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• Three-quarters of the asymptomatic BRCA1/2 GPV carriers with HGSC at RRSO had early stage disease.
• The ten-year disease-free survival was 68%, ten-year disease-specific survival was 88% and ten-year overall-survival was 82%.
• After a median follow-up of 13.5 years, recurrence rate was 32% with median time to recurrence of 6.9 years (range 0.8–9.2).
• Timely RRSO remains the only reliable method of reducing mortality of HGSC in BRCA1/2 GPV carriers.
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Objective. The aim of this study was to describe the long-term outcome of asymptomatic BRCA1/2 germline
pathogenic variant (GPV) carriers with high-grade serous carcinoma (HGSC) in their risk-reducing salpingo-
oophorectomy (RRSO) specimen.
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 Methods. In a previously described cohort of asymptomatic BRCA1/2GPV carriers derived from theHereditary
Breast and Ovarian cancer in the Netherlands (HEBON) study, women with HGSC at RRSOwere identified. Main
outcome was ten-year disease-free survival (DFS). Secondary outcomes were time to recurrence, ten-year
disease-specific survival (DSS), ten-year overall survival (OS). Patient, disease and treatment characteristics as-
sociated with recurrence were described.

Results. The 28 included women with HGSC at RRSO were diagnosed at a median age of 55.3 years (range:
33.5–74.3). After staging, eighteen women had (FIGO) stage I, three stage II and five had stage III disease. Two
women did not undergo surgical staging and were classified as unknown stage. After a median follow-up of
13.5 years (range: 9.1–24.7), six women with stage I (33%), one woman with stage II (33%), two women with
stage III (40%) and none of the women with unknown stage developed a recurrence. Median time to recurrence
was 6.9 years (range: 0.8–9.2 years). Ten-year DFS was 68%, ten-year DSS was 88% and ten-year OS was 82%.

Conclusion. Most asymptomatic BRCA1/2 GPV carriers with HGSC at RRSO were diagnosed at an early stage.
Nevertheless, after a median follow-up of 13.5 years, nine of the 28 women with HGSC at RRSO developed a re-
currence after a median of 6.9 years.

© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

Women carrying a germline pathogenic variant (GPV) in one of the
BRCA1/2 genes (i.e. BRCA1/2 GPV carriers) have an increased risk of de-
veloping high-grade serous carcinoma (HGSC). The origin of the disease
is thought to be the distal fallopian tube, with serous tubal intraepithe-
lial carcinoma (STIC) as its most probable precursor. HGSC generally re-
mains asymptomatic until it is disseminated intra-abdominally [1] and
therefore 80% of all HGSC patients are diagnosed at an advanced stage
with a poor five-year survival of less than 40% [2]. The cumulative risk
of developing HGSC before the age of 70 is 40–44% for BRCA1 GPV car-
riers and 17–18% for BRCA2 GPV carriers [3]. Annual gynecological
screeningproved ineffective in detecting early stageHGSCs and is there-
fore no longer offered [4]. To effectively reduce mortality of HGSC,
BRCA1/2 GPV carriers are advised to undergo risk-reducing salpingo-
oophorectomy (RRSO) before the age at which the risk of developing
HGSC starts to rise (i.e. 35–40 years for BRCA1 GPV and 40–45 years
for BRCA2 GPV) [3,5].

In a small proportion of women undergoing RRSO, however, HGSC is
found during histological examination of the removed tissue. In our re-
cent study, we reported asymptomatic HGSC at RRSO in 24 (1.5%) of the
1627 asymptomatic BRCA1GPV carriers and six (0.6%) of the 930 BRCA2
GPV carriers [6]. Previous studies on the outcome of HGSC at RRSO
showed that these tumors, when found in asymptomatic women, are
more often in an early stage, indicative of a good prognosis [7–10].
Still, in two observational studies, in more than half of women with
HGSC at RRSO, the disease recurred within three years despite being di-
agnosed at an early stage [11,12]. As disease recurrence is one of the
most important predictors of HGSC-related death [13], this suggests
that the prognosis for womenwith HGSC at RRSOmay be less favorable
than expected. To help guide clinical management and provide patients
with more accurate information on prognosis, we aimed to describe
long-term outcome in asymptomatic BRCA1/2 GPV carriers in whom
HGSC was diagnosed in the RRSO specimen.

2. Methods

2.1. Context of the study

For a detailed analysis of the prevalence of HGSC at RRSO in asymp-
tomatic BRCA1/2 GPV carriers, we have constructed a cohort of female
Dutch BRCA1/2 GPV carriers who were registered in the Hereditary
Breast and Ovarian cancer in the Netherlands (HEBON) study, and
who had a RRSO between 1995 and 2018 while being asymptomatic
[14]. We previously described the selection process for this cohort of
asymptomatic BRCA1/2 GPV carriers who underwent RRSO, the charac-
teristics of this cohort and how women with HGSC at RRSO were
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identified within this group [6]. In short, we ensured that all 2557 in-
cluded women had a complete RRSO (i.e. both fallopian tubes and
both ovaries were removed). Then, we assessed whether the RRSO
was prophylactic (i.e. absence of pre-operative signs and symptoms of
ovarian cancer). This was done by retrieval of information from
HEBON study and by retrieval of all pathology reports of the RRSOs
by linkage with the Dutch Nationwide Pathology Databank (PALGA)
[15]. Based on this information, women were excluded if RRSO was in-
complete, if no pathology report could be retrieved, if symptoms related
to ovarian cancer were present pre-operatively or if pre-operative
screening with CA125 and/or transvaginal ultrasound was abnormal.
The HEBON study was approved by all ethical committees of
particpating centers. All women gave informed consent for the use of
their data.

2.2. Study population

In this study, we aimed to describe the long-term outcome of
asymptomatic BRCA1/2 GPV carriers with HGSC at RRSO. To achieve
this, we performed a follow-up analysis of the asymptomatic BRCA1/2
GPV carriers with HGSC at RRSO identified in the aforementioned
study [6]. Two women were diagnosed retrospectively only by histopa-
thological revision of the RRSO specimen in study setting [6]. Therefore,
they did notmeet the inclusion criterion andwere excluded for the cur-
rent study. In Supplementary methods 1, the immunohistochemistry
protocol that was used in the histopathological review procedure is de-
scribed. HGSC was defined as an invasive cancer that met the morpho-
logical and immunohistochemical profile as defined in the 2014 WHO
classification [16].

2.3. Data collection

For the previous study [6], data on BRCAGPV type, date of birth, date
of RRSO and diagnosis of invasive carcinoma at RRSO were collected
from the HEBON cohort and pathology reports. For the current study,
we additionally collected data from medical records including: results
of CA125 and/or transvaginal ultrasound before RRSO, staging proce-
dures, International Federation of Gynecology and Obstetrics (FIGO)
stage, (completeness of) surgical staging, (completeness of)
cytoreductive procedures, chemotherapy and date of recurrence. Com-
plete surgical staging was defined as: collection of peritoneal fluid for
cytology, an infracolic omentectomy, sampling of para-aortal, para-
iliac and obturator lymph nodes and biopsies of peritoneum of bladder,
Douglas pouch, paracolic recesses (bilateral) and diaphragm (bilateral).
Cytoreductive surgery was considered complete if all macroscopic
tumorwas removed. Furthermore, vital status and date of deathwas re-
trieved from the Dutch personal records database (last retrieval on
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Table 1
Patient, disease and treatment characteristics of 28 asymptomatic BRCA1/2 GPV carriers
diagnosed with HGSC at RRSO.

n / median % / range

Median age at time of RRSO, years 55.3 33.5–74.3
GPV type
BRCA1 GPV 22 79
BRCA2 GPV 6 21

FIGO stage
I 18 64
II 3 11
III 5 18
Unknown1 2 7

Surgery after RRSO
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October 18, 2022). Last date of follow-up frommedical records was July
7, 2022.

2.4. Study outcomes

Main outcome was ten-year disease-free survival (DFS). DFS was
calculated as time from RRSO to date of first recurrence (defined as ra-
diologic or histologic confirmation of disease progression in peritoneal
cavity)with censoring at the last date of follow-up frommedical records
or at date of death. Secondary outcomeswere time to recurrence (calcu-
lated as the time from date of RRSO to date of first recurrence), ten-year
disease-specific survival (DSS) (calculated as time from RRSO to date of
death fromHGSC, with censoring at date of death of another cause than
HGSC or at last date of known vital status) and ten-year overall survival
(OS) (calculated as time from RRSO to date of death, with censoring at
last date of known vital status). Lastly, we assessed patient, disease
and treatment factors associated with an unfavorable prognosis. For
this assessment, unfavorable outcome was defined as the development
of a recurrence.

2.5. Statistical analysis

Patient characteristics at baseline were described with frequencies
and percentages for categorical data, and with median and range for
continuous data. Ten-year DFS, DSS and OS were calculated using the
Kaplan-Meier method. To evaluate factors associated with the develop-
ment of a recurrence, Kaplan-Meier curves of DFS were created and
stratified for age at RRSO, FIGO stage, treatment after RRSO and BRCA
GPV type. Women with FIGO stage I and FIGO stage II are classified as
early stage, women with FIGO stage III as advanced stage. Due to the
small number of cases, only descriptive data analysis could be used
and no statistical testing was applied. Data analyses were performed
using IBM SPSS statistics version 28.0 forWindows (IBM corp., Armonk,
NY, USA).

3. Results

3.1. Patient characteristics

After exclusion of two women in whom HGSC was diagnosed in
hindsight at pathology review [6], a total of 28 asymptomatic BRCA1/2
GPV carriers with HGSC at RRSO could be included in this study
(Fig. 1). In total, 22 women carried a BRCA1 GPV and six a BRCA2 GPV.
Of the 28 women, 24 (86%) underwent their RRSO after the advised
age. The median age at RRSO of women was 55.3 years (range:
Fig. 1. Flow diagram of patient selection.
Abbreviations: BRCA = breast cancer susceptibility gene; GPV = germline pathogenic
variant; RRSO = risk-reducing salpingo-oophorectomy; HGSC = high-grade serous
carcinoma.
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33.5–74.3 years): BRCA1 GPV carriers had a median age of 51.7 years
(range: 33.5–70.6 years), BRCA2 GPV carriers had a median age of
63.2 years (range: 44.6–74.3 years) (Table 1).

Of the identified 28 patients, 26womenunderwent additional surgi-
cal staging after RRSO, resulting in diagnosis of FIGO stage I in eighteen
patients, FIGO stage II in three patients and FIGO stage III in five patients.
The FIGO stage of the other two patients was classified as unknown be-
cause these women did not undergo surgical staging, but received six
cycles of chemotherapy with carboplatin and paclitaxel. In total, sixteen
patients received chemotherapy: seven with FIGO stage I, all with FIGO
stage II and III and two with unknown stage. Of the seven women with
FIGO stage I who received chemotherapy, three had FIGO stage IA, one
had FIGO stage IB and three had FIGO stage IC. Of the twelve women
who did not receive chemotherapy, ten had FIGO stage IA and two
had FIGO stage IC. For a detailed description of patient and treatment
characteristics of all 28 cases with HGSC at RRSO, see Supplementary
table 2.

3.2. Follow-up and survival

Follow-up and survival of the 28 women with HGSC at RRSO are
shown in Table 2. Median follow-up was 13.5 years (range:
9.1–24.7 years): 13.3 years (range: 9.3–24.7 years) for BRCA1 GPV car-
riers and 14.2 years (range: 9.1–21.3 years) for BRCA2 GPV carriers. At
the end of follow-up, nine of the 28 patients (32%) had developed a re-
currence. Median time to recurrence was 6.9 years (range:
0.8–9.2 years). In total, six of the eighteen women (33%) with FIGO
stage I, one of the three women (33%) with FIGO stage II, two of the
five women (40%) with FIGO stage III and none of the women with un-
known stage developed a recurrence. In total, ninewomen died, includ-
ing six women who died due to HGSC. Ten-year DFS was 68% (95% CI:
Staging surgery 22 79
Incomplete2 2 9
Complete 20 91

Cytoreductive surgery 4 14
Incomplete (tumor residual) 0 –
Complete (no tumor residual) 4 100

No surgery 2 7
Chemotherapy
No 12 43
Yes 16 57

Adjuvant chemotherapy 13 81
Neoadjuvant chemotherapy3 1 5
Chemotherapy as only treatment 2 13

Abbreviations: BRCA=breast cancer susceptibility gene; GPV=germline pathogenic var-
iant; HGSC = high-grade serous carcinoma; RRSO = risk-reducing salpingo-oophorec-
tomy; FIGO= International Federation of Gynecology and Obstetrics.

1 Two women did not undergo surgical staging but received chemotherapy as primary
treatment.

2 Reason for incomplete surgical staging: no biopsies of peritoneum (n = 1), no
lymphadenectomy (n = 1). Four women underwent a complete surgical staging proce-
dure without hysterectomy; this was nevertheless classified as complete surgical staging.

3 Because of a simultaneously diagnosed metastatic recurrence of breast cancer, this
patient first underwent four cycles of chemotherapy, before undergoing an interval
cytoreductive surgery. After this debulking surgery, she received another two cycles of
chemotherapy.



Table 2
Follow-up of 28 asymptomatic BRCA1/2 GPV carriers diagnosed with HGSC at RRSO.

Follow-up

Median, years (range) 13.5 (9.1–24.7)
Recurrence
Yes, n 9

FIGO stage I, n (%) 6 (33)
FIGO stage II, n (%) 1 (33)
FIGO stage III, n (%) 2 (40)

No, n 19
FIGO stage I, n (%) 12 (67)
FIGO stage II, n (%) 2 (67)
FIGO stage III, n (%) 3 (60)
Unknown, n (%) 2 (100)

Time to recurrence
Median time to recurrence, years (range) 6.9 (0.8–9.2)

Patient status at last moment of follow-up,n
Alive 19
NED 17
AWD 2

Deceased 9
Death of disease 6
Death of other malignancy 2
Death, cause unknown 1

10-year DFS, % (95% CI) 68 (51–85)
10-year DSS, % (95% CI) 89 (77–100)
10-year OS, % (95% CI) 82 (69–95)

Abbreviations: RRSO= risk-reducing salpingo-oophorectomy; BRCA=breast cancer sus-
ceptibility gene; GPV = germline pathogenic variant; HGSC = high-grade serous carci-
noma; NED = no evidence of disease; AWD = alive with disease; DFS = disease-free
survival; DSS= disease-specific survival; OS= overall survival; CI= confidence interval.
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51–85%), ten-year DSSwas 88% (95% CI: 77–100%) and ten-year OSwas
82% (95%CI: 69–95%). DFS curves stratifiedbypatient, clinical and treat-
ment characteristics are presented in Fig. 2.

4. Discussion

The aim of this study was to describe the long-term outcome of
asymptomatic BRCA1/2 GPV carriers diagnosed with HGSC at RRSO. In
this series of 28 asymptomatic BRCA1/2 GPV carriers with HGSC in the
RRSO specimen, the majority of the tumors were found at an early
stage and most women had a favorable survival with a 10-year OS of
82%. However, after a median follow-up time of 13.5 years, nine of the
28 women had developed a recurrence. Median time to recurrence
was 6.9 years with a wide range of time to recurrence from 0.8 to
9.2 years.

Several studies have analyzed the survival of BRCA1/2 GPV carriers
diagnosed with 'ovarian cancer' at RRSO. Cowan et al. reported a five-
year DFS of 72% and a five-year DSS of 96% in 26 asymptomatic
BRCA1/2 GPV carriers with ‘incidentally detected’ HGSC at RRSO after a
median follow-up of 5.6 years [9]. In their study, all 26 patients under-
went complete surgical staging. Kotsopolous et al. reported a ten-year
OS of 74% for 52 BRCA1/2 GPV carriers with cancer at RRSO after a
mean follow-up period of 6.8 years [10]. However, detailed information
regarding tumor histology, pre-operative screening, surgical staging,
disease stage, and recurrences was not presented in their study. In an-
other study by Powell et al. [17], a recurrence rate of 47% after a median
follow-up of 7.3 years was reported for 15 BRCA1/2 GPV carriers with
‘unsuspected invasive neoplasia’ at RRSO. However, womenwith symp-
toms were not explicitly excluded. Therefore, their study is not entirely
comparable to our study. Overall, a direct comparison between our re-
sults and those of previous studies is difficult tomake due to the consid-
erably shorter follow-up time and the lack of detailed information in
those studies. Yet, our results regarding survival are more or less com-
parable to the studies by Cowan et al. and Kotsopolous et al. [9,10].
We hypothesize that the relatively favorable survival observed in the
majority of the women included in our study is the result of the high
number of women with correctly staged early stage disease combined
with the careful selection of asymptomatic BRCA1/2 GPV carriers.
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In addition, the improvement in the treatment of HGSC over time
with the introduction of PARP inhibitors in the last decade, especially
in BRCAmutant patients [18], could provide another explanation.

Nevertheless, nine of the 28women included in our study developed
a recurrence, in somewomenmany years after the initial diagnosis. Our
recurrence rate of 32% in women with early stage HGSC is similar to
what other studies observed in women with incident, early stage
HGSC [19,20]. Our results indicate that even women with early stage
disease are at risk of developing a recurrence. Especially the late recur-
rences in women with early stage HGSC strongly suggests that tumor
cells may have exfoliated and disseminated throughout the abdominal
cavity at an early stage of the disease, even if the tumor seems to be con-
fined to the fallopian tube. Although it is difficult to determine the origin
of such cells, it can be assumed that these exfoliated HGSC tumor cells
remained in the abdominal cavity, after surgery. These cells could even-
tually give rise to a recurrence in the abdominal cavity, as has been sug-
gested for carcinogenesis of HGSC after a diagnosis of isolated STIC [21].

Furthermore, we observed that the recurrence rate in our study did
not vary between women with early or advanced stage HGSC, respec-
tively 33% and 40%. In comparison, Cowan et al. [9] described a consid-
erably lower recurrence rate of 11% in a total of eighteen women with
early stage HGSC, whereas the recurrence rate in the eight women
with advanced stage disease was 75%. This difference in recurrence
rate for women with early stage HGSC between the study of Cowan
et al. [9] and our study could possibly be explained by the small sample
size of both studies, which can cause quite a variation in outcomes. An-
other explanation could lie in the fact that, compared with the study by
Cowan et al., in our study a lower percentage of womenwith early stage
disease received chemotherapy (47% as compared to 89%) [9]. Accord-
ing to the Dutch guidelines, adjuvant chemotherapy is indicated from
completely staged FIGO stage IIb and onwards [22], as there is no strong
evidence for improved survival after adjuvant chemotherapy in FIGO
stage I after complete surgical staging [19,20]. Furthermore, the consid-
erably shorter follow-up time in the study by Cowan et al. [9] may ex-
plain the difference in recurrence rate. Since we demonstrated that
women with HGSC at RRSO can develop a recurrence many years after
the initial diagnosis, it can be hypothesized that the follow-up time of
Cowan et al. was too short to detect all recurrences in their study popu-
lation. We additionally observed that carrying a BRCA2 GPV was associ-
ated with a higher risk to develop a recurrence, but this is most likely
the result of the small number of BRCA2 GPV carriers included in this
study.

Of the 28 women who had HGSC at RRSO, 86% underwent the RRSO
after the recommended age. This emphasizes that timely RRSO is crucial
in preventing HGSC in BRCA1/2 GPV carriers. This is closely related to
timely DNA testing, the importance of which we also emphasize. In
the recent years, many efforts have been made to improve testing for
BRCA1/2GPVs, such as offering testing to all womenwith ovarian cancer
and implementing tumor testing for somatic BRCA1/2 PVs [23]. In addi-
tion, barriers in genetic BRCA1/2 testing have been identified [24], but
more action is needed to further improve early detection of BRCA1/2
GPVs to take timely preventive measures.

Themain strength of our study is the long follow-up period, which is
to our knowledge the longest to date for asymptomatic BRCA1/2 GPV
carriers diagnosed with HGSC at RRSO. Another strength of our study
is the complete and detailed description of clinical data of one of the
largest series of BRCA1/2 GPV carriers with HGSC at RRSO.

Our study also had some limitations. The sample size restricted us to
descriptive data analysis and no definite conclusions could be drawn.
The low sample size is explained by the low prevalence of HGSC at
RRSO in the large cohort of asymptomatic BRCA1/2 GPV, resulting in
identification of a relatively small number of women with asymptom-
atic HGSC at RRSO. Furthermore, the retrospective nature of our study
could have influenced our results. Additionally, the relatively favorable
survival observed in this study could be the result of lead-time bias,
when comparing our results to survival data of women with incident



Fig. 2. Disease-free survival curves stratified for patient, disease and treatment characteristics.
1 Early stage = FIGO stage I and FIGO stage II; Advanced stage = FIGO stage III.
Abbreviations: BRCA = breast cancer susceptibility gene; GPV = germline pathogenic variant; RRSO = risk-reducing salpingo-oophorectomy; FIGO = International Federation of
Gynecological Oncology.
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HGSC. Lastly, the date of the DNA test was unknown for three of the 28
women included. For them, it could not be determined with certainty
whether the RRSOwas performed before or after DNA testing for carrier
status of a BRCA1/2GPV for thesewomen. Because this might imply that
they were symptomatic prior the RRSO, we collected clinical data on
pre-operative symptoms from themedical records andwere able to ver-
ify that all three were asymptomatic prior to the RRSO. The same was
true for the other 25 women in whom the DNA test was performed
prior to RRSO. Therefore, we assume that all RRSOwere indeed prophy-
lactic and that the unknown date of the DNA test in three women did
not affect our results.

To conclude, most asymptomatic BRCA1/2GPV carriers with HGSC
at RRSO were diagnosed with early stage HGSC, resulting in a favor-
able long-term survival for the majority. However, nine of the 28 in-
cludedwomen developed a recurrence, in some cases more than nine
years after the initial diagnosis. Since more than 85% of the women
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underwent RRSO after the advised age, our results underscore the
need for earlier detection of BRCA1/2 GPVs to take timely preventive
measures, as RRSO before the age of 35–40 years for BRCA1 GPV car-
riers and 40–45 years for BRCA2 GPV carriers remains the only reli-
able method of preventing mortality of HGSC in BRCA1/2 GPV
carriers.
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