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ABSTRACT OF THE THESIS
Assessing Preventive Gynecological Decisions in Individuals with Lynch Syndrome
by
Ryan Patrick Mahoney
Master of Science in Genetic Counseling
University of California, Irvine, 2023

Associate Professor Jason Zell, Chair

Lynch syndrome causes increased risks of developing colorectal, endometrial, ovarian,
and other cancers. Current screening guidelines for gynecological cancers are vague and often
left to a clinician’s discretion whether to recommend them. Individuals at risk of developing
gynecological cancers often view screening as important whereas some providers believe it is
more important to stress prophylactic hysterectomy and oophorectomy for their patients with
Lynch syndrome. This study aimed to identify factors associated with decisions to undergo

prophylactic surgery or pursue regular gynecological screening.

A survey to collect information about individuals with Lynch syndrome was distributed
to online and social media based support groups. Participants included 115 individuals without a
history of gynecological cancer who had an intact uterus and/or ovaries when they received their
genetic testing results identifying Lynch syndrome. Participants’ demographics, genetic testing
and Lynch syndrome history, gynecological healthcare decisions, and Lynch syndrome education
were collected. It was found that age, having less than a college degree, having children, not
desiring future pregnancies, and having a previous non-gynecological cancer are significantly

associated with choosing to undergo both prophylactic hysterectomy and oophorectomy.
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Menopausal status at the time of genetic test results was also associated with the decision to

undergo one or both surgeries. Characteristics that are associated with level of risk, including

individual gene mutation or family history of gynecological cancer, were not associated with

surgical decisions.

Receiving information about symptoms of gynecological cancer was significantly
associated with pursuing regular gynecological cancer screening while receiving information
about Lynch syndrome related gynecological cancer risks and gynecological cancer screening
were approaching a significant association. Participant comments also provided insight into
emotional factors experienced while navigating decisions to undergo gynecological cancer

screening and/or prophylactic hysterectomy and oophorectomy.

These results serve as a reminder that decision-making is not straightforward. Each
person will be influenced by their personal experiences and healthcare encounters when making
medical management decisions. Approaching encounters with patient centered care and
information gained by listening to members of the Lynch syndrome community may help
facilitate trusting relationships and ultimately empower patients to be aware of their personal

risks and make confident, informed decisions about their gynecological health and wellness.
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I. Introduction

1.1 Background and Significance of Research

1.1.1 Overview of Lynch Syndrome

Lynch syndrome was first officially described by Henry T. Lynch, M.D, in the mid 1960’s
after expanding the research initially done by Aldred Scott Warthin, MD in the early 20th
century. Dr. Warthin worked closely with a family that appeared to have an increased amount of
colon, uterine, and stomach cancer. He observed that the family members with cancer diagnosed
went on to have children that were affected by similar cancers while family members who did
not develop cancer in their lifetimes had children who also did not develop the same types of
cancer found in their other affected family members. In 2005 with the help of 929 descendants of
“Family G” that Warthin initially discovered in 1895, it was found that the descendants of this
original family were more likely to develop colon, uterine, or stomach cancer if they were found
to have a mutation in the gene MSH?2. Other studies occurring in the mid 1990’s in Sweden found
that families with similar histories of colon, uterine, and stomach cancer also appeared to have
mutations in the genes MLH1, MSHG6, or PMS2. Once the genetic basis of the disease became
established and technology for genetic analysis became more widely available, it was found that
mutations in the stop codon of EPCAM, the gene immediately upstream of MSH2, could also
have an epigenetic silencing effect on MSH?2 resulting in a similar phenotype to individuals with
mutations in MSH2 (Boland and Lynch 2013).

As previously described, individuals with Lynch syndrome have an increased risk for

colorectal, endometrial, ovarian, and gastric cancer in addition to cancers of the renal pelvis,



ureter, bladder, small bowel, pancreas, biliary tract, prostate, and brain when compared to the
general population. Lynch syndrome is now believed to be the most common hereditary cancer
syndrome with approximately 1 in 279 individuals having one pathogenic mutation in either
MLHI, MSH2, MSH6, PMS2, or EPCAM (Win et al. 2017). Due to the prevalence of Lynch
syndrome around the world, there are currently many options for individuals to prevent, detect,

and/or reduce their risk of developing certain cancer associated with Lynch syndrome.

1.1.2 Historical and Contemporary Lynch Syndrome Management

The National Comprehensive Cancer Network (NCCN) guidelines are an essential tool
for practicing clinicians in the United States to be aware of up to date and evidence based
surveillance and surgical guidelines for a variety of cancers and hereditary cancer syndromes.
Within the Genetic/Familial High-Risk Assessment: Colorectal guidelines under the Detection,
Prevention, and Risk Reduction portion of the NCCN lie a multitude of screening and surgical
recommendations for those found to have a mutation in one of the mismatch repair genes causing
Lynch syndrome. Pathogenic mutations in each of these genes pose different risks of developing
certain types of cancers; because of this, each of the genes that can cause Lynch it has its own
specific screening recommendations.

As of February 2022, Version 2.2022 of the Genetic/Familial High-Risk Assessment:
Colorectal guidelines state that individuals with pathogenic MLHI, MSH2, or EPCAM mutations
are advised to begin annual colonoscopies starting between 20 and 25 years of age or 1 to 2 years
prior to the earliest diagnosis of colorectal cancer if younger than 25. Conversely, individuals
with pathogenic MSH6 or PMS2 mutations are recommended to begin colonoscopies starting

between 30 and 35 years of age or 2 to 5 years prior to the earliest diagnosis of colorectal cancer



if younger than 35, repeat every 1 to 3 years. However, some screening recommendations for
other Lynch related cancers are the same despite which Lynch Syndrome gene is mutated in an
individual, such as the recommendation that anyone diagnosed with Lynch syndrome should
consider receiving an upper endoscopy to monitor for gastric and small bowel cancer starting
between 30 and 40 years old and repeating every 2 to 4 years. While some cancer types are more
explicit with their recommended screening techniques and frequencies, screening guidelines for

gynecological cancers are not as readily agreed upon by medical practitioners.

1.1.3 Current Gynecological Cancer Prevention and Screening Practices

As of February 2022, Version 2.2022 of the Genetic/Familial High-Risk Assessment:
Colorectal guidelines state that the best way to prevent the development of endometrial and
ovarian cancer is to undergo prophylactic surgery and receive a total abdominal hysterectomy
with bilateral salpingo-oophorectomy (TAH-BSO). There is also emerging evidence that taking
oral contraceptives may decrease the risk of developing endometrial and ovarian cancer.

In the context of Lynch syndrome, a total abdominal hysterectomy with bilateral
salpingo-oophorectomy (TAH-BSO) is a surgical procedure involving the removal of the uterus,
cervix, fallopian tubes, and both ovaries in order to prevent the development of gynecological
cancers or stop the growth of a gynecological cancer that is already present. This procedure can
also be performed to treat a variety of other gynecological conditions, such as endometriosis,
uterine fibroids, and/or ovarian cysts. Because of this removal of the uterus and ovaries, people
will no longer be able to become pregnant or have menstrual periods after the surgery is
completed. In addition, removal of the ovaries can cause a sudden and severe surgically induced

menopause due to the body's main sources of estrogen and progesterone production being



removed. This can cause a variety of physical and emotional changes for the person including,
but not limited to, hot flashes, irregular changes in mood, and decreased libido. Since estrogen
and progesterone are also involved in the maintenance of the body’s bone density and
cardiovascular health, surgically induced menopause can lead to an increased risk of osteopenia,
osteoporosis, bone fractures, heart disease, and stroke. To combat these symptoms, people are
often prescribed exogenous hormone replacement therapy, which can increase the risk of
developing breast cancer. Because of the many physical and psychological effects of undergoing
a TAH-BSO, the NCCN guidelines recommend that this decision be individualized to each
patient. Factors such as which Lynch mutation the individual has, the age of the patient, their
desire to have biological children, as well as their current menopause status should be considered
when a medical practitioner discusses the importance of prophylactic gynecological surgery in
people with Lynch syndrome. Other individualized personal, societal, and socioeconomic factors
must be considered as well such as the patient’s fear of undergoing surgery or experiencing
surgical complications, the fear of making permanent changes to their body, lack of familial
support needed when recovering from the surgery, the costs involved with surgery, or even the
fact that their insurance may not cover the costs of the surgery. Current guidelines include three
gynecological cancer screening methods as an alternative to a TAH-BSO if patients decline
surgical intervention: endometrial biopsy, transvaginal ultrasound, and CA-125 blood testing.
These endometrial and ovarian cancer screening methods are discussed only briefly and nestles
amongst language indicating that there is no proven benefit of these screening methods and that
the decision to offer them to patients with Lynch syndrome should be up to the clinician’s

discretion.



An endometrial biopsy is a medical procedure in which a small sample of tissue is taken
from the endometrium, the lining of the uterus, and examined for abnormalities. A thin, flexible
instrument is inserted through the cervix and into the uterus to obtain the tissue sample. Although
local anesthesia may be used to reduce discomfort during the procedure, endometrial biopsies
can still be extremely painful. Aside from endometrial cancer screening, endometrial biopsies
may be performed in someone experiencing abnormal uterine bleeding, infertility, or other
symptoms or risk factors that may indicate a problem with the endometrium.

A transvaginal ultrasound is an imaging procedure that uses high-frequency sound waves
to create multiple images of the reproductive organs within the pelvis including the uterus,
ovaries, cervix, and fallopian tubes. During a transvaginal ultrasound, a transducer is inserted
into the vagina which allows for a closer and more detailed view of the pelvic organs than an
ultrasound performed the traditional way through the outside of the abdomen. The procedure is
generally painless but some women can experience discomfort and pressure during the exam.
Similarly to an endometrial biopsy, transvaginal ultrasounds may be used to diagnose and
monitor a variety of gynecological conditions, such as ovarian cysts, uterine fibroids, and
endometriosis.

CA-125 testing is a gynecological screening test which is considerably less invasive than
both endometrial biopsy and transvaginal ultrasounds. This blood test measures the level of a
protein called Cancer Antigen 125 in the bloodstream. CA-125 is a tumor marker that is used to
monitor the presence and progression of ovarian cancer and other gynecologic cancers, such as
endometrial or fallopian tube cancer.

Oral contraceptives have been shown to reduce the risks of both endometrial and ovarian

cancer (Iversen et al. 2017). A study performed in women with BRCAI and BRCA?2 variants also



identified a significantly decreased risk of developing ovarian cancer with a 36% reduction of
risk for every 10 years of taking oral contraceptives without an observed increase in the risk of
developing breast cancer (Iodice et al., 2010). Although these studies have not been performed in
a population of individuals with Lynch syndrome, ovarian cancer risk reduction was observed in
BRCA1/2 carriers making it reasonable to assume that ovarian cancer risk reduction is applicable
for the general population as well as high risk individuals.

Some women have expressed that undergoing regular gynecological cancer screening
allows them to feel an increased sense of control over their increased risk of developing
endometrial and/or ovarian cancers. Although gynecological cancer screening avoids the need to
remove the uterus and ovaries and may give individuals the perception that they are being more
proactive about their increased risk of gynecological cancer, it has been shown that they may not

be effective in actually preventing cancer.

1.1.4 Efficacy of Gynecological Cancer Screening in Lynch Syndrome

The efficacy of each of these screening measures is heavily debated and therefore a
comprehensive recommendation for gynecological cancer screening has not yet been agreed
upon. The lack of reliable data supporting the efficacy of the aforementioned gynecological
cancer screening methods has resulted in the Manchester International Consensus Group
releasing a statement explaining that they do not recommend invasive gynecological cancer
screening services for those with Lynch syndrome (Crosbie et al. 2019). Members of the
Consensus Group have since stated that offering gynecological screening services may do more

harm than good as it could give the patient a false sense of security and cause them to delay their



TAH-BSO and thus eliminate the risk of developing endometrial and ovarian cancer (Ryan et al.
2021).

Although it is a reliable tool to identify endometrial cancer in those presenting with
symptoms related to endometrial cancer, the use of endometrial biopsy may not be an effective
method of early detection of endometrial cancer. In a study of 236 women with Lynch syndrome
participating in screening via endometrial biopsy, 13 of them developed endometrial cancer, but
6 of those individuals who came back with an abnormal endometrial biopsy were already
experiencing other symptoms of endometrial malignancy (Ketabi et al. 2014). Others argue that
it is better to avoid an invasive procedure and instead make patients aware of these “red flag”
symptoms of endometrial cancer which include postmenopausal bleeding, heavy or irregular
menstrual bleeding in premenopausal patients, vaginal discharge, hematuria, anemia,
thrombocytosis, raised blood glucose, and abdominal pain (Walker et al. 2013)

The changing thickness of the endometrial lining throughout the menstrual cycle may
obstruct the transponder's ability to identify an abnormal growth in the uterus during a
transvaginal ultrasound, making it an unreliable screening method to detect endometrial cancer
in premenopausal women. In the event that it does detect endometrial cancer and premalignant
pathological abnormalities, there is no evidence that this leads to a stage shift or improved
survival in women with Lynch syndrome associated endometrial cancer (Crosbie et al. 2019).
Transvaginal ultrasonography does seem to be an effective way of identifying endometrial cancer
in postmenopausal women (Jacobs et al. 2011), but considering that the average age of onset for
endometrial cancer for people with Lynch syndrome ranges between 47 and 55 years of age, it is

likely that they would have developed endometrial cancer before going through menopause and



thus having the potential to receive a more accurate screening result from a transvaginal
ultrasound.

CA-125 testing has been critiqued for its propensity towards both false positive and false
negative results. Although CA-125 is primarily considered as a tumor marker for ovarian cancer,
it is important to note that a high level of CA-125 does not always mean a person has cancer.
There are other common conditions such as endometriosis, pelvic inflammatory disease, and
even pregnancy that can elevate CA-125 levels (Buamah, 2000). Due to the wide variety of
conditions that could increase CA-125 levels aside from the presence of ovarian cancer, CA-125
is not a highly sensitive or specific way to detect early stage ovarian cancer. However, when
combined with other cancer biomarkers, the sensitivity of this surveillance increases and has the
potential to detect ovarian cancer in a less developed state than previously possible (Yang et al.,

2019).

1.1.5 Conflicting Attitudes Toward Gynecological Screening Amongst Patients and Providers
Leaving the decision of whether to perform or even offer gynecological cancer screening
up to the clinician managing the patient is concerning for a variety of reasons. A survey
completed by 41 gynecological oncologists practicing in the United Kingdom found that 37% of
the respondents were unfamiliar with any clinical guidelines for the management of Lynch
syndrome and only 43% were aware of a where women with Lynch syndrome could receive
local gynecological surveillance service if they desired (Ryan et al. 2021). Although this study
did not survey gynecological oncologists in the United States, the reported lack of awareness on
the healthcare providers part to be able to address the wants of needs of their patients with Lynch

syndrome is concerning. Another concern arises when considering that Lynch syndrome is



generally known as a colorectal cancer risk syndrome with less attention paid to the increased
risks of endometrial cancer. A study of 342 first, second, third, and fourth year medical students
in the United States identified that 93% of them were able to correctly state the colorectal cancer
is the most commonly seen cancer in Lynch syndrome, but only 37% of them selected
endometrial cancer as the second most common malignancy seen in Lynch syndrome (Brodsky
et al. 2022). Healthcare providers who lack the knowledge to be aware of the commonly
increased gynecological cancer risks may also be unaware of the types of screening practices that
people with Lynch syndrome should be made aware of. This lack of provider knowledge would
logically lead to a population of people with Lynch syndrome who may not be fully aware of all
of their increased cancer risks or the variety of options for screening methods.

The same study that identified gynecological oncologists lack of awareness about
gynecological management in Lynch syndrome also surveyed 298 women with Lynch syndrome
in the United Kingdom about their attitudes and experiences with gynecological surveillance. Of
all of the women surveyed, 77% reported that gynecological surveillance in Lynch syndrome was
very important, with 10% saying it was important. Of the women surveyed who had not already
undergone a TAH-BSO, 62% said that they wished to receive more frequent gynecological
surveillance. A Finnish study concerning the attitudes towards gynecological surveillance in a
cohort of women with Lynch syndrome found that 84.2% of respondents reported having
positive experiences with gynecological surveillance visits, and overall the study found that the
respondents perception of the quality of the information and advice obtained played an important
role in their decision-making concerning prophylactic surgery (Kalamo et al., 2020). Another
study examining the provider documented recommended care and care adherence following a

diagnosis of Lynch syndrome found that 70% of patients were completely adherent to



recommendations for colonoscopy while only 31% (n=9) of patients at risk of developing
endometrial cancer ever received information about endometrial biopsy (Mittendorf et al., 2019).
Of these patients that did receive provider documented recommendations, 1 was reported to have
0% adherence and never received an endometrial biopsy, 5 had adherence between >0% and
50% to the recommendations provided, 3 had between >50% and <100% adherence to
recommendations, but none of the patients demonstrated 100% adherence to endometrial biopsy
recommendations by their provider. Although these studies have a small sample size, the
similarities in the attitudes of women towards gynecological screening and uptake of said
screening when provided information on the subject is something that should emphasize the
importance of healthcare providers delivering this information so that their patients can make the

most informed and appropriate decision they feel they are ready for at that time.

1.2 Significance of Research

The discordance between the beliefs of some healthcare practitioners and the wants and
needs of people with Lynch syndrome at risk of developing gynecological cancers is evident.
Although there may not be large bodies of evidence supporting the implementation of
gynecological screening practices for all women with Lynch syndrome, it is important to
consider the factors that may influence someone to choose to proceed with screening rather than
to undergo a TAH-BSO. The purpose of this study is to examine which of these factors may
influence the gynecological screening habits of women with Lynch syndrome. Factors such as an
individual’s age, desire for more children, family history of cancer, education about their cancer
risks and screening options may play a role in their uptake of endometrial biopsies, transvaginal

ultrasounds, CA-125 blood testing, and prophylactic gynecological surgery. This research has the

10



potential to reveal which of these factors are most influential in ones decision to pursue
screening versus prophylactic surgery which could in turn provide more insight for medical
practitioners on how to work with each patient with Lynch syndrome on an individualized basis

in order to have them achieve their goal of preserving their gynecological and overall health and

wellbeing.
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I1. Methods

2.1 IRB Approval
This study was reviewed by the University of California, Irvine (UCI) Institutional
Review Board (IRB). The procedures of this research were classified as exempt category 2

research, and self-determination of exempt research was approved by the UCI IRB under study

HS#1878.

2.2 Study Population

The intended population consisted of adults who have been diagnosed with Lynch
syndrome who were at risk of developing endometrial and/or ovarian cancer at the time they
received their genetic testing results. To meet these criteria, each respondent was required to be
living in the United States at the time of taking the survey, to have received genetic testing in the
United States of America which identified a mutation in a gene causative of Lynch syndrome, to
not have undergone a TAH-BSO before receiving their Lynch syndrome diagnosis, and to not
have been diagnosed with endometrial and/or ovarian cancer before being diagnosed with Lynch

syndrome.

2.3 Lynch Syndrome Support Groups Contacted

2.3.1 Online Support Groups

The survey was distributed by support groups whose goal it is to educate and provide a

sense of community for individuals who themselves may have hereditary cancer syndromes
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including Lynch syndrome. Facing Hereditary Cancer Empowered, more commonly referred to
as FORCE, is a nonprofit organization whose stated mission is to improve the lives of
individuals and families facing hereditary cancer. They provide information and resources to
individuals who may be interested in community and emotional support, education concerning
hereditary cancer syndromes, details about current research to participate in, and information
about legal advocacy and public policy. Kintalk is a nonprofit organization similar to FORCE in
that their stated goal is to empower families with hereditary cancers through communication and
education. AliveAndKickn is another nonprofit organization with a similar mission to FORCE
and Kintalk, however the information and resources provided are aimed specifically towards
individuals diagnosed with Lynch syndrome. The web link to access the survey was distributed
to members of each group's mailing lists on a regular basis to allow for individuals to have the
opportunity to complete the survey over the course of approximately four months. In addition to
sending out the survey by email to members of the groups mailing list, the Colorectal Cancer
Alliance for Research and Education for Lynch Syndrome and FORCE also posted information

about the research and a link to the survey on their websites.

2.3.2 Social Media Based Support Groups

In addition to the formally established hereditary cancer support groups, the survey link
was also posted in a variety of social media based support groups with a focus specifically on
Lynch syndrome. The web link to the survey was posted on Reddit under the subreddit
r/lynchsyndrome (605 members) and in the following private Facebook groups: Lynch Syndrome
Support Group/LSI (7,075 members), Lynch syndrome (1,816 members), MSH6 Lynch

Syndrome Knowledge and Support (1,427 members), PMS2 Lynch Syndrome (1,141 members),

13



MSH?2 Lynch Syndrome Support Group (1,015 members), Lynch Syndrome / HNPCC Support
Group (989 members), Lynch Syndrome Previvors (687 members). HNPCC/Lynch Syndrome -
Education and Support (568 members), and LYNCH SYNDROME (284 members). The number
of members who have joined each of the aforementioned groups were recorded on March 6th,

2023.

2.4 Survey Construction

The survey distributed was comprised of six main sections: Study Information and
Consent, Inclusion Criteria, Demographic Information, Genetic Testing and Lynch Syndrome
History, Gynecological Care Decision Making, and Lynch Syndrome Education.

After reading through the study information sheet, confirming their interest in
participating in the study, and confirming that they meet each of the predetermined inclusion
criterion, participants then answered questions concerning where they heard about the study and
general demographic information. These questions were then followed by others concerning the
participants' history of genetic testing and genetic counseling in addition to their personal and
family histories of cancer diagnoses. Participants were also asked for details about their histories
of gynecological surgery as well as their current and future plans for gynecological cancer
screening. Finally, participants were asked questions to assess their current knowledge of the
most common Lynch syndrome associated malignancies, their current perceived risk of
developing endometrial and ovarian cancer, and their education about symptoms of
gynecological cancers, gynecological cancer risks in people with Lynch syndrome, and

gynecological cancer screening options.

14



Branching logic was implemented to ensure that patients only answered the most
appropriate and pertinent questions for them (e.g. an individual who indicated they had not
previously received an endometrial biopsy would not be asked about their perceived pain level
during their endometrial biopsies). A complete view of the survey questions asked during this

study can be seen in Appendix A.

2.5 Data Collection

Respondents who agreed to participate in this survey had their responses recorded in an
online database through REDCap, a secure web platform for building and managing online
databases and surveys. Survey distribution began on November 19th, 2022 and concluded on
March 10th, 2023. All survey response data was downloaded into Microsoft Excel and SPSS

files to begin analysis of the recorded responses once the survey had closed.

2.6 Data Analysis

Data were analyzed using the IBM Statistical Package for the Social Sciences (SPSS)
Statistics version 28.0.1.0. Incomplete and partial survey responses were removed from the data
set before analysis began. Continuous variables were summarized using means and standard
deviations and counts and percentages were used for categorical variables. Pearson’s and Fisher’s
exact chi-square values were calculated using SPSS. P-values of less than 0.05 were considered

statistically significant.
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II1. Results

3.1 Sample Characteristics and Demographic Information

A total of 174 study respondents clicked the survey link and began the survey. Of these
174 respondents, 115 met the inclusion criteria and completed the entire survey. The mean and
median age of respondents were 45.7 and 44.0 respectively (SD=10.4), and all respondents were
female with 98.3% identifying as women and 1.7% identifying as non-binary. The majority of
respondents (93.0%) reported that they were of non-Hispanic White or European ancestry. Other
self-reported ancestries and ethnicities included Hispanic (1.7%), Asian (1.7%), Native
American or Alaska Native (0.9%), and Multiracial (0.9%) with two respondents preferring not
to answer (1.7%).

Most respondents reported