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Abstract

Clinical genetic services are increasingly providing a more nuanced understanding of genetic disease diagnostics and future
risk for patients. Effectively conveying genetic information is essential for patients to make informed decisions. This is
especially important for survivors of heritable cancers such as retinoblastoma (childhood eye cancer), where survivors who
carry a germline mutation in the RB/ gene are at increased risk of second cancers in adulthood, and of passing on the disease
risk to future offspring. We conducted focus groups with adult survivors of retinoblastoma and parents of children with
retinoblastoma, to uncover their knowledge of, experiences with and attitudes about retinoblastoma genetics and related
impacts of the cancer. Results revealed that participants understood that retinoblastoma was a genetic disease, but often
misunderstood the implications of genetics on cancer phenotype and risk. Experiences with genetic testing and counseling
were generally positive, however, participants reported challenges in accessing genetic information and psychosocial
support. Participants suggested more educational resources, peer-to-peer counseling, and psychosocial support would
enhance uptake of important genetic information. The results of the study will inform patient-oriented approaches to deliver

comprehensive genetic healthcare.
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Introduction

Genetic testing is integral to diagnosing and managing
heritable cancer. Genetic counseling assists patients and
families in interpreting and coping with test results. Cru-
cially, effective genetic counseling leads to greater treat-
ment compliance for affected individuals and thus better
outcomes, as well as informed family planning and lifestyle
decisions, and improved coping with diagnosis of a heri-
table condition [1, 2].

Retinoblastoma was the first cancer for which a genetic
origin was identified. It is precipitated by loss-of-function of
the tumor-suppressor gene RBI [3], or in rare cases,
amplification of MYCN [4]. Genetic testing and counseling
play a critical role in the determination of the heritable
nature of a retinoblastoma diagnosis, in addition to identi-
fying cancer risk for patients and related family members
[5]. Healthcare management recommendations for patients
and patient families with heritable retinoblastoma are sig-
nificant and distinct from non-heritable cases.

All children with bilateral (both eyes affected) retino-
blastoma have the heritable form of cancer, as the predis-
posing mutation is constitutional [5, 6]. About 15% of
children with unilateral (one eye affected) retinoblastoma
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also have the heritable form, often a result of a “low-
penetrance” constitutional mutation that fails to cause
tumors in both eyes [6]. A constitutional RB/ mutation also
predisposes to later, second cancers. However, presence of a
constitutional mutation does not mean that the mutant allele
was inherited; only 5-10% of retinoblastoma cases are
familial, as most cases are caused by a new mutation arising
during fetal development. Depending on when during
embryogenesis the mutation is acquired, the RB/ mutation
can affect a proportion of cells in the body, also known as
mosaicism [7]. Genetic testing can identify the genetic
cause of retinoblastoma, which can then be used to screen
other family members, including parents, siblings, and
future offspring of the affected individual [6]. The genetic
testing results are then disseminated to families via genetic
counseling while the affected children are still young. In
Canada, genetic testing and counseling are part of the
standard of care for retinoblastoma [8], and accessed by
families via their retinoblastoma treatment center. It is
unclear how much of this information is understood,
prioritized, utilized, or transferred to adult survivors of
retinoblastoma.

The goal of this study was to uncover the knowledge of,
experiences with and attitudes about retinoblastoma genetics
among retinoblastoma survivors and parents of children with
retinoblastoma. We hypothesized that these data might
identify barriers and facilitators to understanding, uptake and
application of genetic information about retinoblastoma.
Ultimately, the goal is to minimize healthcare barriers
through developing and testing innovative, patient-oriented
approaches to deliver comprehensive cancer genetic services.

Subjects and methods
Study purpose and design

This qualitative study aimed to gain an in-depth perspective
of the knowledge of, experiences with and attitudes about
retinoblastoma genetics among adult retinoblastoma survi-
vors and parents of children with retinoblastoma concerning
genetics. Research Ethics Board approval was granted by
The Hospital for Sick Children (REB # 1000050339).

Study participant recruitment and selection

Study participants were recruited with the help of publicly
listed retinoblastoma societies or organizations (e.g., the
Canadian Retinoblastoma Society) and the retinoblastoma
team at The Hospital for Sick Children. Participants were
required to meet the following inclusion criteria: (i) 18 years
of age or an emancipated minor; and (ii) an adult retino-
blastoma survivor or parent/legal guardian of a child with
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retinoblastoma. All participants provided written informed
consent prior to participating in the study.

Demographic questionnaire

Participants completed a demographic questionnaire that
asked about sex, age, primary language, place of residence,
ethnicity, religion, education, employment, income, and
number of children. The questionnaire also requested details
on the retinoblastoma diagnosis, including details of family
members affected by retinoblastoma, whether unilateral or
bilateral, genetic testing status, heritability, and length of
time since diagnosis.

Focus group conduct

Focus groups were chosen to as a data collection method to
facilitate an open-ended discussion more likely to reveal
unanticipated insights that may be missed using quantitative
methods. All focus groups took place at The Hospital for
Sick Children between October and December of 2015.
Each focus group discussion lasted between 60 and 90 min
and was moderated in English. There were 4—6 participants
per group. The moderator used a focus group interview
guide developed by the study authors JAH and HD (both
with PhDs in medical genetics and expertise in retino-
blastoma). The interview guide asked about: (i) knowledge
of retinoblastoma and retinoblastoma genetics, including
cause of disease and interpretation of the words “genetic”
and “inheritance”; (ii) experience with retinoblastoma
genetics, including genetics as part of treatment and follow-
up, sources of information, and communication with the
healthcare team; and (iii) attitudes about retinoblastoma
genetics, including perceived implications, benefits or
challenges of retinoblastoma genetics. After the focus
groups, a primer on retinoblastoma genetics was distributed,
and the moderator clarified points of confusion or erroneous
information that may have arisen during the discussion.
Participants were directed to their healthcare providers for
any questions specific to their personal experience with
retinoblastoma.

Data analysis

All audio recordings were transcribed verbatim and parti-
cipants were de-identified; patient ID codes (e.g., O1, N2,
D3) are used to distinguish between participants in the
results section. QSR International NVivo 11 qualitative data
analysis software was used for data management and coding
of the transcripts. Inductive thematic analysis was employed
to identify common themes in the transcripts. Two
researchers coded the data independently. Discrepancies
were settled consulting a third member of the research team.
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Table 1 Study participant demographics Table 1 (continued)

n % n %

Sex 40%
Female 12 80% 2 7 47%
Male 3 20% 34+ 2 13%

Age
18-25 0 0% Results
2640 11 73%

41-55 3 20%  Study participant demographics
56+ 1 7%

Primary language Fifteen individuals participated in three focus groups at the
English 12 80%  Hospital for Sick Children. Participants were mainly female
French 0 0% (12/15, 80%), between 26 and 40 years of age (11/15, 73%),
Other 3 20% spoke primarily English (12/15, 80%), and identified as

Ethnicity Caucasian (10/15, 67%) (Table 1). Close to half reported
Caucasian 10 67%  that they were non-religious (7/15, 47%), whereas the
South Asian 2 13%  Temainder indicated affiliation with Christianity (5/15,
East Asian 2 13%  33%), Hinduism (2/15, 13%), and Judaism (1/15, 7%).
African 1 79 Most participants had a university or college education,

Religion were employed, .a.nd reported earning a high incolme
Non-religious 7 47% (Table 1). All participants were parents of at least one child.
Christianity 5 33% . . . . . .

Hinduism 5 3% Study participant relationship with retinoblastoma

E;Ej;: ! 7% Most participants had a child affec;@d by retinoblastoma

o (14/15, 93%, Table 2). Most families were affected by
University degree > 33% " nilateral disease (9/15, 60%). Two participants were sur-
College diploma 4 21% vivors themselves; one had an affected child, the other an
Graduate/ 4 21%  unaffected child. One of the survivors (1/2, 50%) indicated

Professional school . . . .

i that they did not undergo genetic testing for retinoblastoma.
Some high school 2 13% . .
All affected children (n = 14) reportedly underwent genetic

Employment testing for retinoblastoma (14/14, 100%). All parents of
Employed 12 80% children with bilateral retinoblastoma (n = 6) reported the
Homemaker 2 13% " cancer as being heritable (Fig. 1). Parents of children with
Student 1 7% unilateral retinoblastoma (n = 8) reported the cancer to be,

Income heritable (n = 1), non-heritable (n = 4), and unknown (n =
<$25,000 CAD 1 7% 3; Fig. 1). Participants or their children had received all or
$25,000-$50,000 3 20% part of their care at the Hospital for Sick Children, however,

CAD this does not preclude their treatment and/or follow-up at

Cig),000—$75,000 2 13% " another Canadian center (the latter data were not collected).
$75,000— 3 20%

$100.000 CAD Focus group results
Over $100,000 6 40%

CAD The results of the focus groups are grouped by the three

Current residence study questions in the framework (i.e., knowledge, experi-
Metropolitan city 9 60%  ences, and attitudes). Themes and subthemes follow for
Small town 5 339,  each aspect of the study framework (Table 3).

Rural village 1 7%

# OF children Knowledge of retinoblastoma genetics

0 0 0%

Three themes were identified in the discussions aiming to
elucidate participant knowledge of genetics (Table 3). First,
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Table 2 Study participant experience with retinoblastoma 8
n % 7 ——
Retinoblastoma 6
(RB) experience £
Q
Survivor 1 7% 2°
Mother of child 11 73% S 4 — ———
with RB g ] -n| atera
Father of child 2 3% 53 " Blateral
with RB )
Survivor + 0 0%
mother of child with 1
RB
. - 0
Su1tV1V01‘.+ father 1 7% Heritable Non-heritable Unknown
of child with RB Knowledge of Retinoblastoma Heritability
No. children with
retinoblastoma Fig. 1 Genetic testing completed vs. knowledge of retinoblastoma
0 1 7% heritability.Of the participants’ children, 14 were reportedly diagnosed
| 14 93% with retinoblastoma and had undergone genetic testing. All children
) ¢ with bilateral retinoblastoma (n = 6) were reported by their parents as
Laterality of being heritable. Of the children with unilateral retinoblastoma (1 = 8),
proband’s one was reportedly heritable, four non-heritable, and three unknown
retinoblastoma
Bilateral 6 40%
Unilateral 9 60%
Had genetic testing “It's a genetic form of eye cancer.”-Participant N4
Yes 14 93% .. .
N | . Some participants attempted more complex explanations
o . N . .
) 0 of the biological underpinnings of cancer development:
Retinoblastoma
heritability “It's an error during, 'm going to say, mitosis or
Yes 7 47% meiosis, one of the two of them, in the DNA, a piece
No 4 27% getting lost and not copied properly. And my under-
Don’t know 4 27% standing is that that piece of DNA on the 13th
Time since child’s chromosome is a protein, which would tell the cells to
diagnosis stop growing. Because it's missing, the cells continue
<1 year ago 2 13% to grow.” -Participant N4
1-5 years ago 8 53%
5-10 years ago 1 7% . . . .
Genetic concepts are miscommunicated and misunder-
10+ years ago 3 20%
) stood
Not applicable 1 7%

the participants held the general understanding that retino-
blastoma is a genetic disease. However, a second theme
revealed that concepts related to retinoblastoma genetics are
often miscommunicated or misunderstood. The third theme
revealed that participants question the role of the environ-
ment and plain ‘bad luck’ in causing of retinoblastoma.

Retinoblastoma is understood to be a genetic disease
Generally, participants understood that retinoblastoma was
a genetic disease, and often cited the involvement of the
RBI gene.

“[Retinoblastoma is caused by] mutation in the RBI
gene.” -Participant N3

SPRINGER NATURE

Conflation between terms ‘genetic’, ‘heritable’ and ‘inherited:
The discussions revealed that individuals generally under-
stood that the term ‘genetic’ referred to something ‘related to
DNA’, and ‘inherited’ referred to something derived from
one’s parents. However, the terms ‘heritable’ and ‘inherited’
were often used interchangeably, contributing to confusion
about the heritability of retinoblastoma. For example:

“I just look at the genetic and the word heritable as too
different like...When I think about genetic, I'm thinking
of DNA and strands and when I think of heritable, I'm
thinking of y’know just anything that’s traditionally
passed on through generations of just any sort of disease
or condition or you know you have brown hair because
your parents have brown hair you know or you go bald
because your dad was bald. And IT11justdon’t think of, I
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still think it’s just some sort of DNA something went that
shouldn’t have gone. So, I don’t know, I always sort of
look at that as a two different things because I was tested
because I was tested and I don’t have the gene, my wife
was tested she doesn’t have the gene. So I guess I'd,
probably feel differently if, one of us did have the gene” —
Participant N1

Although the participant begins by clarifying the difference
between “genetic” and “heritable”, the participant concluded
their child could not possibly have the heritable form of
retinoblastoma, as genetic testing showed it was not inherited
from either parent. In actuality, heritable retinoblastoma is
most often not inherited from a parent (only 5—10% of cases
are familial), instead a de novo constitutional mutation,
which can be passed on to the next generation.

Sometimes, even where participants had articulated the
difference between “genetic’ and “inherited”, the term
“genetic form” was used in reference to familial or heritable
cases. For example:

“I would just always add that it’s a genetic form of eye
cancer because [pause] to us it didn’t end. And I'm
now going through it with my grandchildren.” —
Participant N4

Finally, participants often interpreted the words “muta-
tion” and “genetic” (as a proxy for heritable) to have
negative connotations:

“But I would say that while waiting for that diagnosis
—that genetic word was the albatross in the room. I
will go back to that word because it was like ‘please
don’t let it be genetic’ because then we gotta get
everybody tested, and it could affect everybody, and it
was this horrible big thing... So yeah, genetic was a
bad word.” -Participant O4

“But I'd still look at it as, mutation. I don’t think I
don’t even like using that word because, what pop
culture puts that word into.” -Participant N1

Misunderstanding of the relationship between heritability
and laterality of disease: The fact that unilateral patients
could have the heritable form of retinoblastoma was often a
source of confusion, especially for parents of children with
unilateral, non-heritable retinoblastoma. Participants with
experience of heritable retinoblastoma were often aware of
this misconception, and attempted to clarify for others in the
group. Take this discussion for example:

Participant O4: “Can I ask a question, just cuz I'm still
fairly new to this whole thing. Both you had
experience, would it have been bilateral then?”

SPRINGER NATURE

Participant O1: “Yes.”
Participant O3: “Yes.”

Participant O4: “Okay, cuz [my daughter] had
unilateral”. (Appears relieved).

Participant O5: “So it’s not hereditary?”

Participant O4: “It’s not hereditary. That's what they

say...

Participant O1: “I think there is also a misconception
about that because, just because there is the 50%
chance of passing it on, you're not necessarily going
to get it in both eyes. So you can still be considered
unilateral, but you still have the DNA mutation.”

Participant O3: “Yeah because my ex-husband had
one eye affected, but has the genetic form.”

Here, Participants O3 and O1 recognize that Participant
04 has equated unilateral retinoblastoma with non-heritable
retinoblastoma, and attempt to correct that misconception.
Through the discussion, Participant O5 also learns that
unilateral retinoblastoma can be heritable in some cases.
However, by the end of the discussion both Participants O4
and OS5 turn the discussion away from potential heritability
of disease, to inheritance of the disease from the parent.
Much later on in the discussion, it becomes clear that
Participants OS5 and O4 are still unclear about the potential
for unilateral retinoblastoma to carry a constitutional RBI
mutation:

Participant O5: “My belief, is that with the unilateral
—correct [me] if 'm wrong—but is that the secondary
cancer risk is not there with the unilateral.”

Participant O4: “Don’t know.”

Participant O1: “As long as there’s no mutation.”

This discussion is also riddled with imprecise usage of
several terms. For example, “DNA mutation” or “mutation”
is used in place of “constitutional” or “germline”; techni-
cally, all retinoblastoma has mutations. The term “heredi-
tary” is also imprecise, as it does not distinguish between
inherited cases (e.g., familial) and those that are new
constitutional mutations, which are heritable in the follow-
ing generation. Amidst this imprecision, the participants fell
back to what they felt they understood: since their child’s
retinoblastoma had not been inherited, this meant that it was
not “heritable”.
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Is retinoblastoma caused by environmental factors or just
plain bad luck?

Some participants expressed the belief that retinoblastoma
could be environmentally caused:

“What caused it? Is it because she had a glass of wine
before she knew she was pregnant? Or is it because we
went on a flight and there was radiation in the sky? ...all
these environmental factors that cause cancer you
know...really everything seems to cause cancer. Living
in a major city, you know, there are 20 different ways it
causes, creates, cancer in you, it seems these days. It’s
the kind of Coke you drink, the air I breathe, the,
everything. So I just wonder if something’s related to
something that caused it.” —Participant N1

“Deep down I think it’s environmentally caused. Like I
think that something in the environment at that point
in time.” —Participant O2

Others associated the disease-causing mutation to simply
be an unlucky event:

“I don’t know and you can just say bad luck or bad
genes or bad karma, who knows right? I don’t know.”
— Participant O5

“I don’t know—Iluck of the draw, pretty much. Just
like any other genetic, or not even necessarily genetic.
It’s just a cell that decided it didn’t want to play well
with others.” —Participant O1

Experiences with retinoblastoma genetic testing and
counseling

As participants talked about their experiences with genetic
testing and counseling for retinoblastoma, three main
themes emerged (Table 3). First, genetic testing and coun-
seling was of benefit to the participant. Second, participants
identified several challenges in accessing information on
retinoblastoma genetics. Third, participants discussed chal-
lenges in coping with the retinoblastoma diagnosis.

Retinoblastoma genetic testing and counseling provide
benefit

Participants with multiple generations affected commented
on the ability to predict the cancer early with genetic testing:

“So now both of my grandchildren, they’re able to find
mutations because of the molecular testing. So it's
been a big difference for us, from when my daughter
was diagnosed ‘till now.” -Participant N4

Genetic testing helped allay some of the guilt for parents
who were deemed not to be RBI mutation carriers:

“Well I sort of had a cataract in my eye. So I thought it
might have come from me. I didn’t know any better so
I just thought about it but... then I asked the doctor
and she said ‘no’. She just explained the whole thing
to me.” —Participant D3

Genetic testing also served to confirm somatic cases and
eliminate risk of cancer in the unaffected eye:

“With the genetic testing my biggest fear was that it
would be affecting the other eye. So with the genetic
testing that was at least a relief off of my shoulders

just to think ‘OK, at least she has her other eye’.
—Participant D4

Getting information about retinoblastoma genetics is
challenging

Genetic counseling limitations: Participants who were ‘new’
to retinoblastoma (non-familial) indicated that genetic
information tended to come at a very stressful time during
diagnosis. As a result, the participants indicating not
retaining much of the information:

“It was just part of the team coming by and social
workers and genetics and all that. It was all after
surgery. So you know, we sat down...my son’s lying
in the hospital bed with a patch over his eye and
they’re trying to tell me about genetics and testing and
this and that and honestly I was like ‘okay okay’, and
they told me to sign and I was like ‘fine’. I wasn’t even
paying attention!” —Participant N1

“We definitely did [undergo genetic counseling], right
in the height of it all. It’s all a blur, but we definitely
did.” —Participant O5

“I was given two pieces of very devastating news in a
very short time period. So I was first told that my son
has a—this Chromosome 13 deletion—and I was told
at the time that there’s not much known about it.”
—Participant N3

Reliance on healthcare team for information: Some
participants recalled receiving resources from members of
the healthcare team:

“The genetics team gave us a sheet of a very simplified
version of how the two different [forms of retino-
blastoma]—the hereditary vs. spontaneous—on the
day of the surgery.” —Participant D1

One participant cited receiving retinoblastoma genetics
information via meaningful engagement with the healthcare
team, and this was an individual who had a child with
retinoblastoma diagnosed over 30 years ago.

SPRINGERNATURE



512

J. A Hill et al.

“I learned a lot through the [healthcare] team. Because
I was part of the team for a while. And I went to a
couple of World Retinoblastoma Conferences that—I
went to Tanzania with the team for the conference.”
—Participant N4

Reliance on sources of information outside the healthcare
team: Participants with a solid grasp of biology due to their
academic training mentioned they sought information on
retinoblastoma from “university research sites and ...
academic journal[s]’. However, the vast majority of
participants cited social media and general search engines
as a source of information:

“There’s a Facebook Retinoblastoma group that’s
interesting to talk to, there’s such a variance of
degrees and results, from chromosomal deletion up to
just unilateral, and people dealing with a lot of
different things, a lot of secondary tumors... I think
[World Eye Cancer Hope] is a great group and...
online “ —Participant N4

“For me, my first encounter with any retinoblastoma
information was online.” —Participant D1

“We did a lot of research online.” —Participant O1

One participant indicated they received information from
a neighbor of the same cultural background, who also had a
retinoblastoma diagnosis in the family:

“Someone introduced me because he had to go
through the same thing... So it’s easier for us to get
information. My wife had the language barrier so, the
mother was explaining it to her.” —Participant D3

Coping with a retinoblastoma genetic diagnosis is challen-
ging

Experience of guilt and blame: Some participants expressed
feeling guilty or responsible for the development of reti-
noblastoma in their child. This seemed to come up more by
participants who had more than one affected generation in
their family:

“I'm going through it with my grandkids now, so...
Y’know as a mother you carry that guilt, you think
you did something wrong because the tumors started
in your womb. My daughter was born with those
tumors. And uh... now we're back at it with my
grandchildren.” —Participant N4

“I think my ex-husband felt the same way. He had
only one eye affected, so he lived with that. And
thought that he wasn’t gonna pass it on to his kids.
And then when our daughter was born and she was
fine. Again, then when my son was born, it was all

SPRINGER NATURE

about the guilt, that it was his fault. He’s worried. He
would be worried about his son for the next 100 years,
because it’s his fault.” —Participant O3

One example of guilt was expressed through the extended
family:

“Because I know that when we were first diagnosed,
both my parents, when they heard genetic, they called
all of their siblings and asked for everyone’s history.
They’re looking for the root cause. Where did this
come from, and my dad found out about a sibling’s
cousin, someone in the genetic pool that lost an eye,
and he was devastated. Because he was like, ‘This
came from me, I caused this’. And it turned out to be
nothing of the sort, but I think when you say genetic,
that’s the first thing that comes to mind, is “Who’s
responsible for this?” —Participant O5

Social support is important: Participants indicated that
family was often a source of emotional support in coping
with retinoblastoma:

“My big thing about going through it all, is that I have
a huge family support system, and I'm in the city. And
I would not have survived it as well as I did, without
my family, my community, everyone coming to
support me.” —Participant O5

However, some indicated they did not have individuals to
turn to for emotional support:

“My biggest challenge was since we didn’t tell many
people. I had no one to turn to.” —Participant N1

Social support was noted as an important factor to have
access to and knowledge of early in the diagnosis:

“Just knowing more about where to go for support. I
didn’t even know about the Facebook [group] until
6 months to a year [after diagnosis].” —Participant N1

Social relationships are impacted by retinoblastoma:
Participants felt that relationships with family and friends
were impacted by the retinoblastoma diagnosis:

“People are so, they don’t know what to say, and
they’re uncomfortable with the situation.” —Participant
N2

“It’s not easy on the siblings.” —Participant N4

They also suggested that they could be assisted greatly by
support to communicate with extended family about
retinoblastoma genetics:

“I think what could be helpful is if the hospital
offered some sort of family counseling...in my
family there’s a lot of ‘through the grapevine’, and
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information can get distorted. So it would have been
really helpful for me to have a counselor in the room
with my [extended family] to just explain to every-
one what was going on. As opposed to me having to
tell all of them over and over and over, and reliving
it.” —Participant O5

Attitudes on retinoblastoma genetics

Three themes were identified in terms of participant atti-
tudes toward genetics of retinoblastoma (Table 3). First, the
future consequences of retinoblastoma were perceived to be
a source of constant worry. Second, participants expressed a
need for improved communications about genetics infor-
mation to families and children. Third, a request for
enhanced psychosocial support was highlighted.

Retinoblastoma has future consequences that are a cause
for worry

Leading a ‘normal life: While the study questions were
intended to uncover what parents knew about the future
cancer risks and heritability of disease by the next genera-
tion, much of the discussion of future consequences of
retinoblastoma centered around the desire for affected
children to lead “normal” lives and not to be considered
“different”. For example:

“T feel the more I make the situation normal, the more
he'll have the confidence to be like, “What are you
talking about?”, to another kid that ever says anything
to him to make him feel different.” —Participant O5

“Can he do everything like sportswise or like drawing,
all that stuff initially. Like will he be able to have a
normal childhood?” —Participant D1

“Our whole goal through this process is to make sure
that he doesn’t feel different. And to normalize
everything that he experiences. So, we very simply
explained to him that, you know, when you were a
baby you had cancer. And the doctors had to take your
eye, and that got rid of the cancer. And you're all
better now.” —Participant O5

Cancer and vision-related worry: Most participants identi-
fied the risk of second cancers (associated with the heritable
form of retinoblastoma) and vision loss as a source of
concern. For example:

“I worry that her chances are a little bit greater than
someone who has never had any exposure to cancer or
anything.” —Participant D4

“Having to watch for these signs and symptoms of
these potential secondary cancers.” —Participant N3

“And also the vision. If something happens to the
other eye, then she will be blind.” —Participant D4

Family planning and prenatal detection: Most participants
identified family planning as a need for themselves or their
children:

“If 'm gonna have another baby are they gonna get
this?” —Participant D5

“I think that’s just the process of consulting with the
[retinoblastoma] team and dusting off the genetic
reports and testing and doing re-tests to make sure that
they’re not the carriers. But for me personally, I'm fine
with anything that’s non-invasive during a pregnancy
and then have the baby checked out before she’s
born.” —Participant N1

The risk of miscarriage associated with amniocentesis
(i.e., invasive test during pregnancy) was a concern for
some. One participant balanced this risk against her
personal choice not to ever terminate an affected child,
revealing a misconception that the only purpose of prenatal
detection would be to terminate a pregnancy (as opposed to
the option of early term delivery for initiation of treatment
[9], which is part of the standard of care in Canada [8]):

“My daughter said ‘T would never terminate a
pregnancy for retinoblastoma. Look at me. I lived
through it, I had a great life’. And there are all kinds of
risks with each of these tests that are invasive. And
there’s a chance that you could miscarry as a result of
the test. So my daughter said I'm not going to do it, I'll
take what we get.” —Participant N4

There is a need for improved communication of genetic
information

Communication to parents: Participants suggested changes
to timing, format, and complexity of information provided
could improve communication. With respect to timing:

“You kind of meet genetics in the beginning in the
whirlwind of everything that’s happening and then
there really is no follow-up. So perhaps, just genetics
to touch base with us once a year.” —Participant OS5

“Communication...tends to be a bit of a problem where
you're only given information at certain time frames
and you don’t know the direction where you're going,
or you don’t know what'’s changed.” —Participant O5

SPRINGERNATURE
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Suggested formats for information ranged from tangible
educational resources to events where discussions could be
held:

There is a need for improved psychosocial support
Formal psychosocial support: Participants noted the need
for more psychosocial supports for themselves, as care-
givers of children affected by retinoblastoma:

“Maybe some kind of flow chart. That starts, ‘If you've
had this, you will get this, you will get this...” And
then you know where you fall in the grand plan.”
—Participant O3

“I think that having these kind of discussion groups
and the Retinoblastoma Family Day, and we came to
that. And they went around with the geneticists and
the doctors and whatnot, I think it gives you a better
understanding.” —Participant O1

With respect to complexity of information and timing
communication, one participant noted:

“Specifically, with the genetic stuff, I don’t know how
much you really need to know at the time. Unless you
are our case [familial retinoblastoma], and then we can
make decisions on what we wanted to do, or to follow
the game plan. But off the hop, I don’t think knowing
the sequence, and knowing that it was this, and all the
numbers at the time are really gonna help anything.”
—Participant O2

of

Communication to children: Participants discussed the need

for digestible educational resources for their children:

“Just an easy resource available...Here is that little
pamphlet resource, whatever that one is, I don’t know.
And here is your little booklet and if you want in the
bookstore, you can buy this for this generation that
you can really go through the book and explain to

“I need someone. I need someone to talk to like—I
can’t talk to my family about it. They're very
traditional and I'm sort of in a position of having to
be there for my [child].” —Participant N1

“And potentially it would be, again optimistic to do it
a little bit, right after, like not during the first 2 days of
craziness, but digestion time, and meeting time, or
have that first meeting right away, and you have to,
you've got a meeting set up for a follow up, and you
can choose, to take it away, or to go. Because by
having that [psychology] appointment set vs., ‘if you
feel like you need [an appointment]’...you don’t know
what you need at that time. And I think that would
have been... maybe helpful, maybe not... I don’t
know, I've never done it. I know we go through a lot
as parents.” —Participant O4

Peer-to-peer support: Participants often noted seeking out
support from others in the same situation as themselves.

“I used to sit in that waiting room and look around for
other kids with glass eyes, and go up to the parents
and say, does your kid have retinoblastoma?”
—Participant N4

“Other parents...Other, a few other survivors, adult
survivors?” —Participant N3

your kid ... maybe a flip-up book?” —Participant O4 .The idea for creatlr?g. an informal support' network was
discussed, and one participant noted that one existed long ago:
They also expressed intentions to empower children to

. . “I think support is an issue and what we did 25 years
explore retinoblastoma on their own:

“I will tell him as much as I know- learn. He’s still
young so I'm just gonna take it as it goes. Just the
information that I get is just so much; resources, data
and information that I've studied up on. Tell him that I
know he'll learn the skills of looking it up himself and
learning about it themselves.” —Participant N1

Finally, participants indicated they rely on the healthcare

team to help provide education to their children:

“We, [the oncologist] was in the room with [my child]
at that point, I didn’t get kicked out until later. So [the
oncologist] would speak to all of us as a family and
say ‘Eat healthy, stay out of the sun’, that kind of stuff
at each sort of appointment.” —Participant N1

SPRINGER NATURE

ago, 30 years ago was try to put families in touch with
each other via the telephone and [the doctors] and I
worked together on this program so that you would,
[they] would ask a family: ‘Are you willing to be part
of a program where we put you in touch with another
family?"“ —Participant N4

“And I just personally feel that there needs to be better
access to other survivors and other parents of
survivors because not everyone has the same com-
munity support that I had, and that was critical for
me.” —Participant O5

“We need another Family Day. That brought a lot of
people close together.” —Participant N3
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“I don’t know if they can start a program again where
you can put based on—I think you have to do it based
a little bit on geography and on diagnosis.”
—Participant N4

Discussion

Research into the genetic origins of retinoblastoma has
changed our understanding of the disease. New discoveries
offer opportunities for new therapies and improvements in
overall quality of life for retinoblastoma survivors [5]. In
Canada, retinoblastoma genetic testing and counseling is
part of the national standard of care [8], yet not much is
known about how these services are implemented and
understood by retinoblastoma survivors. Our study
explored, among retinoblastoma survivors and the parents
of children with retinoblastoma, knowledge of, experiences
with, and attitudes about retinoblastoma genetics. The intent
was to uncover important information that could strengthen
understanding, uptake, and application of retinoblastoma
genetic information. The study revealed that knowledge of
retinoblastoma genetics is variable, and often limited.
Although retinoblastoma survivors and parents of children
with retinoblastoma know that retinoblastoma is a genetic
disorder, this study suggests that the genetic principles of
this disease are misunderstood. The most common mis-
conception was thinking that unilateral retinoblastoma held
no future cancer risks or risk of heritability by the next
generation. No family history of disease, or genetic testing
results showing the trait was not transmitted from parents to
child, further strengthened the misunderstanding. Generally,
knowledge was confined to one’s own experience of the
disease. Participants with experience of “simple” cases of
retinoblastoma (e.g., unilateral non-heritable) often did not
fully understand the complexity and range of the clinical
manifestation of the disease, largely because it was not
relevant to their own case. Taken together with results
showing parents and survivors are increasingly looking to
online support groups to acquire and share information, this
could theoretically pose a problem. There is a need for
individuals to fully understand their own situation, and
where it falls into the full retinoblastoma spectrum. The
participants also came to this conclusion themselves, sug-
gesting the need for better resources such as flowcharts to
help them see where their situation fits in.

Genetic counseling represents an important opportunity
for healthcare providers to clarify basic genetic concepts,
retinoblastoma genetics, and the specific implications for
the survivor. In a previous study of genetic testing for
retinoblastoma, only 40% of those who underwent testing
additionally received in-person post-test counseling [10].

Although we did not ask this question in our study, one
participant (a survivor with an unaffected child) did not
have their child tested (Table 2) and 3 of the 14 who
reportedly did, failed to understand the result of the test
(Fig. 1), suggesting a need for more effective dissemination
of test results. Genetic counselors are encouraged to use
literature written in layperson vernacular to convey genetic
concepts to survivors and families [11]. Yet even still, our
participants requested further, more simplified information,
at appropriate times during the treatment and follow-up
cycle when they feel they are more likely to understand and
internalize the information. Participants suggested devel-
opment of informative and useable written material, which
could first explained by the healthcare providers, then
offered to survivors for long-term reference. It has pre-
viously been reported that retinoblastoma survivors find it
difficult to ask for advice from genetic healthcare providers
[12]. At the same time, others have characterized a funda-
mental mismatch between the information genetic counse-
lors provide and what patients with cancer risk want and
need to know [13]. Scheduling more frequent or repetitive
counseling may not only enhance understanding of con-
cepts, but also provide a comfortable forum and more fre-
quent opportunity for survivors to pose relevant questions.

One participant cited having worked with the retino-
blastoma healthcare team in the past, even attending an
international scientific conference, as route to gaining
knowledge of retinoblastoma genetics. Interestingly, patient
engagement in healthcare research is increasingly being
cited as a way to help patients adopt and benefit from new
and emerging evidence [14]. To this effect, the newly
initiated Canadian Retinoblastoma Patient Engagement
Strategy  (http://lab.research.sickkids.ca/dimaras/research/
engagement) may be a novel way to improve knowledge
among affected individuals and their families. This Cana-
dian strategy involves initiatives to recruit a large and
diverse retinoblastoma population and facilitate their
involvement in all stages of the research process, including
priority setting, study design, and execution, and dis-
semination of results. Involving the patient community in
the research process has proven benefits, such as: increased
applicability and credibility of results; a heightened sense of
autonomy and self-worth among patients; and more effec-
tive translation of research results into clinical practice and
public policy [15, 16].

Risk associated with heritable cancer is a difficult con-
cept for healthcare professionals to communicate to patients
and their families [17-20]. Understandably then, it is
arguably more challenging for parents of cancer survivors to
explain these concepts to their children or other family
members. Indeed, participants in this study requested fur-
ther assistance in communicating information to their chil-
dren and extended families. Prior research has also pointed
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to a need for improved assistance for parents by the
healthcare team in preparation for communicating retino-
blastoma health risks to their children [21]. Our participants
suggested a need for different and creative ways for medical
teams to educate them on retinoblastoma genetics, such as
flip-books geared to children, and genetic counseling ses-
sions for extended family members to attend. There is
growing support for creative approaches to disseminating
genetics information. The first You Tube channel for
patients seen in a clinical genetics department, with videos
covering common questions asked in familial cancer sus-
ceptibility clinics, was widely viewed and had positive
patient feedback [22].

Adult childhood cancer survivors’ knowledge, risk per-
ception, and treatment history is frequently inaccurate and
imprecise [23-26], thus it is important to identify ways to
keep the affected child informed of their case into adulthood.
The misunderstandings of the implications of genetics on
retinoblastoma phenotype and risk described in this study,
comprised largely of parents of children diagnosed with
retinoblastoma, underscore a probable contributor to adult
cancer survivor misinformation. One important genetic ser-
vice to utilize is comprehensive reproductive counseling,
which remains an integral part of care for adult retino-
blastoma survivors in Canada. In a 1980-1983 study, reti-
noblastoma survivors reported more divorces and fewer
pregnancies than the general population [27]. The authors
attributed the reduction in pregnancies to concern over the
heritability of retinoblastoma, and further predicted that the
introduction of molecular diagnostic tools after the RBI gene
was mapped in 1983 would offer survivors more options in
family planning and help expand their families [27]. Indeed,
the introduction of genetic testing for retinoblastoma facil-
itates more precise determination of risks and eliminates
unnecessary examinations of family members deemed not to
carry the RBI mutation, reducing associated worry and costs
[28]. More recently, technologies such as preimplantation
diagnosis [29-31] offer opportunities for affected parents to
give birth to unaffected children, and antenatal genetic
diagnosis coupled with early term delivery of RBI mutation-
carrying infants can facilitate earlier treatment of tumors
with less invasive therapies and lead to better visual out-
comes [9]. A thorough discussion of available reproductive/
diagnostic services and their implications, as well as what it
entails to care for an affected child may enhance under-
standing and better inform survivors’ reproductive decisions.
Repeated counseling over time may help keep survivors up
to date with available options as they evolve [32].

Parents in our study were pre-occupied with their affected
children being “normal”, or “normalizing” the experience
with cancer. Interestingly, survivors and survivor/parents did
not share this view, presumably because it did not factor as
an issue in their personal experience with retinoblastoma.
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When asked to discuss the long-term implications of reti-
noblastoma, most unaffected parents discussed the physical:
a child’s athletic capabilities, their future ability to drive, and
the general desire for their children to fit in and reach their
full potential. Although the question was intended to sti-
mulate conversation about future cancer risks or heritability
of retinoblastoma by the next generation, these were not
immediate thoughts of these participants. When they were
discussed, it appeared these consequences (e.g., future can-
cer, family planning risks), were known, but the discussion
that ensued was one centered on hope and a desire for their
kids to have everything they “should” have. Management
and communication of future cancer risk and/or family
planning was perceived to be the role of medical team. It is
possible that the “desire for normalcy” among participants
could be at odds with the accurate and effective commu-
nication of important genetic information to their affected
children. This is even supported somewhat by the suggestion
by one participant that “genetic was a bad word” or another
not liking the word “mutation”, possibly because these are
considered “abnormal”’. Indeed, the language choice of
clinical staff may affect how information is interpreted and
at times induce unnecessary worry [33]. Perhaps changing
the narrative of heritable cancer can help important health
concepts be translated to affected children as they grow
older. This also may suggest that the healthcare teams need
to step in to bring the focus on second cancer risks and
family planning to the forefront, where parents may not
always do the same. Particularly as many participants noted
a need for psychosocial support for themselves, healthcare
teams should be cognizant of potential added stress to the
caregivers in relaying this sensitive information to their
children.

The psychosocial effects endured by families centered
largely in all focus group discussions, suggesting that the
healthcare teams could do better at linking families to for-
mal support, or facilitate interaction between individuals
with experience of retinoblastoma diagnosis.

Our study represents an attempt to gauge the level of
knowledge Canadian adult retinoblastoma survivors have
regarding the genetics of their disease, and learn how to better
meet their informational needs to facilitate family planning and
long-term health management. There are certain limitations of
our study, namely the small sample size, and that most of the
participants were highly educated, unaffected female parents
of children with retinoblastoma. The time since first diagnosis
of retinoblastoma in the family also varied among participants,
such that some participants experienced different standard of
care than the current. However, this qualitative study was not
meant to result in a generalization of the knowledge of,
experiences with, and attitudes about retinoblastoma among
survivors and parents of children with retinoblastoma, but to
explore their stories to provide insight into future research or
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enhancements to care. Overall, we find that retinoblastoma
survivors and parents feel they may benefit from more frequent
and enhanced adult counseling, which directly addresses the
genotype—phenotype correlation of constitutional RB/ muta-
tion and available reproductive options, and clarifies impli-
cations for family members based on the genetic status of the
disease. Incorporation of feedback mechanisms to assess
ongoing understanding may be a way to test and enhance
genetic counseling for retinoblastoma in Canada.
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