beiderzijds een profylactische bilaterale salpingo-oophorectomie (BPSO) worden uitgevoerd. 

Aan de hand van de casus bespreken wij voor welke beslissingen een vrouw uit een familiair 

belaste familie komt te staan met betrekking tot preventie en vroege opsporing van 

gynaecologische tumoren. Tevens willen wij laten zien dat ondanks een zorgvuldige screening, 

tumoren vaak in een laat stadium gevonden kunnen worden. 

Ziektegeschiedenis 
Vanaf december 1997 werd patiënte, een 49-jarige vrouw (para II) regelmatig gescreend op een 

ovariumcarcinoom op onze polikliniek familiaire tumoren. De voorgeschiedenis vermeldde een 

mammacarcinoom (T2N0M0) links zes maanden tevoren waarvoor een mastectomie is verricht 

met adjuvant 6 kuren cyclofosfamide, methotrexaat en 5FU (CMF) chemotherapie en aansluitend 

tamoxifen. Oestrogeen- en progesteronreceptor waren negatief. Na de tweede chemokuur was er 

sprake van een amenorroe. De familieanamnese was ten aanzien van mammacarcinoom zeer 

belast. Er waren geen ovariumtumoren bekend in de familie. Een jaar later kwam zij op haar 

regulier screeningsbezoek met het verzoek tot BPSO. Bij DNA-diagnostiek voorafgaand aan de 

profylactische ingreep werd geen BRCA1- of BRCA2 mutatie aangetoond. Ondanks het feit dat 

er sprake leek te zijn van familiaire kanker en geen bewezen erfelijke kanker, werd door de 

behandelend gynaecoloog een BPSO gerechtvaardigd geacht. Bij eerdere controles waren het 

vaginaal toucher, echobevindingen en CA-125 bepalingen normaal (19 kU/L) . De BPSO die 

volgde, werd ongecompliceerd uitgevoerd. Bij toeval werd na het serieel opsnijden van de tubae, 

een matig gedifferentieerd sereus papillair tubacarcinoom met een diameter van 10 mm 

gediagnosticeerd (Figuur 1). Aansluitend vond lege artis een stageringslaparotomie plaats, waarbij 

het omentum een tumornodus van 5 mm bleek te bevatten. De diagnose luidde: sereus papillair 

tubacarcinoom F I G O stadium HIB. Adjuvant kreeg zij 6 kuren cisplatin en paclitaxel. Bij 

controle 1 jaar na beëindiging van de kuren, werd een locoregionaal recidief geconstateerd. 

Hiervoor werd zij behandeld met diverse chemotherapeutische behandelingen. Haar ziekte was 

echter progressief en zij overleed in 2004 zes jaar na de diagnose. 
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De DNAmutatiescreening werd uitgebreid met andere exonen gedurende haar behandeling voor 

het gemetastaseerd tubacarcinoom. Uiteindelijk werd dan toch een pathogène BRCA1 mutatie 

(IVS12-1632del3835bp van exon 13) gevonden. Met deze bevinding is het nu mogelijk om 

dragerschapsonderzoek te doen bij haar gezonde familieleden zoals haar twee dochters. 

Figuur 1. Microscopische beelden van tubaweefsel van de beschreven patiënte De HE-kleuring (2.5 
maal vergroot) laat ter hoogte van de pijl invasie van het tubacarcinoom in het omliggende 
stroma en spierweefsel zien. De extra uitvergroting (40 maal vergroot) toont dysplasie ter 
hoogte van het lumen. 

Discussie 
Sinds de ontdekking van het BRCA1 en BRCA2 gen, is er veel aandacht voor vrouwen met een 

verhoogd risico op eierstokkanker, vooral vanwege de behoefte aan effectieve screening en 

opsporing van een ovariumtumor. Allereerst moet na counseling door de afdeling Klinische 

Genetica, een beslissing genomen worden over het al dan niet laten verrichten van D N A 

diagnostiek. De wetenschap mutatiedraagster te zijn, zorgt voor de betrokkenen voor een scala 

aan keuzen en dilemma's. 

Ten aanzien van het moment van de DNA-test , blijkt dat vrouwen met een mamma- of 

ovariumcarcinoom in de voorgeschiedenis zich met name laten testen voor familieleden, die 

bezorgd zijn over de toekomst. Recent gepoolde data van 22 studies hebben aangetoond dat 

vrouwen met een BRCA1 mutatie naast het hoge risico op een mammacarcinoom op hun 70s""' 

levensjaar een cumulatief risico van 39 % (range 18-54) op ovariumcarcinoom hebben. Voor 

BRCA2 mutatiedraagsters is dit risico lager (11 %; range 2.4-19%).5 Eerdere risicoschattingen (44-

63%) waren hoger als gevolg van een selectiebias.6'7 De risicoberekeningen lopen tot het 70,M jaar; 

men neemt aan dat daarna het risico lager is. 

Van een familiare belasting wordt gesproken, wanneer de kanker bij drie personen voorkomt in 

tenminste twee generaties.8 In 20-30 % van de families met een familiair mamma- e n / o f 

ovariumcarcinoom wordt een BRCA1/2 mutatie gedetecteerd. Bij erfelijke kanker past het 
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patroon van voorkomen van kanker bij een autosomaal dominante overerving met een 

wisselende mate van expressie. Bij een vrouw met in de voorgeschiedenis een mammacarcinoom 

en een belaste familieanamnese waarbij geen BRCA1- of BRCA2 mutatie is aangetoond, is de 

geschatte kans op ovariumcarcinoom van 10-15% mogelijk toe te schrijven aan een nog niet 

gedetecteerde BRCA1 of BRCA2 mutatie. Dergelijke DNA-uitslagen worden non-informatief 

genoemd. De BRCA1 en 2 genen zijn namelijk relatief grote genen, waarbij aanvankelijk alleen 

exon 11 gescreend werd op mutaties. Door de uitbreiding van de screening met andere exonen, 

heeft dit al geleid tot de ontdekking van meer dan 350 mutaties in het BRCA1 gen en meer dan 

100 in het BRCA2 gen. Vrouwen met een dergelijke non-informatieve uitslag worden alsnog 

gescreend op nieuw ontdekte mutaties, zoals ook het geval was bij de beschreven casus. 

Naast risico op een ovariumcarcinoom, hebben vrouwen met een erfelijke/familiaire belasting 

ook risico op een tubacarcinoom en een peritoneaal papillair sereus carcinoom (PPSC). 

De diagnose tubacarcinoom wordt gesteld wanneer er een overgang is van dysplastisch tuba-

epitheel naar een invasief carcinoom; of als de hoeveelheid tumor in de tuba groter is dan deze 

daarbuiten (Figuur 1). PPSC is te differentiëren van een tuba/ovariumcarcinoom aan de hand van 

de volgende criteria: Een eventuele tumorbuik in de ovaria is kleiner dan op het peritoneum en 

kleiner dan 5 bij 5 mm, echter histologische en cytologische karakteristieken zijn identiek aan 

sereuze ovariumcarcinomen. 

In de pathofysiologie van BRCA gerelateerde tumoren wordt het grootste deel ingenomen door 

invasieve sereuze, hooggradige tumoren. Zelden is er sprake van een zogenaamde borderline of 

mucineuze tumor."1 In tegenstelling tot het ovariumcarcinoom, zijn er dysplastische 

veranderingen gevonden in profylactisch verwijderde tubae. 

Patiënten met een BRCA mutatie zijn ten tijde van de diagnose gemiddeld 10 jaar jonger dan 

vrouwen met een sporadisch ovariumcarcinoom (50 jaar versus 59 jaar). O p dit moment bestaan 

tegenstrijdige resultaten wat betreft de overleving en het ziektevrije interval van BRCA patiënten 

in vergelijking met data van patiënten met een sporadisch ovariumcarcinoom. 

Screening met behulp van CA-125 bepaling en transvaginale echo is het onderwerp geweest van 

tal van studies, voornamelijk in algehele populaties. De lage sensitiviteit en prevalentie van 

uv.iriumcarcinoom zijn de belangrijkste beperkingen van screening. ' ' Kleinere studies hebben 

zich gefocussed op vrouwen met een hoog risico op ovariumcarcinoom. De belangrijkste 

beperking van deze studies was de lage prevalentie van bewezen mutatiedraagsters. Naast 

vrouwen met een bewezen mutatie werden ook vrouwen met een belaste familieanamnese 

geïncludeerd, waarvan het geschatte risico vaak niet eenduidig is. Van alle tumoren die door 

middel van screening gedetecteerd worden, is het grootste gedeelte F I G O stadium I I I / IV. 

Vrouwen die kiezen voor screenen zijn voornamelijk jonge premenopausale vrouwen die nog 

kinderwens hebben of juist de vrouwen op hogere leeftijd, waarbij de kans op een tumor het 

risico in de algemene bevolking benadert en de levensverwachting fysiologisch lager is. 

Tegenwoordig worden BRCA1 en 2 mutatiedraagsters ook gecounseld ten aanzien van 

profylactische chirurgie. Meer dan 50% van BRCA1 draagsters ondergaat binnen 1 jaar na de 

D N A uitslag een BPSO.19 De angst om kanker te krijgen is een van de belangrijkste factoren in 

het beslissingsproces om over te gaan tot een BPSO.2" Door middel van een BPSO wordt een 

risico reductie van 96% op ovariumcarcinoom verkregen. Bovendien wordt door het verwijderen 

van de ovaria een reductie van 50 % op mammacarcinoom bereikt bij BRCA mutatiedraagsters 

zonder een mammacarcinoom in de voorgeschiedenis. Het risico op PPSC blijft echter 

onveranderd na een BPSO (4%)."' Tot halverwege de jaren negentig werden alleen de ovaria 

profylactisch verwijderd. De ziektegeschiedenis van de patiënte is een voorbeeld van vele 
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gepubliceerde occulte tubacarcinomen bij mutatiedraagsters met een prevalentie van 3-18%, 

afhankelijk van de onderzochte serie.22"4 De standaard procedure bij preventieve chirurgie is 

daarna verwijdering van de Ovaria en de tubae geworden, waarbij het preparaat totaal moet 

worden ingesloten en serieel moet worden opgesneden om occulte tumoren niet over het hoofd 

te zien.-1 

De belangrijkste complicatie van de ingreep zelf zoals deze in onze kliniek is geobserveerd, is 

conversie van een laparoscopic naar een laparotomie. Naast het risico op complicaties tijdens de 

ingreep, zijn er nog een aantal soms indrukwekkende problemen. Ten eerste leidt een BPSO bij 

premenopausale vrouwen tot een zogenaamde chirurgische menopauze met als gevolg de daarbij 

behorende klachten zoals flushes, nachtzweten, eventueel depressiviteit en in bijna alle gevallen 

vaginale atrofie als gevolg van de oestrogeendeficiëntie. O p de lange termijn kan eventueel ook 

botontkalking ontstaan. Aansluitend aan de ingreep kunnen bij tevoren premenopausale vrouwen 

soms zulke hevige klachten ontstaan, waardoor de kwaliteit van leven is aangetast. 

Hormoonsuppletie moet dan overwogen worden, ondanks een mogelijk verhoogd risico op 

mammacarcinoom. Bij vrouwen die een preventieve mastectomie hebben ondergaan spelen deze 

negatieve consequenties van hormoonsuppletie niet. Oestrogeendeficiëntie is een belangrijke 

risicofactor voor osteoporose. Ken botdichtheidmeting wordt elke 2 jaar bepaald bij vrouwen die 

premenopausaal een BPSO hebben ondergaan en geen hormoonsuppletie gebruiken, waarna bij 

daling onder de kritische grens (T-score van —2.5) behandeling dient te worden overwogen. 

Clonidine en venlafaxine komen in aanmerking voor de behandeling van flushes, indien 

oestrogenen zijn gecontraindiceerd. Verder geldt voor al deze vrouwen dat er lifestyle adviezen 

gegeven kunnen worden omtrent regelmatige lichaamsbeweging en voldoende calciumintakc. 

Ten tweede resulteert een BPSO in infertiliteit. De ingreep wordt dus pas aangeraden bij 

definitief geen of voltooide kinderwens. 

Samenvattend hebben wij getracht u een beeld te geven van de dilemma's voor vrouwen en hun 

arts die voortvloeien uit een familiaire of erfelijke belasting voor mamma e n / o f 

ovariumcarcinoom. Het niet tijdig kunnen stellen van de diagnose ovariumcarcinoom lijkt de 

belangrijkste beperking van screening in het beleid van mutatiedraagsters, waardoor 

profylactische chirurgie de voorkeur heeft. Goede voorlichting omtrent de consequenties voor 

premenopausale vrouwen ten aanzien van fertiliteit en hormoonhuishouding en het risico op 

PPSC na een preventieve ingreep is belangrijk. 

Wat de toekomst betreft: Het vinden van een discriminerend eiwit profiel (proteomics) biedt 

mogelijk perspectief. Een onderscheid tussen sera van gezonde vrouwen en 

ovariumcarcinoompatiënten werd aangetoond, echter zonder goede validatie." De toekomst zal 

uitwijzen of detectie van occulte carcinomen in een zeer vroeg stadium door middel van deze 

methode aanpassing van het beleid zal vereisen. 

Aanwijzingen voor de praktijk 

1. Bij een profylactische salpingo-oophorectomie moet het preparaat totaal worden ingesloten en 

serieel worden opgesneden om occulte tumoren van zowel ovaria als tubae niet te missen. 

2. Screening op ovariumcarcinoom leidt niet vaak tot vroege detectie, mede ten gevi (Ige \ an de 

lage sensitiviteit van transvaginale echografie en CAI 25. 

3. Bij de behandeling van zeer hevige postmenopauzale klachten na een profylactische ingreep 
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kan eventueel hormoonsubstitutie overwogen worden om de kwaliteit van leven te 
verbeteren, ondanks een mogelijk verhoogd risico op een mammacarcinoom. 
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To the Editor: 
In a recent paper, Casey et al. report that after prophylactic oophorectomy intra-abdominal 

carcinomatosis occurred in five of 122 BRCA1 or BRCA2 mutation carriers. They argue that 

these events may result from dissemination of occult tumours . Hogg et al. (2004) suggest that 

stage I ovarian carcinomas are biologically different from advanced stage carcinomas. Two 

separate models were proposed for the development and progression of epithelial ovarian 

carcinoma. In the first model, well differentiated sereus and other epithelial carcinomas are 

included. In the second model, high grade sereus carcinomas are included and then screening is 

possibly of limited value . We believe that PPSC is part of the second model, which are not 

screen detectable and rapidly progress. Therefore, occult tumours are not "precursor lesions" of 

intra-abdominal carcinomatosis. If you might think one step further, one might believe that most 

of these occult tumours will never have tumour spread outside the ovaries and will have better 

survival rates than intra-abdominal carcinomatosis. The fact that two patients with intra

abdominal carcinomatosis described by Casey et al. had foci of borderline serous lesions in their 

reviewed prophylactic removed ovarian specimen may have something to do with a possible 

misdiagnosis of invasive peritoneal implants at that same time. Unfortunately, no data on the 

extent of the intra-abdominal carcinomatosis and outcome after treatment is given. This could 

possibly have given more insight in the development of the intra-abdominal carcinomatosis. 

Regarding intra-abdominal carcinomatosis in BRCA2 mutation carriers, the results in the paper 

by Casey et al. agree with our observation that none of the BRCA2 mutation carriers was 

diagnosed with this malignancy . These data suggest that PPSC risk among BRCA2 carriers is 

lower than among BRCA1 carriers. 

Further, Casey et al. state they believe the extent of the prophylactic surgery should include 

removal of the uterus. O n what basis are these believes? There are no long term data to support 

hysterectomy in addition to bilateral salpingo-oophorectomy. Until now, just a few reports were 

published linking BRCA1 and 2 mutations with uterine serous papillary carcinomas 4' . The 

standard procedure in our institute is a prophylactic salpingo-oophorectomy . The current 

confusion over what to do with the uterus should be resolved in the future. 
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