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ABSTRACT
In order to be an effective public health tool, the Newborn Screening panel
(NBS) must only include technology that is affordable, reliable, and fast. Historically,
molecular testing was so costly that it was not feasible to consider adding molecular
testing to the NBS. Molecular technology has advanced to become cheaper, faster,
and less labor intensive over time, and the door is opening to the discussion of the
cost/benefit analysis of including molecular technology on the NBS.
Hereditary retinoblastoma is a good candidate for the inclusion on the Newborn
Screening panel due to a well-defined natural history and accessible and effective
treatment plan. To nominate hereditary RB for inclusion in NBS, early diagnosis and
treatment must demonstrate a significant improvement in morbidity of hereditary RB
survivors. This study compares outcomes between hereditary RB survivors diagnosed
at birth to those diagnosed at symptomatic presentation using data self-reported in an
online questionnaire. Favorability of NBS inclusion among the RB community was
also assessed by the questionnaire. The study also sought to broaden understanding of
the experiences and challenges of hereditary RB survivors to direct future studies of
the benefits of early diagnosis. Other analyses include the relationship between
subjective and legal disability in RB patients and the efficacy of current RB screening
practices. Qualitative analysis of challenges reported by RB survivors to both inform
future research focusing on NBS inclusion as well as to enrich understanding of how
RB affects survivors over their lifetime.
x

INTRODUCTION
Newborn Screening
Newborn screening (NBS) is a public health service designed to identify
neonates at risk for conditions that may not be apparent at birth, but that pose a
significant risk to the child’s health or survival. A blood sample is taken from the heel
of an infant within the first days of life and sent to the state health department for
analysis. Currently, this analysis does not identify specific conditions but rather
abnormal analyte levels that increase suspicion for specific conditions. At risk
children are referred to be evaluated and formally diagnosed by a physician. When
the NBS was first implemented in the 1960s, individual states had the autonomy to
decide what conditions to include on their screening, however the past twenty years
have exhibited a shift towards a more regulated process (El-Hattab et al., 2018).
Beginning in 2002, a federal advisory committee—the Advisory Committee on
Heritable Disorders in Newborns and Children (ACHDNC)—was established with
the goal of establishing a more standardized NBS across the United States. The
ACHDNC established and continues to maintain a ‘Recommended Uniform
Screening Panel’ (RUSP) that lists conditions that are indicated for inclusion on NBS
(Steele, 2018). Conditions are formally nominated for inclusion on the RUSP, and the
ACHDNC reviews the proposals considering ‘readiness’—how certain the committee
feels that screening would be beneficial—and ‘feasibility’—can states reasonably
incorporate the testing? (Botkin et al., 2016).
1
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The concepts of ‘readiness’ and ‘feasibility’ are based on the guidelines for
public health screening described by Wilson and Junger for the World Health
Organization (Wilson and Junger, 1965), which were widely used to evaluate
conditions for the NBS before the RUSP was established in 2002. More explicitly,
conditions that are suitable for population implementation should satisfy four criteria:
First, it must have a well understood natural history. Second, the condition
must pose a significant risk of mortality or morbidity that has been demonstrated to
be reduced by early detection and treatment. Third, the testing method must be
available, rapid, and affordable so that it may be reasonably offered on a populationwide basis (Steele, 2018). Finally, the condition should have a treatment that is
reasonably accessible and known to be effective, as well as also being acceptable in
terms of cost and safety (Favie, 2019).
Historically, these criteria have limited the NBS to only conditions that can be
screened for with biochemical analysis or tandem mass spectrometry. Molecular
testing has historically not been considered for the NBS because it was too expensive
and time consuming to be feasible (Favie, 2019). As molecular testing technology
becomes more efficient and affordable, the logistical barriers surrounding its
incorporation into the NBS get weaker. Some states have already begun using
molecular technology as a second-line test for neonates who screen positive for a
condition by biochemical analysis alone. The benefits of increased specificity of
molecular screening and the expedience of having molecular testing results available
for consideration early in the diagnostic process have overtaken the costs of
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incorporating new technology. Currently, molecular testing using only the blood spot
collected from the NBS has already been incorporated as a second-tier assay for
children who screen positive biochemically like cystic fibrosis (Martin et al, 2015).
Further, the past decade has seen conditions only detectable using molecular
technology as the primary screening method added to the RUSP. Severe Combined
Immunodeficiency (SCID) was added to the RUSP in 2010 after a 2008 pilot study in
Wisconsin demonstrated the value of pre-clinical diagnosis. Since its inclusion, SCID
has been incorporated on a state-by-state basis as the state health departments are able
to implement the technology and validate the assay. With some states receiving
financial support from the CDC, SCID was incorporated into the NBS of all 50 states
by 2018. After the inclusion of SCID on the RUSP, another condition requiring
primary molecular screening was not approved again until the inclusion of Spinal
Muscular Atrophy (SMA) in 2019. SMA was originally nominated to the RUSP in
2008 and was not accepted in part because the benefit of early diagnosis was not
apparent given the limited therapeutic options (Howell, published committee letter,
2008). When SMA was nominated for a second time in 2018, new therapeutic
developments increased the value of neonatal diagnosis, and the ACHDNC accepted
SMA for inclusion on the RUSP despite the feasibility obstacles implicit in molecular
screening methods.
The ACHDNC committee’s evaluation of the feasibility of SMA screening
included feasibility assessments from the NBS program director of each individual
state, collected in 2017. Of the 47 states that responded, five were already planning
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the incorporation of SMA on the NBS for pilot study or due to state mandate. Four
states had not yet incorporated SCID screening to their NBS and were without any
validated first-tier molecular screening assays. The most commonly reported factor
(67% of responses) increasing SMA NBS feasibility was the ability to multiplex
SMA with SCID screening improved feasibility of SMA’s inclusion (Kemper et al,
2018). Common barriers described included the need for increased funding or a price
increase of the NBS panel, the need for more staff or more training, and more support
developing educational materials for patients (Kemper, 2008). The NBS panel is
specific to each state, with some states including more than the two federally
recommended molecular screenings. The burden of incorporating new molecular
screening tests into the NBS will be greater on states that currently incorporate fewer
conditions requiring molecular screening (Kemper et al, 2018). As of June 2020, two
years after the official addition of SMA to the RUSP, 19 states (38%) include SMA
on their NBS panel. In contrast, only 12 states had incorporated SCID testing within
two years of its inclusion on the RUSP (Baby’s First Test, 2020).
Applying this logic, the feasibility of molecular testing for the NBS will
continue to increase as more molecular assays are added. Expanding the use of
molecular testing as a first-tier assay on the NBS could significantly expand the
number of conditions that could be screened for. There are numerous conditions
detectable only by molecular analysis that satisfy the other criteria for inclusion on
the NBS. Expanding the use of molecular testing on the NBS will, over time, further
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reduce feasibility concerns for molecular screening technologies and could
significantly increase the scope of the NBS.
Hereditary Retinoblastoma
One such condition is hereditary retinoblastoma (RB). Hereditary RB is a
hereditary cancer syndrome caused by an autosomal dominant variant in the RB1
gene. Hereditary RB is highly penetrant with nearly 100% of individuals found to
have a pathogenic variant in RB1 will develop retinoblastoma (Dimeras et al., 2012).
Likelihood of malignancy is so high that individuals identified to have a pathogenic
RB1 variant are given the diagnosis of hereditary retinoblastoma even before there is
evidence of malignancy. Hereditary RB is typically identified in early infancy or
early childhood, with a mean age of diagnosis of 15 months (Andreoli et al., 2017).
Individuals with hereditary RB often develop cancer bilaterally, and the cancer tends
to be multifocal. The bilateral vulnerability of the eyes makes the preservation of
vision critical for hereditary RB patients, whereas sporadic RB individuals can count
on the sight of their non-affected eye. Treating the retinal tumors early, when they are
smaller and less invasive, can help preserve vision in hereditary RB patients, a critical
consideration for children with two eyes vulnerable to disease. Treatment for
hereditary RB prioritizes survival first, followed by vision preservation and then
quality of vision (Dimeras et al., 2008).
Retinoblastoma can also occur sporadically, defined as disease that is
unilateral, in a patient without a family history of RB or an identified pathogenic
variant in RB1. Sporadic RB also tends to be unifocal. Treatment modalities often
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overlap between hereditary and sporadic disease, however visual preservation is less
of a priority in sporadic patients as they are less vulnerable to bilateral vision loss.
When there is a known RB1 pathogenic variant in an expectant parent, the
standard of care is to facilitate prenatal or neonatal genetic testing to enable the
earliest possible treatment. Only 20% of hereditary RB cases, however, are inherited
from an affected parent. Most children born with hereditary retinoblastoma have a de
novo variant in RB1 and are not diagnosed until there is a noticeable difference in the
appearance or function of an eye. Usually, this indicates a malignancy that is at least
large enough to visualize on non-dilated exam (Dimaras & Corson, 2019). It stands to
reason that universal screening for hereditary RB in the neonatal period could
significantly reduce the interval between birth and treatment and, as such, might
mitigate the lasting negative sequelae associated with a hereditary RB.
In order to nominate hereditary RB for the RUSP, it is necessary to
demonstrate that it meets criteria for addition to the NBS. The natural history of RB is
well understood; RB was identified in 1926 and has been well researched within the
population for the last century (Dimaras & Corson, 2019). Analysis of hereditary RB
tumors lead to Knudsen’s ‘Two-Hit’ hypothesis (Knudsen, 1971) that is the
foundation of the current understanding of tumor suppressor genes (TSGs) and
familial cancer syndromes. There is also a well-defined surveillance protocol in place
for children known to have an RB1 pathogenic variant that is generally accessible in
developed countries (Canadian Retinoblastoma Society, 2009). The feasibility of
adding an additional molecular assay to the NBS will vary by state, as discussed
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above. Experiences with SCID and SMA incorporation to the NBS demonstrate that
potential feasibility obstacles can be overcome if the value of the screening is
substantiated. This work aims to investigate the impact of neonatal hereditary RB
diagnosis on patient outcomes, specifically focusing on morbidity. Reduced
morbidity among patients diagnosed in the neonatal period would further support
RUSP consideration. We also aimed to evaluate the favorability of NBS for
hereditary RB among the RB community.
We also aim to better understand perceptions of morbidity and disability
among the hereditary RB community. While hereditary RB is well understood from a
natural history perspective, there is little research available discussing the long-term
sequelae experienced by hereditary RB survivors. Concerns within the community
may not align with those understood by RB providers and researchers. Increasing
insight into the experiences of hereditary RB survivors can help target future RB
research, both in relation to a RUSP nomination and in general. Further, a deeper
understanding of the experiences of RB survivors may help improve patient care.
Literature Review
Most current literature focuses on medical complications that occur later in
life for people with hereditary RB. The frequency and characterization of secondary
malignancies is a common focus, as are the long-term the outcomes and experiences
of patients treated with external beam radiation, a harsh and now largely historical
therapy used for treating retinoblastoma (Abramson et al, 2004). There is also
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literature investigating the efficacy of various specific treatment modalities for
hereditary RB.
Literature also discusses RB in the context of global health. RB is highly
treatable and has a 1-11% mortality rate in North America and a 5-11% mortality rate
in Europe. In other countries, there is significant disparity in mortality rates with
some as high as 73% (Dimaras et al, 2012). The challenge of bringing the standard of
care for RB patients in Europe and North America to other parts of the world is the
focus of significant ongoing investigation.
The Vision and Ophthalmology Lab at Hospital for Sick Children in Toronto,
Ontario has a focus on hereditary RB and has produced literature that includes
investigation of psychosocial aspects of RB diagnosis in addition to treatment
protocols. Recently, a study set in China investigated the coping and wellbeing of
parents whose children are diagnosed with RB. Most parents were found to struggle
with new anxiety and/or depression, directly tied to the RB diagnosis (Gelkopf et al,
2019). A recent qualitative study done in Kenya used focus groups to analyze the
experiences of RB survivors and their parents. Two main themes emerged: confusion
about the origin of RB , and physical and psychosocial challenges caused by RB
(Gedleh et al, 2018). Treatment for RB varies greatly based on geographical location,
and the experiences of survivors and caregivers in Kenya cannot be generalized to the
RB community as a whole. Still, Gedleh et al’s findings suggest long term morbidity
in RB survivors and as such, supports potential suitability for NBS inclusion (2018).
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Also at the Hospital for Sick Children, Soliman et al demonstrated improved
outcomes in neonates with RB1 pathogenic variants that were delivered 2-4 weeks
early and treated within a week of birth, as opposed to affected neonates allowed to
deliver spontaneously and then treated within a week of birth. Soliman et al proposed
guidelines for the consideration of early delivery between 36- and 38-weeks’
gestation for known affected pregnancies (2016). Sample size was small (n=20),
however early delivery was associated with a statistically significant improvement in
ocular retention, treatment success (avoiding both enucleation and external beam
radiation), and usable vision.
In the developed world, retinoblastoma is rarely fatal and over 94% of
affected children survive to adulthood. The risk of developing cancer goes down
remarkably after children surpass age 5. Despite low mortality, hereditary RB may
pose a significant risk of disability and ongoing challenges that last throughout
childhood, into adulthood. There is currently a lack of investigation of the long-term
effects of hereditary RB outside of medical outcomes.
This work aims to gather insight from retinoblastoma survivors and better
characterize the impact of a childhood diagnosis of retinoblastoma throughout the
lifespan. Specifically, we aim to investigate how diagnosis at birth influences
outcomes compared to diagnosis at clinical presentation. A significant difference in
morbidity or outcome would support the consideration of hereditary RB nomination
for the RUSP. Further, it may support the addition of additional molecular technology
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to the NBS, especially for states still comparing the costs and benefits of such
additions.

METHODS
This research was approved by the California State University at Stanislaus
Institutional Review Board under protocol #1920-087 on March 12, 2020.
Inclusion Criteria
For study inclusion, respondents had to be a) an individual with a history of
retinoblastoma or a caregiver of an individual with a history of retinoblastoma, b) over
age twelve, and c) English speaking.
Any individual who currently or previously served as a caregiver were eligible
to participate in the study. Parents of children who no longer need a caregiver, for
example, still qualified for inclusion. Responses pertaining to subjects with a serious
comorbidity unrelated to retinoblastoma were excluded.
Recruitment sources were not specific to hereditary RB and as such,
individuals and caregivers of individuals with sporadic RB were also invited to
participate in the questionnaire. Despite this study’s focus on hereditary RB, responses
from sporadic retinoblastoma survivors were also analyzed. Hereditary RB differs
from sporadic RB in terms of severity and natural history, however we felt that the
experiences of sporadic RB survivors may still help foster a better understanding of
the sequelae of a hereditary RB diagnosis. Data was separated between hereditary and
non-hereditary categories where appropriate to avoid skewed results.
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Subjects were classified as hereditary or sporadic based on current diagnostic
criteria as follows: any subject reported to have hereditary RB, bilateral RB, or a
family history of RB were designated as hereditary. All others were called sporadic.
Subject Recruitment
Potential study participants were recruited through two online retinoblastoma
support organizations: the Facebook group 'Family of Children with Retinoblastoma'
and a private, email-based Yahoo support group for adult survivors of retinoblastoma.
The questionnaire was distributed to the Yahoo support group by e-mail. The survey
reached 330 individuals and returned 50 responses, for a response rate of 15%. 'Family
of a Child with Retinoblastoma' Facebook group members were invited to the
questionnaire via a social media posting from a moderator of the group. On the day the
survey was posted, the group had 1,805 members, however it is impossible to
determine how many members saw the post. A total of 30 responses were collected for
a response rate of 1.7% of total group members. Combined response rate was 4.4%.
Questionnaire Design
An online questionnaire was created and distributed using the program
Qualtrics (Qualtrics, 2020). The questionnaire was designed to be a single instrument
that could apply to retinoblastoma survivors of all ages, and therefore consisted of 346
total questions. No participant was prompted to answer every question. Rather, skip
logic was employed to display only the questions relevant to each respondent. The
average number of questions displayed to a participant was 47. Average response time
was twelve minutes.
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The questionnaire could be self-reported by an RB survivor, or it could be
completed by a caregiver. For this study, ‘participant’ or ‘respondent’ refers to the
individual filling out the questionnaire and ‘subject’ is the individual that is described
by the responses. A single questionnaire response could include data describing more
than one subject. For example, a survivor of hereditary RB who now has a child with
RB could respond for both herself and her child within different sections of the same
questionnaire response. This response would have one ‘participant’ and ‘respondent’
(the survivor herself) and two ‘subjects’ (the survivor herself and her child).
As part of the study consent documentation, prospective participants were
informed that the questionnaire would pertain to details of past or present illness that
that response), details of disease course and treatment (displayed for each individual
subject), visual disability assessment (displayed for every subject with preserved
vision in at least one eye), and a validated wellbeing assessment tailored to the age of
each subject. All participants were also asked for their opinion about adding may be
upsetting to recall. Participants were able to exit the survey at any time and were
permitted to skip any question they did not want to answer.
The questionnaire consisted of distinct sections including demographics and
inclusion criteria (displayed to every respondent for each individual subject within
hereditary retinoblastoma to the newborn screening panel. Question structure was
primarily multiple-choice, with a single open-ended free response question per
questionnaire (one per response). The free response question asked participants to

14

share additional challenges they have experienced as a result of retinoblastoma, and
how they cope with these challenges.
The questionnaire was piloted for clarity of language and structure on two
independent volunteers not otherwise associated with the project. As visual disability
and blindness are common in the RB community, the survey needed to be accessible
with screen rendering technology for use by the visually impaired. Unfortunately, it
was not possible for our team to test accessibility directly. Accessibility was
approximated with an internal Qualtrics tool. Questionnaire instrument and flow
diagram are included in Appendix A.
Visual Ability Assessment
The visual ability assessment was developed to evaluate both objective and
subjective visual disability. Objective visual disability was defined as any subject
considered visually disabled by US law, specifically any individual without preserved
vision or with a best-corrected visual acuity of 20/100 or poorer (Social Security Act,
1943). Patients self-reported their best corrected visual acuity. Subjective visual
disability was determined by asking participants if they considered the subject to be
visually disabled.
NBS Assessment
Every respondent was asked for their opinion on the addition of hereditary RB
to the NBS. Participants were first asked if they were familiar with the NBS. If they
were not, they were given a brief, two-sentence summary adapted from ‘Newborn
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Screening 101’ (Baby’s First Test, 2018) before continuing to the next question to
indicate their opinion on the NBS.
Data Analysis
Quantitative Data Analysis
Quantitative data was analyzed using Microsoft Excel (Excel for Mac version
15.37) and Jamovi 1.0 (Jamovi, 2020). Descriptive statistics were used to characterize
cohort with respect to demographic information and details of illness and treatment
course. Trends were analyzed for significance as described below. P-levels of less
than 0.05 were called significant for all tests.
Analysis of relationship between diagnosis timepoint and outcome.
Outcomes of hereditary RB survivors diagnosed at birth were compared to those of
survivors diagnosed at clinical presentation. To maintain consistent treatment
guidelines in compared subjects, the analysis was restricted to survivors diagnosed
after 1990, when standard of care shifted away from external beam radiation (Wilson
et al, 2007). Outliers were defined as subjects diagnosed with hereditary RB
diagnosed more than 3 standard deviations above the mean age of diagnosis of (15
months) and were excluded (Andreoli et al, 2017).
Parameters selected for analysis were adapted from those used by Soliman et
al in 2016, when they assessed the efficacy of pre-term delivery in hereditary RB
treatment. All parameters that could be self-reported were included; specifically
ocular salvage, treatment success (as defined by Soliman et al, 2016), visual
outcomes, and the use of only focal treatment modalities.
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Pearson’s chi-squared test of association was used to evaluate significance of
differences in outcomes between the two groups (Table 4). P-value of less than 0.05
was considered significant. Cramér’s V statistic was used to measure effect size for
statistically significant relationships.
Favorability of newborn screening among the RB community. Significance of
NBS favorability data was evaluated using a binomial test with 95% confidence levels.
Circumstance of RB discovery. Trends in circumstance of retinoblastoma
discovery were analyzed using a binomial test with 95% confidence levels.
Efficacy of visual disability assessment in the RB community. Agreement
between subjects self-defined to have a visual disability and those defined as visually
disabled by the US government was tested using the exact McNemar’s paired samples
test for marginal homogeneity (Fagerland et al, 2013; Fay, 2011). P-value < 0.05 was
considered significant. Phi was used to measure effect size was for statistically
significant relationships. Data is reported in Figure 4.
Qualitative Data Analysis
Categorization of the free response data was performed by hand using word
processing software in collaboration with a second coder. The second coder was given
a basic description of hereditary RB and of the study design to reduce risk of
researcher bias. Quotes represented in this work are verbatim aside from spelling
corrections. Importantly, data extrapolated from the free responses should be
considered in general terms due to limited sample size. Responses are not
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representative of the opinions and experiences of the entire study population or the
larger retinoblastoma community.
Ethical Considerations
The content of the questionnaire was described to participants in the consent
document, before they were prompted with the first question. Instructions for
accessing 24-hour web-based and phone support resources were provided at both the
beginning and the end of the survey, in case participants were upset by the
questionnaire. All data was de-identified and stored on a password-secured hard drive.
Identifying information had to be kept for the selection of winners of the incentive.
This information was kept in a separate, password protected document that was not
associated with the study data.
Incentives
Respondents were given the option to leave their name and preferred contact
information at the start of the survey to be eligible to win one of eight $25 Amazon
gift cards as an incentive for participation in the study. This information was not
required to complete the survey, however respondents that did not leave contact
information were not eligible for the incentive drawing. Winners were selected via
random number generator from all individuals that answered at least one research
question and provided contact information. Questionnaire completion did not
influence chances of winning the drawing.

RESULTS
Description of Subjects
Of the 2,135 individuals potentially given the opportunity to participate in the
study, a total of 81 responses were recorded. Thirteen responses did not meet inclusion
criteria or did not contain a completed question block. Six responses were partially
recorded, with at least one completed questionnaire block. These six responses were
excluded from analysis of their respective incomplete sections and were otherwise
considered. 62 responses were complete, for a total of 68 responses that were included
in at least one data analysis. Eight of these responses contained data for more than one
affected individual. A total of 79 unique individuals with retinoblastoma were
represented in the study cohort.
Most of the subjects (n=53, 67%) analyzed by the questionnaire were over the
age of 18. Of the adult subjects, 50 (94%) responded to the questionnaire on his or her
own behalf. Of the three adult subjects’ questionnaires that were reported by proxy,
two were completed by a parent and one was completed by a spouse. The average age
of adult subjects was 37.8 years.
All pediatric data (n=26, 33%) was collected by proxy response (n=25, 96%)
except for one adolescent respondent who completed the questionnaire on her own
behalf (n=1, 4%). Average age of pediatric subjects was 8.3 years. Further description
of the study cohort is shown in Figure 1.
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Illness and Treatment Details
Age at the time of RB diagnosis is summarized by Figure 2. Earliest year of
diagnosis was 1960, and most recent year of diagnosis was 2019. Metastatic disease
was reported by two subjects who had hereditary RB (4%) and zero subjects with
sporadic RB.
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Figure 2

Age at RB Diagnosis Over Time

Participants in the study were prompted to indicate all types of treatment
the subject received for their retinoblastoma. The most common treatment modality
among both sporadic and hereditary RB was unilateral enucleation (47% and 81%,
respectively). External beam radiation (45%), systemic chemotherapy (38%), and
cryotherapy (32%) were also commonly reported in subjects with hereditary RB.
‘Focal Modalities’ corresponds to conservative medical management that does not
involve enucleation, external beam radiation, or systemic chemotherapy.
Specifically, this included cryotherapy, laser therapy, intraocular and intra-arterial
chemotherapy, plaque radiation therapy, photocoagulation, and thermotherapy. The
year of the RB diagnosis is critical for contextualizing trends in treatment modalities,
as the standard of care for hereditary RB has evolved greatly over time. Our data
represents patients diagnosed between 1960 and 2019, and therefore demonstrates
the expected shift away from external beam radiation after 1990 in favor of systemic
chemotherapy and focal modalities, described by Figure 3.
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Figure 3
Hereditary RB Treatment Modalities Over Time

Outcomes and Timing of Diagnosis
Nine subjects represented in the questionnaire responses were diagnosed with
hereditary RB at birth due to family history. Each of the nine subjects had an affected
parent. There were two sets of siblings, so data corresponds to seven unique families.
Year of diagnosis ranged from 1997 to 2017, and the mean year of diagnosis was
2008. Data was collected from twelve other subjects with hereditary RB between the
years of 1997 and 2019, diagnosed at clinical presentation. Altogether, there was data
from 21 hereditary RB survivors (n=21 subjects, n=42 eyes) diagnosed between 1997
and 2019. Of these 21 subjects, 10 had an affected parent (48%) and were diagnosed
at birth. Mean age of diagnosis for the group not diagnosed at birth was 6 months and
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average year of diagnosis was 2010. Outcome data from the two groups was
compared to approximate the effect of pre-symptomatic diagnosis (NBS). Results are
in Table 1, below.
Table 1
Hereditary RB Outcomes in Subjects Diagnosed at Birth vs Clinical Presentation
Diagnosis Time Point
Birth

Clinical
Presentation

Parameter

frequency

%

frequency

%

p-value

phi

Systemic
Chemo

3

30

7

64

0.044*

0.44

Focal Therapy
Only

6

60

4

36

0.279

Ocular
Salvage

19

95

15

68

0.020*

Subjective
Visual
Impairment

1

10

4

36

0.237

Treatment
Success

8

67

4

36

0.098

0.31

Note. Significance tested with Pearson’s Chi-squared test for independent samples.
*p<0.05 is significant.

Attitudes and Awareness of NBS in the RB Community
Of the 68 respondents, 62 completed the question block about NBS (91%).
Knowledge of the NBS was variable, but after learning what NBS was, 58 of the 62
respondents (93%) agreed that they would like hereditary RB to be on the NBS.
Differences between the hereditary and sporadic groups are demonstrated in table 2.
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Table 2
Knowledge and Opinion of NBS Within the RB Community

Hereditary RB

Sporadic RB

x%

N

N

%

Are you familiar
with the NBS panel?
Yes

17

47

9

35

No

19

53

17

65

Should hereditary RB
be added to the NBS?
Yes

35

No

1

P-Value
CI

97
3
< 0.001*

Upper
Lower

0.99
0.85

23

85

3

11
< 0.001*
0.97
0.69

Note. Significance analyzed with a binomial test, CI=95%
*P <0.05 considered significant.

Additional Findings
Efficacy of Current RB Screening Practices
Participants reported who first noticed a change in the subject that led to the
diagnosis of retinoblastoma. The circumstances that lead to the diagnosis of RB was
reported for 76 subjects. Results are displayed in Table 3. Most hereditary and
sporadic RB cases were first noticed by a parent or caregiver (82%). Only eight
percent of all subjects (hereditary and sporadic) were reportedly identified to have an
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eye problem by a doctor during routine visit. Nine cases (15%) of hereditary RB cases
were identified at birth from family history.
Table 3
Circumstances Leading to RB Diagnosis

RB Type

Hereditary RB
95% CI
L
U

N

%

P

Caregiver
Noticed a
Change

35

71

0.002*

0.58

Clinical
Screening

4

8

< .001*

Family
History

9

19

< .001*

Total

48

Sporadic RB

95% CI
L
U

N

%

P

0.85

27

96

< .001*

0.82

0.99

0.02

0.21

1

4

< .001*

0.01

0.18

0.09

0.33

28

Note. Significance analyzed with a binomial test, CI=95%
*P = 0.05 is significant

Assessing Visual Ability in the RB Community
All respondents were prompted to answer a visual ability assessment. Visual
ability information was not provided for two respondents (one with hereditary RB,
one with sporadic). One response was excluded as it pertained to visual disability
associated with an accident that occurred in adulthood. Of the 76 subjects
represented by this data, nine reported no preserved vision related to retinoblastoma
disease course or treatment (12%). Eight of the nine (88%) were hereditary RB
survivors, the other had sporadic RB (12%).
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Fifteen hereditary RB survivors (30%) reported preserved vision but did not
provide their best corrected visual acuity. Twelve sporadic RB survivors (50%) did
not provide their best corrected visual acuity. Three respondents reported their best
visual acuity in a format that was unable to be translated. All responses without
visual acuity data were included in descriptive statistics but excluded from the
analysis of objective vs subjective visual disability measures (Table 4 and Figure 4,
respectively).
Table 4
Legal vs Subjective Visual Impairment in the RB Community
Hereditary

Sporadic

Combined

Frequency

%

Frequency

%

Frequency

12

28

1

14%

13

Subjective
Visual
Impairment

22

51

15

88%

27

p-value

0.002*

< 0.001*

< 0.001*

1.82

6.29

2.08

Legal
Visual
Impairment

Odds Ratio

Note. Exact McNemar’s test used to test significance.
*P<0.05 is significant.

%
24%

50%

26

Figure 4
Objective vs Subjective Visual Disability in RB
Identify as Disabled

Legally Disabled in US
15

Sporadic RB

2

22

Hereditary RB

12

0

5

10

15

20
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Challenges Reported by the RB Community
The free response question included in the questionnaire asked participants to
share any challenges they experience as a result of their retinoblastoma, and what (if
any) accommodations they make to cope. The question was prompted to all
participants, but a response was not required to complete the survey. Of the 68
questionnaire respondents, 47 (69%) provided entered text in the short answer
question. One response was eliminated because it described challenges and disability
caused by a vehicle accident later in life, and another was eliminated because it did
not respond to the prompt. Of the 45 responses analyzed, 4 represented multiple
subjects on their questionnaire (affected parent with one affected child (n=3) and
affected parent with two affected children (n=1). A total of 50 individual subjects
were represented in these responses. 32 subjects had hereditary RB (63%), and 18

27

had sporadic RB (27%). The average diagnosis year was 1990 and the average age at
diagnosis was 9 months.
Common themes identified among the responses included accessibility and
physical limitations (n=44), psychosocial concerns (n=29), vision and eye problems
(n=19), other health issues attributed to RB itself or treatment (n=11), logistical
challenges of day to day life (n=6), and opinions of RB care (n=5). There were also a
number of people who reported ‘no challenges’ (n=5). These themes were further
divided into more specific categories, summarized in Table 5. Select quotations are
included below.
Accessibility
Accessibility and activity limitations were the most common challenge
reported by RB survivors. Clumsiness and frequent accidents and injuries were
described in six of the responses. One participant described their experience of
accidents and injuries throughout their lifetime:
I’ve always injured myself constantly. I’m very healthy and active but I
think I just can’t see what I need to avoid. When I was a kid, I thought I
was just clumsy, but now I recognize that my vision probably has
something to do with it. (60-year-old hereditary RB survivor)
Specific difficult physical obstacles and tasks were described by 6
participants, including stairs, hallways, navigating crowds and new environments,
and activities of daily livings (ADLs). The most common physical obstacle cited was
stairs (n=2). The mother of a two-year-old survivor of sporadic RB described that her

28

son “has trouble with climbing and will not use stairs. He also falls and runs into
things constantly. We have to watch him all the time.”
Other tasks reported as difficult included driving (n=4), reading (n=2), and
sports (n=3). A 26-year-old hereditary RB survivor described specific challenges he
experiences while driving in his day to day life:
Some parts of driving are difficult for me, especially parking. I also have
to jerk my head around a lot to check my blind spot, which is
uncomfortable. I bang my head more often than not. (26-year-old
hereditary RB survivor)
Subjects also reported accommodations needed at school and at work. One
participant describes the services she uses to attend college with a visual disability:
I am in contact with disability departments at my university and have note
takers, proof-readers, extra time in exams, large print question paper, and
slides used in lectures in advance. (23-year-old hereditary RB survivor)
Finally, seven participants shared cognitive challenges that they attribute to
RB diagnosis or treatment, including learning disability (n=4) and developmental
delay (n=1). Two subjects needed developmental therapy during early childhood.
My son has had to have developmental therapies across the board. Some
of this is due to his visual impairment but it is believed that his delays are
also a result of medical trauma, going under anesthesia so many times,
chemo, etc. (parent of a 2-year-old hereditary RB survivor)
Psychological and Social Challenges
Psychosocial concerns were also commonly reported as challenges. Several
(n=6) responses that identified the mental health and social problems to be more
detrimental to their well-being than any physical issues caused by RB.
Social issues were reported across age groups. Seven responses from adult
subjects answering on their own behalf described difficulty fitting into society and
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feelings of being outcast. Teasing and bullying was also commonly mentioned by
adults recollecting their own experiences, as well as by parents describing the
experiences of their children. One hereditary RB survivor contrasted the difference
between his experience and his 7-year-old son’s:
I've had issues, especially as a kid, with people making fun of me. My
child doesn't have as much of a problem with these but does face them
some. (42-year-old hereditary RB survivor and parent of 7-year-old RB
survivor)
Social effects of RB were reported to change as survivors grow older. For
example, the mother of a 9-year-old sporadic RB survivor described that her son’s
disability has impacted his social status differently over time:
When he was little, everyone wanted to be his friend because of him
having one eye. Now that he’s getting older it’s weird to those people.
(Mother of a 9-year-old sporadic RB survivor)
Both pediatric and adult survivors also were reported to make frequent social
adjustments in order to fit in. Several described discomfort with social conventions
that are specifically associated with vision, like eye contact:
I have always had trouble looking people in the eyes for fear I may be
judged or appear cross eyed or like I have a lazy eye. (33-year-old
sporadic RB survivor)
Other respondents described adjustments they make to camouflage some of
the physical differences associated with their diagnoses:
As I am getting older, I find that my socket does not work well with my
prosthesis and I am more conscious about it now than when younger. I
use frames that are thicker to hide side view and I try to use my hair to
cover it. (50-year-old hereditary RB survivor)
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Further, participants described a lack of compassion and understanding from
strangers. One subject described that, due to her unilateral enucleation, she cannot
see others while they stand on her right side. She shared that people get frustrated
because they think they’re being ignored. Similarly, the mother of a three-year-old
with sporadic RB described difficulties with other adults getting upset with her child
for clumsy accidents due to his visual impairment:
Crowds are hard for him. And people constantly think he’s being rude by
bumping into them when really, he just doesn’t see well enough to avoid
obstacles. (mother of a three-year-old sporadic RB survivor)
Psychiatric concerns were also frequently described. Eleven respondents identified
subjects to have at least one mental health diagnosis that they felt could be directly
attributed to RB or RB treatment.
For my son there haven’t been a lot of physical challenges. He struggles
from PTSD, anxiety, and OCD. The PTSD can be directly tied to his
treatments and I believe the other two were worsened by treatment.
(Mother of a 7-year-old hereditary RB survivor)
Similar difficulties were also described by adults answering on their own behalf:
Although I try to hide them, I have had problems with the following my
entire life social anxiety, low self-esteem, lack of confidence, and
nervousness. (40-year-old sporadic RB survivor)
Other psychosocial themes included medical trauma (n=2), guilt for the burden
placed on parents and other family members (n=1), and feelings of inadequacy (n=2).
Vision
The most commonly described visual concern was depth perception (n=7),
which was often described as an obstacle to activities like driving and participating in
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sports, as well as to navigating the world in general. One man described adjustments
he developed as a child to compensate for his lack of depth perception:
I subconsciously at a young age developed a system of using my hands
as “feelers” when doing things that involve depth perceptions and when
walking down stairs or in hallways. (28-year-old hereditary RB survivor)
Logistics
Participants also described difficulty with the logistics of the rigorous
appointment schedule associated with hereditary RB, with one family even reporting
that it was more feasible to move out of state than it was to continue traveling for
treatment. Another family described the financial strain of travel and treatment with
several young children, even designating it to be the greatest challenge associated
with hereditary RB for their family. Several participants also described logistical
difficulties with prosthetics and adaptive equipment:
One of my biggest challenges throughout life has been getting a properly
fitted prosthetic and being able to afford them. Insurance doesn’t like
covering them and refuses to cover cleaning and maintenance. (52-yearold hereditary RB survivor)
Another subject described the difficulty she experiences when trying to find a
pair of glasses that will comfortably accommodate vastly different prescriptions in
each eye. She also described discomfort wearing glasses due to disfigurement of her
ears from external beam radiation therapy.
Recommendations
Several participants (n=5) shared experiences from their own RB diagnoses
and treatment in the context of making suggestions for RB standard of care. A 58year-old woman described the confusion and secrecy that surrounded her diagnosis:
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Growing up for me this was never discussed. I was almost a teen when a
doctor told me what I had. My parents were too distraught and never
talked about it. I couldn't ask questions because my Mother was just cry
and I didn't want to see her cry. (60-year-old hereditary RB survivor)
Another survivor shared how she wishes that she had more resources to deal
with the social challenges caused RB:
I think my biggest challenge as a kid was the emotional and mental
challenge for dealing with other kids that had no compassion. I wish as a
kid I had therapy or a heads up even to let me know what to prepare for.
(40-year-old sporadic RB survivor)
Finally, a parent with hereditary RB shared her experiences trying to get
appropriate care for her children:
Some [pediatricians] don't know enough information about to [RB] to
help a survivor when they ask about their incoming children. Also
getting a referral to an ophthalmologist shouldn't be hard but to make an
appointment is very time consuming. It should be easier for a
retinoblastoma parent to get ophthalmologist as soon as possible when
retinoblastoma is in question. There should be more information shared
about the matter. (38-year-old hereditary RB survivor).
Differing Opinions
Importantly, not all participants identified ongoing challenges caused by their
RB. One participant shared that she ‘identifies more as someone with an artificial
eye, rather than a cancer survivor. I don’t remember much of the initial stages.” (27year-old sporadic RB survivor). Another shared that the only lasting impact of his
illness was ‘just blindness’ and that he did not consider it to be a significant
challenge in his life, reporting that he has ‘adapted very well!’ (22-year-old
hereditary RB survivor).
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Parents of a 10-year-old sporadic RB survivor described only minor affects
they attribute to her cancer:
The only challenge our daughter faced was playing badminton as part
of a physical education school subject. G struggled to hit the
shuttlecock. Nil other challenges! (father of 10-year-old sporadic RB
survivor)
Table 5
Challenges Reported by the RB Community
Theme and Sub-themes
Accessibility and Limitations
Activity Limitations

Frequency

Percentage

41

91%

22

49%

frequent accidents/injuries (n=6), driving (n=4), sports (n=3), reading (n=2),
stairs/hallways (n=3), ADLs (n=1), new settings (n=1), toys (n=1), crowds (n=1)
Accommodations

12

27%

work/school (n=8), physical (n=2), for blindness (n=2)
Cognitive Challenges

7

16%

learning disability (n=4), developmental therapy/developmental delay (n=3),
Psychosocial
Social Concerns

29
18

64%
40%

bullying (n=6), appearance (n=4), vision-dependent social skills (n=3), making
friends/fitting in (n=3), eye contact (n=2)
Psychological Concerns

11

24%

Mental illness (n=5), feeling inadequate (n=3), trauma (n=2), guilt (n=1)
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Preserved Vision Challenges

19

42%

Depth perception (n=7), hand-eye coordination (n=2), blind spot(s) (n=2), night
vision (n=2), peripheral vision (n=2), physical pain (n=1), astigmatism (n=1)
Long-Term Health

11

Treatment Sequelae

24%
9

20%

Radiation sequelae: facial disfigurement (n=4), hearing loss (n=1), vision loss
(n=1)
Chemotherapy sequelae: GI issues (n=1), Neuropathy (n=1), hearing loss (n=1)
Other

2

4%

Autoimmune disease (n=1), secondary malignancies (n=1)
Logistics

6

13%

Travel and appointment schedule (n=2), prosthetic fit and cost (n=2), financial
strain (n=1), glasses fit and prescription (n=1)
Suggestions for RB Treatment

5

11%

More provider knowledge needed (n=2), more transparency with children (n=1),
more psychosocial support (n=1), cheaper surveillance for adult survivors (n=1)
No major challenges

4

9%

Note. Percentages refer to the number of responses counted (n=45). Percentages do not
sum to 100 because responses were counted for each theme represented in their
response, often more than once.

DISCUSSION
Hereditary RB is a good candidate for inclusion on the RUSP and eventually
state NBS panels because it has a well understood natural history, a screening test that
is feasible for implementation in state health departments, and treatment that is well
defined, effective, and available. Only conditions that demonstrate that a neonatal
diagnosis facilitates an improvement in morbidity or mortality outcomes are added to
the RUSP. Currently, such data for hereditary retinoblastoma does not exist.
Typically, conditions that are admitted to the RUSP are supported by either a large
scale, retrospective clinical case review study, or a pilot study, demonstrating the
value of early diagnosis. This research sought to compare outcome data reported
from hereditary RB patients diagnosed at birth to patients diagnosed when they
present with clinical signs of disease. Additionally, it assessed the knowledge of the
NBS and favorability of adding hereditary RB to the NBS among members of the RB
community. There is currently a lack of published literature focusing on hereditary
RB survivors throughout the lifespan. With this research, we sought to gain an
understanding of the challenges and experiences of RB survivors directly from the
RB community.
Outcomes Compared Between Diagnosis Timepoints
Outcome data was compared between 21 hereditary RB patients diagnosed
between 1995 and 2019, nine of whom were diagnosed at birth due to family history
and twelve who were diagnosed at clinical presentation. Significant correlations were
35
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identified between early diagnosis and reduced systemic chemo use (p=0.044), and
for early diagnosis and increased ocular salvage (p=0.020). No significant association
was demonstrated between early detection and the use of focal therapy only,
subjective visual outcome, or treatment success. Soliman et al, 2016, is the only other
publication known to have analyzed hereditary RB outcomes with respect to
diagnosis timing. They compared the outcomes of eight hereditary RB neonates
delivered at term to twelve that were delivered between 36- and 38-weeks’ gestation
to facilitate earlier treatment. All subjects of the Soliman et al. study were born
between 1997 and 2014. Soliman et al found three significantly improved outcomes
correlated with subjects who were delivered early to begin treatment. They, however,
did not find the same decrease in systemic chemotherapy use that this work identified.
Rather, Soliman et al demonstrated improved ‘treatment success’, a parameter they
define as any treatment course that does not require external beam radiation or
enucleation. Our data was also assessed for treatment success, but a significant
correlation was not identified. Soliman et al also identified a significant relationship
between earlier treatment and ocular salvage.
Importantly, significant methodological differences prevent direct comparison
between results of the two studies. First, data for the Soliman et al. research was
sourced from clinical documentation and as such, they were able to be more specific
with regard to timing of diagnosis. Because our study relied on self-reporting, data we
collected was both less specific and less reliable. We used parameters adapted from
Soliman et al.’s work to compare outcome, however self-reporting limited the
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parameters that could be reasonably reported by respondents, eliminating several
found to be significant in by Soliman et al. (2016). Specifically, they included quality
of preserved vision in their analysis, and identified a statistically significant increase
in vision quality among treated following early delivery. Our data did not include
enough visual acuity data to analyze this parameter. They also demonstrated
significantly improved ‘rating’ according to the International Intraocular Tumor
Retinoblastoma Classification Equivalency Category (AJCC Cancer Staging Manual,
2017), indicating malignancy was less advanced in patients delivered and treated
early than in the term-delivery group. Without clinical documentation, we were
unable to evaluate this parameter.
Aside from inherent differences between clinical case review and selfreported data, Soliman et al.’s cohort represented expectant parents that were aware
of their hereditary RB risk and took action to facilitate the earliest diagnosis possible
without preterm delivery. All subjects of the Soliman et al. study were able to initiate
RB treatment in the first week of life (2016). In terms of diagnosis timing in relation
to birth, the early diagnosis group of our study was likely more comparable to the
later diagnosis group assessed by Soliman et al. (2016). Additionally, Soliman et al.’s
subjects were all treated at Hospital for Sick Children in Toronto, controlling for
variability in RB treatment protocols between medical centers. Our data does not
account for differences in treatment quality or protocols between medical centers.
Finally, our data includes two sets of siblings in the neonatal diagnosis group while
Soliman et al do not include any siblings in their cohort. Siblings introduce the
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possibility of shared environmental and non-RB1 genetic factors that could influence
outcomes. While results cannot be directly compared, this research demonstrated the
same relative trend observed by Soliman et al—earlier diagnosis time point was
found to be significantly correlated with improved outcomes in some parameters
measured.
Conventional parameters used for evaluating cancer outcomes have limited
clinical utility in comparing hereditary RB cases due to the low mortality rate in
North America and the low risk of metastasis. Visual ability is one metric that is
undeniably useful in characterizing outcomes relative to one another. In the US,
visual disability has a strict federal definition and is otherwise loosely defined across
the medical field and in educational settings. A standardized method for comparing
visual outcomes between hereditary RB survivors will be necessary for a future
nomination to the RUSP. Our results demonstrate that using the US legal definition
of ‘visually disabled’ underestimated the proportion of RB survivors who experienced
vision-related impairment in their daily lives, identifying only 55% of subjects who
reported having a visual disability. Visual challenges identified specifically in the free
responses included depth perception, hand-eye coordination, and blind spots; none of
which are considered in the American legal definition of visual disability. It also does
not evaluate activities of daily life that are limited because of these visual
impairments, including cooking, reading, using a computer, and driving (all
mentioned in the short answer as specific challenges for RB survivors).

39

The clinical utility of a condition-specific vision-related quality of life
(VRQOL) metric is not unique to RB. Such instruments have been developed for
specific optic pathologies including glaucoma, chronic dry eye, and macular
degeneration, as well as others (Angeles , 2015). In particular, the Juvenile Idiopathic
Arthritis-associated Uveitis VRQOL instrument is designed for use in pediatric
subjects. While specific to the pathology and natural history of uveitis, the instrument
emphasizes functional vision and assesses activities that subjects listed as specifically
challenging in the free response portion of our questionnaire including driving,
reading aids, and school accommodations (Angeles, 2015). These limitations were
described by some subjects to be socially or psychologically difficult to manage, and
an instrument like the juvenile uveitis VRQOL potentially has the benefit of
identifying specific activity restrictions and experiences associated with psychosocial
turmoil in some patients. In addition to facilitating the comparison of outcome data, a
quality of life evaluation specific to RB may improve clinical care for hereditary and
sporadic survivors alike by helping providers address some of the long-term sequelae
reported by the subjects of our study.
Efficacy of Current RB Screening Practices
The current policy statement of the American Academy of Pediatrics outlines
that all children should have a red reflex screening test once before leaving the
neonatal nursery, and again at each routine care visit throughout childhood (American
Academy of Pediatrics Position Statement, 2008). Among our cohort, only 7% of all
RB cases were found as part of a routine pediatric exam, with most (81%) of cases
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diagnosed after a caregiver or family member observed a change in the appearance of
the child’s eye (P<0.001), suggesting limited value of the current screening protocols
in early detection of RB. It is difficult to identify specific weaknesses in the screening
protocol given multiple variables that could contribute, including patient cooperation,
parental adherence to the recommended pediatric appointment schedule, skill of the
practitioner performing the exam, and the exam itself.
Other research has identified limitations in the red-reflex test as a screening
tool. Abramson et al. conducted a large retrospective review correlated presenting
symptoms of RB with patient survival rate and ocular salvage rate found 80% of RB
cases presented with leukocoria noted by a parent, and only 8% with signs noticed by
a doctor upon clinical exam despite providers reportedly adhering to screening
guidelines (2003).
In 2010, a model using simulated retinoblastoma lesions in model eyes was
used to evaluate positive screening rates in different conditions. A significant increase
in detection rate when associated with dilated pupil size, larger tumor size, and
oblique orientation to the patient (evaluating from the sides as well as straight on). No
significant differences in detection rate were found between the practitioners
participating in the study (two pediatric ophthalmologists and three general
pediatricians). The researchers propose that best practices for red-reflex testing
include pupil dilation and oblique practitioner positioning, neither of which have been
implemented by the AAOP (Li et al, 2010).
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A 2005 study in Saudi Arabia reported that red reflex testing failed to identify
38% of eyes later found to have RB lesions upon concurrent exam under anesthesia.
In this study, red reflex testing was done on clinically dilated eyes (Khan & AlMefser, 2005).
In the context of the existing research, our findings further support that current
red reflex screening protocols are not effective screening tools for RB. While we
focused on potential addition to NBS as a more sensitive metric, an increase in the
quality of red reflex screening could also yield earlier diagnoses and better outcomes.
Challenges Identified by Retinoblastoma Survivors
Our study aimed to investigate what the RB community themselves identify as
the biggest challenges associated with RB survivorship. This was intended to identify
any other potential parameters that can be used to help characterize and compare
outcomes. Additionally, there is a lack of representation of RB survivors themselves
in current published literature—plenty of research focuses on medical outcomes, but
very little interacts with RB survivors directly to hear how they have experienced
survivorship. Deeper understanding of the ongoing sequelae of retinoblastoma is
important for integrating supportive care over a subject’s lifetime, not just during
their acute illness.
Several key themes emerged in the responses, including physical difficulty
and disability as well as visual impairment. Perhaps most surprising was the high
number of psychosocial challenges cited by participants. Several responses used a
version of the phrasing: ‘no physical challenges, but…’ before going on to describe
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social difficulty or mental health concerns. Challenges reportedly start early, with
bullying and teasing from peers, and were reported to continue over time, shifting in
some to physical insecurity or mental illness. A common theme was the constant
reminders of ‘otherness’ experienced by RB survivors. Special accommodations in
school, difficulty participating in sports, and challenges learning to drive were a few
commonly mentioned social situations that were different for children who have
survived retinoblastoma. Adults also reported social difficulty, especially with eye
contact and visual social cues. Several caregivers reported that their children seemed
to struggle with emotional regulation, and three even cited ‘medical trauma’ as the
cause of emotional or mental health issues.
Psychosocial Considerations
Mental health and cognitive development are often studied in the context of pediatric
cancer. It is commonly thought that a combination of stress, illness, changing family
dynamics, and neurotoxicity of treatment cause pediatric cancer survivors to be
especially vulnerable to mental illness and emotional distress (Murasak et al, 2018).
The Childhood Cancer Survivor Survey (CCSS) is an important long-term follow-up
study that included an evaluation for psychopathology in adult survivors. Survivors of
pediatric blood cancer and solid tumors were identified to have slightly higher risk for
psychiatric diagnoses than their unaffected siblings who were evaluated as a control
(Zersack et al., 2002). Increased risk of psychopathology was also found to be more
common in patients treated with systemic chemotherapy (Zersack et al., 2002).
Similarly, a recent retrospective analysis of over 4000 long-term pediatric cancer
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survivors in Ontario, Canada also demonstrated increased vulnerability to psychiatric
illness in survivors. Survivors were found to receive mental health care 1.3 times
more frequently than their peers. Female survivors and survivors diagnosed between
age 13 and 18 were found to receive mental healthcare at shorter intervals than other
pediatric cancer survivors. Long-term survivors were also found to be at increased
risk for a severe psychiatric event (defined as a suicide attempt, hospitalization, or
emergency department visit) than their peers. Survivors of either gender diagnosed
between age 0 and 4 were at the highest risk for a severe episode, with 16%
experiencing an episode before age 28 (Nathan et al., 2018).
Few studies have addressed psychiatric outcomes in RB survivors. The
frequency that psychosocial challenges were reported in the free response section of
our questionnaire indicates that RB survivorship may involve more psychiatric
morbidity than is currently thought. This is supported by Nathan et al.’s finding that
subjects diagnosed between ages 0 and 4 are more vulnerable to a major psychiatric
event (2018), which indicates that long-term memory of illness may be less important
in pediatric psycho-oncology than was previously thought (Nathan et al., 2018).
Further, the use of systemic chemotherapy for treating RB has become the standard of
care only within the last 15-20 years and there are still relatively few adult survivors
who were treated with systemic chemo when compared to pediatric survivors. The
correlation Zersack et al. identified between systemic chemotherapy treatment and
psychiatric illness further supports the potential value of further study in long-term
pediatric RB survivors (2002).
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Though psychosocial outcomes are not currently considered morbidities that
are relevant in the official nomination of hereditary RB to the RUSP, observations
from our free response analysis and the existing paucity of literature discussing longterm psychosocial outcomes among RB survivors suggest that this topic warrants
further investigation.
NBS in the RB Community
Finally, our questionnaire assessed the favorability of inclusion of hereditary
RB on the NBS among the RB community. While prior knowledge of the NBS is
mixed, opinions of the addition of hereditary RB were largely favorable (P<0.0001).
This result was perhaps to be expected based on the cohort consisting largely of
families who could have benefitted from hereditary RB’s inclusion on the NBS,
however, support within the community can be an important resource for public
health efforts. Patient advocacy has often played a significant role in the addition of
conditions to the NBS (Howe et al 2006), and enthusiasm from the community is a
sign that the RB community may be interested in participating in participating in
further research and lobbying for RB’s inclusion on the NBS.
Limitations
Limitations of this study include small sample size as well a large span of
ages represented. The standard of care for RB treatment has evolved drastically since
1960, the oldest year of diagnosis represented in our cohort. The trends and themes
represented by the data may not be generalizable to the greater hereditary RB
population. The data may also represent trends that are skewed by the year of
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diagnosis—if NBS were to be introduced for hereditary RB, the goal would be for
every patient identified to get current standard of care through treatment guidelines
focused on prioritizing life, then vision, then vision quality. Such conservative
measures are something of a recent development, with chemotherapy replacing
external beam radiation as the standard of care in only 1990. About 40% of our
cohort was diagnosed before this new treatment strategy was proposed, and their
experiences may not be relevant to an individual who was diagnosed today.
We are also limited by the self-reporting nature of this study. RB has a very
young age of presentation and, in general, survivors learn about their experience
through their parents, caregivers, and doctors. Some participants are describing
details of events that took place decades ago. Taken together, there is a possibility for
recall bias. Without clinical documentation, we have no way of verifying the accuracy
of the medical details provided by participants.

CONCLUSION
Retrospective comparison of outcomes between hereditary RB subjects
diagnosed at birth and those diagnosed at clinical presentation demonstrated that
diagnosis at birth was associated with two statistically significant improvements in
treatment course and outcome. We found that patients diagnosed at birth had better
rates of ocular retention (P=0.020) and were less likely to require systemic
chemotherapy (P=0.044) than those diagnosed at clinical presentation. Our results
also indicate that the American legal definition of disability is not a good predictor of
visual disability experienced by RB survivors, with the legal definition only applying
to 56% of subjects reported to experience visual disability in their daily life
(P=0.002). Despite American Academy of Pediatrics recommending routine red
reflex testing for RB screening in the general population, only 8% of subjects with
hereditary RB were identified by clinical exam (p<0.001). Finally, qualitative
analysis of challenges reported by study participants identified the most commonly
reported challenges among the RB community to include disability and physical
limitations and psychosocial issues, in addition to vision, overall health, and the
logistics of managing RB. These complicating morbidity factors should be considered
when evaluating the suitability of hereditary RB for NBS inclusion.
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Future Directions
While this work supports the potential value of newborn screening for
hereditary RB, clinical case studies or retrospective case review studies are needed to
further demonstrate the value of early diagnosis of hereditary RB.
Given that NBS inclusion could be decades away, even after addition to the
RUSP, improvements to existing screening methods that can be implemented quickly
are worth investigating. Red reflex testing may be a more sensitive screening tool if
adjustments are made to reflect the best practices described by Li et al. (2010).
Increasing provider education and proposing more rigorous standards for pediatric
retinopathy screening may increase clinical utility and improve outcomes.
There is also more to learn about the lasting psychosocial effects of
retinoblastoma. It is impossible to get a full picture of emotional wellbeing from a
short free response question. Perhaps longer qualitative study in the form of semistructured interviews or focus groups could help portray the spectrum of mental and
emotional health difficulties more fully, and therefore help adjust care to be more
supportive.
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