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• Clonal relationship between temporally distant STICs and HGSCs was established in five of the seven cases.
• Similar TP53mutations were detected by performing next generation targeted sequencing.
• Median interval for developing HGSC after risk-reducing salpingo-oophorectomy was 59 months.
• These findings support the hypothesis that STIC lesions may metastasize.
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Objective. Themajority of high-grade serous carcinomas (HGSC) of the ovary, fallopian tube, and peritoneum
arise from the precursor lesion called serous tubal intraepithelial carcinoma (STIC). It has been postulated that
cells from STICs exfoliate into the peritoneal cavity and give rise to peritoneal HGSC several years later. While
co-existent STICs and HGSCs have been reported to share similarities in their mutational profiles, clonal relation-
ship between temporally distant STICs andHGSCs have been infrequently studied and the natural history of STICs
remains poorly understood.

Methods.Weperformed focused searches in two national databases from the Netherlands and identified a se-
ries of BRCA1/2 germline pathogenic variant (GPV) carriers (n=7)whohad STIC, andnodetectable invasive car-
cinoma, at the time of their risk-reducing salpingo-oophorectomy (RRSO), and later developed peritoneal HGSC.
The clonal relationship between these STICs and HGSCs was investigated by comparing their genetic mutational
profile by performing next-generation targeted sequencing.

Results. Identical pathogenic mutations and loss of heterozygosity of TP53 were identified in the STICs and
HGSCs of five of the seven patients (71%), confirming the clonal relationship of the lesions. Median interval for
developing HGSC after RRSO was 59 months (range: 24–118 months).

Conclusion.Our results indicate that cells fromSTIC canshed into theperitoneal cavity andgive rise toHGSCafter
long lag periods in BRCA1/2 GPV carriers, and argues in favor of the hypothesis that STIC lesions may metastasize.

© 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

1.1. Serous tubal intraepithelial carcinoma (STIC) is a recognized precursor
of high-grade serous carcinoma (HGSC)

HGSC of the ovary or fallopian tube is known to be one of the most
lethal gynecological malignancies, with a five-year survival rate of
47% [1,2]. Clinico-pathological data from the last two decades indi-
cate that most HGSCs arises in the fallopian tubes and not in the
ovary, from a precursor lesion called STIC [3–5]. STIC is considered
as an early morphologically recognizable step in HGSC development,
and its status as an HGSC precursor has been established on the basis
of similarities in morphological, immunophenotypical and transcrip-
tomic profiles with HGSC [6]. >90% of STICs harbor pathogenic muta-
tions of the TP53 gene, which is known to be the earliest DNA
sequence alteration to occur during HGSC carcinogenesis [6]. Poten-
tial fallopian tube precursor lesions are histologically classified into
three different entities: p53 signatures, serous tubal intraepithelial
lesions (STILs) and STICs. These entities are distinguished on the
basis of the differences in their morphological and immunohisto-
chemical (p53 and Ki-67) features. A p53 signature is defined by a
TP53 missense mutation in a small number of epithelial cells with a
normal morphology and no increase in proliferative activity (Ki-
67 < 10%). A STIL is a lesion where some, but not all, of the criteria
for STIC are met, for example TP53 mutation in cells with morpholog-
ical abnormalities but no increased proliferative activity (<10%). In a
STIC there is cytological atypia, TP53 mutation and increased Ki-67
activity (>10%) [6–9].

1.2. Ovarian cancer risk in BRCA1/2-gene germline pathogenic variants
carriers

Cumulative life-time risk for ovarian cancer up to the age of
80 years is 44% (95% CI 36–53%) for BRCA1 GPV carriers and 17%
(95% CI, 11–25%) for BRCA2 GPV carriers, compared to 1.3% in the gen-
eral population [10]. As there are no effective screening strategies for
HGSC, BRCA1/2 GPV carriers are advised to undergo risk-reducing
salpingo-oophorectomy (RRSO) by the age of 35–40 and 40–45 years
respectively [11–13]. However, BRCA1/2 GPV carriers still remain at a
risk of developing HGSC of the peritoneum, especially when the RRSO
is performed after the advised age. The estimated cumulative risk is
3.9% for BRCA1 and 1.9% for BRCA2 carriers, up to 20 years post-RRSO
[14,15]. For women with a STIC at RRSO, the 5- and 10-year risks of de-
veloping HGSC of the peritoneum are10.5% and 27.5% respectively,
whereas for women without a STIC, the risk would be 0.3% and 0.9%
respectively [16].

1.3. Focus of the current study

Currently, there is limited understanding of the mechanisms by
which peritoneal HGSCs develop in BRCA1/2 GPV carriers after RRSO.
It has been posited that cells from STICs, or lesions preceding the devel-
opment of STICs harboring TP53 mutations, may disseminate into the
peritoneal cavity and potentially remain biologically quiescent until
they manifest as a HGSC several years later [17,18].

To better understand the biology of STICs and the relationship be-
tween the STIC and subsequent HGSC, we identified BRCA1/2 GPV car-
riers from two Dutch national databases, who had an isolated STIC at
RRSO, and subsequently developed HGSC (at least >12 months post-
RRSO). We investigated the clonal relationship between the STICs and
subsequent HGSCs by studying their genetic profiles by performing
next-generation targeted sequencing.

Our hypothesis is that if the STIC and subsequent HGSC share a
clonal relationship evidenced by the presence of identical TP53 muta-
tion, the concept of peritoneal dissemination of STIC lesions and pro-
gression to malignancy later on in life will be supported.
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2. Materials and methods

2.1. Patient selection

Patients were retrospectively selected from the Hereditary Breast
Ovarian Cancer Research Group Netherlands (HEBON) cohort, the data-
base of Dutch Nationwide Pathology Databank (PALGA) and from the
electronic records of the Department of Gynecologic Oncology, Erasmus
MC. TheHEBONdatabasewas searched for potential inclusions between
2000 and 2011. The HEBON database is a national database containing
>35,000 patientswith breast- and ovarian cancer, ofwhich 7102 female
BRCA1/2 GPV carriers are registered. The PALGA database was searched
for potential inclusions from 1994 to 2020. The PALGA database annu-
ally accrues ∼3 million pathology records from all the Dutch centers.
From the PALGAdatabase, 147 patientswere fulfilled our search criteria.
The databases were search using the Dutch terms and synonyms for
BRCA, STIC and HGSC of the peritoneum.

Patients from the above-mentioned databases who fulfilled the
following criteria were included:

1. Proven BRCA1/2 GPV carrier status
2. Underwent RRSO
3. Presence of only STIC and no invasive carcinoma in the RRSO

specimen
4. Developed HGSC at least 12 months after RRSO (the cut-off of

12 months was chosen to exclude the possibility that the HGSC
was already present at the time of RRSO)

2.2. Clinical data collection and analysis

The following information was collected for all included patients:
age, type of BRCA mutation [1 or 2], menopausal status at RRSO, date
of RRSO, date of STIC diagnosis, date of HGSC diagnosis, FIGO stage of
HGSC at diagnosis, history of breast carcinoma, treatment, and follow-
up information. Descriptive analysis of data was performed using SPSS
Statistics version 25 (Armonk, NY: IBM Corp).

2.3. Histopathology

For all included patients, the tubal tissue was completely enclosed
and examined. Due to the retrospective nature of this study, we were
not able to determine whether the Sectioning and Extensively Examin-
ing the Fimbria (SEE-FIM) protocol was followed for handling the tubal
specimens [19]. The histology of all included lesions (STIC and HGSC)
was reviewed by an experienced gyneco-pathologist (PEG) to confirm
the diagnosis of a STIC.

2.4. Immunohistochemistry

For patients where immunohistochemistry (IHC) with p53 and/or
Ki-67 had been conducted for the STIC lesion at the time of diagnosis,
the results were extracted from the pathology reports. For the remain-
ing patients, if sufficientmaterial was available, 4 μm sectionswere pre-
pared from the formalin fixed paraffin embedded (FFPE) tissues, and
IHC was conducted using p53 (BP53–11, Ready to use, Ventana) and
Ki-67 (clone 30–9, Ready to use, Ventana) on Benchmark Ultra
Immunostainer (Roche), following manufacturer's instructions. Abnor-
mal p53-expression, i.e., continuous strong nuclear expression, or com-
plete absence of expression, along with a Ki-67 labeling index ≥10%
were considered confirmatory for the histological diagnosis of STIC.

2.5. Next-generation targeted sequencing

Clonal relationship between the STICs and HGSCs was investigated
using next-generation targeted sequencing (NGTS). To extract DNA for
NGTS, lesional tissue was manually micro-dissected from sections
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prepared from the FFPE material. Dissected tissue fragments were sub-
jected to proteinase K digestion for 16 h at 56 °C in the presence of 5%
Chelex 100 resin (BioRad Laboratories, Hercules, CA). The extracted
DNAwas usedwithout further purification after inactivation of protein-
ase K and the removal of cell debris and the Chelex resin. DNA concen-
tration was measured with Qubit 2.0 fluorometer (Thermo Fisher
Scientific Inc., Wilmington, DE) following manufacturer's instructions.
NGS was performed using a custom cancer hotspot AmpliSeq panel
consisting of 1028 amplicons on the Ion Torrent platform (Supplemen-
tary Table 1). The library was prepared with the AmpliSeq Library Kit
Plus (ThermoFisher Scientific Inc.). Template preparation and chip load-
ingwere done on the Ion Chef and sequencingwas performed using the
Ion Genestudio S5 prime system on Ion 540 chips (ThermoFisher Scien-
tific, Waltham, MA).

A commercially available software package for variant calling (Se-
quence Pilot v5.2.0, JSI Medical Systems, Ettenheim, Germany, https://
www.jsi-medisys.de/products/sequence-pilot/seqnext/) was used to
select the potentially reliable variants. Variants reported in the
ESP6500si or 1000 genomes databases and occurring at frequencies
higher than 1% were filtered out. For inclusion, variants needed to
(i) have a minimum coverage of 100 reads per amplicon, (ii) be present
in at least 20% of the called reads and/or correspond to the tumor cell
percentage. The following alterations were included: nonsynonymous
point mutations, splice site alterations, and insertions and deletions
changing the protein amino acid sequence. Additionally, the intuitive
web-application SNPitty was used to detect loss of heterozygosity
(LOH) [20].

2.6. Ethical clearance

Approval of the Institutional Review Board of Erasmus MC (MEC-
2020-0326) and all participating institutions was obtained for this
study. All patient data were anonymized and patient materials were
Fig. 1. Graphical flowchart of study design.
Abbreviations: STIC, serous tubal intraepithelial carcinoma, HGSC, high-grade serous carcinom
LOH, loss of heterozygosity.
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handled in accordance with the guidelines of Foundation Federation of
Dutch Medical Scientific Societies (federa.org/codes-conduct).

3. Results

Seven patients from theHEBON (2000−2011) and PALGA databases
(1994–2020) fulfilled our inclusion criteria, of which three patients
were excluded as for various reasons. In one patient, no STIC lesion
could be detected in the RRSO specimen on pathology review and in
two other patients, there was insufficient STIC tissue available to per-
form NGS. Three additional patients fulfilling our inclusion criteria
were identified from the database of Erasmus MC. This resulted in a
total of seven patients for final inclusion, which were histologically re-
viewed by an experienced gyneco-pathologist (PEG) and fulfilled the
criteria for a STIC [8]. A graphical study flowchart of performed analyses
is shown in Fig. 1 and the clinical data is presented in Table 1. The immu-
nohistochemistry results of p53 and Ki-67 are reported in Supplemen-
tary Table 2. For patient 2 and 3 the Ki-67 index was missing in the
original pathology report and there was insufficient material available
after performing NGS to perform Ki-67 immunohistochemistry.

3.1. Clinical characteristics

The mean age of the included women was 57 years (range:
46–69 years). All women were post-menopausal at the time of RRSO.
The median interval for developing HGSC after RRSO was 59 months
(range: 24–118 months). Four of the seven women died from HGSC.
The median interval to death after diagnosis was 30 months (range:
21–63 months). Of the three women who are still alive, one had recur-
rent disease 33months after the diagnosis of HGCS (patient number 5),
which was stable at the last visit, and two women (case number 6 and
7) had no signs of recurrence 4 and 18 years following RRSO, respec-
tively. Three of the included women had a history of breast cancer.
a, HE, hematoxylin and eosin, NGTS, next-generation sequencing; P53, tumor protein 53;

https://www.jsi-medisys.de/products/sequence-pilot/seqnext/
https://www.jsi-medisys.de/products/sequence-pilot/seqnext/
http://federa.org/codes-conduct


Table 1
Clinical characteristics of study population.

Patient
number

Age at
diagnosis
of STIC

BRCA1/2 History
of
breast
cancer

Interval
between
STIC and HGSC
(months)

FIGO
stage
of HGSC at
diagnosis

Treatment of HGSC Surgical
outcome

Progressive
disease

Death
of
disease

Interval between
HGSC and
date of
death (months)

1 57 BRCA2 No 59 IV Interval CRS and 6 courses of
chemotherapy

Complete
CRS

Yes Yes 21

2 57 BRCA1 No 36 IV Primary CRS and 6 courses of
chemotherapy

Optimal CRS Yes Yes 23

3 61 BRCA1 Yes 33 IV Hormonal therapy and
chemotherapy (initially interpreted
as a metastasis of breast cancer)

N/A Yes Yes 63

4 62 BRCA1 No 24 IIIC Interval CRS and 6 courses of
chemotherapy

Complete
CRS

Yes Yes 36

5 46 BRCA1 No 118 IIIC Interval CRS and 6 courses of
chemotherapy

Optimal CRS No N/A N/A

6 53 BRCA1 Yes 80 IIC Interval CRS and 6 courses of
chemotherapy

Complete
CRS

No N/A N/A

7 69 BRCA2 Yes 72 IIIC Interval CRS and 6 courses of
chemotherapy

Complete
CRS

No N/A N/A

Abbreviations: STIC, serous tubal intraepithelial carcinoma; BRCA, breast cancer gene; FIGO, The International Federation of Gynecology and Obstetrics; HGSC, high-grade serous cancer;
CRS, cytoreductive surgery; N/A, not applicable.
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None of the patients underwent surgical staging or systemic therapy
after diagnosis of the STIC.

3.2. Next-generation targeted sequencing results

Identical pathogenic mutations of TP53were identified in the STICs
and HGSCs of five patients (71%; Table 2). Of these, three patients
[1,2,6] and also showed loss of heterozygosity (LOH) of the TP53 gene
in both the STIC and HGSC. Based on the presence of identical TP53mu-
tations and LOH affecting the TP53 gene, we deduced a clonal relation-
ship between the STIC and HGSC of five patients in our series
(Table 2). Patient 5 showed retention of homozygosity (ROH) in the
STIC and LOH in the peritoneal HGSC. No clonal relationship could be es-
tablished between the STIC and HGSC of patients 3 and 7 on the basis of
CNV analyses, TP53 or other genetic mutations. Both of these patients
had a history of breast cancer. On performing NGTS on the breast
Table 2
Results of next-generation sequencing.a

Patient
number

NGS STIC lesion CNV-analysis NGS HGSC

1 TP53:NM_000546.5:exon4:
c.320dupA:p.Y107_G108delinsX,
variant allele frequency: 57%

LOH TP53:NM_000546.5:exon
Y107_G108delinsX, varia
frequency: 23.5%

2 TP53:NM_000546.5:exon7:
c.721 T > C:p.S241P, variant allele
frequency: 46.5%

LOH TP53:NM_000546.5:exon
p.S241P, variant allele fre

3 TP53:NM_000546.5:exon7:
c.722C > G:p.S241C, variant allele
frequency: 52%

LOH TP53:NM_000546.5:exon
p.V197E, variant allele fr

4 TP53: NM_000546.5: exon 1:c.-29
+ 1G > T (p.?), variant allele
frequency: 33%

Not available TP53: NM_000546.5: exo
+ 1G > T (p.?), variant a
42%

5 TP53:NM_000546.5:exon8:
c.817C > T:p.R273C, variant allele
frequency: 33%

ROH TP53:NM_000546.5:exon
p.R273C, variant allele fr

6 TP53:NM_000546.5:exon4:
c.249_250delGG, variant allele
frequency: 44%

LOH TP53:NM_000546.5:exon
c.249_250delGG, variant
frequency: 77%

7 TP53 (NM_000546) exon 5:
c.476C > A, p.A159D, variant allele
frequency: 52%.

Not available TP53 (NM_000546) exon
p.S241Y, variant allele fre
(T2) and 92% (T3)

Abbreviations: STIC, serous tubal intraepithelial carcinoma;HGSC, high-grade serous cancer; NG
loss of heterozygosity; ROH, retention of heterozygosity.

a In patient 1,2, 4, 5 and 6 the STIC lesions were clonally related to HGSC tissue; in patient 3
breast cancer tissue was additionally sequenced and was neither clonally related to the STIC o
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tumor tissue, we detected a different TP53 mutation in one patient
and a PIK3CA mutation in the other patient (Table 2). Patient number
7 had a STIC with 18% Ki-67 expression (lower limit 10%).

4. Discussion

4.1. Main findings and clinico-pathological significance

To the best of our knowledge, this is the first study to investigate the
clonal relationship in a series of STICs, and subsequent HGSCs, post
RRSO in BRCA1/2 GPV carriers by performing a comprehensive search
in two large national databases. In five of the seven (71%) included pa-
tients, a clonal relationship between the STICs and HGSCs could be es-
tablished by detection of identical mutations and loss of
heterozygosity of the TP53 gene. These findings support the origin of
HGSC from a tubal precursor, and also suggest that lesional cells that
CNV-analysis NGS breast cancer CNV-analysis

4:c.320dupA:p.
nt allele

LOH Not applicable Not
applicable

7:c.721 T > C:
quency: 90.5%

LOH Not applicable Not
applicable

6:c.590 T > A:
equency: 30.2%

Poor quality TP53:NM_000546.5:exon6:
c.659 A > C:p.Y220S, variant allele
frequency: 24%

LOH

n 1:c.-29
llele frequency:

Not available Not applicable Not
applicable

8:c.817C > T:
equency: 38%

LOH Not applicable Not
applicable

4:
allele

LOH Not available Not available

7: c.722C > A;
quency: 71%

LOH PIK3CA (NM_006218) exon 21:
c.3140 A > G; p.H1047R, variant
allele frequency: 56%

LOH

S, next-generation sequencing; TP53, tumor protein 53; CNV, copy number variation; LOH,

and 7 the STIC lesions and HGSC tissue were not clonally related. For these patients their
r to the HGSC tissue.



C.B. van den Berg, S. Dasgupta, P.C. Ewing-Graham et al. Gynecologic Oncology 187 (2024) 113–119
exfoliate from STIC may remain quiescent for years on the peritoneal
surface, giving rise to HGSC after long lag periods. Furthermore, our re-
sults also argue in favor of the theory that peritoneal HGSC is essentially
a metastatic disease, in which the primary lesion lies in the fallopian
tube. This potential metastatic capability of STICs, highlights the impor-
tance of extensive sampling of the fallopian tubes of BRCA1/2 carriers to
detect STICs.

Interestingly, clonal relationship between STIC and HGSC could not
be established for two patients, both of whom had a history of breast
carcinoma (detailed information of these cases has been described in
Supplementary Table 3). Judging from the TP53 mutational profile,
their breast carcinoma, although TP53 mutant, was not clonally related
to either the STIC or the HGSC. Additionally, in one of these patients, a
lesion histologically similar to STICwas observed on the ovarian surface
onhistology review. Noneof the other patients had in-situ/dysplastic le-
sions in the ovary. Although this lesion was diagnosed as a STIC at the
time of the RRSO, this lesion cannot be strictly called a STIC as it was
not tubal. However, as we know from an anatomical perspective,
there is a close connection of the fimbriated end of the fallopian tube
and the ovary. Therefore, there is a possibility that the ovarian lesion
may have originated from cells that detached from the fimbriated end
and implanted on the ovarian surface. It is also conceivable that in
these patients a different pathophysiological mechanism may have
played a role in the development of HGSC. Although several studies sup-
port the tubal origin of ovarian cancer and HGSC, there may be aminor-
ity of patients in which this theory does not apply [3–6,16,21–23].
Nevertheless, it is important to acknowledge that lack of identical
TP53 mutations does not necessarily disprove a clonal relationship.
The original clone may have been subsumed by overgrowing cancer
cells or could have been outcompeted for survival by other clones. An-
other explanation may be that these cases had a second/separate STIC,
which was missed by the pathologist. Even by after applying the SEE-
FIM protocol, STIC lesions can be missed if they are very small.

4.2. Comparison of our data with existent literature

To explain the development of invasive carcinoma from quiescent
precursor cells after long lag periods, several hypotheses have been pos-
tulated, most of which are based on the principles of gradual genetic
evolution. An alternative theory of amore catastrophic and complex ge-
nomic event was recently proposed by Yoon et al. The catastrophic ge-
netic event is called chromothripsis, which is common in cancers
associated with p53 dysfunction. [24]. According to this theory, the pre-
cursor cells escape into the peritoneal cavity years prior to the cata-
strophic genomic event, during which one or a few chromosomes
undergo reassembly and trigger the carcinogenesis process [24]. We
were not able to investigate this in our study as we performed targeted
sequencing on our samples. Furthermore, reliable calling of
chromothripsis in archival tissue samples canbe challenging as formalin
fixation is known to degrade DNA quality and introduce artifacts into
the genetic data.

In one of our previous studies on a 16-year cohort of BRCA1/2 GPV
carriers who underwent RRSO (n = 527), we observed that of the
four patients who later developed HGSC, two had an isolated STIC at
the time of their RRSO [25]. The STIC and HGSC from both patients har-
bored identical TP53 mutations, which indicated that the lesions were
clonally related [25]. Additional studies have reported on the associa-
tion of an isolated STIC at RRSOwith subsequent HGSCs at rates varying
between 0 and 50% [16,26–29]. Nevertheless, studies investigating the
clonal relationship between STIC and subsequent HGSCs remain sparse
because of the rarity of finding an isolated STIC at RRSO and the pro-
longed follow-up required to detect subsequent HGSCs [6].

The majority of the current evidence on the clonal relationship be-
tween of STIC and HGSC comes from studies with small number of pa-
tients, due to the rarity of the disease [4,30–33]. However, most of
these studies actually investigated clonality of STIC and the concurrent
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HGSC, and not spatially distinct lesions as in our study. Labidi-Galy
et al. performed whole-exome sequencing and copy number analyses
of STIC and concurrent ovarian HGSC in nine patients. They reported
identical somatic alterations in the STIC and ovarian HGSC, and com-
puted a window of seven years between development of a STIC and ini-
tiation of ovarian HGSC using evolutionary analyses [4]. In our unique
case-series, the median interval of developing HGSC after the detection
of STIC at RRSO was 59 months (range: 24–118months). This is similar
to that reported in a recently published individual patient-data meta-
analysis of 17 studies comprising 3121 BRCA1/2 GPV carriers
(48 months; 18–118 months) [16]. In addition to small sample sizes,
lengths of follow-up in previous studies have been quite short, and in
some cases, have not even been provided.

A recent retrospective study investigating 2557 women showed
HGSC in respectively 1.5% and 0.6% of the RRSO tissue from asymptom-
atic BRCA1 and2GPV carriers [23]. Of thesewomen, 73.3%had a focus of
invasive carcinoma in the fallopian tubes along with a concurrent STIC.
As far as could be investigated, none of our patients had invasive disease
at RRSO, as this was an exclusion criterion.

4.3. Strengths and limitations

Our case-series carefully assembled by searching several large na-
tional databases provides the unique opportunity to investigate geno-
mic changes at different time-points in STICs already present at RRSO,
and HGSCs that develop several years later. Detailed clinical and patho-
logical annotations were available for all included patients and high-
quality NGTS could be performed. The main limitation is that this is
still a small sample size. Larger, international cohortswould be essential
to strengthen the evidence. In addition, functional studies on in-vivo
and in-vitro models would be valuable to understand the precise geno-
mic changes that drive the transformation of STIC to HGSC and shed
light on the dissimilarities in the mutational profiles of the smaller sub-
set of STICs and HGSCs. Finally, a limitation of our studywas that the ar-
chival tissuematerial yielded DNA of insufficient quantity and quality to
perform more advanced sequencing techniques like shallow whole ge-
nome sequencing. STIC-lesions in general are very small with low cellu-
larity, which makes it challenging to use advanced sequencing
techniques and generate reliable data. As the main focus of our study
was to investigate TP53-mutations, we considered the AmpliSeq panel
was to be sufficient to address our research question.

4.4. What our study adds and future perspectives

Our study is unique in proving the clonality of STIC and HGSC that
develop several years after RRSO. HGSC has a high mortality rate, and
pathologists and clinicians can benefit from a better understanding of
tumor pathogenesis. This study supports the tubal hypothesis regarding
the origin of HGSC in the fallopian tube and provides evidence that the
so-called ‘primary’ peritoneal serous carcinoma (PSC) should be
regarded as a metastatic spread from a tubal primary. As such, PSC can
be considered as a misnomer and should rather be named HGSC. Al-
though the nature of STIC is not fully elucidated, it can be concluded
that the biological behavior of STIC is not indolent, since STICs have
the possibility to shed tumor cells to the peritoneal cavity, leading to
the development HGSC. Knowing this, it highlights the importance of
extensive sampling of the fallopian tubes of BRCA1/2 carriers to detect
STICs. Understanding the pathophysiology of STIC and its significance
for the individual patient is important, also for non-BRCA1/2 carriers
who have their tubes removed because of other genetic mutations or
during elective surgery as a preventive measure (opportunistic salpin-
gectomy). From a patient's perspective, it might be difficult to know
that despite undergoing RRSO, they are still at a risk of developing the
lethal disease of HGSC, especially when a STIC is found. However, in
this context, it must be noted that all the patients in our study under-
went RRSO after the recommended age. This emphasizes the
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importance of undergoing a timely preventative surgery following the
national and international guidelines which recommend RRSO at the
age of 35–40 years and 40–45 years respectively in BRCA1 and 2 GPV
carriers [23,34]. Based on the knowledge of the tubal origin of the ma-
jority of HGSC, an alternative risk-reducing procedure has been pro-
posed, which comprises an earlier (premenopausal) salpingectomy
and delayed oophorectomy. Ongoing clinical trials are evaluating the
safety of this approach [35,36], while other studies are investigating
the impact on quality-of-life and psychosocial wellbeing of a delayed
oophorectomy [37–39].

Although not mandated by current guidelines, our findings do raise
the question whether stricter and longer follow-up protocols need to
be evaluated for BRCA1/2 GPV carriers if a STIC is detected in their
RRSO specimens. Currently there is a lack of consensus regarding the
characterization of clinical behavior of STICs and the appropriate man-
agement strategy. While some pathologists have proposed that STICs
should be viewed as lesions of ‘uncertain malignant potential’, others
consider STICs to be lesions with ‘low metastatic potential’, in view of
their capacity of exfoliating into the peritoneal cavity and giving rise
to HGSC [6]. Regarding management, the European Society for Medical
Oncology and European Society of Gynecological Oncologists Consensus
Conference state that peritoneal staging should be considered for iso-
lated STIC [40], whereas the National Comprehensive Cancer Center
(NCCN) recommends observation alonewith orwithout CA-125 testing
in the absence of invasive cancer. There is currently no evidence that
surgical staging and/or adjuvant chemotherapy offers sufficient benefit
for women with isolated STIC [29,41]. Nevertheless, to further examine
management protocols for isolated STIC at RRSO, large, multi-center
studies with a long post-RRSO follow-up of BCRA1/2 GPV carriers will
be of paramount importance.

Elucidating pathogenic steps in early cancer development is funda-
mental to identifying biomarkers for early detection and to exploring ef-
fective strategies for cancer prevention. Epigenetic changes such asDNA
methylation and chromatin modification may also contribute to aber-
rantly expressed driver genes that activate the signaling pathways
that may transform tubal epithelial cells.

It might be also worth investigating in future studies whether STICs
in non-BRCA GPV carriers behave in the sameway as STICs in BRCAGPV
carriers. Based on the tubal hypothesis, we assume that the samebiolog-
ical process plays a role in non-BRCA GPV carriers and that STIC is the
precursor lesion of HGSC in these cases aswell. Because of the low prev-
alence [42] this would need assembling large, international cohorts, es-
pecially for investigatingmetachronous or temporally separate STIC and
HGSC.

5. Conclusion

This study indicates that cells from STIC can shed into the peritoneal
cavity, which can give rise to HGSC after a long lag period. Clonal rela-
tionship between STIC discovered at RRSO and the subsequent perito-
neal HGSC was could be established for five of the seven patients
(71%), which supports the hypothesis that HGSC after RRSO in BRCA1/
2 GPV carriers is not an independent entity, but a metastatic disease of
which the origin lies in the fallopian tube.
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