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Introduction

Breast cancer is the most common cancer, affecting women in Western countries and is
second to lung cancer as the leading cause of cancer-related deaths (1). One million new
cases are diagnosed in the world each year. In the United Kingdom, where the age
standardized incidence and mortality is the highest in the world, breast cancer is the single
commonest cause of death among women aged 40-50 (2). Whereas the incidence of ovarian
cancer is far lower than that of breast cancer, with an estimate of 20,000 new cases diagnosed
in the United States in 1990 (1), it is the most frequent cause of death from gynaecological
malignant tumours in the Western countries, and the fourth commonest cause of death in
women. This poor prognosis is due to the absence of symptoms in early-stage disease, with
75% of cases diagnosed at advanced stages. Approximately 7% of breast cancer and 10% of
ovarian cancer in Western countries is due to genetic predisposition. As Fallopian tube
carcinoma is part of the hereditary breast/ovarian cancer syndrome (3), the term adnexal
cancer, encompassing both ovarian cancer and Fallopian tube carcinoma, would be more
appropriate to define the predisposition to disease in this high risk group (4). The first report
of a coincident carcinoma of the ovary was in 1929 in a twin (5). This susceptibility is ge-
nerally inherited as an autosomal dominant with limited penetrance. Two breast and ovarian
cancer susceptibility genes, BRCA1 (6) and BRCA2 (7), which are located on the long arms
of chromosomes 17 and 13 respectively, have been identified and account for the majority
of hereditary breast and ovarian cancer. DNA assessment allows the identification of carriers
within affected families and has prompted the establishment of cancer genetic clinics that
provide genetic counselling and molecular testing to subjects at risk. The estimated risk of
developing breast cancer associated with a BRCA1 or BRCA2 mutation is 56% to 80% up
to the age of 70 and the risk of developing ovarian cancer ranges from 16% to 40% by the
age of 70 (8-12). These ranges in risk estimates are largely due to the characteristics of the
study population (Ashkenazi Jewish women only, birth cohort), the analytical approach
(observational versus cross sectional), and possibly to the more insight and increasingly
longer follow-up available. 
Mounting interest in identifying women with a germ line mutation in the BRCA1/2 genes
is guided by the possibility of offering to them intensive screening for early diagnosis of the
disease or preventive measures, which are at present intensive screening and/or as prophylactic
surgery.

Screening

The rationale behind screening is early detection of cancer in order to improve survival rates. 
Preliminary results in breast cancer screening showed that mammography has a low sensi-
tivity for detecting tumours, especially in carriers of a BRCA mutation (13-16). This may be
due to the higher breast density present in premenopausal women, which constitutes a large
proportion of the women under surveillance, and use of mammographic density could im-
prove the individual risk prediction in carriers (17). Magnetic resonance imaging (MRI scan)
is rapidly becoming incorporated into the screening program (18). 
The tools of a gynaecological screening program entail an annual pelvic examination com-
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bined with transvaginal ultrasonography (TVU) and measurement of the tumour marker
CA125 in serum (19). Single TVU or single CA125 measurement lack adequate sensitivity
(40%-92% for TVU and 50%-82% for CA125) (20-22). However, the reported sensitivities
(15-71%) for multi-modal screening procedures combining both methods are still inadequate
(20,23,24). So far, gynaecological screening of BRCA1/2 carriers has been evaluated in
relatively small series. Therefore we designed a multi-centre retrospective follow-up study to
investigate compliance and efficacy of annual gynaecological screening in a consecutive series
of BRCA1/2 carriers (chapter II of this thesis). 

Tumour marker CA125 

Single measurements of serum CA125 lack adequate sensitivity and specificity to identify the
presence of ovarian carcinoma in the course of gynaecological screening. Current evaluation
relies on absolute CA125 levels, but also a rising level over time might be an indication for
the development of cancer (25,26). Furthermore, the relation between the tumour marker
CA125 and premalignant lesion in the ovaries and Fallopian tubes is unclear. Therefore we
designed a study to investigate whether the absolute value and changes over time of CA125
serum concentrations are indicative of the presence of (pre)malignant lesions in adnexal tissue
obtained from women at hereditary high risk of ovarian cancer. (chapter III of this thesis).

Prophylactic surgery

At present the most effective preventive measure for women at hereditary high risk is pro-
phylactic mastectomy (pM) and/or prophylactic bilateral salpingo-oophorectomy (pBSO),
which has been shown to reduce both the risk of breast cancer (27,28) and ovarian cancer
(29). A high prevalence of premalignant lesions has been identified in prophylactically
removed breasts from women at hereditary high risk for breast cancer (30). Study of these
lesions may reveal carcinogenic pathways specific for hereditary breast cancer and more
knowledge of these pathways could identify novel therapeutic targets. However, although
premalignant lesions of the ovaries and Fallopian tubes have been identified in women at
hereditary high risk (31), the concomitance of premalignant lesions in both tissues (breast
and adnexa) obtained from women at hereditary high risk was unknown. Therefore, we in-
vestigated the prevalence of premalignant lesions in both the breast and adnexal tissue from
women attending the Family Cancer Clinic in our hospital. (chapter IV of this thesis).
Prophylactic surgical procedures still suffer from some limitations and side effects, such as an
inability to detect cancer at an early stage, a relative low acceptance and uptake of pM and
pBSO, the mutilating factor in case of pM, and in case of pBSO the induced menopause
with morbidity like osteoporosis.
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Other preventive measures

In view of the low sensitivity of screening programmes and the morbidity of prophylactic surgery
other forms of preventive measurements are warranted, such as active immunotherapy to
create an adequate immune surveillance against carcinomas of the breast and adnexal tissue. 
The stronger immune response associated with active immunotherapy may provide a con-
stant surveillance mechanism that would protect patients from recurrence of disease, or
protect women with a genetically determined high cancer risk from developing breast and/or
ovarian cancer. While many antigens have been identified on carcinomas using murine mono-
clonal antibodies (MAb), very few of these are recognized by the human immune system.
MUC1 (32) has been identified on the majority of adenocarcinomas of the breast and ovary
by immunohistology (33). The peptides and glycans of tumour mucin provide an approach
for immune attack. Typical for epithelial cancer, MUC1 antigen is not only over-expressed,
but is also less and aberrantly glycosylated, and is elevated in the serum of carcinoma patients
(34). This molecule is shed into the circulation, comes into contact with the immune system
and triggers a humoral immune response (35-37). A natural humoral immune response to
MUC1 has been associated with a favourable disease outcome in breast cancer patients (38-
40). The characteristics of a natural humoral immune response to MUC1 in women at
hereditary high risk have not been previously studied and form a part of this thesis (chapter
VI). Vaccination of women at hereditary high risk with a preventive vaccine that augments
immune surveillance to cancer antigens is an additional measure to be investigated.

In summary, women at hereditary high risk of breast/adnexal cancer can be identified but
which of them will eventually develop cancer, and at what time point in life, is not yet
clarified on an individual basis. This thesis investigates a series of possible predictive markers
as well as preventive measures in use with the aim to provide a more precise and individual
based risk profile for women at hereditary high risk.
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Aims of this thesis

1. To evaluate the efficacy of gynaecological screening programs for ovarian cancer in
women with a proven BRCA1/2 mutation in the Netherlands. Efficacy was measured in
terms of compliance of the women attending the Family Cancer Clinics between 1993
and 2005 and the observed number versus the expected number of ovarian cancer. The
intention was to include all women with a proven BRCA1/2 mutation. We investigated
number and stage of prevalent, screen-detected and interval cancers. 

2. To evaluate serum CA125 values in women at hereditary high risk of ovarian cancer
compared to a control population. Furthermore, we analysed whether serum CA125
levels obtained before adnexal surgery could be indicative of dysplasia or carcinoma in
ovarian or tubal epithelium. 

3. To investigate whether premalignant lesions are concomitantly present in prophylacti-
cally removed breast and adnexal tissue of the same individual. 

4. To investigate the nature of premalignant lesions that occur in prophylactically removed
breast tissue of patients at hereditary high risk of breast cancer. 

5. To analyse serum levels of natural antibodies to MUC1 in women at hereditary high risk
of breast and/or ovarian cancer to investigate if this immune response could play a
preventive role in women at high risk for breast and/ or ovarian cancer. 
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Overview of the study population of the thesis

Total study population; women at hereditary high risk 
attending the Family Cancer Clinic VUMC

N = 473

Carriers of a BRCA1/2 mutation Chapter II
N = 145

The value of longitudinal measurements of CA125 Chapter III 
N = 424

Humoral immune responses to MUC1 Chapter VI
N = 422

Women undergoing prophylactic surgery Chapter IV
N = 59 (pM)

N = 85 (pBSO)

Women with lobulitis Chapter V
N = 41 (pM)
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Overview of the patients material used for this thesis
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Abstract

Introduction
BRCA1/2 mutation carriers are offered gynaecological screening with the intention to reduce
mortality by detecting ovarian cancer at an early stage. We examined compliance and efficacy
of gynaecological screening in BRCA1/2 mutation carriers. 
Material and Methods
In this multi-centre, observational, follow-up study we examined medical record data of a
consecutive series of 888 BRCA1/2 mutation carriers who started annual screening with
transvaginal ultrasonography and serum CA125 between 1993-2005. 
Results
The women were annually screened for 75% of their total period of follow-up. Compliance
decreased with longer follow-up. Five of the ten incident cancers were interval tumours,
diagnosed in women with a normal screening result within 3-10 months before diagnosis.
No difference in stage distribution between incident screen-detected and interval tumours
was found. Eight of the ten incident cancers were stage III/IV (80%). Cancers diagnosed in
unscreened family members, had a similar stage distribution (77% in stage III/IV). The
observed number of cases detected during screening was not significantly higher than ex-
pected (Standardized Incidence Ratio (SIR): 1.5, 95% Confidence Interval: 0.7-2.8). For the
subgroup that was fully compliant to annual screening, a similar SIR was found (1.6, 95%
Confidence Interval: 0.5-3.6). 
Discussion
Despite annual gynaecological screening, a high proportion of ovarian cancers in BRCA1/2
carriers are interval cancers and the large majority of all cancers are diagnosed in advanced
stages. Therefore, it is unlikely that annual screening will reduce mortality from ovarian
cancer in BRCA1/2 mutation carriers.
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Introduction 

BRCA1/2 mutation carriers have a high lifetime risk of developing ovarian cancer (39% for
BRCA1, 11%-22% for BRCA2 at age 70 years) (Antoniou et al, 2003; Chen et al, 2006).
To reduce the mortality of ovarian cancer, BRCA1/2 mutation carriers are currently being
counselled for gynaecological screening and prophylactic bilateral (salpingo-) oophorectomy
(BP(S)O). While efficacy of BPSO has been demonstrated (Rebbeck et al, 2005), the efficacy
of gynaecological screening with (bi) annual transvaginal ultrasonography (TVU) and the
serum tumour marker CA125 (Burke et al, 1997; Karlan et al, 1993) is still unclear. To sum-
marize the literature on gynaecological screening of BRCA1/2 carriers, including overlap with
the present study, eight interval cancers among 24 cancers were diagnosed among a total of
807 BRCA1/2 carriers (Table 1) (Laframboise et al, 2002; Liede et al, 2002; Scheuer et al,
2002; Fries et al, 2004; Vasen et al, 2005; Kauff et al, 2005; Meeuwissen et al, 2005; Gaaren-
stroom et al, 2006; Oei et al, 2006). Regretfully, most studies did not distinguish between
prevalent and incident cases. Also, compliance to the intended screening protocol was generally
unclear, while lack of compliance may interfere with the efficacy of screening. 
Especially for BRCA1/2 carriers, more information on compliance and efficacy of gynaeco-
logical screening is urgently needed. Although compliance to the protocol may be higher for
BRCA1/2 carriers than for other high-risk women, efficacy of screening may still be low.
Ovarian tumours of carriers may have unfavourable clinical-pathological characteristics and
a higher growth rate (Hogg and Friedlander, 2004). Moreover; carriers generally start screening
well before menopause, when temporary abnormalities in TVU and CA125 for benign
reasons are more common. 
The purpose of this multi-centre observational follow-up study was to investigate the efficacy
of annual gynaecological screening taking compliance to the protocol into account. We
compared numbers and stages at diagnoses of incident interval cancers with incident screen-
detected cancers in a consecutive series of 888 BRCA1/2 carriers. In addition, we used two
external comparisons: (1) ovarian cancers diagnosed in family members before gynaeco-
logical screening was available and, (2) BRCA1/2 reference curves for ovarian cancer. 

Material and Methods

Study population 
For this multi-centre observational follow-up study we identified a consecutive series of all
BRCA1/2 mutation carriers who started gynaecological screening in six University Family
Cancer Clinics in the Netherlands (VU University Medical Centre, The Netherlands Cancer
Institute, Radboud University Nijmegen Medical Centre, Erasmus University Medical Centre
Rotterdam, University Medical Centre Groningen, and Leiden University Medical Centre)
in the period 1993-2005. In total, 1035 women with a deleterious BRCA1 or BRCA2 mutation
visited the gynaecologists. The specific mutations were not known by the gynaecologists, but
the prevalence of BRCA1/2 mutations in the Netherlands have been presented by van der
Hout et al. (Hout van der et al, 2006). 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
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(683 BRCA1 and 200 BRCA2) 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 Radboud University Nijmegen Medical Centre) where information on
each single screening visit (N=601 of the total group of 1035) was available, and to the 459
women who were ‘annually screened’, defined as having had at least one screening visit with
both screening tools and another 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.

Gynaecological screening
Since 1993 the national screening guideline implied annual visits at the gynaecologist,
including pelvic examination, TVU and serum CA125 analysis (www.nvog.nl). From the
late nineties onward 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 than the youngest age at diagnosis of
ovarian cancer in the family. 
TVU findings were classified as abnormal for ovaries or fallopian tubes, or normal including
non-visualized ovaries. Serum CA125 levels above 35 kU/L were scored as abnormal if the
clinical decision based on these findings was an extra screening visit or a diagnostic operation
(laparoscopy or laparotomy). Prophylactic operation that followed a visit within three months,
while at this visit abnormalities were detected, was coded as diagnostic operation (N=8). 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). All tumours were reviewed by one pathologist (HvB). 

Data Collection
The data for this study comprised BRCA1/2 mutation status, first and last gynaecological
screening visits, prophylactic and diagnostic operation and pathology, as recorded in gynaeco-
logical medical records and pathological reports. In three centres detailed data on each
screening visit (date of visit, date of genetic testing, TVU, CA125, and reason to stop screening)
were collected. Part of our pooled data was also used for earlier centre-specific publications
(Table 1). 
We used two external control groups. First, in two centres (Erasmus University Medical
Centre Rotterdam and Netherlands Cancer Institute) pedigree information and the hospital-
based cancer registry enabled us to trace anonymously tumours diagnosed in family members
of the screened BRCA1/2 carriers. We evaluated those tumours diagnosed in the two centres
before gynaecological screening started (before 1990). Second, we used BRCA1/2 reference
curves of ovarian cancer derived as part of refitting the BOADICEA model of genetic sus-
ceptibility to breast cancer (Antoniou et al, 2002; Antoniou et al, 2004). Combined data
were used from three UK population-based studies of breast cancer families (Angelian Breast
Cancer Study Group, 2000; Peto et al, 1999; Lalloo et al, 2003), with multiple cases of breast
cancer and family data from BRCA1/2 carriers identified in 22 population-based studies of
breast and ovarian cancer (Antoniou et al, 2003).
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Statistical analysis
To calculate the Standardized Incidence Ratio (SIR) observed numbers of ovarian cancer
were compared with expected numbers, based on the reference curves. Women were eligible
for person-years analysis if no ovarian cancer was detected at the first screening visit. Starting
date was defined as date of first visit, stopping date as date of diagnosis of ovarian cancer
(endpoint), date of BP(S)O, or date of last screening visit, whichever was first. In the 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 CA125, every 13 months) was met. Here, stopping date
was defined as date of diagnosis of ovarian cancer, date of BP(S)O, date of last complete
screening visit plus 13 months, or date of last visit, whichever was first.
Women who decide to be tested may be more likely to have ovarian cancer than those who
are not yet aware of their carrier status and, thus, are not eligible for the study (Klaren et al,
2003). If cancer events preceding the DNA 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 a gynaecologist for screening advice and 883
BRCA1/2 carriers were actually 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 on average three
years younger than the 200 BRCA2 carriers (23%, median age 44 years, range 25-77 years,
Figure 1). 

Compliance and quality of screening tools 
Among the 601 women with full data on each single visit, 118 women (19.6%) visited the
Family Cancer Clinic only once (Table 2), while 24 women with more visits were never
screened with both TVU and CA125. Most women opted out of screening for valid reasons,
like being too young (median age 28 years, range 20-34 years) or undergoing prophylactic
operation (median age 44 years, range 26-75 years). Thus, the default rate was only 31/601=5%
in the total group, and 6% including the women with missing data. Still, however, for 25%
of the screening time (interval between starting and stopping dates) the interval between two
complete screening visits was more than 13 months. This proportion of non-compliance
increased with longer follow-up. 
The sensitivity of TVU and CA125 assessed simultaneously was 71%, and the positive pre-
dictive value 23% (Table 3). As shown in Table 2, 311 of the 459 women (68%) opted for
a BP(S)O and five occult tumours were diagnosed. Including these tumours, the sensitivity
decreased to 42%. 

Cases of ovarian cancer
At the first screening visit, five women (4 BRCA1 and 1 BRCA2) were diagnosed with a
prevalent ovarian cancer (Table 4). Among the remaining 883 BRCA1/2 carriers ten women
(all BRCA1) were diagnosed with ovarian cancer during follow-up (incident cases). Nine of
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the ten incident cases had been compliant to annual screening before diagnosis. In an efficiently
screened population the majority of cancers would be detected by screening instead of
diagnosed following complaints. However, in our series five of ten incident cancers were un-
expectedly diagnosed as a result of abdominal complaints, while at the preceding visit no
abnormalities had been found. The five incident screen-detected cases presented with both
an abnormal TVU and CA125, while no abnormalities were detected at the preceding visit
(Table 3, Figure 2). The family history of the ten incident cases varied, three cases had a
breast-only family, one case an ovarian-only family and six cases had both familial breast and
familial ovarian cancer.
Seven cases (indicated in bold in Table 4) were diagnosed in the group of 459 women that
underwent annual screening in one of the three centres with information on each screening
visit. These 459 women came for 1116 screening visits during 690 annually screened women-
years (2.4 visits/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%) the abnormal findings were followed by 32 extra visits at which 16 abnormalities
persisted (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
in 40 women (9%) resulting in 26 diagnostic operations. No cancer was detected at nine
operations that followed abnormal TVU only, two cancers were detected at six operations
that followed abnormal CA125 only (33%), and five cancers were detected at 11 operations
(45%) that followed abnormal findings in both screening tools. Compared to the next to last
visit, an exponential rather than progressive rise in serum CA125 levels from the individual
baseline level occurred at the last visit for all incident screen-detected and interval cases
(Figure 3).

Stages at diagnoses: interval versus screen-detected cancers
Advanced stages (III/IV) were diagnosed in all prevalent screen-detected cases. For the in-
cident screen-detected cases, the stages at diagnosis were stage II (N=1), stage III (N=3) and
stage IV (N=1), whereas for the incident interval cases, tumours were diagnosed at stage II
(N=1), stage III (N=2) and stage IV (N=2). At a mean follow-up since diagnosis of 28
months, three of the 15 cases listed in Table 4 died of ovarian cancer. The five occult tumours
detected at BP(S)O (Table 2) were diagnosed at stage I (N=4) and stage II (N=1). Pre-
malignant lesions in prophylactically removed tissue were not the scope of this study, but
were subject of separate hospital-based studies (e.g. Hermsen et al, 2006). In none of the
women who were considered normal at surgery, evidence of tumour growth occurred during
follow-up, so far.

Stages at diagnoses: comparison with cancers in unscreened family members 
If screening were effective, ovarian cancer would be diagnosed at an earlier stage with better
prognosis than would have been the case without screening. We evaluated this potential shift
in stage by comparing the stages at diagnosis of the incident screen-detected tumours with
tumours diagnosed in family members before gynaecological screening was available. In two
centres we could trace 26 family members with ovarian cancer diagnosed before 1990. Stages
at diagnosis were stage I (N=3), stage II (N=3), stage III (N=19) and stage IV (N=1). For the
subgroup of typed or obligate carriers (N=16) the numbers were: stage I (N=2), stage II
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(N=2), stage III (N=12) and stage IV (N=0). Thus, the stage distributions of the screened
and unscreened groups were similar (stage III/IV: 8 in 10 (80%) in the screened group versus
20 in 26 (77%) in the unscreened group). 

Comparison with external reference curves 
If screening were effective, the diagnosis would shift to an earlier age. We evaluated the lead-
time by comparing the observed number of cases with the number expected from age- and
mutation-specific external incidence curves, as estimated in an international dataset, com-
prising women that most likely were less intensely screened (Antoniou et al, 2003). Given
the rising incidence curve at the young ages of the screened group, one would expect the lead
time to result in an increased SIR. However, based on 10 incident cases observed and 6.5
cases expected, the SIR was only 1.5 (95% Confidence Interval (CI) 0.7-2.8) (Table 5). Among
BRCA1 carriers the SIR was 1.7 (95%CI: 0.8-3.1) and among BRCA2 carriers the SIR could
not be estimated with no event observed and 0.5 expected. The SIR was 1.6 (95%CI 0.5-
3.6) if the analysis was restricted to the optimally screened women-years. Since only one case
was tested for 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). 

Discussion

We evaluated the actual gynaecological screening in a consecutive series of 888 BRCA1/2
mutation carriers. Though compliance was reasonably high (compliant for 75% of the
follow-up), gynaecological screening did not seem to be effective, because 1) interval tu-
mours comprised five out of ten incident cancers, 2) all women diagnosed with an interval
tumour had been compliant to annual screening, 3) eight of the ten cancers were diagnosed
at stage III/IV, 4) no difference in stage distribution between incident screen-detected and
interval tumours was found, 5) no difference in stage distribution between incident screen-
detected tumours and tumours diagnosed in family members before 1990 was found, and 6)
in the total group as well as in the compliant group the observed number of ovarian cancers
was not markedly higher than expected from reference curves, based on carriers of which the
majority was most likely not screened. Thus, although we could not formally test efficacy
with mortality as outcome, it is unlikely that annual gynaecological screening will reduce
mortality of ovarian cancer in BRCA1/2 carriers. 
Reported compliance of high-risk women to gynaecological screening proved to vary ex-
tremely among studies (Scheuer et al, 2002; Vasen et al, 2005; Botkin et al, 2003; Lerman et
al, 2000). 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 (Tinley et al, 2004). For instance, in a series of 112 high risk women (29%
BRCA1/2 carriers) adherence to annual TVU’s was only 19%, while in a group of 62 BRCA1/2
carriers adherence was 68% to biannual screening with CA125 (Scheuer et al, 2002). We
found that women were compliant for 75% of their follow-up, but valid reasons like pregnancies
or breast cancer treatments may partly explain why these BRCA1/2 carriers missed or
delayed their annual screening visits. 
TVU and serum CA125 lack adequate sensitivity apart or together (15-71% for TVU/
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CA125) (Laframboise et al, 2002; Scheuer et al, 2002; Meeuwissen et al, 2005; Olivier et al,
2006; Stirling et al, 2005; Tailor et al, 2003) and our finding of 42% for TVU/CA125 is in
accordance with these findings.
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 series, who were
tested positive in a research setting. Most of these women may not have been aware of their
carrier status and thus, 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 inter-
preted with caution. Oral contraceptives strongly protect against ovarian cancer (Antoniou
et al, 2003; Whittemore et al, 2004), and use of oral contraceptives might differ between our
study sample and the reference population. With these limitations in mind, the SIR’s suggest
that the lead-time is very limited in the total and compliant group. 
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 com-
bination 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 CA125 (15-35 U/ml) (Kauff et al, 2005; Meeuwissen et al, 2005; Olivier
et al, 2006; Bourne et al, 1994; Jacobs et al, 1999), and the combined or sequential order of
applying the screening tools (Scheuer et al, 2002; Meeuwissen et al, 2005; Olivier et al, 2006;
Stirling et al, 2005; Jacobs et al, 1999), 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)O differs strongly across various countries (Wainberg et al, 2004). Con-
sequently, the proportion of interval cancers detected during screening varies among studies
from 5/7=71% in the study by Liede (Liede et al, 2002), 1/3=33% in the study by Scheuer
(Scheuer et al, 2002) and 1/6=17% in the study by Vasen (Vasen et al, 2005) (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.
Moreover, the stage distribution in our historical cases supported the lack of a shift to lower
stages by the introduction of screening. In other studies the stage distribution may be more
(Scheuer et al, 2002) or less (Liede et al, 2002) favourable, but power of most studies was
very low (Table 1).
In conclusion, annual gynaecological screening with TVU and CA125 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 CA125 with or without an abnormal TVU. Thus, the question remains, whether
more frequent CA125 measurements would have given better results. Seven of the ten in-
cident 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 gynaecological screening will
be significantly improved by more frequent screening with CA125, though evidence should
come from trials. Hopefully, the search for other tumour markers, for instance by proteomics,
will generate more promising alternatives. In a case-control study, early stage ovarian cancer

NO EFFICACY OF ANNUAL GYNAECOLOGICAL SCREENING IN BRCA1/2 MUTATION CARRIERS

30

Hermsen Proefschrift BW  26-02-2008  23:43  Pagina 30



could be detected by taking three new biomarkers into account. The sensitivity of the
combination of apolipoprotein A1, transthyretin, H4 and CA125 was higher than CA125
alone (Zhang et al, 2004). A combination of four other proteins was identified with micro
array analysis (Mor et al, 2005). However, clinical implementation of such early findings will
need confirmatory and prospective studies in larger groups. In the general population, there
are two major randomised controlled trials being undertaken to assess the impact of
screening on ovarian cancer mortality; the UK Collaborative Trial of Ovarian Cancer
Screening (UKCTOCS) and the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer
Screening Trial in the United States (Menon et al, 2004; Andriole et al, 2004, respectively). 
For now, it is unlikely that annual gynaecological screening with TVU and CA125 will
reduce mortality from ovarian cancer in BRCA1/2 mutation carriers. Prophylactic removal
of the ovaries and fallopian tubes has proven its value as a risk reducing strategy for ovarian
cancer as well as breast cancer (Rebbeck et al, 2002; Kauff et al, 2002; Finch et al, 2006) and
should therefore be the cornerstone in the management of BRCA1/2 mutation carriers, as
long as no other effective screening tool is available.
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Table 2 Reasons not to start or to stop screening (at least annual screening with TVU and CA125) for all 601
BRCA1/2 mutation carriers who visited the gynaecologist at the Family Cancer Clinic in three centres

Table 3 Quality of screening tools used during combined multimodal gynaecological screening of 459 BRCA1/2
carriers during 1116 regular
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Table 4 Cases diagnosed with ovarian cancers among 888 BRCA1/2 carriers during gynaecological screening
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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*

Figure 1 Age distribution at first visit of 683 BRCA1 mutation carriers compared with 200 BRCA2 mutation
carriers
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Figure 2 Flow diagram of the screening process

Hermsen Proefschrift BW  26-02-2008  23:43  Pagina 36



Figure 3 CA125 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
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Abstract 

Introduction 
Serum CA125 levels are commonly used as indicator for ovarian cancer recurrence. However,
its value for the prediction of neoplastic lesions is unknown. The aim of this study was to
investigate whether CA125 concentrations are indicative of adnexal dysplasia and cancer in
women at hereditary high risk of ovarian/tubal cancer. 
Material and Methods
CA125 was obtained from 424 women at hereditary high risk of ovarian/tubal cancer at-
tending the VU University Medical Centre between 1993 and 2005. Serum samples ob-
tained at the second-last (N=64) and last visit before surgery (N=98) were tested in women
who underwent adnexal surgery for diagnostic (N=9) or prophylactic reasons (N=89). Serum
samples obtained from 370 age-matched healthy women were used as controls.
Results
Both the absolute value (P < 0.0001) as well as the serial change (P < 0.0001) of CA125 were
predictive for ovarian cancer (N=8). For adnexal dysplasia (N=23), the absolute value of
CA125 (P = 0.003) was predictive, but the serial change in CA125 was not (P = 0.32). The
odds ratio for adnexal dysplasia versus non-dysplasia in the highest tertile (CA125 levels ≥
14 U/ml) compared to the lowest tertile (CA125 <10 U/ml) was 6 (95%CI 1.32-36.66). 
Conclusions 
In patients at hereditary high risk for adnexal cancer, both the absolute value of serum
CA125 as well as the change in serial CA125 are predictors for ovarian cancer. Remarkably,
the absolute value of CA125 is also predictive for adnexal dysplasia. CA125 values should
therefore be taken into account in the decision towards prophylactic bilateral salpingo-
oophorectomy.
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Introduction 

Ovarian carcinoma is the fourth most common cause of cancer death in women in Western
countries. Currently there is no screening instrument available to efficiently detect ovarian
cancer at an early stage in the general population. Epidemiological studies and the identifi-
cation of germ line mutations in the BRCA1 and BRCA2 genes led to the recognition of a
hereditary predisposition for breast and/or ovarian cancer. As Fallopian tube carcinoma is
part of the hereditary breast/ovarian cancer syndrome (1), the term adnexal cancer, encom-
passing both ovarian cancer and Fallopian tube carcinoma, appropriately defines the predis-
position to disease in this high-risk group (2). Women at hereditary high risk, in particular
BRCA1/2 mutation carriers are advised to undergo screening or prophylactic surgery.
Gynaecological screening usually involves annual pelvic examination combined with trans-
vaginal ultrasonography and tumour marker testing for serum CA125 (3,4). The role of
CA125 measurement for monitoring tumour response to treatment in patients with ovarian
cancer and the detection of recurrences is well established and anchored in the clinic (5). In
contrast, its usefulness as a screening tool for early detection of ovarian cancer in the general
population is limited by false negative (low positivity in early stage ovarian cancer) and false
positive (elevation of the marker in physiological and benign conditions) results (6). This is
also true for women at hereditary high risk of ovarian cancer (7). Premenopausal women have
higher CA125 serum concentrations than postmenopausal women (8), with peak levels at
the time of menstruation (9). For this reason, the usefulness of CA125 as a screening tool in
early detection of ovarian cancer is higher in postmenopausal women (10). Current evaluation
relies on CA125 levels above the cut-off level for normals, but also a rising level over time
within the normal limits may be an indication for the development of ovarian cancer (11).
This all holds for the general population, but the effectiveness of CA125 testing in a high
risk population may differ from those in a normal population due to the higher incidence of
ovarian cancer in the former. 
This study was designed, firstly, to evaluate serum CA125 values in women at hereditary
high risk of ovarian cancer compared to a control population. Secondly, we analysed whether
serum CA125 levels obtained before adnexal surgery could be indicative of dysplasia or
carcinoma in ovarian or tubal epithelium. 

Material and Methods

Study population
In total, 424 women at hereditary high risk for breast/adnexal cancer were attending the
Familial Cancer Clinic of the VU University Medical Centre for annual gynaecological
screening between 1993 and 2005. Clinical geneticists were responsible for a detailed family
pedigree. Hereditary high risk for breast and/or adnexal cancer was based on a pedigree
containing at least one female first-degree relative with breast cancer onset at an early age
(< 35 years), or one female first-degree relative with bilateral breast cancer with first tumour
diagnosed under the age of 50 years, or two women with breast cancer of whom one is
diagnosed before the age of 50 years and one of them is a first-degree relative, or one female
first-degree relative with breast cancer diagnosed under 50 years of age and another woman
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within that same family with adnexal cancer, or a male first-degree relative diagnosed with
breast cancer and within the same family a woman with breast cancer. Pathology reports of
cancer cases in the family were reviewed and revised by a pathologist of the VU University
Medical Centre. 
BRCA1/2 mutations were detected by a combination of protein truncation test (PTT),
denaturing gradient gel electrophoresis (DGGE) and direct DNA sequencing (DS) (12). The
large exons 11 of BRCA1 and 10 and 11 of BRCA2 were screened by PTT, the remaining
exons of both genes were screened by DGGE. If aberrations were detected, DNA sequencing
was used to elucidate the exact mutation. Additionally, we performed multiplex ligation-
dependent probe amplification (MLPA) to screen BRCA1 for exon deletions or duplication
(13). Women with a proven BRCA1/2 mutation in their family but themselves tested
negatively were excluded from analysis (N=33), as well as three women with a personal
history of ovarian cancer. The remaining study population consisted of 388 women at
hereditary high risk for breast/adnexal cancer.
Control serum samples (N=370) were obtained from a serum bank containing samples
obtained from a cohort of 1000 female healthy volunteers who agreed to undergo ultra-
sonography of the pelvis and abdomen to exclude ovarian cancer. Control samples were age
matched (± 1 year) to the study population. As no information on the menstrual history of
controls was available, we defined controls from 52 years and older as postmenopausal, and
otherwise as premenopausal. 
The characteristics of women at first visit (N=388) and controls are summarized in Table 1.
One hundred and twenty seven women from the 264 who underwent DNA testing carried
a BRCA1/2 mutation. No mutation was found in 137 women, and 124 women declined
DNA analysis, including 24 (19%) women with a known BRCA1/2 mutation in the family.
Menopausal status was noted in the medical chart during every visit at the clinic. Three
hundred and eighty-eight women underwent a total of 1376 screening visits that included
both CA125 and transvaginal ultrasound. The women-years of screening were 1152. Eight
cases of ovarian cancer were identified, which gives an annual incidence of 0.007 for ovarian
cancer in this population. During follow up, diagnostic adnexal surgery was performed in 9
women of whom 4 (44%) were BRCA1/2 mutation carriers. Indication to undergo diagnostic
surgery was in 3 cases elevation of CA125 levels, in 1 case an abnormal TVU and in 5 cases
both CA125 and TVU abnormalities. Prophylactic bilateral salpingo-oophorectomy (pBSO)
was performed in 89 women of whom sixty (67%) were BRCA1/2 mutation carriers. Adnexal
tissue pathology is summarized in Table 3. Dysplasia of the ovaries or Fallopian tubes was
defined following the criteria of Fox (14,15) as a multilayering of (non-ciliated) cells with
atypical hyperchromatic nuclei, and mitoses that are often above the basal layer. Also others
have defined dysplasia of the ovary or Fallopian tube as epithelium with nuclear stratification,
loss of polarity, nuclear atypia and increased proliferation (16-18). One gynecologic patho-
logist performed all reviews (PvD). 
The research protocol was approved by the Scientific Committees of the Department of Patho-
logy and the VU University Medical Centre Research Institute for Cancer and Immunology. 

Serum samples
We tested serum samples obtained from 370 controls, as well as from 388 women at
hereditary high risk at first visit to the clinic. Furthermore, we tested serum samples obtained
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at the second-last (N=64) and last visit (N=98) before surgery, from 89 women who under-
went pBSO and 9 women who underwent diagnostic surgery. The last sampling was per-
formed within 12 months of surgery (median 3 months, range 0 to 12 months). The median
interval between the two samples obtained before surgery was 12 months (range 0.6 to 59
months). Serum samples were stored in 300 ml aliquots at -70oC until tested.

CA125 assay
CA125 was measured with the ADVIA Centaur CA125IITM assay according to instructions
provided by the manufacturer. The assay is a two-site sandwich immunoassay using direct
chemiluminometric technology, which uses two purified monoclonal mouse antibodies
specific for CA125. The first antibody, in the lite reagent, is directed toward the M11 anti-
genic domain, and is labeled with acridinium ester. The second antibody, in the solid phase,
is directed toward the OC-125 antigenic domain and is labeled with fluorscein. The im-
munocomplex formed with CA125 is captured with monoclonal mouse anti-fluorescein
antibody coupled to paramagnetic particles in the solid phase. Sensitivity and assay range is
2-600 U/ml. The inter-assay coefficient of variations (CV) at 12 U/ml, 30 U/ml, 150 U/ml
and 450 U/ml were 6%, 4%, 4% and 5%, respectively. As levels observed in this study are
relatively low, special attention was given to the long-term performance at the low level. Over
322 assays a CV of 5.3 was observed at a CA125 level of 15 U/ml. The cut-off level of 35
U/ml (99th percentile of a normal female population ranging from 17 to 79 years of age) used
for the analysis was that provided by the manufacturer.

Statistical analysis
Statistical analysis was performed using SPSS software (version 11.5, SPSS Inc, Chicago, IL).
Differences in CA125 levels between women with a proven BRCA1/2 mutation, other
women at hereditary high-risk, and controls were assessed with the Mann-Whitney U Test.
The effects of age, DNA status, menopausal status, the absolute CA125 level at the last visit,
the interval between this measurement and surgery, the change in CA125 level between last
and second-last visit, and the interval between these two measurements on the presence of
dysplasia or cancer in adnexal tissue were determined by logistic regression analyses, after log-
transformation of CA125 values, which yielded unskewed scores. The regression coefficient
(B), the standard error (SE), and the P-value, were reported. Women who underwent pro-
phylactic surgery were divided into tertiles based on the CA125 level at last visit before
surgery. Association with dysplasia or cancer in the adnexal tissue was measured by odds
ratios. Two-sided testing was applied and the significance level was set at 0.05.

Results

CA125 levels in women at high risk and in controls
CA125 levels are listed in Table 2. The 95th percentiles of CA125 levels for women at here-
ditary high risk and for controls were 29 U/ml and 36 U/ml, respectively. Tumour marker levels
were not significantly different (P = 0.23) between the 388 women at high risk (median 11
U/ml, range 2 to 173 U/ml) and the 370 controls (median 11 U/ml, range 2 to 56 U/ml). 
CA125 was higher (P < 0.0001) in premenopausal women at high risk (median 12 U/ml,
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range 2 to 173 U/ml) than in postmenopausal women at high risk (median 8 U/ml, range 2
to 43 U/ml), and also higher (P < 0.0001) in premenopausal controls (median 11 U/ml, range
2 to 56 U/ml) than in postmenopausal controls (median 9 U/ml, range 3 to 22 U/ml). At
first visit, CA125 was above the 35 U/ml cut-off level recommended by the assay manufacturer
in 11 (2%) women at high risk (median 41 U/ml, range 36 to 173 U/ml), and in 19 (5%)
controls (median 42 U/ml, range 36-56). Nine of these women at high risk were premeno-
pausal. Two of the women had a fibroid uterus apparent at transvaginal ultrasound, one woman
was diagnosed with breast cancer (pT2N0M0) at the time of elevated CA125 (173 U/ml),
two women were pregnant, and transvaginal ultrasound was normal in six women, including
the two postmenopausal women. As for controls, all 19 women were premenopausal. 
CA125 was analysed in relation to age, divided into categories of 5 years, in women at high
risk and controls (Figure 1). In agreement with a previous study (8), a descending trend of
CA125 was seen both in women at high risk and controls after 40 years of age.

CA125 levels before surgery
Pathology results of prophylactic adnexal surgery (N=89) are included in Table 3 and 4.
Dysplasia of the ovarian epithelium was found in 8 cases, and dysplasia of the Fallopian tube
epithelium in 17 cases (three women had dysplasia both in the ovaries and in the Fallopian
tubes). No relation was found between BRCA1/2 mutations and dysplasia: 70% of women
with dysplasia (N=16/23) were BRCA1/2 mutation carriers, and 65% of women with no
lesions (N=41/63) were proven mutation carriers. One ovarian and two Fallopian tube
carcinomas were found at pBSO. 
CA125 in women with adnexal dysplasia was within the normal range (median 14 U/ml,
range 6 to 80 U/ml) but significantly higher (P = 0.002) compared to women with no
adnexal abnormalities (median 10 U/ml, range 4 to 51 U/ml). CA125 in the three women
with occult cancer was also within the normal range (median 15 U/ml, range 11 to 20
U/ml). Sensitivity, specificity and positive predictive value of CA125 levels 14 U/ml for
adnexal dysplasia or occult adnexal cancer was 54%, 75% and 47%, respectively. 
Nine women at hereditary high risk underwent diagnostic adnexal surgery because of an
elevated CA125 level during screening (N=2) or because of an abnormal transvaginal ultra-
sound (N=1) or due to a combination of both (N=6). In five women (3 BRCA1 mutation
carriers) an invasive ovarian cancer was diagnosed; one with FIGO stage I, one with FIGO
stage II, two with FIGO stage III and one with FIGO stage IV disease (Table 4). Further-
more, one woman (BRCA2 mutation carrier) had a borderline ovarian tumour FIGO stage
I and a Brenner tumour was diagnosed in one woman. One woman had dysplasia of the
Fallopian tube and one woman had no abnormalities. A higher level of CA125 (P = 0.03)
was found in the 5 women with ovarian cancer detected at gynecologic screening followed
by diagnostic surgery (median 394 U/ml, range 159 to 1693 U/ml) than in the three women
with occult adnexal malignancies diagnosed during prophylactic surgery (median 15 U/ml,
range 11 to 20 U/ml). 
In the entire group of women who underwent surgery (N=98), age (P = 0.05; B = 0.098; SE
= 0.052) and the absolute value of CA125 (P < 0.0001; B = 1.421; SE = 0.385) were
significant predictors for ovarian cancer (8 out of 98). Women diagnosed with ovarian cancer
at surgery had a median age of 52 years (range 45 to 59 years), and women with no cancer
had a median age of 46 years (range 31 to 67 years). No significant effects were found for
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mutation status (P = 0.74; B = 0.052; SE = 0.156), menopausal status (P = 0.11; B = 1.204;
SE = 0.764) and interval between the time of surgery and the time of CA125 testing (P =
0.61; B = -0.064; SE = 0.126). Figure 2 shows the relationship between specificity and
sensitivity for the absolute value of CA125 without a fixed cut-off level of CA125, re-
presenting an area under the curve of 0.874. The median time between CA125 measurement
and surgery for the eight women with ovarian cancer was 1 month (range 0 to 7 months)
and for the others was 8 months (range 0 to 12 months). The change of CA125 between the
two visits preceding surgery could be measured in 64 women including 5 cases of ovarian
cancer, with a median time between the two measurements of 12 months (range 0.6 to 59
months). This time interval was not significant (P = 0.73). The median time between the
two serum samples for ovarian cancer cases alone was 12 months (range 8.4-18 months). The
change in their serial CA125 values was strongly predictive for ovarian cancer (P < 0.0001;
B = -2.468; SE = 0.466). A model including both the absolute CA125 value and the change
in serial CA125 values could not be estimated due to co-linearity between the absolute
CA125 value and the change in CA125 values. However, the model based on the change in
serial CA125 values had a superior fit (Cox and Snell R2 = 0.42) compared to the model based
on the absolute CA125 values (Cox and Snell R2 = 0.21) (19). The superior fit becomes apparent
from Figure 3 where women without and with ovarian cancer are perfectly separated. 
In the group of women who underwent prophylactic surgery (N=89), the absolute value of
CA125 was a significant (P = 0.003; B = 1.413; SE = 0.514) predictor for the presence of
dysplasia in the adnexal tissue. No significant effects were found for age, DNA status,
menopausal status, and interval between the time of surgery and the time of CA125 testing
(P = 0.44; B = 0.027; SE = 0.035, P = 0.69; B = 0.042; SE = 0.105, P = 0.36; B = -0.482;
SE = 0.539, and P = 0.37; B = -0.069; SE = 0.08, respectively). The change of CA125
between the two serial visits preceding surgery could be measured in 56 women and median
time between the two measurements was 11 months (range 0.6 to 18 months) for women
diagnosed with dysplasia and 12 months (range 2.8 to 59 months) for women with no
lesions. Neither the change in CA125 levels (P = 0.32; B = -1.026; SE = 1.071) nor the
interval between the two serum samples (P = 0.10; B = -0.072; SE = 0.056) was predictive
for dysplasia. Table 5 shows dysplasia and cancer prevalences in prophylactically removed
adnexal tissue separately for CA125 tertile groups. The odds ratio for adnexal dysplasia
versus non-dysplasia in the highest tertile (CA125 levels ≥ 14 U/ml) compared to the lowest
tertile (CA125 <10 U/ml) was 6 (95%CI 1.32-36.66). Cancer prevalence was low.

Discussion

CA125 serum levels are related to ovarian function and decrease with age (8). This normal
decrease with age should be taken into account for the interpretation of results obtained
during gynaecological screening for ovarian cancer: The association between elevated CA125
levels and ovarian cancer is stronger in the post menopause than in the pre menopause
(10,20,21). This factor should also be considered when screening for ovarian cancer over an
extended period of time (22,23). Data available in the literature on CA125 serial serum
measurements refer only to postmenopausal women in the general population (24). The
majority of women at hereditary high risk, however, enter a screening program for ovarian
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cancer already in the pre menopause. In our study CA125 levels in women at hereditary high
risk did not behave differently from controls: CA125 was significantly lower in post-
menopausal than in premenopausal women and CA125 levels decreased with increasing age
in both high risk women and controls. Therefore, as in the general population, in the post
menopause a value within the normal range does not exclude an abnormality in the adnexal
tissue. The majority of CA125 levels at first visit that were above the cut-off were measured
in premenopausal women. This could explain the elevated CA125 in the six women who had
no abnormalities. 
As CA125 values may vary with the commercial test used, it is mandatory to use one and the
same test throughout screening of individual women (25). In our study, CA125 values
obtained at two consecutive visits and measured with the same test were sufficient to predict
ovarian cancer. In agreement with Skates et al. (26), we found that the difference in CA125
levels between two consecutive visits had a higher predictive value for ovarian cancer than
the absolute value of a single measurement. In our study, no ovarian cancer was diagnosed
in women with initial levels of CA125 above the cut-off of 35 U/ml. On the other hand,
women with an increase of CA125 over time were more often diagnosed with ovarian cancer.
The median interval of one year between two measurements of serum CA125, which is in
agreement to screening guidelines, may have an impact on early diagnosis of ovarian cancer.
Three of the five women diagnosed with ovarian cancer at surgery had CA125 levels at the
planned annual screening visit that were well above the cut-off. Two women presented with
abdominal pain three and four months before the planned annual screening visit, with
CA125 levels of 1693 and 394 U/ml, respectively. CA125 levels in all these women were
normal one and a half year before. 
Ovarian cancer can be predicted by both the absolute serum CA125 level and the change in
CA125 levels between two consecutive visits. However, even with yearly screening visits,
ovarian cancer is often diagnosed at an advanced stage, with the consequent high mortality
rate. An upward trend in CA125, measured every three months and plotted on a curve
included in the clinical chart, may contribute to an earlier diagnosis of adnexal cancer. Even
though the exact significance of dysplasia in relation to the developments of ovarian and
Fallopian tube cancer is not yet well defined, prediction of dysplasia leading to prophylactic
surgery could be of importance for the prevention of ovarian cancer. Remarkably, dysplasia
could be predicted on the basis of the absolute value of CA125, which ranked higher in
women diagnosed with dysplasia than in women with no adnexal lesions. The odds ratio for
dysplasia was 6 for women with CA125 equal or higher than 14 U/ml suggesting that this
cut-off value may be taken as an additional parameter towards decision-making in women
considering pBSO. Because differences in CA125 are marginal, CA125 values above this cut-
off and still within the normal range are not in themselves mandatory for pBSO in women
hesitant to undergo the procedure. 
In conclusion, CA125 levels do not behave differently in women at hereditary high risk
compared to controls, and are subject to the same changes caused by age and menopause.
Both the absolute value of serum CA125 as well as the change in serial CA125 are predictors
for ovarian cancer. 
Remarkably, for the presence of dysplasia, the absolute value of CA125 is the best predictor
and should therefore be taken into account as an additional parameter for considering prophy-
lactic bilateral salpingo-oophorectomy, irrespective of age, menopausal status or mutation status.
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Table 1 Characteristics of women at hereditary high risk at first visit and controls
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Women at hereditary high risk
N = 388 (%)

Controls
N = 370 (%)

Carriers
N = 127 (%)

High-risk
N = 261 (%)

Median age (yrs)
Range

40
21 – 70

42
21 – 69

43
20 – 70

Clinical diagnosis:
- Hereditary *
- Familial †

123 (97)
4 (3)

153 (59)
108 (41)

NA

Mutation analysis:
- BRCA1 mutation
- BRCA2 mutation
- No mutation found (inconclusive)
- No assessment

98 (77)
29 (23)

0
0

137 (52)
124 (48)

NA

History of breast cancer:
- No
- Yes

79 (62)
48 (38)

183 (70)
78 (30)

NA

Parity:
- Nulliparous
- Multiparous

42 (33)
85 (67)

70 (27)
191 (73)

NA

Menopausal status:
- Premenopausal
- Postmenopausal

97 (76)
30 (24)

207 (79)
54 (21)

302 (82)
68 (18)

Abbreviations:
* Hereditary = three or more relatives with breast and/or ovarian cancer
† Familial = two relatives with breast and/or ovarian cancer
NA = not applicable
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Table 2 Median CA125 values at first visit in relation to clinical characteristics
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Women at hereditary high risk
N = 388

Controls
N = 370

Carriers
N = 127

High risk
N = 261

Median CA125 value (U/ml)
Range

11
4 – 40

11
2 – 173

11
2 – 56

Clinical diagnosis:
- Hereditary
- Familial

11 (4 – 40)
11 (6 – 24)

11 (2 – 57)
11 (3 – 173)

NA

Mutation analysis:
- BRCA1 mutation
- BRCA2 mutation
- No mutation found (inconclusive)
- No assessment

12 (4 – 40)
10 (5 – 31)

11 (2 –173)
11 (2 – 40)

NA

History of breast cancer:
- No
- Yes

11 (4 – 32)
12 (5 – 40)

11 (2 – 63)
11 (2 – 173)

NA

Parity:
- Nulliparous
- Multiparous

12 (6 – 40)
11 (4 – 32)

10 (3 – 40)
11 (2 – 173)

NA

Menopausal status:
- Premenopausal
- Postmenopausal

12 (4 – 32)*
9 (4 – 40)

12 (2 – 173)**
8 (2 – 43)

11 (2 – 56)**
9 (3 – 22)

Abbreviations:
NA = not applicable
Comparison between pre- and postmenopausal women (Mann-Whitney test):
* = 0.11
** < 0.0001
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Table 3 Clinical characteristics, pathology results and corresponding CA125 levels of women who underwent
adnexal surgery (N = 98)
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Diagnostic
surgery

N = 9

Median
CA125 U/ml
(Range)

Last visit

N = 9

Prophylactic
surgery

N = 89

Median
CA125 U/ml
(Range)

Last visit

N = 89

Surgery
Total

N = 98

Median age at surgery (yrs)
Range

52
34 – 65

46
31 – 67

47
31 – 67

Median time serum sample before
surgery (month)
Range

0.4

0 – 2

3.0

0 – 12

2.8

0 – 12

PA results:
- No abnormalities
- Benign ovarian cyst*
- Dysplasia
- Borderline ovarian tu umo r
- Ovarian cancer
- Fallopian tube cancer

1
1
1
1
5
0

120
174
53
9

394 (159 – 1693)

63
0
23
0
1
2

10 (4 – 51)

14 (6 – 80)

11
18 (15 – 20)

64
1
24
1
6
2

* Brenner tu umo r
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Table 4 Clinical characteristics, CA125 values and ultrasound results of women that developed ovarian cancer
during screening
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1* BRCA1 5 CIS Serous III 20 Normal
2* BRCA2 9 IA Adeno - 11 Normal
3* BRCA1 7 IA Clear cell III 15 Normal

4 No mutation
found

0 IC Serous - 1562 Multi locular cysts

6 6 Normal
18 8 Normal
30 13 Normal
42 18 Normal
52 11 Normal
64 19 Normal
78 11 Normal

5 BRCA1 1 IIB Serous III 1693 Multi locular cysts
11 23 Normal
17 22 Normal
29 30 Normal
41 24 Normal
53 31 Normal
65 18 Normal
78 24 Normal
96 21 Normal
114 25 Normal
137 22 Normal

6 No analysis
performed

0 IIIC Endometroid III 394 Multi locular cysts

9 10 Normal
22 8 Normal
36 8 Normal
48 7 Normal

7 BRCA1 1 IIIC Serous III 159 Multi locular cysts
13 10 Normal
39 8 Normal
51 7 Normal
63 26 Normal
75 20 Normal

8 BRCA1 1 IV Serous III 217 Normal
13 24 Normal
24 20 Normal
37 25 Normal
48 40 Normal
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Table 5 Prevalence and odds ratio for dysplasia or cancer in relation to CA125 levels before surgery in women
at hereditary high risk (N=89) who underwent prophylactic surgery
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CA125
(U/ml)

Total number
of women

Prevalence 95% CI Odds ratio 95% CI

Number of
women with
dysplasia

3 < 10 30 0.1 0.02 – 0.27 1

8 10 – <14 29 0.28 0.13 – 0.47 3.43 0.70 – 22.07

12 14 30 0.40 0.23 – 0.59 6.00 1.32 – 36.66

Number of
women with
cancer

0 < 10 30 0.00 0.00 – 0.12 1

1 10 – <14 29 0.03 0.001 – 0.18 NA

2 14 30 0.07 0.01 – 0.22 NA

Abbreviations:
NA = not applicable
CI = confidence interval
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Figure 1 Median serum CA125 levels measured in women at hereditary high risk and controls in relation to age

Figure 2 Receiver operating curve is displayed for the absolute value of CA125 at last visit before surgery (N=98)
with an area under the curve of 0.874
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Figure 3 CA125 levels in 64 women at hereditary high risk. The absolute value of CA125 in U/ml at last visit
is plotted on the x-axis (log scale), and the relative change in CA125 is plotted on the y-axis (log scale). The relative
change in CA125 is calculated by dividing the CA125 measurement at the last visit by the CA125 measurement
at the previous visit
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The Quest for Ovarian Cancer’s Holy Grail: can CA125 still be the chalice of early
detection?

Since its discovery more than 25 years ago, the CA125 tumour antigen has become the
standard for monitoring ovarian cancer patients’ response to therapy and for surveillance for
recurrent disease. Its usefulness for screening, early detection, and risk prediction, however,
has been limited by both false-positive and falsenegative results. Thus, the quest for an
effective ovarian cancer screening test has become a goal intensely sought after by investi-
gators, both in the clinic and in the laboratory. Two approaches to improve early detection
include evaluating ever more sophisticated uses of CA125 alone, or looking toward the
discovery of novel ovarian cancer biomarkers to augment or replace CA125. We believe that,
despite the work by Hermsen et al. (1) published in this issue of the Journal of Clinical
Oncology, the latter approach, involving new biomarker discovery and multiplexing com-
binations of markers, holds greater promise of successfully achieving this goal. 
Hermsen et al. (1) studied a cohort of 424 high-risk women attending their Family Cancer
Clinic and report on the performance of CA125 in finding early cancers and precancers in
this population. These women were between the ages of 21 and 70 years, and nearly 80%
were premenopausal; approximately one third were known to carry BRCA mutations, and
one third had a prior history of breast cancer. The study’s findings remind us once again of
the many physiologic and benign conditions that can influence an individual’s CA125 value,
such as age, menopausal status, fibroids, and pregnancy (2), all factors that contribute to the
false-positive and false-negative results that hamper CA125’s usefulness in screening (3). 
The authors claim that the change in serial CA125 values, at least the difference between the
last value taken 6 to 13 months before surgery and the one drawn at the time of surgery, was
strongly predictive of ovarian cancer. This change-from-previous measure is one form of a
longitudinal algorithm that has been hypothesized as a potential boon to early detection.
There are others as well, including the Risk of Ovarian Cancer (ROC) algorithm of Skates
et al, which uses a highly complex algorithm to assess specific growth shapes predictive of
cancer (4). Another algorithm used in screening a high-risk population of women (similar to
the one reported here by Hermsen et al) is the Parametric Empiric Bayes (PEB) algorithm
(5,6). The PEB algorithm is intended for CA125 results or novel markers and is, perhaps,
more appropriate for the study population than either the ROC or simple change-score that
the authors applied. In the PEB model, each woman’s complete screening history, not only
her most recent index value, acts as her own control, and the slightest deviation from that
person-specific norm is used to detect elevated values at a fixed specificity. This algorithm is
vastly superior to any single threshold cutoff for CA125 and takes into account the in-
dividual’s underlying nonovarian conditions, such as fibroids or her menopausal status.
It is appealing to think of CA125 as a dynamic marker of ovarian cancer growth in this way.
Its behavior on the ‘down slope’ predicts ovarian cancer cell death and response to therapy,
and its rise on the ‘up slope’ is often the first indication of recurrent disease (7). De novo
ovarian cancer growth has been more difficult to define; however, each of these ‘dynamic’
approaches should certainly be able to improve screening compared to simple threshold-
cutoff approaches. But the field needs to discuss how often they matter in a clinical sense:
how many stage I ovarian cancers can be detected using CA125 alone? Adding to other
evidence against CA125 alone as being sufficient to be clinically relevant is found in Table 4
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of the article by Hermsen et al. (1). The CA125 (and ultrasound) results described therein
are really quite discouraging! The serial CA125 values preceding the diagnosis of ovarian
carcinoma in these six cases do not show any trend that would suggest a precancer screening
window to allow for early intervention. That is, even the most complex and most simple
biomarker rules would have led to the same screening decisions as did the CA125 values in
these index cases. The prediagnostic CA125 values reported do not demonstrate any trend,
up or down, and do not suggest any increased risk of ovarian cancer beyond these women’s
known high risk because of their family histories or BRCA gene mutations. 
Thus, despite the great attention to novel uses of CA125, all attempts are falling short of
demonstrating CA125’s clinical usefulness as an early diagnostic biomarker in this high-risk
group of women. One is left still searching for new markers or a composite of markers that
would point to early diagnosis. 
With the vast majority of women still presenting with advanced metastatic disease, and the
unlikely event that monitoring CA125 alone will make much of a difference, there is an
urgent need for effective means to detect ovarian cancer while it is still confined to the ovary
and imminently curable. This need is, perhaps, best recognized in those women at high risk
for developing ovarian cancer because of their family histories (8). Women who have in-
herited a deleterious germline mutation in BRCA1 or BRCA2 are acutely aware of their
greatly elevated risk. Many have seen family members succumb to the disease. They often
comment that they feel like a ‘ticking time bomb’ in light of the recognized shortcomings of
our currentovarian cancer screening modalities, transvaginal sonography, and CA125 testing.
Furthermore, these women are vulnerable to the hype surrounding novel screening tests that
promise to deliver high sensitivity and specificity for early detection (9,10). It is our re-
sponsibility to safeguard these women by critically evaluating candidate biomarkers and
assuring that appropriate validation studies are performed. 
Hermsen et al. (1) also highlight the importance of recognizing fallopian tube carcinoma as
part of the BRCA mutation phenotype and the need for careful pathologic examination of
the full length of the fallopian tubes in these cases (11,12). They discovered twice the number
of individual fallopian tube dysplasia compared with ovarian epithelial proliferative lesions
in their prophylactic surgery population. Although it remains unclear whether these pro-
liferative epithelial lesions of the tubal epithelium and ovarian surface are indeed the pre-
malignant lesion, the frequency of these findings in the high-risk cohort is noteworthy.
Other investigators have noted that up to 50% of fallopian tubes from BRCA mutation carriers
demonstrate tubal hyperplasia or dysplasia (13,14). Although there may be significant ob-
server bias in these numbers, there is little doubt that the fallopian tubes are at a significant
risk of malignant transformation and that tubal carcinomas are much more common in
BRCA mutation carriers. 
A marker capable of predicting adnexal dysplasia would be a monumental advance for this
disease. Interventions could be provided before the development of cancer. Young women
could delay prophylactic surgery until dysplasia was predicted. The authors claim that an
absolute value of CA125 can fit this bill. In reality, however, their results do not appear to
have any substantial clinical utility. Although the median CA125 values between the dys-
plastic and normal epithelium cohorts reached statistical significance (14 v 10 U/ml), the
ranges of the CA125 values overlapped almost entirely, and this finding has no real clinical
significance. 
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So, the quest for an effective screening test for early ovarian cancer must continue. It’s
heartening to think that there may be a reliable precancerous lesion that could be detected
preoperatively, and this may open up a new avenue for chemoprophylaxis and prevention.
In the meantime, careful validation of candidate biomarkers followed by prospective clinical
trials testing the markers’ performance will be required. Algorithms such as the PEB that
account for longitudinal biomarker changes within an individual woman, and allow for
novel or composite markers’ behavior to be examined as well, should be considered in future
trials. It seems likely that CA125 will remain a part of future ovarian cancer screening
algorithms, but its best partners to achieve the goal of early detection remain elusive.
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Abstract

Introduction
To analyse the prevalence of (pre)malignant lesions occurring in breast and adnexal tissue at
prophylactic removed from women at hereditary high risk of breast and/or ovarian cancer.
Material and Methods
Tissue was obtained from 85 women who underwent prophylactic bilateral salpingo-oophorec-
tomy (pBSO) and from 59 women who underwent prophylactic mastectomy (pM). Control
tissue samples were obtained from women undergoing breast reduction surgery (N=99) or
adnexal surgery for benign reasons (N=72). 
Results
In women with a BRCA1/2 mutation the prevalence of a (pre)malignant adnexal lesion was
50% (95% CI 26-74) if older than 40 years and 14% (95% CI 0-58) if younger. The
prevalences of (pre)malignant breast lesions in women older than 40 years, with and without
a BRCA1/2 mutation were 0% (95% CI 0-16) and 47% (95% CI 21-73), respectively. No
association was found between (pre)malignant lesions in breast and adnexal tissue occurring
in 28 women that underwent surgery on both organs (R = 0.155, P = 0.432), but the
prevalence of lesions was significantly higher in adnexal tissue than in the breast (P = 0.023).
Discussion
Compared to controls, women at hereditary high risk were associated with a higher chance
of (pre)malignant lesions in the breast and an even higher chance of such lesions in the
adnexal tissue. There was no indication for concomitant presence of such lesions in both
organs at the time of prophylactic surgery. The high frequency of (pre)malignant lesions in
the adnexal tissue stresses further the importance of pBSO from the age of 40 onwards in
women at hereditary high risk.
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Introduction

Diagnostic tests that identify individuals with a predisposition to develop a particular disease
evidently raise the question of preventive actions, if any, to be taken. Although most cases of
breast or ovarian cancer occur in women without BRCA1 or BRCA2 mutations (1,2), those
who carry such a mutation have a lifetime risk of invasive breast cancer up to 85% and a
lifetime risk of ovarian cancer up to 40% (3-6) and an increased risk of Fallopian tube cancer
(7-10). Prophylactic mastectomy can reduce the risk of breast cancer by approximately 90%
(11,12), and is also strongly recommended to women with a history of breast cancer to
reduce the risk of contralateral disease (13). Retrospective studies suggest that adnexectomy
could protect against both ovarian (by up to 90%) and breast cancers (by up to 50%) in
genetically predisposed women (14-16). 
A high prevalence of premalignant lesions has been identified in prophylactically removed
breasts from women at hereditary high risk of breast cancer (17-20). Premalignant lesions of
the ovary and Fallopian tube have also been described in prophylactically removed adnexal
tissue. Malignant lesions have been described in up to 17% of prophylactically removed
ovaries (21-22) and to a lesser extent in prophylactically removed Fallopian tubes (23-25).
However, reverse findings suggesting that dysplasia is more common in the Fallopian tube
than in the ovary have been described as well (26). 
In the present study, the distribution of (pre)malignant lesions in both breast and adnexal
tissues will be studied. Here, particular attention is paid to the role of BRCA1/2 status and
age. For patients with both prophylactic mastectomy and adnexectomy, it will be studied
whether (pre)malignant lesions are concomitantly present in removed breast and adnexal
tissue. 

Material and Methods

Study population
The study population consisted of women at hereditary high risk of breast and/or ovarian
cancer based on their family history or established BRCA1 or BRCA2 germline mutations,
who underwent prophylactic surgery as part of the cancer preventive strategy at the Family
Cancer Clinic of the VU University Medical Centre, between 1993 and 2003. Prophylactic
mastectomy was proposed to women above 30 years of age. If there was a history of pervious
or concurrent unilateral breast cancer, only mastectomy of the unaffected breast was
considered prophylactic (19). Prophylactic bilateral salpingo-oophorectomy was considered
when childbearing was completed and/or the age of 40 years was reached. Medical records
were reviewed for results of physical examination, radiological examinations (mammography
and/or MRI of the breast) and transvaginal ultrasonography of the pelvis, to ascertain that
the operations were purely prophylactic and not for diagnostic or therapeutic reasons. Only
a minority of women (N=6) had a MRI scan before prophylactic surgery as part of a
prospective study (27). Women who had had no menstrual period for 12 months or more at
the time of surgery were defined as postmenopausal; otherwise, they were classified as pre-
menopausal.
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Pedigree analysis was performed for each individual. A clinical diagnosis of hereditary breast/
ovarian cancer syndrome (HBOC) was assigned to those individuals belonging to a family
with three or more cases of breast and/or ovarian cancer present in two generations, and a
clinical diagnosis of familial breast/ovarian cancer syndrome (FBOC) to those individuals
belonging to a family with two cases of breast and/or ovarian cancer. Patients with breast or
ovarian cancer and with no family history of the disease were classified as sporadic.
BRCA1/2 mutations were detected by a combination of protein truncation test (PTT),
denaturing gradient gel electrophoresis (DGGE) and direct DNA sequencing (DS) (28). The
large exons 11 of BRCA1 and 10 and 11 of BRCA2 were screened by PTT; the remaining
exons of both genes were screened by DGGE. If aberrations were detected, DNA sequencing
was used to elucidate the exact mutation. Additionally, we performed multiplex ligation-
dependent probe amplification (MLPA) to screen BRCA1 for exon deletions or duplication
(29). All mutations presented in this paper were proven pathogenic mutations (frameshifts,
nonsense mutations, splice site mutations, exon deletions). Patients carrying unclassified
variants were incorporated in the group ‘no mutation detected’.
The control study population consisted of two groups, a first one to compare with the pM
study population, and a second one to compare with the pBSO study population. The pM
control group (N=99) consisted of healthy women who underwent breast reduction surgery
at our institute for cosmetic or medical reasons (e.g. back pain), and who were not at
hereditary high risk of breast cancer. Median age was 43 years (range 27-62). Whenever
possible, two age-matched healthy controls (N=80) were included for each patient that
underwent pM (N=40), otherwise one age-matched control (N=19) was included. The
pBSO control group consisted of patients who underwent adnexectomy for benign reasons,
such as sterilization or together with hysterectomy for uterine leiomyoma. Control Fallopian
tubes were obtained from 72 women and ovaries from 19 women. Median age was 37 years
(range 23-79). All charts were reviewed for preoperative history and clinical work-up to
ensure the correct assignment to the control group.

Specimens
The gross examination of the tissues obtained by prophylactic mastectomy involved free
hand, sequential sectioning of tissue into 4-5 mm segments and careful inspection. Any
abnormal area was embedded in paraffin. In the absence of an abnormality, 1 to 2 random
tissue blocks were taken from each of the four quadrants and the nipple area. Specimen
radiography was not performed, since all patients included in this study had unremarkable
results on their preoperative mammograms. A mean of 6 (range 1-22) and 11 (range 2-33)
samples were obtained from the adnexal and the breast tissue, respectively. A mean of 3
(range 2-4) and 6 (range 2-13) samples were obtained from the control adnexal tissue and
the breast reduction material, respectively.
Breast lesions were classified according to the criteria of Page as hyperplasia of usual type
(DHUT), atypical lobular hyperplasia (ALH), atypical ductal hyperplasia (ADH) and lobular
carcinoma in situ (LCIS) (30). Ductal carcinoma in situ (DCIS) was classified according to
the criteria of Holland et al. (31). Lesions in the ovaries and Fallopian tubes were classified as
dysplasia or invasive carcinoma (32). More specifically, dysplastic lesions were defined as epithelium
with nuclear stratification, loss of polarity, nuclear atypia and increased proliferation (26,33).
A pathologist specialized in gynaecological and breast malignancy performed all reviews (PvD). 
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The anonymous use of this leftover tissue for scientific purposes is part of the standard treat-
ment agreement with patients in our hospital (opt-out system). The research protocol was
approved by the Scientific Committees of the Department of Pathology and the VU Uni-
versity Medical Centre Research Institute for Cancer and Immunology. 

Statistical Analysis
Differences between prevalence of histological lesions in patients and controls were assessed
using Cochran’s Mantel-Haenszel test where data were stratified in three age groups (≤ 40,
41-50, >50 years). Association between clinical diagnosis and histopathological findings were
analysed using Fisher exact test. Spearman rank correlation coefficients were computed to
investigate the association between histological lesions in breast tissue and adnexal tissue in
one and the same woman. In women with prophylactical removal of breast and ovary, a
difference in prevalence of (pre)malignant lesions in breast and adnexal tissue was assessed
by McNemar’s test.
By logistic regression analyses, the effects of BRCA status, personal history of breast cancer,
and a dichotomised age variable (1 if older than 40 years and 0 otherwise) on tissue ab-
normality were determined. For the prevalences of histological (pre)malignant lesions, 95%
exact binomial confidence intervals were computed. Two-sided testing was applied and the
significance level was set at 0.05.

Results

Patient characteristics 
The clinical characteristics of the study population are summarized in Table 1. Women at
hereditary high risk of breast and/or ovarian cancer who underwent prophylactic surgery were
studied in two groups: women who underwent prophylactic bilateral salpingo-oophorectomy
(N=85) and women who underwent prophylactic mastectomy (N=59). Twenty-eight women
underwent both types of prophylactic surgery. In 10 women both operations were performed
in one surgical session; in 11 women pBSO was performed before pM (median interval time
11 months, range 3-32), and in seven women after pM (median interval time was 7 months,
range 5-160).
There were significantly more BRCA1/2 mutation carriers (P = 0.001) in the group of women
who opted for both surgeries (89%) than in the group of women who only underwent pM
(60%) or pBSO (45%). In close relation with this, the clinical diagnosis of hereditary cancer
syndrome (three or more persons with cancer in two generations) was more frequently found
in the group of women who underwent both prophylactic surgeries versus familial or sporadic
cancer syndrome (P = 0.07). Other clinical characteristics did not differ significantly. History
of breast cancer played an important role in the decision to undergo prophylactic surgery.
Sixty-two out of the 116 women in the study population (53%) had a personal history of
breast cancer. None of these women had clinical evidence of disease. None of the women in
the study had a history of ovarian cancer.
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Histopathologic findings in adnexal tissue
Histopathological findings in adnexal tissue are presented in Table 2a. No (pre)malignant
adnexal lesions were detected in the control group in contrast with 32/85 (38%) women who
underwent pBSO. Dysplasia of the ovaries was found in eight women (9%). No ovarian
cancer was detected. Dysplasia in the Fallopian tubes was detected in 27/85 (32%) women
in the pBSO group and was significantly higher than in the control group (P < 0.0001). In
the pBSO group, one woman with tubal adenocarcinoma was detected (Figure 1). In two
women, the dysplasia of the Fallopian tube was classified as severe (i.e. carcinoma in situ).
The prevalence of adnexal lesions did not differ significantly between proven BRCA1/2
mutation carriers and women in whom no mutation was detected (26/59 vs. 10/26, re-
spectively; P = 0.807). Seventy-seven percent (21/27) of women with tubal dysplasia and the
one person with tubal adenocarcinoma occurred in women with a proven BRCA1/2 mutation.
We analysed the lesions in prophylactically removed adnexal tissue in relation to the specific
type of mutation in the BRCA1/2 genes (Table 3). In total 30 different mutations were
detected and 16 (53%) were associated with premalignant lesions. No clustering of particular
lesions with specific mutations could be found. Only one BRCA1 germline mutation was
associated with lesions in both the ovaries and Fallopian tubes. The BRCA2 germline
mutation present in the woman with Fallopian tube carcinoma was also found in two other
cases with dysplasia of the Fallopian tube. In 30 out of 68 (44%) women with a clinical
diagnosis of hereditary cancer syndrome, abnormalities were detected in adnexal tissue. In
women with a familiar syndrome and sporadic cancer, frequencies of adnexal abnormality
were 2/12 (16%) and 3/5 (40%), respectively. These frequencies were not significantly
different (P = 0.139). The distribution of adnexal abnormalities did not differ significantly
between women with or without a personal history of breast cancer. Eighteen out of 42
(43%) women with a personal history of breast cancer had adnexal lesions compared to 18
out of 43 (42%) women without a personal history of breast cancer (P = 0.899).
We analysed the frequency of premalignant lesions of the adnexal tissue in women with a
family history of only breast cancer (HBC, N=17) as compared to women with breast and
ovarian cancer in the family (HBOC, N=49). One woman with dysplasia of the ovary and
six women with dysplasia of the Fallopian tube were detected in the HBC group, and seven
cases of dysplasia of the ovary and 16 cases of dysplasia of the Fallopian tube were detected
in the HBOC group. These differences were not significant (P = 0.360 and P = 0.842 for
ovarian and Fallopian tube dysplasia, respectively).
By univariate logistic regression analyses of the presence of premalignant lesions or worse, we
did not find an effect of BRCA1/2 status (χ2 (1) = 0.488; P = 0.485), age (split at 40 years;
χ2 (1) = 0.998; P = 0.318) or personal history of breast cancer (χ2 (1) = 0.007; P = 0.932).
In a multivariate logistic regression model with BRCA1/2 status, age and the interaction
between these two predictors, we found a positive interaction effect (χ2 (1) = 5.789; P =
0.016), showing that the positive effect of BRCA1/2 status on the presence of a lesion is
higher in women older than 40 years. For women with a positive BRCA1/2 status, the
prevalence of histological abnormality was 50% (95%CI 26-74) if older than 40 years and
14% (95%CI 0-58) if younger. In one of the three women with no mutation detected, a
premalignant lesion was detected.
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Histopathologic findings in breast tissue
Breast tissue lesions were present in 30/59 (51%) women that underwent pM (Table 2b).
Ductal hyperplasia of usual type (DHUT was found in 25/59 (42%) women of the pM
group, and in 27/99 (27%) women of the control group (P = 0.053). Five women (8%) of
the pM group had atypical hyperplasia (ADH: three women, ALH: two women), whereas
only one in woman of the control group ALH (1%) was found (P = 0.05). Furthermore,
three carcinoma in situ (5%), of which one was DCIS and two LCIS, and three women with
invasive ductal carcinoma (5%) were found in the pM group, in contrast with none in the
control group. 
The frequency of DHUT in breast tissue did not differ significantly between proven BRCA1/2
mutation carriers and women in whom no mutation was detected (14/39 vs. 11/20, respectively;
P = 0.16). Premalignant lesions were more often detected in women with no mutation
detected than in women with a proven mutation. Atypical hyperplasia was present in 4/20
women and 1/39 with no mutation detected (P = 0.041). All three carcinomas in situ were
present in women with no mutation detected (P = 0.035). However, after excluding the
women who declined DNA assessment (N=4), these differences were no longer significant.
Two of the three invasive ductal carcinomas occurred in women with no proven mutation.
In relation to the clinical diagnosis, the occurrence of DHUT did not differ significantly
between hereditary and familial cancer syndromes (19/49 vs. 6/9, respectively; P = 0.1204).
Premalignant and malignant lesions were, just as in the adnexal tissue, not significantly
differently distributed between hereditary and familial cancer syndromes (8/49 vs. 3/9,
respectively; P = 0.463). DHUT was detected in 19/34 (56%) women with a history of
breast cancer and in 6/25 (24%) women with no history of breast cancer (P = 0.018).
However, the distribution of premalignant and malignant lesions in the breast did not differ
significantly between women with or without a personal history of breast cancer. Four out
of 34 (12%) women with a personal history of breast cancer had a premalignant lesion
compared to 4/25 (16%) without a personal history of breast cancer (P = 0.64). From the
34 women with a history of breast cancer, no mutation was detected in 16 cases and in 4
women, premalignant lesions of the breast were observed. In the 18 proven carriers with a
history of breast cancer no premalignant lesions of the breast were found (P = 0.02)
By univariate logistic regression analyses, we found a negative effect of BRCA1/2 status on
the presence of a premalignant lesion or worse in the breast (χ2 (1) = 8.722; P = 0.0031) but
did not find an effect of age (split at 40 years; χ2 (1) = 1.339; P = 0.247) nor of personal
history of breast cancer (χ2 (1) = 0.019; P = 0.892). In addition, in a multivariate logistic
regression model with BRCA1/2 status, age and the interaction between these two
predictors, we found a negative interaction effect (χ2 (1) = 8.035; P = 0.005). This indicates
that the negative effect of BRCA1/2 status on the presence of a lesion in the breast is
particularly present in women beyond the age of 40 years. If atypical ductal and lobular
hyperplasia were left out, significance was still retained. By univariate logistic regression
analyses, we found a negative effect of BRCA1/2 status on the presence of a malignant lesion
in the breast (χ2 (1) = 4.927; P = 0.026) but no effect of age (split at 40 years; χ2 (1) = 0.902;
P = 0.342) nor of personal history of breast cancer (χ2 (1) = 0.013; P = 0.910). In addition,
in a multivariate logistic regression model with BRCA1/2 status, age and the interaction
between these two predictors, we found a negative interaction effect (χ2 (1) = 3.928; P =
0.048).
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The prevalences of (pre)malignant lesions in women older than 40 years with no mutation
detected and with a proven BRCA1/2 mutation were 47% (95%CI 21-73) and 0% (95%CI
0-16), respectively. In two out of 23 women ≤ 40 years, a (pre)malignant lesion was detected.
Both of them had a BRCA1/2 mutation.
In the group of women who underwent both prophylactic operations (N=28), no significant
correlation was found between the occurrence of premalignant lesions in the breast and in
the adnexal tissue (R = 0.155, P = 0.432), but the prevalence of lesions was significantly
higher in the adnexal tissue than in the breast (P = 0.023).
Fifteen women did not have any lesion in either tissue, 11 women had lesions in the adnexal
tissue without any abnormality in the breast, and one woman had a premalignant lesion in
the breast and no lesion in the adnexal tissue. The woman diagnosed with invasive ductal
carcinoma at prophylactic mastectomy had no adnexal tissue abnormalities. There were no
women with premalignant lesions in both breast and adnexal tissue.

Discussion

Women with a proven germline mutation of the BRCA1/2 gene are advised to participate in
screening programs in order to detect breast and/or ovarian cancer at an early stage. In
addition, prophylactic salpingo-oophorectomy and mastectomy are options to reduce the
risk of developing cancer. In agreement with a previous study (26), we found premalignant
lesions not so much in prophylactically removed ovaries but rather in the Fallopian tube.
This high frequency of dysplasia is not in accordance with the low incidence of Fallopian
tube carcinoma in the general population (0.3% of all gynaecological, but it reflects the
relative high frequency of tubal carcinoma (43%) among cases with hereditary adnexal
cancer diagnosed during prophylactic adnexectomy (34). Alternatively, the high frequency of
Fallopian tube dysplasia in individuals at hereditary high risk lends weight to the hypothesis
that ovarian carcinoma may originate in tubal mucosal cells (26,35). Furthermore, CGH
data that showed similar patterns of allelic gains and losses in Fallopian tube carcinoma and
ovarian cancer suggest a common origin for both entities (36). Additionally, an association
was found between peritoneal papillary serous carcinoma and prophylactic surgery involving
only the ovaries, i.e. with preservation of the Fallopian tubes (37). These findings point to
the importance of removing the Fallopian tubes together with the ovaries to adequately
reduce the risk of adnexal cancer in individuals at hereditary high risk. Especially after the
age of 40 years, women should be advised to undergo prophylactic salpingo-oophorectomy
considering the increasing chance of underlying premalignant lesion in the adnexal tissue
with increasing age. This chance was 14% before the age of 40 years and 50% beyond 40
years. Molecular studies have been designed to determine the malignant potential of ab-
normal changes in female adnexal tissue. Expression of differentiation and proliferation
related proteins in epithelium of prophylactically removed ovaries revealed increased ex-
pression of p21, p27 an ER-alpa (38). In a larger study, there were no significant differences
in the expression of p16, BCL2, Ki67, p27 and SKP2 between high risk ovaries an a benign
control group (39).
The multistep model of carcinogenesis in the breast suggests a transition from normal epi-
thelium to invasive breast carcinoma via non-atypical and atypical hyperplasia and in situ
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carcinoma (40-42). Risk of breast cancer associated with premalignant lesions varies
according to the type of hyperplasia and menopausal status (43,44). The frequency of pre-
malignant lesions of the breast found in our study (14%) is in agreement with that reported
in the literature (19,20), with the exception of the high frequency of premalignant lesions
observed by Hoogerbrugge and colleagues (17). A personal history of breast cancer had no
influence on the incidence of premalignant lesions detected in our study. The frequency of
DHUT (29%), a proliferative lesion without atypia was also in agreement with the findings
observed in the largest study on benign breast diseases (30% of the women who received a
diagnosis of benign breast disease had DHUT) (45). 
The indication to undergo prophylactic surgery is less clear in those women with a strong
family history of cancer but in whom a BRCA1/2 mutation could not be identified. In those
women, the risk of developing cancer in the breast and/or adnexal tissue is difficult to
establish. Additional features for risk assessment, specifically based on histopathologic findings
in overtly normal organs at risk, are therefore warranted. The presence of premalignant
lesions in prophylactically removed tissue in individuals with no mutation would give
strength to the argument to undergo prophylactic surgery based only on a family history of
breast and/or ovarian cancer. Furthermore, insight into the occurrence of premalignant
lesions could direct us to the genotype/phenotype correlation in women at hereditary high
risk of cancer and hence give direction to further research regarding hereditary oncogenesis.
A mutation in one of the BRCA genes is associated with a high risk of developing breast
cancer. However, in our study, premalignant lesions of the breast were more frequently
present in women where no BRCA1/2 mutation was detected with the currently accepted
methods of DNA analysis. This observation suggests that other, still unknown genetic
mutations may be at play, or that epigenetic factors, body weight, exercise and parity are of
importance for the development of breast cancer (46). On the other hand, the low number
of premalignant breast lesions in BRCA1/2 mutation carriers could be explained by an
accelerated progression from premalignancy to carcinoma (20,47). We also found that the
chance of a (pre)malignant underlying lesion of the breast decreases by age in BRCA1/2
mutation carriers and none of those women older than 40 years had a (pre)malignant lesion.
A possible explanation is that women older than 40 years contained in the data set have a
relatively low risk of developing breast cancer since they reached the age of 40 without
malignancy in the prophylactically removed breast. Furthermore, the fact that premalignant
lesions of the breast were observed in relatively older women without demonstrable BRCA1/2
mutation might suggest that the premalignant lesions found are actually precursors of
sporadic breast cancer rather than of hereditary breast cancer. However, the latter suggestion
is somewhat speculative and we did not find any precursor lesions in the age-matched
controls above 40 years. The advice could then be less stringent in the direction of pro-
phylactic mastectomy, especially when a pBSO will be performed to further reduce the risk
of breast cancer. 
Furthermore, breast tissue obtained by breast reduction surgery as controls tissue has some
limitations since it usually does not include the retroareolar mammary ducts. However,
mamma reduction tissue is the best control material ethically obtainable.
Double primary tumours of the breast and ovary have rarely been reported in women with
a BRCA1/2 mutation (48-51). In agreement with these observations, we found no con-
comitancy of premalignant lesions in prophylactically removed breast and adnexal tissue
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from the same individual. Theoretically, one would expect premalignant changes to occur in
both types of tissues at risk once BRCA1/2 function is suppressed. These constitute the first
results published on pathological examination of breast and adnexal tissue obtained from one
and the same individual. Because pBSO has an influence on the reduction of breast cancer
risk, the results may have been influenced by not excluding from the present study women
who underwent pBSO before pM. However, we considered the interval between pBSO and
pM to be too short to influence the results, and have therefore not excluded these cases. The
fact that lesions were not concomitantly found in prophylactically removed tissues should be
regarded with caution as this is based upon a small number of women included in the
analysis and in view of the age at removal. Women who opted for both surgeries were not
younger (median age was 45 years) than women with pM only (median was 42 years). Women
with pBSO only were the oldest (median was 48 years). The absence of concomitancy of pre-
malignant lesions suggests a preference for a particular target organ in individuals at hereditary
high risk of breast and ovarian cancer, possibly depending on the type of BRCA1/2 mutation
or other (epi)genetic events (e.g. single nucleotide polymorphisms). On the other hand, if the
‘other’ target organ would have remained in situ, premalignant lesions could have developed
in time. Nevertheless, there seems to be a preference for early development of (pre)malignant
lesions in either breasts or adnexes. This would imply that uniform preventive measures, be
it surgical or medical, may not be applicable and that a subset of women at risk would only
need one type of surgery. 
The decision to undergo prophylactic surgery is taken to reliably reduce the risk of cancer.
Undergoing both types of prophylactic surgery is an option not often chosen, possibly
because of the psychological and esthetical impact of loosing both the breasts and the ovaries.
Although pM statistically reduces the chances of a woman to develop breast cancer, the
possibility of significant physical and psychological discomfort remains (52-57).
Prophylactic bilateral salpingo-oophorectomy reduces the risk not only of ovarian cancer but
also of breast cancer (15) and possibly is psychologically a more acceptable risk reduction
strategy (53-57). Prophylactic bilateral salpingo-oophorectomy is an option in young women
with a strong family history but no proven BRCA1/2 mutation to reduce the risk of both
breast and adnexal cancer.
In conclusion, compared to controls, hereditary high risk of breast/ovarian cancer was associated
with a high chance of (pre)malignant lesions in the breast and an even higher chance of such
lesions in the ovary and Fallopian tubes. Our study did not support the hypothesis of con-
comitant occurrence of premalignant lesions in both organs in women at hereditary high risk
of breast and ovarian cancer.
The high frequency of (pre)malignant lesions in the adnexal tissue stresses further the
importance of prophylactic bilateral salpingo-oophorectomy from the age of 40 onwards in
women at hereditary high risk.

LOW PREVALENCE OF (PRE)MALIGNANT LESIONS IN THE BREAST AND HIGH PREVALENCE IN THE OVARY AND FALLOPIAN TUBE

78

Hermsen Proefschrift BW  26-02-2008  23:43  Pagina 78



Table 1 Clinical characteristics of women at hereditary high risk of breast/ovarian cancer women who opted for
prophylactic bilateral salpingo-oophorectomy (pBSO) or mastectomy (pM) and the control group
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PATIENTS CONTROLS
pBSO

N = 85
(%)

pM

N = 59
(%)

Total *

N = 116
(%)

Breast
reduction
N = 99
(%)

Fallopian
Tube
N = 72
(%)

Ovarian
tissue
N = 19
(%)

Median age (yrs)
Range

48
33 – 64

43
30 – 64

43
27 – 62

37
23 – 79

48
30 – 79

Clinical
diagnosis†:
Hereditary
HBOC
HBC
HOC
Familial
Sporadic

68 (80)
49 (72)
17 (25)
2 (3)
12 (14)
5 (6)

49 (83)
31 (63)
16 (33)
2 (4)
9 (15)
1 (2)

91 (78)
63 (69)
25 (27)
3 (3)
20 (17)
5 (4)

NA NA NA

BRCA1/2
mutation carriers

59 (69) 39 (66) 73 (63) 0 0 0

No mutation
detected

26 (31) 20 (34) 43 (37) 0 0 0

Premenopausal 48 (56) 37 (63) 71 (61) NA NA NA

Postmenopausal 37 (44) 22 (37) 45 (39) NA NA NA

History of breast
cancer

Yes
No

43 (51)
42 (49)

34 (58)
25 (42)

62 (53)
54 (47)

0
99 (100)

0
72 (100)

0
19 (100)

History of
ovarian cancer No 85 (100) 59 (100) 116 (100) 99 (100) 72 (100) 19 (100)

Parity Yes
No
Unknown

70 (82)
15 (18)

45 (76)
14 (24)

91 (78)
25 (22)

67 (68)
15 (15)
17 (17)

54 (75)
15 (21)
3 (4)

12 (63)
5 (26)
2 (11)

Abbreviations:
NA, not applicable
* 28 women underwent both prophylactic surgeries
† HBOC, three patients with breast or ovarian cancer in two generations
HBC, three patients with breast cancer in two generations
HOC, three patients with ovarian cancer in two generations
Definitions:
Hereditary = three or more relatives with breast and/or ovarian cancer;
Familial = two relatives with breast and/or ovarian cancer;
Sporadic = only one patient in the family with breast and/or ovarian cancer
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Table 2a Lesions in prophylactically removed female adnexal tissue (pBSO) from women at hereditary high risk
and in female adnexal tissue from the control group

Table 2b Lesions in prophylactically removed breast tissue (pM) from women at hereditary high risk and in
breast tissue from the control group
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pBSO

N = 85

Control group
Ovary
N = 19

Control group
Fallopian tube
N = 72

P-value*

Dysplasia ovary 8 0 ns (0.397)

Dysplasia tuba 27 0 < 0.0001

Ovarian carcinoma 0 0 #

Tubal carcinoma 1 0 #

* Indicates the significance between lesions in the pBSO group and the control group
ns = not significant
# = no statistics computed

pM
N = 59

Control group
N = 99

P-value*

DHUT 25 27 0.053

ALH / ADH 5 1 0.050

LCIS / DCIS 3 0 0.095

Ductal adenocarcinoma 3 0 0.101

*Indicates the significance between lesions in the pM group and the control group

pBSO

N = 85

Control group
Ovary
N = 19

Control group
Fallopian tube
N = 72

P-value*

Dysplasia ovary 8 0 ns (0.397)

Dysplasia tuba 27 0 < 0.0001

Ovarian carcinoma 0 0 #

Tubal carcinoma 1 0 #

* Indicates the significance between lesions in the pBSO group and the control group
ns = not significant
# = no statistics computed

pM
N = 59

Control group
N = 99

P-value*

DHUT 25 27 0.053

ALH / ADH 5 1 0.050

LCIS / DCIS 3 0 0.095

Ductal adenocarcinoma 3 0 0.101

*Indicates the significance between lesions in the pM group and the control group
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Table 3 Frequency of particular BRCA1/2 mutations in relation to dysplastic lesions in adnexal tissue
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Type of mutation Dysplasia
Ovary

(N/Total)

Dysplasia
Fallopian tube
(N/Total)

BRCA1 1411dupT † 0/4 0/4

BRCA1 153C>T (Q12X) 0/1 1/1

BRCA1 187 _ 188delAG* 0/7 1/7

BRCA1 2138delA 0/2 1/2

BRCA1 2312_2316del5 0/1 0/1

BRCA1 2457C>T (Q780X)† 1/2 1/2

BRCA1 2804_2805delAA 0/1 1/1

BRCA1 2804_2805delAA† 0/10 3/10

BRCA1 2813_2814insA 0/1 0/1

BRCA1 2841G>T (E908X) 0/1 0/1

BRCA1 3108_3109dupAA 0/1 1/1

BRCA1 5385dupC* 0/5 1/5

BRCA1 5396+1G>A 2/2 0/2

BRCA1 5622C>T (R1835X) 0/1 0/1

BRCA1 3939dupG 0/3 0/3

BRCA1 exon 13† 0/1 0/1

BRCA1 del exon 22† 0/6 2/6

BRCA2 1430C>G (S401X) 0/1 0/1

BRCA2 1538_1541del4 1/2 0/2

BRCA2 2127_2128insTT 0/2 2/2

BRCA2 3821delA§ 0/1 1/1

BRCA2 5441del4‡§ 0/3 2/3

BRCA2 5910C>G (Y1894X)§ 0/1 0/1

BRCA2 6085G>T (E1953X)§ 0/1 0/1

BRCA2 6174delT*§ 0/3 1/3

BRCA2 6580_6581delGT§ 0/1 0/1

BRCA2 7320delA 0/1 0/1

BRCA2 9481_9482insA 0/2 2/2

BRCA2 exon 11 0/1 0/1

BRCA1 and BRCA2 mutation sequences were unknown in four and in one case, respectively
* Ashkenazi Jewish founder mutations
† Dutch founder mutations
‡ One case of Fallopian tube carcinoma
§ Ovarian Cancer Cluster Region (OCCR)
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Figure 1 FIGO stage I Fallopian tube carcinoma diagnosed in a woman with BRCA1 mutation
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V
Chapter

Lobulitis is a frequent finding in prophylactically removed
breast tissue from women at hereditary high risk of breast cancer
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Abstract

Introduction
The aim of this study was to investigate closely the nature of premalignant lesions that occur
in prophylactically removed breast tissue from patients at hereditary high risk of breast cancer. 
Patients and Methods
Breast tissues obtained from 41 patients who underwent prophylactic mastectomy (pM) be-
cause of a hereditary high risk of breast cancer and control tissues from 82 age-matched healthy
controls who underwent breast reduction surgery were screened for premalignant lesions. 
Results
Premalignant and malignant lesions were more frequent (P = 0.0016) in pM samples (5/41)
than in controls (1/82). Interestingly, lobulitis, defined as more than 100 lymphocytes
and/or plasma cells per lobule in more than one section in morphologically normal lobules,
was encountered in 21 of 41 (51%) pM patients, in contrast to only 8 out of 82 (10%) con-
trols (P < 0.0001). Preliminary observations indicate a predominance of T-cells in these
infiltrates, in agreement with the already known frequent presence of lymphocytic infil-
tration in hereditary ductal in situ and infiltrating ductal/medullary carcinomas.
Discussion
This novel finding implies an immune reaction to an as yet unidentified antigen frequently
present in women at hereditary high risk of breast cancer, possibly as part of an early
carcinogenic event.
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Introduction 

About 5% of women with breast cancer carry a mutation in the BRCA1 or BRCA2 genes
(1,2) and therefore have a 56-87% lifetime risk of invasive breast cancer (3-5). At present, pro-
phylactic mastectomy (pM) is together with prophylactic bilateral salpingo-oophorectomy
(pBSO) a proven method for prevention of breast cancer in this high-risk population (6,7).
A high prevalence of premalignant lesions has been identified in prophylactically removed
breasts from women at hereditary high risk for breast cancer (8). Study of these lesions may
reveal carcinogenic pathways specific for hereditary breast cancer and more knowledge of
these pathways could identify novel therapeutic targets. The aim of this study was to closely
investigate the nature of premalignant lesions that occur in prophylactically removed breast
tissue of patients at hereditary high risk of breast cancer. 

Material and Methods

Study population
The study population consisted of 41 patients attending the Family Cancer Clinic of the VU
University Medical Centre between 1993 and 2003 that underwent prophylactic
mastectomy (pM) because of a BRCA1 (N=18) or BRCA2 (N=7) germline mutation (total
N=25) or a family history strongly supportive of hereditary high risk for breast cancer
(N=16). The median age was 45 years (range 30-60 years). Medical records were reviewed to
ascertain that breast surgery was indeed purely prophylactic and not performed for diagnostic
reasons. After informed consent, BRCA1/2 mutations were detected by the protein truncation
test (PTT) followed by direct DNA sequencing. The control group consisted of two age-
matched controls for each patient undergoing pM, giving a total of 82 healthy women who
underwent breast reduction in the same period of time. 

Specimens
The gross examination of the tissues obtained by prophylactic surgery involved careful in-
spection and free hand sequential sectioning of tissue into 4-5 mm segments. Any abnormal
area was embedded in paraffin. In the absence of an abnormality, random tissue blocks were
taken from each of the four quadrants and the nipple area. A mean of 11 (range 2 to 33)
blocks were obtained from the breast tissue, and one haematoxylin and eosin (H&E)-stained
slide was made from each block. For breast reduction specimens, a mean of six (range 2 to
13) paraffin blocks samples were obtained from the control breast tissue, and one H&E-
stained slide was made from each block. 
Breast lesions were classified according to the criteria of Page et al. as ductal hyperplasia of
usual type (DHUT), atypical lobular hyperplasia (ALH), atypical ductal hyperplasia (ADH)
or lobular carcinoma in situ (LCIS) (9). Ductal carcinoma in situ (DCIS) was classified
according to the criteria of Holland et al. (10). Lobulitis was defined by the presence of
morphologically normal lobules with more than 100 lymphocytes and/or plasma cells per
lobule and in more than one section, not in relation to any epithelial lesion and excluding
periductitis. A specialised breast pathologist (PvD) performed all reviews. 
The anonymous use of this leftover tissue for scientific purposes is part of the standard treat-
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ment agreement with patients in our hospital (opt-out system). The research protocol was
approved by the Scientific Committees of the Department of Pathology and the VU Uni-
versity Medical Centre Research Institute for Cancer and Immunology.

Statistical Analysis
Results for patients and controls were compared with the Chi-Squared test or Fisher’s Exact
test when appropriate. A two-sided P value less than or equal to 0.05 was considered significant. 

Results

Results are summarised in Table 1. The features of DHUT and fibroadenoma were present
in a significantly higher frequency in specimens obtained from pM than in control breast
reduction specimens. Premalignant (ALH, ADH, LCIS and DCIS) and malignant lesions
were also more frequent (P = 0.0016) in pM patients (5/41) than in controls (1/82). No ab-
normalities were observed in the nipple area from patients who underwent pM. Interestingly,
whereas lobulitis was encountered in 21 of 41 (51%) patients, this feature was present in
only 8 out of 82 (10%) of the controls (P < 0.0001). The significance was maintained (P <
0.0001) after correcting for the differences in sampling between cases and controls. 
Lobulitis (Figure 1) was equally distributed between proven mutation carriers (14/25) and
women at hereditary high risk with no established mutation (7/16). However, the occurrence
of lobulitis differed significantly between BRCA1 and BRCA2 mutation carriers (P = 0.021).
Only one patient of seven BRCA2 carriers had lobulitis in comparison with 13 of 18 BRCA1
carriers. Bilateral pM was performed in 16 cases. Lobulitis was present in both breasts in 5
of 12 patients (42%) who underwent bilateral pM and had lobulitis. In the control group
bilateral lobulitis was present in two of the eight cases (25%) with lobulitis (n.s.). In all cases,
the affected lobules showed no atrophy or destruction.
A preliminary immunohistochemical evaluation of the nature of the lymphocytic infiltrate
showed no difference of infiltrate pattern between cases and controls. The infiltrate was
composed predominantly of T-cells (CD3); B-cells (CD20) were few and only sporadically
present (results not shown).

Discussion

Lesions linked to an elevated risk of breast cancer such as (atypical) ductal hyperplasia and
ductal carcinoma in situ, are a frequent finding in prophylactically removed breast tissue (8).
Also, in accordance with previous studies, we found a high frequency of fibroadenoma (11)
in patients at hereditary high risk. The high frequency of lobulitis associated with hereditary
high risk of breast cancer identified in the present study constitutes a novel finding. 
Certainly, a higher number of tissue samples were studied in cases than in controls: 11 and
six blocks on average, respectively. However, this difference is less than a factor 2, whereas we
find five times more lobulitis in cases than in controls. After correcting for this difference in
sampling, lobulitis was still significantly more frequent in cases than in controls, indicating
that the method of sampling had no significant influence on our results. 
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Lobulitis is a common finding in patients with autoimmune disease, especially diabetes
mellitus (12). ‘Diabetic mastopathy’ or sclerosing lymphocytic lobulitis is characterised by a
predominance of B-cells and plasma cells infiltrating across the basement membranes of
ducts, together with perivascular lymphocytic infiltration. There is lobular atrophy as well as
stromal fibrosis in the affected lobules (13). Sclerosing lymphocytic lobulitis is not associated
with an increased risk of malignancy on follow-up (13). In sporadic breast cancer, lympho-
cytic infiltration within the tumour is predominantly composed of T-cells and macrophages,
whereas peritumoral and perivascular infiltrates are composed of both T-cells and B-cells
(14). Strong B-cell infiltration, together with T-cells, is found in medullary carcinoma of the
breast, a subtype constituting only 3-7% of all breast cancers (15). Our preliminary results
suggest that, similar to sporadic breast cancer, lobulitis in women at hereditary high risk
consists mainly of a T-cell infiltrate. This is in marked contrast to the B-cell infiltrate found
in sclerosing lymphocytic lobulitis associated to autoimmune diseases. Lakhani et al. found
that breast cancers associated with BRCA1 mutations exhibited more lymphocytic infiltration
(P = 0.002) than sporadic cancers. The nature of this lymphocytic infiltrate was not further
defined (16). 
The role and function of tumour-infiltrating lymphocytes in these tumours are as yet un-
clear. Lobulitis may represent a reaction to an unidentified antigen that is present more often
in women at hereditary high risk of breast cancer. The frequent presence of T-cell lobulitis
in the otherwise morphologically normal breast lobules, even in the absence of premalignant
lesions elsewhere in the breast, suggests that this immune response is induced at a very early
phase of carcinogenesis. Furthermore, the absence of B-cells indicates that the lobulitis we
found in the present study differs clearly from the autoimmune sclerosing lymphocytic
lobulitis associated to diabetes. It is likely that this immune response is insufficient to curb
carcinogenesis, in view of the high frequency of breast cancer in women at hereditary high
risk. Further characterisation of the lymphocytic infiltrate and molecular studies of tumour
antigens associated to it are necessary to define the mechanisms behind this immune re-
sponse. Immunotherapy directed to stimulate an attack against very early lesions and thereby
possibly preventing more advanced lesions could be an alternative to mutilating prophylactic
mastectomy. 
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Table 1 Lesions in prophylactically removed breast tissue (pM) from patients at hereditary high risk of breast
cancer compared to breast reduction tissue (controls)

Figure 1 Lobulitis in prophylactically removed breast tissue from a patient with a BRCA2 mutation
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In a recent issue of The Journal of Pathology, we reported on a high frequency of lobulitis in
prophylactically removed breast tissue from women at hereditary high risk of breast/ovarian
cancer (1). The role and function of these tumour-infiltrating lymphocytes is yet unclear but,
lymphocytic infiltration is a feature of BRCA1/2 associated breast cancer (2), and this
lobulitis may represent a reaction to an antigen not yet identified and more often present in
women at hereditary high risk of breast cancer. The frequent presence of lobulitis in the
otherwise morphologically normal breast lobules, even in the absence of premalignant
lesions elsewhere in the breast, suggests that this immune response is present at a very early
phase of carcinogenesis. The presence of inflammatory and immune-cell infiltrates in
malignant tumours has been reported during the past decades, and has been associated in
some cases with good, and in others with bad, prognosis. The composition and localization
of the tumour infiltrate seems to be crucial for bad or good prognosis. On the one hand, an
inflammatory response early in the evolution of the tumour may mobilize the innate
immune system, and favour tumour dissemination through a complex interaction in which
stromal cells surrounding the tumour release inflammatory cytokines that enhance tumour
growth (reviewed in (3)). On the other hand, recent research in colorectal cancer indicates
that the infiltrate of effector memory CD8+ T cells in the tumour prevents the development
of metastatic disease (4). 
As a corollary of our previous study (1), we analysed the characteristics of the lymphocytes
present in lobulitis occurring in prophylactically removed breast tissue (PM) from 5 women
at hereditary high risk for breast cancer, and in lobulitis occurring in 10 healthy women who
underwent breast reduction surgery (BRS), in order to define a possible difference in the
pattern of lymphocyte infiltration between both groups. Additionally, we investigated the
characteristics of intratumoral lymphocytic infiltrate in breast cancer tissue obtained form 7
patients at hereditary high risk.
Immunohistochemistry on paraffin embedded tissue was performed according to the
manufactures guidelines with monoclonal antibodies against CD3, CD8, CD45, CD45RO,
CD68 (Dako, Denmark), CD1a, CD4, CD20, CD83 (Novocastra, U.K.) and granzyme B
(a kind gift of Dr. A. Kummer). Scoring for each CD marker was performed by counting the
percentage of positive lymphocytes in the lobulitis area, or in and around breast tumours.
No staining or staining of only a few scattered cells (≤5%) is referred to as score 0 in the
table. Positive staining was divided into small positive foci (5-25%), large areas positive (25-
50%) or almost all areas positive (50-100%), and referred to as score 1, 2 and 3, respectively,
in the table. Statistical analysis was performed using SPSS (SPSS Inc., Chicago, IL).
Results are shown in Table 1. Lobulitis occurring in breast tissue prophylactically removed
from women at hereditary high risk for breast cancer is characterised by infiltration of mainly
CD3+ T cells. Most of these T cells were CD4+, but also CD8+ cells could be found. Hemato-
poietic cells were predominantly memory cells, showing a high expression of CD45RO.
However, also naive CD45+ cells infiltrated. Within the TILs there were few CD68+ cells,
namely macrophages and monocytes. No dendritic cells (either immature CD1a+ or mature
CD83+ DCs), CD20+ B cells or granzyme B+ cells were present in the lobulitis. There was no
significant difference in the lymphocyte infiltrate of lobulitis in breast tissue prophylactically
removed from women at hereditary high risk for breast cancer and that of healthy controls. 
CD8+ were more abundant in breast tumour infiltrates than in lobulitis, but this difference
was not significant. In contrast to lobulitis, macrophages and dendritic cells were present in
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lymphocytes infiltrating breast cancer tumours. In women at high risk, breast cancer tumours
had more CD68+ macrophages (Mann-Whitney U-test P = 0.009) and mature CD83+ DC
cells (Mann-Whitney U-test P = 0.048) than lobulitis, suggesting an active immune response
against the tumour.
In conclusion, lymphocytic infiltrates in lobulitis occurring in women at hereditary high risk
does not differ from that of lobulitis in healthy women, and, in contrast to infiltrates in
breast tumours, is marked by an absence of macrophages and dendritic cells in the infiltrate.
This immune response is unlikely to be sufficient to curb carcinogenesis, in view of the high
frequency of breast cancer in women at hereditary high risk.
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Table 1 Characteristics of lymphocytes in lobulitis occurring in prophylactically removed breast tissue (PM) and
in tissue obtained from breast reduction surgery (BRS), and in hereditary breast cancer (HBC)
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PM

N = 5

BRS

N = 10

HBC

N = 7

Median age at surgery (yrs)

(range)

41

(36 – 45)

42

(32 – 58)

45

(32 – 57)

Lymphocyte marker Score – Median (range)

CD45 1 (1 – 1) 1.5 (0 – 3) 2 (1 – 3)

CD45RO 2 (1 – 3) 2 (1 – 3) 2 (1 – 3)

CD3 1 (1 – 2) 1 (1 - 2) 2 (0 - 3)

CD4 2 (1 – 2) 2 (0 – 3) 1 (0 – 2)

CD8 1 (1 – 2) 1 (1 – 2) 2.5 (1 – 3)

CD20 negative 0 (0 – 1) 0 (0 – 1)

CD68 0 (0 – 1) negative 3 (1 – 3)

Granzyme B negative negative negative

CD1a negative negative 0 (0 – 1)

CD83 negative negative 1 (0 – 2)
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Abstract

Introduction
Breast cancer patients with early disease and a natural humoral response to MUC1 have a
favourable prognosis, suggesting a possible role of MUC1 antibodies (ab) in controlling
haematogenous tumour dissemination and outgrowth. The aim of the study was to evaluate
humoral immune responses to MUC1 in women at hereditary high risk of breast cancer to
investigate whether this immune response could play a role in the prevention of disease.
Material and Methods
CA15.3 (U/ml), and IgG and IgM ab to MUC1 (arbitrary units per ml, Arb-U/ml) were
measured in serum samples obtained from 422 women at hereditary high risk of
breast/ovarian cancer, of whom 127 BRCA1/2 carriers, attending the Familial Cancer Clinic
of the VU University Medical Centre, and from 370 age-matched healthy controls. Serum
samples obtained from women who developed breast cancer (N=12) or breast cancer
recurrence (N=17), and from women who underwent prophylactic mastectomy (N=12) and
had no breast lesions were also tested. 
Results
CA15.3 ranked significantly higher in mutation carriers than in controls (P = 0.03). MUC1
IgG ab levels ranked significantly lower in BRCA1/2 mutation carriers than in controls (P =
0.003). MUC1 IgG levels were not significantly different (P = 0.53) between women who
developed primary breast cancer (median 0.72 Arb-U/ml, range 0.52-2.44 Arb-U/ml) and
women who underwent prophylactic mastectomy and had no breast lesions (median 1.04
Arb-U/ml, range 0.43-2.88 Arb-U/ml).
Conclusion
Serum levels of natural IgG ab to MUC1 are lower in BRCA1/2 mutation carriers than in
healthy controls. Furthermore, in contrast to previous results in women with sporadic breast
cancer, no elevated MUC1 IgG ab were seen in women at hereditary high risk who
developed breast cancer. Prophylactic immunotherapy with MUC1 substrates may be a
strategy to reduce the risk of breast cancer in BRCA1/2 mutation carriers, strengthening
tumour immune surveillance. 
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Introduction

Interest in the detection of a germ line mutation in the BRCA1 (1) or BRCA2 (2) gene is
based on its potential to identify women with a substantial high risk of breast and ovarian
cancer that would benefit from preventive measures. Estimates of breast and ovarian cancer
risk in women carrying a BRCA1/2 mutation by 70 years of age range from 56% to 80% for
breast cancer, and from 16% to 40% for ovarian cancer (3-5). 
These women at high risk of breast and ovarian cancer are included in screening programs
directed towards early detection of disease (6-8) or they undergo prophylactic surgery. Due
to the limitations of screening, the most effective preventive measure for women at high risk
is prophylactic mastectomy (pM) and/or prophylactic bilateral salpingo-oophorectomy
(pBSO). The latter has been shown not only to reduce the risk of ovarian cancer (9) but also
that of breast cancer (10,11). 
These radical methods still suffer from some limitations as pBSO does not protect from
primary peritoneal carcinomatosis (12), and a 5% residual risk of breast cancer is still present
after pM. This limited prevention efficacy should be looked at in the light of the mutilating
effect of pM, and the hormonal deprivation and subsequent morbidity caused by pBSO (13).
Other forms of preventive treatment are therefore warranted, such as prophylactic vaccination
to create an adequate immune surveillance against adenocarcinomas (14). Cancer vaccines
are being developed for the treatment of cancer but also with an eye on prevention (15), and
some common tumours may be prevented by specific vaccines administered to patients with
a preneoplastic lesion or with a genetic risk of developing cancer (16). A strong immune
response induced by active immunotherapy may provide a constant surveillance mechanism
that would protect women with a genetically determined high cancer risk from developing
breast and/or ovarian cancer. 
MUC1, a cell surface antigen expressed in glandular epithelia, is overexpressed and aberrantly
glycosylated in adenocarcinomas. The peptides and glycans of MUC1 are being studied as sub-
strates for cancer vaccines (17). A natural humoral immune response to MUC1 has been
associated with a favourable disease outcome in patients with breast, lung and pancreatic
cancer (18-20). We observed that women with breast cancer with early disease and a natural
humoral response to MUC1 have a relatively low chance of developing metastases and a
favourable prognosis, suggesting a possible role of MUC1 antibodies in controlling haemato-
genous tumour dissemination and outgrowth (18). 
In the present study, we analysed serum levels of MUC1 (CA15.3) and natural antibodies to
MUC1 in women at hereditary high risk of breast/ovarian cancer compared to controls.
Secondly, we investigated within the group of women at hereditary high risk whether the
levels of natural antibodies to MUC1 differed between women who developed breast cancer
and healthy women who underwent pM. 

Material and Methods

Study population 
The study population consisted of 422 women at hereditary high risk for breast and/or ovarian
cancer undergoing gynaecological and surgical screening as part of the cancer preventive
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strategy at the Familial Cancer Clinic of the VU University Medical Centre, between 1993
and 2002. Table 1 lists the clinical characteristics of the women at first visit. Women who
had had no menstrual period for 12 months or more were defined as postmenopausal; other-
wise, they were classified as premenopausal. 
Pedigree analysis was performed for each individual. A clinical diagnosis of hereditary
breast/ovarian cancer syndrome (HBOC) was assigned to those individuals belonging to a
family with three or more cases of breast and/or ovarian cancer present in two generations,
and a clinical diagnosis of familial breast/ovarian cancer syndrome (FBOC) to those in-
dividuals belonging to a family with two cases of breast and/or ovarian cancer. 
DNA assessment was performed after counselling and informed consent. One hundred and
twenty five women (30%) declined DNA assessment, leaving 297 women (70%) in whom
BRCA1/2 mutations were detected by a combination of protein truncation test (PTT),
denaturing gradient gel electrophoresis (DGGE) and direct DNA sequencing (DS) (21). The
large exons 11 of BRCA1 and 10 and 11 of BRCA2 were screened by PTT; the remaining
exons of both genes were screened by DGGE. If aberrations were detected, DNA sequencing
was used to elucidate the exact mutation. Additionally, we performed multiplex ligation-
dependent probe amplification (MLPA) to screen BRCA1 or exon deletions or duplication
(22). BRCA1/2 mutations were detected in 127 women (30%), results were inconclusive in
137 women (32%), and 33 women were proven non-mutation carriers (8%). The latter were
excluded from further evaluation. The control population consisted of 370 healthy women
with a median age of 43 years (range 20 to 70 years). Controls were age-matched to the
hereditary high risk women out of a cohort of 938 healthy women abstracted from a cohort
of women described earlier (23,24). As no information on the menstrual history of these
women was available, we defined women from 52 years and older as postmenopausal
(N=68), and otherwise as premenopausal (N=302). 
The research protocol was approved by the Scientific Committee of the VU University
Medical Centre Research Institute for Cancer and Immunology. 

Serum samples
Serum samples were collected serially at every visit to the Familial Cancer Clinic, aliquoted
and stored at -70oC until analysed. We tested serum samples obtained from 370 controls
and from 389 women at hereditary high risk at first visit to the Familial Cancer Clinic.
Furthermore, we analysed serum samples obtained from women who developed a primary
breast cancer (N=12) or a breast cancer recurrence (N=17) during screening, and from
healthy women who underwent prophylactic mastectomy and had no breast lesions (N=12).
All serum samples were obtained within 12 months of surgery. The median time between
obtaining the serum samples and date of breast cancer diagnosis, date of recurrence and date
of prophylactic mastectomy was 8 months (range 0-9 months), 4 months (range 0-10
months), and 5 months (range 0-12 months), respectively. 

MUC1 antibody assay
Circulating antibodies to MUC1 were measured with an enzyme-linked immunoassay as
previously described (25). In short, a 60-mer peptide (corresponding to three tandem repeats
of the MUC1 peptide core and conjugated to bovine serum albumin (BSA) and BSA were
adsorbed in alternate rows in 96-well enzyme-linked immunoadsorbent assay (ELISA)
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plates. After overnight incubation the wells were incubated with BSA to block non-specific
adsorption sites. Serum samples diluted 1:100 (for IgG determinations) and 1:500 (for IgM
determinations) were incubated overnight and immunoglobulins bound to the peptide were
detected with horseradish peroxidase-conjugated rabbit anti-human IgG or IgM (DAKO
A/S, Glostrup, Denmark), diluted 1:10.000. Tetramethylbenzidine (TMB) was used as
substrate and the reaction was quantified at 450nm in an ELISA reader. Each serum sample
was tested separately for the presence of IgG and IgM MUC1 antibodies. The assay was
performed in duplicate for each serum sample and results calculated as the mean difference
between the readings in optical density units (OD) in experimental wells and controls. A
four point standard curve was made for each plate using huHMFG-1 (Antisoma, London,
UK), a humanised IgG ab to MUC1, for the IgG determinations, and 2F8 (Dr S. Kaul,
Heidelberg, Germany), a human IgM ab to MUC1, for the IgM determinations. An
arbitrary unit of ‘1’ was ascribed to the lowest concentration and the level of reactivity of the
samples tested was calculated within each plate in relation to the standard curve by least
square regression analysis and expressed in arbitrary units per ml (Arb-U/ml).

CA15.3 assay
CA15.3 was measured with the ADVIA Centaur CA15.3 assay according to instructions
provided by the manufacturer (Bayer Diagnostics Mijdrecht, The Netherlands). The assay is
a two-step sandwich immunoassay using direct, chemiluminescent technology. The lite
reagent is composed of the monoclonal mouse antibody DF3, specific for CA15.3, labeled
with acridinium ester. The conjugate reagent is composed of the monoclonal mouse antibody
115D8, specific for CA15.3, labeled with fluorescein. The solid phase is composed of purified
monoclonal mouse capture antibody, which is covalently coupled to paramagnetic particles. Sen-
sitivity and assay range is 0.50-200 U/ml. The inter-assay coefficient of variation (CV) at 20
U/ml, 50 U/ml and 190 U/ml was 4%, 4% and 3%, respectively. The cut-off level of 30 U/ml
(95 percentile of a normal population) used for the analysis was that provided by the manufacturer.

Statistical analysis 
Statistical analysis was performed using SPSS software (Version 11.5, SPSS Inc, Chicago,
IL.). Results were analysed for normality of distribution. CA15.3 serum levels and MUC1
antibody assay results in the different groups were analysed using the Mann-Whitney U/
Wilcoxon rank sum W Test. The correlation among assay results and the correlation between
age and IgG antibody levels against MUC1 were evaluated by linear regression analysis. Two-
sided testing was applied and the significance level was set at ≤ 0.05.

Results

Antibodies to MUC1 
IgM antibodies to MUC1 did not differ between women at hereditary high risk and controls
(results not shown). MUC1 IgG antibody levels and corresponding CA15.3 levels are listed
in Table 2 and Table 3. Neither MUC1 IgG nor CA15.3 varied significantly with age in women
at hereditary high risk or in controls (P = 0.21 and P = 0.47, respectively). The 95 percentile
of MUC1 IgG antibody levels in the high-risk population and controls was 3.68 Arb-U/ml
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and 2.07 Arb-U/ml, respectively. MUC1 IgG antibody levels, however, ranked significantly
lower (P = 0.01) in women at hereditary high risk (median 0.76 Arb-U/ml, range 0.32-19.16
Arb-U/ml) than in controls (median 0.86 Arb-U/ml, range 0.43-12.60 Arb-U/ml). 
Furthermore, MUC1 IgG antibody level ranked significantly lower in women with a HBOC
syndrome than in controls (P = 0.003), but did not differ between women with a FBOC
syndrome and controls (P = 0.48). MUC1 IgG levels in mutation carriers ranked significantly
lower than in controls (P = 0.003), see Figure 1. No difference was seen in MUC1 IgG levels
between women with an inconclusive DNA result (P = 0.82) or women with no DNA assess-
ment (P = 0.32) and controls. MUC1 IgG levels did not differ between BRCA1 and BRCA2
carriers (P = 0.08). 
Additionally, we investigated if a personal history of breast cancer could be of influence on
the MUC1 IgG antibody level in the high-risk group. From the 389 women at hereditary
high risk, 125 (32%) had a personal history of breast cancer. No difference (P = 0.69) in MUC1
IgG levels was found between women with a history of breast cancer (median 0.74 Arb-U/ml,
range 0.40-19.16 Arb-U/ml) and women with no history of breast cancer (median 0.77 Arb-
U/ml, range 0.32-14.98 Arb-U/ml). Furthermore, MUC1 IgG antibody levels did not differ
(P = 0.60) between BRCA1/2 mutation carriers with or without a history of breast cancer. 
No significant differences were seen in MUC1 IgG levels in relation to parity or premenopausal
status. However, in postmenopausal women at high risk, MUC1 IgG levels (median 0.74 Arb-
U/ml, range 0.40-19.16 Arb-U/ml) ranked significantly lower (P = 0.006) than in postmeno-
pausal controls (median 0.95 Arb-U/ml, range 0.47-12.60 Arb-U/ml). Both the postmenopausal
women at hereditary high risk with no mutation found, as well as the postmenopausal
BRCA1/2 carriers had significantly lower levels of IgG levels than postmenopausal controls
(P = 0.04 and P = 0.007, respectively). 

CA 15.3
The 95 percentile of the tumour marker CA15.3 was 28 U/ml and 26 U/ml for women at
hereditary high risk and controls, respectively. At first visit, CA15.3 was above the 30 U/ml
cut-off level recommended by the assay manufacturer in 12 (3%) women at hereditary high
risk (median 35 U/ml, range 31-46 U/ml), and in 8 (2%) controls (median 32 U/ml, range
31-58 U/ml). One woman with an elevated CA15.3 was diagnosed with pT1N0M0 breast
cancer, and 3 women had a history of breast cancer. CA15.3 levels were similar in women
at hereditary high risk (median 13 U/ml, range 1-46 U/ml) and controls (median 13 U/ml,
range 3-58 U/ml). In women with a HBOC syndrome, CA15.3 levels (median 14 U/ml,
range 1-46 U/ml) ranked significantly higher (P = 0.01) than in women with a FBOC syn-
drome (median 12 U/ml, range 2-32 U/ml). Equally, in mutation carriers CA15.3 ranked
significantly higher than in controls (P = 0.03). Additionally, CA15.3 ranked higher (P =
0.05) in women with a previous history of breast cancer (median 15 U/ml, range 2-37
U/ml) versus women with no history of breast cancer (median 13 U/ml, range 2-46 U/ml). 
No differences in CA15.3 levels were found according to parity and menopausal status, with
one exception: CA15.3 levels were higher in nulliparous carriers than in the other nulli-
parous high-risk women (P = 0.009). 

MUC1 IgG and CA15.3 and breast cancer
Marker levels were analysed in women at hereditary high risk who developed a primary
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breast cancer in the course of screening (N=12, including 7 BRCA1/2 carriers) or who de-
veloped a recurrence of breast cancer (N=17, including 6 BRCA1/2 carriers) and they were com-
pared to marker levels in women at hereditary high risk with no personal history of breast cancer
who underwent prophylactic mastectomy and had no (pre)malignant lesions in their removed
breasts (N=12, all but one BRCA1/2 carriers). Twelve tumours were detected during breast
cancer screening at the Family Cancer Clinic; three women were diagnosed with a DCIS, 3
women had stage I, and 6 women had stage II disease. A breast cancer recurrence was diagnosed
in 7 women with stage I, 8 stage II and 2 stage III disease. MUC1 IgG levels were not significantly
different (P = 0.53) between women who developed primary breast cancer (median 0.72
Arb-U/ml, range 0.52-2.44 Arb-U/ml) and women who underwent prophylactic mastectomy
and had no breast lesions (median 1.04 Arb-U/ml, range 0.43-2.88 Arb-U/ml) (Fig. 2A).

Discussion 

To our knowledge, this is the first study investigating MUC1 IgG antibody levels in women
at hereditary high risk for breast cancer. We found that BRCA1/2 mutation carriers have a
significantly lower level of MUC1 IgG antibodies than healthy controls. Furthermore, in
accordance to our earlier results (18), we expected that women at hereditary high risk who
developed breast cancer would also show an increase in MUC1 IgG antibody levels as do women
with sporadic breast cancer. However, MUC1 IgG levels did not differ between women with
or without a personal history of breast cancer, suggesting a diminished ability to respond to
the antigen in women with hereditary high risk to breast/ovarian cancer. This inability to
generate an immune response to an antigen abundantly expressed on breast cancer tumour
cells may contribute towards the early onset of breast cancer in women at hereditary high risk.
Median CA15.3 was within normal levels, but ranked significantly higher (P = 0.03) in
BRCA1/2 mutation carriers than in controls, whereas MUC1 IgG ab levels ranked signi-
ficantly lower (P = 0.003). It is unlikely that MUC1 IgG ab were spuriously low due to inter-
ference with CA15.3 as this would only have occurred if the latter levels were low in the
mutation carriers instead of high. The fact that CA15.3 is higher in the mutation carriers could
be due to the reported higher incidence of premalignant lesions in mutation carriers (26). 
Little is known about a possible relation between BRCA1/2 mutation and the immune
system. Healthy women at hereditary high risk of breast/ovarian cancer have no clinical signs
of an immune deficiency. Nevertheless, a recent study reported that germline mutations of
BRCA1 are associated with a selective deficiency in spontaneous and LPS-induced pro-
duction of TNF-α and of TNF-α-induced ICAM-1 expression on peripheral blood mono-
cytes (27). ICAM-1 (CD54) acts as a costimulatory molecule necessary for the emergence of
an appropriate immune response via interaction between antigen presenting cells and T cells
(28). TNF-α is of biologic importance as a triggering signal for a series of control mechanism
regulating the development of malignancy. Thus, the TNF-α-dependent defect in up-
regulation of ICAM-1 on monocytes derived from healthy BRCA1 germline mutation carriers
could result in a series of impairments of the immune function, obviously compensated for
by the regular baseline expression of this molecule. Intradermal skin tests to assess for delayed
type hypersensitivity (DTH) could be carried out to further explore immune competence in
women at high risk. 
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Women with early stage sporadic breast cancer and an immune response to MUC1 show a
benefit in survival (18), suggesting that MUC1-based immunotherapy could positively in-
fluence outcome of disease. If immunotherapy is most effective in the early stages of tumour
growth, immunoprevention should be considered. Induction of appropriate immunosur-
veillance by means of vaccination with MUC1 glycopeptides may constitute a simple and
low-invasive preventive measure for high-risk women. The use of immunological measures
to prevent or delay the onset of cancer in healthy persons has not received much attention.
Specific antitumour vaccination directed to induce immune responses to MUC1, a tumour
antigen abundantly expressed in adenocarcinomas of the breast, ovary and Fallopian tube, is
a possible approach to this end. Furthermore, premalignant lesions in breast, ovary and
Fallopian tube have been identified in women with a BRCA1/2 mutation (29), suggesting a
good target for specific vaccination. 
A detailed analysis of serum natural IgG antibodies to different glycoforms of the MUC1
mucin may contribute towards identifying the best immunotherapeutic approach with
MUC1. Serum from breast cancer patients recognize more effectively different glycoforms of
MUC1 than the naked MUC1 peptide, indicating that glycosylation of the peptide may be
critical for immunorecognition, and therefore for immunotherapeutic approaches (30).
Binding patterns of murine monoclonal antibodies to the immunodominant region of
MUC1 are conditioned by glycosylation. Improved binding to the immunodominant motif
glycosylated at the T of the PDTR was seen with monoclonal antibodies generated against
tumour-derived MUC1 (31). An evaluation of immune responses to MUC1 using glyco-
peptides such as those used in previous studies (30-32), or novel glycoforms of MUC1, such
as those containing the Sialyl-Tn cancer-associated antigen (33) may be a good strategy for
defining the best MUC1 glycopeptide for immunotherapy. Furthermore, the detailed analysis
of MUC1 glycoforms expressed in premalignant lesions and breast carcinomas of women at
hereditary high risk, using specific monoclonal antibodies (31-34) could contribute towards
identifying the best MUC1 glycoforms for immunotherapy.
In conclusion, serum levels of natural IgG antibodies to MUC1 were significantly lower in
BRCA1/2 mutation carriers than in healthy controls. Furthermore, in contrast to previous
results in women with sporadic breast cancer, women at hereditary high risk that developed
breast cancer did not show an increase of MUC1 IgG antibodies. Therefore, prophylactic
immunotherapy with MUC1 substrates may be a strategy to reduce the risk of breast/ovarian
cancer in BRCA1/2 mutation carriers, strengthening tumour immune surveillance. A possible
relation between BRCA1/2 mutations and the immune system remains to be explored. Well-
designed clinical trials of prophylactic vaccinations for women at hereditary high risk for
breast and/or ovarian cancer should be strongly considered, particularly given the current
practice of prophylactic bilateral mastectomy and salpingo-oophorectomy.
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Table 1 Characteristics of the total study population at first visit 
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WOMEN AT HEREDITARY HIGH RISK

Carrier

N = 127 (%)

High-risk and
no mutation
detected

N = 137 (%)

High-risk and
no DNA
assessment
N = 125 (%)

Total

N = 389 (%)
Median age (yrs)
Range

40
20 – 70

43
21 – 65

41
23 – 69

41
(21 – 70

Clinical diagnosis:
- Hereditary (HBOC)
- Familial (FBOC)

123 (97)
4 (3)

76 (55)
61 (45)

78 (62)
47 (38)

277 (71)
112 (29)

Mutation analysis:
- BRCA1 mutation
- BRCA2 mutation

98 (77)
29 (23)

0
0

0
0

98 (77)
29 (23)

History of breast cancer:
- No
- Yes

80 (63)
47 (37)

77 (56)
60 (44)

107 (86)
18 (14)

264 (68)
125 (32)

Parity:
- Nulliparous
- Multiparous

41 (32)
86 (68)

32 (23)
105 (77)

40 (32)
85 (68)

113 (29)
276 (71)

Menopausal status:
- Premenopausal
- Postmenopausal

97 (76)
30 (24)

107 (78)
30 (22)

100 (80)
25 (20)

304 (82)
85 (18)

Abbreviations:
NA = not applicable
Nulliparous = no full term pregnancy or delivery
Multiparous = one or more full term pregnancy or deliveries
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Table 2 Median (range) MUC1 IgG antibodies (Arb-U/ml) in relation to clinical characteristics
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WOMEN AT HEREDITARY HIGH RISK
N = 389

CONTROLS
N = 370

Mutation
carrier

N = 127

High-risk and
no mutation
detected
N = 137

High-risk and
no DNA
assessment
N = 125

Total

N = 389

Controls

N = 370

MUC1 IgG ab
(Arb-U/ml)

0.74
(0.32 – 19.16)

0.76
(0.37 – 16.78)

0.77
(0.36 – 14.98)

0.76
(0.32 – 19.16)

0.86
(0.43 – 12.60)

Clinical diagnosis:
- Hereditary

- Familial

0.74
(0.39 – 19.16)

0.47
(0.32 – 1.16)

0.74
(0.37 – 8.81)

0.83
(0.43 – 16.78)

0.76
(0.36 – 14.98)

0.83
(0.39 – 8.03)

0.75
(0.36 – 19.16)

0.82
(0.32 –16.78)

NA

Mutation analysis:
- BRCA1 mutation

- BRCA2 mutation

0.76
(0.43 – 10.48)

0.64
(0.32 – 19.16)

NR NR 0.76
(0.43 – 10.48)

0.64
(0.32 – 19.16)

NA

History of
breast cancer:
- No

- Yes

0.74
(0.32 – 7.35)

0.70
(0.40 – 19.16)

0.83
(0.37 – 10.09)

0.74
(0.41 – 16.78)

0.76
(0.36 – 14.98)

0.79
(0.52 – 5.44)

0.77
(0.32 – 14.98)

0.74
(0.40 –19.16)

NA

Parity:
- Nulliparous

- Multiparous

0.70
(0.32 – 10.48)

0.74
(0.39 – 19.16)

0.73
(0.37 – 8.81)

0.80
(0.37 – 16.78)

0.93
(0.44 – 8.03)

0.75
(0.36 – 14.98)

0.75
(0.32 – 10.48)

0.76
(0.36 – 19.16)

NA

Menopausal status:
- Premenopausal

- Postmenopausal

0.78
(0.32 – 4.94)

0.65
(0.40 – 19.16)

0.76
(0.37 – 8.81)

0.77
(0.49 – 16.78)

0.78
(0.36 – 8.03)

0.75
(0.42 – 14.98)

0.77
(0.32 – 8.81)

0.74
(0.40 – 19.16)

0.84
(0.43 – 8.28)

0.95
(0.47 – 12.60)

Abbreviations:
NR = not relevant
NA = not applicable
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Table 3 Median (range) of the tumour marker CA15.3 (U/ml) in relation to clinical characteristics
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WOMEN AT HEREDITARY HIGH RISK
N = 389

CONTROLS
N = 370

Mutation
carrier

N = 127

High-risk and
no mutation
detected
N = 137

High-risk and
no DNA
assessment
N = 125

Total

N = 389

Controls

N = 370
CA15.3 (U/ml) 16 (3 – 37) 14 (2 – 46) 12 (1 – 39) 13 (1 – 46) 13 (3 – 58)

Clinical diagnosis:
- Hereditary

- Familial

16 (3 – 37)

12 (5 – 31)

14 (4 – 46)

13 (2 – 32)

13 (1 – 39)

10 (3 – 29)

14 (1 – 46)

12 (2 – 32)

NA

Mutation analysis:
- BRCA1 mutation

- BRCA2 mutation

16 (4 – 37)

14 (3 – 37)

NR NR 16 (4 – 37)

14 (3 – 37)

NA

History of
breast cancer:
- No

- Yes

16 (3 – 36)

16 (5 – 37)

12 (4 – 46)

15 (2 – 31)

12 (2 - 39)

12 (4 – 25)

13 (2 – 46)

15 (2 – 37)

NA

Parity:
- Nulliparous

- Multiparous

16 (4 – 37)

15 (3 – 37)

14 (4 – 30)

13 (2 – 46)

9 (1 – 35)

12 (2 – 39)

13 (1 – 37)

13 (2 – 46)

NA

Menopausal status:
- Premenopausal

- Postmenopausal

15 (3 – 37)

20 (5 – 37)

13 (2 – 31)

18 (3 – 46)

12 (1 – 39)

13 (2 – 28)

13 (1 – 39)

18 (2 – 46)

13 (3 – 58)

16 (5 – 39)

Abbreviations:
NR = not relevant
NA = not applicable

Hermsen Proefschrift BW  26-02-2008  23:43  Pagina 111



Figure 1 Box-and-whisker plot of MUC1 IgG levels in BRCA1/2 carriers and controls. The upper and lower borders
of the boxes represent the 75th and 25th percentiles, respectively. The horizontal lines in the boxes are medians.
MUC1 IgG levels ranked significantly lower in carriers than in controls
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Figure 2 Box-and-whisker plot of MUC1 IgG levels (A) and CA15.3 levels (B) in women who underwent sur-
gery for prophylactic mastectomy (PM), or breast cancer (BC) or had a recurrence of breast cancer (RC). The upper
and lower borders of the boxes represent the 75th and 25th percentiles, respectively. The horizontal lines in the boxes
are medians. MUC1 IgG and CA15.3 levels did not differ significantly between these three groups of women
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Conclusions and future perspectives

BRCA1 and BRCA2 are breast and ovarian cancer susceptibility genes that were first identi-
fied in 1994 and 1995, respectively. Women carrying a mutation in one of these genes are at
an increased risk of breast and ovarian cancer. The genes play a role in repairing breaks in
DNA. When one or the other gene is mutated this repair function may become disabled,
thus leading to DNA replication errors and, ultimately, cancerous growth. Women who carry
a BRCA1/2 mutation have a lifetime risk of invasive breast cancer up to 60% and a lifetime
risk of ovarian cancer up to 20%, as well as an increased risk of Fallopian tube cancer. No
clear explanation exists for the observation that some individuals with a cancer-predisposing
mutation have multiple primary cancers before age 50 years, while others with the same
cancer-predisposing mutation do not develop cancer until after age 70 years, or not at all. 
Women at hereditary high risk and with a proven BRCA mutation have, at present, few
options to control their risk of breast and ovarian cancer: to undergo either intensive surveillance
or prophylactic surgery, or both. 
The objective of the present thesis was to investigate a series of potential predictive markers,
as well as preventive measures presently in use, with the aim to provide a more precise and
individual based risk profile for women at hereditary high risk. 

Adnexal cancer surveillance

Gynaecological screening for ovarian cancer is, together with prophylactic surgery, one of the
two preventive options available for women at hereditary high risk of ovarian cancer. Many
reports on the efficacy of ovarian cancer screening in a high risk population have been
published. These studies differ in study population, in frequency and in method of screening
(chapter II, Table 1, page 32). Often no information is provided on the actual screening
interval and compliance with screening. None of these studies were able to demonstrate a
benefit of screening. 
Much effort has been expended in developing screening strategies. The so-called multimodal
screening for ovarian cancer, composed of CA125 determinations and transvaginal ultra-
sound, is at present the best screening method for early detection of ovarian carcinoma. In
our evaluation of all available databases, of Dutch screening programmes for ovarian cancer
in women with a proven BRCA1/2 mutation (chapter II), we concluded that annual gynae-
cological screening can prevent neither a high proportion of interval cancers (50%), nor high
stage disease at diagnosis (80%). Since compliance decreases during follow-up, these findings
are not expected to improve with time. Although the power of our study may have been low,
it still seems unlikely that annual screening will markedly affect mortality from ovarian
cancer in BRCA1/2 mutation carriers.
Prospective implementation of well-defined screening protocols may lead to better results.
Currently, several studies are being conducted in the general population and in women at
high risk. The United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS)
(1) is a large, prospective, randomised control study of 200,000 postmenopausal women
(including a subgroup of women at hereditary high risk; UKCFOCS) assigned to annual
CA125 measurement, repeat CA125 measurement or CA125 measurement with transvaginal
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ultrasound (TVU), compared to a control group of women. The study’s primary endpoint
is to assess the impact of screening on ovarian cancer mortality and will assess the feasibility
and morbidity of population screening. Results are expected in the next decade. The Prostate,
Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO) (2) has completed enrolment,
with 39,115 women in the intervention arm who are screened for ovarian cancer using CA125
annually six times or TVU annually four times. The primary objective is to determine
whether screening with CA125 or TVU can decrease mortality from ovarian cancer. Follow-
up is planned for at least 13 years after randomisation. Unfortunately this study does not
evaluate the efficacy of both screening tools (CA125 and TVU) in one study arm, but does
have a subgroup of women at hereditary high risk. A third large screening programme was per-
formed by Kobayashi et al. (3). The Shizuoka Cohort Study on Ovarian Cancer Screening
(SCSOCS) investigated the prevalence of ovarian cancer among women from the general
population who had an abnormal ultrasound but normal CA125 levels (≤ 35 U/ml). They
concluded that surgery-detected ovarian cancer is not rare among women with CA125 levels
of 35 U/ml or less. The most recent study to assess the efficacy of annual CA125 and
transvaginal ultrasound demonstrated that gynaecological screening is inefficient at detecting
early-stage ovarian cancers (4). These trials indicate that the most cost-effective way of
screening is still under investigation, but that, at the moment, the best tool available for
detecting ovarian cancer, with all its limitations, continues to be CA125 in combination with
transvaginal ultrasound.

Tumour marker CA125

The utility of CA125 as a tool for early detection of ovarian cancer is limited by false negative
(low positivity in early stage ovarian cancer) and false positive (elevation of the marker in
physiological and benign conditions) results. Current evaluation relies on CA125 levels
above the cut off level for normals, but also a level rising over time within the normal limits
may be an indication for the development of ovarian cancer (5). CA125 values in a high-risk
population may differ from those in a normal population due to the higher incidence of
ovarian cancer in the former. We performed a study designed to evaluate serial serum CA125
values in women at hereditary high risk of breast and ovarian cancer in relation to the
presence of (pre)malignant lesions in adnexal tissue (chapter III). The absolute value of
CA125 (≥ 14 U/ml) was the best predictor of the presence of dysplasia in prophylactically
removed adnexal tissue, but the relative rise in CA125 level between two visits proved to be
the best predictor of ovarian cancer, stressing the utility of serial CA125 measurements in
screening programmes. Currently, assessment of serial CA125 measurements, the ROC algo-
rithm, is being used as part of the prospective screening studies mentioned above. 
Highly sensitive and specific biomarkers to optimise early diagnosis are needed. Proteomic
technology (6) may become an important diagnostic tool in the future. A significant study
by Alexe et al. (7) analysed proteomic spectra from 50 healthy women and 50 women with
ovarian cancer and defined a cluster pattern with a sensitivity of 100%, specificity of 95%,
and positive predictive value of 94% for ovarian cancer. Future studies will need to address
concerns relating to analytical reproducibility of this diagnostic tool.
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Prophylactic surgery and (pre)malignant lesions

At present, the most effective preventive measure for women at high risk is prophylactic
mastectomy (pM) and prophylactic bilateral salpingo-oophorectomy (pBSO). These radical
methods still suffer from some limitations. Unfortunately, pBSO does not protect from
primary peritoneal carcinomatosis, and premature menopause with possible morbidity is a
direct consequence. Prophylactic mastectomy reduces the risk of developing breast cancer
drastically, but is a mutilating procedure.
Findings in prophylactically removed adnexal tissue indicate that dysplasia is more common
in the Fallopian tube than in the ovary, suggesting that the distal Fallopian tube may be the
site of origin of epithelial ovarian cancers (8). We investigated the distribution of (pre)malignant
lesions in both breast and adnexal tissue obtained from women at hereditary high risk,
including 28 cases where both breast and adnexal tissue were removed (chapter IV). Here,
particular attention was paid to the role of BRCA1/2 status and age. Compared to controls,
women at hereditary high risk had a higher chance of (pre)malignant lesions in the breast
and an even higher chance of such lesions in the adnexal tissue, particularly when 40 years
and older. There was no indication for concomitant presence of (pre)malignant lesions in
both organs at the time of prophylactic surgery. The importance of pBSO in women at
hereditary high risk 40 years and older is stressed by the high frequency of (pre)malignant
lesions in the adnexal tissue.
While investigating for (pre)malignant lesions in breast tissue, a new phenomenon unexpectedly
became obvious: Lobulitis was encountered in 51% of the patients who underwent pro-
phylactic mastectomy, whereas this feature was present in only 10% of the controls (chapter
V). The occurrence of lobulitis differed significantly between BRCA1 and BRCA2 mutation
carriers. Only one patient out of 7 BRCA2 carriers had lobulitis in comparison with 13 out
of 18 BRCA1 carriers. In all cases, the affected lobules showed no atrophy or destruction. An
evaluation of the nature of the lymphocytic infiltrate showed no difference in pattern
between cases and controls: the infiltrate was composed predominantly of T-cells (DC3),
whereas B-cells (CD20) were few and only sporadically present. Lobulitis may represent a
reaction to an antigen not yet identified and more often present in women at hereditary high
risk of breast cancer, induced at a very early phase of carcinogenesis. In view of the high
frequency of breast cancer in women at hereditary high risk, it is likely that this immune
response is insufficient to curb carcinogenesis. 

Humoral immune response to MUC1 

A natural humoral immune response to MUC1 has been associated with a favourable disease
outcome in patients with breast (9), lung and pancreatic cancer. We analysed serum levels of
natural antibodies to MUC1 in women at hereditary high risk of breast and ovarian cancer
to investigate whether or not this immune response plays a preventive role in women at high
risk for breast and/or ovarian cancer (chapter VI). Natural IgG antibodies to MUC1 ranked
lower in BRCA1/2 mutation carriers than in healthy controls, suggesting a relation between
BRCA1/2 mutations and the immune system. Prophylactic immunisation with MUC1 sub-
strates may be a strategy to reduce the risk of breast and ovarian cancer in BRCA1/2 mutation
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carriers, strengthening tumour immune surveillance. The stronger immune response associated
with active immunotherapy may provide a constant surveillance mechanism that could
protect women with a genetically determined high cancer risk from developing breast and/or
ovarian cancer.

Based on the results described in this thesis, the following conclusions can be formulated:

1. Efficacy of gynaecological screening for ovarian cancer in women with a proven BRCA1/2
mutation is poor in terms of stage shift. In addition, although the compliance was 
relatively high, the number of ovarian cancers detected by screening was not significantly
higher than the number of malignant tumours detected during an interval visit. 

2. A rise in serum CA125 levels can be indicative of dysplasia or carcinoma in ovarian or
tubal epithelium.

3. Premalignant lesions are not concomitantly present in prophylactically removed breast
and adnexal tissue of the same individual. Premalignant lesions are more frequently
present in adnexal tissue than in the breast. 

4. Lobulitis is a frequently seen feature in prophylactically removed breast tissue of patients
at hereditary high risk of breast cancer, suggesting an early immune response to an as
yet unidentified antigen. 

5. A lower level of natural antibodies to MUC1 is present in the serum of BRCA1/2
mutation carriers, also in those with a history of breast cancer or a breast cancer re-
currence. Stimulation of this immune response with MUC1 vaccines may play a pre-
ventive role in women at high risk for breast and/ or ovarian cancer. 

Therapeutic approaches that target the BRCA1/2 repair pathways are being studied and
developed. Until such treatments become available, women at hereditary high risk should be
offered counselling to discuss the options available to them on an individual basis. In general,
women at hereditary high risk are offered prophylactic surgery, or, if they still have not
completed their family, intensive surveillance for breast/ovarian cancer. Considering that, at
present, screening is more effective for breast cancer than for ovarian cancer, that pBSO also
reduces the risk for breast cancer, that concomitant lesions in breast and adnexal tissue are
rare, that there is a high frequency of (pre)malignant lesions in the adnexal tissue from the
age of 40 onwards, we conclude that pBSO should be recommended to women at high risk
after the age of 40 years, together with intensive breast cancer surveillance. Women younger
than 40 years that have not opted for prophylactic surgery should undergo intensive
surveillance for breast/ovarian cancer. Immunotherapy directed to strengthen immune
surveillance and stimulate an attack of very early lesions could eventually be an alternative to
the mutilating prophylactic mastectomy, and could offer protection against peritoneal
carcinomatosis, a risk still remaining after pBSO. 
An individual risk index that includes all the elements investigated in this thesis is displayed
in the Table on page 122. A similar profile may be applicable to breast cancer.
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Risk index for adnexal cancer
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