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Abstract

Hereditary cancer syndromes, caused by pathogenic variants in specific genes, substantially
increase an individual’s risk for cancer and are estimated to cause 10% of all uterine cancers
and 20% of all ovarian cancers. However, these data are primarily based on high-income
countries and to date there is no published data on the known variants and testing of cancer
predisposition genes associated with gynaecological cancers in South Africa. In this study,
patient records for those with either a confirmed diagnosis or family history of gynaecological
cancer that were seen by the Division of Human Genetics (NHLS/Wits) were retrospectively
analysed (n = 104). Associations between patient characteristics, genetic testing availability
and the detection of pathogenic variants as well as the utility of risk assessment tools were
investigated using statistical analysis. The majority of patients underwent diagnostic genetic
testing (78/104, 75.0%), 25 (32.1%) were positive, 41 (52.6%) were negative, and 12 (15.4%)
returned a variant of unknown significance. Test results were significantly different between
European and non-European patients (p << 0.05) with non-European patients being 30% less
likely to have a pathogenic variant detected (OR 0.7, 95% CI1 0 0.22, 2.21). Patients who met
genetic testing criteria according to online risk assessments were more likely to have a positive
genetic test result than those who did not (p < 0.05). A disparity exists not only in genetic
testing availability but also clinic attendance between public and private healthcare which is
likely limiting the ability to diagnose hereditary cancer syndromes associated with

gynaecological cancers in public healthcare hospitals.
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Abstract for paper submission

Background: Hereditary cancer syndromes, caused by pathogenic variants in specific genes,
substantially increase an individual’s risk for cancer and are estimated to cause 10% of all
uterine cancers and 20% of all ovarian cancers. However, these data are primarily based on
high-income countries and to date there is no published data on the known pathogenic variants
or testing of cancer predisposition genes associated with gynaecological cancers in South
Africa. Thus, this study aimed to retrospectively analyse records of patients seen by the
Division of Human Genetics (NHLS/Wits), South Africa with a confirmed diagnosis or family

history of gynaecological cancer.

Methods: Patient records dated between 2003 and 2023 were evaluated for inclusion criteria.
Associations between patient characteristics, genetic testing availability and the detection of
pathogenic variants as well as the utility of risk assessment tools were investigated using
statistical analysis.

Results: A total of 104 records were included in analysis. The majority of patients underwent
diagnostic genetic testing (78/104, 75.0%), 25 (32.1%) were positive, 41 (52.6%) were
negative, and 12 (15.4%) returned a variant of unknown significance. Test results were
significantly different between European and non-European patients (p << 0.05) with non-
European patients being 30% less likely to have a pathogenic variant detected (OR 0.7, 95%
C100.22, 2.21). Patients who met genetic testing criteria according to online risk assessments
were more likely to have a positive genetic test result than those who did not (p < 0.05).
Conclusion: A disparity exists not only in genetic testing availability but also clinic attendance
between public and private healthcare which is likely limiting the ability to diagnose hereditary

cancer syndromes associated with gynaecological cancers in public healthcare hospitals.

Keywords: gynaecological oncology, hereditary cancers, genetic counselling, hereditary

breast and ovarian cancer (HBOC), ovarian cancer, uterine cancer, Lynch syndrome



1. Introduction

Gynaecological cancers were the fourth most frequently diagnosed cancer worldwide in 2020,
accounting for 15.3% of cancer deaths in women (1). In South Africa (SA) cervical cancer is
the most common gynaecological cancer, followed by uterine and ovarian cancers (2). Where
cancer of the cervix is nearly entirely caused by human papilloma virus infection (3),
approximately 10% of uterine cancers and more than 20% of ovarian cancers are caused by
hereditary cancer syndromes (HCSs) (4,5). The majority of hereditary cancers are caused by
two HCSs, Hereditary Breast and Ovarian Cancer (HBOC) syndrome and Lynch syndrome (6).
HBOC syndrome is caused by pathogenic variants (PVs) in the tumour suppressor genes
BRCA1 and BRCA2 and Lynch syndrome by PVs in DNA mismatch repair genes MLH1,
MSH2, MSH6 and PMS2. Pathogenic variants in BRCAL increases the lifetime risk for
developing ovarian cancer up to 44% compared to the general population risk of 1-2% while
BRCAZ raises the risk to 17% (6,7) (Table 1). In addition, PVs in several other genes are
responsible for hereditary ovarian cancers such as PALB2, RAD51C, RAD51D, and BRIP1 (7)
(Table 1). Lynch syndrome is associated with a substantial risk (31-49%) for uterine cancer
compared to the general population risk of 3%, in addition to an elevated risk for ovarian cancer
(6) (Table 1). Two less common genes known to cause gynaecological cancers are STK11
(Peutz-Jeghers syndrome) and PTEN (Cowden syndrome) (6).

Table 1. Lifetime risk of gynaecological cancers for those with Hereditary Breast and Ovarian
Cancer syndrome, Hereditary ovarian cancers, Lynch syndrome, Peutz-Jeghers syndrome and
Cowden syndrome

Cancer type General Heritable cancer syndrome risk (%)*
population
riSk (0/0) — (9V] N ‘L—i) 9!
- - N © Sa!
S & 3 8 8 & 1 3z £ 2 ¢ &
53} 53} E é é m = = = o & E
Ovarian 1.2 44 17 5 11 13 6 11 17 11 3 32.4
Uterine 3.1 - - - - - - 37 49 41 31 49.6 28.2
Cervical 0.6 - - - - - - - - - - 0.9

*Data sourced from references 14-16



Before genetic testing for a HCS can be considered, a risk assessment is carried out to estimate
how likely a patient is to be a carrier for a germline PV in one of the causative genes (8). A
manual risk assessment is often done in clinic and takes into consideration factors such as age
of onset and cancer type (ovarian cancer under 60 years of age; uterine cancer under 50 years
of age), histology of cancer (high-grade serous carcinoma), personal history of cancer (single
or multiple primary tumours; bilateral disease), as well as family history and ancestry.
Additional tools are available online which can account for additional factors such as tumour
histology and health factors (e.g., age of menarche), these include the Manchester Scoring
System and CANRisk for HBOC syndrome and Prediction Model for gene Mutations version
5 (PREMMs) for Lynch syndrome (9-11). These tools are used to quantify the risk that an
individual is carrying a pathogenic variant as a percentage, each having a threshold beyond
which genetic testing is indicated. For Manchester Scoring this threshold is greater than 14
points, equivalent to a 10% risk of having a PV in either BRCA1 or BRCA2 (9). For CANRIisk
the threshold is 10% or greater, representing the risk of having a PV in BRCA1, BRCA2,
PALB2, CHEK2, ATM, BARD1, RAD51D, RAD51C or BRIP1 (10). The threshold for testing
based on PREMMS5 is set as 2.5% or greater, representing the risk of having a PV in MLH1,
MSH2, MSH6, PMS2, or EPCAM (11). Manchester scoring and CANRisk are set at a 10%
threshold in accordance with the criteria for genetic testing offered in the public healthcare of
the United Kingdom, while PREMMs is set at 2.5% as a means of improving its positive
predictive value (9-11). Despite being originally validated for a European population, these
tools have since been adopted for South African Afrikaner and Israeli Jewish ethnic populations
(12,13).

In developed countries, multi-gene sequencing panels have become routine in diagnosing
HCSs, with the advantage of detecting PVs in multiple genes simultaneously (17). This type
of testing is particularly useful for HCSs where multiple genes cause the same cancer
predisposition. Genetic testing for an individual affected with cancer is referred to as diagnostic
testing, with variants detected classified according to American College of Medical Genetics
and Genomics (ACMG) guidelines as either pathogenic (P), likely pathogenic (LP), variant of
unknown significance (VUS), likely benign (LB) or benign (B) (18). Pathogenic and LP
variants are known to be disease causing, thus clinically actionable, B and LB variants are
considered part of normal genetic diversity while VUSs have insufficient evidence to classify
as either pathogenic or benign and cannot be used in clinical decision-making (18). A



disadvantage of broad genetic testing is the high yield of VUSs which can be confusing and

anxiety inducing for patients (19).

The molecular diagnosis of a HCS, achieved by a positive (P or LP variant) genetic test result,
enables potentially life-saving opportunities in the treatment and prevention for affected
individuals. Knowing the causative gene clarifies which types of cancer an individual is at
elevated risk for as well as the degree of risk for each (Table 1) (16). In certain instances,
prophylactic risk-reducing surgeries can be offered even before cancer develops. A
prophylactic bilateral salpingo-oophorectomy (BSO) reduces the risk of ovarian cancer by 80%
in females with hereditary ovarian cancers and a prophylactic hysterectomy can reduce the
uterine cancer risk in patients with Lynch syndrome by up to 18% (20,21). Personalized and
more extensive cancer screening can be implemented for cancers associated with the HCS to
improve the likelihood of early cancer detection and prognosis (22). Furthermore, genetic
testing can inform patient care and management, an example being poly (ADP-ribose)
polymerase (PARP) inhibitors which are a well-established targeted therapy for ovarian cancer
caused by PVs in BRCA1 or BRCA2 (23). Lastly, by knowing their genetic status, women have
the opportunity to make more informed lifestyle, contraceptive and reproductive choices (16).

These benefits are not limited to the affected individual. HCSs exhibit autosomal dominant
inheritance with first degree relatives (FDRS) having a 50% risk of carrying the familial PV
(6). At-risk relatives can be offered expedited and less costly genetic testing by testing for the
single family variant, termed predictive testing. Unlike diagnostic testing, predictive testing
either confirms or excludes the presence of the familial variant and so does not generate VUSSs.
For all who test positive (i.e., carrying the same PV) the same aforementioned preventative
measures are available, even in the absence of cancer (8). Predictive testing for HCSs thus
could serve as an effective means of reducing cancer incidence and mortality, making this
especially useful in the resource-limited context of SA (24). Those who test negative would be
considered population risk for developing cancer negating the need to undergo frequent and
invasive screening, such as that for Lynch syndrome, they are also then not at-risk of having
children with the familial HCS.

The South African healthcare system is polarized with the lower socio-economic classes almost
totally reliant on public healthcare, while the wealthy, many of whom pay separately for health
insurance, utilize private healthcare (25). Historically, this segregation has reflected a racial
divide with the majority of indigenous South Africans relying on public healthcare whereas



those of European descent are commonly able to afford private healthcare. Since 1996, access
to public healthcare is free for citizens subject to a means-test (26). If fully subsidized by the
government, a patient eligible for genetic testing is not required to pay for this testing. If
partially subsidized the patient may be required to pay a portion of the genetic testing cost out-
of-pocket (OOP). All public healthcare testing is offered through a single National Pathology
Service. Individuals accessing private healthcare do so either by OOP payments or by claiming
from their health insurance and even then, may still incur a co-payment. This testing is offered
through either local or international laboratories. International genetic testing is not routinely
covered by health insurance in South Africa requiring private patients to pay OOP but offers
several advantages including more comprehensive and cost-effective testing as well as free
family variant testing. Private healthcare services only 16% of the population while public
healthcare services the remaining 84% (25).

Genetic testing for HCSs in SA began in 2005 but was limited to BRCA1 and BRCA2 in public
healthcare (27). Only recently has genetic testing for cancers been expanded to gene panel
testing, including BRCA1 and BRCA2 as well as ATM, BARD, BRIP1, CDK12, CHEK2 and
PALB2, which has led to an increased detection rate of actionable PVs (28). The limitation of
this panel is that only half of these genes are associated with hereditary ovarian cancers
(BRCA1, BRCA2, BRIP1, PALB2) and none of the genes causing Lynch syndrome are included.
For private healthcare patients more comprehensive testing for HCSs has been available for
much longer through private laboratories both locally and internationally. South African
studies on HCSs have mostly focused on breast cancer, producing valuable contributions to the
discovery of genetic differences in various South African populations, as well as screening and
testing procedures (13,27,29). However, there is limited research into genetic testing for
gynaecological cancers, detection rates and causative variants (30).

Therefore, the aims of this study were: 1) To conduct a file audit of patients seen by the
Division of Human Genetics, National Health Laboratory Service (NHLS) and the University
of the Witwatersrand (Wits) with a confirmed diagnosis or family history of gynaecological
cancer and 2) To assess the utility of risk assessment tools in our sample. The outcomes of
which were to assess whether adequate genetic testing is available to patients, whether patient
factors (age of cancer diagnosis, family history, ancestry etc.) correlate with a positive genetic

test result and evaluate the predictive value of risk assessments.

2. Materials and methods



2.1. Study population

The study included all individuals who received genetic counselling from a qualified genetic
health practitioner (i.e., genetic counsellor, medical geneticist etc.) for a confirmed personal or
family history of gynaecological cancer between January 2003 and May 2023. The patients
were all seen through the Division of Human Genetics (NHLS/Wits) at one of the affiliated
hospitals in Johannesburg, namely: Chris Hani Baragwanath Hospital, Rahima Moosa Mother
and Child Hospital, Helen Joseph Hospital, Charlotte Maxeke Johannesburg Academic
Hospital, and the Wits Donald Gordon Medical Centre.

2.2. Clinical and genetic data collection

All data were obtained from either electronic or hardcopy patient records held by the Division
of Human Genetics (NHLS/Wits) after ethics approval was obtained from the Human Research
Committee (HREC) at the University of the Witwatersrand (clearance number: M230313,
Appendix C). Records were excluded where 1) neither the Patient nor their family history
included a gynaecological cancer, 2) family history was non-specific (e.g., unconfirmed
“womb cancer”), or 3) records were incomplete or unattainable. Patient records were reviewed
to obtain relevant data (demographics, self-reported ancestry, relevant medical history
including cancer diagnosis and histology, genetic testing, and family history) and organized
using Research Electronic Data Capture (REDCap) software (Appendix B) (31). In addition,
various risk assessments were performed where appropriate for each patient (Manual,

Manchester Scoring System (9), CANRisk [https://www.canrisk.org/canrisk_tool/] and/or

PREMMs [https://premm.dfci.harvard.edu/]). Records were anonymized and subsequently

given unique record identity to maintain confidentiality.

2.3. Statistical analysis

Categorical variables were summarized as frequencies and percentages while the normally
distributed continuous variables, such as age, were summarized using mean and standard
deviation. The association of positive test results with various patient factors, including risk
assessment, were assessed using the chi-squared test for group comparison. Logistic regression
analysis was applied to evaluate the predictive power of online risk assessment tools in our
sample. Independent t-test was used to determine significant differences between mean ages
for different groups (patients w/ gynaecological cancer versus patients with family history of

gynaecological cancer; age of diagnosis for ovarian versus uterine cancer). This test was


https://www.canrisk.org/canrisk_tool/
https://premm.dfci.harvard.edu/

performed after data was determined to be normally distributed with equal variance using
Shapiro-Wilk test and Levene’s mean test respectively. The Unequal Variance t-test was
performed as an alternative when data was not normally distributed, and the assumption of
equal variance could not be made. Statistical significance was set at a p-value of < 0.05.
Statistical analysis was done using the Real Statistics Resource Pack software (Release 8.9.1)
for Excel® Microsoft 365 (32).

3. Results

3.1. Patient characteristics

A total of 104 patients with either a personal or family history of gynaecological cancer were
included in this study after files during the allocated time periods were evaluated for inclusion

criteria (Figure 1).

Database of patients seen
by the Division
(n=24214)

Queried for:
"Lynch", "Cowden", "Peutz-
Jeghers", "Ovarian", "Uterine",

"Endometrial"
]
Records excluded based on Hardcopy or electronic
reason for referal and/or records to be reviewed
diagnosis (m=157)
(n =24 057)

Records excluded for
inclomplete
information or files
unattainable (n = 53)

104 records
analysed

Figure 1. A flowchart of patient record selection for retrospective analysis

The majority of patients included in this study had a diagnosis of a gynaecological cancer
(45/104, 43.3%), in addition a proportion of these also had a family history of gynaecological
cancer (10/45, 22.2%). A smaller proportion (40/104, 38.5%) had a family history of a
gynaecological cancer only. Nineteen (18.3%) patients presented for predictive testing. The
mean age of patients presenting with a gynaecological cancer was 54.3 years (SD 2.2, 15.3 —

78.7) which was not significantly different from the mean age of patients presenting with a



family history of gynaecological cancer, 49.3 years (SD 2.0, 23.8 — 74,5) (p > 0.05). The mean
age of diagnosis of uterine cancer was 47.1 years while the mean age of diagnosis of ovarian
cancer was 49.5 years. The majority of patients in the study, 73 (70.2%), were seen via private
healthcare and the remaining 31 (29.8%) patients via public healthcare. There were differences
in the distribution of ancestry among patients seen in private and public healthcare, highlighted

by Figure 2. Notably, Indigenous African patients comprised the majority of those in public

healthcare but the minority of those in private.

Table 2. Patient characteristics

Sex of patients

Female
Male

98 (94.2%)
6 (5.8%)

Age of patients at time of genetics consultation (years)

Mean (standard deviation), range
<18
18<x <30
30< x <40
40<x <50
50< x <60
>60

49.6 (SD = 14.7), 15.3 -78.7

1 (0.1%)
9 (8.7%)
19 (18.3%)
20 (20.2%)
31 (29.8%)
24 (23.1%)

Reason for referral

Patient with a gynaecological cancer

Patient with a family history of gynaecological cancer
Patient with personal and family history of gynaecological

cancer

Family variant testing for a hereditary cancer syndrome

associated with gynaecological cancers

35 (33.7%)
40 (38.5%)

10 (9.6%)

19 (18.3%)

Population ancestry

Indigenous African
Afrikaner
European
Ashkenazi Jewish
Other

16 (15.4%)
24 (23.1%)
35 (33.7%)
13 (12.5%)
16 (15.4%)

Healthcare sector patient seen in

Public healthcare
Private healthcare

31 (29.8%)
73 (70.2%)




3,2%

» &

Public
healthcare
n=31

Private
healthcare
n=73

m Ashkenzi ancestry ® Other = European ancestry
m Indigenous African ® Afrikaans

Figure 2. Pie chart showing ancestry distribution among study participants in public and private
healthcare settings

The mean age of diagnosis for non-European patients with a gynaecological cancer was 43.3
years (SD = 4.3), 8.7 years earlier than European patients (51.9 years), which was statistically
significant (p << 0.05). Patients with gynaecological cancer in public healthcare took on
average 7.4 years after their diagnosis to attend Genetics clinic while those in private healthcare
took on average 3.5 years. The delay between public and private was not statistically significant
(p > 0.05).

3.2. Genetic testing

Across all 104 patients, eight (7.7%) did not receive any genetic testing. The most common
reason for this was that the patient was not an appropriate candidate for testing (i.e.,
unaffected). Of the 96 (92.3%) who received genetic testing the majority, 67 (69.8%), were
patients from private healthcare (Table 3). A total of 100 tests were ordered with four (4.2%)
patients receiving additional or follow-up testing after a negative result. Access to genetic
testing in public and private healthcare was notably different (Table 3). Nearly all family
variant testing was done in private (17/18, 94.4%) and the majority of private patients received
testing by broader gene panels through international laboratories (30/67, 44.8%). In public the

10



most routine testing done was BCRA1/2 sequencing (13/33, 39.4%), with only four (12.1%)

having testing done internationally.

Table 3. Genetic testing that was performed for patients in our cohort

Genetic Testing Count Positive results
No. of patients who underwent testing 96 (92.3%)
Diagnostic testing 78 (81.3%) 25 (32.1%)
Family variant testing 18 (18.8%) 11 (61.1%)
No. of genetic tests conducted 100" 36 (36.0%)
Types of Genetic Testing
Public healthcare 33 9 (27.2%)
Founder mutation testing" 4 (4.0%) 1 (25.0%)
BRCAL1/2 sequencing 13 (13.0%) 3 (23.1%)
Local gene panel * 9 (9.0%) 1(12.5%)
Research testing® 2 (2.0%) 2 (100%)
International testing” 4 (4.0%) 1 (25.0%)
Family variant testing 1 (1.0%) 1 (100%)
Private healthcare 67 27 (40.3%)
Founder mutation testing 7 (7.0%) 1(14.3)
BRCA1/2 sequencing 3 (3.0%) 1 (33.3%)
Local private testing' 10 (10.0%) 5 (50.0%)
International testing 30 (30.0%) 10 (33.3%)
Family variant testing 17 (17.0%) 10 (58.8%)

“Four patients each had one additional genetic test done after initial testing was negative.

fTesting for a limited number of specific mutations with a high prevalence in a population of distinct ancestry (e.g.,
BRCAL c.68_69delAG, BRCAL ¢.5266_5267insC, and BRCA2 ¢.5946delT).

iGenes included on local panel: ATM, BARD1, BRCA1, BRCA2, BRIP1, CHEK2, PALB2, TP53.

SMore extensive/appropriate gene panel testing provided through research recruitment which includes genes not available
on the local gene panel.

#Gene panels for: Breast and gynaecological cancers; Breast cancer; Colorectal cancer; Common hereditary cancers;
Lynch syndrome; Paediatric solid tumour (on average gene panels included 22 genes).

TFour tests (40.0%) were BRCA1/2 sequencing, five (50.0%) were nine-gene panels (BRCA1, BRCA2, CDH1, PALB2,
PTEN, RAD51C, RAD51D, STK11, and TP53), and one (10.0%) was a Lynch syndrome gene panel (EPCAM, MLH1,
MSH2, MSH6, and PMS2).

In all four instances (all in public) where additional testing was done no PVs were detected.
Private patients had a higher PV detection (27/67, 40.3%) than those in public (9/33, 27.2%).
This difference was determined to be statistically significant (p << 0.05). The odds that a patient
who underwent genetic testing had a PV detected was higher in those who had private testing,
compared to those who had public testing (OR 1.5, 95% CI = 0.59, 3.78).
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3.2.1. Diagnostic yield

Of the 96 patients who underwent testing, 78 (81.3%) underwent diagnostic testing trying to
establish a cause for their cancer and 18 (18.8%) had family variant testing to determine
whether they had inherited a family variant. Diagnostic testing yielded 25 PVs across eight
different genes (Figure 3). No patient received multiple PVs and so 25 (32.1%) patients
received a PV, most often found in BRCA1 and BRCA2, with seven (28%) PVs detected in
each. Fourteen (56%) patients were diagnosed with HBOC syndrome and eight (32.0%) with

Lynch syndrome.

4% = BRCA1 = BRCA2
CHEK2 = MLH1
MSH2 = MSH6
m PMS2 MUTYH
4%

4%

Figure 3. Pie chart of pathogenic variants (n = 25) found across different genes

In addition, diagnostic testing detected 16 VUSs. One (1.3%) patient received both a PV and
VUS, and two (2.6%) patients received multiple VUSs. In total, 12 (15.4%) patients received
VUSs which could not clarify the cause of their cancer. Only two (2/16, 12.5%) VUSs have
been reclassified since testing was done, a BRCA2 variant which was reclassified as benign and
a WT1 variant reclassified as likely benign. Of the remaining 14 VUSs, four (28.6%) were
listed on ClinVar (https://www.nchi.nlm.nih.gov/clinvar/) as “Conflicting interpretations of

pathogenicity” having been reported differently by multiple submitters (i.e. laboratories) (33).
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Table F1 (appendix F) summarizes all variants found, their classification and the cancer history

(personal or familial) of the patient.

In terms of family variant testing, 18 relatives of patients were seen in our clinic while an
additional 22 (totalling 40) were tested through other laboratories. Of these, 24 (24/40, 60%)
tested positive for the familial PV and 17 (17/24, 70.8%) were asymptomatic at the time of

testing.
3.2.2. Population differences in detection rate

Of the 104 patients included in the study, 78 (75%) patients had diagnostic testing done, with
25 (32.1%) having a positive result (detecting a PV) and 53 (67.9%) did not receive a positive
result (either negative or a VUS). These patients fell into one of five ancestral categories:
Afrikaner (24, 30.8%), European (24, 30.8%), Ashkenazi Jewish (11, 14.1%) Indigenous
African (13, 16.7%), and ‘Other’ (6, 7.7%). A statistically significant association was found
between a patient’s population ancestry and whether they are in public or private healthcare (p
<< 0.05). The Cramer’s V value was calculated to be 1.14 which is considered a large effect
size (df = 1; p >> 0.5), thus the observed statistical difference is unlikely due to chance.
Furthermore, fewer PVs were detected in non-Europeans than European patients, 5 (20%) and
20 (80%) respectively. Similarly, only four (4/16, 25%) VUSs were detected in non-European
patients. The difference between genetic testing outcomes for non-European and European
patients was determined to be statistically significant (p << 0.05). The odds that a patient who
underwent genetic testing had a PV detected was significantly lower in non-European patients
(OR0.7,95% Cl =0.22, 2.21).

3.3. Risk assessment

Risk assessments were retrospectively performed for patients who had received diagnostic
genetic testing, this included a manual assessment and additionally one or more of the
following online risk assessment tools: CANRisk, Manchester Scoring, and PREMMs. A
manual risk assessment could be performed for all 78 (100%) patients. Whereas CANRIisk,
Manchester Scoring and PREMMs were performed where appropriate, based on cancer history,
for 64, 66 and 35 patients respectively. The summary of how many patients were determined
to be at high risk of a HCS by each risk assessment is summarised by Figure 4.
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Manchester

Figure 4. Overlap of patients predicted to be high risk for a hereditary cancer syndrome based on the
different risk assessment tools used

This Venn diagram depicts where there was a consensus to warrant genetic testing among the four key risk assessment
tools—CANRIisk, Manchester Scoring, Manual, and PREMMS5. Notably, only 3 (4.4%) patients were evaluated as high
risk by all four methods and Manual, CANRIsk, and Manchester Scoring had the highest concordance (20/59, 33.9%).

3.3.1. Manual risk assessment

A manual risk assessment was performed by the lead author for all patients who received
diagnostic testing, these assessments were reviewed by two registered genetic counsellors. Of
the 78 patients, 66 (84.6%) were assessed as being high risk for having a genetic (heritable)
cause for their cancer and 22 (33.3%) patients went on to have a PV detected by genetic testing.
The positive predictive value (PPV) for the manual risk assessment in this cohort is 32.8%.
Ten (13.0%) patients did not meet testing criteria, being evaluated as either low or moderate
risk, but were able to access testing through private laboratories. Despite not being indicated,
this testing identified PVs in two (20.0%) patients. The association between an individual’s
manual risk assessment and whether a PV was detected was determined to be statistically
significant (p << 0.05). The odds that a patient who underwent genetic testing had a PV
detected was higher in those considered high risk through manual risk assessment, compared
to those considered low risk on manual risk assessment (OR 1.95, 95% CI = 0.38, 9.99).

3.3.2. CANRIsk risk assessment

CANRisk was used to quantitatively assess the likelihood that a patient was carrying a PV in
one of nine genes associated with breast and ovarian cancer (BRCA1, BRCA2, PALB2, CHEKZ2,
ATM, BARD1, RAD51D, RAD51C or BRIP1). This was done for all patients with a personal or
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family history of breast and/or ovarian cancer, excluding those presenting for predictive testing
(n=64). Twelve patients were excluded due to a personal or family history of uterine and/or
colon cancer, and an additional two patients were excluded from analysis due to insufficient
information to perform the assessment. Of the 64 patients, 28 (43.8%) were calculated as being
high risk (10% or greater) of carrying a PV in one of the nine genes previously mentioned, 12
(42.9%) of which went on to have a PV detected. Only 4 (11.1%) patients who were calculated
as low risk had a PV detected. Two of the PVs detected in these low-risk patients were in
MUYTH and did not explain the cancer history. The PPV for the CANRisk risk assessment in
this cohort was 42.9%. The association between an individual’s CANRisk risk assessment and
whether a PV was detected was determined to be statistically significant (p < 0.05). The odds
that a patient who underwent genetic testing had a PV detected was 6-fold higher in those who
met the CANRisk threshold for testing, compared to those with a low risk assessment (OR 6,
95% Cl = 1.67, 21.6).

Additionally logistic regression was used to analyse the relationship between the CANRisk
score an individual received based on personal factors and family history and whether they
received a positive genetic test result. A Likelihood Ratio Test determined using CANRisk
score as a predictor statistically improved the model’s fit (Chi squared = 14.5; df 1; p << 0.05).
The model accounted for 30% of the variation in the test result (Nagelkerke’s R-squared = 0.3),
indicating a reasonable fit to the data given the binary nature of the dependent variable. The
odd of a positive test result occurring increased by 6.7% (95% CI = 2.6%, 10.9%) for the one-
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unit increase in CANRisk score (p << 0.05). In the logistic regression analysis, the model

achieved a high predictive performance (Figure 5).
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Figure 5. Receiver Operating Characteristic Analysis for predicting pathogenic variants in patients
with a personal or family history of gynaecological cancer using CANRisk

The Receiver Operating Characteristic (ROC) curve illustrates the performance of the logistic regression model in
predicting positive genetic test outcomes based on CANRisk score. The area under the ROC curve (AUC) is 0.76,
indicating a robust ability to discriminate between individuals with positive and negative test results. The curve represents
the trade-off between sensitivity and specificity, offering insights into the model's predictive accuracy in our study
population.

3.3.3. Manchester scoring risk assessment

The Manchester Scoring System was used to quantitatively assess the likelihood that a patient
was carrying a PV in either the BRCAL or BRCA2 genes. This was done for all patients with a
personal or family history of breast and/or ovarian cancer, excluding those presenting for
predictive testing (n = 66). These were the same patients for whom a CANRIisk assessment was
done (n = 64), two additional patients could be included as less information is required to
perform the assessment. Of the 66 patients, 38 (57.6%) were assessed as being high risk (10%
or greater) of carrying a PV in BRCAL1/2, 13 (34.2%) of whom went on to have a PV detected.
Again, only 4 (14.3%) patients who received a risk assessment less than 10% had a PV
detected. Three of whom were the same patients identified as low risk by CANRIisk. The PPV
for the Manchester Scoring risk assessment in this cohort was 34.2%. The association between
an individual’s Manchester Score risk assessment and whether a PV was detected was
determined to be statistically significant (p << 0.05). The odds that a patient who underwent
genetic testing had a PV detected was much higher in those who met the Manchester Score
threshold for testing, compared to those with a low risk assessment (OR 3.12, 95% CI = 0.89,
10.92).
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3.3.4. PREMMs risk assessment

The PREMMs risk assessment was used to quantitatively assess the likelihood that a patient
was carrying a PV in either the MLH1, MSH2, MSH6, PMS2 or EPCAM genes. This was done
for all patients with a family history suggestive of Lynch syndrome (n=35), excluding those
presenting for predictive testing. Of the 35 patients, 14 (40%) were assessed as being high risk
(>2.5%) of carrying a PV in the genes previously mentioned, of whom 8 (57.1%) went on the
have a PV detected. Of those who received a low risk assessment (21 patients, 60%), eight
(38.1%) had a PV detected. The PPV for the PREMMs risk assessment in this cohort was
57.1%. The association between an individual’s PREMM:s risk assessment and their genetic
testing outcome was not determined to be statistically significant (p > 0.05). However, the odds
that a patient who underwent genetic testing had a PV detected was higher in those who met
the PREMMs threshold for testing, compared to those with a low risk assessment (OR 2.17,
95% CI = 0.55, 8.57).

4, Discussion

4.1. Patient characteristics and demographics

This is the first study to assess the genetic testing provided to patients with a personal or family
history of gynaecological cancer in South African. Almost all the patients included were
female, which was to be expected given the selection criteria. The cohort consisted of
individuals from various ethnic backgrounds, however, indigenous African patients were the
minority (15.4%) and so the cohort is not representative of the country’s population distribution
where 81.0% are indigenous African (34). This disparity was unexpected because the Division
of Human Genetics (NHLS/Wits) operates more clinics in public healthcare which services
84% of the population, 81% of whom are Indigenous African (26, 34). The disparity is likely
due to multiple contributing factors that may be clinician-related, patient-related and/or

healthcare-related.

Clinicians may be unaware when to refer patients and risk factors pertinent to gynaecological
cancers, or that genetic testing has clinical utility (35,36). This knowledge gap seems to persist
particularly for Lynch syndrome when compared to HBOC syndrome (37). Furthermore,
clinicians who are familiar with the risk factors of heritable cancers may not know how to refer

the patient to genetic services, or simply not follow-up to ensure the patient attends the referral
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(38). The health-seeking behaviours of patients accessing public healthcare is also known to
reduce or delay presenting to tertiary hospitals, reasons include lack of cancer knowledge and
importance of screening, superstitions providing alternative explanations for disease, and
limited household income which hinders transport to seek healthcare (39-41). in public
healthcare the lack of genetic testing for Lynch syndrome is a significant limiting factor for
diagnosing HCSs for patients, especially in the case of uterine cancers. In addition, the strain
placed on public healthcare leads to resource scarcity which negatively impacts patient care,
this is further exacerbated by lack of trained genetic counsellors (42).

4.2. Genetic testing

The diagnostic yield of genetic testing for our cohort was 30.1%, with 24 PVs detected which
is higher than previous studies investigating hereditary cancers that have reported a yield of
between 10% and 20% (43, 44). In addition, 16 VUSs were detected which is relatively low
given that gene sequencing technology often results in an increased detection of VUSs,
especially when multiple genes are analysed simultaneously or when patients belong to
underrepresented population groups such as those of African ancestry (45). Despite many
patients undergoing multi-gene panel testing, the combination of high PV and low VUS
detection indicates that for our cohort the referral to genetics was generally appropriate, with
many patients receiving accurate risk assessments and subsequently, appropriate testing.
However, another contributor may be the population bias towards European ancestry. Two
individuals received VUSs in multiple genes and in both instances no PVs were found. One
was of Afrikaner ancestry who had 36 genes analysed while the other was of indigenous
African ancestry who had 47 genes analysed. Roughly 90% of VVUSs are reclassified as benign,
and attributed to normal variation, although the few which are later determined to be pathogenic
have clinical utility (46). In our cohort only two VUSs (12.5%) had been reclassified as
benign/likely benign. Ten (62.5%) have remained unchanged for, on average, three years and
four (25%) variants are currently reported to have conflicting interpretations of pathogenicity.
With gene panels becoming the standard of care it is important for routine re-analysis of VUSs
and variants with conflicting interpretations (47).

Nearly all PVs detected were either associated with HBOC syndrome and Lynch syndrome
which was expected given that these are two of the most common HCSs (48). The high

proportion of BRCA1/2 pathogenic variants may also be due to our cohort having a higher
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incidence of ovarian than endometrial cancer, with PVs in BRCAL1 being more prevalent due to
its higher penetrance (up to 44%) for ovarian cancer (49). Similarly, a high MSH2 PV detection
can be explained by the fact that it confers not only the highest overall cancer risk but the
highest risk for endometrial and ovarian cancers (46% and 17% respectively) (50).

Non-European ancestry individuals had a 30% lower likelihood of receiving positive genetic
testing results, potentially due to factors such as limited access to testing and population-
specific considerations. In public healthcare, patients, who are more often non-European, face
constraints in comprehensive genetic testing, limited to an eight-gene panel, focused on breast
and ovarian cancer genes (28), placing a significant limitation on PV detection in the context
of gynaecological cancers. Furthermore, with genetic research predominantly conducted on
European populations it is possible the cancers seen in indigenous African populations are
caused by genes yet to be identified which are not included in current testing (51). Population
factors related to disease penetrance may also be reducing PV detection rates in non-Europeans.
Numerous studies looking at inherited cancers have shown that indigenous African patients
diagnosed with cancer are unlikely (<10%) to have a family history of cancer (52-54). This
demonstration of reduced disease penetrance may in turn limit the referrals and thus testing of

cancer patients of African ancestry.

After reviewing the testing each patient received, 36 (37.5%) were deemed insufficient due to
the limitations of testing (e.g., Founder mutation testing, or BRCAL/2 sequencing only) and
would benefit from more comprehensive testing. Instances of insufficient testing occur when,
based on personal and familial cancer history, the initial testing conducted did not include all
the appropriate genes which could be responsible for the cancer history. Of these, 17 (47.2%)
were public patients and 19 (52.8%) private patients. In public healthcare, families presenting
with a history of uterine and colon cancer suggestive of Lynch syndrome do not receive

sufficient testing due to the lack of a panel of genes associated with colorectal cancers.

Across the 20-year period, it was noted that the number of patients seen by our genetic services
increased substantially. From the year 2000 in intervals of 5 years (e.g., 2000 to 2004 and then
2005 to 2009 etc.) the number of patients seen were 1, 4, 11, 23, and 46 respectively. This
increase in patients could be attributed to the expansion of genetic services since its inception
in the late 90’s (42). Equally important is the increase in visibility of genetic services amongst
healthcare providers through the establishment of these clinics (35). Expansion has also

followed the trend of improved genetic testing in the public healthcare sector.
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4.3. Family variant testing

Nearly all family variant testing was done in private, with only one patient in our cohort having
family variant testing in public healthcare. Internationally, the uptake of family variant testing
for HCSs by at-risk relatives is considered to be low. Investigations have shown possible
reasons include family communication, family history and experience related to cancer, fear of
a positive result and accessibility of testing (55-57). Of particular relevance to our cohort is
that the testing done in private was most often done through an international laboratory which
offered free family variant testing in the even a pathogenic variant was found which is known
to significantly improve uptake (55). Although other factors such as family communication
cannot be excluded as a cause for the uptake discrepancy between public and private and are

beyond the scope of this study.

The diagnostic testing that was done diagnosed 21 patients with a HCS, as a result 40 additional
individuals presented for family variant testing, illustrating the attractive cost-effective and
large impact diagnostic testing can have. The majority of individuals who tested positive for a
familial variant were asymptomatic at the time of testing. This means that in addition to the 21
patients, a further 24 relatives became eligible for increased screening. For those asymptomatic
women diagnosed with HBOC syndrome, increased mammography screening has been shown
to reduce overall breast cancer mortality by up to 19% (58). In addition, a prophylactic
mastectomy could reduce breast cancer mortality by between 81% and 100%; while
prophylactic BSO is associated with a decreased incidence of both breast and ovarian cancer
together with a reduction of all-cause mortality by between 55% and 100% (59). These
surgeries can be considered in asymptomatic women diagnosed with Lynch syndrome but
should be tailored based on the patient’s causative gene, family cancer history, comorbidities,
whether childbearing is complete and in the case of BSO, menopause status (60). Due to their
prevalence and treatability, population-based screening to identify asymptomatic carriers by
genetic testing has been proposed for Lynch syndrome and HBOC syndrome (44). The
challenges that would need to be overcome in the resource limited context of South Africa,
including cost, obtaining informed consent, and variant interpretation, make this far from
feasible. Predictive testing of at-risk family members, however, stands as an attractive, cost-

effective alternative which should be considered (24).

4.4. Risk assessment tools
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Of the four risk assessment methods utilized in this study, manual, CANRisk and Manchester
scoring assessments all significantly increased the chances of detecting a PV. Manual risk
assessments were the least specific of the three, labelling almost 90% of patients as being ‘high
risk’ and eligible for genetic testing. The advantage, however, is this method can be readily
applied in a genetic counselling session and allows the counsellor to adjust risk criteria. In
particular, Indigenous African patients are held to a less stringent criteria due to the observation
of a higher degree of incomplete penetrance (52-54). The Manchester score is similarly
convenient in terms of ease of use in clinic, performing similarly to a manual assessment in the
detection of PVs in high-risk groups (34.2% versus 32.8%) but only calculates the risk of a PV
in BRCA1 and BRCA2 and was validated in a European population (9). The authors of the
Manchester score note, however, adjustments could be made to accommodate populations of
lower penetrance by decreasing the score necessary to reach the 10% risk threshold for testing.

CANRIisk was the most specific risk assessment tool and produced the highest proportion of
positive test results, with the risk of finding a PV being 6-fold higher in those who were
assessed as high risk, increasing the diagnostic yield of testing from 32.8% using manual risk
assessment to 43.8%. This improved accuracy is likely be due to the assessment making use of
extensive personal medical information (age of menarche and menopause, age at the birth of
first child, exposure to contraception and/or hormone replacement therapy etc.) in addition to
family history (10). This does, however, make it time-consuming. Another possibility is the
lack of population diversity in our sample, with most patients being of European ancestry and
includes a marked proportion of patients from high-risk populations for which the online tool
has already been validated (10,12,13).

A specific challenge encountered when using CANRIsk was the requirement of dates of birth
in addition to age of diagnosis for those affected with cancer. In many cases, especially in
grandparental generations, birth dates were not listed which meant a 25-year generation gap
was assumed to perform the calculation. If a sibling did not have a date or birth noted, a 5-year
age difference was assumed. Furthermore, the program did not allow for half-siblings (the same
genetic similarity as a second degree relative) and so affected half-siblings were incorporated
as full siblings according to the general principle of a false positive screen being less
detrimental than a false negative (59). Using logistic regression, we determined that for our
cohort, an increase of 1% for the CANRIisk risk value led to a 6% increase in the odds of finding

a PV. An explanation for this overestimation could be 1) the small sample size, with only 64
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patients (83.1% of those who were tested) eligible for a CANRIisk assessment; 2) that the cohort
was primarily European ancestry; 3) the sample was skewed by the nature that all patients had

received testing thus was enriched for high-risk individuals.

The PREMMs assessment tool follows a similar simplicity and ease of use to that of the
Manchester score, making it convenient and accessible in clinic, though it requires internet
access. Unlike Manchester score and CANRIsk, this tool assesses the risk of having a PV in
the mismatch repair genes and EPCAM associated with Lynch syndrome. In our cohort the
effect of PREMMs risk assessment was determined not to have a statistically significant effect
on testing outcomes, however, the power of analysis was limited as only 35 risk assessments
were performed. Another confounding factor is that 20% of these patients did not receive
sufficient testing (i.e., not tested for mismatch repair genes and EPCAM) and so additional

positives may have been missed.
4.5, Limitations

This is a retrospective study performed at a single institution with inherent selection bias,
including the error that may be associated with relying on patient recall in a counselling session.
Patient records that were incomplete or unobtainable limited the number of patients that could
be included. The relatively small patient cohort and the large data collection period may have
reduced the power to detect some of the associations between patient factors and genetic testing
outcomes, in particular genetic testing availability was not consistent across the collection
period. The small patient cohort also limited the extent to which the effect patient
characteristics had on testing could be investigate. Furthermore, our sample included
predominantly Caucasian patients of either European or Afrikaner ancestry and so is unlikely
to be representative of the genetic testing outcomes for indigenous African patients with a

personal or family history of gynaecological cancer.
5. Conclusion

With the advancement of genetic testing in the era of sequencing and improved understanding
of cancer heritability, an increasing number of cancer patients are referred to Genetic services.
Genetic testing can identify those with an inherited cancer syndrome that puts them at risk for
various cancers depending on the syndrome which then aids in patient care and management.

Effective genetic testing in a resource-limited setting requires suitable referral of patients with
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risk factors for hereditary cancer syndromes, accurate risk evaluation using available online
assessment tools and for the type of testing to be guided by these assessments. From this study
we found Indigenous African patients with gynaecological cancer are less frequently attending
Genetic services. Furthermore, the genetic testing in public healthcare is inadequate for
detecting hereditary cancer syndromes associated with gynaecological cancers pointing to the
need of implementing a colon cancer gene panel. Highlighting the need for comprehensive
genetic testing in Indigenous African patients with gynaecological cancers as well as the need
to investigate reasons for poor referral so that they may be addressed.
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1. Background literature analysis and critique

1.1. Introduction

With the improvement of healthcare and quality of life increasing the average lifespan the
global burden of non-communicable diseases, a predominant component being cancer, is on
the rise. GLOBOCAN 2020 reported an estimated 19.3 million new cancer cases and almost
10 million cancer deaths to have occurred worldwide in 2020. New cases of uterine body,
cervix, ovary, vagina, and vulva cancers together constituted 1.3 million cases making
gynaecological cancers the fourth most frequently diagnosed cancer worldwide, accounting for
15.3% of cancer deaths in women (Sung et al., 2021). A proportion of gynaecological cancers
are caused by hereditary cancer syndromes (HCSs) (Walsh et al., 2020). South African studies
on HCSs have mostly focused on breast cancer and produced valuable contributions to the
discovery of genetic differences in various native populations, as well as screening and testing
procedures (Gardiner et al., 2019; Schoeman et al., 2013; Seymour et al., 2016). However, there
is a dearth of research into genetic testing for gynaecological cancers, detection rates and
causative mutations. With gynaecological cancers, particularly ovarian cancer, mostly being
diagnosed in advanced stages, genetic testing may have a role in early detection and reducing

the overall burden of these cancers (Walsh et al., 2020).

1.2. Gynaecological cancers

In total there are six gynaecological cancers: cervical, endometrial, ovarian, vaginal, vulva, and
fallopian tube cancer. Of these cervical, endometrial, and ovarian cancers are the most
commonly diagnosed gynaecological cancers in South Africa (SA) (Figure 1) (Ferlay et al.,

2020). Despite a lower risk of females from SA to develop cancer than for those from
Northern America or Europe, the risk of dying from cancer is significantly higher (Ferlay et

al., 2020). These high rates of cancer mortality in SA can be partly attributed to poor access to
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cancer prevention, screening, diagnosis, and treatment which in turn produce poorer health

outcomes (Department of Health Republic of South Africa, 2017).

Breast
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Colorectal -/ Ovarian 40
6% 39 Data sourced from Ferlay et al., 2020
Figure 1. Number of new female cancer cases reported in South Africa for 2020, gy logical cancers highlighted.

1.3. Hereditary gynaecological cancer syndromes

Although all cancers are genetic, in that they are the result of mutations (now referred to as
pathogenic variants) in genes that regulate the cell cycle or are involved in DNA repair; some
cancers are heritable, being caused by a germline pathogenic variant present in the gamete
which goes on to reside in every daughter cell of the body, subsequently predisposing an
individual to cancer of multiple tissues/organs; this is the basis of HCSs (Tinley & Lynch,

2000). These HCSs exhibit autosomal dominant inheritance with affected individuals having a
50% risk of passing on the pathogenic variant to offspring (Walsh et al., 2020). Several genes
are known to cause HCSs associated with gynaecological cancers, most notably: Hereditary
breast and ovarian cancer (HBOC) syndrome (Dark blue circle, figure 2), Hereditary ovarian
cancer (HOC) syndrome (Red circle, figure 2), and Lynch syndrome (LS) (Brown circle, figure
2). Importantly, each gene is not only associated with certain cancers but also confers a distinct

risk for developing them which sits well above population risk. Pathogenic variants in BRACI
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and BRCA2 for example are found in up to 55% of cases of hereditary breast and ovarian
cancers, where BRCA! increases the lifetime risk for developing ovarian cancer to 44% as
opposed to the general population risk of 1,2% while BRCA?2 raises the risk to 17% (Figure 2)
(Toss et al., 2015; Walsh et al., 2020). Up to 70% of Lynch syndrome is caused by pathogenic
variants in one of four mismatch repair genes, each conferring a substantial (31% - 49%) risk
for endometrial cancer where the general population risk is 3,1% in addition to an elevated risk
for ovarian cancer (Figure 2) (Walsh et al., 2020). Two less common HCSs also known to cause
gynaecological cancers are Peutz-Jeghers syndrome caused by S7K// pathogenic variants
(Pink circle, figure 2) and Cowden syndrome caused by PTEN pathogenic variants (Light blue

circle, figure 2).
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Figure 2. Lifetime risk of gynaecological cancers for those with Hereditary Breast and Ovarian Cancer syndrome,
Hereditary

Ovarian Cancer syndrome, Lynch, Peutz-Jeghers and Cowden syndrome.

This figure illustrates the risk of developing endometrial, ovarian, and/or cervical cancer associated with specific genes known
to cause hereditary cancer syndromes compared to that in the general population. The genes are grouped by the hereditary
cancer syndrome they cause: Hereditary Breast and Ovarian Cancer syndrome (dark blue circle), Hereditary Ovarian Cancer
syndrome (red circle), Lynch syndrome (brown circle), Peutz-Jeghers syndrome (pink circle) and Cowden syndrome (light
blue circle). Data sourced from Beggs et al., 2010; Kalra et al., 2022; Lifetime Risk of Developing and Dying from Cancer,
2016-2018, 2022.
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1.4. Risk assessment

Before genetic testing for a HCS can be considered a risk assessment is carried out to estimate
how likely a patient is to be a carrier for a germline pathogenic variant in one of the causative
genes (Daly et al., 2020). A risk assessment can be carried out based on a patient’s personal
and family history of cancer alone, termed a manual risk assessment, although additional tools
are available online which quantify the risk of a germline pathogenic as a percentage, these
include the Manchester Scoring System, CanRisk and PREMMS. For a manual risk assessment,
factors that increase the risk include: young age of onset for a particular cancer (e.g. < 60 years
for ovarian cancer); multiple related cancers in the family and/or the patient (e.g., breast,
ovarian and pancreatic cancer in the case of HBOC); bilateral cancer of paired organs; multiple
primary cancers in one individual; and/or high-risk ancestry (Afrikaner, Xhosa or Ashkenazi
Jewish). The Manchester Scoring System uses cancer histology in addition to family history to
calculate the risk for germline pathogenic variants in BRCA/ or BRCA2, patients with a 10%
or higher risk are eligible for genetic testing (Evans et al., 2017). CanRisk uses family history,
cancer histology and personal risk factors to calculate both cumulative and individual risks for
BRCAI, BRCA2, PALB2, CHEK2, ATM, RAD51C, RAD51D and BRIPI (Lee et al., 2019).
PREMM™S5 uses personal and family history to calculate the cumulative risk of carrying a

pathogenic variant in one of the four Lynch syndrome genes (Kastrinos et al., 2017).
1.5. Genetic testing in South Africa

Genetic testing for HCSs began in 2005 but was limited to BRCA/ and BRCA2 in state
healthcare (Schoeman et al., 2013). Only recently has genetic testing expanded to include eight
genes on a panel, allowing for more time- and cost-effective sequencing of these genes in

parallel for pathogenic variant detection, which is offered through the National Health
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Laboratory Service (NHLS) in Bloemfontein. This panel includes BRCAI and BRCA2 as well
as ATM, BARD, BRIP1, CDK12, CHEK?2 and PALB2. The limitation of this panel is that only
half of these genes are associated with hereditary gynaecological cancers (BRCAI, BRCA2,
BRIPI, PALB2) and none of the genes causing Lynch syndrome are included. Nevertheless,
the introduction of a broader panel has increased the detection rate of actionable pathogenic
variants (van der Merwe et al., 2022). For private patients more comprehensive testing for

HCSs has been available for much longer through private laboratories both locally (e.g.,

AMPATH and Lancet) and internationally (e.g., Invitae).

1.6. Clinical implications of hereditary cancer syndromes

When a HCS is diagnosed additional preventative measures can be offered which extend
beyond what is required in the general population. These include prophylactic surgery,
chemoprevention, and more appropriate screening for additional cancers yet to develop.
Prophylactic salpingo-oophorectomy reduces the risk of ovarian cancer by 80% in females with
hereditary ovarian cancers and prophylactic hysterectomy can reduce the endometrial cancer
risk in patients with Lynch syndrome by up to 18% (Dominguez-Valentin et al., 2021;
Hartmann & Lindor, 2016). Personalized and more extensive screening can begin at earlier
ages to improve the likelihood of cancer detection (Walsh et al., 2020). Genetic testing also
enables women to make lifestyle, contraceptive and reproductive choices that reflect their
genetic status (Kalra et al., 2022). Lastly, genetic testing can direct management and care for
patients, an example being poly(ADP-ribose) polymerase (PARP) inhibitors which are a

wellestablished therapy for ovarian cancer caused by BRCAI or BRCA2 (Fong et al., 2010).

The benefit of genetic testing can also extend to family members. Once a germline pathogenic
variant is identified, relatives who are at risk of having inherited the variant can be offered

expedited and less costly genetic testing to determine their genetic status. This would be
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considered predictive in those who do not have cancer. For all who test positive (i.e., carrying
the same pathogenic variant) the same preventative measures mentioned above could be offered
even inthe absence of cancer. Enhanced screening and preventative prophylaxis in relatives

yet to develop cancer serves an effective means of reducing cancer incidence and mortality.

1.7. Rationale

To date there is no published data on the prevalence of known mutations in cancer causing
genes associated with ovarian cancer in SA despite evidence of its incidence increasing (Gizaw
et al., 2022). The same sentiment can be extended to all hereditary gynaecological cancers in
SA. Given that gynaecological cancers often do not present with symptoms or present with
vague symptoms that are dismissed by women and generally have ineffective screening, genetic
testing is a potential answer to the growing burden of these cancers. To stimulate genetic
research into gynaecological cancers first data is required on uptake of patients with
gynaecological cancers for genetic testing and their testing results. Therefore, the aim of this
study is to conduct an audit of genetic testing and associated clinical presentation in patients
seen by the Division of Human Genetics at the and the University of the Witwatersrand (Wits)
with a confirmed diagnosis or family history of gynaecological cancer and assess whether
adequate genetic testing is available to patients, how testing has changed over time and whether
patient factors (histology, family history, risk assessment, ect.) correlate with a positive genetic

test result.

2. Aims and objectives

2.1. Aim

To conduct an audit of genetic testing and associated clinical presentation in patients seen by
the Division of Human Genetics (NHLS/Wits) with either a confirmed diagnosis or family

history of gynaecological cancer.
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2.2. Objectives

1. To review the files of patients who meet inclusion criteria that were seen for genetic
counselling.

2. To assess the genetic testing that was available for each patient and evaluate the results
for patients who consented for testing.

3. To evaluate the uptake of cascade testing in families diagnosed with a hereditary
gynaecological cancer.

4. To assess the predictive value of risk assessments tools and whether patients received
sufficient testing as indicated by their risk assessment/s.

5. To evaluate associations between patient factors (such as age, ethnicity, cancer
histology, and risk assessment score) and genetic test results.

3. Methods

3.1. Study population

The study sample will include all females who received genetic counselling, either by a
registered medical geneticist, genetic counsellor, or genetic nurse, for a confirmed diagnosis or
family history of gynaecological cancer between 2000 and 2022 through the Division of Human
Genetics (NHLS/Wits) at one of the affiliated hospitals, namely: Chris Hani Baragwanath
Hospital, Rahima Moosa Mother and Child Hospital, Helen Joseph Hospital, Charlotte Maxeke
Johannesburg Academic Hospital, and Donald Gordon Medical Centre. We expect a sample

size of approximately 80-100.

3.1.1. Inclusion criteria
1. State and private patients with either:
a. A confirmed diagnosis of a gynaecological cancer.

b. Family history of gynaecological cancer/s.
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2. Adult and paediatric patients.

3. Patients seen between January 2000 and December 2022.

3.1.2. Exclusion criteria

1. Cases where family history is non-specific e.g., unspecified gynaecological cancer
type.
3.2. Study design

This study is a retrospective case review, requiring an audit of patients’ genetic counselling
records. The principal investigator will create a database of pertinent information from patients
meeting inclusion criteria. Relevant records will be reviewed for patient demographics, family
history, relevant medical history including diagnosis and histology, genetic testing, and uptake
of cascade testing (see appendix 1). The information will be accessed from the Division of
Human Genetics Research Electronic Data Capture (REDCap) clinical database, or physical
patient files located at the Division of Human Genetics, NHLS Braamfontein. This study is
reliant on patient recollection for family history which is self-reported and documented on
family pedigrees. Records with vague cancer histories such as “womb cancer” or insufficient
information will be excluded. Appropriate cases for inclusion identified by the principle
investigator will be reviewed by senior supervisors before data analysis. Family history
information will not be confirmed by other means. In addition, the principal investigator will
perform both qualitative and quantitative risk assessments for each patient, the former by
manual assessment of family history while the latter by the Manchester Scoring System,
CanRisk and/or PREMMS online tools. A detailed outline of the data to be collected can be
found in Appendix 1. The data collected will be anonymised and subsequently coded to

maintain patient confidentiality.
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3.3. Data analysis

Data collected for this study will be analysed quantitatively. Continuous data (e.g., age at
consultation) will be tested for normality using the Shapiro-Wilk test and if the null hypothesis
is met, described using means and standard deviations, otherwise continuous data will be
reported using median and interquartile range. Categorical data (e.g., type of genetic testing
performed) will be described using either percentages or frequencies. Chi-square tests will be
applied to investigate potential associations between age groups, tumour histopathology (if
available, family history, cancer type, and genetic test results. Logistic regression analysis will
be applied to evaluate the predictive power of online risk assessment tools in our sample.
Statistical significance to be set at the P value < 0.05. Statistical analysis will be done using R®
v 4.2.2 using the Basic Statistics and Data Analysis package and Excel® Microsoft 365.

4. Ethics

Ethics approval is required in order to make use of data recorded within patient records. The
data will be anonymised and subsequently coded with only the researcher and their supervisors
able to access identifying information. Submission to the Human Research Ethics Committee
(Medical) of the University of Witwatersrand is planned for February 2023. Data collection is

to commence once ethical clearance is granted.

5. Timing

Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov

Literature Review

Preparing protocol

Protocol assessment

Ethics application

Collecting data

Data analysis

Writing up — Thesis

Writing up - Paper
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6. Funding

6.1. Predicted budget

Activity Cost
REDCap software and Excel® for Microsoft 365 R0.00
No transport costs, files available on site (NHLS) R0.00

Printing and binding of research report (~80 pages) at 62c/page (2 copies) | R99.20

R99.20

7. Study limitations

By nature of study design the analysis of this study is dependent on the review of patient
records. This study may be limited by missing patient records and/or omitted patient data due
to data collection during a genetic counselling session not being completely standardized. By
choosing to include patients who themselves did not present with a gynaecological cancer but
instead had a family history thereof increases the sample size but introduces the possibility for
confounding data. A larger sample size is desirable for robust statistical analysis, however,
family history criteria for inclusion will need to be strict to not skew genetic testing data away
from gynaecological cancers. Lastly, given how genetic testing has evolved, the testing offered
to patients has changed with time leaving broad comparisons across time misleading, however,
by factoring in this as a consideration we hope to gain valuable insights into whether

comprehensive testing has utility in our resource-limited setting.
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Mixed Methods
Laboratory

Clinical

Other, please specify
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2. s title of the study appropriate (preferably fewer than 20 words)? Yes
Comments:

3. Are the study objectives clear and linked to the research aim and title? Yes
Comments:

4. Is the design of the study appropriate to meet the study objectives? Yes
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5. Are the proposed methods and tools appropriate to meet the research objectives?

Comments (the following changes should be made to the ‘Methods’ section of the protocol unless otherwise stated):

- In the ‘Data analysis’ section it states that ‘The analysis of variance (ANOVA) method will be used to assess
correlations between genetic test results (positive/negative) and patient factors (age group; ethnicity; cancer type; risk
assessment score).” ANOVA is not the correct test for these analyses. Data will be compared between subjects with a
positive or negative genetic test result and the stats test used will depend on the data type. Thus, for a continuous
variable like age it would be a Student t test or a Mann Whitney U test depending on data distribution. For ethnicity it
will be a chi squared test, possibly using contingency tables if there are more than 2 ethnic groups. Will logistic
regression be performed? Please clarify.

- Data will be used for subjects with a family history of cancer. How will this family history be verified?

6. Is the study feasible within the resources of:

a) The applicant? Yes
b) The department? Yes
c) The time frame? Yes

7. If this is a PhD protocol assessment:  Not applicable

a) Is the content original?
b) Does the content show the scope and depth of a PhD?

Comments:

Do you recommend:

i.  Additional revision/amendment of the protocol? Please be specific on the recommendations being made:

ii. The appointment of the proposed Supervisor?

Nominee/s:

11 March 2019/MP
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ii. The appointment of the proposed Co-Supervisor/s and/or additional co-supervisors? Yes

Nominee/s:

iv. Has the Chair of the Assessor Group signed the RECOMMENDATION FOR APPOINTMENT

Yes

OF SUPERVISOR(S) OF RESEARCH REPORT, DISSERTATION OR THESIS form? Please attach.

v. Has the Chair informed the student and supervisor about the Wits ethics requirements, and

Yes

that if required, they must have either a Wits Human Research Ethics clearance certificate
or a Wits Animal Research Ethics clearance certificate?

vi. Based on the protocol provided (including any proposed changes by the protocol assessor group),
does the student require:

Yes
1. Human Research Ethics clearance certificate
No
2. Animal Research Ethics clearance certificate
3. No human or animal ethics certificate is required No
4. Unclear, will seek appropriate guidance from the HREC/AREC committees No
vii. Has the Postgraduate student and supervisor/s signed the ethics declaration form Yes
Overall recommendation regarding the protocol:
i Revision of the protocol to the satisfaction of the Supervisor (NB: if HoD approval is Yes

also required, please specify):
(Candidate: one copy, list of corrections with page numbers and Supervisor approval letter — submit to PG
Office).

Revision of the protocol to the satisfaction of the Assessor Group/Chair:
(Candidate: one copy, list of corrections with page numbers, Supervisor approval letter —
submit to PG Office and PG Office to forward to the Assessor Group Chair).

Revision of the protocol and resubmission of the revised protocol to the next Assessor Group
Meeting:

(Candidate: six copies, list of corrections with page numbers, Supervisor approval letter — submit one copy
to PG Office / 5 to school assessor group administrator / for PhD, all six copies to be submitted to the PG
Office).

Candidate goes ahead (no revision required):
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Dear Kgomotso Tlala,
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no. 708672, has made to the protocol for his Masters project titled A4 review of genetic testing
for females referred to genetic counselling for a personal or family history of gynaecological
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of his protocol defence on the 22" of February 2023. Kindly find attached the amended
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List of amendments:

Section heading

Page number

Paragraph

Line

Amendment

3.2 Study design

This study is reliant on patient
recollection for family history which is
self-reported and documented on family
pedigrees. Records with vague cancer
histories such as “womb cancer” or
insufficient information will be
excluded. Appropriate cases for
inclusion identified by the principle
investigator will be reviewed by senior
supervisors before data analysis. Family
history information will not be
confirmed by other means.

3.3 Data analysis

Chi-square tests will be applied to
investigate potential associations
between age groups, tumour
histopathology (if available), family
history, cancer type, and genetic test
results. Logistic regression analysis will
be applied to evaluate the predictive
power of online risk assessment tools in
our sample.
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Appendix B: REDCap data collection

Return to methods.

Demographics

Sebastian MSc
Page 1

Hospital

Age at Consultation

Has the patient demised?

O Yes
O No

Population group

QO Asian
O Black
QO Indian
O Mixed Ancestry
O Other

Specify Population_Group

Ethnolinguistic Group

[] Afrikaner
[] Ashkenazi Jewish
[] European
[ Hindi

[J Muslim
[] Ndebele
[J Sepedi
[J Sotho

[] Swazi

[J Tsonga
[ Tswana
[J Venda

[ Zulu

[J Xhosa

[] Other

[J Unknown

Specify Ethnolinguistic Group

State or Private Patient

29-01-2023 19:59

O State
QO Private

projectredcap.org hEDCa pﬂ
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Medical & Family History

Sebastian MSc
Page 1

What has the proband presented with?

O Proband has a gynaecological cancer

(O Proband has a family history of gynaecological
cancer only

O Both the proband and their relatives have
gynaecological cancers

What type of gynaecological cancer?

O Cervical cancer

O Endometrial cancer
(O Ovarian cancer

O Fallopian tube cancer
O Peritoneal cancer

QO Other

Histology of cervical cancer

O Adenoma malignum
O Other
O Unknown

Specify type of cervical cancer:

Histology of endometrial cancer

O Endometrioid adenocarcinoma
(O Mucinous carcinoma

O Serous carcinoma

QO Clear cell carcinoma

O Squamous cell carcinoma

O Undifferentiated carcinoma
O Mixed carcinoma

(O Metastatic carcinoma

QO Other

O Unknown

Specify type of endometrial cancer:

Histology of ovarian cancer

29-01-2023 20:34

QO Serous carcinoma

(O Mucinous carcinoma

O Endometrioid carcinoma

QO Clear cell carcinoma

QO Transitional cell carcinoma (Brenner tumors)
(O Carcinosarcoma

QO Epithelial carcinoma

O Undifferentiated carcinoma

O Other

O Unknown

REDCap

projectredcap.org
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Page 2

How many maternal relatives have a history of
gynaecological cancer?

HOoo~NOoOUEsWN K

o
o

How many first degree relatives?

How many second degree relatives?

oS WN

How many third degree relatives?

OO0O0000O | OOOOOO | OOOOOO | OOOOOOOOOOO
oOUE WN =

ouUhs WN -

How many maternal relatives had a history of cervical

cancer?

How many maternal relatives had a history of O1

endometrial cancer? 02
O3
O4
O5
o6
o7
Os8
09
10

How many maternal relatives had a history of ovarian &l

cancer? ©2
©3
O4
@5
o6
o7
Os8
09
o1o0

29-01-2023 20:34 projectredcap.org ﬁEDCap”



Page 3

How many paternal relatives have a history of
gynaecological cancer?

HOoo~NOoOUEsWN K

o
o

How many first degree relatives?

How many second degree relatives?

oS WN

How many third degree relatives?

OO0O0000O | OOOOOO | OOOOOO | OOOOOOOOOOO
oOUE WN =

ouUhs WN -

How many maternal relatives had a history of cervical

cancer?

How many maternal relatives had a history of O1

endometrial cancer? 02
O3
O4
O5
o6
o7
Os8
09
10

How many maternal relatives had a history of ovarian &l

cancer? ©2
©3
O4
@5
o6
o7
Os8
09
o1o0

Family Pedigree

29-01-2023 20:34 projectredcap.org hEDCap”



Genetic Testing

Sebastian MSc
Page 1

Was genetic testing accepted?

O Yes
O No

What genetic testing was performed first?

(O Founder mutation testing

O Sequencing BRCA1/2 with MLPA
QO Bloem panel testing (8 gene)
(O Bloem panel testing (15 gene)
QO Invitae panel

QO Inherited diseases panel

(O BROKA study testing

(O HERCAN study testing

O Family variant testing

O Local private testing (AMPATH, Lancet ect.)
QO Other

Please specify the testing performed:

Please specify which genes were included in testing:

[JATM

[] BARD1
[ BRCAL
[] BRCA2
[ BRIP1
[J] CDH1
[] CHEK2
[ DICER1
[J] EPCAM
[J MLH1
[ MSH2
[] MSH6
[ NF1

[] PALB2
[ PMS2
[J PTEN
[J RAD51C
1 RAD51D
[] SMARCA4
[JSTK11
[JTP53

[] Other

What additional genes were included?

Were pathogenic variants identified by testing?

29-01-2023 21:26

O Yes
O No

REDCap’

projectredcap.org
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Page 2

In what gene/s was a mutation found? [JAT™M
[ BARD1
[ BRCAL
[] BRCA2
[ BRIP1
[J] CDH1
[] CHEK2
[ DICER1
[] EPCAM
[ MLH1
[ MSH2
[] MSH6
[ NF1
] PALB2
[ PMS2
[ PTEN
[J RAD51C
[ RAD51D
[J SMARCA4
[ STK11
[ TP53
[] Other

In what additional genes were pathogenic variants
found?

Specify the pathogentic variant(s) found along with
rsID numbers:

(e.g., "BRCA1 rs12345678; ATM rs87654321")

Did at-risk relatives present for testing? O Yes
O No
How many at-risk relatives presented for testing? O1
02
O3
O4
O5
O6
o7
08
09
O >9
How many at-risk relatives tested positive for the O1
same pathogenic variant(s)? 02
O3
O4
O5
o6
o7
Os8
09
O >9

29-01-2023 21:26 projectredcap.org ﬁEDCap"



Page 3

Of these, how many were affected with cancer at the
time of testing?

o

10

\

Reason for declining testing:

O] OO0000OO0O0O

Financial constraints

[] Would prefer not to know
[J No perceived benefit

[J Not specified

[] Out of the country

[] Other
Please specify reason for declining testing:
If initial test results were negative, were additional O Yes
tests performed? O No
Would this family have benefited from additional O Yes
testing? O No

What follow- up genetic testing was performed?

O Founder mutation testing

(O Sequencing BRCA1/2 with MLPA

O Bloem panel testing (8 gene)

QO Bloem panel testing (15 gene)

QO Invitae breast & gyne panel (21 genes)

Were the results from the second test positive?

O Yes
O No

In what gene/s was a mutation found?

[ BRCAL
[ BRCA2
(] PALB2
[ RAD51C
] RAD51D
] BRIP1
] MHL1
] MSH2
] MSH6
O PMS2
[ STK113
] PTEN4

Specify the mutation found:

29-01-2023 21:26

REDCap’

projectredcap.org

60



Appendix C: Ethics clearance certificate

Return to Methods

UNIVERSITY OF THE
WITWATERSRAND, \&7
JOHANNESBURG

é HUMAN RESEARCH ETHICS
COMMITTEE (MEDICAL)

Office of the Deputy Vice-Chancellor (Research and Innovation)

TO:

CC:

FROM:

DATE:
REF:
PROTOCOL NO:

PROJECT TITLE:

Please find attached the Clearance Certificate for the above project. | hope it goes well and
that an article in a recognized publication comes out of it. This will reflect well on your
professional standing and contribute to Government funding of the University.

~7
i
[ S
S

|
)

Mr S Barnard

School of Pathology
Division of Human Genetics
Medical School

University

E-mail: Sebastian.Barnard@nhls.ac.za
Supervisor: Mesdames B Rossouw and E Gilfillan
<Bianca.Rossouw@nicd.ac.za>

and <HREC-Medical Research Office@wits.ac.za>
Mr lain Burns

Human Research Ethics Committee (Medical)
Tel: 011 717 1252

E-mail: lain.Burns@uwits.ac.za
2023/05/18

R14/49

M230313 (This is your ethics application reference number. Please
quote it in all enquiries, oral or written, relating to this study.)

A review of genetic testing for females referred to genetic
counselling for a personal or family history of gynaecological

cancer

MSWorks2000/1ain0007/Clearscan.wps

61



R49 Mr S Barnard

UNIVERSITY OF THE é
WITWATERSRAND, \§7
JOHANNESBURG

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M230313

NAME:
(Principal Investigator)

DEPARTMENT:

PROJECT TITLE:

DATE CONSIDERED:

DECISION:

CONDITIONS:

NOTE:

SUPERVISOR:

APPROVED BY:

DATE OF APPROVAL.:

Mr S Barnard

School of Pathology
Division of Human Genetics
Medical School

University

A review of genetic testing for females referred to genetic
counselling for a personal or family history of gynaecological
cancer

2023/03/31

Approved unconditionally

If contact information regarding student study participants is required,
please contact the Registrar’s office - <Nicoleen.Potgieter@wits.ac.za>

Mesdam7?ic§uw and E Gilfillan
/) _5 / (1A
Dr CB PennyWHREC (Medical)

2023/05/18

This Clearance Certificate is valid for 5 years from the date of approval. An extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office secretariat on the 3rd floor, Phillip
Tobias Building, Parktown, University of the Witwatersrand, Johannesburg.

Iiwe fully understand the conditions under which | am/we are authorized to carry out the above-mentioned research
and l/we undertake to ensure compliance with these conditions. Should any departure be contemplated from the
research protocol as approved, I/we undertake to submit details to the Committee. | agree to submit a yearly
progress report. When a funder requires annual re-certification, the application date will be one year after the date
when the study was initially reviewed. In this case, the study was initially reviewed in March and therefore reports
and re-certification will be due in the month of March each year. Unreported changes to the study may invalidate

the cle&f given by the HREC (Medical).

20/05/2023

Signature of Principal Investigator Date

62



Appendix D: Plagiarism declaration

UNIVERSITY OF THE é \(h FACULTY Of
WITWATERSRAND, &7 () HEALTH SCIENCES

JOHANNESBURG

PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS

SENATE PLAGIARISM POLICY: APPENDIX ONE

| Sebastian Barnard (Student number: 708672 ) am a student

registered for the degree of MSC (Med) Genetic Counselling in the academic year 2023

| hereby declare the following:

- | am aware that plagiarism (the use of someone else’s work without their permission and/or
without acknowledging the original source) is wrong.

- | confirm that the work submitted for assessment for the above degree is my own unaided work
except where | have explicitly indicated otherwise.

- | have followed the required conventions in referencing the thoughts and ideas of others.

- lunderstand that the University of the Witwatersrand may take disciplinary action against me if
there is a belief that this is not my own unaided work or that | have failed to acknowledge the
source of the ideas or words in my writing.

- I have included as an appendix a report from “Turnitin” (or other approved plagiarism detection)
software indicating the level of plagiarism in my research document.

Signature: %/a\_b Date: 01/12/2023

63



Appendix E: Turn-it-in-report

Thesis_Write-up_Draft_TurnItIn-4.docx

ORIGINALITY REPORT

10, 7. T i

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.mdpi.com Y
Internet Source %
www.frontiersin.org /
Internet Source %
Edelman, Emily, Beverly M. Yashar, and Katie < o
Darin. "Presented Abstracts from the Thirty °
Third Annual Education Conference of the
National Society of Genetic Counselors (New
Orleans, LA, September 2014)", Journal of
Genetic Counseling, 2014.
Publication
www.jabfm.or
Internet S.!Jurce g <1 %

]

Internet Source

societyandethicsresearch.wellcomeconnectingsci eof
0

worldwidescience.org

Internet Source

<1%

vsip.info

Internet Source

[]

<1%

64



E www.thieme-connect.com &
Internet Source %
n Submitted to Georgia Southern University <
Student Paper %
Nanna Bak Mgller, Desirée Sofie Boonen, < "
Elisabeth Simone Feldner, Qin Hao et al. 0
"Estimating the likelihood of carrying
pathogenic variants in the breast and ovarian
cancer susceptibility genes: a validation of the
BOADICEA model", Research Square Platform
LLC, 2022
Publication
www.researchsquare.com 7
Internet Source q < %
ﬁggéfgindidos—puincations.com < "
Zsofia K. Stadler. "Prevalence of BRCA1 and =7 "
BRCA2 mutations in Ashkenazi Jewish families ¥
with breast and pancreatic cancer”, Cancer,
01/15/2012
Publication
Dickman, Sarah Marie. "Comparing Efficiency, <1 "

Empowerment, and Satisfaction Between
Individual and Group Genetic Counseling for
Prostate Cancer.", University of South
Carolina, 2023

Publication

65



—
Ul

pure.rug.nl

Internet Source < %
www.wits.ac.za 7
Internet Source < %
clearafred.wits.ac.za “
Internet Source < %
Felicia Adam, Muriel Fluri, Amina Scherz, <' "
Manuela Rabaglio. "Occurrence of variants of °
unknown clinical significance in genetic
testing for hereditary breast and ovarian
cancer syndrome and Lynch syndrome - A
Literature review and analytical observational
retrospective cohort study", Research Square
Platform LLC, 2022
Publication
Submitted to University of Melbourne <
Student Paper %
Submitted to University of Witwatersrand <
Student Paper %
epdf.pub /
IntErnet SFc))urce < %
Richard Simoneaux. "Ovarian Cancer Risk /
22 <l%

Assessment for Women Carrying Pathogenic
Variants", Oncology Times, 2017

Publication

66



¥} Veda N. Giri, Elias Obeid, Laura Gross, Lisa <1 o
Bealin et al. "Inherited Mutations in Men °
Undergoing Multigene Panel Testing for
Prostate Cancer: Emerging Implications for
Personalized Prostate Cancer Genetic
Evaluation", JCO Precision Oncology, 2017
Publication
Elizabeth M. Swisher, Rebecca S. Kristeleit,

. . <1x
Amit M. Oza, Anna V. Tinker et al.

"Characterization of patients with long-term
responses to rucaparib treatment in recurrent
ovarian cancer", Gynecologic Oncology, 2021
Publication

Frederick S. Albright, Wendy Kohlmann, Leigh <1 g
Neumayer, Saundra S. Buys et al. "Population- °
based Relative Risks for Specific Family
History Constellations of Breast Cancer", Cold
Spring Harbor Laboratory, 2019
Publication
healthdocbox.com /

Internet Source < %
vital.seals.ac.za:8080 1

Internet Source < %

odok.id /

Ignternet Source < %

"Abstracts from the 50th European Society of < "

Human Genetics Conference: Posters",

67



European Journal of Human Genetics, 2018

Publication

Amber M. Aeilts, Kristen M. Carpenter, Shelly
30 e . <l%
R. Hovick, Lindsey Byrne, Abigail B. Shoben,
Leigha Senter. "The impact of a cascade
testing video on recipients’ knowledge,
cognitive message processing, and affective
reactions: A formative evaluation", Journal of
Genetic Counseling, 2020
Publication
Icgtrer:nsejtcs)otjrrcgaI.blomedcentral.com < "
moma.dk 4
Internet Source < %
ortal.ct.gov /
IEtemet Sourceg < %
theses-test.ncl.ac.uk 7
Internet Source < %
Filipa Lynce, Claudine Isaacs. "How Far Do We o7 "
Go With Genetic Evaluation? Gene, Panel, and °
Tumor Testing", American Society of Clinical
Oncology Educational Book, 2016
Publication
Mary Linton B. Peters, Lindsey Stobie, Beth <1 "

Dudley, Eve Karloski et al. "Family
communication and patient distress after
germline genetic testing in individuals with

68



pancreatic ductal adenocarcinoma", Cancer,
2019

Publication

w
~

docplayer.net

Internet Source

%

w
(00]

etda.libraries.psu.edu

Internet Source

%

W
O

hdl.handle.net

Internet Source

%

E
(=)

public4.pagefreezer.com

Internet Source

%

B
_—

www.biorxiv.org

Internet Source

%

=
N

www.ctf.org

Internet Source

%

&
W

www.science.gov

Internet Source

%

=]
N

Baine, Fiona K, Chris Kay, Maria E Ketelaar,
Jennifer A Collins, Alicia Semaka, Crystal N
Doty, Amanda Krause, L Jacquie Greenberg,
and Michael R Hayden. "Huntington disease
in the South African population occurs on
diverse and ethnically distinct genetic
haplotypes", European Journal of Human
Genetics, 2013.

Publication

%

69



Ilona Krey, Janna Krois-Neudenberger, Julia <1
Hentschel, Steffen Syrbe et al. "Genotype- %
phenotype correlation on 45 individuals with
West syndrome", European Journal of
Paediatric Neurology, 2020
Publication

Michael Doulberis, Christos Kiosses, Apostolis <1 "
Papaefthymiou, Jannis Kountouras et al. °
"Gastrointestinal and hepatobiliary disorders
of patients from countries with low to middle
income: a retrospective observational study in
a Swiss emergency department”, Archives of
Medical Science - Civilization Diseases, 2021
Publication

Caryn Todd. "Genetic Counseling for Fetal <1 .
Abnormalities in a South African Community"”, °
Journal of Genetic Counseling, 02/05/2010
Publication

Henry T. Lynch, Murray Joseph Casey, Carrie <1 o
L. Snyder, Chhanda Bewtra, Jane F. Lynch, °
Matthew Butts, Andrew K. Godwin.

"Hereditary ovarian carcinoma:
Heterogeneity, molecular genetics, pathology,
and management", Molecular Oncology, 2009
Publication
M R G Taylor. "Genetic testing for inherited <1 32

breast and ovarian cancer syndromes:
important concepts for the primary care

70



physician”, Postgraduate Medical Journal,
1/1/2001

Publication

Robbert D.A. Weren, Arjen R. Mensenkamp, <1 "
Michiel Simons, Astrid Eijkelenboom, Aisha S. °
Sie, Hicham Ouchene, Monique van

Asseldonk, Encarna B. Gomez-Garcia, Marinus

J. Blok, Joanne A. de Hullu, Marcel R. Nelen,

Alexander Hoischen, Johan Bulten, Bastiaan

B.J. Tops, Nicoline Hoogerbrugge, Marjolijn

J.L. Ligtenberg. " Novel and Tumor Test as

Basis for Treatment Decisions and Referral

for Genetic Counselling of Patients with

Ovarian Carcinomas ", Human Mutation, 2016

Publication

Exclude quotes Off Exclude matches Off

Exclude bibliography Off

71



Appendix F: Variant detection and classification

Table 4. Genetic variants and classification summary

Gene Variant Variant Personal or family history
classification .
of gynaecological cancer
ATM €.946T>A (p.Tyr316Asn) VUS SDR ovarian CA
BRCA1 ¢.1A>G (p.MetlVal) Pathogenic Patient & FDR ovarian CA
€.2008G>T (p.Glu670Ter) Pathogenic Patient ovarian CA
€.2641G>T (p.Glu881Ter) Pathogenic Patient & FDR ovarian CA
€.3263T>A (p.Val1088Asp) VUS Patient ovarian CA
¢.45dup (p.Asn16Ter) Pathogenic FDR ovarian CA
€.5266dup (p.GIn1756fs) Pathogenic Patient ovarian CA
€.5533dup (p.Tyr1845fs) Pathogenic Patient uterine CA
€.68_69del (p.Glu23fs) Pathogenic 1 FDR, 1 TDR ovarian CA
BRCA2 €.3599 3600del Pathogenic TDR uterine CA
(p.Asp1199_Cys1200insTer)
¢.5763del (p.Phe1921fs) Pathogenic Patient ovarian CA
¢.5946del (p.Ser1982fs) Pathogenic SDR ovarian CA; FDR ovarian
CA
€.6761_6762del (p.Phe2254fs) Pathogenic Patient & FDR ovarian CA
€.7934del (p.Arg2645fs) Pathogenic Patient & FDR ovarian CA
€.8954-2A>G Pathogenic/Likely Patient uterine CA
pathogenic
€.9976A>T (p.Lys3326Ter) VUS - Benign Patient ovarian CA
CHEK2 €.1263del (p.Ser422fs) Pathogenic FDR uterine CA
€.538C>T (p.Arg180Cys) Conflicting 2 SDR uterine CA
interpretations of
pathogenicity
FANCM €.3998A>C (p.GIn1333Pro) VUS FDR ovarian CA
GPC3 C.49A>T (p.Serl7Cys) VUS Patient ovarian CA
HOXB13 €.153G>T (p.Leu51Phe) VUS Patient ovarian CA, SDR uterine
CA
MLH1 €.2108_2117del (p.Glu703fs) Pathogenic SDR uterine CA
MSH2 €.1046C>G (p.Pro349Arg) Pathogenic Patient uterine CA
€.1340_1341insGG (p.Phed47fs) Pathogenic Patient ovarian CA
€.2502_2508del (p.Asn835fs) Pathogenic 2 FDR ovarian CA
Deletion (Exons 12-16) Pathogenic Patient uterine CA
MSH3 €.2659G>A (p.Asp887Asn) VUS Patient ovarian CA
MSH6 c.1871del (p.Gly624fs) Pathogenic Two FDR uterine CA
MUTYH €.1103G>A (p.Gly368Asp) Pathogenic FDR ovarian CA
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€.1187G>A (p.Gly396Asp) Pathogenic Patient ovarian CA
c.14 16dup (p.Arg5_Ala6insGly) VUS Patient ovarian CA
NBN €.628G>T (p.Val219Phe) Conflicting Patient ovarian CA
interpretations of
pathogenicity
PMS2 €.137G>A (p.Serd6Asn) Pathogenic FDR uterine CA
€.2012C>T (p.Thr671Met) Conflicting Patient ovarian CA
interpretations of
pathogenicity
€.2478G>C (p.GIu826Asp) VUS Patient ovarian CA, SDR uterine
CA
€.736_741delCCCCCTins11 (p.?) Pathogenic FDR ovarian CA
POLE €.3230G>A (p.Argl1077His) Conflicting Patient ovarian CA
interpretations of
pathogenicity
TSC2 ¢.3578G>T (p.Gly1193Val) VUS Patient ovarian CA, SDR uterine
CA
WT1 €.203A>T (p.GIn68Leu) VUS - Likely Patient ovarian CA
Benign
XRCC2 €.514A>G (p.Thrl72Ala) VUS FDR ovarian CA

This table provides a summary of the genetic variants detected by diagnostic testing, their classification, and the cancer
history for the individual that was tested. CA, cancer; FDR, first degree relative; SDR, second degree relative; TDR, third

degree relative; VUS, variant of unknown significance; Reclassification is indicated by an arrow.
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technology and outputs received from a
generative Al technology in the
supplementary files for the manuscript.

Abstract

As a primary goal, the abstract should
make the general significance and
conceptual advance of the work clearly
accessible to a broad readership. The
abstract should be no longer than a single
paragraph and should be structured, for
example, according to the IMRAD format.
For the specific structure of the abstract,
authors should follow the requirements of
the article type or journal to which they're
submitting. Minimize the use of
abbreviations and do not cite references,

https://www.frontiersin.org/guidelines/author-guidelines 9/31
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unique identifier and the URL of the
publicly-accessible website on which the
trial is registered.

Keywords

All article types require a minimum of five
and a maximum of eight keywords.

Text

The entire document should be single-
spaced and must contain page and line
numbers in order to facilitate the review
process. The manuscript should be written
using either Word or LaTeX. See above for
templates.

Nomenclature

The use of abbreviations should be kept to
a minimum. Non-standard abbreviations
should be avoided unless they appear at
least four times, and must be defined
upon first use in the main text. Consider
also giving a list of non-standard
abbreviations at the end, immediately
before the acknowledgments.

Equations should be inserted in editable
format from the equation editor.

Italicize gene symbols and use the
approved gene nomenclature where it is
available. For human genes, please refer to
the HUGO Gene Nomenclature
Committee (HGNC). New symbols for
human genes should be submitted to the
HGNC here. Common alternative gene
https://www.frontiersin.org/guidelines/author-guidelines 10/31



12/1/23, 4:05 PM Frontiers | Author guidelines

a frontiers All journals All articles ( Submit your research>

other species are listed here. Protein
products are not italicized.

We encourage the use of Standard
International Units in all manuscripts.

Chemical compounds and biomolecules
should be referred to using systematic
nomenclature, preferably using the
recommendations by the International
Union of Pure and Applied Chemistry
(IUPAC).

Astronomical objects should be referred
to using the nomenclature given by the
International Astronomical Union (IAU)
provided here.

Life Science Identifiers (LSIDs) for
ZOOBANK registered names or
nomenclatural acts should be listed in the
manuscript before the keywords. An LSID
is represented as a uniform resource name
(URN) with the following format: urn:lsid:
<Authority>:<Namespace>:<ObjectID>[:
<Version>]

For more information on LSIDs please see
the 'Code’ section of our policies and
publication ethics.

Sections

The manuscript is organized by headings
and subheadings. The section headings
should be those appropriate for your field
and the research itself. You may insert up
to 5 heading levels into your manuscript
(i.e.: 3.2.2.1.2 Heading Title).

For Original Research articles, it is
recommended to organize your
manuscript in the following sections or
their equivalents for your field.
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Materials and methods

This section may be divided by
subheadings and should contain sufficient
detail so that when read in conjunction
with cited references, all procedures can
be repeated. For experiments reporting
results on animal or human subject
research, an ethics approval statement
should be included in this section (for
further information, see

the 'Bioethics' section of our policies and
publication ethics.)

Results

This section may be divided by
subheadings. Footnotes should not be
used and must be transferred to the main
text.

Discussion

This section may be divided by
subheadings. Discussions should cover
the key findings of the study: discuss any
prior research related to the subject to
place the novelty of the discovery in the
appropriate context, discuss the potential
shortcomings and limitations on their
interpretations, discuss their integration
into the current understanding of the
problem and how this advances the
current views, speculate on the future
direction of the research, and freely
postulate theories that could be tested in
the future.

For further information, please check the
descriptions defined in the journal's 'Article
types’' page, in the 'For authors’ menu on
every journal page.
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efforts of the authors. Should the content
of the manuscript have previously
appeared online, such as in a thesis or
preprint, this should be mentioned here, in
addition to listing the source within the
reference list.

Scope statement

When you submit your manuscript, you
will be required to summarize in 200
words your manuscript's scope and its
relevance to the journal and/or specialty
section you're submitting to. The aim is to
convey to editors and reviewers how the
contents of your manuscript fit within the
selected journal's scope.

This statement will not be published with
your article if it is accepted for publication.
The information will be used during the
initial validation and review processes to
assess whether the manuscript is a
suitable fit for the chosen journal and
specialty.

We encourage you to consider carefully
where to submit your manuscript, as
submissions to an unsuitable journal or
specialty will result in delays and increase
the likelihood of manuscript rejection.

If you are submitting to a Research Topic,

please also clarify how your submission is
suited to the specific topic.
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CC-BY license

All figures, tables, and images will be
published under a Creative Commons
CC-BY license, and permission must be
obtained for use of copyrighted material
from other sources (including re-
published/adapted/modified/partial
figures and images from the internet). It is
the responsibility of the authors to acquire
the licenses, follow any citation
instructions requested by third-party
rights holders, and cover any
supplementary charges.

For additional information, please see
the 'Image manipulation’ section of our
policies and publication ethics.

Figure requirements
and style guidelines

Frontiers requires figures to be submitted
individually, in the same order as they are
referred to in the manuscript; the figures
will then be automatically embedded at
the end of the submitted manuscript.
Kindly ensure that each figure is
mentioned in the text and in numerical
order.

For figures with more than one panel,
panels should be clearly indicated using
labels (A), (B), (C), (D), etc. However, do
not embed the part labels over any part of
the image, these labels will be replaced
during typesetting according to Frontiers'
journal style. For graphs, there must be a
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For LaleX files, figures should be included
in the provided PDF. In case of
acceptance, our production office might
require high-resolution files of the figures
included in the manuscript in EPS, JPEG or
TIF/TIFF format.

To upload more than one figure at a time,
save the figures (labeled in order of
appearance in the manuscript) in a zip file
and upload them as ‘Supplementary
Material Presentation.’

Please note that figures not in accordance
with the guidelines will cause substantial
delay during the production process.

Captions

Captions should be preceded by the
appropriate label, for example ‘Figure 1.'
Figure captions should be placed at the
end of the manuscript. Figure panels are
referred to by bold capital letters in
brackets: (A), (B), (C), (D), etc.

Image size and
resolution requirements

Figures should be prepared with the PDF
layout in mind. Individual figures should
not be longer than one page and with a
width that corresponds to 1 column (85
mm) or 2 columns (180 mm).

All images must have a resolution of 300
dpi at final size. Check the resolution of
your figure by enlarging it to 150%. If the
image appears blurry, jagged, or has a
stair-stepped effect, the resolution is too
low.
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viewed at actual size.

Solid lines should not be broken up. Any
lines in the graphic should be no smaller
than two points wide.

Please note that saving a figure directly as
an image file (JPEG, TIF) can greatly affect
the resolution of your image. To avoid this,
one option is to export the file as PDF,
then convert into TIFF or EPS using a
graphics software.

Format and color image
mode

The following formats are accepted:
TIF/TIFF (tif/ tiff), JPEG (jpg), and EPS
(.eps) (upon acceptance). Images must be
submitted in the color mode RGB.

Chemical structures

Chemical structures should be prepared
using ChemDraw or a similar program. If
working with ChemDraw please use

our ChemDraw template. If working with
another program please follow the
guidelines below.

e Drawing settings: chain angle, 120°
bond spacing, 18% width; fixed length,
14.4 pt; bold width, 2.0 pt; line width,
0.6 pt; margin width, 1.6 pt; hash
spacing, 2.5 pt. Scale 100% Atom Label
settings: font, Arial; size, 8 pt

e Assign all chemical compounds a bold,
Arabic numeral in the order in which
the compounds are presented in the
manuscript text.
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Tables should be inserted at the end of the
manuscript in an editable format. If you
use a word processor, build your table in
Word. If you use a LaTeX processor, build
your table in LaTeX. An empty line should
be left before and after the table.

Table captions must be placed
immediately before the table. Captions
should be preceded by the appropriate
label, for example Table 1." Please use only
a single paragraph for the caption.

Ensure that each table is mentioned in the
text and in numerical order.

Large tables covering several pages
cannot be included in the final PDF for
formatting reasons. These tables will be
published as supplementary material.

Tables which are not according to the
above guidelines will cause substantial
delay during the production process.

Accessibility

We encourage authors to make the figures
and visual elements of their articles
accessible for the visually impaired. An
effective use of color can help people with
low visual acuity, or color blindness,
understand all the content of an article.

These guidelines are easy to implement
and are in accordance with the W3C Web
Content Accessibility Guidelines (

WCAG 2.1), the standard for web
accessibility best practices.

Ensure sufficient contrast between text
and its background
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color. Try using colors that provide
maximum contrast.

WC3 recommends the following contrast
ratio levels:

o Level AA, contrast ratio of at least 4.5:1
o |evel AAA, contrast ratio of at least 7:1

You can verify the contrast ratio of your
palette with these online ratio checkers:

e WebAIM

e Color Safe

Avoid using red or green indicators

More than 99% of color-blind people have
a red-green color vision deficiency.

Avoid using only color to communicate
information

Elements with complex information like
charts and graphs can be hard to read
when only color is used to distinguish the
data. Try to use other visual aspects to
communicate information, such as shape,
labels, and size. Incorporating patterns
into the shape fills also make differences
clearer; for an example please see below:
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Supplementary
material

Data that are not of primary importance to
the text, or which cannot be included in
the article because they are too large or
the current format does not permit it
(such as videos, raw data traces, and
PowerPoint presentations), can be
uploaded as supplementary material
during the submission procedure and will
be displayed along with the published
article. All supplementary files are
deposited to figshare for permanent
storage and receive a DOI.

Supplementary material is not typeset, so
please ensure that all information is clearly
presented without tracked
changes/highlighted text/line numbers,
and the appropriate caption is included in
the file. To avoid discrepancies between
the published article and the
supplementary material, please do not add
the title, author list, affiliations or
correspondence in the supplementary
files.

The supplementary material can be
uploaded as:

e data sheet (Word, Excel, CSV, CDX,
FASTA, PDF or Zip files)
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TIF/TIFF),
e table (Word, Excel, CSV or PDF)
e audio (MP3, WAV or WMA)

e video (AVI, DIVX, FLV, MOV, MP4,
MPEG, MPG or WMV).

Technical requirements for supplementary
images:

e 300 DPIs
e RGB color mode.

For supplementary material templates
(LaTeX and Word), see our supplementary
material templates.

References

Submissions to Frontiers must be
grounded in relevant and up to date peer-
reviewed, academic research, and this
should be reflected in the accompanying
reference lists.

Authors are welcome to use online
referencing tools in preparation of their
manuscript. Some useful resources
include RefMe, Zotero, and Mendeley.

e The citation of non-academic and
non-peer-reviewed sources (e.g. blog
posts, website content), as well as
anonymous sources or commercial
websites should be avoided or kept to
a minimum

e Authors should avoid citing content
that is not directly relevant to the
scope of the article and the journal
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proportion of citations to the same
authors or sources, school of thought,
etc:

e The length of the reference list should
be appropriate depending on the
article type, covering the relevant

literature through sufficient referencing

e Authors should ensure that references
are accurate, that all links are
accessible, and that the
citations/references adhere to the
reference styles outlined below

Frontiers’ journals use one of two
reference styles, either Harvard (author-
date) or Vancouver (numbered). These
formats should be adhered to for the in-
text citations and the reference lists.
Please check our help center to find the
correct style for the journal to which
you're submitting.

e All citations of published works in the
text, figures, or tables must be in the
reference list and vice-versa.

e The names of the first six authors
followed by et al. and the DOI (when
available) should be provided.

e Given names of authors should be
abbreviated to initials (e.g. Smith, J.,
Lewis, C.S., etc.).

e The reference list should only include

articles that are published or accepted.

e Unpublished data, submitted
manuscripts, or personal
communications should be cited
within the text only, for article types
that allow such inclusions. Where
additional details are available, these
will be included as footnotes.

e For accepted but unpublished works
use 'in press' instead of page numbers.
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the version and unique identifier when
available.

e Personal communications should be
documented by a letter of permission.

e Website URLs should be included as
footnotes.

e Any inclusion of verbatim text must be
contained in quotation marks and
should clearly reference the original
source.

e Preprints can be cited provided that a
DOl or archive URL is available, and the
citation clearly mentions that the
contribution is a preprint. If a peer-
reviewed journal publication for the
same preprint exists, the official journal
publication is the preferred source. See
the preprints section for each
reference style below for more
information.

Harvard reference
style (author-date)

Reference examples for Frontiers’ journals
using the Harvard referencing system can
be found below. For examples of other
sources, and for general questions
regarding the Harvard reference style,
please refer to the

Chicago Manual of Style.

e References should include the full last
name and first name initials of the first
six authors, followed by et al. and the
year of publication in brackets.

e Alphabetical order is followed for the
reference list.
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Vancouver reference style (numbered)

Reference examples for Frontiers’ journals
using the Vancouver referencing system
can be found below. For more examples
of citing other documents and general
questions regarding the Vancouver
reference style, please refer to

Citing Medicine.

In-text citations in the Vancouver
reference style should be numbered
consecutively in order of appearance
in the text and identified by Arabic
numerals in parenthesis.

Use square brackets for physics and
mathematics articles.

The abbreviation '‘Ref should not be
used, e.g.: [e.g., (1)] should NOT read
le.g. Ref. (1)].

Style for comparing a citation should
follow the number format, e.g. [cf. (1)].
The same applies when using ‘see’, e.q.
[see (46)].

References should be numbered and
listed chronologically, according to the
order they appear in the text.

Reference guidelines -

A
"4
Vancouver
Source Reference list entry
1. Sondheimer N, Lindquis
Article in a an epigenetic modifier of
print journal function in yeast. Mol Cell

5:163-172.
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