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Neuroblastoma and brain tumors in childhood
Joann L. Ater, MD

T he treatment of childhood cancer requires a
multidisciplinary approach to provide the best
quality of life and chance of survival. This is

most apparent in children with central and peripheral
nervous system tumors where tumor and therapy can
result in significant morbidity even for those who sur-
vive. Table I shows the extensive list of health care pro-
fessionals required to treat most children with brain tu-

TABLE 1. PEDIATRIC ONCOLOGY

MULTIDISCIPLINARY CARE TEAM

Pediatric oncologist Pediatric dentist
Pediatric neurologist Endocrinologist

~ Radiotherapist Ophthalmologist
Neurosurgeon Rehabilitation specialist
Pediatric surgeon Audiologist
Pediatric neuropsychologist Pathologist
Child psychiatrist Neuroradiologist
Pediatric nurse Pediatric anesthesiologist

mors, and to some degree for children with other solid
tumors such as neuroblastoma. This paper will focus
on the incidence, diagnosis, prognosis, and treat-
ment of children with central nervous system (CNS)
tumors and neuroblastoma. Rather than focusing
upon the specific chemotherapy protocols, this dis-
cussion will emphasize information essential for
members of the multidisciplinary team whose pri-
mary field is other than pediatric oncology or neuro-
oncology and emphasize supportive care. More in-
depth discussions of current chemotherapy are
available in several recent reviews.1, 2

Incidence and prognosis

Brain tumors are the second most common child-
hood cancer comprising 25% of neoplasms diag-
nosed in children younger than 16 years old. Each
year in the United States, more than 2,000 children
younger than 19 years old are diagnosed with brain
tumors. Neuroblastoma, an embryonal tumor of the
sympathetic nervous system, is the third most com-
mon solid tumor, comprising 8% of neoplasms. Neu-
roblastoma can arise anywhere along the paraspinal

sympathetic chain from the pelvis to neck or within
the adrenal gland. Metastasis at diagnosis is common,
usually to liver, bone, bone marrow, and orbits.
Both neuroblastoma and brain tumors have peak inci-
dence in early childhood (2 to 4 years of age). Also, both
neuroblastoma and brain tumors share the dubious
distinction of having the lowest overall 5-year survival
rates (50-60%) of all the solid tumors. In addition
progress in improving survival has lagged behind
that achieved in other types of childhood cancer over
the last two decades.3

Progress in treating brain tumors has lagged behind
partly because in children there are many difficult his-
tologic types of brain tumors, which vary widely in tu-
mor biology, aggressiveness, and response to therapy.
In addition, even within a single histologic diagnosis,
such as astrocytoma, the prognosis can vary dramati-
cally depending upon the site of origin in the brain and
tumor grade (Table 2). For example, low-grade
astrocytoma in the cerebellum carries a 95% survival
rate,4 while a low-grade astrocytoma of the hypothala-
mus carries only a 40-60% survival rate. Because of this
wide variation, it has not been possible to develop a

TABLE "~. PROGNOSIS OF CHILDHOOD BRAIN TUMORS

5-Year
Tumor~Grade Site~Grade Survival

Low-grade Cerebellum 95%
astrocytoma Cerebral hemisphere 70%

Hypothalamus/midbrain 40-70%
Brain-stem-dorsally exophytic 90%

Anaplastic Supratentorial 10-44 %
astrocytoma

Glioblastoma Resectible 30%
multiforme Unresectible 0%

Medultoblastoma Average risk 60%
High risk 40%

Pontine 10%

All sites 60%

Brain-Stem glioma

Ependymoma
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unified approach to management. For example,
Childrens Cancer Group currently has 14 proposed and
open therapeutic protocols for treating brain tumors.
Because of the small number of children available for
each study, it often takes many years to reach statisti-
cal significance. In addition, while 95% of children with
cancer participate in protocol studies, far fewer chil-
dren with brain tumors are referred for protocol
therapy. However, even with controlled clinical trials,
some tumors such as high-grade astrocytomas and
brain-stem gliomas remain resistant to most therapeu-
tic modalities and overall cure rates are poor (Table 2).5

Neuroblastoma, although a single tumor type, also
varies widely in its behavior depending upon the
child’s age and extent of disease at diagnosis, and pres-
ence of N-myc oncogene amplification. Children
younger than I year old and those with low-stage dis-
ease have a greater than 80% survival rate while those
with advanced stage metastatic disea.se (stage IV), have
less than 20% chance of survival.

Brain tumors
Diagnosis

The clinical presentation of children with brain tu-
mors depends primarily on the site of tumor in the
nervous system. The majority of tumors in children are
in the posterior fossa near the fourth ventricle, leading
to early obstruction of the cerebral spinal fluid path-
way and hydrocephalus. The symptoms of hydro-
cephalus are headache, vomiting, somnolence, and
diplopia. Its location in the cerebellum also leads to
ataxia and imbalance. Tumors in the cerebral hemi-
spheres can be more silent, presenting with hemi-
paresis, change in school performance, headache, leth-
argy, or vomiting. In children, tumors of midline
structures including hypothalamus, optic chiasm,
thalamus, and pineal area have specific ocular and
neurobehavioral problems at diagnosis. Tumors of the
pineal area present with symptoms of
hydrocephalus and specific findings of paralysis
of upward gaze and poor convergence. In addi-
tion, tumors of midline, which involve the hypo-
thalamus or suprasellar region (germinomas,
optic chiasmal astrocytomas, and craniopharyn-
giomas), frequently present with symptoms of
endocrine dysfunction such as diabetes insipidus,
precocious puberty, growth deficiency, and eat-
ing disorders.6

Diagnosis is made by computed tomography
(CT) scan or magnetic resonance imaging (MRI).
Although dental appliances can cause artifacts in
the frontal region of the brain on an MRI scan, it
is usually not necessary to remove braces because
few childhood tumors are located in this region.
Once a tumor is identified using imaging, surgi-
cal resection usually is performed to provide his-
tologic diagnosis and therapy. Where significant
resection is not feasible because of location, (e.g.,

thalamic gliomas), stereotactic or open biopsies can
provide diagnostic tissue to guide therapy and predict
prognosis. For brain-stem gliomas intrinsic to the pons,
the MRI is diagnostic and biopsy is not recommended.
Therapy

In treating children with brain tumors, the primary
goal is to achieve cure with minimal morbidity. For
young children, because of their immature, developing
nervous systems, the risk of morbidity of therapy is
high. In addition, the overall prognosis in children
younger than 4 years old with malignant brain tumors
is worse than for older children.7 Therefore, beginning
in 1976, van Eys at the University of Texas M.D. Ander-
son Cancer Center began treating young children with
brain tumors with a multidisciplinary approach de-
signed to control the tumor and delay or avoid radio-
therapy. This approach consists of: 1) as aggressive 
surgical resection as possible without increasing neu-
rological impairment; 2) delaying radiotherapy in chil-
dren younger than 4 years old until tumor progression
subsequent to an alternative treatment. For low-grade
tumors children receive surgical resection alone or che-
motherapy for progressive or incompletely resected
tumors. For high-grade tumors, chemotherapy is given
within I month after initial surgery. In van Eys’ initial
program, MOPP chemotherapy was utilized, s More
recently, other groups such as the Pediatric Oncology
Group (POG) have utilized other chemotherapy.9 With
chemotherapy in young children with medullo-
blastoma the 5-year survival rate in the MOPP treated
group was 67%. In addition, children who had surgi-
cal management with or without chemotherapy had
significantly higher IQ levels and fewer growth defi-
ciencies than age-matched children treated with radia-
tion therapy.1°

Some older children still receive either surgery alone
or surgery and radiation. However, several random-
ized trials comparing radiation to chemotherapy have

TABLE 3. RANDOMIZED TRIALS OF ADJUVANT CHEMOTHERAPY

rLOMUSTINE,, VINCRISTINE q- PREDNISONE IN CHILDREN

WITH BRAIN TUMORS"

Tumor Type
Year Benefit from

Reported Study Group Chemotherapy

MeduIloblastoma

Medullobastoma

High-grade

Brain-stem
glioma

Malignant
ependymoma

199011 Childrens Cancer Yes
SVady Group

199012 International Society Yes
of Pediatric Oncology

19901~ Childrens Cancer Yes
Study Group

1989 Childrens Cancer No
Study Group

1989 Childrens Cancer No
Study Group

¯ In poor-prognosis types.
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found improved survival with chemotherapy (Table
3). 11-13 Many studies currently are underway evaluat-
ing different chemotherapy regimens for malignant
brain tumors and unresectable low-grade tumors.
Therefore, children with brain tumors are at risk for
oral pathology related to both radiation therapy and
chemotherapy with immunosuppression and
neutropenia. Finally, a number of clinical trials have
begun utilizing high-dose chemotherapy with autolo-
gous bone marrow rescue to treat malignant brain tu-
mors. As for any bone marrow transplantation, dental
evaluation prior to the transplant is an essential part
of therapy because of the extremely high risk of infec-
tion during the prolonged period of immunosuppres-
sion following transplant.

In addition, children with brain tumors may have
other special needs and problems of which the dentist
should be aware. Many will receive phenytoin postop-
eratively to prevent seizures and steroids for increased
intracranial pressure. Phenytoin may lead to gingival
hypertrophy, and steroids for tumor in the hypotha-
lamic region may lead to functional adrenal insuffi-
ciency. For surgical or dental procedures, supplemen-
tal steroids may be necessary. About one-third of the
children will have a ventriculoperitoneal shunt or cen-
tral venous catheter, which require antibiotic prophy-
laxis for dental procedures. Some neurologic dysfunc-
tion related to the tumor, such as cranial nerve deficits
and poor gag reflex, may make the risk for anesthesia
for the procedures a higher risk. Finally, decreased at-
tention span, hyperactivity, and intellectual deficit
manifested by some child}en with brain tumors may
make voluntary cooperation for dental work particu-
larly challenging and necessitate anesthesia. Therefore,
the pediatric dentist is an essential member of the pe-
diatric neuro-oncology team.

Neuroblastoma
Diagnosis

Neuroblastoma is a tumor of the sympathetic
nervous system, and therefore can originate from
sympathetic ganglion anywhere along the spine from
neck to pelvis and in the adrenal gland. Because of the
wide variety of locations, a variety of clinical presen-
tations can occur:

1. A mass in the abdomen, neck, skin or chest

2. Neurologic symptoms due to paraspinal location
with cord compression or related to a preneo-
plastic syndrome seen with neuroblastoma result-
ing in opsomyoclonus ("dancing eyes") and ataxia

3. Pain related to metastatic disease -- unknown
fever and weight loss can predominate

4. Some children with metastatic disease to the or-
bit present with ecchymosis cervical around eyes
and at times ptosis.

Diagnosis usually is made by radiographic confir-
mation of mass and surgical biopsy or resection. In
children with metastatic disease and characteristic clini-
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cal presentation, the diagnosis previously was made
without surgery in children with tumor cells in the
bone marrow and elevated urinary catecholamines
[homovanillic acid (HVA) and vanylmandelic acid
(VMA)] in the urine. Now because of valuable prognos-
tic information obtainable from tissue histology, use of
the Shimata classification system,14 and by obtaining
N-myc copy number,15 children usually have surgical
biopsy or resection of their primary tumor. Prognosis
is related primarily to age, stage, and Shimata
histopathologic classification and N-myc copy number.
In addition, children younger than 1 year of age
with neuron specific enolase (NSE) elevation have 
worse prognosis (Table 3).

Staging
Several systems have been devised for staging chil-

dren with neuroblastoma. The most commonly used is
the Evans system utilized by the Childrens Cancer
Group (CCG)2~ In this system, stage I are tumors con-
fined to a single primary tumor mass that is totally
resected; stage II is a tumor that cannot be totally
resected, but does not cross the midline; stage III is a
tumor with residual disease crossing midline struc-
tures; and stage IV denotes metastatic disease. A spe-
cial stage, IVS, is an unusual tumor distribution usu-
ally only found in children younger than I year of age.
These children have a small stage I or II primary, but
have widespread soft tissue metastases. Differentiating
between stage IV and IVS is essential, since the IVS
tumors can spontaneously regress without treatment,
and stage IV require aggressive treatment and have
poor prognosis. Another staging system utilized by the
Pediatric Oncology Group designates stages as A, B, C,
D, using slightly different criteria. Because of the diffi-
culty in evaluating clinical studies using different stag-
ing systems, a group has been organized to design and
test an International Staging System, which would be
used worldwide27

Prognosis and therapy
Extensive study of prognostic factors has allowed us

to tailor the therapy for low-, average-, and high-risk
groups. Table 4 shows the factors that help pediatric
oncologists determine prognosis and therapy. Stages I
and II, unless N-myc amplification are present, carry
an excellent prognosis with a higher than 80% survival
rate at 5 years with surgery alone. Even for children with
stage II who have a small amount of residual tumor,
studies have confirmed that radiotherapy is not neces-
sary2s Therefore, for stages I and II treatment is usually
surgery alone. For stages III and IV, treatment usually
is aggressive chemotherapy. Autologous bone marrow
transplantation (ABMT) currently is under investiga-
tion and commonly is used for high-risk patients,
however, it has not yet been definitively proven in a
randomized trial to provide better long-term cure
than chemotherapy alone. The problem is that although
short-term results in children who initially respond
to chemotherapy and then receive transplantation
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are encouraging, the long-term survival
rate of 10-15% for stage IV may not be im-
proved. Currently, CCG institutions are per-
forming a randomization between transplant

Goodand chemotherapy alone for advance stage
neuroblastoma.

Radiotherapy is utilized in neuroblas-
toma primarily for stage III disease (incom-
pletely resected tumor that crosses the mid-
line, without metastatic disease). The
five-year survival rate of children with stage
III is now 60-70% with aggressive chemo-
therapy and radiotherapy.19

The child with neuroblastoma presents as
a challenge to the pediatric dentist because
of tumors that can be metastatic or primary
to the head and neck region and because of
the severely immunosuppressive treatment.
The chemotherapy regimens for advance Poor
stage neuroblastoma, usually include
Adriamycin TM (Adria Laboratories, Colum-
bus, OH), cyclophosphamide, VP-16
(etoposide), and cisplatin, which may result
in severe neutropenia and mucositis. Cis-
retinoic acid also is included in some neuro-
blastoma trials as a differentiation agent. This
medication frequently leads to dry lips and
mouth, which in some patients can produce
significant oral discomfort.

Conclusion
Children with brain tumors and neuroblastoma re-

quire multidisciplinary care to improve survival, de-
crease morbidity and risks of therapy, and provide best
quality of survival. The pediatric dentist is an impor-
tant member of this multidisciplinary team.

Dr. Ater is assistant professor and chief, Pediatric Neural Tumor
Section, Department of Pediatrics, The University of Texas M.D.
Anderson Cancer Center, Houston, TX.
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Rate of bicycle-related injuries double for boys
ABOUT HALF OF BICYCLE-RELATED

ACCIDENTS INVOLVE HEAD INJURIES

Boys are twice as likely as girls to be injured while
riding their bicycles, possibly because they spend more
time riding and perform riskier activities on their
bicycles that girls do, according to an article in the
April issue of the AMA’s Archives of Pediatrics and
Adolescent Medicine.

Xiaohan Hu, MB, MPH, PhD, from the Hospital
for Sick Children and Kiwanis Injury Prevention and
Research Program, Toronto, Ontario, Canada, and
colleagues compiled their data by conducting tele-
phone surveys of parents with children ages 5-17
who owned a bicycle. They also analyzed hospital
discharge records for all children who were admitted
to hospitals in the metropolitan Toronto area with
bicycle-related injuries from April 1989-March 1991.
Complete information on bicycle exposure was re-
ceived from the parents of 707 children.

The study found that boys had more than double
the rate of bicycle-related injuries compared to girls
(8.1 and 3.4 per 10,000 population), about half of the
injuries suffered were head injuries, and boys were
significantly more likely than girls to ride on only one
wheel of their bicycle (11.6 vs. 4.0%).

Boys had higher injury rates than girls in every age
group. Boys in the 11- to 12-year age group had the
highest overall injury rate (10.2 per 10,000 popula-
tion) and also the highest overall head injury rate (4.8
per 10,000 population). For girls, the injury rate was
highest among 9- to 10-year-olds (4.9 per 10,000),
however, the highest head injury rate for girls was
among 7-8 year olds (2.5 per 10,000).

While more than half of the children in every age
group were exposed to bicycling more than 100 hours
per year, boys spent more hours and rode longer
distances than girls. Boys’ riding hours peaked at age
11 or 12, with an average of 228 hours per year. Girls’

riding hours peaked at age 9 or 10 with an average of
157 hours per year.

The authors write: "Our finding that boys 11 or
12 years of age had the highest overall and head
injury rates per 10,000 persons, while overall injury
rates for girls peaked two years earlier, indicated that
injuries were more closely associated with exposure
time (than distance ridden), as peak hours occurred
in the same age groups.

The study found that the median bicycling season
for children is from May-October. The average child
begins riding a bicycle at 5.5 years and spends a half
hour tiding a bicycle on weekdays. On the weekend,
the average riding time was two hours for boys and
one hour for girls.

The study also found that: "Children’s bicycling
exposure appears to be inversely associated with pa-
rental socioeconomic status. The median riding hours
for children whose parents’ educational levels were
high school or less, college/university, and postgradu-
ate were 184, 154, and 132, respectively; the same
pattern was observed when riding hours were ana-
lyzed by annual family income."

The authors write: "Bicycle injuries take a signifi-
cant toll on children. As shown in this study, about
50 percent of hospitalizations were for head injuries,
which are largely preventable by wearing a helmet.
Other researchers have shown that lack of knowl-
edge of basic bicycling rules, failure to obey traffic
regulations, poor bicycle control, and inadequate
training were also associated with increased injuries
in children. Programs and strategies aimed at correct-
ing these deficiencies should be an integral part of
bicycle injury prevention in conjunction with helmet
promotion."

Bicycle crashes result in about 600 deaths among
children each year in the United States and account
for more than 500,000 emergency department visits,
according to statistics cited in the study.
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