1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

"% NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

o NATIG,

Published in final edited form as:
Cancer. 2015 January 1; 121(1): 123-131. doi:10.1002/cncr.28924.

Cognitive function and social attainment in adult survivors of
Retinoblastoma: A report from the St. Jude Lifetime Cohort
Study

Tara M. Brinkman, PhDY2, Thomas E. Merchant, DO, PhD3, Zhenghong Li, MS!, Rachel
Brennan, MD#, Matthew Wilson, MD#5:6, Mary Ellen Hoehn, MD#°:6, Ibrahim Qaddoumi,
MD#, Sean Phipps, PhD?, Deokumar Srivastava, PhD’, Leslie L. Robison, PhD?!, Melissa M.
Hudson, MD14, and Kevin R. Krull, PhD1:2

1Department of Epidemiology and Cancer Control, St. Jude Children's Research Hospital
2Department of Psychology, St. Jude Children's Research Hospital

SDepartment of Radiological Sciences, St. Jude Children's Research Hospital
“Department of Oncology, St. Jude Children's Research Hospital

SDepartment of Surgery, St. Jude Children's Research Hospital

6Department of Ophthalmology; University of Tennessee Health Science Center

"Department of Biostatistics; University of Tennessee Health Science Center

Abstract

Background—Retinoblastoma has a 5-year survival rate exceeding 95%, yet little is known
about long-term functional outcomes for these patients.

Patients/Methods—69 adult survivors of retinoblastoma (33 years of age, 31 years post-
diagnosis) enrolled in the St. Jude Lifetime Cohort Study completed clinical cognitive evaluations
and questionnaires assessing adult social attainment. Scores on all cognitive measures were
converted to z-scores (M=0, SD=1) using age-adjusted normative data. Multivariable linear
regression analyses, adjusted for age at diagnosis and disease laterality, were used to examine
associations between disease and treatment exposures and cognitive outcomes.

Results—Retinoblastoma survivors performed within normative expectations across most
cognitive domains. In multivariable models, adjusted for disease laterality, survivors diagnosed <1
year of age performed significantly better on measures of short-term verbal memory (3=0.87,
p<0.01), long-term verbal memory (3=0.66, p=0.02), verbal learning ($=0.67, p=0.02), and verbal
reasoning abilities ($=0.79, p<0.01) compared to survivors diagnosed >1 year of age. In
multivariable models, restricted to bilateral survivors and adjusted for age at diagnosis, whole
brain radiation exposure was significantly associated with poorer performance on tasks of short-
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term verbal memory (8—0.003, p=0.03) and long-term verbal memory ($=—0.003, p=0.01).
Reported social attainment was consistent with adult developmental expectations.

Conclusions—Adult survivors of retinoblastoma demonstrate few cognitive or social attainment
deficits decades following diagnosis and treatment. Findings suggest the potential for neural
reorganization following early insult to the visual system as well as vulnerability of the developing
brain to low dose radiation exposure. Early intervention and rehabilitation will be important for
these patients.

Introduction

Methods

Retinoblastoma represents approximately 6.1% of childhood cancer under the age of 5
years,! with approximately 350 cases diagnosed annually in the United States.? Over 95% of
children with this tumor are diagnosed before 5 years of age, with a median age of 24
months in children with unilateral disease and 9 to 12 months in children with bilateral
disease. Current treatment for retinoblastoma includes enucleation and/or chemotherapy
combined with local ophthalmic therapies. Historically, external beam radiation therapy was
used and resulted in high rates of disease control and functional organ preservation,3 but is
used less frequently in contemporary treatment protocols.* Despite a 5-year survival rate
estimated at over 95% during the last two decades, data on long-term cognitive and
functional outcomes for retinoblastoma survivors are limited.

Given the very young age at which retinoblastoma patients are treated, and the intensive
multimodal therapies they receive, survivors are likely at risk for disease- and treatment-
related late effects. While adverse medical outcomes, including subsequent malignancies,
have been well documented,5-8 only limited attention has been paid to cognitive or
functional outcomes, particularly in adult survivors. The few studies to report on cognitive
function in childhood retinoblastoma survivors have yielded mixed results and are limited
by small sample size and narrow assessment of cognitive abilities.®13 Despite these
limitations, evidence of superior verbal intelligence among bilateral survivors has been
reported, particularly in survivors blind as a result of their disease.10 12. 13 As brain
development and the potential for neuroplasticity continue well into adulthood, cognitive
patterns observed in early childhood may change over several decades following receipt of
cancer therapies. Thus, the aims of this study were to (1) report on patterns of cognitive
functioning using both direct assessment of specific processes as well as patient reported
neurobehavioral outcomes, (2) examine disease and treatment related predictors of
neurocognitive outcomes, and (3) report on indicators of adult social attainment in survivors
of retinoblastoma.

St. Jude Lifetime Cohort Study (SJLIFE)

The study design and cohort characteristics of SILIFE have previously been described.3
Briefly, SILIFE was established as a retrospective cohort with continuous enrollment, to
better understand the etiology and severity of long-term adverse effects of treatments for
childhood cancer survivors. Survivors eligible for this IRB-approved study include
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individuals treated at St. Jude Children's Research Hospital (SJCRH) for childhood cancer
between 1962 and 1999, and who are =18 years of age and =10 years since original cancer
diagnosis. The SJLIFE study initiated the retrospective component in November of 2007
with participants diagnosed since 1962 randomly allocated for recruitment in blocks of 50.
The current study sample was comprised of SILIFE retinoblastoma survivors recruited
through block 80. As of April 30, 2012, the cutoff date for these analyses, 112 potentially
eligible retinoblastoma participants were identified, of whom 69 (61.6%) had completed a
SJLIFE campus visit (Figure 1).

SJLIFE participants receive a comprehensive risk-based clinical and laboratory assessment
according to the Children's Oncology Group Long-term Follow-up Guidelines (COG
LTFU)!4 and augmented with a core test battery. Consistent with the COG guidelines,
retinoblastoma survivors receive a comprehensive ophthalmic evaluation which includes
assessment of visual acuity. For the current study, visual impairment was defined as best
corrected visual acuity worse than 20/200 in the better eye.

Cogpnitive testing was conducted during a two-hour session in dedicated evaluation rooms.
Assessed neurocognitive domains (and instruments) included intelligence (Wechsler
Abbreviated Scale of Intelligence)1%, academics (Woodcock Johnson Tests of Achievement-
I11: Basic Reading and Math Calculation subtests)16, memory (California Verbal Learning
Test-11: Total Learning, Short-Delay Free Recall and Long-Delay Free Recall)1?, attention
(Trail Making Test Part A18; Conners' Continuous Performance Test-11 [CPT-11]19); Digit
Span Forward subtest of the Wechsler Adult Intelligence Scale-111 [WAIS-111]29),
processing speed (Coding Subtest of the WAIS-111;20 CPT-1119), fine motor dexterity
(Grooved Pegboard)!8 and executive function (Trail Making Test Part B18; Controlled Oral
Word Association Test!8; Digit Span Backward subtest of the WAIS-11120). Order of testing
and survivors' schedules were controlled to limit impact from fatigue and extraneous factors
on neurocognitive testing. Survivors also completed self-report behavior ratings to assess
symptoms of executive dysfunction (Behavior Rating Inventory of Executive Function-
Adult version)?l, Each test yields standard scores (age-adjusted means and standard
deviations) using test specific standardization norms. If best corrected visual acuity (in the
better eye) was less than or equal to 20/200, visually based tasks with fine print were not
administered secondary to research demonstrating a significant blur effect on
neuropsychological assessments at this reduced level of acuity.22 No other testing
accommodations for vision were made.

In addition, survivors completed comprehensive health questionnaires to assess health
history and status, social and demographic factors, and psychosocial functioning. Social
attainment was measured by survivor self-report of marital status (single, never married or
never married living with partner as married; married; living with partner as married;
widowed; divorced; separated no longer living as married), current employment (not
currently working; working full-time; working part-time; caring for home or family;
unemployed and looking for work; unable to work due to illness or disability; retired,;
student), educational attainment (1-8 years; 9-12 years but did not graduate; completed high
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school/GED; training after high school other than college; some college; college graduate;
postgraduate level), and independent living (live with spouse/partner; live with parents; live
with roommates; live with brother and/or sister; live with other relatives; live alone). These
questions and response format parallel those used to assess adult social attainment in the
Childhood Cancer Survivor Study (CCSS).23

We estimated mean radiation dose to the entire brain and to the individual temporal lobes
through review of the treatment data including the dates of treatment, administered doses,
and technical parameters of delivery. Radiation therapy data was available for 29 of 30
patients who were treated with a variety of modalities, beam arrangements and fractionation
regimens: cobalt-60 was used in 12, 4MV photons in 15 and 10-12MeV electrons in 2 cases.
The distribution of dose was estimated by recreating the treatment using age-matched CT
and MR data sets of the head with the contoured brain and temporal lobe (left and right)
structures. The mean dose was calculated using a 3-dimensional treatment planning system.

Data analysis

Results

Descriptive statistics, including means, standard deviations and percentages were calculated
for all demographic and treatment variables and for the outcome measures. Scores on all
cognitive measures were converted to z-scores (M=0, SD=1) using age-adjusted normative
data. Mean scores for the whole cohort of retinoblastoma survivors were compared to
normative data using one-sample t-tests. Group differences by disease laterality were
examined using two-sample t-tests. Impairment was defined as z-scores >1 SD below the
normative mean. Frequency of impairment was examined for all retinoblastoma survivors,
and group differences by disease laterality were examined using Chi-square or Fisher's exact
test depending on the observed cell size. Pearson correlations were used to examine the
relations between age at diagnosis, radiation dosimetry and cognitive performance. For the
entire cohort, multivariable linear regression models were used to examine the association
between age at diagnosis and cognitive outcomes, adjusting for disease laterality.
Multivariable models restricted to bilateral survivors, adjusted for age at diagnosis, were
used to examine the association between radiation dosimetry and cognitive outcomes. Our
results were not adjusted for multiple comparisons.24 25

Survivor Characteristics

Survivors were, on average, 33 years of age at follow-up (range 21 to 46 years) and 31
years-post diagnosis (range 17 to 45 years; Table 1). Participants did not differ from
nonparticipants on demographic or treatment factors (Supplemental Table 1). Survivors with
bilateral disease were significantly younger at age of diagnosis (0.96 vs. 2.44 years,
p<0.001), more likely to be treated with radiation therapy (91.7% vs. 18.8%, p<0.001), and
more likely to have visual impairment at follow-up (41.6% vs. 0.0%, p<0.001) compared to
survivors with unilateral disease. No significant differences were observed in age at follow-
up or history of enucleation between survivors of unilateral and bilateral disease.
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Cognitive Outcomes

For the entire cohort, retinoblastoma survivors performed within normative expectations on
measures of verbal intelligence, attention, memory, processing speed, and executive
functioning (Table 2). Nonverbal reasoning abilities (Mean=0.21, SD=0.73; p=0.03) and the
ability to learn new information over a series of trials (Mean=0.39, SD=1.1; p=0.01) were
above normative expectations. Survivors performed one standard deviation below the
expected mean on a measure of fine-motor dexterity (p<0.001). Survivor self-ratings of
cognition and behavior were in the average range; however, survivors reported significantly
more problems with working memory (p=0.01) and task completion (p=0.04) compared to
similar aged adults. Impairment rates across cognitive domains are shown in Figure 2.

Disease laterality—Survivors with bilateral disease performed significantly better than
survivors with unilateral disease on measures of verbal learning (p=0.03), short-term verbal
memory (p=0.01), and long-term verbal memory (p=0.02). Performance in these domains
was superior for survivors of bilateral disease compared to normative expectations (all p's
<0.01). A larger proportion of survivors of unilateral disease were impaired on short-term
verbal memory (34.9% vs. 9.1%, p=0.04) and attention span (32.6% vs. 9.5%, p=0.07).
Cognitive outcomes by disease laterality are presented in Supplemental Table 2.

Age at diagnosis—Age at diagnosis was negatively correlated with performance on
measures of verbal learning (r=-0.39, p=0.002), short-term verbal memory (r=-0.47,
p<0.001), and long-term verbal memory (r=-0.45, p<0.001). In multivariable models,
adjusted for disease laterality, survivors diagnosed less than one year of age performed
significantly better on measures of short-term verbal memory ($=0.87, p<0.01), long-term
verbal memory ($=0.66, p=0.02), verbal learning (3=0.67, p=0.02), and verbal intelligence
(p=0.79, p<0.01) compared to survivors diagnosed when older than one year of age.
Importantly, in these multivariable models, disease laterality did not contribute significantly
to performance on cognitive tasks. Supplemental Table 3 shows cognitive outcomes by age
at diagnosis stratified by disease laterality.

Treatment exposure—Total brain radiation exposure was negatively correlated with
performance on measures of verbal learning (r=—0.45, p=0.02), short-term verbal memory
(r=—0.47, p=0.01), and long-term verbal memory (r=-0.60, p=0.001). Similar correlations
were observed for radiation dose to the right, but not left, temporal lobes. In multivariable
models, restricted to survivors of bilateral disease and adjusted for age at diagnosis, whole
brain radiation exposure was significantly associated with poorer performance on tasks of
short-term verbal memory (3=-0.003, p=0.03) and long-term verbal memory (3=-0.003,
p=0.01).

Social Attainment

Seventy percent of survivors were living independently and 62% were married or living as
married. Fifty eight percent of survivors completed college or postgraduate education. Three
quarters of survivors were employed full time, though over half reported a personal income
<$19,999. There were no significant differences in adult social attainment between survivors
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with unilateral versus bilateral disease (see Table 3), though a larger proportion of those
with bilateral disease were never married (41.7% vs. 22.2%).

Discussion

This study reports on cognitive outcomes and social attainment in adults who are, on
average, 31 years from diagnosis of retinoblastoma. Overall, retinoblastoma survivors
performed well within the average range across most cognitive domains assessed. Younger
age at diagnosis (i.e. less than one year) was associated with better performance on tasks of
verbal intelligence, learning and memory, after accounting for disease laterality. Increased
whole brain radiation dose was associated with poorer performance on verbal memory
among survivors with bilateral disease.

Previous studies reporting on cognitive outcomes of retinoblastoma survivors have largely
been restricted to children and have yielded mixed results. An early study reported that
survivors’ blind as a result of their disease (12 bilateral patients), had verbal 1Q scores 10
points above their healthy siblings, although sighted survivors with bilateral disease had
significantly lower 1Q scores than their sibling controls.13 Ek et al° reported no cognitive
delays in a sample of 22 survivors who were evaluated at 4 and 6 years of age. Notably, the
mean 1Q for survivors with bilateral disease was in the superior range. Reporting on a
sample of 54 survivors, Sheppard et al?6 observed that sighted children performed in the
average range on tasks measuring verbal intelligence but below average on tasks measuring
nonverbal intelligence. Of note, many of these studies were conducted with young children,
during a developmental period marked by greater instability on measures of intelligence.
Our results extend these findings by reporting differences in specific verbal processes,
beyond verbal 1Q, between survivors with unilateral versus bilateral disease. Specifically,
survivors with bilateral disease performed better than those with unilateral disease and
above normative expectations on measures of verbal learning and verbal memory. Despite
these differences, our results suggest that adult survivors of retinoblastoma, regardless of
disease laterality, are performing within age expectations across most cognitive domains.
Importantly, subsequent analyses suggested that disease and treatment variables beyond
disease laterality make important contributions to cognitive outcomes in retinoblastoma
survivors.

In our sample, after accounting for disease laterality, younger age at diagnosis was
significantly associated with better performance on tasks of verbal intelligence, verbal
learning and short and long-term verbal memory. That is, in multivariable models including
disease location (i.e. bilateral vs. unilateral) and age at diagnosis, younger age at diagnosis
contributed significantly to cognitive outcomes whereas disease laterality was no longer
significantly associated with cognition. Specifically, survivors diagnosed when less than one
year of age performed more than two-thirds of a standard deviation better on these verbally
mediated tasks compared to survivors diagnosed when greater than one year of age. These
findings are in contrast with those of other cancer survivors that suggest that younger age at
diagnosis is associated with increased risk for cognitive impairment, even decades after
treatment completion.2” Our findings are, however, consistent with the non-oncology
literature on the potential for neural reorganization following early sensory loss.28 For
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example, individuals blind very early in life may show comparable or even superior
cognitive skills, including verbal recall, compared to individuals with intact sensory
functioning. In retinoblastoma patients, it is possible that insult to the visual system
occurring very early in life (e.g. less than one year of age) results in cross-modal sensory
changes. Specifically, reduced visual input may result in neurophysiological changes in the
visual cortex and subsequently result in reorganization of this region of the brain to enhance
processing of verbal or auditory information. Children diagnosed at a very young age may
receive rehabilitation and intervention services during a phase of development marked by
increased neural plasticity thereby strengthening the potential for adaptive reorganization in
the brain. Future longitudinal research utilizing advanced neuroimaging techniques to
quantify potential physiological and morphological changes in the brain will be important to
confirm these hypotheses.2?

Radiation dose scatter to the brain and pineal gland has been reported following external
beam radiation therapy in children treated for retinoblastoma.3? Our dosimetry methods
allowed for determination of radiation dose to the whole brain as well as left and right
temporal lobes. To our knowledge, no previous study has examined the association between
radiation exposure to the brain and cognitive outcomes in retinoblastoma patients. Because
only a small number of unilateral participants were treated with radiation (n=8), we
examined the association between external beam radiation and cognition within bilateral
survivors alone. We found that increased whole brain dose was associated with poorer
performance on tasks of short and long-term verbal memory, after adjusting for age at
diagnosis. These results suggest that exposure to brain radiation is a risk factor for reduced
cognitive performance even within a subgroup of survivors who are cognitively intact. This
is particularly striking given the extremely small radiation dose to the brain. Past reports of
long-term cancer survivors have consistently documented cognitive impairments following
cranial radiation exposure >18Gy.31: 32 Qur results may suggest vulnerability of the very
young developing brain to even extremely small doses of radiation exposure. However,
these findings should be interpreted with caution given the small sample size and modest
association between the exposure and outcome.

In our study, most very long-term survivors of retinoblastoma reported attainment of
expected adult developmental milestones, with no differences observed based on disease
laterality. Reports of social attainment in adult survivors of other childhood malignancies
from CCSS provide context for understanding our outcomes. Sixty two percent of
retinoblastoma survivors in our study were married or living as married. This is slightly
higher than the 47% reported in CCSS.33 With respect to independent living, 82% of adult
survivors in CCSS reported living independently compared with 71% of our retinoblastoma
survivors.34 This modest difference may be accounted for, in part, by age differences in the
two cohorts. Specifically, the CCSS independent living analysis was restricted to survivors
older than 25 years while our sample included survivors as young as 20 years of age.
Depending on cancer diagnosis, between 7% and 18% of CCSS participants did not
complete high school.3> In contrast, only 4.3% of retinoblastoma survivors achieved less
than a high school education. We also found fewer non-college graduates in our sample
compared with CCSS. Despite these apparent educational attainment differences,
unemployment of 25% among our sample of retinoblastoma survivors is consistent with that
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reported in CCSS (27%).38 This may suggest that retinoblastoma survivors are
underemployed, relative to other cancer survivors, given their greater educational
attainment.

The results of this study should be considered in the context of several limitations. Survivors
who participated in this study may differ on cognitive and functional outcomes compared to
survivors who did not participate, thus introducing the potential for selection bias. Although
cognition and social attainment are not directly assessable in nonparticipants, participants in
this analysis were similar to nonparticipants on key demographic variables and treatment
variables. This is consistent with previously reported results from a comprehensive
evaluation of potential participation bias from the SILIFE cohort,3” which reduces concern
about possible differential participation. Given our small sample size we had limited power
to detect statistical significance, especially in analyses restricted to bilateral survivors.
However, our sample is larger than samples in previous studies and reflects the rarity of
retinoblastoma. Because survivors were diagnosed nearly 3 decades ago, data on the
presence of chromosome 13q deletions were not consistently available. This deletion has
been associated with cognitive impairment as well as other central nervous system
anomalies; however, phenotypes vary based on region of the gene deletion. We speculate
that very few participants who participated in onsite cognitive evaluations had 13q deletions.
It is important to note that retinoblastoma survivors are at-risk of developing subsequent
malignancies. Because only 8 participants in our cohort developed at least one subsequent
malignancy we were unable to assess the potential effect of subsequent treatment on
cognitive outcomes; this will be important for future studies to consider. While radiation
therapy is less commonly used in contemporary treatment protocols, surgical and
chemotherapeutic approaches to retinoblastoma changed very little until the end of the 20th
century. Therefore, evaluation of functional outcomes of historic cohorts remains relevant
for large numbers of patients and their providers.38

In sum, we found that adult survivors of retinoblastoma demonstrate few cognitive or social
attainment deficits several decades following diagnosis and treatment. Survivors diagnosed
less than one year of age performed better on measures of verbal reasoning and memory,
suggesting the potential for neural reorganization in very young children following an insult
to the visual system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Neurocognitive impairment by disease laterality
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Table 2
Adult cognitive outcomes
Mean~ SD* Imparment%’ 95% ciT  p-valuet

Intelligence

Verbal -0.09 1.06 13.9 6.5-24.7 0.51

Nonverbal 0.21 0.73 4.9 1.0-13.7 0.03

Full Scale I1Q 0.10 0.80 8.2 2.7-18.1 0.34
Academics

Reading -0.18 0.54 33 0.4-11.5 0.01

Math -0.16  0.76 17.0 8.4-29.0 0.12
Memory

New Learning 0.39 111 6.2 1.7-15.0 0.01

Short-term 0.09 117 26.2 16.0-38.5 0.53

Long-term -0.02 111 29.2 18.6-41.8 0.87
Attention

Focus -019 114 34.4 22.9-47.3 0.20

Sustain -0.12 147 13.1 5.8-24.2 0.53

Variability -0.15 1.24 21.3 11.9-33.7 0.35
Processing Speed

Cognitive -0.01 0.94 10.2 3.8-20.8 0.96

Response time -0.18 0.89 18.0 9.4-30.0 0.12
Executive Function

Cognitive Fluency -0.24 1.20 29.2 18.6-41.8 0.11

Cognitive Flexibility = -0.29  1.05 22.0 12.3-34.7 0.04

Working Memory -0.001 0.92 9.4 3.5-19.3 0.99
Motor

Fine motor dexterity ~ -1.09  1.37 48.3 35.2-61.6  <0.001
Cognitive Rating

Initiation -0.05 1.05 18.8 10.1-30.5 0.70

Working Memory -0.39 1.20 31.2 20.2-44.1 0.01

Planning -0.18 099 21.9 12.5-33.9 0.16

Task Completion -0.28 1.07 25.0 15.0-37.4 0.04

Organization -0.11  0.89 17.2 8.9-28.7 0.32
Behavior Rating

Inhibition -0.14 1.07 18.8 10.1-30.5 0.29

Shift -0.17 111 26.6 16.3-39.1 0.22

Emotional Control 0.02 1.10 20.3 11.3-32.2 0.87

Self-Monitor 0.01 1.10 18.8 10.1-30.5 0.92

*
Mean and SD represented in age-adjusted z-scores, referenced to nationally representative norms.
TImpairment > 1SD below normative mean, with expected impairment of 16%. 95% confidence intervals for impairment.

ip-value compared to expected M=0, SD=1
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Adult social attainment

Table 3

Unilateral N (%) Bilateral N (%) P-value
Current marital status 0.13
Single, never married 10 (22.2) 10 (41.7)
Married or living as married 30 (66.7) 13 (54.2)
Previously married 5(11.1) 1(4.17)
Independent living 0.25
Yes 34 (75.6) 15 (62.5)
No 11 (24.4) 9(37.5)
Patient education 0.82
Less than high school 2(4.4) 1(4.2)
Completed high school/GED 10 (22.2) 5(20.8)
Training after high school, some college 17 (37.8) 9 (37.5)
> College graduate 16 (35.6) 9(37.5)
Employment status 0.59
Employed/student 33(73.33) 19 (79.17)
Unemployed 12 (26.67) 5(20.83)
Personal income 0.41
<$19,999 23 (51.11) 15 (62.50)
> $20,000 19 (42.22) 8(33.33)
Missing 3(6.67) 1(4.17)
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