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Abstract

Background: Despite survival improvements, there is a paucity of data on neurocognitive 

outcomes in neuroblastoma survivors. This study addresses this literature gap.

Methods: Neurocognitive impairments in survivors were compared to sibling controls from 

the Childhood Cancer Survivor Study (CCSS) using the CCSS Neurocognitive Questionnaire. 

Impaired emotional regulation, organization, task efficiency, and memory defined as scores ≥90th 

percentile of sibling norms. Modified Poisson regression models evaluated associations with 

treatment exposures, era of diagnosis, and chronic conditions. Analyses were stratified by age at 

diagnosis (≤1 and >1 year) as proxy for lower vs. higher risk disease.

Results: Survivors (N=837; median[range] age 25[17–58] years, age diagnosed 1[0–21] years) 

were compared to sibling controls (N=728; age 32[16–43] years). Survivors had higher risk 
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of impaired task efficiency (≤1 year relative risk [RR]=1.48, 95% confidence interval [95% 

CI]=1.08–2.03; >1 year RR=1.58, 95% CI=1.22–2.06) and emotional regulation (≤1 year 

RR=1.51, 95% CI=1.07–2.12; >1 year RR=1.44, 95% CI=1.06–1.95). Impaired task efficiency 

associated with platinum exposure (≤1 year RR=1.74, 95% CI=1.01–2.97), hearing loss (≤1 

year RR=1.95, 95% CI=1.26–3.00; >1 year RR=1.56, 95% CI=1.09–2.24), cardiovascular (≤1 

year RR=1.83, 95% CI=1.15–2.89; >1 year RR=1.74, 95% CI=1.12–2.69), neurologic (≤1 year 

RR=2.00, 95% CI=1.32–3.03; >1 year RR 2.29 95% CI=1.64–3.21), and respiratory (>1 year 

RR=2.35, 95% CI=1.60–3.45) conditions. Survivors ≤1 year; female sex (RR=1.54, 95% CI=1.02–

2.33), cardiovascular (RR=1.71, 95% CI=1.08–2.70) and respiratory (RR=1.99, 95% CI=1.14–

3.49) conditions associated impaired emotional regulation. Survivors were less likely to be 

employed full-time (p<0.0001), graduate college (p= 0.035), and live independently (p<0.0001).

Conclusions: Neuroblastoma survivors report neurocognitive impairment impacting adult 

milestones. Identified health conditions and treatment exposures can be targeted to improve 

outcomes.

Lay summary:

Survival rates continue to improve in patients with neuroblastoma. There is a lack of information 

regarding neurocognitive outcomes in neuroblastoma survivors, most studies examined survivors 

of leukemia or brain tumors. This study 837 adult survivors of childhood neuroblastoma were 

compared to siblings from the Childhood Cancer Survivorship Study. Survivors had a 50% higher 

risk of impairment with attention/processing speed (task efficiency) and emotional reactivity/

frustration tolerance (emotional regulation). Survivors were less likely to reach adult milestones 

such as living independently. Survivors with chronic health conditions are at higher risk of 

impairment. Early identification and aggressive management of chronic conditions may help 

mitigate level of impairment.

Condensed Abstract:

Survivors of neuroblastoma had 50% higher risk of impaired task efficiency and emotional 

regulation compared to siblings. Those with chronic health conditions were at higher risk of 

neurocognitive impairment.
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Introduction

Neuroblastoma is the most common extra-cranial solid malignancy seen in children, with 

an average age at diagnosis of 19 months. Tumors can arise anywhere in the sympathetic 

nervous system, most commonly from the adrenal gland. Significant advances in treatment 

of neuroblastoma have resulted in overall survival rates of 80%.1, 2 Over the past 20 years 

treatment has been tailored to risk groups based on a combination of age at diagnosis, stage 

and biologic features of the tumor, resulting in improvements in survival for all groups. 

Risk-based approaches to treatment have resulted in a decrease in treatment exposures and 

intensity among low- and intermediate-risk groups without a decrease in survival, which 
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is around 93%.3 Meanwhile, cure rates in high-risk patients have gone from near uniform 

fatality4 to 84 % 5-year survival, due to intensified treatment that includes chemotherapy, 

surgery, tandem stem cell transplantation, radiotherapy and immunotherapy.5, 6 We are at 

a critical juncture to better understand the detailed late effects of long-term survivors of 

neuroblastoma.

Neurocognitive outcomes are of particular importance to study in neuroblastoma, given the 

young age at which patients are treated corresponds to critical times in neural development 

and the long-term impact of cognitive deficits can have on attainment of milestones during 

adulthood and quality of life.7 Most prior work examining neurocognitive outcomes in 

childhood cancer survivors has focused on survivors of acute lymphoblastic leukemia 

(ALL), central nervous system (CNS) tumors and survivors exposed to traditional risk 

factors such as CNS radiation and intrathecal chemotherapy. Studies have found up to 

50% of survivors being impaired on attention, memory, visuospatial abilities, executive 

functioning, and cognitive processing speed.8,9,10,11,12 Despite the intensive therapies 

patients with neuroblastoma receive at a very young age, little is known about their 

neurocognitive outcomes as adults13 or risk factors of impairment.

We sought to characterize neurocognitive outcomes in adult survivors of neuroblastoma 

diagnosed and treated for cancer over three decades (1970–1999), to examine potential 

differences in the proportion of impairment across treatment eras, to describe treatment-

related risk factors for impairment, and to examine the impact of impairment on educational 

attainment, employment and ability to live independently.

Methods:

Childhood Cancer Survivor Study

The Childhood Cancer Survivor Study (CCSS) is a multi-institutional, retrospective cohort 

study with longitudinal follow-up of childhood cancer survivors diagnosed between January 

1, 1970 and December 31, 1999 prior to the age of 21 years who survived at least 5 years. 

For this analysis, survivors of neuroblastoma were compared to a cohort of closest aged 

siblings of childhood cancer survivors recruited at the same time as survivors. The study 

design, procedure, and characteristics of CCSS have been described in detail previously.14,15 

Briefly, baseline and follow-up questionnaires captured health and demographic information 

for all participants. The CCSS Neurocognitive Questionnaire (CCSS-NCQ) was collected 

through follow-up survey between five and seven years after entry into the cohort. To be 

eligible to complete the NCQ survivors had to be considered adults (age close to or greater 

than 18 years, living independently, or an emancipated minor) at the time of follow up. 

The baseline and follow-up surveys and the medical record abstraction form used for data 

collection at each institution can be found at http://ccss.stjude.org. The institutional review 

board at each of the participating institutions approved the CCSS protocol.

Cancer Treatment Information

Primary cancer characteristics and detailed treatment information were abstracted from 

medical records.15 Treatment exposures were examined as yes/no as well as by dose 
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to determine if a dose dependent relationship existed. Chemotherapy exposures included 

alkylating agents, anthracyclines, platinum agents and retinoic acid. Cumulative doses of 

anthracyclines were expressed as doxorubicin equivalent dose.16 The majority of survivors 

who received neck radiation also received chest radiation. Similarly, the majority of patients 

treated with pelvic radiation also got abdominal radiation, therefore these exposure locations 

were grouped together. Exposure to cranial radiation, cranial spinal radiation and or total 

body irradiation (TBI) were combined into a single “brain radiation” category. Doses of 

radiation that were given as TBI were added to each body section.

Stage and risk classification were not collected in the cohort. Given age >12 months is a 

known prognostic factor we stratified our analysis by age. These strata serve as a proxy 

for risk group, low vs. intermediate/high risk disease respectively. Each of these strata were 

compared to siblings independently.

Chronic Health Conditions

Chronic health conditions were self-reported17 and graded using the National Cancer 

Institute’s Common Terminology Criteria for Adverse Events version 4.03.18 Events are 

graded from none (grade 0) to fatal (grade 5). Grade 1 conditions were described as 

asymptomatic or mild, grade 2 as moderate, grade 3 severe and disabling, while grade 4 

were life-threatening. Conditions were grouped into neurologic, endocrine, cardiovascular, 

pulmonary, respiratory, and hearing loss.19, 20 Grade of chronic conditions reported at the 

time of neurocognitive questionnaire assessment were included in this analysis.

Outcome Measures

The Childhood Cancer Survivor Study Neurocognitive Questionnaire (CCSS-NCQ) was 

developed as a tool to identify neurocognitive problems in survivors of childhood cancer.9 It 

is a validated, self-reported 25-item questionnaire that evaluates four cognitive domains 

commonly affected in cancer survivors - emotional regulation (ER), organization, task 

efficiency (TE), and memory.21,22 The first two address executive functioning while the 

latter address processing speed/attention and working/long term memory, respectively. The 

instrument asks participants to report on a three-point scale the degree of impairment 

they experienced in the last 6 months. Scores are totaled by domain, with higher scores 

indicating more problems, and impairment is defined as a score ≥90th percentile of the 

sibling distribution.

Statistical Analysis

As neither disease stage nor risk categories were collected in the CCSS, survivors were 

stratified by age at diagnosis to serve as proxy for risk group, with those ≤1 year considered 

lower risk (Strata 1) and those >1 year, higher risk (Strata 2).23 Demographic characteristics 

for the survivors (overall and by strata) and siblings were provided. Treatment characteristics 

of the survivors were compared among treatment era within strata. Frequencies were 

provided for categorical variables and median and range were provided for continuous 

variable. Frequency of impairment on each neurocognitive measure were reported for two 

survivor strata and siblings and by treatment era within each strata, A modified Poisson 

approach24 with robust variance estimates was conducted to compare the relative risk of 
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impairment on each neurocognitive measure, as well as chronic conditions to the sibling 

cohort for both strata, with adjustment on sex, age at evaluation and race.

The development of chronic conditions is expected to lie on the pathway from treatment 

exposure to neurocognitive measures and also the treatment exposures may be confounded 

with era, thus we evaluated their effects on neurocognitive measures in three separate 

models among survivors using modified Poisson approach; Model 1: Demographics and 

treatment, Model 2: Treatment era with adjustment on age at follow-up, sex, and race/

ethnicity and Model 3: Chronic conditions with adjustment on age at follow-up, sex, and 

race/ethnicity. Frequency of chronic health condition by neurocognitive impairment among 

survivors were also reported. Most chronic conditions were examined comparing grade 2–4 

vs < 2, except for hearing loss where grade1-4 was compared to < 1 due to evidence that 

grade 1 (Problems hearing, not requiring a hearing aid) can impact speech development and 

cognitive performance.25,26

Multivariable modified regression models were used to assess for the association between 

neurocognitive impairment and social attainment outcomes. Outcomes related to social 

attainment were restricted to survivors who were 25 years or older at the time of evaluations 

given that tthe outcomes are age depedant such as graduating from college.27 All models 

were appropriately adjusted, as indicated in the footnotes of the tables, and implemented in 

SAS (SAS9.4, SAS Institute, Cary NC) and GraphPad Prism (version 8.3.1 for Windows, 

GraphPad Software, San Diego, CA).

Results

Of the 1,039 potentially eligible 5-year neuroblastoma survivors 837 (80.5%) completed the 

CCSS-NCQ (Supplemental Figure 1: CONSORT diagram). Characteristics of the survivors 

and siblings are presented in Table 1 and treatment exposures for survivors in (Supplemental 

Table 1. The median [range] time since diagnosis of survivors was 23 (16–34) years and 

current age was 25 [16–43] years. 57% of survivors were female. The sibling group 

consisted of 728 siblings with median age 32 years [range: 17–58 years]. Survivors were 

younger, less likely to be white non-Hispanic (Table 1), graduate college (p=0.035), be 

married, have full-time employment (p<0.0001), and to be living independently (p<0.0001, 

Supplemental Table 2) compared to siblings.

Neurocognitive impairment

Frequency of impairment in survivors was 21.98% for task efficiency, 19.7% for emotional 

regulation, 25.3% for organization and 19.4% for memory. (Table 3) Survivors had 50% 

higher risk of impaired task efficiency (≤1 year relative risk [RR] 1.48, 95% confidence 

interval [CI] 1.08–2.03; >1 year RR 1.58, CI 1.22–2.06) and emotional regulation (≤1 year 

RR 1.51, CI 1.07–2.12; >1 year RR 1.44, CI 1.06–1.95) vs. siblings after adjusting for age 

at follow-up, sex, and race/ethnicity. (Figure 1). Few differences were identified between 

decade of treatment.
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Association with demographic and treatment exposures

Among survivors diagnosed ≤1 year, there was an increased risk of impaired task efficiency 

observed in the multivariable model that was associated with platinum exposure (RR 1.74, 

CI 1.01–2.97). Females had a higher risk of impaired emotional regulation compared 

to males (RR=1.54, CI=1.02–2.33). For survivors >1 year at diagnosis, impairment in 

emotional regulation was associated with brain radiation (RR 1.96, CI 1.05–3.65) while non-

Hispanic whites (RR 0.39, CI 0.26–0.58) and those treated with chest/neck/TBI radiation 

(RR 0.41, CI 0.23–0.76) were less likely to have impairment. Brain radiation was also 

associated with impairment in memory (RR 2.02, CI 1.14–3.58) (Table 2).

Association with chronic health conditions

Compared to siblings, survivors were more likely to have chronic health conditions (Table 

3), and survivors with chronic conditions were at higher risk of impairment than those 

without. (Supplemental Table 4) Among survivors ≤1 year at diagnosis, hearing loss (RR 

1.95, CI 1.26–3.00), cardiovascular (RR 1.83, CI 1.15–2.89) and neurologic (RR 2.00, CI 

1.32–3.03) conditions were associated with higher risk of impaired task efficiency while 

cardiovascular (RR 1.71, CI 1.08–2.70) and respiratory (RR 1.99, CI 1.14–3.49) conditions 

were associated with higher risk of impaired emotional regulation. Impairment in memory 

was also associated with hearing loss and neurologic conditions. For survivors >1 year 

at diagnosis, hearing loss (RR 1.56, CI 1.09–2.24) and respiratory (RR 2.35, CI 1.60–

3.45) conditions were associated with higher risk of impaired task efficiency. Those with 

cardiovascular conditions were at 60–80% higher risk of impairment across all domains 

except memory. (Figure 2)

Association of neurocognitive impairment with attainment of adult milestones

Among those ≥25 years of age, survivors were less likely than siblings to graduate from 

college (57.9 % vs. 64.6% p= 0.035), be employed full-time (58.3% vs. 73.3% p<0.0001), 

and more likely to be living dependently (24.3% vs. 10.1%, p<0.0001) (Supplemental Table 

2). For survivors ≤1 year at diagnosis, those with impairment in task efficiency had a 65% 

higher risk of not graduating from college (RR 1.67, CI 1.18–2.25) or being fully employed 

(RR 1.64, CI 1.14–2.35) and were at twice the risk of living dependently (RR 2.05, CI 

1.20–3.51) (Table 4).

Discussion

To our knowledge, this is the first large, multi-institutional study of neurocognitive outcomes 

among a diverse sample of adult survivors of neuroblastoma treated over three decades. 

Importantly, we demonstrated that this population is at risk for neurocognitive impairment 

especially in the domains of task efficiency and emotional regulation. Risk was higher in 

the presence of chronic health conditions and specific treatment exposures. Survivors with 

impairment were less likely to attain important adult milestones such as graduating from 

college and living independently.

We hypothesized that survivors treated in more recent eras would have more impairment 

given the increase in intensity in therapy of high-risk disease, however we found that among 
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survivors >1 year at diagnosis those treated in 1970s had an 80% higher risk of impaired 

emotional regulation when compared to those treated in the 1990s. This may reflect 

improvements in supportive care as well as increased awareness and understanding of late 

effects.28 Females ≤1 year at diagnosis were found to have a 35% higher risk for impairment 

in emotional regulation, which is a reflection of executive functioning.21 Similar results 

have been found in female survivors of ALL.29 It is unclear why females experience more 

problems with executive functioning, though differences in sequelae following traumatic 

brain injury are apparent between sexes.30 Hormonal regulation of brain development and 

response to injury may play a role. One perplexing result was the apparent protective effect 

of chest/neck radiation on ER in those older than 1 year at diagnosis. This may be due to use 

of more localized treatment and lower overall disease risk. Further study into this association 

is needed.

To date, understanding of neurocognitive late effects has primarily focused on survivors 

of ALL and brain tumors, who were exposed to CNS directed therapies like intrathecal 

methotrexate and cranial radiation.31,32 This study of neuroblastoma survivors found deficits 

despite the lack of traditional neurotoxic treatment risk factors. Animal studies have shown 

that neurotoxicity of different chemotherapy agents can occur by multiple mechanisms 

including direct neurotoxicity, hormonal changes, immunologic response, oxidative stress, 

DNA damage, and predisposing genetic polymorphisms33,34 that make the cells more 

susceptible to damage.35 For example, in vivo Cisplatin causes apoptosis of neurons in 

the cortex and thalamus, areas involved in processing speed and attention,36,37 which 

may explain impaired task efficiency in this cohort given platinum agents are integral to 

neuroblastoma treatment.

Studies of ALL survivors have shown higher risk of impairment with executive functioning 

and memory due to CNS directed therapy with methotrexate and brain radiotherapy.38 While 

overall, memory was not different in neuroblastoma survivors compared to siblings, those >1 

year at diagnosis who were exposed to brain radiation did have impairment in memory and 

emotional regulation. This impairment occurred despite getting lower doses of radiation than 

is typical of leukemia protocols. This study helps build our understanding of neurocognitive 

dysfunction outside of the traditional risk factors of cranial radiation, high dose methotrexate 

and intrathecal chemotherapy.39,40

Neuroblastoma survivors in this cohort were more likely to have chronic health conditions 

compared to their siblings and survivors with chronic conditions were more likely to have 

neurocognitive impairment. We know from studies of patients with certain chronic diseases 

that they are more likely to have neurocognitive impairment.41 For example, children and 

adults with diabetes are more likely to have cognitive deficits and are at higher risk for 

dementia. The pathophysiologic mechanisms include systemic and cerebral vascular changes 

along with white matter changes due to hypo- and hyperglycemia.42 Similarly, hypertensive 

patients also show neurocognitive impairment.43 Interventions to improve glycemic control 

and intensive blood pressure management44 have been shown to improve cognition in these 

populations. It is possible that similar interventions could help ameliorate these effects in 

neuroblastoma survivors. Prevention of chronic conditions as a direct result of therapy may 

not be possible for patients with neuroblastoma, especially in high-risk disease as treatment 
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continues to be intensified to improve survival. Therefore, identifying interventions such as 

lifestyle modifications (e.g., weight loss, smoking cessation, and exercise) to alter the impact 

of a certain conditions may be key to creating healthier survivors.

The impact of neurocognitive impairment on survivors’ ability to obtain adult milestones 

is striking. The inability of a survivor to live independently can have a multigenerational 

impact. This dependency can affect their parents and siblings’ ability to plan for the future. 

Survivors with neurocognitive impairment were less likely to be working full-time which 

has personal, familial, and societal consequences. Improving areas of impairment such 

as task efficiency with medication45 or cognitive interventions may result in improved 

independence and employment. These milestones are interconnected; lack of educational 

obtainment affects one’s ability to find employment which in turn can make living 

independently financially challenging, regardless of underlying medical conditions that may 

also be a hindrance. Aggressive early intervention while survivors are in school can have 

meaningful impacts. For example, we know that pediatric patients even with mild hearing 

loss (regardless of cause) can struggle academically. Simple interventions such as seating 

priority and teacher voice amplification systems are beneficial.46

The mean age at diagnosis for our study population was about 2 years, which is a critical 

time of development. Research on adverse childhood events (ACEs) shows that early 

childhood trauma/stress results in structural and functional changes in the brain, and that 

the effects of multiple ACEs compound each other.47 The diagnosis of cancer in a child is 

a traumatic event for themselves and their family, and the subsequent therapy has physical, 

emotional, and socioeconomical impacts. Using an early adversity framework, as suggested 

by Marusak48, the neurocognitive impairments found in neuroblastoma survivors may be 

a reflection of the collective family experience of their therapy as well as the medical 

treatments they received. Interventions to decrease compounding stressors (such as financial 

support, parental mental health counselling) may help mediate these effects.

Several limitations should be considered when interpreting our findings. Direct 

neuropsychological testing is the gold standard for assessing neurocognitive functioning,49 

however it is not feasible in a large and geographically diverse cohort. The CCSS-NCQ 

is a self-reported tool that has been validated in subjects with known neurologic disorders 

and against direct neurocognitive testing. Given the relatively young age of survivors our 

data may underestimate the prevalence of chronic health conditions as these increase with 

age and the impact of these conditions on neurocognitive functioning may also change 

with age.12 Our data were stratified by age to serve as a proxy for risk group for those 

with non-high risk and high risk disease. It is likely an imperfect proxy. The retrospective 

nature of the cohort study design precludes studying the causal effect of mood on cognition. 

Indeed, the CCSS measures of anxiety/depression report on the past 7 days while the 

CCSS-NCQ questions are over the past 6 months, limiting direct comparisons. Previous 

studies of survivors have shown when anxiety and depression do occur, it is often driven 

by either chronic health conditions or academic/vocational problems that are secondary to 

neurocognitive problems.50 It should be noted that subtle differences were seen between 

survivors who did or did not completed Follow-up surveys (Supplemental Table 5). White 

female survivors were more likely to complete a Follow-up survey, which is consistent with 
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many volunteer longitudinal clinical trials. Survivors who reported cardiovascular chronic 

health conditions were also slightly more likely to complete a Follow-up survey, which 

could result in bias towards slightly worse outcomes. Importantly, however, there was no 

differences found regarding sex or chronic conditions for survivors who completed Follow-

up but did or did not complete the NCQ. Lastly, while 80.5% of eligible neuroblastoma 

survivors completed the CCSS-NCQ, we did find differences in participation based on race 

and treatment era. As expected, minority survivors and those closer to diagnosis were less 

likely to participate (Supplemental Table 6). Further, it is important to acknowledge that the 

overall CCSS cohort is predominately white, these need to be considered when generalizing 

our findings.

Advances in cancer genomics and personalized medicine have allowed for individualization 

of treatment based on personal likelihood of cure. A similar approach is needed in 

survivorship care. While we may still be decades away from changing upfront therapy based 

on an individual’s risk of late effects, knowing what groups are at greatest risk can help us 

create targeted interventions during and after treatment. For example, based on our findings, 

females and patients with hearing loss are more likely to have neurocognitive impairment. 

Interventions targeting female patients with mild hearing loss early in treatment may 

allow for improvement in neurocognitive outcomes. The high prevalence of neurocognitive 

impairment found in this study suggests all survivors of neuroblastoma should be carefully 

screened and there should be a low threshold for formal neuropsychological testing. Future 

work should continue to focus on understanding the outcomes of neuroblastoma survivors 

as treatments evolve, especially among the growing population of high-risk survivors treated 

with modern therapies (eg. tandem transplant, MIBG therapy, immunotherapy). Moreover, 

as research identifies survivors at risk for neurocognitive impairment, intervention studies 

aimed at preventing and mitigating these outcomes are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Relative Risk of Neurocognitive Impairment for Survivors compared to Siblings. Model 

adjusted for age at follow-up, sex, and race/ethnicity.
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Figure 2: 
Associations between chronic health conditions and risk of neurocognitive impairment 

among survivors. Model adjusted for age at follow-up, sex, and race/ethnicity. Chronic 

health conditions examined comparing grade 2-4 versus <2, except for hearing loss where 

grade1-4 was compared to <1. Endocrine conditions include thyroid (hyper/hypo), diabetes, 

growth hormone deficiency, osteoporosis, and gonadal dysfunction. Respiratory conditions 

include emphysema and lung fibrosis. Cardiovascular conditions include hypertension, 

stroke, congestive heart failure, heart attack, arrhythmias, valvular dysfunction, and elevated 
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cholesterol. Neurological conditions include epilepsy, paralysis, weakness, problems with 

balance, and memory dysfunction. Impairment is defined as a score ≥90th percentile of the 

siblings’ distribution.
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Table 1:

Characteristics of Cancer Survivors and Siblings

Characteristic Survivors (N=837) Siblings (N=728) Age at diagnosis

≤1 year (N=428) >1 year (N=409)

Sex, N (%)

Male 363 (43.4) 318 (43.7) 195 (45.6) 168 (41.1)

Female 474 (56.6) 410 (56.3) 233 (54.4) 241 (58.9)

Race, N (%)

White, non-Hispanic 721 (88.1) 652 (93.8) 373 (88.6) 348 (87.6)

Black, non-Hispanic 17 (2.1) 13 (1.9) 9 (2.1) 8 (2.0)

Hispanic 37 (4.52) 16 (2.3) 18 (4.3) 19 (4.8)

Other 43 (5.26) 14 (2.0) 21 (5.0) 22 (5.6)

Age at diagnosis (years)

Mean (SD) 1.95 (2.64) N/A 0.45 (0.3) 3.51 (3.06)

Median (range) 0.97 (0.003–20.71) 0.43 (0.002–0.99) 2.42 (1–20.7)

Age at evaluation (years)

Mean (SD) 25.03 (4.87) 32.57 (8.01) 23.93 (4.11) 26.18 (5.17)

Median (range) 25 (16–43) 32 (17–58) 24 (16–33) 26 (18–43)

Time from diagnosis to evaluation (years)

Mean (SD) 23.53 (4.15)
N/A

23.93 (4.11) 23.11 (4.15)

Median (range) 23 (16–34) 24 (16–33) 23 (16–34)

Treatment era, N (%)

1970–1979 233 (27.8) N/A 133 (57.1) 100 (42.9)

1980–1989 342 (40.9) 180 (52.6) 162 (47.4)

1990–1999 262 (31.3) 115 (43.9) 147 (56.1)

Abbreviations: N= number; %= percent; SD= standard deviation; N/A; not applicable
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