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Abstract

Purpose: To characterize chronic disease, health-related quality of life (HRQOL), emotional 

distress and social attainment among long-term survivors of neuroblastoma.

Methods: Chronic health conditions among 137 ≥10-year neuroblastoma survivors (median age: 

31.9 [range: 20.2–54.6] years) and 272 community controls (median age: 34.7 [range: 18.3–70.2] 

years) were graded using a modified version of the Common Terminology Criteria of Adverse 

Events version 4.03. HRQOL and emotional distress were assessed using the Medical Outcomes 

Study 36-Item Short Form and Brief Symptom Inventory-18. Log-binomial and logistic regression 

were used to compare the prevalence of chronic conditions and frequency of reduced HRQOL, 

distress, and social attainment between survivors and controls. The cumulative burden approach 

was used to estimate multimorbidity.

Results: By age 35 years survivors experienced, on average, 8.5 (95%CI=7.6–9.3) grade 1–4 

conditions, which was higher than controls (3.3 [95%CI=2.9–3.7]). Compared to controls, 
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survivors had a higher prevalence of any pulmonary (p=0.003), auditory (p<0.001), 

gastrointestinal (p<0.001), neurological (p=0.003), and renal condition (p<0.001), were more 

likely to report poor physical HRQOL (p=0.01), symptoms of anxiety (p=0.01) and somatization 

(p=0.01), and were less likely to live independently (p=0.01) or marry (p=0.01). In analyses 

limited to survivors, those with ≥1 grade 3–4 conditions were more likely to report reduced 

general health (OR=6.6, 95%CI=1.6–26.9), greater bodily pain (OR=4.2, 95%CI=1.0–17.0), and 

unemployment (OR=3.2, 95%CI=1.2–8.5).

Conclusion: Given the high burden of chronic diseases and the associations of these morbidities 

with reduced HRQOL and social attainment, screening and interventions that provide 

opportunities to optimize health are important among neuroblastoma survivors.

Precis:

Long-term survivors of neuroblastoma are at increased risk of pulmonary, auditory, 

gastrointestinal, neurological and renal conditions and are more likely to report poor physical 

health-related quality of life, and symptoms of anxiety and somatization when compared to 

community controls. Chronic conditions such as hearing loss, spinal disorders and short stature are 

associated with poorer health-related quality of life among survivors.
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INTRODUCTION

Neuroblastoma is the most common extra-cranial solid tumor among children accounting for 

approximately 6% of all cancers in children.1 Previous reports of neuroblastoma survivors 

have documented multimorbidity impacting a spectrum of organ systems.2–8 In the largest 

study to date consisting of 954 neuroblastoma survivors in the Childhood Cancer Survivor 

Study (CCSS) found increased risks of musculoskeletal, neurological, endocrine and sensory 

conditions compared to siblings.9 However, a limitation of these data was that health 

outcomes were based on self-report, and thus subject to both ascertainment and recall bias. 

Although other studies have evaluated late health outcomes in neuroblastoma survivors, 

these studies have been limited by one or more factors including small sample size,8,10 

retrospective study design with inconsistent ascertainment of outcomes,2,5,6 focus on 

subgroups of neuroblastoma (i.e., diagnosis during infancy or with high risk disease),3,6,7,11 

lack of extended follow-up into adulthood,3,6,7 and lack of a suitable non-cancer group for 

comparison. Nevertheless, the high frequency of chronic illness is of concern because 

conditions such as pulmonary disease, peripheral neuropathy, and endocrinopathies have 

been associated with adverse psychological outcomes in child and adolescent survivors of 

neuroblastoma12 while hearing loss has been associated with psychosocial and academic 

problems in school-aged survivors.13 The extent to which chronic health conditions are 

associated with quality of life, emotional distress, and social attainment in adult survivors of 

neuroblastoma has not previously been reported.
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The purpose of this study was to characterize the occurrence of chronic health conditions 

among a cohort of long-term (10+ year), adult survivors of neuroblastoma who underwent 

comprehensive, standardized screening of multiple organ systems. Additionally, among our 

neuroblastoma cohort we examined associations between selected chronic health conditions 

and health-related quality of life (HRQOL), emotional distress, and adult social attainment.

METHODS

Survivors of neuroblastoma included in this study are participants in the St. Jude Lifetime 

Cohort (SJLIFE) study.14 SJLIFE is a retrospective cohort study with prospective follow-up 

and ongoing data accrual.15,16 To be included in this analysis, survivors had to: (1) be treated 

at St. Jude Children’s Research Hospital (SJCRH) for neuroblastoma during childhood; (2) 

be 18 years of age or older and 10 or more years from diagnosis; and, (3) have completed a 

comprehensive clinical assessment at SJCRH as of June 30, 2015. A group of 272 controls 

with no history of childhood cancer who completed a comparable evaluation were also 

included in analyses. These individuals were recruited from the community or non-first-

degree relatives or friends of SJCRH patients and were frequency-matched on age, sex and 

race/ethnicity.

Comprehensive clinical evaluations at SJCRH included a history and physical exam by a 

health practitioner, laboratory testing, and standardized evaluation of physical function. In 

addition, survivors underwent risk-based evaluations (echocardiography, semen analysis, and 

cataract testing) as per guidelines endorsed by the Children’s Oncology Group.17 Controls 

underwent the same clinical assessments as survivors, with the exception of semen analysis, 

cataract testing, hearing loss testing and dual X-ray absorptiometry (DXA). Hearing loss and 

vision difficulties were self-reported by controls. Chronic conditions were graded using a 

modified version of the Common Terminology Criteria of Adverse Events (CTCAE), 

version 4.03.18 One hundred and sixty conditions were graded as (mild [grade 1], moderate 

[grade 2], severe/disabling [grade 3], or life-threatening [grade 4]). Controls underwent the 

same testing as survivors except for DEXA, semen analysis and cataract testing.

HRQOL was assessed using the Medical Outcomes Study 36-Item Short Form (SF-36).19 

The SF-36 includes eight subscales measuring general health, physical function, role 

limitations caused by physical factors, bodily pain, social function, mental health, role 

limitations cause by emotional factors, and vitality. Emotional distress (anxiety, depression, 

and somatization) was assessed using the Brief Symptom Inventory-18.20 Both the SF-36 

and BSI-18 have a mean of 50 and standard deviation of 10. SF-36 scores ≤40 and BSI-18 

scores ≥63 were considered to represent poor HRQOL and clinically significant emotional 

distress, respectively. Social attainment was assessed using indicators of education (≤high 

school graduate vs. training after high school, some college, and ≥college graduate), 

employment (not currently working [unemployed, disabled, retired] vs. employed [working 

part-time or full-time], marital status (not currently married [single, never married] vs. 

currently married, living with a partner as married or history of marriage [divorced, 

widowed]), and independent living (yes [living with spouse/partner, roommates or alone] vs. 

no [living with parents, siblings, or other relatives]).
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Log-binomial regression was used to compare the prevalence of chronic conditions (grade 

1–4) between survivors and controls using prevalence ratios (PR) and 95% confidence 

intervals (CI). Models were adjusted for attained age and sex. As previously described. the 

mean cumulative count of chronic conditions by age was used to estimate cumulative 

burden, that is, the average number of recurrent/multiple health events.21 The overall 

cumulative burden of disease was calculated for both survivors and controls; models were 

also stratified by sex and stage among survivors. Log-binomial regression was used to 

compare the frequency of reduced HRQOL, emotional distress, and social attainment 

between survivors and controls, and to assess associations between frequently occurring 

chronic conditions (hearing loss, short stature, and spinal disorders) with these outcomes. 

All models were adjusted for attained age, age at diagnosis, sex, and race/ethnicity.

RESULTS

We identified 235 eligible survivors of neuroblastoma a median of 31.9 (range: 18.6–55.2) 

years after diagnosis (Table 1). Among these 136 (57%) underwent comprehensive clinical 

assessments (survivor participants; Supplementary Figure 1). Compared to non-participants, 

survivor participants were younger at diagnosis (mean [SD] 1.6 [2.1] vs. 2.3 [2.8] years, 

p=0.042); however, participants and non-participants did not differ by attained age, race/

ethnicity, or treatment exposures (P>0.5). Nineteen patients underwent autologous stem cell 

transplant (ASCT). Eligible survivors did not differ from community controls based on sex 

or race/ethnicity but were younger at study evaluation (mean [SD], 32.4 [8.2] vs. 34.7 [9.9] 

years, p=0.006).

Chronic Health Conditions

At 35 years of age, the cumulative incidence of any chronic health condition among 

survivors was 95% (95% CI=90–98%) and the cumulative incidence of at least one grade 3–

4 condition was 67% (95% CI=58–76). Compared to controls, survivors had a statistically 

significant higher prevalence of any pulmonary (PR=1.7, 95% CI=1.3–2.3), auditory 

(PR=10.2, 95% CI=4.9–21.0), gastrointestinal (PR=1.9, 95% CI=1.4–2.5), neurological 

(PR=1.9, 95% CI=1.5–2.3), and renal conditions (PR=2.7, 95% CI=1.6–4.6), as well as an 

increased prevalence of subsequent neoplasm (PR=6.4, 95% CI=2.1–20.2). The severity of 

chronic conditions by CTCAE grade are provided in Supplementary Table 1.

As shown in Figure 1, the most prevalent conditions among survivors included obesity 

(58.1%), hearing loss (36.6%), low bone mineral density (36%), peripheral sensory 

neuropathy (34.1%), hypercholesterolemia (26.5%), and hypertriglyceridemia (25.0%). 

However, when compared to controls, the prevalence of obesity (p=0.78), 

hypercholesterolemia (p=0.89), and hypertriglyceridemia (p=0.13) were not significantly 

different. Hearing loss occurred predominantly among those survivors who had received 

either cisplatin or carboplatin (86.7% vs. 4.4%, p<0.001). The mean dose of cisplatin among 

survivors with and without sensory peripheral neuropathy was 200.3 (±321.6) mg/m2 and 

154.4 (±282.1) mg/m2, p=0.39, respectively, while the mean dose of carboplatin in survivors 

with and without sensory peripheral neuropathy was 236.6 (±959.4) mg/m2 and 239.6 

(±879.4) mg/m2, p=0.98. Hypertension, hypercholesterolemia, and hypertriglyceridemia 
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were not increased among survivors who had received platinum-based chemotherapy (data 

not shown).

Hematological (7.4%), immunological (0.7%), and ocular conditions (1.5%) were 

uncommon among neuroblastoma survivors. Growth hormone deficiency and hypogonadism 

also occurred at low frequency, with four survivors developing growth hormone deficiency, 

three females and two males developing primary hypogonadism, and three males developing 

central hypogonadism. Hypothyroidism was increased among patients who received chest 

radiation (23.1% vs. 8.3%, p=0.029). Mean height Z-score was −0.29 [±1.21] and −0.30 

[±1.44] SD for male and female, survivors respectively. Twenty-two percent of survivors had 

an adult height Z-score more than 1.3 SD below expected values. Although short stature was 

more frequent among survivors who had received radiation involving the abdomen and/or 

chest compared to those who had not received these therapies (34.6% vs. 19.1%), the 

difference did not meet statistical significance (p=0.09). Mean whole body and lumbar spine 

Z-scores were 0.12 [±1.35] and −0.70 [±1.05], respectively. Among patients with scoliosis, 

14.7% had received radiotherapy, 29.4% had undergone laminectomy and/or thoracotomy, 

and 20.6% had received a combination of radiotherapy and laminectomy/thoracotomy.

Fifteen subsequent neoplasms occurred among nine survivors including eight basal cell 

carcinomas (six occurred within the radiation field, two outside the radiation field), three 

carcinomas (one in field, two patients did not receive radiation), two Hodgkin lymphomas 

(one in field, one patient did not receive radiation), one Ewing sarcoma (in field), and one 

malignant peripheral nerve sheath tumor (outside the radiation field). The percentage of 

second primary neoplasms was elevated in survivors compared to primary neoplasms among 

controls (6.6% vs. 1.5%, PR=6.4, 95% CI=2.1–20.2). None of the nine survivors identified 

as carrying pathogenic or likely pathogenic genetic variants in FANCC (two survivors), 

FANCA, FH, POLH, SDHA, SDHB, SMARCA4, TP53, and CDKN1B developed a 

subsequent neoplasm.

Cumulative burden of chronic conditions in survivors and controls.

By age 40 years survivors experienced, on average, 11.5 (95%CI=10.2–12.8) grade 1–4 and 

2.9 (95%CI=2.4–3.5) grade 3–4 conditions, which was higher than the burden of grade 1–4 

(4.9 [95%CI=4.4–5.5]) and grade 3–4 (1.3 [95%CI=1.1–1.5]) conditions among controls 

(Figure 2a). As seen in Figure 2b and 2c, burden of grade 3–4 disease was higher in females 

than males (3.2 vs. 2.5, p=0.82) and higher among those diagnosed with stage 3 or 4 

neuroblastoma (3.6 vs. 2.5, p=0.77) across the age span, although these differences did not 

reach statistical significance. The organ system contributing the highest cumulative burden 

of grade 1–4 conditions among survivors (at age 50 years) was cardiovascular (4.4, 

95%CI=3.7–5.3, Supplementary Table 2), while the systems with the highest burden of 

grade 3–4 conditions were endocrine (0.82, 95%CI=0.59–1.12) and gastrointestinal (0.51, 

95%CI=0.16–0.92, Supplementary Table 3).

HRQOL, emotional distress, and social attainment

As shown in Table 2, the frequency of poor HRQOL in the domains of general health 

(OR=2.2, 95%CI=1.4–3.7) and physical functioning (OR=3.1, 95%CI=1.4–7.2) was higher 

Wilson et al. Page 5

Cancer. Author manuscript; available in PMC 2021 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in survivors compared to controls. Survivors were 2- to 3- times more likely than controls to 

report symptoms of anxiety (OR=2.5, 95% CI=1.2–5.1) and somatization (OR=2.2, 95% 

CI=1.2–4.2). Additionally, survivors were more likely to report not living independently 

(OR=1.8, 95%CI=1.1–2.8), and not being married (OR=1.5, 95%CI=1.1–1.9) than controls.

In analyses limited to survivors, hearing loss was associated with 2- to 2.5-fold increased 

odds of survivors reporting poor general health (OR=2.2, 95% CI=1.2–4.1), greater bodily 

pain (OR=2.6, 95% CI=1.2–5.9), and problems with social functioning (OR=2.6, 95% 

CI=1.1–6.6) (Table 3). Obesity was associated with an increased odds of reporting bodily 

pain (OR=3.0, 95%CI=1.8–8.1) and low vitality (OR=2.2, 95%CI=1.1–4.4), while a history 

of spinal disorders was associated with reporting low physical function (OR=3.0, 

95%CI=1.2–7.7). Short stature was associated with an increased likelihood of reporting poor 

quality of life related to physical functioning (OR=3.1, 95% CI=1.4–6.9) and role limitations 

due to physical health (OR=3.1, 95% CI=1.3–7.4; Table 3). Survivors with one or more 

grade 3–4 condition were 3- to 4-times more likely to report bodily pain (OR=4.2 

95%CI=1.0–17.0), low vitality (OR=3.3, 95%CI=1.0–10.2) and to not be currently working 

(OR=3.2, 95%CI=1.2–8.5), and 6 times more likely to report poorer general health outcomes 

(OR=6.6, 95%CI=1.2–8.5) compared to survivors with no severe/disabling or life-

threatening conditions.

DISCUSSION

This study, through comprehensive health evaluations, characterized health outcomes, 

HRQOL and social attainment of adults treated for neuroblastoma, the most common solid 

malignancy of infancy. In contrast to previous studies where health outcomes were 

ascertained through self-report, our clinical assessments allowed characterization of 

multimorbidity, with two-thirds of survivors affected by a severe or life-threatening health 

condition by 35 years of age. Moreover, we found that many of the most frequently 

identified conditions among survivors, such as hearing loss, obesity, spinal disorders, and 

short stature, were associated with reduced HRQOL across multiple domains. Survivors with 

one or more grade 3–4 condition were between 2- and 6-times more like to report increased 

bodily pain, poorer general health, and reduced vitality relative to survivors without a grade 

3–4 condition. This is important given that the cumulative burden of chronic disease was 

consistently higher among survivors than controls (2.9 vs. 1.3 grade 3–4 conditions by age 

40 years) and continued to rise with increasing age. The anticipated increase in morbidity 

with aging underscores the importance of identifying interventions to optimize health and 

functional status, symptom control, and overall quality of life among adult survivors of 

neuroblastoma.

In these analyses, 95% of neuroblastoma survivors, including those with lower stage disease, 

experienced at least one chronic illness. This is in contrast to previous work where studies 

among children diagnosed with advanced disease and/or who had received autologous 

transplantation, report late effects in the majority (>90%) of survivors,2,3,6,7 but not among 

survivors with lower stage disease. For example, a summary of outcomes among 

neuroblastoma survivor participants (all stages of disease) in the CCSS reports a 20-year 

cumulative incidence of a chronic condition at 41%9; and a smaller study of 43 Japanese 
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survivors identified health conditions in only 28% of participants.4 The higher prevalence of 

chronic conditions observed in our study is likely because outcomes were ascertained 

uniformly and clinically, and because SJLIFE participants were older (median 31.9 years) 

when compared to survivors in previous studies. Interestingly, we did not find the 

cumulative burden of chronic conditions to vary significantly by disease stage at diagnosis. 

As this study only included neuroblastoma survivors who were adults and more than 10 

years from diagnosis at follow-up, those individuals who developed very serious and life-

threatening illnesses because of aggressive treatments for advanced disease may not have 

survived to participate in the SJLIFE study. Nevertheless, the high degree of multimorbidity 

identified among neuroblastoma survivors highlights the medically complex needs of this 

population.

Late effects in the cohort were consistent with the clinical presentation of neuroblastoma and 

therapeutic approaches used over the years.2–9 Radiation therapy provided for local control 

of paraspinal tumors contributed to the increased risk of endocrine and musculoskeletal late 

effects. Systemic therapies that are still currently used for neuroblastoma have well-

established organ toxicities prevalent among survivors. For example, hearing loss was 

common and almost exclusively occurred among individuals treated with cisplatin or 

carboplatin. Cardiometabolic conditions (hypertriglyceridemia, hypercholesterolemia, 

abnormal glucose homeostasis, or obesity), prevalent among 25% and 58% of survivors in 

this cohort, have been infrequently noted in previous studies of neuroblastoma survivors. 

Indeed, in a report from the CCSS, male survivors of neuroblastoma were more likely to be 

underweight than sibling controls.22 As the prevalence of these outcomes did not differ 

among survivors and controls, and because we observed few significant differences in 

treatment exposures between survivors with and without cardiometabolic impairments, it is 

likely that these outcomes are a consequence of lifestyle rather than treatment exposure. 

Like the general population, health conditions develop in survivors of neuroblastoma as they 

age, increasing their risk for serious illnesses including cardiovascular diseases and diabetes.

In our sample, neuroblastoma survivors reported worse physical HRQOL compared to 

controls. This is not particularly surprising given the heightened prevalence of medical late 

effects observed among survivors; however, this finding contrasts with a past CCSS report 

that observed no decrement in physical HRQOL among survivors of neuroblastoma 

compared to sibling controls.23 This difference may be due to the nature of the comparative 

groups employed across studies. However, consistent with past studies, we observed that 

survivors were 2 times more likely to report symptoms of anxiety and somatization 

compared to community controls. We also found that spinal disorders, short stature, obesity, 

and hearing loss were associated with increased odds of reduced HRQOL. Though not all 

associations achieved statistical significance, likely due to our small sample size, the effect 

estimates were quite large and underscore the potential consequences of health status on 

survivors’ quality of life. In addition, we observed that survivors were significantly less 

likely to report being married and living independently. These results highlight the potential 

emotional and social consequences decades following treatment for neuroblastoma and 

identify subgroups who may benefit from psychosocial interventions. Moreover, as some 

survivors may not be aware of the presence of organ dysfunction contributing to HRQOL 
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deficits, clinical assessments that provide opportunities for early diagnosis and intervention 

are important for minimizing adverse outcomes in this high-risk population.

The strengths of this study included the comprehensive and systematic clinical and 

laboratory assessments that survivors underwent to identify chronic conditions, and that the 

median age of assessment (32 years) of participants was older than that reported for most 

prior studies of neuroblastoma survivors. Accordingly, these analyses provide information 

on the occurrence of chronic conditions many years after therapy. Additionally, this study 

had a clinically-assessed comparison group against which to compare health conditions, 

HRQOL, and social attainment in survivors. Our study was limited by our sample size, 

which prevented robust examination of associations between treatment exposures with late 

chronic events. Finally, as most participants were treated prior to 1990s, our ability to 

generalize findings to patients treated more recently, or with new therapeutics, may be 

limited. As survival rates for more recently treated patients with advanced disease have 

improved significantly over the past several decades, our findings may underestimate the 

true burden of morbidity among neuroblastoma survivors.

Out findings suggest that, in addition to many endocrine, auditory, renal and neurological 

late effects, the prevalence of cardiometabolic conditions is also high among aging survivors 

of childhood neuroblastoma. Moreover, multimorbidity is frequent among survivors 

regardless of stage at diagnosis. These findings highlight the wide range and high number of 

chronic conditions that can occur among neuroblastoma survivors, which in turn, may be 

informative for clinicians who care for survivors. Considering the high burden of chronic 

diseases among neuroblastoma survivors and associations between chronic diseases, such as 

hearing loss, obesity, spinal disorders, and short stature, with reduced HRQOL and social 

attainment, further development of screening and interventions, which provide opportunities 

to optimize health, are important for this population.
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Figure 1: 
Prevalence ratios for selected chronic conditions in neuroblastoma survivors and community 

controls.
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Figure 2: 
The cumulative burden of morbidity per individual in A) survivors of neuroblastoma 

compared to controls, B) by sex, and C) by stage.
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Table 1:

Characteristics of Neuroblastoma Survivors and SJLIFE Community Controls

Survivor Participants
1

N (%)

Survivor Non-

Participants
2

N (%)

p-value Eligible Survivors
N (%)

Community 
Controls

N (%)

p-
value

Sex

 Male 69 (51) 56 (57) 0.38 125 (53) 129 (48) 0.26

 Female 67 (51) 43 (43) 110 (47) 139 (52)

Age at diagnosis

 Median (Range) 0.9 (0.0–14.4) 1.0 (0–12.4) 0.042 0.9 (0–14.4)

Attained age
3

 Median (Range) 31.9 (20.2–54.6) 32.0 (18.6–55.2) 0.19 31.9 (18.6–55.2) 34.4 (18.3–
59.8)

0.006

Race/Ethnicity

 White 115 (85) 81 (82) 0.58 186 (83) 234 (87) 0.21

 Other 21 (15) 18 (18) 39 (17) 34 (13)

Treatment Era

 Before 1980 43 (32) 26 (26) 0.014 69 (29)

 1980–1994 83 (61) 53 (54) 136 (58)

 After 1995 10 (7) 20 (20) 30 (13)

Stage (INSS)

 1 32 (24) 26 (26) 0.18 58 (25)

 2A 15 (11) 18 (18) 33 (14)

 2B 26 (19) 16 (16) 42 (18)

 3 18 (13) 7 (7) 25 (11)

 4 30 (22) 27 (27) 57 (24)

 4S 15 (11) 5 (5) 20 (9)

Site

 Cervical 9 (7) 7 (7) 16 (7)

 Thorax 44 (32) 30 (30) 74 (32)

 Abdomen 73 (54) 58 (59) 131 (56)

 Pelvis 9 (7) 4 (4) 13 (6)

 Unknown 1 (1) 0 (0) 1 (1)

Chemotherapy

 Any

 Cyclophosphamide 98 (72) 66 (67) 0.37 164 (70)

 Ifosfamide 8 (6) 7 (7) 0.71 15 (6)

 Doxorubicin 90 (66) 55 (56) 0.10 145 (62)

 Carboplatin 15 (11) 14 (14) 0.48 29 (12)

 Cisplatin 41 (30) 32 (32) 0.72 73 (31)

 Etoposide 23 (17) 22 (22) 0.31 45 (19)

 Teniposide 25 (18) 16 (16) 0.66 41 (17)

 Vincristine 14 (10) 13 (13) 0.50 27 (11)

Cancer. Author manuscript; available in PMC 2021 March 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wilson et al. Page 14

Survivor Participants
1

N (%)

Survivor Non-

Participants
2

N (%)

p-value Eligible Survivors
N (%)

Community 
Controls

N (%)

p-
value

Radiotherapy

 Any

 Neck/thyroid 18 (13) 10 (10) 0.46 28 (12)

 Chest 26 (19) 19 (19) 0.99 45 (19)

 Abdomen 16 (12) 15 (15) 0.45 31 (13)

 Pelvis 12 (9) 13 (13) 0.29 25 (11)

1.
Neuroblastoma survivors who underwent clinical evaluation and were included in analyses

2.
Non-participants included those survivors eligible to participate but were lost to follow-up, had refused consent, or had consented but were 

awaiting campus evaluation

3.
Age at follow-up for survivor non-participants was June 30th, 2015.

SJLIFE – St. Jude Lifetime Cohort Study; INSS -, International Neuroblastoma Staging System
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Table 2:

Prevalence of poor HRQOL, emotional distress, and social attainment

Survivor Control
1

Frequency Frequency PR
2 95%CI p-value

HRQOL

 Physical function 14.2% 4.2% 3.1 1.4–7.2 0.01

 Role physical 12.6% 6.5% 1.2 0.7–2.1 0.57

 General health 25.9% 9.2% 2.2 1.3–3.7 <0.01

 Social function 13.3% 9.9% 1.0 0.5–1.8 0.92

 Bodily pain 16.3% 10.4% 1.3 0.8–2.3 0.25

 Role emotional 13.4% 9.5% 1.1 0.6–1.9 0.87

 Mental health 24.4% 16.8% 1.1 0.7–1.8 0.55

 Vitality 21.5% 15.3% 1.2 0.8–2.0 0.38

Emotional distress

 Anxiety 16.2% 5.4% 2.5 1.2–5.1 0.01

 Depression 13.1% 6.5% 1.4 0.6–2.9 0.41

 Somatization 19.1% 7.3% 2.2 1.2–4.2 0.01

Social Attainment

 Non-independent living 29.1% 14.5% 1.8 1.1–2.8 0.01

 Never married 52.9% 30.9% 1.5 1.1–1.9 0.01

 Not currently working
3 23.5% 16.0% 1.3 0.8–2.1 0.26

 Less than college degree
4 37.5% 19.5% 1.2 0.8–1.8 0.31

1.
262 controls were included in analyses.

2.
Models adjusted for age at follow-up, sex, education, employment and household income.

3.
Model not adjusted for employment status.

4.
Model not adjusted for education level. Educational attainment dichotomized as being ≤high school graduate vs. having some training after high 

school, some college, or being ≥college graduate.

HRQOL – health-related quality of life; PR – prevalence ratio; CI – confidence interval
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