
Received: 23 July 1999 Abstract The impact of CNS tu-
mors during childhood and adoles-
cence has been steadily increasing.
In many countries, brain and spinal
cord tumors are now second in fre-
quency only to leukemia as a cancer
affecting children, and the most
common cause of cancer mortality in
the young. In the United States,
brain tumors are now more common
than acute lymphoblastic leukemia,
and the proportion of cancer deaths
due to CNS tumors has nearly dou-
bled during the past 25 years. World-
wide, approximately 30,000–40,000
children develop CNS tumors each

year, and the majority do not sur-
vive. Compared with most other ma-
lignancies that occur during child-
hood, CNS tumors have not been
treated with comparable success in
treatment outcome. Also, no specific
risk factor, or set of risk factors, has
been identified to explain a substan-
tial proportion of CNS tumor occur-
rence. In many countries, CNS tu-
mors are now the greatest challenge
in pediatric oncology.
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Introduction

As will be explained in this review, CNS tumors have
emerged as the greatest challenge in pediatric oncology.
In most countries of the world, brain and spinal cord tu-
mors are second in frequency only to leukemia as a can-
cer affecting children, and are the most common cause of
cancer mortality in the young. Moreover, compared with
most other malignancies that occur during childhood, for
CNS tumors there has not been a comparable success in
treatment outcome. In this review, the incidence, mortali-
ty, and survival of children and adolescents up to
20 years of age will be reviewed, including trends that
predict what the epidemiology and outcome will be for
these patients in the year 2000. Most of the data on chil-
dren in the United States are derived from the National
Cancer Institute Surveillance, Epidemiology and End-
Results (NCI SEER) program [29], unless otherwise stat-
ed. A new monograph from the SEER program puts the
data on pediatric cancers into perspective, and this was

particularly helpful in the compilation of this review
[22]. It became available on the internet in July, 1999 at
http://www.[www-SEER.ims.nci.nih.gov/Publications].

Mortality of childhood cancer and CNS tumors

Most people are unaware of the most common fatal dis-
ease of childhood. They are surprised to learn that cancer
is the number 1 killer disease of children from late infan-
cy through early adulthood [2]. In most economically ad-
vantaged nations of the world, cancer kills more children
over the age of 6 months than any other disease; more
than 10% of all deaths in children under 15 years of age
are caused by cancer. In North America, cancer is the
leading medical cause of death in both males and fe-
males from 1 to 34 years of age, and in females cancer is
the leading cause from 1 to 75 years of age; after age 34
(75 in females), heart disease exceeds cancer as the lead-
ing cause of mortality. Only accidents exceed cancer in
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frequency as a leading cause of mortality in children and
adolescents.

Similarly, few are aware that the most common type
of cancer that causes death in children is CNS malignan-
cy. In the United States, the annual mortality rate from
CNS tumors among children less than 15 years of age
decreased from 1.0 per 100,000 in 1973 to 0.8 deaths per
100,000 in 1995 [29]. The overall cancer mortality rate
declined from 5.5 per 100,000 in 1973 to 2.7 per 100,000
in 1995. Thus, the proportion of cancer deaths attribut-
able to CNS tumors increased from 18% to 30% over the
22-year interval. In the year 2000, one-third of the can-
cer deaths in children will be due to primary CNS malig-
nancies.

The corresponding changes for ALL were 2.7 to 3.3
incident cases per 100,000 and 1.3 to 0.4 deaths per
100,000. All of these trends are statistically significant.
Thus, at least in the United States, deaths among chil-
dren with CNS tumors exceed the next most common
type of cancer deaths, those from acute lymphoblastic
leukemia, by more than 3-fold [3].

Since 1945, approximately 40,000 children in the
United States have died of CNS tumors without reaching
the age of 15 years. If the average age at diagnosis
among these patients was 5 years, and the average life
span would otherwise have been 75 years, then this
means that about 4,000,000 person-years of life were po-
tentially affected by the diagnosis, in terms of risk of ei-
ther premature death or compromised quality of life, by
the disease or its treatment. Of these 4 million person-
years, at least 2.2 million person-years of life were lost
to premature death. Currently more than 30,000 person-
years of potential life are lost each year among the chil-
dren in the United States who die of CNS tumors.

The incidence of childhood cancer and CNS tumors

Worldwide, the incidence of cancer has been estimated at
11 new cases annually per 100,000 persons <20 years of
age [25]. Since there are approximately 2.1 billion peo-
ple in this age range, there are probably 260,000 children
who are diagnosed with cancer each year in the world, at
least 30,000 of whom – and probably closer to 40,000 –
develop CNS tumors. For several decades, CNS tumors
have been observed to be the second most common type
of cancer in children, exceeded only by leukemia, and
specifically ALL, the most common type of leukemia in
children.

According to projections of trends predicted from da-
ta collected by the United States Statistics, Epidemiolo-
gy and End-Results (SEER) Program of the National
Cancer Institute [29], the current incidence of cancer in
American <20-year-olds is 16 cases per 100,000/year.
Thus, approximately 11,000 United States children and
adolescents under 20 years of age are diagnosed each

year as having cancer, and 2,200 as having invasive CNS
tumors [22]. On an average weekday, 42 children or ado-
lescents are diagnosed with cancer, and 8–9 are found to
have a CNS malignancy. Since 1945, about 280,000 chil-
dren in the United States have been diagnosed with can-
cer before the age of 20 years [1], and about 50,000 of
these children have been affected by a malignant CNS
tumor [15].

In the United States, the overall incidence of malig-
nant CNS tumors is inversely proportional to age, with
3.5–4 cases annually per 100,000 children <5 years of
age, 3 per 100,000 5- to 10-year-olds, 2.5 per 100,000
10- to 15-year-olds and 2.2 per 100,000 15- to 20-year-
olds. Just over half (52%) of the CNS malignancies in
patients <20 years of age are astrocytomas, 21% are
primitive neuroectodermal tumors (PNET), 21% are oth-
er gliomas, and 9% are ependymomas. Astrocytomas re-
main relatively independent of age, with a constant inci-
dence of 1.5 per 100,000 per year over the first 20 years
of life. PNETs, ependymoma and other gliomas each
have a inverse relationship to age, which when combined
accounts for most of the dependence of the overall CNS
tumor incidence on age [15].

With one exception, Afro-American and white chil-
dren in the United States have the same incidence rates.
The difference is in the first 2–3 years of life, when the
rate in Afro-Americans is half to three-fourths that
among white children. This raises the possibility that
there may be a delay, on average, in diagnosing CNS
malignancy in Afro-American infants relative to white
infants, but as discussed by Gurney et al. [15], there is
no other evidence that supports this speculation.

In children less than 10 years of age, the most com-
mon site of malignancy within the CNS is the cerebel-
lum. The second and third most common sites are the ce-
rebrum and the brain stem, in which the frequency is rel-
atively equal. Among 10- to 19-year-olds, the incidence
of both cerebellar and brain tumors decreases, while ce-
rebral maligancies increase in incidence. In adults, the
most common location by far is the cerebrum.

The incidence of malignant CNS tumors is higher in
boys than in girls, with a ratio of 55%:45%. Most of this
difference is accounted for by a male predominance in
PNETs and ependymomas. There is little gender differ-
ence among the other basic tumor types [15]. The higher
rate in boys is far more prominent in white children than
in Afro-Americans. White males <20 years of age clear-
ly have a higher incidence rate of malignant CNS tumors
(3.2/105 per year) than white females (2.5/105 per year),
Afro-American females (2.3/105 per year), or Afro-
American males (2.5/105 per year) [15].

Compared with the incidence of AIDS in the United
States, cancer is 10–20 times as common in children [1].
Since 1980, when the AIDS epidemic began, CNS ma-
lignancies have occurred in more than 14,000 United
States children, which can be compared with approxi-
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mately 2,000 cases of AIDS in the same age group and
over the same period of time [1]. AIDS/HIV-related
brain tumors in children account for <1% of the malig-
nant CNS tumors of children and adolescents.

Increasing incidence of childhood cancer
and CNS tumors

In the United States, as in most socioeconomically ad-
vantaged countries, the incidence of cancer is increasing.
The greatest increase has been in the oldest age groups,
over 65 years of age. This is followed, however, by those
in adolescents and young adults, who have had the sec-
ond highest increase, and in children <5 years of age.
For persons <20 years of age, the overall cancer inci-
dence rate in the United States, as estimated from
the SEER program, increased from 13.5 cases per
100,000/year in 1973 to 16.0 cases per 100,000/year in
1994, an 18.5% increase in 21 years.

Two cancers account for nearly all of the increase in
children and adolescents: malignant CNS tumors and
ALL. The increase in CNS tumors has been reported in
independent studies [6, 11, 14]. Since the incidences of
both CNS tumors and ALL have been noted to be in-
creasing, the impact of this trend on current national can-
cer incidence and mortality rates in the United States
was assessed [3] by analyzing the data available for chil-
dren <15 years of age from the United States SEER re-
port [29]. Regression analysis was performed on 22 con-
secutive years (1973–1994) of national mortality data for
the entire United States and of incidence rates over the
same interval derived from SEER registries. The inci-
dence of CNS tumors increased from an annual rate in
1973 of 2.4 cases per 100,000 children aged <15 years to
a corresponding value in 1994 of 3.5. All of these trends
are statistically significant. The incidence of CNS tu-
mors appears to be continuing to increase, whereas the
ALL increase seems to be leveling off [3].

One of the most provocative observations on the inci-
dence of CNS tumors in children was the observation by
Smith et al. that the incidence did not increase steadily
from 1973 to 1994 (the SEER program began in 1973),
but rather “jumped” from a relatively constant level pri-
or to 1984–85 to a steady but higher rate after 1985 [32].
They showed that a jump model regression that had an
optimal change point from lower to higher incidence at
1985 produced a significantly better fit than a model us-
ing a constant linear rate of increase (P=0.0003). The es-
timated annual percentage change from 1975 to 1984
was –0.1%, and from 1986 to 1995 it was also –0.1%.
Smith and his colleagues associated the timing of the
jump with the wide-scale availability of magnetic reso-
nance imaging (MRI) in the United States [33]. They
postulated that the reported increased incidence was due
to improved diagnosis and reporting rather than to an ac-

tual increase in incidence. In support of their hypothesis,
they noted that the CNS cancer mortality rate did not un-
dergo a similar stepwise increment during the same peri-
od, which would have been expected if the step increase
in incidence was real and not artifactual.

A contradictory point, however, is the lack of a return
of the incidence rate to the pre-MRI era level during
the decade after the incremental increase in 1984–1985.
Given that CNS malignancies are eventually detected be-
fore death and that MRI allows earlier diagnosis, then
the increase would be expected to be transient and the
rate would be expected to return to the level known be-
fore the advent of MRI technology. Since this return to
baseline would have been expected to occur within a few
years, and 10 years have passed without a decline in the
incidence, the MRI hypothesis seems inconsistent with
the data.

Survival of children with cancer and CNS tumors

SEER data predict that mortality from cancer in Ameri-
cans less than 20 years of age will have dropped from
6 deaths per 100,000/year in 1970 to less than 3 deaths
per 100,000/year in 2000, a greater than 50% reduction
in 30 years despite an increase in incidence of approxi-
mately 25% over this time. SEER survival data may be
used to predict the height of the survival plateau, as pre-
viously published [2]. The plateau on the survival curve
has increased from 50% in the mid-1970s to 70% by the
mid-1980s. The most recent data [29] can be used to pre-
dict that the expected survival plateau for all patients
<15 years of age with cancer will increase from 76% for
patients diagnosed in 1992 to 82% in 1997.

Children with brain tumors are not so fortunate, how-
ever. Not only do they have a significantly lower rate of
survival than children with most other cancers of child-
hood, but their quality of survival is also usually worse.
The 5-year relative survival rates for all CNS cancer in
patients <20 years of age increased from 59% in
1975–1984 to 67% in 1985–1994 [15]. The survival
rates were inversely proportional to age. For 1986–1994,
the 5-year relative survival rates for all CNS cancers
were 45% for <1-year-olds, 59% for 1- to 4-year-olds,
64% for 5- to 9-year-olds, 70% for 10- to 14-year-olds,
and 77% for 15- to 19-year-olds [15]. The CNS tumor
annual mortality rate in United States children <15 years
of age decreased from 1.0 deaths per 100,000 in 1973 to
0.78 deaths per 100,000 in 1994.

Survival differs dramatically with histology, size,
stage, and location of the malignancy within the CNS.
For astrocytomas, the 5-year relative survival rates in
United States children and adolescents <20 years of age
were 70% and 74% for the 1975–1984 and 1985–1994
intervals, respectively. Corresponding values for PNETs
were 52% and 55%, for other gliomas 47% and 57%,
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and for ependymomas 39% and 56%. For brain stem tu-
mors, survival has been dismal. For diffuse pontine glio-
mas, the most common type of brain stem tumor during
childhood, the 5-year survival is <10% and there is little
evidence that the outcome has changed over the last 25
years.

Risk factors and prevention of CNS tumors

The SEER Pediatric Monograph described in the intro-
ductory paragraph contains a superb summary of current
knowledge on causes of CNS tumors in children.
Known, potential, and refuted risk factors are summa-

rized in the monograph in the form of a table that is giv-
en in this paper in modified form (Table 1).

To date, despite many epidemiological studies, in-
cluding several performed by the national cooperative
groups, no specific risk factor, or set of risk factors, is
known that could explain a substantial proportion of
CNS tumor occurrence. Only therapeutic doses of ioniz-
ing radiation such as are delivered to the CNS in the
treatment of leukemia or brain tumors have been un-
equivocally identified as an external (environmental)
risk factor. Maternal diet during pregnancy has been im-
plicated, particularly cured meats, but the data are not
conclusive and it is unclear whether another dietary fac-
tor or co-variable may be associated with the increased

Table 1 Current knowledge on etiology of childhood CNS tumors. (Modified from [15])

Exposure or characteristic Comments References

Known risk factors
Sex Little difference between males and females, except in medulloblastoma [25]

(males higher than in females)
Therapeutic doses of Children treated for tinea capitis with orthovoltage irradiation experienced [30, 31]
ionizing radiation to head 2.5- to 6-fold increase in risk. Currently, those at risk are children treated

with radiation to the CNS for leukemia or a previous brain tumor
Neurofibromatosis; Children with these genetic conditions have a greatly increased risk of brain tumors, [16, 19, 21, 15]
tuberous sclerosis; for example, 50-fold for neurofibromatosis and 70-fold for tuberous sclerosis.
nevoid basal cell, Together, these conditions account for less than 5% of all childhood brain tumors
Turcot and Li-Fraumeni
syndromes

Factors for which evidence is suggestive but not conclusive

Maternal diet during Frequent cured meat consumption has been consistently associated [4, 5, 16, 25, 26]
pregnancy with a 1.5- to 2.0-fold increased risk, but it is unclear whether the meats

or another dietary factor are responsible. Most aspects of diet have not been studied
Parent or sibling Having a sibling or parent with a brain tumor has usually been associated with a [5, 16, 17, 25]
with brain tumor 3- to 9-fold increase in risk. It may be that the excess risk is explained completely

by the specific genetic conditions listed below
Family history of bone The increased risk seen in some studies may be explained by the Li-Fraumeni [8, 9, 16, 20, 25]
cancer, leukemia syndrome 
or lymphoma

Factors for which evidence is limited or inconsistent

Electromagnetic fields A small increase in risk has been observed in some studies but not in others [10, 16, 25, 27, 28]
Products containing The data are inconsistent; associations seen in one study have generally not been [16, 25]
N-nitroso compoundsa reported in later studies
Father’s occupation Many associationsb have been reported, but few have been replicated [16, 18, 25]
and related exposures
Pesticides Two small studies suggest an association with use of no-pest strips [7, 16, 24, 25]
History of head injury The data are confounded by the possibility that mothers of children with brain [12, 16, 25]

tumors are more likely than control mothers to recall head injuries
Family history of The data are inconsistent. One study suggests that the effect of family history [13, 16, 26]
epilepsy or seizures of seizures may differ by type of tumor and/or type and circumstances of seizures
Family history of Increased risk observed in one study of adults and one of children [16]
mental retardation

a Examples: beer, incense, make-up, antihistamines, diuretics, rubber baby bottle and pacifier nipples
b Examples: aircraft industry, agriculture, electronics manufacturing, petroleum industry, painter, paper or pulp mill worker, printer,
metal-related occupation, exposure to paint, ionizing radiation, solvents, electromagnetic fields



risk (Table 1). Electromagnetic fields, N-nitroso com-
pounds, and pesticides have been implicated in some
studies but not in others, and in general subsequent stud-
ies performed with more rigorous scientific methods
have not been confirmative (Table 1).

Based on current knowledge, it is highly unlikely that
a significant proportion of CNS cancers during child-
hood will ever be prevented. Most evidence favors spon-
taneous mutation as the predominant cause of childhood
cancers, and neither environmental nor inherited etiolo-
gies. Attempts to prevent childhood cancers (cancer dur-
ing childhood) are likely to fail. On the other hand, it is
known that most of the cancers of adults can be prevent-
ed, and that most of these are due to lifestyles. Since life-
style is primarily determined during childhood, the best
opportunity to accomplish prevention of cancer during
adulthood is to begin the effort in children by teaching
them how they can prevent cancer later in their lives.

Role of clinical trials and cooperative group studies
in pediatric oncology

The treatment of most children with cancer is managed
at pediatric cancer centers located throughout the United
States. These centers enroll ~5000 children/year on clini-
cal trials monitored by the National Cancer Institute.
Given that the current clinical-trial accrual rate among
adults with cancer is ~20,000/year, children account for
20–25% of all patients entered on clinical trials in the
United States. 

In the United States, more than 90% of children with
cancer who are less than 15 years of are seen at institutions
of one of two national collaborative groups: the Children’s
Cancer Group (CCG) and the Pediatric Oncology Group
(POG). The groups are truly multidisciplinary, with repre-
sentation of all the medical and psychosocial specialties
necessary for optimum evaluation and care of the children
with cancer. As many as 600 pediatric oncologists, pediat-
ric surgeons (including neurosurgeons), radiotherapists, pa-
thologists, radiologists (including neuroradiologists), pedi-
atric oncology nurses, psychologists, basic scientists, stat-
isticians, and other professionals meet twice yearly to re-
view the results of current studies and plan new strategies
of diagnosis, staging, treatment and detection and preven-
tion of adverse effects of therapy. Since 1955 the CCG and
POG have accrued more than 90,000 patient entries on
therapeutic and diagnostic studies.

Between 1 January 1992 and 30 June 1994, the propor-
tion of CCG and POG patient entries onto treatment trials
sponsored by the United States National Cancer Institute
Division of Cancer Treatment, referred to the proportion
of all United States patients <20 years of age, was 73.4%
vs 75.9% for white children, 10.3% vs 10.7% for Afro-
American children, 11.6% vs 9.1% for Hispanic children,
and 4.7% vs 4.3% for Asian and other racial groups.

There is no statistical difference in the distributions. For
children entered on cancer control trials sponsored by the
United States National Cancer Institute Division of Can-
cer Prevention and Control, the proportions were 69.6%
(CCG+POG) vs 75.9% (United States) for whites, 5.5%
vs 10.7% for Afro-Americans, 18.2% vs 9.1% for Hispan-
ics, and 3.6% vs 4.3% for Asian and other ethnic groups.
Thus, data from 1992–1994 indicate that minority children
access, and are treated on clinical trials by, the national
pediatric cooperative groups similarly to the majority eth-
nic group. The uneven distribution for cancer control pa-
tients appears to be primarily due to a higher proportion of
Hispanic children on these trials, which may be a direct
result of NCI-sponsored minority initiatives.

In the year 2000, the CCG and POG, along with the
two disease-specific pediatric national cooperative
groups, the Intergroup Rhabdomyosarcoma Study Group
(IRSG) and the National Wilms’ Tumor Study Group
(NWTSG), will merge into a single North American co-
operative group, the Children’s Oncology Group
(COG.). This will provide an unexcelled opportunity to
study the epidemiology of CNS (and other) tumors in the
United States and Canada, and should facilitate our un-
derstanding of the etiologies and pathogenesis of CNS
tumor in infants, children, adolescents and young adults.

International challenges

Bearing in mind that for many countries CNS tumors
now represent the greatest challenge in pediatric oncolo-
gy, it is reasonable to recommend that more resources
and effort be devoted to the study of pediatric CNS ma-
lignancies in order to develop more effective therapies.
Challenges to consider as international priorities for the
year 2000, in an approximate order of priority, include:

• Improve understanding of the biology of cancer in our
young

• Realize the higher cure rates achieved in some coun-
tries worldwide

• Improve the survival of all infants, children, adoles-
cents and young adults with CNS tumors

• Improve the survival of infants with brain tumors,
particularly those with ependymoma

• Improve the survival of children with brain stem tu-
mors, especially those with diffuse pontine gliomas

• Detect CNS tumors earlier, before they are less treat-
able

• Improve the quality of life for each child with cancer
and his or her family

• Reduce the morbidity and mortality of therapy
• Eliminate the need for hospitalization
• Diminish the discomfort of diagnosis and staging
• Identify and implement less expensive ways of meet-

ing these challenges
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