
 1 

 

Gynaecological surveillance in high risk women 

 

James Dilley, Aleksandra Gentry-Maharaj, Usha Menon 

 

Mr James Dilley MRCOG 

Gynaecological Cancer Research Centre 

Women’s Cancer 

UCL EGA Institute for Women's Health 

First floor, Maple House 

149 Tottenham Court Road 

London W1T 7NF 

Tel : 020 3447 2108 

Fax +442073806929  

Email j.dilley@ucl.ac.uk 

 

Aleksandra Gentry-Maharaj PhD 

Gynaecological Cancer Research Centre 

Women’s Cancer 

UCL EGA Institute for Women's Health 

Maple House 

149 Tottenham Court Road 

London W1T 7DN 

Tel: 020 3447 2118 

Fax: 020 3447 2129 

mailto:j.dilley@ucl.ac.uk


 2 

Email: a.gentry-maharaj@ucl.ac.uk 

 

Prof Usha Menon MD FRCOG  

Gynaecological Cancer Research Centre 

Women’s Cancer 

UCL EGA Institute for Women's Health 

University College London 

First floor, Maple House 

149 Tottenham Court Road 

London W1T 7NF 

Tel : 020 3447 2108 

Fax +442073806929  

Email u.menon@ucl.ac.uk  

 

 

Corresponding Author  

Prof. Usha Menon 

 

 

 

 

 

 

 

 

mailto:a.gentry-maharaj@ucl.ac.uk
mailto:u.menon@ucl.ac.uk


 3 

Abstract 

 

In high-risk women, risk reducing surgery remains the cornerstone of 

prevention. However, the resulting premature menopause has led to continued 

efforts to develop effective screening strategies for those who wish to delay or 

avoid surgery. This review describes how the screening of women at risk of 

ovarian and endometrial cancer has evolved to its current state. Serial 

monitoring of CA125 is core to ovarian cancer screening and most recent studies 

have used the Risk of Ovarian Cancer Algorithm (ROCA) to interpret CA125 

profile. The additional use of a second tumour marker, HE4, is reviewed. The 

results to date of key ovarian cancer screening studies in high-risk women are 

summarised ahead of their concluding findings due later in 2016.  The role of 

both ultrasound and endometrial sampling in the management of women at 

increased risk of endometrial cancer is outlined.  Exciting new methodology, 

which could help shape the future of screening is investigated. The article 

summarises the current recommendations and guidelines from recognised 

international bodies to aid the clinician with management of these women.  
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Increasing availability of genetic testing and falling costs of the tests suggests 

that growing numbers of unaffected women will be identified worldwide who 

are at increased  risk of gynaecological malignancies. The challenge in those 

identified is to prevent and detect the disease early without causing significant 

harm. Currently surgery remains the cornerstone of management. Most women 

undergoing surgery do not report a significant deterioration of their physical and 

mental health-related quality of life (1). However the resulting premature 

menopause is associated with decrease in sexual functioning and vasomotor 

symptoms even in women on hormone replacement therapy (HRT)(2)(3). As a 

result there is a continued effort to develop effective screening strategies for 

high risk women. 

 

Ovarian cancer screening 

 

Women at high risk of ovarian cancer are in the main BRCA mutation carriers 

with a 11- 68 % lifetime risk of ovarian/tubal cancer (4)(5). Women with Lynch 

Syndrome can have a risk of ovarian cancer of up to 24%. (6). Testing is also 

increasingly be available for moderate penetrance mutations in genes such as 

RAD51C, RAD51D, BRIP1 where lifetime risks of ovarian cancer are in the range 

of 5-15%.(7)(8) Finally, the multiple common low-penetrance susceptibility 

alleles which individually confer relative risks of less than 1.5-fold (7) in 

combination with lifestyle and reproductive factors are likely to identify 

additional women with an increased lifetime ovarian cancer. (9)(10). Significant 

efforts are underway to incorporate recently identified moderate and low risk 
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loci as well as lifestyle and reproductive factors to models such as the BOADICEA 

in order to personalise risk prediction(11).(12).   

 

Risk reducing salpingo-oophrectomy (RRSO) after the age of 35 and completion 

of the family is the primary recommendation in  BRCA1/2 carriers and has been 

proven to substantially reduce the risk of developing ovarian/tubal cancer (13) 

(14). In those unwilling to explore surgery, screening is an option.  The currently 

available strategies are based on blood tests for tumour markers and adnexal 

imaging, in particular using transvaginal ultrasound (TVS). 

   

Bimanual pelvic examination, although widely used in clinical practice, lacks 

sensitivity and specificity for both the detection of ovarian cancer and the ability 

to distinguish benign from malignant lesions. A systematic review  of  screening 

populations that were both asymptomatic and symptomatic  and included high 

risk women found the positive predictive value of an abnormal pelvic 

examination is only 1% (95% CI=0.67%, 3.0%). (15) (16). Despite this, in a 

recent survey of US obstetricians and gynaecologists, 47% stated that they 

performed pelvic examinations for early detection of ovarian cancer (17). 

 

The potential role of ultrasound in ovarian cancer screening was initially 

explored alongside CA125 in the 1980s (18)(19). Since then, there have been key 

improvements aimed at increasing the sensitivity as well specificity and positive 

predictive value of ultrasound screening which include transvaginal rather than 

transabdominal ultrasound, the introduction of  colour Doppler to monitor 

neovascularisation (20) and use of morphological index (MI) based upon 



 6 

ultrasound features of the lesion (21) and finally change in serial MI scores as the 

mean MI for malignant ovarian tumors increases over time, while that of non-

malignant tumors decrease or remain stable (22) As ultrasound revealed the 

natural behavior of cysts and the high incidence of spontaneous regression of 

benign / functional cysts  (23) repeat scanning to confirm persisitence in 4-6 

weeks became the norm in ultrasound scanning.  

 

The main blood tumour marker is serum CA125, which was first described by 

Bast in 1981. It is a 200kd glycoprotein recognised by the OC125 murine 

monoclonal antibody (24). There are a number of CA125 assays available, most 

of which correlate well with each other and are clinically reliable. The results are 

often interpreted using a cut-off value based upon the 99% centile of normal 

distribution which in pre menopausal women is 35 U/mL.  (25). However CA125 

values can show wide variation, being influenced by race, age, menstrual cycle, 

pregnancy, a range of benign gynaecological conditions and inflammatory 

conditions such as pancreatitis and pleuritis. Elevated levels are found in 

approximately 85% of women with epithelial cancer (26)(27), with  raised levels 

in the preclinical asymptomatic phase being described as early as 1988. (26). 

   

It has become increasingly clear that in ovarian cancer screening, a key issue is 

how tumour marker levels are interpreted.  When interpreting CA125, which is 

not cancer specific, a single threshold rule is not effective. In screening trials in 

high risk women, CA125 interpreted using a cut-off has been used in a number of 

older studies. Between 1993 and 2005, 888 women with a BRCA 1/2 mutation 

underwent annual screening with transvaginal ultrasound (TVS) and serum 



 7 

CA125 interpreted using a cutoff. There were 10 incident cancer of which five 

were interval cancers which were diagnosed in women with a normal CA125 

screening result 3-10 months before diagnosis. Eight of the ten were stage III/IV 

(28). The strategy of annual TVS and serum CA125 with a cut-off lacked 

adequate sensitivity at 42%. In a cohort study of 1,100 women who were 

moderate-risk (4% to 10% lifetime risk) and high-risk (>10% lifetime risk) by 

Sterling (29) using a similar strategy of annual TVS and CA125 with a cut off, 

lead to the screen detection of ten of the 13 cancers, but majority were not 

detected at an early stage. In phase I of the UK Familial Ovarian Cancer Screening 

Study (UKFOCSS), between 2002 and 2008 3,563 women underwent annual 

screening with serum CA125 and TVS. CA125 cutoffs were 35U/mL for 

premenopausal and 30U/mL for postmenopausal women. Whilst the study 

showed encouraging sensitivity for the detection of OC/FT cancer within a year 

of the last annual screen, only 30.8% of the cancers detected by screening were 

Stage I/II. Advanced stage disease (>IIIC) was more likely in those that did not 

adhere to annual screening compared to those that did (85.7% versus 26.1%; 

p=0.009) (30).  

 

Serial monitoring is an essential part of screening.(31) Consequently efforts have 

been made to develop a more sophisticated approach to replace using absolute 

cut off levels for interpretation of CA125 levels. Analysis of data the pilot trial of 

ovarian cancer screening (32) of 22,000 volunteers who were followed up for a 

median of 8.6 years and included more than 50,000 serum CA125 measurements 

revealed that elevated CA125 levels in women without ovarian cancer were 

static or decreased with time, whereas levels associated with malignancy tended 
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to rise (33). These results were used to develop the Risk of Ovarian Cancer 

Algorithm. (ROCA), that uses age-specific incidence of ovarian cancer and 

comares the CA125 profile of the individual with known cases and controls (34) 

The risk increases the more the CA125 profile follows that of known ovarian 

cancer cases. Input of a woman’s age and dates and results of her serum CA125 

levels results in an estimated risk of the women having ovarian cancer, for 

example a ROC of 2% would indicate a risk of 1 in 50.  

 

Most high risk women wishing to access screening are pre- menopausal and 

interpretation of screening results is complicated by the presence of benign 

conditions (ovarian cysts, endometriosis) and changes in physiology (menstrual 

cycle) which both elevate CA125 levels and result in abnormalities on TVS and 

therefore a higher false positive rate. In a study by Sterling (29) of high risk 

women, annual screening with TVS and CA125 cutoff had a high false positive 

rate leading to unnecessary surgical intervention. Interpretation of CA125 using 

ROCA has been shown to improve specificity as women with static but elevated 

levels are being classified as low risk. The use of ROCA resulted in high specificity 

and positive predictive value in low risk population screening.(35) 

 

 

The ROCA also increases the sensitivity of CA125 compared with a single cut off 

value.  For a target specificity of 98%, the ROC calculation achieved a sensitivity 

of 86% for preclinical detection of ovarian cancer in the low risk population (36). 

The use of ROCA for general population screening in UK Collaborative Trial of 

Ovarian Cancer Screening (UKCTOCS) doubled the number of screen-detected 
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invasive epithelial ovarian cancer (iEOC) during incidence screening compared 

to a fixed cut off. ROCA detected 86% of the women with iEOC diagnosed within 

one year of screening, whereas using annual serum CA125 fixed cut-offs of >35, > 

30, and >22 U/mL would have identified only 41%, 48%, and 66%, respectively. 

(31) Other serial algorithms incorporating change in an individual’s CA125 over 

time as the cancer evolves has also been shown to have superior sensitivity and 

specificity in retrospective analysis of data from the US ovarian cancer screening 

trial. (37) (38). 

 

The ROCA is incorporated into a multimodal screening strategy. Women who 

undergo annual screening with CA125 that is interpreted using ROCA are 

subsequently triaged to routine screening if risk is normal, repeat testing with 

CA125 and /or TVS if risk is intermediate/ elevated and to clinical assessment if 

risk is severe. In the general/low risk postmenopausal population, UKCTOCS 

provided the first evidence that such a strategy may reduce deaths from ovarian 

cancer. (39). 

 

 

The ROCA was used in UKFOCSS Phase II (2007-2009) with more frequent 4-

monthly screening compared to the annual screening used in low-risk 

populations and previously adopted in high-risk trials . The preliminary results 

presented at the American Society of Clinical Oncology meeting in 2013 suggest 

that this strategy had high (67-100%) sensitivity for detection of ovarian and 

tubal cancers, with no interval cancers reported. However, only 42% of incident 

screen-detected OC/FT cancers were Stage I/II. This is in keeping with the 
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modelling studies from Brown & Palmer that suggest that for most of the occult 

period high grade serous ovarian cancers are less than 1cm in diameter and 

progress to stage III or IV when they are about 3cms. (40) There is a growing 

acceptance that while stage is important, tumour volume maybe a better 

prognostic indicator in invasive epithelial ovarian/tubal cancer. Most 

encouragingly in UKFOCSS Phase II, 92% of the incident cancers were completely 

cytoreduced compared to 62% on Phase I (p=0.16), implying detection of lower 

volume disease. While the results were encouraging, it is important to note that 

screening at present cannot be considered an effective alternative to risk-

reducing surgery(41). However in women who wish to delay or are not prepared 

to undergo RRSO a strategy of intensive surveillance as in UKFOCSS Phase II 

together with ongoing discussions about RRSO might be a safer option than 

symptom awareness alone. The study is expected to report its final results on the 

performance characteristics of multimodal screening using ROCA in high risk 

women in 2016.  

 

A similar screening strategy based on 3-monthly serum CA125 levels interpreted 

using ROCA was also assessed prospectively in the US screening trials in high-

risk women undertaken under the auspices of the Cancer Genetics Network (42) 

and Gynaecology Oncology Group (43). Sub group analysis of women who 

underwent RRSO at enrolment found significant association with abnormal 

CA125/TVS and detection of clinically occult neoplasm (44). Screening is 

complete in all of these trials with results expected later this year, and possible 

meta-analysis in the future. 
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HE4 a more recently described tumour marker is elevated in ovarian cancer but 

less frequently elevated in benign conditions such as endometriosis and studies 

suggsest it may help improve the performance of the screening strategy. (45). It 

is commercially available as Risk of Ovarian Malignancy Algorithm, ROMA, a test 

that combines HE4, CA125 II and menopausal status. Recent systematic review 

by Ferraro et al looking at the performance of HE4 and CA125 in identification of 

ovarian cancer in symptomatic women with suspected gynaecological disease 

concluded that HE4 is superior to CA125 using a cut off (46). More recently, the 

Copenhagen Index (CPH-I) which combines CA125, HE4 and age has been 

described and validated as an index that is easier to use as it does not include 

ultrasound findings and menopausal status(47) . Karlan et al studied the use of 

CA125 and HE4 in a screening study of women with increased risk of ovarian 

cancer defined by one of the following criteria 1) BRCA1/2 germline mutation, 2) 

fulfilling National Comprehensive Cancer Network (NCCN) high risk criteria and 

HPNCC or TP53 deleterious mutation 3) having 3 of 6 risk factors (<1 year of 

oral contraceptive use, null parity, no breastfeeding, no tubal ligation, Ashkenazi 

Jewish, >1 year of menopausal hormone therapy) or CA125, HE4, MMP7, or 

Mesothelin values exceeding the 95% population threshold. HE4 was either used 

as a first line test in conjunction with CA125 or as a second line screen after 

CA125. The results were interpreted using the parametric empirial Bayes (PEB)  

serial algorithm. The results suggested that in high-risk women HE4 may be 

useful as a confirmatory test in a multimodal strategy when CA125 alone was 

used as the primary screen. Additionally women were more likely to agree to a 

surgical consultation and procedure if recommended when rising CA125 was 

confirmed by a concurrent rising HE4. (48) 
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The modelling study (40) of occult serous ovarian cancer detected at RRSO in 

BRCA1 carriers suggest that to achieve 50% sensitivity in detecting tumours 

before they advance to stage III, an annual screening test would need to detect 

tumours that were 1.3cm in diameter at sizes 200 times smaller than those 

clinically apparent. To achieve 80% sensitivity, the tumours would have to be 

detected when 0.4cms in diameter.  This would require a truly ovarian cancer-

specific biomarker and/or alternative novel approaches. Mutations in cancer-

related genes TP53, EGFR, BRAF, and KRAS are among the most common early 

molecular genetic events in ovarian cancer. This opens up the possibility of 

detecting circulating tumour cells or tumour-derived DNA (ctDNA) in the blood 

(49) (50,51) or other novel samples such as endocervical. It has been shown that 

small amounts of tumour derived DNA containing these mutant alleles in cell-

free body fluids can be quantified with unprecedented sensitivity by new 

technologies such as BEAMing (52). BEAMing,  is a form of massive parallel 

sequencing that allows the transformation of a population of DNA fragments into 

a population of beads each  of which contains thousands of copies of the identical 

sequence. By using labels which distinguish beads containing DNA sequences of 

interest the incidence of these can be quantified.  In high grade serous 

carcinoma, where TP53 mutations are ubiquitous, (53) Forshew et al reported 

detecting high levels of ctDNA using tagged-amplicon deep sequencing (TAm-

Seq) for TP53 mutations in over 50% of patients with advanced high grade 

serous ovarian cancer. (54).  Tam-Seq will however need to achieve a more 

sensitive detection limit (<2% allele frequency) for identification of mutations in 

patients with early stage cancer. Further optimisations will hopefully allow high 
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throughput, low cost ‘liquid biopsy’ to allow detection of small tumours. Using 

liquid cytology cervical samples from 14 women with OC who had mutations, 

Kinde et al using massive parallel sequencing were were able to identify the 

expected tumour specific mutations using a panel of 12 genes. (55). Further 

encouraging results from a pilot study illustrates the feasibility of uterine cavity 

lavage to detect shed cancer cells and its ability to provide sufficient amounts of 

DNA in all patients. Using massive parallel sequencing and singleplex analysis 

mutations were identified in  80% (24/30) of women with ovarian cancer. (56) 

 

A separate but allied strategy explores use of autoantibodies (AAb) to tumor-

derived proteins. A study by Anderson et al. using sera of women diagnosed with 

ovarian cancer has identified autoantibodies to p53, PTPRA, and PTGFR as 

potential biomarkers for early detection of ovarian cancer.(57).  Yang has 

reported detecting TP53 AAb more commonly  in speciemens from women with  

ovarian cancer than control groups. Additionally  TP53  was found to be postivie 

prior to a rise in CA125 and also in women where the CA125 levels did not rise at 

all.(58) Another potentially minimally invasive approach is using saliva. Salivary 

transcriptomes have also been evaluated as possible OC markers. In a small 

study, Lee et al. showed that combination of five biomarkers (AGPAT1, B2M, 

BASP2, IER3 and ILI1) had a high sensitivity (85.7%) and specificity (91.4%) 

(59).  Further evaluation is required but the technique illustrates another 

potential minimally invasive future screening technique. 

 

The need to detect small serous ovarian cancers has shifted the focus of 

detection using transvaginal ultrasound from tumour blood flow using colour 
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Doppler on a macrovascular level to neovascularisation on a microvascular level, 

using contrast enhanced transvaginal ultrasound with microbubbles that are 

small enough to pass through capillaries the kinetics of blood flow.  Initial 

reports have indicated significant difference in enhancement patterns between 

benign and malignant ovarian tumours (60). Another novel way that small 

tumours and STIC lesions could be visualised is utilising autofluorescence 

patterns seen in tumours. Ex vivo data suggests that this is feasible and 

reproducible and is able to detect serous cancers with a high sensitivity (87.5 %) 

and specificity (92%) (61). 

 

Recommendations regarding OC screening in high risk women 

 

Currently screening of high-risk women is not recommended in the UK in the 

National Institute for Health and Care Excellence (NICE) guidelines.(62) and is 

therefore not available on the National Health Service (NHS). NICE does 

emphasise the importance of discussing the positive effects of reducing the risk 

of breast and ovarian cancer risk and the negative impact of surgically induced 

menopause. The NCCN primary recommendation for USA is for RRSO in women 

with BRCA1, BRCA2 and Lynch syndrome, with insufficient evidence for 

intervention in those with BARD1, BRIP1, PALB2, RAD51C and RAD51D 

mutations. In women who have not undergone RRSO, TVS starting age 30-35 and 

serum CA125 levels may also be considered at the clinician’s discretion. NCCN 

guidelines clearly state that these screening procedures have not been shown to 

have sufficient specificity or sensitivity and current research does not provide 

evidence that they are a reasonable alternative to RRSO. It is worth noting that 
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these guidelines may be revised in due course to incoporate the results of 

multimodal screening in UKFOCSS Phase II and UKCTOCS (39). 

 

Ocassionally CA125 is used for surveillance of BRCA women post RRSO due to 

the ssmall residual risk of primary peritoneal cancer. There is little evidence to 

support this. A recent study found that there was no significant difference in 

preoperative CA125 levels between BRCA1, BRCA 2 and non carriers. Post RRSO 

there was a significant reduction in CA125 levels in 48 BRCA1 women (p=0.04) 

but no significant different in 40 BRCA2 women (p=0.5). Based on the finding of 

only one case of post-operative peritoneal cancer in 220 carriers undergoing 

RRSO,, detected in an asymptomatic women with a raised annual CA125, the 

authors suggest that serum CA125 monitoring should be discontinued following 

RRSO. (63) 

 

Symptoms awareness 

 

Studies have shown that 95% of women with ovarian cancer report symptoms 

prior to diagnosis (64). Development of a symptom index that includes 

frequency and severity was reported to perform similarly to CA125 to detecting 

any stage of disease in a case control study  that incorporated women from an 

ovarian cancer early detection study (65). This has led organisations such as the 

NICE to issue recommendations that further investigations should be initiated if 

a woman has persistent abdominal distension/bloating, early satiety, loss of 

appetite, pelvic/abdominal pain and increased urinary urgency/frequency. (66). 
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Unfortunately symptoms associated with ovarian cancer can be non specific and 

are commonly found in women who do not have ovarian cancer (67). 

 

The DOvE pilot study found that assessment of symptomatic women via a fast 

track symptom clinic led to a lower tumour burden compared to those diagnosed 

via the standard referral route to the gynaecological oncological clinic in same 

hospital. However this was not asscoaited with an increase in early stage 

diagnosis. (68). Although the study design has been questioned (69) these 

findings emphasise the importance of assessing women as soon as symptoms 

occur.  Thus it is important that women at high risk of ovarian cancer are 

educated about symptom awareness and pathways are set up for rapid referral if 

key symptoms develop. Given the international variation in the perceived 

barriers to presenting with symptoms, (70) it is important to pre-empt and 

tackle any concerns women may have. 

 

 

Endometrial Cancer screening 

Lynch syndrome (previously referred to as hereditary nonpolyposis colorectal 

cancer /HNPCC) is an autosomal dominant disorder that is characterized by 

predisposition to early onset colorectal cancer and cancers of the endometrium, 

small intestine, ovary, hepatobiliary system, kidney, and ureter (71). It is caused 

by an inherited mutation in one of the following mismatch repair (MMR) genes: 

MSH2, MLH1, PMS1, PMS2, and MSH6.(72)  Individuals are diagnosed according 

to the Amsterdam II or the Bethesda criteria(72)(73). Endometrial cancer is the 

most frequent extra colonic cancer in these women and risk estimates may 
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exceed those of colorectal cancer (74)(75).  The exact lifetime risk varies with 

the gene mutation. Mutations in MLH1, MSH2, MHS6 and PMS2 confer a risk 

ranging from 15-54% compared to a general population risk of <2% (6)(76) 

Endometrial cancers in Lynch syndrome differ from sporadic endometrial 

carcinomas. They are more likely to be poorly differentiated, have 

lymphatic/vascular invasion and be diagnosed at an advanced stage (77). 

Cowden syndrome is an autosomal dominant syndrome that is characterised by 

hamartomatous tumors in multiple organ systems and it too is associated with 

an increased risk of endometrial cancer (78). Lifetime risk of developing 

endometrial cancer range between 10-28% (79). However, as the prevalence of 

Cowden’s syndrome is only 1 in 200,000, there are no uniform recommendations 

for risk management of endometrial cancer (79). 

 

Surveillance for women at risk of endometrial cancer is aimed at detection of 

atypical endometrial hyperplasia (AEH) or endometrial cancer at an early stage. 

It is based on detecting increased endometrial thickness (ET) on transvaginal 

ultrasound. While ET cut-offs have be defined in postmenopausal women,  in 

premenopausal women ET can be difficult to interpret as it varies through the 

menstrual cycle. Hence in LS annual or biennial pelvic ultrasound is not a very 

effective method to detect early endometrial carcinoma. In 269 Lynch Syndrome 

women during  825.7 women years of screening using transvaginal ultrasound, 

two cases of endometrial carcinoma were reported but both were not detected 

by screening. (80). Another study using annual TVS, reported on 41 women 

totalling 197 women years of screening. While three cases of AEH were detected, 
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one woman presented with an interval endometrial cancer detected as a result of 

clinical symptoms.(81). 

 

This has led to the use of endometrial sampling in addition to TVS in LS. In a 

Finnish study of 175 women (759 screen years) who underwent screening using 

TVS and intrauterine biopsy, endometrial cancer occurred in 14 women, 11 of 

whom were diagnosed by surveliance ( 8 by uterine biopsy, 4 by TVS . 

Intrauterine biopsy detected 14 additional women with premalignant 

hyperplasia. The authors concluded that surveillance with biopsy was more 

effective. (82). Gerritzen et al also found significantly more AEH and endometrial 

cancers in women using microcurretage or hysteroscopy and curettage 

combined with annual TVS compared to screening using by TVS alone (83). 

However, this was not confirmed in a separate study by Helder-Woolderink et al, 

who found that the addition of endometrial sampling using Pipelle to annual TVS 

had no additional value in  detection of endometrial lesions (84). However, the 

accuracy of endometrial sampling depends on the method used. Pipelle sampling 

can have an inadequate tissue yield and failure rate of approximately 10% (85).  

In contrast to endometrial biopsy, hysteroscopy has a high sentivity for the 

detection of hyperplasia or cancer with some studies reporting this to be 

100%.(86) A systematic review undertaken in 2011 concluded that detection of 

endometrial cancer or hyperplasia in asymptomatic women belonging to LS 

families is improved by adding routine endometrial sampling along with 

transvaginal ultrasound for surveillance visits.(87). More recently out- patient 

hysteroscopy and endometrial sampling (OHES) was compared to TVS alone in 
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41 LS women who had both annually. OHES had similar specificity of 89.8 % (CI 

79.2, 96.2 %) as TVS, but higher positive likelihood ratio 9.8 (CI 4.6, 21) and 

lower negative likelhood ratio  (zero) compared to. These results suggest that 

OHES is an acceptable screening method with a high diagnostic accuracy for 

endometrial cancer and atypical endometrial hyperplasia (88).  

 

A survey of women who underwent screening with regards to pain or discomfort 

associated with the procedures revealed that TVS was associated with less 

discomfort than hysteroscopy or Pipelle biopsy and that the majority of women 

would choose TVS if only a single test was required. The survey also found that 

there was no significant difference between the pain scores for hysteroscopy and 

Pipelle biopsy (89). A more recent prospective study of women undergoing 

combined colon and endometrial screening under conscious sedation reported 

high levels of satisfaction and more convenience in the combined procedure. In 

this patient-centred approach women reported significantly lower levels of pain 

compared with an office based procedure, even when accounting for parity (90). 

 

A potential future screening strategy could focus on the detection of micro-

satellite instability (MSI), which is found in more than 90% of endometrial 

cancers developed in Lynch syndrome women. Bats et al report encouraging 

sensitivity and feasibility of MSI detection in uterine cavity washings in a case 

series of 10 women with Lynch syndrome undergoing a hysterectomy for benign 

reasons, risk reduction and treatment of endometrial cancer (91). 
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A decision analytic model comparing annual  screening (ultrasonography, 

endometrial biopsy, CA 125) and hysterectomy with bilateral salpingo-

oophorectomy at age 30 years found that surgery in women with Lynch 

Syndrome led to the longest life expectancy (92). However, there are costs 

associated with both screening and preventative surgery. In a hypothetical 

cohort of women with Lynch syndrome, Kwon et al compared the cost of risk 

reducing surgery at 30 years, 40 years, annual screening with endometrial 

biopsy, transvaginal ultrasound, and CA125 from 30 years, annual screening 

from 30 years until risk reducing surgery at age 40 years (combined strategy) or 

no prevention. The combined strategy was found to be the most effective 

gynaecological cancer prevention strategy, but the incremental benefit over 

prophylactic surgery alone was attained at substantial cost (93). When 

prophylactic hysterectomy with bilateral salpingo-oophorectomy at age 30 was 

compared to annual gynaecological screening, risk-reducing surgery carried both 

the lowest costs and highest QALYs score. However the cost effectiveness of this 

surgery diminishes with increasing age. (94). A mixed methods study of 24 LS 

women exploring  the impact of surgery suggested that while it does not lead to 

significant psychological distress,  women reported feeling underprepared for 

menopausal symptoms. (95) 

 

Current guidelines for management of gynaecological cancer risk in LS are a 

result of consensus, based on the limited reported studies.  The Mallorca group 

which consist of a panel of European experts recommend surveillance of the 

endometrium by gynaecogical examination, TVS and aspiration biopsy starting 
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from the age of 35–40 years (96). However they suggest that given the current 

ack of evidence of benefit, it is best offered within a clinical trial setting. The 

2015 American College of Gastroenterology guidelines recommend annual 

screening using endometrial biopsy and transvaginal ultrasound from 30 to 35 

years with surgery offered to LS women who have finished child bearing, 

optimally at age 40–45 years. (97)The American Society of Clinical Oncology and 

European Society for Medical Oncology have similar guidelines which include 

annual screening with TVS and aspiration biopsy with prophylactic 

gynecological surgery an option from age 35, after childbearing is 

completed.(98) 

  

Psychological impact of screening 

 

It is essential to recognise the psychological aspect of screening high-risk 

women. Premenopausal women perceive their ovarian cancer risk to be higher, 

report greater disease risk-related anxiety, and are more likely to have false-

positive screening results than postmenopausal women (99). Brain et al found 

that women, in UKFOCCS trial, who are recalled for an abnormal result, may 

experience transient cancer-specific distress, which may prompt reconsideration 

of risk management options. However frequent 4 monthly ovarian screening in 

the high risk women did not cause sustained psychological harm or have a 

significant impact on general anxiety and depression (100). In women who 

participated in UKFOCSS, experience of previous screening, cancer specific 

distress and a belief in aging as a cause of OC were significantly associated with 

withdrawal from screening and opting for surgery (101). 
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Conclusions 

 

Surgery is recommended as the definitive option to reduce risk in women at high 

risk of ovarian cancer and to a lesser extent in women at increased risk of 

endometrial cancer. However, the fear of surgery and the sid effects of 

premature menopause often result in some women seeking screening in order to 

either postpone or avoid surgery. However screening in this population of 

women who are mainly premenopausal has additional challenges when 

compared to the general postmenopausal population. Annual screening is 

ineffective and strategies that are being investigated are based on 3-4 monthly 

screening with serial CA125 levels interpreted using the ROCA together with 

second line TVS. Detailed results of both the UK and US studies are expected in 

2016. With increasing understanding of the natural history, a number of novel 

ovarian cancer screening strategies are being explored.  In Lynch Syndrome 

women, endometrial cancer screening is offered from 30-35 years and includes 

annual TVS and endometrial biopsy, with increasing use of outpatient 

hysteroscopy.   

 

References 

 

1.  Finch A, Metcalfe KA, Chiang J, Elit L, McLaughlin J, Springate C, et al. The 

impact of prophylactic salpingo-oophorectomy on quality of life and 



 23 

psychological distress in women with a BRCA mutation. Psychooncology 

[Internet]. 2013;22(1):212–9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21913283 

2.  Johansen N, Liavaag AH, Tanbo TG, Dahl AA, Pripp AH, Michelsen TM. 

Sexual activity and functioning after risk-reducing salpingo-

oophorectomy: Impact of hormone replacement therapy. Gynecol Oncol 

[Internet]. Elsevier Inc.; 2016;140(1):101–6. Available from: 

http://linkinghub.elsevier.com/retrieve/pii/S0090825815301906 

3.  Finch A, Narod SA. Quality of life and health status after prophylactic 

salpingo-oophorectomy in women who carry a BRCA mutation: A review. 

Maturitas [Internet]. Elsevier Ireland Ltd; 2011;70(3):261–5. Available 

from: http://linkinghub.elsevier.com/retrieve/pii/S0378512211002738 

4.  Couch FJ, Wang X, McGuffog L, Lee A, Olswold C, Kuchenbaecker KB, et al. 

Genome-wide association study in BRCA1 mutation carriers identifies 

novel loci associated with breast and ovarian cancer risk. PLoS Genet 

[Internet]. 2013;9(3):e1003212. Available from: 

http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.10

03212 

5.  Ramus SJ, Antoniou AC, Kuchenbaecker KB, Soucy P, Beesley J, Chen X, et 

al. Ovarian cancer susceptibility alleles and risk of ovarian cancer in 

BRCA1 and BRCA2 mutation carriers. Hum Mutat. 2012;33(4):690–702.  

6.  Bonadona V, Bonaı B, Grandjouan S, Huiart L, Caron O, Colas C, et al. and 

MSH6 Genes in Lynch Syndrome. JAMA. 2011;305(22):2304–10.  



 24 

7.  Ramus SJ, Song H, Dicks E, Tyrer JP, Rosenthal AN, Intermaggio MP, et al. 

Germline Mutations in the BRIP1 , BARD1 , PALB2 , and NBN Genes in 

Women With Ovarian Cancer. 2015;107(11):1–8.  

8.  Song H, Dicks E, Ramus SJ, Tyrer JP, Intermaggio MP, Hayward J, et al. J 

OURNAL OF C LINICAL O NCOLOGY Contribution of Germline Mutations in 

the RAD51B , RAD51C , and RAD51D Genes to Ovarian Cancer in the 

Population. 2015;33(26).  

9.  Pearce CL, Rossing MA, Lee AW, Ness RB, Webb PM, Chenevix-Trench G, et 

al. Combined and Interactive Effects of Environmental and GWAS-

Identified Risk Factors in Ovarian Cancer. Cancer Epidemiol Biomarkers 

Prev [Internet]. 2013;22(5):880–90. Available from: 

http://cebp.aacrjournals.org/cgi/doi/10.1158/1055-9965.EPI-12-1030-T 

10.  Pearce CL, Stram DO, Ness RB, Stram DA, Roman LD, Templeman C, et al. 

Population distribution of lifetime risk of ovarian cancer in the United 

States. Cancer Epidemiol Biomarkers Prev [Internet]. 2015;24(4):671–6. 

Available from: 

http://cebp.aacrjournals.org.proxy.lib.umich.edu/content/24/4/671.long 

11.  Antoniou  a C, Cunningham  a P, Peto J, Evans DG, Lalloo F, Narod S a, et al. 

The BOADICEA model of genetic susceptibility to breast and ovarian 

cancers: updates and extensions. Br J Cancer. 2008;98(March):1457–66.  

12.  Amir E, Freedman OC, Seruga B, Evans DG. Assessing women at high risk of 

breast cancer: A review of risk assessment models. J Natl Cancer Inst. 

2010;102:680–91.  



 25 

13.  Rebbeck TR, Kauff ND, Domchek SM. Meta-analysis of Risk Reduction 

Estimates Associated With Risk-Reducing Salpingo-oophorectomy in 

BRCA1 or BRCA2 Mutation Carriers. JNCI J Natl Cancer Inst [Internet]. 

2009;101(2):80–7. Available from: 

http://jnci.oxfordjournals.org/cgi/doi/10.1093/jnci/djn442 

14.  Marchetti C, De Felice F, Palaia I, Perniola G, Musella A, Musio D, et al. Risk-

reducing salpingo-oophorectomy: a meta-analysis on impact on ovarian 

cancer risk and all cause mortality in BRCA 1 and BRCA 2 mutation 

carriers. BMC Womens Health [Internet]. 2014;14(1):1–6. Available from: 

http://www.biomedcentral.com/1472-6874/14/150 

15.  Ebell MH, Culp M, Lastinger K, Dasigi T. A Systematic Review of the 

Bimanual Examination as a Test for Ovarian Cancer. Am J Prev Med 

[Internet]. Elsevier; 2015;48(3):350–6. Available from: 

http://linkinghub.elsevier.com/retrieve/pii/S0749379714005923 

16.  Robert A. Smith, Durado Brooks, Vilma Cokkinides, Debbie Saslow OWB. 

Cancer Screening in the United States , 2013 A Review of Current 

American Cancer Society Guidelines , Current. CA Cancer J Clin. 

2013;63(2):87–105.  

17.  Henderson JT, Harper CC, Gutin S, Saraiya M, Chapman J, Sawaya GF. 

Routine bimanual pelvic examinations: practices and beliefs of US 

obstetrician-gynecologists. Am J Obstet Gynecol [Internet]. Elsevier Inc.; 

2013;208(2):109.e1–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23159688 

18.  Campbell S, Bhan V, Royston P, Whitehead MI, Collins WP. Transabdominal 



 26 

ultrasound screening for early ovarian cancer. BMJ. 1989;299:1363–7.  

19.  Andolf E, Svalenius E, Astedt B. Ultrasonography for early detection of 

ovarian carcinoma. Br J Obstet Gynaecol. ENGLAND; 1986 

Dec;93(12):1286–9.  

20.  Bourne T, Campbell S, Steer C, Whitehead MI, Collins WP. Transvaginal 

colour flow imaging: a possible new screening technique for ovarian 

cancer. BMJ. 1989;299(6712):1367–70.  

21.  DePriest PD, Shenson D, Fried A, Hunter JE, Andrews SJ, Gallion HH, et al. A 

morphology index based on sonographic findings in ovarian cancer. 

Gynecol Oncol. UNITED STATES; 1993 Oct;51(1):7–11.  

22.  Elder JW, Pavlik EJ, Long A, Miller RW, Desimone CP, Hoff JT, et al. Serial 

ultrasonographic evaluation of ovarian abnormalities with a morphology 

index. Gynecol Oncol [Internet]. Elsevier Inc.; 2014;135(1):8–12. Available 

from: http://dx.doi.org/10.1016/j.ygyno.2014.07.091 

23.  Bailey CL, Ueland FR, Land GL, DePriest PD, Gallion HH, Kryscio RJ, et al. 

The malignant potential of small cystic ovarian tumors in women over 50 

years of age. Gynecol Oncol [Internet]. 1998;69(1):3–7. Available from: 

http://www.sciencedirect.com/science/article/pii/S0090825898949654 

24.  Bast RC, Jr., Feeney M, Lazarus H  et al. Reactivity of a monoclonal antibody 

with human ovarian carcinoma. J Clin Invest. 1981;68(5):1331–7.  

25.  Bast RC, Jr., Klug TL, St John E  et al. A radioimmunoassay using a 

monoclonal antibody to monitor the course of epithelial ovarian cancer. N 

Engl J Med. 1983;309(15):883–7.  



 27 

26.  Zurawski VR, Jr., Orjaseter H, Andersen A  et al. Elevated serum CA 125 

levels prior to diagnosis of ovarian neoplasia: relevance for early detection 

of ovarian cancer. Int J Cancer. 1988;42(5):677–80.  

27.  Canney P a, Moore M, Wilkinson PM, James RD. Ovarian cancer antigen 

CA125: a prospective clinical assessment of its role as a tumour marker. Br 

J Cancer. 1984;50(6):765–9.  

28.  Hermsen BBJ, Olivier RI, Verheijen RHM, van Beurden M, de Hullu J a, 

Massuger LF, et al. No efficacy of annual gynaecological screening in 

BRCA1/2 mutation carriers; an observational follow-up study. Br J Cancer. 

2007;96(9):1335–42.  

29.  Stirling D, Evans DGR, Pichert G, Shenton A, Kirk EN, Rimmer S, et al. 

Screening for familial ovarian cancer: Failure of current protocols to detect 

ovarian cancer at an early stage according to the International Federation 

of Gynecology and Obstetrics System. J Clin Oncol. 2005;23(24):5589–96.  

30.  Rosenthal AN, Fraser L, Manchanda R, Badman P, Philpott S, Mozersky J, et 

al. Results of annual screening in phase I of the United Kingdom familial 

ovarian cancer screening study highlight the need for strict adherence to 

screening schedule. J Clin Oncol. 2013;31(1):49–57.  

31.  Menon U, Ryan A, Kalsi J, Gentry-Maharaj A, Dawnay A, Habib M, et al. Risk 

Algorithm Using Serial Biomarker Measurements Doubles the Number of 

Screen-Detected Cancers Compared With a Single-Threshold Rule in the 

United Kingdom Collaborative Trial of Ovarian Cancer Screening. J Clin 

Oncol. 2015;  



 28 

32.  Jacobs I, Skates S, MacDonald N, Menon U, Rosenthal A, Davies A, et al. 

Screening for ovarian cancer: a pilot randomised controlled trial. Lancet 

[Internet]. 1999;353:1207–10. Available from: 

http://discovery.ucl.ac.uk/138114/ 

33.  Jacobs IJ, Skates S, Davies  a P, Woolas RP, Jeyerajah  a, Weidemann P, et al. 

Risk of diagnosis of ovarian cancer after raised serum CA 125 

concentration: a prospective cohort study. BMJ. 1996;313(7069):1355–8.  

34.  Skates S, Pauler D, Jacobs I. Screening based on the risk of cancer 

calculation from Bayesian hierarchical changepoint and mixture models of 

longitudinal markers. J Am Stat Assoc [Internet]. 2001;96(454):429–39. 

Available from: http://discovery.ucl.ac.uk/98983/ 

35.  Menon U. Prospective Study Using the Risk of Ovarian Cancer Algorithm to 

Screen for Ovarian Cancer. J Clin Oncol [Internet]. 2005;23(31):7919–26. 

Available from: http://www.jco.org/cgi/doi/10.1200/JCO.2005.01.6642 

36.  Skates SJ, Menon U, MacDonald N, Rosenthal AN, Oram DH, Knapp RC, et al. 

Calculation of the risk of ovarian cancer from serial CA-125 values for 

preclinical detection in postmenopausal women. J Clin Oncol [Internet]. 

2003;21(10 Suppl):206s – 210s. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/12743136 

37.  Drescher CW, Shah C, Thorpe J, O’Briant K, Anderson GL, Berg CD, et al. 

Longitudinal screening algorithm that incorporates change over time in 

CA125 levels identifies ovarian cancer earlier than a single-threshold rule. 

J Clin Oncol. 2013;31(3):387–92.  



 29 

38.  Xu JL, Commins J, Partridge E, Riley TL, Prorok PC, Johnson CC, et al. 

Longitudinal evaluation of CA-125 velocity and prediction of ovarian 

cancer. Gynecol Oncol [Internet]. Elsevier Inc.; 2012;125(1):70–4. 

Available from: http://dx.doi.org/10.1016/j.ygyno.2011.12.440 

39.  Jacobs IJ, Menon U, Ryan A, Gentry-Maharaj A, Burnell M, Kalsi JK, et al. 

Ovarian cancer screening and mortality in the UK Collaborative Trial of 

Ovarian Cancer Screening (UKCTOCS): a randomised controlled trial. 

Lancet [Internet]. 2015;6736(15):1–12. Available from: 

http://www.thelancet.com/article/S0140673615012246/fulltext 

40.  Brown PO, Palmer C. The Preclinical Natural History of Serous Ovarian 

Cancer: Defining the Target for Early Detection. PLoS Med [Internet]. 

2009;6(7):e1000114. Available from: 

http://dx.plos.org/10.1371/journal.pmed.1000114 

41.  Rosenthal, A.N., Fraser, L., Philpott, S., Manchanda, R., Badman, P., Hadwin, 

R., Evans, G.R., Eccles, D.M., Skates, S.J., Mackay, J., Menon, U., Jacobs IJ on 

behalf of the UF collaborators. Results of 4-monthly Screening in the UK 

Familial Ovarian Cancer Screening Study (UK FOCSS Phase 2). Chicago, IL. 

American Society of Clinical Oncology2013. 2013.  

42.  Skates SJ, Mai P, Horick NK, Piedmonte M, Drescher CW, Isaacs C, et al. 

Large prospective study of ovarian cancer screening in high-risk women: 

CA125 cut-point defined by menopausal status. Cancer Prev Res. 

2011;4(9):1401–8.  

43.  Greene MH, Piedmonte M, Alberts D, Gail M, Hensley M, Miner Z, et al. A 

Prospective Study of Risk-Reducing Salpingo-oophorectomy and 



 30 

Longitudinal CA-125 Screening among Women at Increased Genetic Risk 

of Ovarian Cancer: Design and Baseline Characteristics: A Gynecologic 

Oncology Group Study. Cancer Epidemiol Biomarkers Prev [Internet]. 

2008;17(3):594–604. Available from: 

http://cebp.aacrjournals.org/content/17/3/594.short 

44.  Sherman ME, Piedmonte M, Mai PL, Ioffe OB, Ronnett BM, Van Le L, et al. 

Pathologic Findings at Risk-Reducing Salpingo-Oophorectomy: Primary 

Results From Gynecologic Oncology Group Trial GOG-0199. J Clin Oncol 

[Internet]. 2014;32(29):3275–83. Available from: 

http://jco.ascopubs.org/cgi/doi/10.1200/JCO.2013.54.1987 

45.  Richard G. Moore, MDa,*, M. Craig Miller, BSnb, Margaret M. Steinhoff, 

MDc, Steven J. Skates, PhDd, Karen H. Lu, MDe, Geralyn Lambert-

Messerlian, PhDa, c  and RCB, Jr M. Serum HE4 levels are less frequently 

elevated than CA125 in women with benign gynecologic disorders. Am J 

Obs Gynecol. 2012;206(4):351.  

46.  Ferraro S, Braga F, Lanzoni M, Boracchi P, Biganzoli EM, Panteghini M. 

Serum human epididymis protein 4 vs. carbohydrate antigen 125 for 

ovarian cancer diagnosis: A systematic review. Biochim Clin. 

2013;37(3):179–89.  

47.  Karlsen M a., Høgdall EVS, Christensen IJ, Borgfeldt C, Kalapotharakos G, 

Zdrazilova-Dubska L, et al. A novel diagnostic index combining HE4, CA125 

and age may improve triage of women with suspected ovarian cancer — 

An international multicenter study in women with an ovarian mass. 

Gynecol Oncol [Internet]. Elsevier Inc.; 2015;138(3):640–6. Available 



 31 

from: http://linkinghub.elsevier.com/retrieve/pii/S009082581530041X 

48.  Karlan BY, Thorpe J, Watabayashi K, Drescher CW, Palomares M, Daly MB, 

et al. Use of CA125 and HE4 serum markers to predict ovarian cancer in 

elevated-risk women. Cancer Epidemiol Biomarkers Prev. 

2014;23(7):1383–93.  

49.  Kamat A a., Baldwin M, Urbauer D, Dang D, Han LY, Godwin A, et al. Plasma 

cell-free DNA in ovarian cancer: An independent prognostic biomarker. 

Cancer. 2010;116(8):1918–25.  

50.  Romero-Laorden N, Olmos D, Fehm T, Garcia-Donas J, Diaz-Padilla I. 

Circulating and disseminated tumor cells in ovarian cancer: A systematic 

review. Gynecol Oncol [Internet]. Elsevier Inc.; 2014;133(3):632–9. 

Available from: http://dx.doi.org/10.1016/j.ygyno.2014.03.016 

51.  Ma X, Xiao Z, Li X, Wang F. Prognostic role of circulating tumor cells and 

disseminated tumor cells in patients with prostate cancer : a systematic 

review and meta-analysis. J Ovarian Res [Internet]. Journal of Ovarian 

Research; 2014; Available from: http://dx.doi.org/10.1186/s13048-015-

0168-9 

52.  Li, M.  et al. BEAMing up for detection and quantification of rare sequence 

variants. Nat Methods. 2006;3(2):95–7.  

53.  Ahmed AA, Etemadmoghadam D, Temple J, Lynch AG, Riad M, Sharma R, et 

al. Driver mutations in TP53 are ubiquitous in high grade serous 

carcinoma of the ovary. J Pathol. 2010;221(1):49–56.  

54.  Forshew T, Murtaza M, Parkinson C, Gale D, Tsui DWY, Kaper F, et al. 



 32 

Noninvasive Identification and Monitoring of Cancer Mutations by 

Targeted Deep Sequencing of Plasma DNA. Sci Transl Med. 

2012;4(136):136ra68–136ra68.  

55.  Kinde I, Bettegowda C, Wang Y, Wu J, Agrawal N, Shih I-M, et al. Evaluation 

of DNA from the Papanicolaou test to detect ovarian and endometrial 

cancers. Sci Transl Med [Internet]. 2013;5(167):167ra4. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3757513&to

ol=pmcentrez&rendertype=abstract 

56.  Maritschnegg E, Wang Y, Pecha N, Horvat R, Van Nieuwenhuysen E, 

Vergote I, et al. Lavage of the Uterine Cavity for Molecular Detection of 

Mullerian Duct Carcinomas: A Proof-of-Concept Study. J Clin Oncol 

[Internet]. 2015;33(36). Available from: 

http://jco.ascopubs.org/cgi/doi/10.1200/JCO.2015.61.3083 

57.  Anderson KS, Cramer DW, Sibani S, Wallstrom G, Wong J, Park J, et al. 

Autoantibody Signature for the Serologic Detection of Ovarian Cancer. 

2015;  

58.  Wei-Lei Yang, Archana Simmons, Zhen Lu, Keith Baggerly, Karen Lu, Alex 

Gentry-Maharaj, Usha Menon, Ian Jacobs, Robert C. Bast J. TP53 

autoantibody can detect CA125 screen negative ovarian cancer cases and 

can be elevated prior to CA125 in preclinical ovarian cancer : Wei-Lei 

Yang1. AACR. 2015.  

59.  Lee YH, Kim JH, Zhou H, Kim BW, Wong DT. Salivary transcriptomic 

biomarkers for detection of ovarian cancer: for serous papillary 

adenocarcinoma. J Mol Med. 2012;90(4):427–34.  



 33 

60.  Fleischer AC, Lyshchik A, Andreotti RF, Hwang M, Jones HW, Fishman D a. 

Advances in sonographic detection of ovarian cancer: depiction of tumor 

neovascularity with microbubbles. AJR Am J Roentgenol [Internet]. 

2010;194(2):343–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20093594 

61.  McAlpine JN, El Hallani S, Lam SF, Kalloger SE, Luk M, Huntsman DG, et al. 

Autofluorescence imaging can identify preinvasive or clinically occult 

lesions in fallopian tube epithelium: A promising step towards screening 

and early detection. Gynecol Oncol [Internet]. Elsevier Inc.; 

2011;120(3):385–92. Available from: 

http://dx.doi.org/10.1016/j.ygyno.2010.12.333 

62.  NICE guidelines. Familial breast cancer - Classification and care of people 

at risk of familial breast cancer and management of breast cancer and 

related risks in people with a family history of breast cancer. Natl Inst Clin 

Excell [Internet]. 2014;(June). Available from: 

http://www.nice.org.uk/nicemedia/live/14188/64202/64202.pdf 

63.  Chen Y, Bancroft E, Ashley S, Arden-Jones A, Thomas S, Shanley S, et al. 

Baseline and post prophylactic tubal-ovarian surgery CA125 levels in 

BRCA1 and BRCA2 mutation carriers. Fam Cancer. 2014;13(2):197–203.  

64.  Goff BA, Mandel L, Muntz HG, Melancon CH. Ovarian carcinoma diagnosis - 

Results of a National Ovarian Cancer Survey. Cancer [Internet]. 

2000;89(10):2068–75. Available from: <Go to 

ISI>://WOS:000165112900006 

65.  Goff B a, Mandel LS, Drescher CW, Urban N, Gough S, Schurman KM, et al. 



 34 

Development of an ovarian cancer symptom index: possibilities for earlier 

detection. Cancer [Internet]. 2007 Jan 15 [cited 2014 Oct 21];109(2):221–

7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17154394 

66.  NICE. Ovarian Cancer: Recognition and Initial Management (CG122). 

2011;(April):32.  

67.  Pitts MK, Heywood W, Ryall R, Smith AM, Shelley JM, Richters J, et al. High 

prevalence of symptoms associated with ovarian cancer among Australian 

women. Aust N Z J Obstet Gynaecol. 2011;51(1):71–8.  

68.  Gilbert L, Basso O, Sampalis J, Karp I, Martins C, Feng J, et al. Assessment of 

symptomatic women for early diagnosis of ovarian cancer: Results from 

the prospective DOvE pilot project. Lancet Oncol [Internet]. Elsevier Ltd; 

2012;13(3):285–91. Available from: http://dx.doi.org/10.1016/S1470-

2045(11)70333-3 

69.  Gilbert L, Basso O. Screening of symptomatic women for ovarian cancer - 

Authors’ reply. Lancet Oncol [Internet]. Elsevier Ltd; 2012;13(4):e137–8. 

Available from: http://dx.doi.org/10.1016/S1470-2045(12)70149-3 

70.  Forbes LJL, Simon  a E, Warburton F, Boniface D, Brain KE, Dessaix  a, et al. 

Differences in cancer awareness and beliefs between Australia, Canada, 

Denmark, Norway, Sweden and the UK (the International Cancer 

Benchmarking Partnership): do they contribute to differences in cancer 

survival? Br J Cancer [Internet]. Nature Publishing Group; 

2013;108(2):292–300. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3566814&to

ol=pmcentrez&rendertype=abstract 



 35 

71.  Lindor NM, Petersen GM, Hadley DW, Kinney AY, Miesfeldt S, Lu KH, et al. 

Recommendations for the care of individuals with an inherited 

predisposition to Lynch syndrome: a systematic review. JAMA. 

2006;296(12):1507–17.  

72.  Vasen HF a, Watson P, Mecklin JP, Lynch HT. New Clinical Criteria for 

Hereditary Nonpolyposis Colorectal Definition (HNPCC, Lynch Syndrome) 

Proposed by the International Collaborative Group on HNPCC. 

Gastroenterology. 1999;116:1453–6.  

73.  Umar A, Boland CR, Terdiman JP, Syngal S, De A, Rüschoff J, et al. NIH 

Public Access. 2010;96(4):261–8.  

74.  Vasen HF, Wijnen JT, Menko FH, Kleibeuker JH, Taal BG, Griffioen G, et al. 

Cancer risk in families with hereditary nonpolyposis colorectal cancer 

diagnosed by mutation analysis. Gastroenterology. 1996;110(4):1020–7.  

75.  Aarnio M, Sankila R, Pukkala E, Salovaara R, Aaltonen L a, de la Chapelle  a, 

et al. Cancer risk in mutation carriers of DNA-mismatch-repair genes. Int J 

Cancer. 1999;81(2):214–8.  

76.  Senter L, Clendenning M, Sotamaa K, Hampel H, Green J, Potter JD, et al. 

The clinical phenotype of Lynch syndrome due to germ-line PMS2 

mutations. Gastroenterology. 2008;135(2):419–28.  

77.  Broaddus RR, Lynch HT, Chen LM, Daniels MS, Conrad P, Munsell MF, et al. 

Pathologic features of endometrial carcinoma associated with HNPCC: A 

comparison with sporadic endometrial carcinoma. Cancer. 

2006;106(December):87–94.  



 36 

78.  ACOG. Hereditary Cancer Syndromes and Risk Assessment. 

2015;125(634):1538–43.  

79.  Shai A, Segev Y, Narod SA. Genetics of endometrial cancer. Fam Cancer 

[Internet]. 2014;13(3):499–505. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24838932 

80.  Dove-Edwin I, Boks D, Goff S, Kenter GG, Carpenter R, Vasen HFA, et al. The 

outcome of endometrial carcinoma surveillance by ultrasound scan in 

women at  risk of hereditary nonpolyposis colorectal carcinoma and 

familial colorectal carcinoma. Cancer. 2002;94(6):1708–12.  

81.  Rijcken FEM, Mourits MJE, Kleibeuker JH, Hollema H, van der Zee AGJ. 

Gynecologic screening in hereditary nonpolyposis colorectal cancer. 

Gynecol Oncol. 2003;91(1):74–80.  

82.  Renkonen-Sinisalo L, Bützow R, Leminen A, Lehtovirta P, Mecklin J-P, 

Järvinen HJ. Surveillance for endometrial cancer in hereditary 

nonpolyposis colorectal cancer syndrome. Int J Cancer [Internet]. 

2007;120(4):821–4. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17096354 

83.  Gerritzen LHM, Hoogerbrugge N, Oei ALM, Nagengast FM, Van Ham M a PC, 

Massuger LF a G, et al. Improvement of endometrial biopsy over 

transvaginal ultrasound alone for endometrial surveillance in women with 

Lynch syndrome. Fam Cancer. 2009;8(4):391–7.  

84.  Helder-Woolderink JM, De Bock GH, Sijmons RH, Hollema H, Mourits MJE. 

The additional value of endometrial sampling in the early detection of 



 37 

endometrial cancer in women with Lynch syndrome. Gynecol Oncol 

[Internet]. Elsevier B.V.; 2013;131(2):304–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23769810 

85.  Dijkhuizen FP, Mol BW, Brolmann HA  et al. The accuracy of endometrial 

sampling in the diagnosis of patients with endometrial carcinoma and 

hyperplasia: a meta-analysis. Cancer. 2000;89(8):1765–72.  

86.  Lecuru F, Le Frere Belda MA, Bats AS, Tulpin L, Metzger U, Olschwang S, et 

al. Performance of office hysteroscopy and endometrial biopsy for 

detecting endometrial disease in women at risk of human non-polyposis 

colon cancer: a prospective study. Int J Gynecol Cancer. 2008;18(6):1326–

31.  

87.  Auranen A, Joutsiniemi T. A systematic review of gynecological cancer 

surveillance in women belonging to hereditary nonpolyposis colorectal 

cancer (Lynch syndrome) families. Acta Obstet Gynecol Scand [Internet]. 

2011;90(5):437–44. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21306348 

88.  Manchanda R, Saridogan E, Abdelraheim A, Johnson M, Rosenthal AN, 

Benjamin E, et al. Annual outpatient hysteroscopy and endometrial 

sampling (OHES) in HNPCC/Lynch syndrome (LS). Arch Gynecol Obstet. 

2012;286(6):1555–62.  

89.  Elmasry K, Davies AJ, Evans DG, Seif MN, Reynolds K. Strategies for 

endometrial screening in the Lynch syndrome population: a patient 

acceptability study. Fam Cancer [Internet]. 2009;8(4):431–9. Available 

from: http://www.springerlink.com/index/C14831617G1TJ433.pdf 



 38 

90.  Huang M, Sun CC, Boyd-Rogers S, Burzawa JK, Milbourne A, Keeler E, et al. 

A prospective study of combined colon and endometrial cancer screening 

in women with Lynch syndrome: A novel, patient-centered approach. J Clin 

Oncol. 2010;Conference(var.pagings):43–7.  

91.  Bats A-S, Blons H, Narjoz C, Le Frere-Belda M-A, Laurent-Puig P, Lecuru F. 

Diagnostic value of microsatellite instability analysis in uterine cavity 

washings to detect endometrial cancer in Lynch syndrome. Gynecol Oncol 

[Internet]. Elsevier B.V.; 2013;130:e101. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24922696 

92.  Chen LM, Yang KY, Little SE, Cheung MK CA. Gynecologic cancer prevention 

in lynch syndrome/hereditary non- polyposis colorectal cancer families. 

Obs Gynecol. 2007;110:18–25.  

93.  Kwon JS, Sun CC, Peterson SK, White KG, Daniels MS, Boyd-Rogers SG, et al. 

Cost-effectiveness analysis of prevention strategies for gynecologic 

cancers in Lynch syndrome. Cancer. 2008;113(2):326–35.  

94.  Yang KY, Caughey AB, Little SE, Cheung MK, Chen LM. A cost-effectiveness 

analysis of prophylactic surgery versus gynecologic surveillance for 

women from hereditary non-polyposis colorectal cancer (HNPCC) 

Families. Fam Cancer. 2011;10(3):535–43.  

95.  Moldovan R, Keating S, Clancy T. The impact of risk-reducing 

gynaecological surgery in premenopausal women at high risk of 

endometrial and ovarian cancer due to Lynch syndrome. Fam Cancer. 

2014;14(1):51–60.  



 39 

96.  Vasen HFA, Blanco I, Aktan-Collan K, Gopie JP, Alonso A, Aretz S, et al. 

Revised guidelines for the clinical management of Lynch syndrome 

(HNPCC): recommendations by a group of European experts. Gut 

[Internet]. 2013;62(6):812–23. Available from: 

http://gut.bmj.com/cgi/doi/10.1136/gutjnl-2012-304356 

97.  Syngal S, Brand RE, Church JM, Giardiello FM, Hampel HL, Burt RW. ACG 

clinical guideline: Genetic testing and management of hereditary 

gastrointestinal cancer syndromes. Am J Gastroenterol. United States; 

2015 Feb;110(2):223–62; quiz 263.  

98.  Stoffel EM. Hereditary Colorectal Cancer Syndromes : American Society of 

Clinical Oncology Clinical Practice Guideline Endorsement of the Familial 

Risk – Colorectal Cancer : European Society for Medical Oncology Clinical 

Practice Guidelines. J Clin Oncol. 2015;33(2):209–17.  

99.  Hensley ML, Robson ME, Kauff ND, Korytowsky B, Castiel M, Ostroff J, et al. 

Pre- and postmenopausal high-risk women undergoing screening for 

ovarian cancer: anxiety, risk perceptions, and quality of life. Gynecol Oncol 

[Internet]. 2003;89(3):440–6. Available from: 

http://www.sciencedirect.com/science/article/pii/S0090825803001471 

100.  Brain KE, Lifford KJ, Fraser L, Rosenthal AN, Rogers MT, Lancastle D, et al. 

Psychological outcomes of familial ovarian cancer screening: No evidence 

of long-term harm. Gynecol Oncol [Internet]. Elsevier Inc.; 

2012;127(3):556–63. Available from: 

http://dx.doi.org/10.1016/j.ygyno.2012.08.034 

101.  Lifford KJ, Fraser L, Rosenthal AN, Rogers MT, Lancastle D, Phelps C, et al. 



 40 

Withdrawal from familial ovarian cancer screening for surgery: findings 

from a psychological evaluation study (PsyFOCS). Gynecol Oncol 

[Internet]. Elsevier Inc.; 2012;124(1):158–63. Available from: 

http://dx.doi.org/10.1016/j.ygyno.2011.09.015 

 

Declaration of Interest 

UM has a financial interest in Abcodia, Ltd., a company formed to develop 

academic and commercial development of biomarkers for screening and risk 

prediction. The other authors declare no conflict of interest. 

 

 

 

 

 

 

 

 

 


