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BACKGROUND: The distribution of ovarian tumour characteristics differs between germline BRCAT and BRCA2 pathogenic variant
carriers and non-carriers. In this study, we assessed the utility of ovarian tumour characteristics as predictors of BRCAT and BRCA2
variant pathogenicity, for application using the American College of Medical Genetics and the Association for Molecular Pathology
(ACMG/AMP) variant classification system.

METHODS: Data for 10,373 ovarian cancer cases, including carriers and non-carriers of BRCAT or BRCA2 pathogenic variants, were
collected from unpublished international cohorts and consortia and published studies. Likelihood ratios (LR) were calculated for the
association of ovarian cancer histology and other characteristics, with BRCAT and BRCA2 variant pathogenicity. Estimates were
aligned to ACMG/AMP code strengths (supporting, moderate, strong).

RESULTS: No histological subtype provided informative ACMG/AMP evidence in favour of BRCAT and BRCA2 variant pathogenicity.
Evidence against variant pathogenicity was estimated for the mucinous and clear cell histologies (supporting) and borderline cases
(moderate). Refined associations are provided according to tumour grade, invasion and age at diagnosis.

CONCLUSIONS: We provide detailed estimates for predicting BRCAT and BRCA2 variant pathogenicity based on ovarian tumour
characteristics. This evidence can be combined with other variant information under the ACMG/AMP classification system, to
improve classification and carrier clinical management.

British Journal of Cancer (2023) 128:2283-2294; https://doi.org/10.1038/s41416-023-02263-5

INTRODUCTION (HGSC), which is the most frequent subtype [2], low-grade serous
Ovarian cancer can be classified based on tumour origin into carcinomas (LGSC), mucinous, endometrioid and clear cell ovarian
epithelial (~90% of all cases [1]), sex cord/stromal and germ cell. cancers [3]. Rarer forms of epithelial ovarian cancer such as
The epithelial cases differentiate into five main histological transitional cell or mesenchymal and mixed-epithelial carcinomas

subtypes (“histotypes”), including high-grade serous carcinomas may also occur [3]. Due to their differences in morphological,
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molecular and clinical characteristics [4], ovarian cancer histotypes
are considered different diseases [5].

Several genes have been associated with increased risk of
ovarian cancer, including BRCAT and BRCA2 [6], PALB2, BRIP1 [7],
RAD51C and RAD51D [8], with the largest percentage of cases (10-
15%) being attributable to germline pathogenic variants in BRCAT
or BRCA2 [9]. Previous findings have suggested that the
distribution of ovarian cancer histopathology subtypes differs in
germline BRCAT and BRCA2 pathogenic variant carriers, compared
to non-carriers, with a similar distribution associated with
pathogenic variants for the two genes [10]. Germline pathogenic
variants in the two genes occur predominantly in patients
diagnosed with HGSC, where the probability of finding a BRCAT
or BRCA2 pathogenic variant reaches as high as 25.2% [11].
Identification of BRCAT and BRCA2 pathogenic variants is lower for
patients with endometrioid carcinomas (4.17-10.3% [12, 13]),
LGSC (1.2-6.0% [14]) and clear cell carcinomas (2.8-9.1% [15, 16]).
Earlier work also suggests that germline BRCAT and BRCA2
pathogenic variants are unlikely to be found in patients with
tumours of mucinous histology (0 to 4% [17-19]). Borderline
tumours, a separate entity of non-invasive epithelial ovarian
cancers, are also characterised by a low frequency of BRCAT and
BRCA2 germline pathogenic variants [10]. The National Compre-
hensive Cancer Network (NCCN) [20], American Society of Clinical
Oncology (ASCO) [21] as well as others [22], recommend germline
BRCA1 and BRCA2 genetic testing for all epithelial ovarian cancer
patients irrespective of histology. Other national and international
medical societies and panels suggest selective testing for HGSC or
non-mucinous ovarian cancer histological subtypes, due to the
higher probability of finding a BRCA1 or BRCA2 pathogenic variant
[23, 24].

BRCAT and BRCA2 genetic testing applied for the identification
of high-risk individuals will often (5-10%) identify variants of
uncertain significance (VUS) [25]. VUS are characterised by
insufficient evidence for their association with disease pathogeni-
city and consequent clinical uncertainty in making informed
decisions on disease management [26, 27]. It is recommended
that VUS detection is not incorporated in patient risk assessment,
and carriers are managed according to their clinical features and
family history, which reduces the possibility of receiving risk-
reducing interventions being offered to carriers of pathogenic
variants [28, 29]. To facilitate VUS classification efforts, the
American College of Medical Genetics and the Association for
Molecular Pathology (ACMG/AMP) groups have developed stan-
dards and guidelines that are widely applied by clinical labs. This
system weights independent lines of evidence for and against
variant pathogenicity as ‘very strong’, ‘strong’, ‘moderate’ and
‘supporting’ [30, 31]. These strengths are combined based on a
scoring system of criteria to classify variants. The evidence
considered may include variant location, predicted coding effect,
functional data, variant co-segregation with disease or variant
frequency in affected and non-affected individuals. Recently, the
model was transformed into a Bayesian framework, in which
weights were aligned to pathogenic and benign Likelihood ratio
(LR) evidence [32].

In addition, the Multifactorial Likelihood model, applied by the
Evidence-based Network for the Interpretation of Germline
Mutant Alleles (ENIGMA) consortium, also has been used to
weight different evidence types for BRCAT and BRCA2 variant
classification efforts [33, 34]. For a given variant, the model
calculates the posterior probability of pathogenicity, in a Bayesian
quantitative classification framework that integrates multiple
independent lines of evidence for the association of a variant
with pathogenicity, measured by LRs, with calibrated prior
probabilities of pathogenicity determined through in silico
predictions [35].

Despite the observed associations between BRCAT and BRCA2
germline pathogenic variant status with ovarian tumour

characteristics, currently VUS interpretation efforts do not consider
ovarian tumour pathology. We performed analyses on a large
collection of data from ovarian cancer cases, including BRCAT and
BRCA2 (likely) pathogenic variant carriers and non-carriers, to
assess histology and other tumour characteristics as predictors of
germline BRCAT and BRCA2 variant pathogenicity, with the aim of
standardising the application of this evidence in clinical variant
curation using the ACMG/AMP classification system, to inform the
future interpretation of VUS in BRCAT and BRCA2.

MATERIALS AND METHODS
Data collection and selection criteria
An overview of the data collection process is shown in Fig. 1, where the
selection and exclusion criteria are stated. In this study, data from ovarian
cancer cases were collected (ovarian epithelium, primary peritoneum or
fallopian tubes as primary sites) from reported germline BRCAT and BRCA2
pathogenic or likely pathogenic variant carriers and individuals who tested
negative for germline BRCAT and BRCA2 (likely) pathogenic variants (non-
carriers), with known histology information. Variant class (pathogenic or
likely pathogenic) was based on the classification assigned by contributing
sources at the time of collection. The main tumour information analysed
was ovarian tumour histology, where the histological subtypes (‘histo-
types') considered were in accordance with the most recent ovarian
tumour classification system defined by the World Health Organisation
(WHO) [3]. Only data falling into these histological categories were
considered. These included: high-grade serous carcinomas (HGSC), low-
grade serous carcinomas (LGSC), mucinous carcinomas, endometrioid
carcinomas, clear cell carcinomas and the ‘other’ category. The ‘other’
category comprised rare forms of ovarian cancer not belonging to the
above-mentioned subtypes and included tumours defined as: ‘other’ by
data sources not specifying tumour histology; mixed-epithelial carcinomas;
carcinosarcomas; transitional cell carcinomas (Brenner tumours); undiffer-
entiated or poorly differentiated carcinomas; squamous cell carcinomas.
Data sources included clinically- or research-tested data, as well as data
from published studies. Specifically, we initially collected data for 9396
individuals from clinical or research sources, subjected to germline BRCAT
and BRCA2 genetic testing, from the CIMBA (Consortium of Investigators of
Modifiers of BRCA1/2) [36] and OTTA (Ovarian Tumour Tissue Analysis) [37]
consortia, the AOCS (Australian Ovarian Cancer Study) study [38] and
collaborators of the ENIGMA consortium [34]. Data were collected using a
predefined variable template, requesting information on the gene
affected, classification of the detected variant, tumour invasion, histology,
stage (FIGO), grade, variant nomenclature, ethnicity, age at ovarian cancer
diagnosis and age at breast cancer diagnosis (if any). To collect relevant
data from published studies, a literature search was conducted within the
PubMed database searching for keywords such as ‘ovarian cancer’ and/or
‘ovarian cancer histology’ in combination with ‘BRCAT and/or BRCA2
frequency’ or ‘predisposition’ (Supplementary Table S1). A total of 20
published studies meeting the study’s selection criteria, comprising 7733
ovarian cancer cases subjected to germline BRCAT and BRCA2 genetic
testing, were used.

Exclusion criteria

Of the data collected, sites with a proportion of HGSCs over 90% and/or
studies where the selection was applied for BRCAT and BRCA2 genetic testing
based on HGSC or non-mucinous histology were excluded from the dataset
to account for potential selection bias [11, 17, 38-41]. Sources with a high
proportion of unknown histology (=50%) were also excluded. Overlaps
between consortia or study groups (CIMBA, ENIGMA) and published studies
were removed. Finally, tumour data of unknown/unclear, inconsistent,
adenocarcinoma histology (representing carcinomas that cannot be
allocated with certainty within major categories) and serous of undefined
tumour grade information, were removed. Data reported as ‘other’ were
comprehensively reviewed when such information was available and
reclassified into appropriate categories or excluded. Additionally, individuals
with somatic pathogenic variants (if this information was provided) or
reported VUS in the non-carrier group, were removed. The final dataset
consisted of 10,373 cases (Supplementary Table S2).

Statistical analyses
Statistical analyses performed in this study are summarised in Fig. 1. As
part of the main analysis, ovarian tumour histology was assessed as a
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Data collection from ovarian cancer cases

Selection criteria

- Carriers of germline pathogenic/likely pathogenic BRCA1/2 variants
- Non-carriers, negative for germline BRCA1/2 variants

- Tumour origin: epithelium, primary peritoneum, fallopian tubes
- Minimum information: histology
- Histological subtypes: High-grade serous, Low-grade serous,

N = 9396 N=7733

Clinical or research- data Published data

Mucinous, Endometrioid, Clear cell, ‘Other’

Exclusion criteria

- Data subjected to histology selection for BRCA1/2 testing
- Studies with >90% high-grade serous tumours
- Studies with >50% unknown histology

- Data overlap between sources
- Unknown or unclear histology

Remaining dataset
N=10,373

2044 BRCAT carriers, 761 BRCAZ carriers, 7568 non-carriers

- Adenocarcinoma
- Serous carcinomas of undefined grade
- Non-carriers at germline but somatic BRCA1/2 carriers

Likelihood ratio (LR) association analyses

Main analysis Assessment analyses on
« Association of histology with BRCA1 « Heterogeneity in data sources
and BRCAZ2 variant pathogenicity « Ethnicity heterogeneity

Integration of histology with

» Tumour grade
+ Tumour invasiveness
« Age at ovarian cancer diagnosis

Alignment of LR estimates to ACMG/AMP evidence
strengths

Fig. 1 Flowchart of study design and methods. Carriers refer to individuals with a reported germline pathogenic or likely pathogenic variant
in BRCAT or BRCA2. Non-carriers refer to individuals tested negative for BRCAT and/or BRCA2 in germline. The ‘other’ category comprised rare
forms of ovarian cancer not belonging to any of the other subtypes, including tumours defined as: ‘other’ by data sources not specifying
tumour histology; mixed-epithelial carcinomas; carcinosarcomas, transitional cell (Brenner tumours), undifferentiated or poorly differentiated;
squamous cell. HGSC high-grade serous carcinoma, LGSC low-grade serous carcinoma.

predictor of germline BRCAT or BRCA2 pathogenic variant status by
defining likelihood ratio (LR) estimates. Data were grouped for BRCA1
carriers, BRCA2 carriers and non-carriers (BRCAy), and histology prevalence
was determined for each group. LRs were calculated for each histological
subtype by comparing their frequency between BRCAT or BRCA2
pathogenic variant carriers and non-carriers:
tR=""
Po
__BRCA __BRCA,

where p; = S BRCA, and po = S BRCAg

BRCAi =1, 2 denotes the number of BRCAT or BRCA2 pathogenic variant
carriers, respectively, for a given histological subtype, and BRCA, denotes
the number of non-carriers for the same histological subtype.

The variance of In(LR) was calculated following Koopman et al. [42]:

1—-pi n 1—po
pix S BRCA; " pox S BRCA,

Var(In(LR)) =

Assuming a normal distribution for In(LR), a 95% Confidence Interval (Cl)
was determined to assess the significance of the LR estimates obtained by:

Cl=Exp [In(LR) +1.96 (Var(ln(LR)))]

Significant LR estimates, i.e, not spanning 1, suggested nominal
significance, and potential for use as evidence following the ACMG/AMP
system or the Multifactorial Likelihood model.

Using the same method, additional analyses were conducted, to assess
differences in histological associations between clinically- or research-
tested data and literature-derived data, as well as compare histological
associations between Asian and European-origin ancestries. Other races
and ancestries, including Hispanic (N =302) and African (N = 14), did not
provide informative predictions due to the low number of tumour data
points available. Furthermore, histological associations were refined by
other tumour and/or patient characteristics. First, tumour grade character-
istics were refined as appropriate for each histotype. Mucinous,
endometrioid, and ‘other’ histological subtypes were categorised as grade
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1 (well-differentiated), grade 2 (moderately differentiated) and grade 3
(undifferentiated or poorly differentiated). Serous tumours, i.e., HGSC and
LGSC were already separated according to a two-tier system. Clear cell was
not refined by grade, since they are, by definition, high-grade [3, 43].
Histological subtype data were also combined with known information on
tumour invasion (invasive or borderline). Due to the small number of
borderline cases collected, borderline tumours were assessed separately as
a single category without considering histology. Finally, age at ovarian
cancer diagnosis (before and at/after the age of 50 years) was assessed in
combination with histological subtype information, where tumours of
unknown age at diagnosis were removed.

ACMG/AMP LR evidence strength alignment

To determine the strength of the associations derived, LR values were
aligned to the evidence values of the Bayesian framework of the ACMG/
AMP system [32]. The strengths favouring variant pathogenicity included:
very strong pathogenic, LR=>350; strong pathogenic, 18.70 < LR <350;
moderate pathogenic, 4.33<LR<18.70; and supporting pathogenic,
2.08 < LR <4.33. Evidence against variant pathogenicity were inferred
using the inverse of the ranges proposed for the pathogenic strength
evidence: very strong benign, LR < 0.00285; strong benign, 0.00285 < LR
<0.053; moderate benign, 0.053 <LR <0.23; and supporting benign,
0.23 <LR <0.48. We defined informative evidence as associations with
statistically significant Cl (i.e., not including 1). Categories having LR values
within the range of 0.48 <LR < 2.08 were referred as non-informative.

RESULTS

Clinicopathological characteristics

The assembled dataset consisted of 10,373 ovarian cancer cases,
including 2044 germline BRCA1 carriers, 761 germline BRCA2
carriers and 7568 non-carriers (based on germline testing)
(Supplementary Table S2). Patient clinicopathological character-
istics are shown in Table 1. The most frequent histotype was HGSC
(70.9%), followed by endometrioid (9.7%), clear cell (6.3%), LGSC
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Table 1. Clinicopathological characteristics of the ovarian cancer case data collected.

Clinicopathological characteristics

BRCAT1 carriers, N (%)

Total data 2044
Age in years at OC diagnosis
<30 6 (0.4)
30-39 170 (9.9)
40-49 670 (39.1)
50-59 559 (32.6)
60-69 251 (14.6)
>70 58 (3.4)
N/A 330
Tumour grade
Grade 1 55 (3.5)
Grade 2 281 (18.0)
Grade 3 1223 (78.4)
N/A 485
Tumour histology
HGSC 1578 (77.2)
LGSC 58 (2.8)
Mucinous 21 (1.0)
Endometrioid 226 (11.1)
Clear cell 38 (1.9)
‘Other’ 123 (6.0)
Tumour Invasion
Invasive 1468 (99.5)
Borderline 7 (0.5)
N/A 569

BRCA2 carriers, N (%)

Non-carriers, N (%)

Total N (%)

761 7568 10,373

5 (0.8) 105 (3.4) 119 (2.2)
11 (1.8) 245 (7.9) 426 (7.9)
102 (17.0) 563 (18.2) 1335 (24.7)
215 (35.8) 964 (31.2) 1738 (32.1)
199 (33.2) 833 (27.0) 1283 (23.7)
68 (11.3) 379 (12.3) 505 (9.3)
161 4479 4970

29 (5.4) 401 (14.7) 485 (10.1)
91 (16.9) 389 (14.3) 762 (15.8)
418 (77.7) 1934 (71.0) 3575 (74.1)
223 4846 5554

597 (78.4) 5183 (68.5) 7358 (70.9)
23 (3.0) 429 (5.7) 510 (4.9
14 (1.8) 325 (4.3) 361 (3.5)
65 (8.5) 713 (9.4) 1004 (9.7)
15 (2.0) 605 (8.0) 658 (6.3)
47 (6.2) 313 (4.1) 485 (4.7)
530 (99.1) 2755 (94.8) 4754 (96.6)
5 (0.9) 152 (5.2) 166 (3.4)
226 4661 5456

N number of data points, OC ovarian cancer, HGSC high-grade serous carcinomas, LGSC low-grade serous carcinomas, N/A not available.

The above data are based on 10,373 cases, including 2044 BRCAT carriers, 761 BRCA2 carriers and 7568 non-carriers. In brackets, the frequency of the
clinicopathological characteristics in all each group with known information is provided. The ‘other’ category denominates rare forms of ovarian cancer not
belonging to any of the other subtypes, including tumours defined as: ‘other’ by data sources not specifying tumour histology; mixed-epithelial;
carcinosarcomas; transitional cell (Brenner tumours); undifferentiated or poorly differentiated; squamous cell.

(4.9%), ‘other’ (4.7%), and mucinous (3.5%) histotypes. In
Supplementary Table S3, histological subtypes are separated by
tumour stage (FIGO), grade and age range at ovarian cancer
diagnosis. Patient age at ovarian cancer diagnosis ranged from 18
to 92 years.

Tumour histology association analysis

Ovarian cancer histological subtypes were assessed for their
potential utility in future prediction of germline BRCA1 or BRCA2
variant pathogenicity. Detailed LR estimates derived are provided
in Table 2. Under the ACMG/AMP system, no histological subtype
provided informative evidence in favour of BRCAT and BRCA2
variant pathogenicity. Evidence against BRCAT pathogenicity was
estimated for the mucinous (LR: 0.24 (95% Cl: 0.15-0.37),
supporting evidence) and clear cell (LR: 0.23 (95% Cl: 0.17-0.32),
supporting evidence) histotypes. Similarly, evidence against BRCA2
variant pathogenicity was derived for the mucinous (LR: 0.43 (95%
Cl: 0.25-0.73), supporting evidence) and clear cell histological
subtypes (LR: 0.25 (95% Cl: 0.15-0.41), supporting evidence).
Histotypes failing to provide informative ACMG/AMP evidence,
provided statistically significant LR estimates, suggestive of
suitability to be included in Multifactorial Likelihood modelling
(where there are no limitations set for individual LRs included).
Specifically, LR estimates in favour of pathogenicity were
identified for the HGSC and ‘other’ histotypes for BRCAT and
BRCA2 and the endometrioid histotype for BRCAT. Evidence

against pathogenicity was also identified for LGSC for BRCAT
and BRCA2.

Histological subtype associations also were compared between
clinically derived and literature-derived data, to determine any
major differences (Supplementary Table S4). Not all subtypes
provided sufficient occurrences in this stratified dataset for
informative comparisons. Overall, differences in ACMG/AMP code
strength were observed for LGSC for BRCAT and BRCA2 and
mucinous for BRCA2, but these estimates, for literature-derived
data in particular, were based on a small number of cases in each
category, and confidence intervals for LR estimates overlapped.

Evaluation of the associations also were assessed by ancestry,
by comparing the results of Asian- and European-ancestry data
separately (Supplementary Table S5). Considering that the Asian-
ancestry dataset was much smaller, no meaningful differences
were observed in the direction of effect for LR estimates between
the two sets, with the exception of the mucinous histotype which
was not reported in Asian-origin BRCAT carriers. Results of the
European-origin data alone, agreed with the LR estimates derived
in the main analysis, with the addition of LGSC providing evidence
against BRCAT variant pathogenicity (LR: 0.45 (95% Cl: 0.33-0.60),
supporting evidence).

Assessing combined ovarian tumour characteristics

Histology associations with BRCAT and BRCA2 variant pathogeni-
city were further refined by performing the LR analyses in
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Proposed application of ovarian cancer pathology characteristics for the interpretation of germline BRCAT and BRCA2 variants, using the ACMG/AMP system*.

Table 3.

BRCA2 evidence

BRCA1 evidence

Tumour pathology

Source

LR (95% CI)

ACMG/AMP strength
Supporting Benign

LR (95% CI)

0.18
0.44
0.24
0.12
2.98
0.23
0.09

ACMG/AMP strength
Moderate benign

Additional characteristics (If applicable)

Histology
LGSC

Supplementary Table S8

0.43 (0.19-0.96)

Supplementary Table S7

Supplementary Table S6

Supplementary Table S6

Supplementary Table S7

0.43 (0.25-0.73
0.31 (0.12-0.84
2.09 (1.37-3.21

Supporting Benign

Supporting Benign

Supporting Pathogenic

0.25 (0.15-0.41

Supporting Benign

0.19 (0.08-0.46,

Moderate Benign

Age at diagnosis <50y

Supporting benign

Invasive, age unspecified

Supporting benign

Mucinous

Moderate benign

Grade 1

Endometrioid

Supporting pathogenic

Grade 3

Supporting benign

Clear cell

Moderate benign

Borderline

LR likelihood ratio, C/ confidence interval, ACMG/AMP American College of Medical Genetics/Association for Molecular Pathology, LGSC low-grade serous carcinomas, y years.

Evidence strength was measured based on Bayesian modelling of ACMG/AMP rules (see 'Materials and methods').

*Only associations reaching informative ACMG/AMP strengths at a statistically significant Cl (i.e, not spanning 1), of which the characteristics were clinically informative, are shown. All other tumour histotypes

(irrespective of additional characteristics) are considered uninformative for variant interpretation.

histotype may be suitable for inclusion in Multifactorial Likelihood
modelling. This weak evidence reflects the high percentage of
HGSC in ovarian cancer, irrespective of the presence of germline
BRCAT and BRCA2 pathogenic variants [1]. Evidence against
pathogenicity at supporting strength was derived for BRCAT and
BRCA2 for the mucinous and clear cell histologies. Furthermore,
evidence against pathogenicity for some categories, even though
they may not reach ACMG/AMP strengths, could be used for
inclusion in Multifactorial Likelihood modelling.

Sensitivity analyses exploring the heterogeneity within the
dataset indicated that the inclusion of clinically- or research-
collected data and data from published sources was unlikely to
have caused any major confounding within the dataset. No
significant differences were observed when comparing associa-
tions between data of different ancestries. However, the small
data sizes of non-European ancestry data did not allow for reliable
predictions and may not be generalisable.

In addition, we performed a series of refined histological
subgroup analyses with the aim of incorporating additional
information in the ovarian cancer pathology component of variant
interpretation. Briefly, clinically informative predictions were
derived for the endometrioid histology when separated by grade.
Well-differentiated endometrioid tumour subtype was associated
with evidence against BRCAT and BRCA2 variant pathogenicity.
Undifferentiated or poorly differentiated endometrioid tumour
subtypes were associated with evidence in favour of variant
pathogenicity, which likely reflects a proportion of misclassified
HGSCs [44]. Although we observed an association in favour of
pathogenicity of the ‘other’ subtype category when combined
with the grade, we do not recommend use in clinical practice due
to the high possibility of data misclassification within this category
(HGSC or undefined/unknown histology often miscalled as ‘other’
(12.7% of ‘other’ category are poorly differentiated/undifferen-
tiated which are often miscalled as HGSC cases). The association of
this category with BRCAT and BRCA?2 variant pathogenicity should
be evaluated in future studies. Refined analyses also suggested
that borderline phenotype (irrespective of histology) was asso-
ciated with evidence against BRCAT and BRCA2 variant patho-
genicity at moderate strength. Therefore, despite the rare
occurrence of mucinous or borderline characteristics in carriers
of pathogenic BRCAT and BRCA2 variants, the phenotypes have a
clinical value in informing VUS interpretation. Since the majority of
data for borderline cases were of mucinous histology, the
identification of such evidence is consistent with earlier observa-
tions for the histotype. Refinement by invasive designation also
informed predictions against variant pathogenicity. Lastly, when
age at diagnosis was considered, clinically informative predictions
were identified for LGSC histotype diagnosis before the age of 50
years, providing evidence against BRCAT and BRCA2 variant
pathogenicity.

Based on the above results, we propose a strategy for the use of
ovarian tumour histology in the assessment of germline BRCAT
and BRCA2 VUS interpretation under the strict rules of the ACMG/
AMP system, based on patient characteristics and available
information (Table 3). This information may be used in combina-
tion with other evidence to inform variant classification, and
subsequent patient and family management. The identified LR
estimates (Table 2) may also be used directly within the
Multifactorial Likelihood model. Note that, optimally, ascertain-
ment criterion for genetic testing of the carrier should be
considered when applying LRs (e.g., testing for only HGSC). Our
study also provides a demonstration on the use of statistical
likelihood ratio modelling for the evaluation of associations of
tumour characteristics and variant pathogenicity, with applicabil-
ity to inform variant interpretation in other tumour types
and genes.

We would like to acknowledge the following caveats. Although
we tried to minimise the effect of potential selection for BRCAT
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and BRCA2 clinical testing based on histological phenotype, we
cannot discount the possibility of selection in individual sites.
Studies applying selection for BRCAT and BRCA2 genetic testing
based on non-mucinous histology were excluded from the main
analysis [11, 17, 38-41]. A separate analysis including these data
(an additional 159 BRCAT carriers, 101 BRCA2 carriers and 982 non-
carriers) did not materially change our predictions; findings
suggest that the LRs from the main analysis will be applicable in
the context of non-mucinous testing, although it should be noted
that the additional data points per histological category were
relatively few except for HGSC (data not shown). Finally, although
the data collection requirements specified the inclusion of
pathogenic or likely pathogenic variant carriers, due to the
absence of detailed variant information for data evaluation, and
due to changes in classification practices over time, we cannot
exclude the possibility that some variants might be misclassified.
Furthermore, due to the wide confidence intervals for some of the
subtype-specific results, a more conservative approach might be
required before the use of these evidence categories in the clinical
classification of variants. Overall, it is likely that the practical
application of LRs for future variant interpretation will provide
additional insight into their correlation with existing clinical and
functional evidence types already commonly used in BRCAT and
BRCA2 variant interpretation.

CONCLUSION

In this study, ovarian cancer histological subtypes were evaluated
as predictors of BRCAT and BRCA2 pathogenic variant status. We
also provided refined LR estimates for the association of ovarian
cancer histology in combination with other tumour and patient
characteristics. Overall, we provide evidence for the incorporation
of the derived LR estimates in variant classification to improve the
interpretation of VUS identified in the BRCAT and BRCA2, and
thereby inform carrier clinical management.

DATA AVAILABILITY

All data generated in this study can be found in the Supplementary Material file.
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