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1.0 Overall Background and Rationale:

212 639-8401
617 632-3971

Neuroblastoma is a cancer with heterogeneous clinical manifestations and behaviors.
Whereas localized tumors can usually be cured by surgical resection alone,' metastatic
tumors frequently progress despite intensive chemoradiotherapy.mWhile the overall
survival rate of low-risk neuroblastoma is more than 90%, the overall survival rate for
high-risk neuroblastoma patients remains less than 30% at 5 years.' However, with the use
of high-dose chemotherapy regimens, cis-retinoic acid and immunotherapy, a subset of
patients with high-risk disease achieve and maintain a complete remission.”

Low-risk neuroblastoma patients represent the majority of the neuroblastoma survivors.'
However, only a limited number of studies have assessed the long term complications
from treatment for these patients. These studies described small cohorts of patients
treated 20 to 40 years ago. “"In the previous decades, the low-risk patients were more
heavily treated with combinations of radical surgery, radiation therapy (often orthovoltage
radiation therapy) and chemotherapy.,l The most common long-term complications

reported for these patients are musculoskeletal and neurological problems.
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The data about the long-term complications from treatment of high-risk neuroblastoma
survivors are also limited.?'®Given the intensive multimodality therapy and, often, the



young age at the time of the treatment, these patients are at risk for long term
complications. A recent analysis of a cohort of 63 high-risk neuroblastoma survivors
treated at Memorial Sloan Kettering Cancer Center (MSKCC) showed that 95% of the
survivors developed at least one long-term complication and 29% more than three
complications. Hearing loss was the most frequent complication (62%), followed by
primary hypothyroidism (24%), ovarian failure (41% of female survivors),
musculoskeletal problems (19%), pulmonary dysfunction (19%) and neurocognitive
dysfunction (13%). 24% of these complications were mild, 44% moderate, 28% severe
and 4% very severe. Subsequent malignant neoplasms were noted in 4 (6%) of these
patients."®

2.0 Sections of the Proposal

This proposal will be presented in two different sections with specific aims and
hypotheses. The analyses are as follow:

Analysis 1: The endocrine late effects and the second malignant neoplasms (SMN) in
neuroblastoma survivors.

Analysis 2: The musculoskeletal, neurological and sensory problems in neuroblastoma
SUrvivors.

Given the broad scope of these aims and analyses, it may be preferable to report the end

results of each of these in two separate papers. A final decision will be made once the
analyses have been completed.

3.0 Analysis 1: The endocrine late effects and SMN in neuroblastoma survivors

3.1 Specific Background and Rationale

As mentioned in the previous section, a limited number of studies have shown that
neuroblastoma survivors are at risk for endocrine problems following their
treatment. These problems include primary hgfpothyroidism, ovarian failure,
testicular dysfunction and poor growth.'z’ 13, 18.

A risk of SMN has been found in neuroblastoma survivors.?>? The cumulative
incidence of SMN at 20 2years after neuroblastoma treatment is around 3% and the
risk increases with time.” The most common SMN reported after neuroblastoma

are myelodysplasia/leukemia, thyroid neoplasm, soft tissue sarcomas and
osteosarcomas and renal cell carcinoma.
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3.2 Specific Aims
In this population of survivors of neuroblastoma:

3.2.1 Determine the prevalence of these categories of medical conditions:
endocrine and SMN.

3.2.2 Compare the hazard ratio, reported as the relative risk (RR), of each
medical condition (outcome) between neuroblastoma survivors and the
sibling comparison group (case-sibling comparisons).

3.2.3 Compare the hazard ratio, reported as the relative risk (RR) of each
outcome among the survivors as a function of treatment group (case-case
comparisons):

a) surgery only vs
b) surgery plus other therapies (either chemotherapy and/or radiation
therapy)

3.3 Hypotheses

3.3.1 Survivors of neuroblastoma will have an increased risk of endocrine
complications and SMN compared to sibling controls.

3.3.2 The group of neuroblastoma survivors treated with surgery only will
be at lower risk for late complications than the group of survivors treated
with surgery and other modalities of treatment (either chemotherapy
and/or radiation therapy)

3.4. Analysis Framework

3.4.1 Outcomes of interest (baseline questionnaire items)

3.4.1.1 Endocrine outcomes: self-reported diagnosis of:
o Hypothyroidism (E.2)
o Growth hormone deficiency (E.8)
o Growth hormone injections (E.9)
o Medication needed to initiate puberty (E.11)




3.4.1.2 Second malignant neoplasms (SMN): Externally
validated SMN only

o New malignancy
o Recurrence
o Breast lump removal/biopsy

3.4.2 Subject Population (Tablel)

- Cases: Neuroblastoma survivors

- Controls: All CCSS siblings

- Controls: Neuroblastoma survivors treated with surgery only (in the case-case
comparison)

3.4.3 Exploratory Variables
- Outcome Variables: see above

- Exposure variables:

Exposure to any chemotherapy

Exposure to Cyclophosphamide and Cyclophosphamide cumulative dose
Exposure to any radiation therapy

- Radiation therapy field(s): sites and doses

- Potential confounders and effect modifiers:

- Gender

- Ethnicity

- Age at diagnosis

- Year of diagnosis

- Current age

- Time interval between neuroblastoma diagnosis and current age

3.5 Analyses
The analyses will be conducted at the Statistical Center at Fred Hutchison Cancer

Research Center.
3.5.1 Obtain the prevalence of each medical condition (outcome) (Table2)
3.5.2 Compare the hazard ratio, reported as the relative risk (RR), of each medical

condition (outcome) between neuroblastoma survivors and the sibling comparison
group (case-sibling comparisons) (Table 2)

3.5.3 Compare the hazard ratio, reported as the relative risk (RR), of each outcome

among the survivors as a function of treatment group (case-case comparisons):

a) surgery only vs

b) surgery plus other therapies (either chemotherapy and/or radiation therapy)
(Tables 3A-3B)




3.5.4 SPECIFIC ANALYSES: (Tables 4 and 5)

Determine the relative risk (RR) of developing hypothyroidism following the
exposure to cranial, neck, chest radiation therapy and total body irradiation
(TBI).

-Determine the relative risk (RR) of developing ovarian failure (medication needed to
initiate puberty) following the exposure to Cyclophosphamide and evaluate if there is
a dose relationship.

-Determine the relative risk (RR) of developing ovarian failure (medication needed to
initiate puberty) following the exposure to abdominal, pelvic, spinal radiation
therapy and total body irradiation (TBI).

-Determine the relative risk (RR) of developing growth hormone deficiency after
exposure to cranial radiation therapy and total body irradiation (TBI).

- Determine the relative risk (RR) of developing a second malignant neoplasms

(SMN) following the exposure to chemotherapy and/or any radiation therapy.

Analyses will be adjusted for age at diagnosis, gender and other variables as
appropriate.

For the radiation therapy data, the first pass data or best available will be used for the
main analysis.




4.0 Analysis 2: The musculoskeletal, neurological and sensory problems in
neuroblastoma survivors.

4.1 Specific Background and Rationale:

Musculoskeletal effects described in neuroblastoma survivors include scoliosis,
kyphosis, hypoplasia and fibrosis of bone and soft tissues, as well as slipped
capital femoral epiphysis. 5% Most of the patients who develop scoliosis have been
treated with moderate to high doses of orthovoltage radiation therapy (1500-
5000cGy) and received asymmetric irradiation of the spine.>®

Neurological deficits reported in this population include paresthesias, mild to

. . . " 1
severe paresis, paraplegia and neurogenic bladder, ¢rror! Bookmark not defined. -7, o
complications are related to the disease itself (intraspinal tumors) and/or to
surgery.

Hearing loss secondary to cisplatin and/or carboplatin exposure is well described
3933 The hearing loss is more pronounced in the high frequency range but speech
frequencies can also be affected. There is controversial data concerning the
cisplatin dose relationship with the development of the ototoxicity”’ 3,

4.2 Specific Aims:

In this population of survivors of neuroblastoma:

4.2.1 Determine the prevalence of these categories of medical conditions:
musculoskeletal, neurological and sensory problems.

4.2.2 Compare the hazard ratio, reported as the relative risk (RR), of each
medical condition (outcome) between neuroblastoma survivors and the
sibling comparison group (case-sibling comparisons)

4.2.3 Compare the hazard ratio, reported as the relative risk (RR), of each
outcome among the survivors as a function of treatment group (case-case
comparisons):

a) surgery only vs
b) surgery plus other therapies (either chemotherapy and/or radiation
therapy)

4.3 Hypotheses

4.3.1 Survivors of neuroblastoma will have an increased risk of
musculoskeletal and neurological complications and sensory impairments
compared to sibling controls.




4.3.2 The group of neuroblastoma survivors treated with surgery only will
be at lower risk for late complications than the group of survivors treated
with surgery and other modalities of treatment (either chemotherapy
and/or radiation therapy)

4.4. Analysis Framework

4.4.1 Outcomes of interest (baseline questionnaire items)

4.4.1.1 Bone and joint Health: self-reported diagnosis of:

o Scoliosis surgery (1.2)
o Osteoporosis (E.10)

4.4.1.2 Neurological problems: self-reported diagnosis of:
o Paralysis (J.2)
o Seizures (].5)
o Problems with balance (J.8)
o Tremor or movement problems (J. 9)

Weakness in arms or Weakness in legs (J10, J.11)
Decreased sense of touch, feeling in hands, fingers,
arms or leg (J.12)

o Prolonged pain or abnormal sensation in arms, legs
or back (J.13)

0 0

4.4.1.3 Sensory Problems: self-reported diagnosis of:

o Hearing loss and Deafness (C.1 and C.2)
o Blindness (C.8)
o Cataracts (C.9)

4.4.2 Subject Population (Table 1)

- Cases: Neuroblastoma survivors

- Controls: All CCSS siblings

- Controls: Neuroblastoma survivors treated with surgery only (in the case-case
comparison)

4.4.3 Exploratory Variables

- Outcome Variables: see above




- Exposure variables:

- Exposure to any chemotherapy

- Exposure to Cisplatin and Cisplatin cumulative dose
- Exposure to any radiation therapy

- Radiation therapy field(s): sites and doses

-Potential confounders and effect modifiers:
-Gender
-Ethnicity
-Age at diagnosis
-Year of diagnosis
-Current age
-Time interval between neuroblastoma diagnosis and current age

4.5 Analyses

The analyses will be conducted at the Statistical Center at Fred Hutchison Cancer
Research Center.

4.5.1 Obtain the prevalence of each medical condition (outcome) (Table 6)

4.5.2 Compare the hazard ratio, reported as the relative risk (RR), of each medical
condition (outcome) between neuroblastoma survivors and the sibling comparison
group (case-sibling comparisons) (Table 6)

4.5.3 Compare the hazard ratio, reported as the relative risk (RR) among the survivors

as a function of treatment group (case-case comparisons): (Tables 7A-7C)

a) surgery only vs

b) surgery plus other modalities of treatment (either chemotherapy and/or
radiation therapy)

4.5.4 SPECIFIC ANALYSES (Tables 8 A-8D)

-Determine the relative risk (RR) of developing a severe scoliosis (surgery needed)
following the exposure to laminectomy, laparotomy, thoracotomy, chest and spine
radiation therapy and total body irradiation (TBI).

- Determine the relative risk (RR) of developing any of the neurological outcome
following the exposure to vincristine, autologous bone marrow transplantation,
cranial radiation and total body irradiation (TBI).




-Determine the relative risk (RR) of developing any of the neurological outcome with
an age at diagnosis of under 1 year old versus older than one year old.

- Determine the relative risk (RR) of developing hearing loss and deafness following
the exposure to Cisplatin and evaluate if there is a dose relationship.

- Determine the relative risk (RR) of developing hearing loss and deafness following
the exposure to cranial radiation therapy, and total body irradiation (TBI).

-Determine the relative risk (RR) of developing any of the visual outcome following
the exposure to cranial radiation and total body irradiation (TBI)
Analyses will be adjusted for age at diagnosis, gender and other variables as

appropriate.

For the radiation therapy data, the first pass data or best available will be used for the
main analysis.




Table 1: Characteristics of neuroblastoma survivors and sibling cohorts

Characteristic Survivors Siblings
(n = 830) (n=3846)
Gender
Male 387(47%) 1846(48%)
Female 443(53%) 2000(52%)
Vital status at baseline questionnaire
Alive 802(97%)
Dead 28(3%)
Age at diagnosis (years)
<1 456(55%)
1-4 298(36%)
5-9 57(7%)
10-14 12(1%)
15-20 6(0.7%)
Age at interview (years)
<10 32(4%) 76(2%)
10-19 543(65%) 1006(26%)
20-29 234(28%) 1364(35%)
30-39 20(2%) 1093(28%)
40 -49 1(.1%) 307(8%)
Year of diagnosis
1970 - 1978 335(40%)
1979 — 1984 368(44%)
1985 — 1986 127(15%)
Survival time (years)
5-9 76(9%)
10-14 299(36%)
15-19 258(31%)
20-24 168(20%)
> 25 29(4%)
Treatment group
Surgery only (S) 199(24%)
Surgery plus other therapies 632 (76%)

(either chemotherapy
and/or radiation therapy)

10
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Table 2: Medical Outcomes (endocrine and SMN) reported in NB survivors and
relative risk of each outcome compared to siblings (case-sibling comparison group)

Medical Condition Total reported
Outcomes
N (%) Yes Rate RR (95%CI)

Endocrine impairments

Hypothyroidism 28(3.4)

Growth hormone deficiency 28(3.4)

Growth hormone injections 20(2.4)

Medication needed to

initiate puberty 22(2.6)

Second cancer
New malignancy 19(2.3)
Recurrence 10(1.2)
Breast lump removal/biopsy 15(1.8)
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Table 3A: Endocrine related outcomes by treatment group among cases

Outcome Variable Nb RR 95% CI1 p-value
Hypothyroidism

S

S+0

Growth hormone deficiency
S
S+0

Growth hormone injections
S
S+0

Medication needed to initiate puberty
S
S+0

S: surgery
S + O: surgery and other modalities of treatment (either chemotherapy and/or radiation
therapy)

Table 3B: SMN by treatment group among cases

Outcome Variable Nb RR 95% CI1 p-value
New malignancy

S

S+0
Recurrence

S

S+0

Breast lump removal/biopsy
S
S+0

S: surgery
S + O: surgery and other modalities of treatment (chemotherapy and/or radiation therapy




Table 4: Specific risk factors for the occurrence of a particular endocrine outcome
(comparison between patients with and without the risk factor)

Nb RR 95% CI p-value

Hypothyroidism
Cranial radiation therapy
Yes
No
Neck radiation therapy
Yes
No
Chest radiation therapy
Yes
No

Total body irradiation
Yes
No
Medication needed to
initiate puberty (ovarian failure)
Cyclophosphamide
Yes
No

Cyclophosphamide dose
<5¢g
5-10 g
>5g

Abdominal radiation therapy
Yes

No

Pelvic radiation therapy
Yes

No

Spine radiation therapy
Yes
No
Growth hormone deficiency
Cranial radiation therapy
Yes
No

Total body irradiation
Yes
No




Table 5: Specific risk factors for the occurrence of second malignant neoplasms
(SMIN) (comparison between patients with and without the risk factor)

Nb RR 95% CI p-value

Exposure to any chemotherapy

Yes
No

Exposure to any radiation therapy

Yes
No
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Table 6: Medical outcomes (musculoskeletal, neurological and sensory) reported in
NB survivors and relative risk of each outcome compared to siblings (case-sibling

comparison group)

Medical Condition

Musculoskeletal impairments
Scoliosis surgery
Osteoporosis

Neurological impairments

Paralysis

Seizures

Problems with balance

Tremor or movement problems

Weakness in arms or legs

Decreased sense of touch, feeling
in hands, fingers, arms or legs

Prolonged pain or abnormal
sensations in arms, legs or back

Sensory
Hearing loss/deafness
Blindness
Cataract

Total reported
Outcomes

N (%) Yes Rate RR (95% CI)

41(4.9)
13(1.6)

47(5.7)
49(5.9)
64(7.7)
38(4.6)
130(15.7)

72(8.7)

86(10.4)

39(4.7)
30(3.6)
22(2.6)
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Table 7A: Musculoskeletal related outcomes by treatment group among cases

Outcome Variable Nb RR 95% CI p-value

Scoliosis surgery

S

S+0
Osteoporosis

S

S+0
S: surgery

S + O: surgery and other modalities of treatment (either chemotherapy and/or radiation
therapy) -




Table 7B: Neurological outcomes by treatment group among cases

Outcome Variable Nb RR 95% CI p-value
Paralysis
S
S+0
Seizures S
S+0

Problems with balance
S
S+0

Tremor or movement problems

S
S+0
Weakness in arms
or legs S
S+0

Decreased sense of touch,
feeling in hands, fingers,
arms, legs

S
S+0

Prolonged pain or abnormal sensation
Arms, legs or back

S

S+0

S: surgery
S + O: surgery and other modalities of treatment (either chemotherapy and/or radiation
therapy
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Table 7C: Sensory problems by treatment group among cases

Outcome Variable Nb RR 95% CI p-value

Hearing loss/

Deafness S
S+0
Blindness
S
S+0
Cataract
S
S+0
S: surgery

S + O: surgery and other modalities of treatment (either chemotherapy and/or radiation
therapy
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Table 8A: Specific risk factors for the occurrence of a severe scoliosis (surgery
needed) (comparison between patients with and without the risk factor)

Nb RR 95% CI1 p-value

Laminectomy
Yes
No

Laparotomy
Yes
No

Thoracotomy
Yes
No

Spine RT
Yes
No

Chest RT
Yes
No

TBI
Yes
No




Table 8B: Specific risk factors for the occurrence of any neurological outcome

(comparison between patients with and without the risk factor)

Nb RR

95% CI

p-value

Age at diagnosis
<1 year old
>1 year old

Exposure to Vincristine
Yes
No

Autologous Bone Marrow Transplantation
Yes
No

Cranial RT
Yes
No

Total Body Irradiation
Yes
No
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Table 8C: Specific risk factors for the occurrence of hearing loss and deafness
(comparison between patients with and without the risk factor)
Nb RR 95% CI p-value

Cisplatin
Yes
No

Cisplatin dose

>300 mg/m*
300-600 mg/m*
>600 mg/m>

Cranial radiation therapy
Yes
No

Total body irradiation
Yes
No

Table 8D: Specific risk factors for the occurrence of any visual outcome
(comparison between patients with and without the risk factor)

Nb RR 95% CI p-value
Cranial RT
Yes
No
TBI
Yes
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