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Abstract

Background: The 5-year survival rate for
individuals with neuroblastoma (NB) is
approaching 70%. Few data exist, howe-
ver, on long-term outcomes of these pa-
tients, who are often treated at a very
young age.

Procedures: Outcome data from 954
5-year NB survivors diagnosed between
1970-86 and enrolled in the Childhood
Cancer Survivor Study (CCSS) were ob-
tained. Late mortality, second malignant
neoplasms (SMN) and chronic health
conditions were analyzed in relation to
treatment factors. NB survivors were
compared to a cohort of 3899 siblings
of CCSS participants for risk of chronic
health conditions and selected sociode-
mographic outcomes.

Results: Six percentdied more than 5 years
after their diagnosis (standardized mor-
tality ratio [SMR]=5.6; 95% confidence
interval [Cl]:4.4-6.9). The most common
causes of death were disease recurrence
(n=43) and SMN (n=13). The cumula-
tive incidence of SMN was 4.1% at 25
years and 7.9% at 30 years. Compared
to the sibling cohort, survivors had an
increased risk of selected chronic health
conditions (rate ratio [RR] =8.3; 95%
Cl:7.1-9.7). The most prevalent outco-
mes involved the musculoskeletal, endo-
crine, sensory and neurological systems.
NB survivors who were treated with
multimodality therapy were more likely
to develop a chronic health condition
compared to survivors treated with sur-
gery alone (RR=2.2; 95% Cl:1.6-3.0).
NB survivors were less likely to have
ever been employed (p=0.04) or to be
married (p<0.001), and had a lower
personal income compared to siblings
(p=0.009).

Condusions: NB survivors are at elevated
risk for early mortality, SMN and chronic
health conditions, which underscores the
need for long-term medical surveillance.

Introduction

B |Increased Overall Survival for NB patients:
- 54% (1975-1984)
- 68.5% (1996-2003) (SEER data)

B Therapy for low and intermediate risk NB has
become less intensive

B High-risk patients continue to fare poorly des-
pite the use of multimodal intensive therapy

B NBsurvivors populationhasnotbeenwellstudied
even though they are among the youngest treat-
ed and potentially most vulnerable patients

Objectives

B To investigate the occurrence of, and risk factors
for, selected long-term outcomes

B To analyze late mortality, second malignant neo-
plasms (SMN) and chronic health conditions in
relation to treatment factors.

B Compare the risk for NB survivors of developing
selected chronic health conditions and sociode-
mographic outcomes relative to siblings

Methods

B CCSS cohort of 5-year NB survivors diagnosed
between 1970-1986 (n = 954)

B Baseline questionnaire and follow-up surveys
(2000 and 2002)

B Medical information abstracted from medical
record:chemotherapeuticagentsandcumulative
doses, surgical procedures, quantitative radia-
tion therapy data

B Comparison group of siblings of cancer survi-
vors (n = 3899)

Results

Characteristics of NB survivor and sibling cohorts

Characteristics Survivors Siblings P-value
(n=954) (%)  (n=3899) (%)
—] Gender
Male 455 (48) 1875 (48) 0.83
Female 499 (52) 2024 (52)
Vital status at baseline questionnaire
Alive 919 (96)
Dead 35(4)
Age at interview (y) at baseline
<10 33(3) 76 (2) <0.001
10-19 616 (65) 1010(26)
20-29 280 (29) 1381 (35)
30-39 23 (2) 1116 (29)
40-49 2(0) 316 (8)
Age at interview (y) at latest follow-up
<10 10() 12 (<1) <0.001
10-19 263 (28) 379 (10)
20-29 519 (54) 1353 (35)
30-39 155(16) 1332(34)
40-49 7() 823 (21)
Age at diagnosis (y)
<1 525 (55) NA
1-4 340 (36) NA
59 66 (7) NA
10-14 15(2) NA
15-21 8(1) NA
Year of diagnosis
1970-1975 228 (24) NA
1976-1980 291 (31) NA
1981-1986 435 (46) NA
Survival time (y) time at baseline
5 103 (11) NA
10-14 344 (36) NA
15-19 283 (30) NA
20-24 187 (20) NA
>25 37(4) NA
Survival time (y) at latest follow-up
- 32(3) NA
10-14 62 (6) NA
1519 272 (29) NA
20-24 298 (31) NA
>25 290 (30) NA
Treatment groups™*
Surgery only 200 (24) NA
Surgery +Chemotherapy (CT) 216 (26) NA
Surgery+ RT 132 (16) NA
Surgery+CT+RT 268 (32) NA
Others? 16 (2) NA

Demographics and health status of study subjects

(age adjusted)

Characteristics Survivors Siblings P- value
(n=954) (%) (n=3899) (%)
—1 Highest level of schooling®
Not High school Grad 3.2 2.7 0.68
High school Grad 48.3 45.4
College Grad 48.5 51.9
Ever employed®
No 13 02 0.04
Total household income*
<$19,999 14.7 10.4 0.003
$20,000-339,999 309 24.2
$40,000-59,999 229 233
Over 360,000 31.5 421
Total personal income*
<$19,999 40.7 31.9 0.009
$20,000-339,999 356 36.9
$40,000-59,999 16.8 18.3
Over $60,000 6.9 12.9
Health insurance®
Yes 80.0 79.5 0.51
No 131 1.7
Canadian 6.9 8.8
Ever Married*
Yes 54.9 67.9 <0.001
General health status*
No adverse 91.5 95.4 0.006
Adverse 8.5 4.6
Mental health status?
No adverse 93.9 95.6 0.33
Adverse 6.1 4.4

*NB survivors and siblings, aged 25+ atlast follow-up

4 Health status applies only to those who were age >/= 18 at baseline,

Age-Adjusted rate ratios of selected chronic health conditions first occurring
five or more years following diagnosis in NB survivors compared to siblings.

*Based on the 832 patients with medical records abstracted.

#20 patients had bone marrow transplantation, including16 who received total body irradiation (TBI)
* Among 16 patients who did not have surgery, 4 had CT only, 3 had RT only, 6 had both CT and RT

and 3 had no treatment

Cumulative
incidence
Condition at20yrs  Survivors Siblings RR 95% Cl P-value
since dx of
survivors (%)
Rate" (per 10,000 py)
Musculoskeletal complications 7.8 53.2 26 201 121353 <0.001
Scoliosis surgery 5.8 429 1.6 27.0 13.6-53.4 <0.001
Osteoporosis 2.3 12.5 0.9 132 55321 <«0.001
Neurological complications 29.8 1529 200 7.6 6491  <0.001
Weakness in arms or legs 13.7 353 1.6 227 164316 <0.001
Decreased sense of touch, feelings 10.7 45.5 44 102 7.6-13.7 <0.001
in hands, fingers, arms or legs
Prolonged pain or abnormal 13.7 82.4 1ns 7.0 5491 <0.001
sensations in arms, legs or back
Problems with balance 8.1 36.4 3.8 9.6 68135 <0.001
Seizures 6.6 244 4.1 6.0 4.2-8.7 <0.001
Tremor or movement problems 5.4 13.7 1.2 112 70-180 <0.001
Paralysis 5.5 14.5 13 113 73-17.5  <0.001
Endocrine complications 83 67.9 521 13.0  89-19.1 <0.001
Medication needed to 3.1 41.7 0.8 554 16.1-191.1 <0.001
initiate puberty
Growth hormone deficiency 4.2 24.6 0.6 385 152973 <0.001
Growth hormone injections 2.8 143 0.4 370 127-107.6 <0.001
Hypothyroidism 4.1 33.7 4.0 8.4 5.1-13.6  <«0.001
Sensory complications 8.6 22.6 28 80 56113 <0.001
Cataract 3.1 10.8 0.7 162 7.3-358  <0.001
Hearing loss/deafness 3.8 6.8 0.8 87 52146 <0.001
Blindness 3.1 11.0 1.6 6.9 4.0-11.8  0.004

“adjusted rate 2t age 15

Cumulative incidence of mortality, second malignant neoplasm, and selected
chronic health conditions among 5 year survivors of neuroblastoma.
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B NB survivors are at elevated risk for early mortality, SMN and
chronic health conditions (musculo-skeletal, neurological,
endocrine complications and hearing loss)

B NB survivors have less favorable sociodemographic outcomes
compared to siblings

B Long-term medical surveillance is required for
early detection of medical complications in NB survivors



