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CHAPTER 1

Literature Review

Introduction

This chapter reviews the literature on childhood brain cancer including
studies of its descriptive epidemiology and of possible risk factors. Studies of
brain cancer at all ages combined are cited for comparison with data on chil-
dren or when no data on children alone exist. The dearth of known risk factors
for childhood brain cancer and unanswered descriptive questions justified the
present study. The descriptive and geographic analyses may generate new
etiologic hypotheses.

Cancer kills more children after the first year of life and before the six-
teenth year than any other cause except accidents. Brain cancers account for
about 207 of these cancers; only leukemia accounts for more cases. According
to thé most recent figures, 50% of children diagnosed with brain cancer survive
at least five years (1). Many patients who do survive have permanent disabili-
ties, including emotional problems, cranial nerve palsies, and irnpéired growth,
vision, hearing, motor ability, and intelligence (2). Despite the prominence of
brain cancer as a cause of childhood morbidity and mortality, relatively little is
known about its etiology.

Methodological issues

Several methodologic problems arise in the epidemiologic study of
brain cancers. Some are more relevant to the study of these cancers in chil-
dren than others. The first problem is the difficulty of histologic diagnosis. For
10 to 20% of biopsied tumors, the pathologist has difficulty in establishing a sin-

gle, predominant cell type (3). Part of the difficulty arises because cancerous



cells of one type in the brain may' prornbte the malignant transformation of
neighboring cells of other types (4). In addition, some brain tumors are not

even biopsied for histologic diagndSis becadse the location of the tumor makes a

biopsy a life—threaténing procedure. Brain stem tumors, which are more com-

mon in children than adults, fall into this category and are usuédly not biopsied.

Another problem arises from differences among studies of the ana-

‘tomic sites included as "brain.” The most restrictive definition {and the one

u;ed in this study) includes the brain (Internationa_l Classification of Diseases for-

Oncology (5) (ICD-0) 191) but not the meninges, the covering of the brain. Also
excluded aye tumors of the spinal cord and its meninges. Another aggregation,
central nervoﬁs system (CNS) turnors' in.clud-és ‘the brain, the spinal cord and

‘the memnges of both Spmal cord tumors account for 10-157 of all CNS tumors

(6-8). The same cell types occur in the spinal cord as in the bram although the

relatwe proportxons differ. No bias would result frorn studymg C\IS'tumors

1nstead of bram t.umors if cel.l types had the same etlology regardless of loca-

tion. The effect of 1ncludmg‘rnemngxor_nas in the CNS g’roupmg should be small.»

since they account for only 5% of childhood CNS tumors (9, 10). A third group-
irig.- intracranial tumors, excludes the spinal cord and includes the brain, its
menir:xges, the pituitary gland, and the pineal body. About 12% of childhood
intracranial tumors occur in the pituitary, pineal, c;r meninges (10). The dilu-
tion of brain tumors with these other tumors is worse in adults; about 26% of
intracranial tuﬁors are of the meninges, pituitary, and pineal (10).

Mortality statistics use yet another grouping-#arain and other nervous
systemn, i.e., the entire nervous system. Unfortunaﬁely. an irnporfant tumor of
childhood, neuroblastoma, occurs in the sympathetic nervous system. Tumors
of this part of the nervous system account for 25-30% of all nervous system

tumors in children (7, 8). Obviously, the results of studies of nervous system

~§.



cancers may be inaccurate with regard to brain tumors. The separation of
tumors of the sympathetic nervous system (and other parts of the nervous sys-
tem) from those of the brain is possible using the subdivisions of the Interna-
tional Classification of Diseases (ICD) codes (11-14), but few mortality studies do
SO.

The difficulty of distinguishing between benign and malignant tumors
presents another problem and source of inconsistency among studies. Benign
and malignant f.umors of the brain may have similar clinical courses. Benign as
well as malignant tumors may produce death by pressure on vital centers in the
brain. Malignant brain tumors seldom metastasize. Histologic examination can
distinguish benign from malignant tumors, but, as already noted, a substantial
proportion of tumors are not biopsied. The proportion of cases diagnosed histo-
logically varies geographically and temporally. Inclusion of both benign and
malignant tumors in comparing rates across time and place, for éxample, would
eliminate bias introduced by variation in the proportion histologically diagnosed.
However, such a practice would dilute any findings if benign and malignant
tumors had different etiologies.

A final problem involves the distinction between primary and metas-

tatic brain tumors. Obviously, an epidemiologist would like to include only pri--

mary brain tumors in studies of etiology. However, the proportion of cases not
histologically diagnosed may include some metastatic tumors. Metastatic
tumors are not a problem in studies of childhood brain tumors because few
brain metastases occur in children. In adults, on the other hand, the brain is a
frequent site of metastasis.

In summary, several of the methodological problems that affect studies
of brain cancer and their interpretation are of particular importance to child-

hood brain cancer. A substantial proportion of childhood tumors are not

¢



biopsied or are difficult to d_iégvnose aécux;ately. Because that prbportiod is
likely to vary nonrandomly, bias may resdlt. The anatomic groupings of tumors
uéed often include unrelated tumors with brain tumors. About 30% of nei‘vdus
system cancers of childhood and about 12% of intracranial cancers are not bréin
tumors. Using these groupings,"e.specially' nervous system, .could; diluté ﬁndmgs
On the other hand, bias caused by using the CNS grouping is-probably slight, as
" most of the nonbram tumors are of types found in the bram as well.. Dlstmgulsh~

ing: bemgn from malignant tumors is also dlfﬁcult and could lead to bias if the

two t-ypes had different causes. Comparison of rates would also be problematic

if the proportion histologically examined or the distinguishing criteria varied.
Histologic types |

Gliomas, including’ aStroéyt'omas,' medulloblastomas, ependymomas,

~and- ohgodendroghomas. account for about 837 of prlrnary brain tumors of child-

hood in the U.S. and about 90% of bram tumors in adults (10). Ghomas arise
from one of the several typ'esr of glial vcells‘ or rieurpglia. which suppo;'t and pro-
tect the nerve cells or neurons, and participate in neural activity, neural nutri-
tion, and the defense procesvsés of the central nervous “system (15). - The
classification of gliomas is based on the predominant cell type, as many contain

mixtures of different neoplastic cells (3).

Childhood and adult’glioma‘s differ in cell type distribution and in ana- -

i

tomic location. Medulloblastomas and ependymomas occur proportionally more
frequently in children than in adults, whﬂe the opposite is true of glioblastomas
(10). Table 1 shows the distribution of histologic types of gﬁornas among chil-
dren and among adults. Location of tumors also diﬁers with age, partly as a

result of cell type distribution.” About 65% of childhood brain tumors arise infra-

tentorially, that is, in the cerebe_l‘lum..brain stem, and fourth ventricle (4, 9, 18).

In adults, most tumors are supratentorial, occurring in the cerebrum (4).

bt 4
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Table 1.

Comparison of childhood and adult distribution of gliomas:
Histologically confirmed brain tumors
Connecticut 1935-1964*

Children 0-14 yr Adult 15 yr and older

Type No. % Type No. %
Medulloblastoma 74 33 Glioblastoma 1105 79
Astrocytoma 63 29 Astrocytoma 214 15
Clioblastoma 62 28 Medulloblastoma 27 2
Ependymoma 20 9 Ependymoma 27 2

Oligodendroglioma 2 1 Oligodendroglioma 22 2

Total 221 100 Total , 1395 100

* adapted from Schoenberg et al. {10)

Astrocytoma

Astrocytomas originate from astrocytes, which are the largest of the
neuroglia and possess numerdus long processes. Many of their processes have
expanded pedicles at their ends which attach to the walls of blood capillaries
(15). There are two types of astrocytes and about seven types of astrocytoma in
the World Health Organization (WHO) classi.ﬁcation (3). The cells of the astro-
cytomas differ in size, shape, the presence and location of intracytoplasmic
fibrils, as well as other characteristics. Epidemiologically, astrocytomas exhibit
a bimodal age distribution with a low broad peak between ages 0 and 10 and a
much larger peak centered at about age 55 (17). They often grow slowly, with
symptoms and survival dependent on their location (18). In children many
astrocytomas occur in the cerebellum and of these, most are slow growing, well
circumscribed, and of low-grade malignancy (16). Neurosurgeons can excise
totally about 657 of cerebellar astrocytomas eliminating in many cases the need
for radiation treatment (16). Children with cerebellar astrocytomas survive far
longer than those with any other brain tumor; the five-year survival rate is 89%

(19). Childhood astrocytomas also occur in the cerebrum with a less favorable
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survival rate of 30 té 40% after five years (19). Most adult astrocytomas occur in
the cerebrum with a wbrse prognosis (16). |
Glipb'lastoma

'Gﬁoblastoma is a. highly malignant tumor and has characteristics of
such tﬁmorsv. It is anéplastic and highly cellular, with fpooriy diﬁerentiatgd cells.
Necrosis, hemorrhage. and invasive growth are usually prdnﬁnent featurés’.
Some gliéblastdrﬁés show no evidence :'of a more differentiated tumor, while oth-
ers (con‘tainv a‘reas of recogn:vizabvlev astroéytorna. i‘ess, commonly élig'odéndrOr
glioma, or, ;except';bnauy. ependym-pma (‘3’).« Any of t-hvése gliomas may terminate
as a glidblastorpa' (3). Glioblastbljnas accqunt : féf a;b'out: 757; of adult brain
turhbrs_ (-10) but only 5 to 20% of.v childhood tUmoi;s (IVIOV,' 18). They ‘usually occur
in the _c'erebrﬁ;f;. Glioblastqr:r_ia; like .asttoc‘)rtﬁma. spQWS two ‘peaks of
: incivdenceb—ai_svmall Qne.- b‘etwéen_ ages. 5 and 9 and a much larger one centered at
aBout age 55 (17). Generally, less than 10% of patients survive five years (19).
Erm,n é_tem- tumor ‘ | ' |

| Brain stem tumors ax_;e often consiciered a. separate category of brain
tur_novrs. They occur most frequently in children, accounting for 10% of intracra-
nial neoplasms, with peak incidence between 4 and 8 years of age (16). Virtually
all _§ueh tumors are astrocyto_rﬁas and glioblastomas (16). Because of the.loca-
tion of these tumors, surgery >is risky aﬁd _s_'erves mostly a d.i..agnosti‘é purp‘ovs'e.
"I'he prognosis'is worse than for other .childl_'lood bra:m tvumors. Only 167; of
patients wi,th.brain stem tumors are alive after five yéars; the median survival is
| about nine months (19).' The mainstay of treatment is_radiation; which results in

improvement in most cases (18).
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Medulloblastoma

Medulloblastomas are thought to arise from primitive cells, medullob-
lasts, which can differentiate into both neuronal and glial cells. However, the
medulloblast has never been satisfactorily identified as a normally occurring
cell (19). The tumor cells are poorly differentiated and tend to form what are
called Homer-Wright rosettes ("pseudorosettes”) (3). Medulloblastomas account
for 20-25% of childhood brain tumors and occur almost exclusively in the cere-
bellum or roof of the fourth ventricle (3). The incidence decreases sharply with
age; B0% of medulloblastomas occur in children under age 15 (16). Males are
affected 1.5 to 2.0 times as often as females (20-23). In spite of the radiosensi-
tivity of the tumor, the rapid growth and high invasiveness results in an only fair
prognosis, most recenﬂy estimated at 37% (19). However, five-year survival
rates of 70% have been reported, for example, at university cancer centers in
Connecticut (19, 24).
Ependymoma

Ependymal cells line the cavities of the brain and spinal cord and are
bathed by the cerebrospinal fluid which fills these cavities (15). Derivatives of
these cells sometimes form ependymomas. Ependymomas consist predom-
ihanf.ly of uniform ependymal cells forming rosettes, canals, and perivascular
rosettes (3). The ependymal rosettes are diagnositic for ependymoma. Ependy-
momas, like medulloblastomas, are more common in childhood than later in life.
Fifty to 80% of all intracranial ependymomas (ie., excluding those of the spinal
cord) occur under age 15 (18). The age distribution is bimodal; the incidence
rate decreases through childhood to a low at age 25 and then increases and
peaks at about age 55 (17). The peak incidence rate of childhood slightly
exceeds that of later life. About two-thirds of intracranial ependymomas of

childhood arise from the fourth ventricle (19). Overall five-year survival is about



30% but is highly dependent on grade of the tumor (19).
Oligodendroglioma

Oligodendrocytes, the derivative cells of oligodendrogliomas, are'much

smaller and possess fewef and shorter processes than astrocy’tés-(lS). Focal '

" calcifications are often. found within oligodendrogliomas and at their peripheries
-(3). Oligodendrogliomas-.occu‘r rarely in.’édults and children, ‘accounting fof
about 1%. of brain tumors in bof,h "(‘10). Incidence peaks .between ages 30 and 50
(25 26)." In children, males are reportedly }agffevcted'twic'e as ofteﬁ as females
(27). Oligodendrogliomas are.usually located in the cerebrum and often grow
slowly (19), vblet» survival varies greatly. In one series of 12 'childhood cases, the
mean survival wasj close to nine &ears and ranged from less than-one month to
more than\ tén years (7). A rni;ie‘d oﬁgo-astrOCytomé ié rec”:ognized. (3).
Sﬁmmary “

The histologic types of gliomas that occur in children ‘vvarylin location,

‘age-incidence curves, sex ratio, and survival. Some of the information is sum-. .

marized b‘elbv? in Table 2. F'i.g; 1 shows the incidence curves for the different

gliomas and for all brain cancer.

Table 2. » - _
' Epid-emiological characteristics of childhood gliomas
Peak of M/F ratio 5-year survival Location
incidence in children in children in children

Astrocytoma Adult 0.9-1.1 30-90% Cerebellum
Glioblastoma Adult 1.2 <10% Cerebrum
'Medulloblastoma Childhood.  1.5-2.0 37% .. Cerebellum
Ependymoma " Childhood 1.0-1.5 30% Fourth ventricle
{ Oligodendroglioma Adult 2.0 70% Cerebrum
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Figure 1.
Age-incidence curves of brain cancer
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Sex and race o |

Investigators usuelly find a slightly higher incidence of childhood .brain
cancer in males than females with male-female rate ratios of 1. Otol. 2 (8, 9, 28-
31).. Medulloblastoma shows the greatest dlscrepancy between the sexes; males
experience a rate 1.5 to 2.0 times higher than females (20 23) Sex ratxos of
ependymox:na tend to be the next hlghest, between 1.'1 and 1.5 in incidence stu-
djes (6. 9. 32). Astrocytomas affect males and fermnales equally with recent rate

~ ratios of 0.9 to 1.1 (9, 32). The laz;gest pepulation-based series, yﬁth 2072 intra-

cranial and spinal cord tumors, ga,w}e the followingsex ratios:- medulloblastoma- -

-1.7, -- et:endyr'noma—-l.S v asf.rocytic 'g'lioma—l.l. glioma not-othefwise'—speéiﬁed
(NOS)—-I 0, and . pontine . ghoma—l 1 (9). Ependymomas and astrocytomas
account for most of the spmal cord turnors. 8-10% of ependymomas (6 33) and
77 of astrocytlc ghomas (6) occur in the spmal cord Inclusion of Spmal cord
tumors. .wquld be likely to change the, sex rat.xos only 1f tumors in _the spinal cord
had dramatically,diﬂereht’ occurrence by sei than the same cell type located in
‘the brain. Two repvo'rts on the'.sex_ratio fer' spinal cord eperidyfnoma_s -cﬁﬁered.-

but together reported seven male and four female cases. (8, 33).

The sex ratxo for all childhood brain tumors 1n whites first increases

with ege until about age ten. It then dmps to about one or below around
| puberty and ﬁnaﬁy increases (7, 30, 34, 35)'. In Balt.imore, the sex ratio of
incidence rates of intracranial tumors in'children declined during the period
1960-74 (30). However, each sex- ,time- specific rate was based on an average
of only 20-25 cases. A sex ratio that changes with ege or year could reﬁeet a
trend for one or more cell types or could result indirectly from changmg cell
type dlstnbutmns However, no mvestlgators have reported on changes in sex
ratios for specific cell types.

Generally,_ rates of childhood brain cancer in whites are reported to

L.l
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exceed those of nonwhites. Ederer et al. reported the largest white excess, a
white-nonwhite ratio of 1.45, in mortality from nervous system neoplasrns. for
1950-59 in the U.S. (36). In the Third National Cancer Survey (TNCS) data, how-
ever, white and black children experienced identical incidence rates (31). A
decade’s experience of a pediatric tumor registry in the northeast U.S. observed
white-black rate ratios of about 1.0 for glioma NOS and medulloblastoma, and
ratios of 1.2 for ependymoma, 1.3 for astrocytoma, and 1.1 for all gliomas com-
bined (32). In a mortality study of the whole U.S. for 1960-88, Miﬂer and Dalager
observed higher childhood rates of ependymoma and medulloblastoma but lower
rates of glioma NOS in whites compared to nonwhites (37). White and nonwhites
experienced about equal mortality rates for astrocytoma.
Time trends

Mortality rates from malignant neoplasms of the brain and other parts
of the nervous system increased about sevenfold in white and nonwhite children
aged 0-14 in the U.S. between 1930 and 1961 (38, 39). Investigators suggested
that improved ascertainment accounted for at least some of the increase (40).
The observed increase occurred before 1959; between 1950 and 1981, the rates
did not change. In a similar study, Greenberg analyzed mortality rates from
~ childhood nervous system cancer in the U.S. for 1950-75 (41). Little change
occurred in rates in children under 10 and females under 20, but rates for males
aged 10-19 increased between 1950 and 1960. Between 1865 and 1975, all age-,
sex- specific mortality rates for whites declined. For nonwhites, the rates were
more variable but did not appear to be declining.

In contrast to childhood rates of mortality from nervous system cancer
which on the whole did not increase after 1950, the rates in adults continued to
rise through the 1950s and 1960s (38, 39). The age-adjusted rates appeared to

level off around 1970, but only one time point after 1970 was included (40). The ‘
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cessation-df rvfatevincreases in children but not adu_lts may reflect such fabtors as
a more rapid rise to complete ascertainment ‘in children, one or more environ-
mental factors afl'ecting anly adults, or improved survival in childreh only.:

Sdme incidence data exist butbrnayv not reflect trends in the entire U.S.

In Rochester, Minnesota, a.community with excellent medical care, little heavy

industry, ‘and a 70% autopsy rate, '_th_e_ ag‘e-‘-_édeSted-incidence rates of gliomas-

andvmeningioma»s_(whi.ch together accoﬁnt for 80-90% of CNS cancers) did not
changé between the first and second hahrés of the period _195@1-97'7 (42). During
the same period, US mortalitf rv-at.'ré's from nervous system cancers in"c'rreva_sed.
This obbservatio_n ‘can be _ex.p.lained equally WQ_ll by more co’rnplete'-vascertair’lment
. iﬁ‘_Rochegtef, or by rising...’veiscerta_inmenvt or 'cbha'ngingvenvirc'v)'nrnrental exposures
in-the rest of thé U.S. but not in Rochester, Minnes-ota.

- The incidence of childhood CNS tumors increased .signiﬂc'a’n’tly in both

‘sexes in Finland in 1953-70 (43) and Sweden in 1958-64 (44). In Sweden, the

incidence rates increaéedtt% per year for males and 1% for females, on dverage.
The actual change in rates is not presented in the Finnish study. However, the
signiﬁcancé. of thé trend and the .numbexf of age groups affected is greater for

males, suggesting a greater increase among males. The Swedish researchers

suggested that if environmental factors were causing the increase, no sex

difference in trends should have occurred. In both countrié.s, the largest

increases occurred under age five, although the Swedish study presented this

analysis only for all nervous system cancers combined. The Swedish investiga-.

tors studied mortality as well as incidence rates; the mortality.rates included all
parts of the nervous system. (The incidence of neurcblastoma, the predominant

tumor outside the central nervous sﬁem. increased slightly more than the

incidence of CNS tumors did.) Mortality rates changed less than incidence rates; -

male mortality rates increased, while female mortality rates hardly chang'ed.v A
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recent study in Baltimore, based on small numbers, observed a decrease in
incidence rate of intracranial neoplasms in white males under age 20 from 1960
to 1974; the rate in white females changed very little over the same time period
(30).

The possibilities of increased ascertainment and international
differences make time trends in mortality and incidence rates difficult to inter-
pret. In addition, differences may exist between the etiologies of childhood and
adult brain cancers. Possible changes in survival rates further complicate the
interpretation of trends in mortality rates. However, the results from Finland
and Sweden suggest that incidence rates for children may have increased. As
both countries have accessible medical care, and as the increases occured after
increases in the U.S. had céased, the trends are not likely to be due to better
ascertainment. In addition, if improved ascertainment caused the increases,
males and females should have experienced similar trends. The Swedish study
also presented evidence that recent mortality rates for children may not accu-
rately reflect incidence.

Social class

The data on the association of social class with childhood brain cancer
conflict. Cases of childhood brain cancer in Finland and intracranial tumors in
Denmark did not differ from controls in social class distribution (29, 45).
Stewart et al rnad.e the same observation for childhood cancer deaths in Eng-
land and Wales (46). In contrast, MacMahon, using pay status to define
socioeconomic status, observed a 507% higher death rate from CNS cancer for
private patients than for clinic patients (47). The report did not give the statist-
ical significance of the result. However, the difference in rates was significant
for all cancer deaths combined and the effect of pay status was greatest for the

CNS category. In a more recent study, Sanders et al. observed a significantly
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increased ﬁfﬁpbrti'onate mortality ratio (P»MR)'for childhood cancer among lchil'-
dren of pr_ofessionél fathers (48); tﬂe analysis bf only“br_ai.r.l cancers showedvthe
sarﬁe association. However, the high PMR frlight"_have.res.ulted from ‘lower death
ratés from other causes émong children of professional fathers. Chance, inter-
nétionél diff'erer;ces. and/or different effects by kcell type méy‘ explain -the
' coﬁﬂictihg data ori social class.
_ .Reilvig’ion |

- Several investig;:itots’ obseﬁed_a l'zligherv death -fate frb;jn brain cancer
at all ages combined among Jews cémpar'ed,._to people of other religions. Mac-

Mahpn repo:fted"the Same trend for.CNS cancer deaths among children, although

only 14 such deaths occurred among Jew_ishvchildrv'en and the significance of the

807 difference in rates is not given (47). Ho’vireverv,.‘-'m their case-con_t_.r_bl study of

childh_ood bfai_n tﬁmor—s. Gold et al. obseﬁiedl ‘a_-prpt.et,:tive eflect of being Jewish
',(49_). V’I'he: odds fatid (OR‘.')vvwas small, 0.17, but n’ot,'vvsigniﬁc.:aht; ; sevé_n pairs were
discorda_nf. foz" religioh and in six of those, the-cdnttoi'WaﬁI Jeﬁsn 'bThe two stu-
dies ‘t.hat" inveétigated 'religioh conflict and both results ‘are base'd:' on small ,

numbers. Therefore, the effect of being Jewish on the risk of childhood cancer

remains unknown.
Geographic variation
International differences

Aboht ten-fold international variation in inc_:idencé rates of childhood

brain cancer has been observed (50). Nigeria and India repor-téd low rates while

Israéli Jews, regardless of continent of bu'th experienced rates abéut ten times
higher. The: U.S., Denmark, Colo'mbia, and Japan experienced intermediate
rates. In Israel, the rate for Jews was almost twice that for Arabs; The Japanése
and U.S. whites experienéed' similar rates, which were about orie-third the rate

of Israeli Jews. These incidence data generally include benign, malignant, and
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unspecified neoplasms of the brain and other parts of the nervous systém. Ina
study including only malignant tumors, Virag and Modan presented data that
question the high rate in Israeli Jews and the differénce in rates between Jews
and Arabs (51). They observed rates for Arabs and Jews that were similar to
each other and to rates in other developed countries.

Adult mortality rates generally follow the same pattern as childhood
incidence rates. A study of age-adjusted mortality rates in 28 countries from
neoplasms (benign, malignant, and unspecified) of the brain and other parts of
the nervous system observed the lowest rates in Mexico, Chile, and Japan {0.7-
2.3/100,000) (52). Israel reported the highest rate, 6.8/100,000; the rates in all
other countries varied between 3.4/100,000 (U.S. nonwhites) and 5.6/100,000
(Denmark). Iceland and three Scandinavian countries—Denmark, Norway, and
Sweden—had the highest rates except for Israel; Finland had a lower rate. The
investigators attributed part of the geographic variation of rates to differences
in the ascertainment of cases, completeness of reporting, and death certificate
coding practices. Incidence rates show the same international pattern as mor-
tality rates (53), making death certificate coding practices an unlikely explana-
tion. Differences in ascertainment may explain the low rates in developing coun-
tries such as Chile and Mexico, but not those in Japan.

Two studies of migrants suggest that environmental rather than
genetic factors may explain some of the observed variation in rates. Japanese
migrants to the U.S. had mortality rates which approached those of U.S. whites
(54). Chinese children in Shanghai experienced higher incidence rates of brain
cancer than Chinese children in Singapore (55).

Dohrmann and Farwell compared the distribution of histologic types of
childhood intracranial neoplasms among six case series from four continents

(56). Differences in ascertainment are unlikely to affect these comparisons, but



16

variation in histological diagnosis could. " After 'combini_ng astrocytornas"‘a'nd
glioblastomas and -ekcluding the nonbrainb intracranial tumors_ and - the
uhclassified tumors. the proportion of astrocytoma-glioblastoma, medulloblas-
toma, and ehehd}moma varie’d amc;ng s’eries. The proportioh of cases diagnosed
as astrocyt'om'a or glioblastoma ranged from 41% in Japan and 427 tin. Indie to
59% in Africa. Chance may explain the high proportlon in the Afrxcan series of
_only 61 cases. After the Afr1can series, ‘the highest proportlon was 52/0 in Aus-
tria. The proportlon of cases dlagnosed as medulloblastorna ranged from 187 in

Afrlca to 337 in Connectlcut Agam. thesm‘allest series g‘ave an extreme v‘alue'

however, the value for India, 22%. was close to that of Afrlca _'I'he proport1on of '

, ependymoma varied two-fold from 127 in Connectlcut to 247 in Indla

U.S. reg'umal differences

-

Rate dxﬂerences vnthm a country rnay prov1de etlologlc ‘clues and are

less hkely to result’ from d_lagnostlc. codmg, and' medlcal care dlﬁerences than.

- are mternatlonal compansons Investxgators have observed s1rmlar geographlc

patterns for chlldhood and for all nervous system cancer rnortahty

. In a study of childhood cancer deaths in the 1950s, Ederer et al
observed 51gmﬁcantly higher mortality rates of nervous systern turnors in the
Pacific States (SMR=113) than in the U.S. as a whole. The S_outhern and Moun-
‘tain States had significantly lower rates (SMRs 85-93) Kurtzke investigated the
geographic differences in mortahty rates for all nervous system tumors includ-

ing benign and unspec1ﬁed tumors in U.S. whites for 1951-53 and for 1961-63

(57). In both tirne periods. the Pacific States, Nevada, and some of the southern

New England_and Mid-Atlantic States (Connecticut, New York, Massachusetts,
and New Jersey) reported rates higher than the national average. The rest of
the country, except Nebraska and Florida, generally reported low rates. As the

mortality rate from nervous system tumors covaried sigriiﬁcantly with the

=
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distribution of physicians, the author attributed the geographic variation to
differences in completeness of ascertainment. In the studies of both Kurtzke
and Ederer et al., the geographic variation observed was small. For all ages, the
mortality rates varied from 70% to 120% of the national rate; for children from
85% to 113%. Similar geographic patterns were seen for childhood and age-
adjusted mortality rates; rates were high in the Pacific States and low in the
Mountain and Southern States.

No striking geographic paf.tern in the U.S. occurred in county mortality
rates (1950-69) for cancer of the nervous system (58). Counties of high and low
incidence were scattered across the country. Some correspondence existed
between the patterns for males and females.

Urban—rural differences

Choi and his associates studied the death certificates of all Minnesota
residents who died with primary central nervous system neoplasms between
1958 and 1962 (59). They compared the distribution of residence (urban place,
rural nonfarfn. rural farm) of cases of all ages to that of the Minnesota popula-
tion. A higher proportion of the cases lived on farms compared to the state's
population. This association was significant for unspecified brain tumors, glio-
mas, and all brain tumors in males and for unspecified brain tumors in females.
According to the authors, the number of significant findings for males was
unlikely to occur by chance, but the association for females might be due to
chance. In their report, Choi et al. cited supporting, unpublished data from the
Norwegian Cancer Registry. Although urban areas in Norway experienced higher
total incidence rates than rural areas (about 40% for both sexes), higher rates in
rural areas were observed in both sexes under age 20. Males and females under
age 20 living in rural Norway experienced higher rates of medulloblastoma than

their urban counterparts. Astrocytoma rates under age 20 were higher in rural
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areas for males, but in urban areas for females. These findings emphasize the
possible irrélevar_;cy- of rates for all ages to chﬂ@hood brain tumors.

In Jowa in 1950, as in the Norwegian data, urban areas exp‘erieriée‘d
incidence rates of pmmary brain tumors about 1.5 tlmes that of rural areas (60).
'However, the srnall nurnber of chlldhood cases did not perrmt separate analys1s

‘lGr.eenbe_rg cornpa-red rural and _urban mortality rqtespﬁf{om ner_vou_s

system cancézf in white children aged 0-18, 1950-69 (41). He defined urban

residents as those pefsons living in a county in which at lea'st.'757 of the popula-

tion lwed 1n t.owns of 2500 or more mhabltants in 1970. ’I'he most urbamzed '

countxes had hlgher chlld and teenage- cancer mortahty rates than the entxre

U.S. The dLﬁ’erence was most marked, though small, fq’r nervous systern cancers

in both sexes. The urban excess was 7% for males and 9% for females {p<0.05)."

v_Gr_el;'enberg ablls‘p__i:nvestig'at.ed'time trends irA;:‘;_txrban-r_'uralvvidiﬂlé_rer‘l'c_és.. Between
.b 1950 and 15{7_5, urban-rural diﬂer_énces in total .wﬁitev cancer rnort;a’lity fa:f.es
decreased. .'I'he qrbém excess in children decreaséd by half betweeﬁ the .two
,pejr,ipg_sf ‘ h |

Part of the discrepancy bet_ween high'er"urt’:an_ brain cancer rates and

overrepresentation of farm residents among cases may result from the

definitions of residencg used. Choi et al. observed similar proportions of rur-al
residents among the cases ahd amon.g:-the general population (59). Only when
rural residence was .cla'séiﬁed as farm or nonfarm was the higher proportion of
rural farm residents observed. High rates among fﬁral farm residents but very
low rates _amorig rural nopfarm residents might explain the overall low rates for
rural areas. | |

Birth characteristics

Researchers have investigated possible associations of birth charac-

teristics with chilc}lh_ood:br'ain cancer. In a study of childhood cancer deaths
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between 1947 and 1958 in the northeastern U.S., MacMahon and Newill observed
increasing nervous system cancer mortality rates with increasing maternal age
(61). Gold et al. in a case-control study of brain cancer found no effect of mater-
nal age (49), while Choi et al. observed more mothers of cases under age 30 at
the birth of the child than mothers of controls (80% vs 55%) (62). The last obser-
vation was derived from only 20 glioma deaths and 20 controls and was not
significant.

The same researchers and others investigated the effect of birth order.
Choi et al. found more first-born cases than matched controls in the categories
of all gliomas, astrocytomas and medulloblastomas (62). Forty-five percent of
| the cases under age 20 with gliomas were first-born compared to 15% of the con-
trols; the finding was of borderline significance. Similarly, in the study of Gold
‘ and- her associates, the cases were more likely to be first-born than their
matched normal controls (not significant). However, the cases did not diﬂer‘
from their matched controls with other malignancies (48). MacMahon and Newill
reported no association with birth order in their study of deaths from nervous
system cancers (61). Neither did Preston-Martin et al. in their study of tumors
of the brain and its meninges (63).

The data on the association of birthweight and childhood brain cancer
conflict. Cases (and their controls with other malignancies) were significantly
more likely to have a birthweight of over 8 lbs than their normal controls (49).
The observed association may have underestimated the effect as the children
with brain tumors tended to have lower birth orders than normal children and
first births tend to be of lower birth weight than subsequent births. Choi et al.
observed a mean birthweight of children with brain tumors slightly higher than
that of controls, but not significantly so (62). MacMahon and Newill observed a

very small difference of .09 lbs in birthweights between children dying of brain
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caricer and comparison births which consisted of the next birth certificate in file

following that of the child who died (61). They suggested that the difference

" resulted from the inclusion of low birthweight premature births many of whom

died before reaching the age' of cancer risk. Preston—Martin et al. observed no
' association with blrthwexght (83).
The studies mentioned also 1nvest1gated a miscellany of other factors.

: Among the 20 cases of glxoma under age 20 m the case-control study of Ch01 et

. al., mothers of nine cases and three controls had expenenced cornphcatlons of:

dehvery (p=. 07) (62).. The case mothers: had had sevén spontaneous abortions

before the relevant pregnancy compared to one among the controls (p=.02).

There were nordlfferences in stillbirths and malformations. Preston-Martln et
al., in their recent case-control study with 209-pairs, did not confirm the results

on delivery and abortion (‘63) 'I'hey found no association with prolonged labor,

i dehvery by caesarean section, mhalatlon of gas during labor. use of forceps, or-

history of spontaneous abortmn prlor to the index pregnancy

~Thus, birth ch_arac-terlstlcs are unlikely to be rxsk factors for chil‘dhood_

brain cancer. 'I'-he data conflict enough to suggest that no strong associations
exist with birthweight, maternal age, previous spontaneous abo"rtions, or compli-
cations of delivery. | _
Genetic fact.om. famihal aggregation, and associations with other conditions
;R;esearchers interested in genetic factors as possible risk factors for
childhood brain cancer 'have'studied- the distri.bution of ABO blood types of
patients with brain tumors, familial aggregation of brain tumors, and the
'occurrence of brain tumors in children with known genetic disorders. Gold in
her review of the epidemiology of brain cancer (64) ’proﬁdes rnore".infom_lation
than will be discussed here. |

Studies of the distribution of ABO blood types of patients with brain
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tumors have yielded conflicting results. Yates et al. found a reduction of blood
group O in children under age 15 diagnosed with astrocytoma after 1945 com-
pared to earlier cases and controls (65). A study of patients of all ages with
astrocytomas replicated the finding, which also seemed present in the small
number of childhood cases (686). Several studies (62,67-89) observed no
differences between cases and controls.

Two studies reported the familial aggregation of childhood brain
tumors by comparing the observed and expected number of sib_ling pairs
affected. After excluding twins and pairs in which one or both children had
genetic diseases associated with brain tumors, Draper et al. observed eight pairs
of siblings with_brain tumors compared to about three expected (70). Miller
observed eight sibling pairs, both of whom died in the U.S. between 1960 and
1987, with about one expected (71). Both studies also reported an excess of
sibling pairs in which one had a brain tumor and the other had a cancer at a site
other than the brain; the association of brain tumors and bone cancers in
siblings was observed in both studies.

Findings of Gold et al. suggest that some childhood brain tumors may
be part of a familial constellation of neurologic disorders (49). Children with
brain tumors were more likely than normal cdntrols {but no more likely than
controls with other cancers) to have siblings with epilepsy or seizures. In addi--
tion, two mothers of cases had had epilepsy and three had had strokes relatively
early in life. No mothers of controls reported these conditions.

Anecdotal case reports and a few small studies suggest associations
between brain tumors and several genetic diseases and birth defects.
Neurofibromatosis or von Recklinghausen's disease {autosomal dominant) has
been assoclated with all types of gliomas, acoustic neuromas, and meningiomas

by case reports (see 64). In addition, of nine adults with confirmed
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neurofibromatosis who were ‘identified through autopsy files, three had astro-
cytomas (72). "A study of 48 cases of rnenin’g.iornas' in children :and'adolescents

vbserved that 23% of the cases had neuroﬁbromat031s (73) Anecdotal reports

(see 64) and one study link another: autosomal dormnant d1sease, tuberous V'

_ SCl_erOSFIS, 'mth‘ 1ntracramal tum'o-rs. In the study, of 48v.pat1ents w1th 'tu_berous :

'sclerosis'. se\ien. ‘all children, had intracranial tumors (74) Studies of. the
occurrence of brain tumors with »Down's"syndrome and spina bifida in the same

~‘individual or family suggest no association or a weak association.{see 64).

Familial factors, then, may cause a small proportion of ch.ildhood brain

cancers. These factors 1nclude genetlc dlseases. such as neurofibromatosis and
tuberous sclerosns. as well as undeﬁned genetxc or enwronmental factors caus-
| mg occurrence in pau.rs of 51b11ngs | | | |
Env1ronmenta1 factors
[nfectw'n.s
L. Viral infections ‘
A. Ammal data

Certaln DNA and RNA viruses induce CNS tumors in ammals by intra-
cet‘-ebral-xnoculatxon. Eight DNA-containing viruses (four papovaw.ru_ses and:four

adenoviruses) and four RNA-containing retroviruses, -including'avian sarcoma

virus, have such capablhtles (see 75). All the major cell types of childhood brain:

cancer can be mduced by at least one of these v1ruses The turnors have been

induced in rats, hamsters, monkeys, and other animals, although' not all viruses

" have been shown to have neuro-oncogenic-properties in all animals (see 75).
B. Epidemiological studies |

Some evidence: links papova viruses to hurnan brain tumors. The epi-
demiological evidence'co'rnes from studies of the effect of Salk polio vaccine dur-

ing pregnancy. Some batches of the vaccine were contaminated with live,

)
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infectious simian vacuolating virus 40 (SV40), a papova virus that was unknown
at the time (see 75). The Salk vaccine was prepared by growing poliovirus in
rhesus monkey cells. SV40, endogenous (integrated into the host DNA) to the
rhesus monkey, resisted the treatment used to kill the poliovirus. SV40 isolated
from some batches of the vaccine induced brain tumors in hamsters.

Heinonen et al. studied the outcome of 50,897 pregnancies that
occurred between 1959 and 1966 (78). Of 18,342 children whoée mothers had
been vaccinated with Salk vaccine during pregnancy, 14 developed malignancies
before age one or died of a malighancy before age four, for a rate of 7.6 per
10,000. The corresponding rate for the 32,555 children of mothers not vac-
cinated during pregnancy was 3.1 per 10,000 based on ten cases. The rates
differed significantly (p<.05). If only those children exposed during the first four
months of pregnancy were considered, the rate was 13.2 per 10,000. Seven of
the 14 tumors in exposed children occurred in the CNS (although only two in the
brain as defined in the present study) compared to one of the ten tumors in
nonimmunized children. The authors did not discuss the likelihood that contam-
inated vaccine was used in the years of the study.

Another study compared a random sample of CNS cancer cases aged O
to 19 to birth certificate controls. The cases had been reported to the Connecti-
cut Tumor Registry and were born between 1956 and 1962. Farwell et al.
observed that 37% of the cases (19/52) and 21% of the controis (8/38) had been
exposed to the contaminated vaccine (77). The difference is suggestive but not
significant (p=.15). However, 50% of the tumors in SV40-exposed children were
medulloblastomas compared to 25% of all childhood CNS cancer cases reported
to the tumor registry in the same period (p<.01). The small numbers and large
degree of nonresponse complicate interpretation of the results.

 Postnatal exposure to SV40 has, in general, not been associated with
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increased cancer risk. Innis compared children hospitalized bet_we'én 1958 and
1963 for a rﬂalignancy with a hospital control group (78). The cases and controls
did not differ in,the proportion immunized against polio. However, .88% of the

cases over one year of age had been exposed to the vaccine cornpared to 81% of

the matched controls (p<. 001) Innis did not state which children were ngen the '

vSV40-contam1nated vaccine nor the types of rnahgnancxes that ‘the chlldren-

developed. Stewa_rt and Hewitt, in a s_1rmlar study, found no’ assomatlon between

irn:nﬁniiation'agaihst polio and childhooci cancer (79). ‘Mortimer et al stuaied

children vaccinated as neonat.es (80) None died of cancer in the 17 to 19 years
' follomng vaccmatxon, but only one such death was: expected . |

'If papova viruses cause brain tumors, then researchers should be able

to isolate virus from, and/or detect viral antigens in human tumors as ‘in.

induced animal tumors. ‘So far, only 38 of 336 human intracranial tumors. stu-
died have been p051t1ve for a papova virus antigen called large T antigen (see
75) However, dat.a exist suggestmg that the msutﬁcxent sensm\nty of the assay,

the productlon of structurally abnormal T-antlgen by tumors, and/or tumor

interference w1th antigen productwn may account for the apparent lack of

antigen. Two reports claim the Lsclatlon of papova viruses themselves from
human mtracramal turnors--a retlculum cell sarcoma and a ghoblastoma (81)

A few mvestlgators have reported associations of childhood cancer with
other maternal viral infections during pregnancy. Stewart et al. observed ten
virai infections during the relevant pfegnancy- 1n the mothers of children who
died of cancer b’utv only one such infection in the mothers of controls (48). The
distribution of the ten cases by site did nof. differ from the usual distribution of
childhood cancers. | A later report used data from the same survey but, by the
early 1970s, data on 9000 case-control pairs had been collected and analyzed

compared to 1400 in the earlier paper. Using the 9000 pairs, Bithell et al.

i
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observed a significantly increased risk associated with influenza and chickenpox,
and an almost significant increase associated with rubella infection during preg-
nancy (82). The distribution of the cases associated with influenza and, presum-
ably, those associated with rubella were distributed by site as were all childhood
cancers. However, two or three {one diagnosis was ambiguous) of the seven
chickenpox-associated cases were medulloblastoma; less than one medulloblas-
toma was expected among the seven cases. The authors point out that variceila
virus tends to persist in nervous tissue. They considered unlikely the possibility
that recall bias explained the results; 'the accuracy of the mothers’ reports
which could be verified did not differ between céses and controls, nor did the
reported frequency of common conditions of pregnancy.

Other studies found no excess of cancers or an excess of only
leukemias after maternal viral infections. Fedrick and Alberman observed an
increased risk of death from cancer associated with maternal influenza, but only
leukemia occurred in excess (83). Adelstein and Donovan reported an excess of
leukemia but not other cancers associated with chickenpox; however, the cohort
of exposed mothers was only 270 (84). Leck and Steward did not observe an
increase in the incidence of leukemia or other neoplasms in children born after
influenza epidemics in the 1950s and 1960s (85).

2. Other infections

A few studies report on the association of brain cancer with certain
previous infections in the patient. Ward and his associates found that 227 6f
adult patients with gliomas but only 77 of hospital controls had had tuberculosis
(p<.01) (86). The authors suggested that development of both gliomas and
tuberculosis may result from an impaired immune system. Another study, how-
ever, used three times as many cases and controls (300 cases, 300 controls) and

found no association (87). The two studies differed in the control groupvused.
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The latter study used patients seen for spinal conditions, intracranial lesions,
' and peripheral heurological lesions, while the first used 'patiént; admitvtedv to
génet‘al‘ medical units. |
Schuman and colleagues tested the sera of 126 patiénts of all-ages with
hisf.ologicaily verified CNS tumors and hospital contrbis for t;)#oblaéma antibo-

dies (88) They observed that 56% of the cases and 41% of the confrbls tested

positive, a significant difference (p_='.02).:7 ‘The.largest difference occurred in the

aStrocytom'a éroup; B0% of the cases and 31% of the’ controls had toxoplasma

antibodies (p=.02).  The difference existed for all age groups, including .ages 0-

19. Tb)iopiasma- is a protozoa often infecting humans but seldom causing recog- -

nizable disease. Contact with chickens (Kimball), other domesticated.fowl (89),
cats (90), and raw and undercooked meat (90) incregséd the .probability of
human 'infection. In addition,"gliorha—ﬁke»'tumbrs have occurred in chickens

-spontaneously and experimentally infected with toxoplasma (91).

Associaﬁions of childhood cancers with animal contact 'support infec-

tious agent‘ hypothesés. Goid et al. found Lhat_more of the c_h.ildre'n with br";ain.
tufno'rs (and of those with other'maliéﬁé‘ncies) reported expdsuxfe to farrh
animals (OR=4, p=.04) and to sick pets (OR=4.5, p=.07) (49). Of the recent stu-
dies that irivesti_gated the associat.i*on of childhood cancers with parental occupa-
tion, one fohnd no excess of‘fathers whovwere farmers (92), while twq others
found suggestive, rather weak associations (48, 93). In one (93), the OR for all
malignancies was 1.2 and was significant at the .05 level; the OR for brain cancer
was similar but not significant.
3. Summary

'I'hé evidence to date, then, suggests papova virus, chickenpox, and
-infections associated wit.h animal contact as possible risk factors for childhood

brain cancer. Although the epidemiological evidence on prenatal'exposure to

1
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polio vaccine contaminated with SV40 is not convincing, it is supported by
animal data and the recent isolation of SV40 and a related virus from human
brain tumors. Some evidence also suggests that maternal chickenpox infection
| may be a risk factor for childhood brain cancer. This association based on only
three cases may be spurious or indirect, of course. If it is causal, the attribut-
able risk would be small since only three of about 450 medulloblastomas
occurred in association with chickenpox. Infections associated with animal con-
tact may also be risk factors. Associations with Fo;goplasma antibodies, expo-
sure to farm animals, and farm residence support a zoonotic hypothesis.
FRadiation

Since radiation causes cancer in animals and humans, epidemiologists
have studied the relationship of radiation exposure and childhood brain cancer.
Follow-up studies of children whose scalps were irradiated for tinea capitis
(ringworm of the scalp, a fungal disease) provide evidence of the ability of x-rays
to cause brain cancer. Modan et al., using a retrospective cohort design, fol-
lowed about 11,000 irradiated c;hildren aI_ld their matched controls for 13 to 24
years (94). Eight malignant and eight benign brain tumors ocurred in the irradi-
ated group compared to 2 brain tumors in the control group. The authors did
not give the statistical significance of this result but the increase for all head
and neck neoplasms was significant (p<.01 for malignant and <.05 for benign).
Another study followed about 2200 children irradiated for tinea capitis and 1400
controls treated for the same disease during the same time period without x-ray
therapy (95). Six brain tumors occurred. in tl;e irradiated group but none
among controls (p=.07). In both studies, t:he expo;ed ahd control groups experi-
enced the same incidence of neoplasms outside the head and neck area.

Prenatal exposure to x-rays may also contribute to the etiology of

childhood brain cancers. Stewart et al. observed an odds ratio of 1.9 {p<.001)
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- for abdominal x-ray examinations duringv.preﬂgnancy'in a case'-controlvstudy Of all
childhood cancer deaths before age 10 (486). 'I'he association held for cancers of
most - sites including the central nervous system. '-MaoMaho"n 'conﬁrrned the -
results ina: study usmg objective evidence of 1ntrauter1ne x-ray exposure rather
than recall of. the mother (4-7) Chlldren exposed n - ute'ro had a r1sk of
lepkemla. CNS, and other cancers 30-407ah1gher than unexposed ch1ldren.» after
correction for possible confounders 'sncn'as birth order and dernographic vari-
ables. The excess 'risk appeared to be exhausted by age 8 in this 'study but not
in that of Stewart et al. (46) Salonen and Saxen found an association of pel—
wmetry with leukerma (not 51gn1ﬁcant) but not brain cancer (96) The sample
size was twice that but .the prevalence of fetal x—ray ab_out half -that in
, M"achahon's study. "I’.hns. -the power v‘ of t_he two studies w’as sumlar Preston-
Mart'.in'ef. al. | in itheir oase-control stody of brahijtuniors(includin.g -rne'ningiomas')
occumng before age 25, observed a nonsxgmﬁcant OR of 1. 3 assocxated with pel—
vie x-ray durmg pregnancy (83). |

Radiation treatment during childhood appears to be a risk factor for'
chilclhood brain cancer. The dafa on vprenatal radiation are ‘for the'most part'
_convincing although not entl.rely consxstent D1ﬁ'erences in x-ray dose and prac-
vtlces between tlme pemods and countrles rmght explain the 1ncons1stent
findings. For example, the two large studles with positive findings used cases
‘dying in the late 1940s and 1950s, while the cases in the large study that
observed no effect occurred in 1959-68. |
Chemical Agents
1. Animal data

The information on neuro-oncogenesis in experimental anin1als was
obtained from a r_eyiew by Kleihues, unless otherwise noted (97). Researchers

have demonstrated that more than 40 compounds cause tumors in experimental
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animals if administered during fetal or early postnatal development. These
developmental carcinogens induce tumors at sites that vary among species. In
rats, malignant gliomas of the CNS, malignant neurinomas of the peripheral ner-
vous system and, less commonly, nephroblastomas occur most frequently. Mice,
on the other hand, respond with an increased incidence of benign tumors of the
respiratory tract (adenomas) and the liver (hepatomas). Researchers have
demonstrated transplacentai carcinogenesis of the nervous system in rats,
mice, hamnsters, and rabbits and early postnatal carcinogenesis in rats, gerbils,
and opposums.

Humans have widespread exposure to one class of developmental carci-
nogens that act on the nervous system, the N-nitroso compounds. These com-
pounds exist in cigarette srhoke. food, beer, makeup, and other commoniy .
encountered substances (98). In addition, nitrosamines and nitrosamides, two
types of N-nitroso compounds, can form in the body from their chemical érecur-
sors, amines and nitrites.

Neurogenic carcinogenicity in fetuses and newborns differs from the
process in adult animals. While' only repeated administration of carcinogens will
produce a high incidence of neurogenic tumors in adults, a single dose given
‘perinatally suffices to induce tﬁmors in 90-1007% of experimental animals.
Fetuses also show a greatly increased susceptibility to many carcinogens. The
neuro-oncogenic chemicals exert their effects at concentrations which have lit-
tle effect in the pregnant female. This is particularly true for ethylnitrosourea,
an N-nitroso compound that induces neural tumors transplacentally in half of
the experimental animals at a level 1/50 of that required for the same effect in
adults. The latency period is decreased as well. Thirty day old rats develop ner-
vous system tumors after a latency period 2.5 times longer than newborn rats

given a similar dose. The organs in which tumors occur after exposure to a
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particular chemical differ in adults and fetuses. DMBA induces predominantly
neurogenic and renal neoplasms transplacentally, but causes mammary tumors

.in young female rats.

The sensitivity of the nervous system to transplacental carcinogens

varies with the time of exposure. For example, transplacental éarcinoge'ns"» :

induce neurogenic tumors orﬂy when- exposure occufs after’day 11 of gestation,
even though carcinogens do penetrate into fetal tissues before tha;t.' The 'sus-
cept;.ibility of :the nervous syste_ﬁ ihc_.reés‘es.-after‘ day 11 and. peaks during the
final period.of intfauterine de#‘élopfnent. vAftez" one month of,age, young raté

respond to neuro-oncogenic agents as adults do.

The oréan in which tumors occur also can vary with the stage of,g'es_t-a-

tiori during which exposure occurs. In rabbits, eicposufe of fetuses toietﬁylnitro—

| » souréa induces neutfogenic ‘tﬁx_no}rs; ﬁth exposure -ddring’the' eérly stages of geé’-
* tation ‘and renal neoplasms with exposure at later stages. 3

These animal data have implications fo‘r'.t.he eﬁiology of childhood bram

vca'ncer 'm humans. First, .e‘xpo'surve t.o‘.carn.:inoge‘r‘xs.during gestation could. ééuSe

childhood 'Brain tumors, especially as, in animals, the fetal nervous system is

more susceptible to v-carcinoge‘ns than the nervous system in adults. According

to one. researcher, the same is prbbably' also true of the human nervous sY‘étem.

as the animal data are very consistent across species (99). Most other organ

systems do not exhibit this increased prenatal susceptibility. Second, brain

tumor_é in children and aduits may have different etiologies. A chemical that ’

causes nervous sysiem tumnors in anmals after prenatal exposure often causes
tumors of a different system or organ with postnatal expposure. Finally, carcino-
gens”that induce. tumors other than those inrthe ﬁemus system are still poten-
tial nervous system carcigogens in humans, as a chemical fnay cause nervous

systemn tumors in one species but other tumors in a second species.

17
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2. Epidemiological studies
A. Parental occupation

Transplacental exposure to carcinogens could occur through the occu-
pational exposure of the parents—either through the mother’'s exposure on the
job or through substances brought home on the father’'s skin or clothing. That
indirect exposure through a parent's clothing can cause illness has been docu-
mented in several cases (100). |

Researchers have investigated parental occupation as a possible route
of exposure to transplacental carcinogens. Several methodologic problems exist
in these studies. Parental occupation only measures exposure in a very crude
way. The chemicals to which the parent (and fetus) are exposed are surmised
but not known. The level of exposure is also not known since that depends on
the circumnstances of each person’'s job. The validity of occupational information
from birth certificates, which is used in some studies, may not be high. All the
studies suffer from the large number of occupations leading to groupings of
different occupations or odds ratios based on small numbers. The large number
of occupations also leads to the problem of multiple comparisons and chance
associations.

Fabia and Thuy observed that 386 children who died of cancer under
age 5 were more likely than controls to have fathers in hydrocarbon-related
occupations (92). The association, however, was only slight for nervous system
cancers, but pronounced for leukemia and all other malignancies. Fabia and
Thuy’s study motivated a spate of case-control studies which sought to replicate
and expand the findings. The studies differed in size, source of occupational
information, and use of incident or death cerficate cases. All but one include
children up to age 15 or 168, while Fabia and Thuy used only the youngest cases.

Zack et al. with 296 (52 nervous system) cases (101), Sanders et al. with 6920
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(1921 bram) cases-v (48), Kwa and Fine with 692 (132 CNS) cases (102-). and.Haku-,-
linen with 852 (219 brain) cases (103) observed no association with
hydrocarbon-related occupations. Hakulinen analyzed the youngest cases
_separateiy as well as with the other cases. |

| . Herumihki et al. found paternal occupatioh as a motor vehicle driver-or
'pamter to be sxgmﬁcantly assocxated mth chlldhood cancers. (93). For bram
| tumors paternal occupatlons of pamter or machine repau'man (but not motor
vehlcle drwer) .showed SLgnlﬁ.can_t'or borderlme assomatlons. Another 'study also
oﬂered some support of Fabia and Thuy's ﬁndmgs Peters et ‘al. obserVed"-e
51gn1ﬁcant assocxatlon of paternal exposure to solvents. espemally pamts, mth-
bram cancer in chlldren under age ten (104) They also observed an excess ‘of
_fathers workmg in the aircraft mdustry, an assocxatlon of high statlstxcal.
‘_sxgmﬁcance, :

Of.her findings 'frorn these studies -include associations with- pateruel
employment as a paper or pulp rmll worker ( 102), paternal occupat.lon as a pro-
fessional (48) rnaternal exposure to chermcals (104) maternal occupation as a
baker, factory worker or pharmacist (93)., and maternal .employment the year
before -pregnanoy (104). The associations mentioned were significant for'brain
turnors or significant for all cancers and present for brain tumors to a similar
degree.
| ' The.finding of Fabia and Thuy that paternal hydrocarbon-related oceu-
pation was associated with childhood oancer has not been replicate'd.,'However.
other associations Wivt.h parental occupation have been observed that should
motivate further study. Of particular interest is the as.socivat,iori, observed in two
studies, with parental exposure to paints.

B. Otv.her'chemical factors

Two recent matched case-control studies of childhood brain cancers
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have investigated a variety of chemical factors (49, 63). Maternal smoking dur-
ing pregnancy and child’s residence in a home treated by an exterminator
showed no significant association in either study. Preston-Martin et al. (63) soli-
cited information on exposure to N-nitroso-compound-containing substances, as
these compounds cause nervous system cancers in animals, particularly when
the exposure is transplacental. Begr. cigarett_e smoke, incense smoke, and
cosmetics contain nitrosamines. Maternal smoking as mentioned above and
beer consumption were not associated with brain cancer. However, the investi-
gators observed significant associations (p-values .005 to .02) with living with a
smoker, burning incense, and using makeup frequently during pregnancy.
Meats cured with sodium nitrite contain nitrosamines and the precursors of
nitrosamines. Consumption of cured meats by either the mother during preg-
nancy or the child was significantly higher in the cases than the controls. The
odds ratio for high compared to low consumption was 2.3 (test for trend p=.008
maternal, p=.01 child). No association was observed with consumption of high
nitrate vegetables.

The same study by Preston-Martin et al. also reported significant asso-
ciations with antihistamines, diuretics, and general anesthesia during preg-
nancy. Kinnier-Wilson and associates studied the use of drugs during pregnancy
and childhood cancer'deat.h‘s (105). They found significant associations of all
drugs, sedatives, and other and unépeciﬁed drugs with ORs of 1.4 to 2.6 when
controlled for prenatal x-rays. The ORs ‘for exposure to these drug‘s along with
x-rays ranged from 1.8 to 3.4. No effect of hormones was observed. Comparis-
ons with the study of Preston-Martin et al. are difficult since Kinnier-Wilson did
not report results for brain cancers separately. Preston-Martin et al. observed
no association with the use of sedatives.

Barbituates present a more complicated picture, as one of their
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common uses is treatment of epilepsy or seizures, often an early symptom of a

brain tumor. Preston-Martin et al. observed an association with drugs used to

control séizures3 but not with other barbituates, and, thus, attributed the asso-
ciation to epilepsy as an early symptom of brain cancer (63). Gold et al
observed a nonsignificant OR of 2.5 for use of barbitﬁates prior to diagﬁosié ina
very small study-(106). They 'aléo obsbe_rved: associations, - based on small
numbers, with maternal buse of barb_itu_at.es during pregnancy.
Conclﬁsibn and study rationale

In spite of substantial research. little is known of the etiology of child-
. hood brain cancer. | The studiés of bfain tumors in individuals receiving vr.-adiatién
to-the '_s'calpva‘s- children present -perhaps thve'vrnost; convincing evidence of a

causal environmental factor. Prenatal x-ray exposure probably also causes

-brain cancer,  but the .evidenceis not altogether' consistent. The genetic -

diseases—-neurofibromatosis and tuberous _sclerosis—and unknown - familial
genetic and/or environmental factors also predispose to brain tumors. The evi-

dence linking childhood brain tumors and prenatal or postnatal infections is not

convincing but suggestive. The evidence consists of associations with toxo-

plasma antibodies, exposure to farm animals and sick pets, -and in uters expo-
sure to chickenpox aﬁd contaminated polio vaccine; The observat;ion_ of a higher
proportion of fafm residents among young brain cancer deaths also ’contfibutes
to the evidence. Weak associations of having a father who is a farmer occurred
in two of three studies. 'I'hé evidence on the relati‘onship between birth charac-
teristics is so contradictory that it suggests that these are not risk factors.
More recent findings on parental occupation arnd exposure to N-nitroso com-
pounds and drugs are preliminary.

The most convincing evidence exists for factors which would explain

only a small proportion of childhood brain cancers because of low relative risks
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and/or the rarity of the exposure. Thus, most childhood brain tumors remain
unexplained. The general lack of consistent associations suggests the need for a
thorough study of ﬁhe descriptive epidemiology and geographic \/;ariation by cell
type. Although the age-incidence curves and sex-ratios differ for the major cell
types and, thus, suggest distinct diseases, very few studies have investigated the
cell types separately. Most of t;he studies that did separate the cell types
reported results based on very small numbers. Thus, a study of the descriptive
epidemiology and geographic variation of childhood brain cancer by cell type in
a large data set would provide useful information and, it is hoped, generate new
etiologic hypotheses. For each cell type, the present study indicates time
trends, sex ratios, geographic variation, racial differences, urban-rural
differences, and socioeconomic differences. ws, in animals, one virus or chemi-
cal often causes tumors at several sites, the sex, race, age and SES of childhood
brain cancer cases was compared to the epidemiologic profile of childhood
leukemias, the most common childhood malignancies. Similar epidemiological

profiles would imply similar etiologies.



CHAPTER 2

Methods -

Introduction

This bcha“pteri desc'r_ibes‘ the is’ou’rce of case and population data from
which rateé by ggograbh_ic area, race, se#. cell tyi:e. and cornbinétio‘ns of these
were calculated. "I’h;: case data alone were used for comparin_g the distributions
. ;ofv;'demov_grap'hic va_riables' ai'nong cell ty;Ses.;. and the distfibut;ons of cell typeé
'betweéh'vhlaéks and whites. and males and femalés. The methods for ahalyzifig
urban-rural and population density 'diﬂ'er'ences m rates are de‘scxv'ibed,‘ as are
other ahalyses .using adult_'b_rain cancer rates, leukernié cases, rnedian census
tract income, and physician- cohcentration, The Statisf.ical f”fneth'ods for.tésting

-' the significance of the _réSults of analyses are also p'resented. '

Case data

| v This stud_y used case data from the population-based, registries of i;he :
T’hird_Nati_onal Cancer Survey (TNCS) and the Surv.eillance',‘Epidemiology.band
End Results (SEER) programs of the National Cancer Institute (NCI). The TNCS
program reported all cases of cancer diagnosed in 1969-71 in vthe states of
Colorado aﬁd Iowa and in the standard metropolitan stétistic'al areas (SMSAs) of
Sah Francisco - Oakland, Atlanta, Birmingham, Detroit, Minneapolis, Pittsburgh,
and Dallas - Fort Worth. The dngoing SEER program began in 1973 and covers
the states of Connecticut, Hawaii, lowa, New Menco, and Utah; the SMSAs of San
Francisco - QOakland, Atlanta, New Orleans and Detroit; and the Puget Sound
region of Washington, including the SMSAs of Seattle and Tacoma and several
rural counties. Puget Sound did not begin surveillance until 1974 and Atlanta

not until 1975. NCI user tapes supplied the TNCS data and the SEER data of

36
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1973-80.

This study included childhood brain cancer cases reported by TNCS
and SEER registries in the years 1969-71 and 1973-80, respectively. Childhood
brain cancers were defined as those occurring under age 15 in the brain (ICD-0
site code 191). Cases occurring in the spinal cord or in an unspecified part of
the nervous system were not included. Cases from the registries reporting 20 or
fewer white cases—Hawaii, New Orleans, and Birmingham--were excluded since
unstable cell type-specific rates would result. The other 12 TNCS and SEER
registries reported a total of 1210 brain cancers in children under age 15; of
these, 1053 occurred in whites and 140 in blacks. The TNCS (1969-71) registries
reported 384 casevs‘ and the SEER (1973-80) registries reported 826 cases.

 When this work began, SEER data beyond 1977 was not available. John
Horm of NCI supplied partial data on the 1978-80 cases, which were used in early
analyses before the new SEER user tape was available. The new user tape with
1973-80 data contained four more cases than the combinétion of the original
SEER data (1973-77) and the supplemental data (1978-80) from John Horm.
Because of this discrepancy of four cases, numbers of cases may differ slightly
among analyses.

Only 1.5% of the cases were first diagnosed at autopsy. These cases
‘were included as it is likely that a brain tumor found at autopsy in a child would
‘be the cause of death and not an incidental finding. In addition, these cases
were few and evenly distributed among the histologic groups (Table 3), and thus,
would hardly affect the results. However, a higher proportion of black than

white cases were first diagnosed at autopsy.
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Table 3.
Percent (and number) of cases of childhood brain cancer
first diagnosed at autopsy
: By histologic group-
12 TNCS and SEER registries
Ceil type : Whites. -Blacks.
' ' Percent = No. Percent No.

Astrocytoma- 1 7 5 3
| Medulloblastoma 1 2 3 1

Ependymoma 3 2 25 2

Oligodendroglioma 0 0 0 0

Glioma NOS 0 0 0 0
-Cancer NOS 0 0 . Y 0

o Other 0 0 .0 _ 0
Total | 1 11 4 8

vaistolsgic diégn’osis was microscopically';:onﬁrmed for 89% of ,the'White
‘cases and 84% of the.- bléék c_:ases.v 'I'he'vl.'najvorit.y of the unconfirmed cases
oécufred in the glioma NOS group. Only smmall propdrf.i'ohs- of ast‘rdcytr.dmaié,"
meduiloblastomasi ependymomas, and ougodendrog‘l.iomas'were'not confirmed
v (Table 4). As expecte:d. a’large. pi‘ohortibn, about 507, of the gliorna NOS and
‘cancer NOS cases were not histolo-gicauy_;' c_:onﬁ:nied. To ‘.make the cell type
gfoupirfgs as.. precise as poséiblé. unconfirmed cases of astrocytormna, fnédullob-
lastoma, ependymoma, and oligodendroglioma were excluded from histologically
“specific groups and placed Ln the gli-omé’ NOS group. These decisior;s on autopsy
diagn.osedj énd unconfirmed cases are 'u'r‘ll'ikely to héve affected the analyses that
follow becéuse of the small numbers and f.he fairly even distribution of these

cases among geographic area, sex, and race subgroups.
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Table 4.
Microscopically unconfirmed cases of childhood brain cancer
by histologic group and race
12 TNCS and SEER registries
Histologic type Whites Blacks
Astrocytoma 11 0
Medulloblastoma 2 0
Ependymoma 0 0
Oligodendroglioma 1 1
Glioma NOS 84 20
1 Cancer NOS 15 2
Other 0 0
Total 113 23
% of all cases 117 167%

" As the data were used for analyses of geographic variation, one would
like to assess the geographic variation of the completeness of case reporting.
The TNCS and SEER programs used the percent of cases with information oniy
from a death certificate as one measure of compléeteness of reporting. (The
registries gather information from the signing physician on cases initially
identified by death certificate. If the physician provides nd further information,
the registry considers the case a "death certificate-only" case.) The proportion
of death certificate-only cases measures completeness of reporting in that the
registry did not find these cases through its surveillance activities. However,
other cases also evaded the surveillance system—those initially identified by
death certificate but for which the signing physician provided more information
and those cases which the registry did not find but who did not die. If the
number of these two kinds of cases is proportional to the number of death
certiﬁcate-oniy cases, we can use the latter quantit& to assess the completeness
of reporting.

The proportion.of brain cancer cases ascertained by death certificate

only was 1.9% for all SEER areas combined, 1973-77, and ranged from 0% in
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Atlanta to 4.3% in New-Mexico (8). For f.he TNCS areas, the same figure was 2.5%;
it varied from 0.4% in Minneapolis to 5.1% in Pittsburgh (7). Since only 15 death
certificate-only cases occurred in children under age 15 in 12 aréas, it was not
: possible to calculate meaningful percentages for children.
Population estimates- A B

| -Midyear pop’uldtion eétimatgs were calculated for the years 19‘.7'0' and
1973-80 by linear interpolation of 1970 and 1980 census population figures.
State or. coun‘tyv level figures were used for statewidé a‘nd?vmetr‘o'politan regié—
' tries, respectively. Midyear estimates were sui’nmed to obtain ﬁopulatién esti-
mat-es'fqr_ 1973-’76‘v'and' 1977-80. Three times the 1970 midyear population figure.
‘was used as the total population, figure for the y'eafs 1'969-7_1; extending the line
between 1970 and 1980 back to 1969 and summing the 1969, 1970, and 197.1.esti—
mates would give the same estimate for the three year pex_'iod.v Adding the |
1969-71, 1973#?6._ and 1977-8.0 estimates provided an estimate for the entire
period of 1969-80, excluding 1972 and some years in some registries during.
which no data were c_dllected. ' |

Popul&ﬁion data'for_ _white's came ffom the revised counts by age and

sex from the 1970 Census. The Cenéus Bureau revised the original 1970 counts
in order to compensate for errrors in the census tabulaf.ior; of centenarians and
of nonspecified r.aces vavnd. to provide estimated age-race-sex distributions for
~ corrections that changed a county total (107). The 1980 Census of the Popula-
tion and Housing, Suﬁunary Tape File 2 (STF2) provided the 1980 counts for
whites. Linear "mt.erpolations provided population estimates for the 0-4, 5-9, and
10-14 age groﬁps by sex. For adult population estimates, interpolations were
calculated for ten-year age gfoups. Population es'timates for nonwhites (used in
. only one analysis) were calculated exactiy as were those for whites.

Black population counts by age and sex for 1980 were not available to
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me at the time this work was done. Instead, this study used the estimates for
blacks based on sample data from the 1980 Census Summary Tape File 3 {(STF3).
Actual population counts for blacké were, however, available by age but only for
both sexes combined. The accuracy of the sample data relative to the actual
counts was estimated by comparing the populaton figures from the two sources
for both sexes combined. Comparisons were only possible and relevant for the
under age five group. The differences between the actual counts and the sample
estimates ranged from 0.04% (five persons) in Pittsburgh to 4.6% (48 persons) in
Utah. For the combined 12 TNCS and SEER registries used in the analyses, the
sample data gave an estimate 0.12% higher than the actual count. Thus, the
sample data differed little from the population counts for blacks under five
years of age. Only two age groups under agev 15 wére available fromv the sample
data. Interpolation provided estimates for the 0-4 and 5-14 year age groups for
males and females. A

For analyses done on the county level (e.g., the urban-rural analysis),
the same interpolation was done using the population counts of individual coun-
ties. Three counties in Colorado changed boundaries between 1970 and 1980,
making the interpolationb inaccurate. For these counties (Adams, Arapahoe, and
Denver), which are all in the Denver area, thré’e times the 1970 count, rather
than the midyear 1970 estimate, was used for the 1969-71 pericd. The difference
between the 1970 count and the 1970 midyear population is the difference in the
population size between. mid-April when the census is taken and July 1 and is,
presumably, small. Since Colorado participated in the TNCS but not the SEER
program, no other population eétimat.es were required.
Rates

Average annual incidence rates were calculated using, as the numera-

tor, all cases diagnosed in the specified time period and population subgroup
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and, as the denominator, the sum of the midyear poﬁﬁlation estimates for the
specified years. Rates were calculated for many subgroups including geographic
- ~area, cell type, sex, race; and residence (urban or rural). Unless otherwise
specified, re'borted rates are crude incidence rates per million per year. When
rates were ege-atijested, the 1970 U.S. white pepulation wasvused as the_ vstan—b
dard. Age'-adjusf.ed* and crude rates ha‘xvrdlY'diﬁ'e.red. in analyses ‘for children
under age 15. | ‘ |
Eﬁkemia cases

| »-Childh‘ood leukemia cases were ‘compared to childheod brain cancer
" cases by cell tyi:e* to investigate differences in'the di"stt_'ibution'ef de_vrn.ograph_ic
variables. Data on childhood leukvem'iai cases under age 15 were ‘extracted from
] 't.hevTNCS-e.m‘i' SEER tapes_ and pfocessed identically to the brain cancer cases.
. The exclusions .used for tﬁe brain .eancerv casee 'were applied to the ‘leuker.nia
cases. The two major childhood leukemias, acute lymphocytic leukemia (ALL)
" and acute granulocytic leukemia -(AGi.) accounted for 67% and 14% of the white
| cases under age 15, res“peetixbrely.‘ A:siieeble proportion of cases, 10%, wes'_diag-
nosed as acute 'leukemia NOS (ALNOS), and woeldvbe likely to include some ALL
and AGL cases. The other NOS cetegories in which ALL and AGL cases could fall
(lymphoid. leukemie 'NOS, granulocytic leukeﬁﬁa NOS and leukemia NOS)
ﬁogetheif accounted forj_ only 24—% of the cases. The proportion of cases diag-
nosed as ALNOS varied greatly amorig registries, from 0% in Colorado and Min-
neapolis to about 30% in Detroit. In addition, the ALNOS rate declined over the
time period, while the rate of ALL increased and that of AGL remained t_:he same
(Teble. 5). If the ALNOS cases had a similar distribution of cell types as acute
leukernias with specified diagnoses, most ALNOS cases actually would have been
ALL cases and few would have been AGL. Therefore, analyses involving ALL cases

had to be adjusted for the geographic and temporal variation in ALNOS rates. To
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do so, comparisons of ALL with a type of childhood brain cancer were done in

two ways, with only the ALL cases and with the ALL and ALNOS cases combined.

Table 5.

Time trends in childhood leukemia incidence, 1969-80
SFO0, Detroit, and Iowa combined
Whites, age 0-14
Rates per million per year
(Number of cases)

1969-71  1973-76 1977-80
ALL 24.6§178) 27.5 (228) 36.a§262)
AML 8.4 (48) 7.5 (62) 5.6 (40)
ALNOS  10.0 (72) 8.6 (71) 2.4 (17)

Adult brain.cancer rates

To investigate gebgraphic correlation with childhood rates, adult brain
cancer rates by cell type were calculated for the 12 TNCS and SEER registries
using cases aged 25 and over and interpolated population figures for ten-year
age groups. The rates were age-adjusted by ten-year age groups to the 1970 U.S.
white population.
Urban—rural analyses

Urban-rural differences were investigated using data from the five
registries which covered entire states. These states were Connecticut, Iowa.‘
Colorado, Utah, and New Mexico. lowa was studied separately because of its geo-
graphic distance from the other three states and because the numbers of cases
permitted such an analysis. Utah, Colorado, and New Mexico were combined
because of their geographic proximity and the small number of cases in any one
of these states. Analyses of urban-rural differences were generally not done for
Connecticut because its division into only eight large counties precluded any

precise categorization of urban and rural. However, ependymoma rates were
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studied, since only Connecticut had enough cases to permit investigation of pos-
sible urban-rural differences.

For urban-rural analyses, counties with‘similar levels of urbanization
_were grouped together and rates calculated for each level. This study divided
- the counties o.f Towa 'and .the three éouthwestern'- statee_‘into urban ‘and_rural :
 categories in two ways. In theﬁrst'analysis (Method I) counties were divided
into low, moderate, and hxgh levels of urbanization based on the census varlable
.percent. of population living in places of 2500 or more mhabltants Counties with
less than 50% of their population uzjban by this deﬁn‘lmon were classified as not
:'uroanized." counties wit.h betweén 50?7; and 75% of their popuiation urban ae
vr.node-x;ately vurb'anized' and counties ‘with more than 757 of their populfation
urban, as' h1ghly urbanized. Countxes which would have been placed in different
_categones based on the 1970 and 1980 va.lues of the vanable were categorized
by the followmg scheme: counmes ‘in TNCS-only reglstmes were categorized
based on 1970 values, countles in SEER-only reglstnes, on 1980 values; and coun-
ties in reglstnes that partlclpated in both TNCS and SEER, by the mean of 1970
and 1980 values.

.For t.he second analysis (Method 1I), counties were classified by a.
different variable, percent of the population living in urbanized areas. In 1980,
the Census Bureau defined an urbanized area as an incorpora-ted place and adja-

' cent densely set.t.'led surrounding area that together have a minj.rnum oopulation
of 50,000. Counties were di.vided" into those with less than 107 of their popula-
tion living in urbanized areas and those with 70% or more of their population liv-
ing in such areas. Only five counties (one Ln lowa, .one in Colorado, and three in
New Mexico) had between 10% and 70% of their population living in urbanized
areas. The number of cases in these counties d1d not permit analysis of this

intermediate level of urbanization. Several lowa counties with high levels of
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urbanization by Method II were of only moderate urbanization by Method I, as
between 70% and 74.9% of their inhabitants lived in cities of 50,000 or more. The
same scheme described above for Method I was used to allocate counties in
which the pefcent of the population living in urbanized areas changed dramati-
cally between 1970 and 1980.

Two reasons motivated the use of more than one definition of urban.
First, the small numbers of cases used_vin these analyses résulted in unstable
rates. Thus, an urban-rural difference observed by both methods would increase
one's confidence in the finding. In addition, the two methods emphasize
different aspects of urbanization. If farm residence were a risk factor, one
would expect to see a larger urban-rural difference by Method ], since b)" Method
I counties whose residents lived in small cities of less than 50,000 would be
classiﬂed as rural and would dilute the effect of farm residence. By similar
logic, Method II would shoﬁ a larger urban-rural difference if the risk factor were
associated. with large cities. Counties with many small towns would be classified
as highly urbanized by Method I and would dilute the effect of city life.

Urban-rural differences in ependymoma rates were studied only in
Connecticut where the number of cases permitted such analy>sis. The large size
of the counties in that state necessitated a different urban-rural classification
from that used for lowa and the southwestern states. The schemne used relied on
the urban definition of Method II, percent of population living in urbanized
places of 50,000 or more inhabitants. The use of Method [ would havé resulted in
a similar division of counties. The three counties with 25% or less of their popu¥
lations in urbanized areas were classified as of low urbénizat.ion. Three counties
were classified as highly urbanized as more than 85% of their populations lived in
urbanized areas. In the remaining two counties, 42% and 827 of the people lived

in urbanized areas. These counties made up the stratum of moderate
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~ urbanization.
Popul‘ation density |

This study investigated whether childhood brain cancer rates in urban
areas varied with the population density. Only counties with more Ithan 7.07; of

their popu'lation living in cities of 50,000 or more in 1980 w‘ere included Since

the 1980 value of the urbamzatlon 'variable was used, all TNCS (1969 71) cases

were excluded and only the SEER (1973-80) cases used. ’I’he 1980 population
denSLty was calculated for all countles in SEER registries using the area of the
county in squai'e.l_cilometers and the 1980 'tot-al populatlon.

| "I'he counties ivere diﬁded-into four strata of ponulation density—fewer
v,»than 100 100 350 351 700 and more than 1500 persons per square kilometer.
'No counties had between 700 and 1500 persons/sq km. Rates were calculated
for each stratum | '

N Physician concentration

The concentration of pliysicians was calculated from ‘data published in

the 1977 County and City Data Book (108) The number of professionally active,

.' non-Federal phy51c1ans and the concentration per 100 000 population in 1975 is

given for each county These data were used to calculate denormnators and _

then, by combining counties, the concentration for each TNCS and SEER area.
Socioeconomic status |

" As an Lndicatcr of isocioeconomic status, each white case with a valid
censustract numbexf was assigne'd the median family income for whites in that
census tract, as r_eported in~ the 1970 census. Since census tracts change
rapidly in socioeconomic character, 1970 median income would not be accurate
- for cases diagnoeed in the late 1970s. Thus, analyses using these data included

only the TNCS (1969-71) cases. Only six TNCS cases residing in counties within

metropolitan areas (SMSAs) lacked valid census tract numbers and had to be

N
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excluded from the analyses.

A mean for the general population was calculated by weighting the
median income of the 4362 census tracts by the tracts’ white population under
15 years of age. Census tracts with suppressed income data were excluded,
resulting in the exclusion of about 130 children out of about 4.4 million. Also
excluded were census tracts in counties outside SMSAs, as census tract numbers
fof cases in these tracts were not reported in the TNCS data.

Statistical tests

Distributions of sex, age, cell type, race, and other variablés were com-
pared among groups using )° tests. In the analyses of geographic variation, the
proportions of cases and noncases were compared across areas and tested for
significance using the x* statistic. Either the student t-test or analysis of vari-
ance was used to test the significance of differences between two means of age
or income, and analysis of variance for differences among three or more means.
The difference in mean income between cases and the general population was
tested using a weighted t-test. Pairs of rates were compared by the Z-test for
proportions. Changes in rates with time were tested using the x? test for trend
of quantitatively ordered proportions (109). For trends in -rates across strata of
population density and degree of urbanization, the same test, but for qualita-
tively ordered proportions was used (109). Spearman’s rank correlation
~ coeflicients were calculated for brain cancer rates and another rate or variable

to assess covariation across geographic areas.



CHAPTER 3
Histologic Classification

Introduct.ion v ‘ p
Thi's chapter explaine the developruent of the greupihgs of histologic'
diagnoses used in this study. Many chmcal and ep1dermolog1cal researchers-
: have observed astrocytoma. rnedulloblastoma. glioblastoma, | and ependymorna
to be the most ‘common cell types ‘of brain cancers in ch1ldren Astrocytoma
| and glroblastoma were combmed mtp a.smgle plstologlc group for epldermologl-'
“cal and bielogical- reaseas This cernbined group. medulloblastema. and epeudy;
moma became the three specxﬁc ghoma groups for whlch analyses are reported |
: t.hroughout this study Gliornas NOS were numerlcally important and, because of
t.he1r potenual to aflect rat.es of spec1ﬁc cell types. epxdermologlcally unportant
In add1t10n to the four mstologlc groups mentloned. three minor - hxstologm
groupings were used. The last section dlscusses the possibility of L?las caused by
nensi:eciﬁc diagnoses and the method used in t_hi-é etudy to avoid such bias.
Grouping of histologic diagnoses | | a

The TNCS program classifled e_ancers by the Manual of Tumor Nomen-
clature and Classification (MOTNAC) (116), while the SEER program used the
International Classification of Diseases for Oncology - (ICD-Q) (5). The more
recent ICD-O scheme separates many MOTNAC histologic diagnoses into twe or
more diagnoses. The childhood brain cancer cases represented apprdxirnately
30 different histologic types in the ICD-0O classification. Table 6 shows the histo-
logic types and notes those not included in the MOTNAC classification. This
study required a classification scheme that would meet the usual epidemiologic

requirements, ie., one that would include reasonably large numbers of cases in
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each category without lumping together etiologically different tumors. The vali-
dity and power of the data analysis obviously depended on the classification
used.

The development of the histologic groups was based on the analysis of
time trends by cell type. Table 7 shows the incidence by histologic diagnosis for
the combined three registries which reported data for all 11 years of the study
period. Dramatic changes in the incidence of some cell types suggested that
changes in diagnosis had occurred. In such circumsténces. an epidemiologically
sound histologic group would contain more than one cell type. Cell types with

unchanging rates over time were considered to be single disease entities.



Table 8.
Childhood brain cancer cases by detailed histologic diagnosis

v Whites and Blacks
12 TNCS and SEER registries

Histology o Whites Blacks

Glioma NOS 145 28
*Mixed glioma . . 8 - 1
Choroid plexus papllloma 2 1
Ependymoma : 75 7
*Ependymoma, anaplastic type 6 1
Astrocytoma NOS - - 275 - 28
*Astrocytoma, anaplastic type 2 1
‘Protoplasmic astrocytoma. : 4 0
Fibrillary astrocytoma 22 2
*Pilocytic astrocytoma 25 2
| Astroblastoma - 75 14
'| *Spongioblastoma NOS 1 0
Glioblastoma ' 90 15
*Giant cell ghoblastoma 2 0
Oligodendroglioma NOS 15 4 .
Medulloblastoma NOS 244 30
*Desmoplastic medulloblastoma 1 0
*Medullomyoblastoma 0 1
Cerebellar sarcoma 0 1
Malignant melanoma 1 0
Sarcoma NOS 3 0
Fibrosarcoma NOS 1 0
Rhabdomyosarcoma NOS 1 0.
Germinoma 1 0
‘Embryonal carcinoma 1 0
Hemangloperlcytoma 1 1
Teratoma 5 0
Chordoma 0 1
Ganglioneuroblastoma 1 0
Neuroblastoma NOS 13 0
Neuroepithelioma NGCS 1 0
Malignant neoplasm NCS 29 3
*Malignant tumor, small cell type 2 1
Code not decipherable 1 0
Total ' 1053 140

*ICD-0 code with no MOTNAC equivalent. Under MOTNAC, these
cases would be included in the category listed directly above.
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Astracytic glioma

The rates of astrocytoma, astroblastoma, and glioblastoma changed
dramatically between 1969 and 1980. The rate of astrocytoma more than tri-
pled, while the rates of astroblastoma and glioblastoma plummeted (Table 7, Fig.
2). These trends were highly significant. As a disease rarely disappears in an
11-year period as astroblastoma appeared to have done, changes in diagnostic
practices may have caused the trends in cell type occurrence. Astroblastoma
apparently represents a more malignant stag;a of astrocytoma, although some
neuropaihologists disagree (4). In the MOTNAC classification, astrocytoma grade
Il is classified as astroblastoma. These two facts suggested the grouping of
astrocytoma and astroblastoma into one category. Combining astrocytoma and
astroblastoma decreased but did not eliminate the change in occurrence over

time; the rate approximately doubled over the 11 years.

Table 7.

Time trends in childhood brain cancer incidence
by histologic type, 1969-80
San Francisco - Oakland, Detroit, and lowa combined
Whites age 0-14
Rates per million per year
(Numbers of cases)

Histologic type 1969-71 1973-76 1977-80
Astrocytoma®* 3.9 (28) 8.3 (52) 13.1 (83)
Astroblastoma** 2.9 (21) 1.9 (18) 0.1(1)
Glioblastoma®*** 3.8 (28) 1.4 (12) 0.8 (4)
Medulloblastoma  5.0(36) 4.9 (41) 5.9 (42)

Ependymoma 1.3(9) 1.1(9) 1.7 (12)

All types 23.4 (169) 20.2(168) 26.7 (192)

'X‘E"'z 4=373, p<.001
had =186.5, p<.001 -
e v L ena=20.6, p<.001
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Figure 2.

Time trends in the incidence of astrocytic gliomas
by specific diagnosis
Whites, age 0-14
SFO, Detroit, and Iowa combined
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The doubling in rate could have represented a real change in the
‘incidence of these cell types. However, as glioblastoma, the other cell type
whose incidence decline.d dramatically, and astrocytoma are related tumor
types, changing diagnostic practices again might have explained the increase.
Adding glioblastoma to the astrocytoma-astroblastoma category resulted in
relatively stable rates over the three study periods. Thus, considering the three
histologic types as one group seemed epidemiologically sound.

Was the grouping biologically sound? In other words, are all glioblasto-
mas of astrocytic origih? Many glioblastomas are known to be of astrocytic ori-
gin as they contain areas of recognizable astrocytoma. Smaller numbers of
glloblastomas. however, mclude regions of oligodendroglioma or ependymoma
(3). To further complicate the issue, many glioblastomas show no evidence of a
more differentiated glioma (4). It is controversial bgt. accepted by many pathol-
ogists that theée latter glioblastomas also result from pre-existing gliomas by a
rapid anaplastic course that obliterates all traces of ancestry (4). If this view is
true, all glioblastomas are gliomas. However, not all are of astrocytic origin.
Thus, combining glioblastomas with astrocytomas would misclassify nonastro-
cytic gliomas that had progressed to glioblastomas. -

Assuming that all glioblastomas evolve from gliomas and using two
facts, we can estimate the proportion of nonastrocytoma cases included in the
astrocytoma-astroblastoma-glioblastoma group. First, 20% of gliomas that were
more specifically categorized were not astrocytomas or astroblastomas.
Second, 20% of the cases in the inclusive astrocytoma-astroblastoma-
glioblastoma group were originally classified as glioblastoma. Thus, the propor-
tion of nonastrocytic gliomas in the aggregated category was probably about .20
(proportion of gliomas that were not astrocytomas) multiplied by .20 (propor-

tion of glioblastomas in the aggregated group), or 4%. That is, because
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oligodendrogliomas and ependymomas, as well as astrocytomas, can progress to
glioblastomnas, about 4% of the cases in the aggregated group were not
astrocyte-derived tumors and belonged in another histologic category.
This. calculation assumed that all. gliomas were eqnally likely to pro-
gress to the glioblastoma stage. As most gl_inrnas were as_trocytor?nas. most
‘g‘liVOblasvto.mas were assumed to be of astrocytic origin. Pa.thologic experience
supports that assumption, as those gli-oblaétomas with areas ‘orf differentiation
most often conf.a'm reéognizable astfocytes. The advantages of combining glinb-
lastomas mth the astrocytoma-astroblastoma group .outweighevd the pvrobably
smali -'p'roportion ‘of miSclasé’iﬁed casea. The aggregated group of astrocytomas,
astroblastomas, md_glioblastnﬁas will be referred to as astrocytomas.
' Me’dul.lobldSioma- |
The incidence of medulloblastoma s)howe‘d no consistent time-‘vtrend.
Because of the stability of-the incidence rate and the tumor’s pathological. dis- ”
tinctiveness, medulloblastoma was studied as its own ‘histologic group.
Ependymoma |
Like_ medulloblastoma, ependymomas .showed. no convincing time trend
in incidence and are histologically distinct from other gliomas. Thus, ependy-
moma was studied asv a separate histologic group.
Qioma NOS |
Gliomas not otherwise specified constituted a significant proportion nf
the cases. In this study, mixed gliomas, also known as oligo-astrocytomas, were
included with gliomas NOS. The MOTNAC scheme (used in the TNCS data)
classified mixed gliomas as gliomas NOS, while the ICD-O scheme separated
mixed gliomas as a distinct tumor type. In order to create a scheme that would
" be consistent over the time period, mixed gliomas had to be included with glio-

mas NOS. In the SEER data, nine of the 109 gliomas NOS were actually mixed
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gliomas. If the same proportion of gliomas NOS were mixed gliomas in both the
SEER and TNCS data, then about 8% of the gliomas NOS in this study were prob-
ably mixed gliomas and may have belonged in another category. The WHO
classification scheme, for example, includes mixed gliomas in the oligodendro-
glioma category (3).
Minor histologic groups
1. Oligodendrogliomas wefe considered a separate category of gliomas, but were
seldom included in analyses because so few occurred.
2. A small proportion of cases were not gliorﬁas and for the purposes of this
study were grouped in the "other” category. The three choroid plexus papillo-
mas among the SEER cases were classified as nongliomas and placed in the
"other” category. The MOTNAC scheme, however, classified choroid plexus papil-
lomas of the TNCS period as benign ependymomas. Presumably, then, none of
the malignant ependymomas that occurred during the TNCS years were choroid
plexus papillomas. Any bias that may have occurred by grouping choroid plexus
papillomas of the TNCS but not the SEER years as ependymomas must be small,
as only three of these tumors occurred in the eight SEER years compared to 70
ependymomas.
3. The few remaining cases had only the nonspecific diagnosis, malignant neo-
plasm NOS.
Summary

In summary, four major histologic groupings were used throughout this
study. They were astrocytic glioma (referred to as astrocytoma), medulloblas-
toma, ependymoma, and glioma NOS. Astrocytomas, astroblastomas, and gliob-
lastomas were considered as one histologic group because of their dramatic and
complementary time trends. The inclusion of glioblastoma probably resulted in

a low misclassification rate. A small amount of misclassification might have also
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occurred by the inclusion of mixed gliomas as gliomas NOS. The minor group-
ings were oligodendrogliomas, cancer NOS, and other. Table 8 shows the distri-

bution of cases by histologic group.‘

Table 8.

Distribution of childhood brain cancer cases by histologic group
12 TNCS and SEER reg1str1es
"All races
Histologic group Number Percent

Astrocytoma 550 | 46
Medulloblastoma 276 23
Ependymoma o 91 8
Oligodendroglioma 17 1
Glioma NOS . : 199 16
Cancer NOS 38 -3
‘Other 39 3 .
Total - _ 1210 S 100 _

Bias and NOS diagnoses

Cases may h'avé been diagnosed no more: specifically than glioma NOS
: becaus_e of lack _of-acc‘ess to high quality medical care or inaccessibility of the
tumbf. 'Diﬁ'e!_‘ences in such factors vcould result in artefactual differences in
rates of glioma NOS. As' all gliomas NOS presumably belong in a more specific
histologic group, the rates of the majdr cell .types would also be affected. In
fact, the proportion of cases diagnosed as glioma NOS did vary between blacks
and whites, and among' geographic areas. Although the variation was not
significant, it could cause misleading results in somé analyses. Table 9 shows
the distribution of white cases by histologic group and site. Most gliomas NOS
occurred in‘ the brain stem (few brain stem tumors are biopsied) and almost all
brain stem tumors that were histologically confirmed were astrocytomas. It
seemed logical then that most gliomas NOS in the brain stem were astrocyto-

mas. The gliomas NOS could be distributed among the specified glioma types -
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according to the site-cell type distribution of the specified cases (Table 9).
Doing so resulted in the consideration of 77% of the gliomas NOS as astrocyto-
mas.

Combining astrocytomas and gliomas NOS should have reduced any
bias due to differences in the proportion of gliomas NOS. As an estimate of the
true number of astrocytomas, the combined group erred by misclassifying 237%
of the gliomas NOS. However, those cases constituted only 8% of the combined
group. When glioma NOS rates varied among cornpérison groups, the combined
astrocytoma-glioma NOS category was used as a better estimate of the true
astrocytoma inc;idence. For most analyses, this study reports results for astro-
cytoma alone and for astrocytoma and glioma NOS combined.

A similar argument can be rﬁade for cancers NOS. They, too, actually
belong in other categories and thus, could bias results. However, the small
number of cancers NOS (3% of all cases) made the introduction of bias unlikely.
Some analyses considered the poésibility of such a bias by adding cancers NOS
to the combined astrocytoma-glioma NOS group. Assuming that all canceré NOS
and gliomas NOS were actually astrocytomas gave a worst case estimate of this

possible diagnostic bias.



Table 9.

Distribution of childhood gliomna cases
by histologic group and site
: Whites, age 0-14
12 TNCS and SEER registries
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CHAPTER 4

Results

Intreduction
This chapter reports the results of descriptive and ecological analyses
of childhood brain cancer by cell type. Results for all childhood brain cancer
and for the two most common histologic types, astrocytoma and medulloblas-
toma, are presented for most analyses. Ependymomas are discussed when the
number of cases permitted analysis. The nonspecific histologic categories of
glioma NOS and cancer NOS are often included, because most of these cases
probably belonged in one of the major histologic groups and thus could affect
those results. In particular, analyses of astrocytoma alone and of astrocytoma
and glioma NOS combined are compared to assess bias due to differing frequen-
cies of nonspecific diagnosis.
The analyses fall into four caﬁegories:

Descriptive epidemiology

Time trends in rates, time and age trends in sex ratios, and comparisons of
rates and case distributions of demographic variables by race and sex are
presented. The socioeconomic status of cases is compared among cell types and
to the socioeconomic status of the general population. Astrocytoma cases
occurring at different sites within the brain are compared to assess whether at
different sites, these tumors represent epidemiologically distinct diseases.
Ecological analyses

The eflect of urbanization and population density on childhood brain cancer

rates by cell types is investigated.

59
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Géographic analyses

Geographic variation in childhood brain cancer rates by cell type is described.
Analysis of the correlation of childhood brain cancer rates with physician con-
‘cenf.t;ation Uinvestigates one possible explanation of the observed variation. The
covariation between rates .of the major ceil types is described.
Comparisons with selected caﬁc-ers |

Two analyses ére .d'e.scrilbedv that assess. the.'livkve_zlihood_that childhood brain
.carvlcé‘r has an .e’tiology_v'simila:_' to that of adult brain cancer or that of ghildhood
leukemias. .'-"I'he:_,.épide'vr_ﬂriio‘log“ica‘l_ ‘piroﬁlié:5 of dc.hildhobd brain c_ancer.'s _and
leukernias by cell type are compared. ,The_ correlation of adult land' childhood

~ brain cancer rates is described.
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DESCRIPTIVE EPIDEMIOCLOGY

Description of cases

The two sources of cases, TNCS (1969-71) and SEER (1973-80), contri-
buted 384 and 826 cases, or 32% and 68%, respectively. The cases were 537
male and 477% female. Whites constituted 87% bf .the cases, blacks 12%, and
other races 0.9%; 0.5% of the cases were of unknown race. The cases were
almost equally distributed among the three age groups: 32% were aged 0-4, 377%
were aged 5-9 and 317 were aged 10-14 at dia,gnosis. Table 10 shows the distri-
bution of cases by registry; three registries—lowa, Detroit, and San Francisco -
Oakland—reported 50% of the cases. The distribution of cell type in each geo-

graphic area is shown in Table 11.

Table 10.

Distribution of childhood brain cancer cases by registry
Whites and Blacks

Registry Years Whites Blacks
Number Percent Number Percent
SF-Qakland 69-71, 73-80 170 16.1 28 20.0
Colorado 69-71 33 3.1 2 1.4
Connecticut 73-80 118 11.2 12 8.6
Atlanta - 89-71, 75-80 58 5.5 19 13.6
Iowa 69-71, 73-80 174 16.5 2 1.4
Detroit 69-71, 73-80 185 17.6 55 39.3
Minneapolis 89-71 29 2.8 0 0.0
New Mexico 73-80 35 3.3 3 2.1
Pittsburgh - 69-71 39 3.7 6 4.3
Dallas-Ft Worth  89-71 41 3.9 11 7.9
Utah 73-80 77 7.3 0 0.0
Puget Sound 74-80 94 8.9 2 1.4

All areas 1053 100 140 100
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Table 11.
Whites, age 0-14

by registry and histologic group

Distribution of cases of childhood brain cancer
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Race and sex
Introduction

This section reports analyses on the effect of race and sex on childhood
brain cancer as a whole and by cell type. The cell type distributions, age distri-
butions, incidence rates, and mean ages at diagnosis of blacks and whites and of
white males and white’ females were compared. The small numbers of black
cases of all cell types did not permit reliable comparisons between males and
fernales.

Although analyses of the minor cell types are not discussed, they are
generally included in the tables for completeness. Tables containing rates by
race, rates by sex, and mean age at diagnosis by sex and race are referred to
throughout the section and are located at the end of the section (Tables 19-21).
Al cell types combined
1. Race

Black and white cases showed similar distributions of cell types (Table
12), although more black than white éases'were diagnosed as gliomas NOS. How-

ever, the difference in cell type distribution was not statistically significant.



Table 12.

Distribution of histologic groups for whites and blacks*
Ages 0-14
12 TNCS and SEER registries

Histologic group Whites. . Blacks .
Number Percent Number Percent
Astrocytic gliomas 485 | 46 - 80 - 43
Medulloblastoma - 243 23 32 " 23
Ependymoma 81 8 8 6
Oligodendroglioma 14 1 3 2
Glioma NOS 167 18 30 21
Other 32 3 3 2
Cancer NOS - 3 3 4 3
Total 1083 . 100 1400~ 100

*)2=3.0, df=4, p=.68
Ependymomas and oligodendrogliomas were cornblned and
cancer NOS arid other were combined for the x? test -
so that all expected values would be greater than five.
The incidence rate in whites slightly exceeded that in blacks (Table 18).
Black and white cases differed significantly in age distribution. A higher propor-

‘tion of black than white cases occurred in the middle age (Table 13). The mean

ages, 7.0 for whites and 6.7 for blacks. did not differ significantly (T=.69, p=.49).
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Table 13.

Age distribution of childhood brain cancer cases
In whites and blacks*
12 TNCS and SEER registries

Age White Black
No. 7% No. 7%
04 335 32 37 26
5-9 378 38 71 51
10-14 340 32 32 23
Total 1053 100 140 100

*?=11.9, df=2, p=.003
2. Sex
White male cases differed significantly from white female cases in cell
type distribution (Table 14), due to proportionally more medulloblastomas
ammong males. The incidence rate in males slightly exceeded that in white

females (Table 20).

Table 14.
Childhood brain cancer cases:
Frequency of cell type by sex
Whites, age 0-14
Histologic group Whites

Males Females
% No. 7% No.

Astrocytoma 44 251 48 234
Medulloblastoma 27 154 18 89
Ependymoma 8 43 8 38
Oligodendroglioma 1 6 2 8
Glioma NOS 15 83 17 84
Other 2 16 4 15
Cancer NOS 3 14 3

Total 100 587 100 486

X*=13.0, df=8, p=.04
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Astrocytoma and glioma NOS
1. Race

Whites and blacks experiericed sifnilar combined astrocytoma-glioma
., NOS rates (Table 19). The similar combined rates resulted from higher astro-
cytoma rates but lower glioma NOS rates in whites than in blacks. The analyses
in this svection. are reported fof astrocytomas | and gliomas NOS cdml;ined,
although the resuits were similar for éstrocytoma alone. |

As _fof all cell types combined, black astrocytomas-gliomas NOCS
occurred more »fr.equ‘ently in the 5-9 year age group than did white cases (Table
15). A. X2 test showed the diﬁerencvev to be highly significant. The difference in
age distrib‘ution occurred in males (x2=8 5, df=é p= 01) and femalés (é=12. 5.
d.f"2 p=. 002) ’I'he mean age in whltes was shghtly blgher than that in blacks

('7 8 vs 7.1), but not 51gmﬁcantly so (F=1. 6 p=. 21)

Table 15.

Age mstnbutlon of childhood astrocytoma and glioma NOS cases
v Whites and Blacks*
12 TNCS and SEER registries

Age White '  Black

No. : % No. %
0-4 - 178 27 17 . 19
5-9 235 38 54 60
10-14 239 37 19 21
Total 852 100 90 100

* x¥*=19.3, df=2, p<.001
If the difference in age distribution and ihcidence curves were due to
delay of diaénosis among blacks, the largest difference between blacks and
whites might occur as children entered school, i.e., at age 4-5. In order to see if

this were so, the age distribution by single years was invéstigated (Table 186).
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The black excess was limited to ages five, six, and seven with the largest excess

by far at age six.

Table 186.
Age distribution (single years)
of childhood astrocytoma and glioma NOS cases
Whites and Blacks
12 TNCS and SEER registries
Age Whites Blacks
. No. - % No. %

0 32 5 2 2
1 34 5 4 4
2 . 30 5 4 4
3 36 8 3 3
4 46 7 4 4
5 50 8 10 11
8 49 8 20 22
7 42 8 9 10
8 51 8 7 8
9 43 7 8 9
10 39 6 2 2
11 55 8 5 8
12 54 8 6 7
13 49 8 1 1
14 42 8 5 8
Total 852 100 80 100

To further investigate the age difference, nonwhite and white rates
‘were calculated by age. (The available census data did not permit calculation of
rates for blacks by five-year age groups.) Since the large majority of the
nonwhite cases were black, the results should reflect black rates. For age
groups 0-4 and 10-14, the white rate was twice the nonwhite rate. Nonwhite and

white rates were similar in the middle age group (Table 17, Fig. 3).



Age-specific incidence of astrocytoma-glioma NOS

Table 17.

Nonwhites and whites

‘Rates per million per year
- 12 TNCS and SEER registries

Age Whites Nonwhites
Rate No. Rate - No.
0-4 12.6 178 6.4 19
5-9 15.3 235 17.8 55
10-14 14.4 239 6.4 20
0-14 14.2 . 852 10.2 94
Figure 3.

Age-specxﬁc incidence of astrocytoma-glioma NOS
Nonwhites and whites :

Rates per million per year

12 TNCS and SEER registries-

Incidence per
million per year

ﬁonuhxtes

5-9

Age in years

10-14

68
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2. Sex

White males and fermnales had identical rates of astrocytoma and glioma
NOS combined. The mean age at diagnosis was about 0.5 years higher among
females than males (p=.10). .
Medulloblastoma
‘l. Race

The white rate of medulloblastoma exceeded that of blacks (Table 19).
Unlike astrocytoma cases, similar proportions of black and white medulloblas-
toma cases occurred at ages 5-9 (Table 18). The mean age at diagnosis did not

differ significantly between blacks and whites (p=.31) (Table 21).
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Table 18.

Age distribution of childhood medulloblastoma cases
Whites and Blacks
12 TNCS and SEER registries

Age Whites V Blacks
' No. % No. : %
0-4 81 33 14 44
59 99 41 12 a8
10-14 63 26 8 19

Total 243 100 32 100

. 2. Sex

- The bmedullobl:aston”la rate diﬁ'ered si,ghiﬁcantly between white males
and females (Table 20); -ma‘lés'had a rate 65% higher than females (Z=3.8,
p<.001). Females had a lower mean age at diagnosis than maleé (p=.09) (Table
21). | |
Ependymoma

Too few cases occurred to ¢orr1_pare black and white rates. White males
and females experienced similar rates and had similar mean ages at diagnosis
(Tables 20 and 21). |
Summary |

' The white rate of childhood brain cancer slightly exceeded the black
rate. Whites experienced higher rates of astrocytoma and medulloblastoma but
lower rates of glioma NOS than blacks. The combined rate of astrocytoma and
glioma NOS was similar for both races.

White male and female rates were similar overall and for astrocytoma
and glioma NOS combined, but males had significantly higher rates of medullob-
lastoma. | |

A higher proportion of black than white cases of astrocytoma-glioma

' NOS were aged 5-9. The greatest racial difference occurred at age six. The age-
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specific rates showed a different pattern for whites and nonwhites. Whites had
fairly constant rates for the three S-year age groups, while nonwhite rates

peaked in the middle age group.

Table 19.

Incidence of childhood brain cancer by cell type and race
Ages 0-14 :
Rates per millicn per year
12 TNCS and SEER registries

Astro- Medullo- Ependy- Glioma Combined®* Other

cytoma Dblastoma moma NOS
Whites 10.4 5.3 1.8. 3.6 14.0 1.7
| Blacks 9.1 4.8 1.2 45 13.6 1.6

*includes astrocytoma and glioma NOS
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Table 20.

Incidence of childhood brain cancer by sex and histologic group
Whites, ages 0-14
Rates per million per year
12 TNCS and SEER areas

Astro- Medullo- Ependy- - Oligodendro- Glioma Cancer Other All

cytoma Dblastoma  moma " glioma NOS NOS brain

Males _ 10.8 - 8.5 1.8 - 0.25 3.5 0.7 0.8 23.9

Females  10.4 40 - 17 - 0.38 3.7 0.7 08 215

Rate ratio 1.0 1.7 1.1 0.7 - 0.9 1.0 0.7 1.1
- Table 21.

Mean age at diagnosis by sex, histologic group, and race
' Ages 0-14 IR
12 TNCS and SEER registries

Type Whites Blacks
Both sexes "'Male Female:  Both sexes Male Female:
Astrocytoma 7.8 7.5 8.1 7.1 7.4 - 6.8
Medulloblastoma 6.6 8.9 8.0 - 5.8 4.4 7.3
Ependymoma 5.0 4.8 5.3 6.0* 9.7* 3.8*
Oligodendroglioma 8.7 9.7* 8.0* 10.0* - 10.0*
Glioma NOS 8.6 8.3 "8.9 . 6.7 7.0 ‘B.4
Cancer NOS 6.8 7.1 6.6 3.3* 3.0* 3.5*
QOther 4.8 3.5 5.7 12.7* 12.5* 13.0*

* based on less than 10 cases
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Trends in the sex ratio
Changes with age

Researchers have observed and speculated upon a decline in the sex
ratio of brain cancer at puberty. Such a decline could result from changes in
the sex ratio of one or more cell types or a change in the distribution of cellv
types with age. For éxample. the decline might result if cell types with high sex
ratios occurred less frequently at older ages. As medulloblastoma had a sex
ratio greater than one, a decline in the proportion of cases diagnosed as medul-
loblastoma would lower the overall sex ratio. The other major cell types had sex
ratios close to one and changes in the frequency of these cell types would not
affect the overall sex ratio. If a change in the distribution of histologic types
explained the decrease in sex ratio, then one would expect the sex ratios for
each type to be the same at all ages.

The exﬁ:ected decline in sex ratio with age was observed in these data
(Table 22). The distribution of cell types also changed (Table 23), but the
decrease in the proportion of medulloblastorna was small and explained only
part of the sex ratio decline‘. Therefore, the sex ratios of the major cell types,
astrocytoma and medulloblastoma, were investigated using first, five-year age
groups and then, two- to three-year age groups. Results are presented for both
astrocytoma alone and for astroéytbma and glioma NOS combined. Results for
astrocytoma alone would be biased if males and fernales had different probabili-
ties of obtaining specific diagnoses. Although it seems unlikely that males and
females had unequal access to specialized medical care, the location of tumors
and therefore the probability of biopsy might differ by sex. In fact, the results

for astrocytoma and astrocytoma-glioma NOS differed only slightly.



Table 22.

Incidence by sex and sex ratio of
childhood brain cancer by age
' Whites
12 TNCS and SEER registries

0-4- - 5-9 10-14

| Males 25.5 (184) . 26.6(209) 20.5 (174)
Females 22.0(151) 22.5(1689) 20.4 (166)
SexRatio 1.16  1.18 1,00

Table 23.

Childhood brainv cancer:

Whites

5-9

Distribution of cell types by age*
'12 TNCS and SEER registries

04 - 10-14 -

% No. % No. % No

Astrocytoma 36 119 48 174 57 192

Medulloblastoma 24 81 286 .99 19 63

Ependymoma 14 = 46 - 5 18 5 17

Oligodendroglioma: 06 - 2 1 5 2 7

Glioma NOS 18 - 59 18 . 81 14 47

| Cancer NOS 3 9 3 413+ 3 9
‘Other ' 6 19 - 2 8 2 5
Total 100 . 335 100 378 100 340

* x3=60.4, df=12, p<.001

- 74

The sex ratio for astrocytoma declined slightly while that for medullob-

lastoma increased from the 0-4 to the 10-14 (Table 24). Neither trend in the

proportion of male cases was significant.
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Table 24

Sex ratio by age:
Childhood astrocytoma and medulloblastoma
12 TNCS and SEER registries
Whites

Age  Astrocytoma** Combined* Medulloblastoma***

0-4 1.3 1.1 1.3
5-9 1.0 1.1 1.7
10-14 0.9 0.8 2.0
0-14 1.0 1.0 1.7

* Includes astrocytoma and glioma NOS
*» v 2eng=2.53, p=.11
*ox v 2 ng=1.68, p=.20

To investigate these trends in narrower age groups, male to female
case ratios were used, as the population ﬁgureé for these age groups were not
available. Male-female case ratios accurately approximate rate ratios in this
age range because the male to female ratio of the population is close to 1 (1.04).
More importantly, the male-female rat;io of the population hardly changes in this
age range. Therefore, trends over age in the case ratio should not differ from
trends in the rate ratios.

As shown in Table 25, the case ratio for astrocytoma decreased with
age. The trends for astrocytoma alone and for astrocytoma-glioma NOS differed
slightly. For astrocytoma alone, the increase in the proportion of fernales
among the cases began in the very young age groups and appeared to end by
age 11. For astrocytoma-glioma NOS, the sex ratio was fairly constant and
greater than one before age nine and after that, less than one. Both trends
approached statistical significance.

Although the sex ratios for medulloblastoma increased with age when
three age groups were used, no such trend occurred in the case ratio using nar-

rower age groups. The lack of trend using narrower age groups could have
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- resulted from the smaller number of cases in each age group. For medulloblas-
toma, the number of cases in each age group varied from 27-49; for astro-

cytoma; the number was larger 'varying from 58-80.
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Table 25.
Male-female case ratios for childhood brain cancer
by age and histologic group
Whites

12 TNCS and SEER registries
Age Astrocytoma® Combined** Medulloblastoma
Ratio No. Ratio No. Ratio Ne.
0-2 14 61 1.2 96 0.9 a7
3-4 1.3 58 1.1 82 2.8 34
5-6 1.2 73 1.3 99 1.9 35
7-8 1.0 - 71 1.2 93 1.9 49
g-10 0.8 62 0.8 82 1.4 31
11-12 1.1 82 0.9 109 4.4 27
13-14 0.9 78 0.9 91 1.5 20
Total 1.1 485 1.1 652 1.7 243

* X&ena=3.0, p=.08
** Xirend=2.43, p=.12

In summary, the sex ratio for childhood brain cancer declined with
age. The decreased proportion of medulloblastoma with its male predominance
explained only a small part of the decline. The sex ratio for astrocytoma
decreased with age. Although the decline in the proportion of astrocytomas
occurring in males was not significant, the change explained much of the
decrease in the sex ratio for all childh_ood brain cancer.

Time trends

Gold and Gordis reported that the sex ratio for childhood brain cancer
declined between 1960 and 1974 in Baltimore (30). In the present study, the sex
ratio for all childhood brain tumors did not change between 1969 and 1980. The
sex ratio of astrocytomas increased (Table 26), but the corresponding increase
in the proportion of male cases was not statistically significant (xZvna=-82.
p=.37). Moreover, when astrocytomas and gliomas NOS were considered
together, no change occurred in the case ratio. Table 28 shows the time trends

in sex ratios of the major cell types.



Table 26.

Time trends in the sex ratio of childhood brain cancer, 1969-80
By histologic group
SFO, Detroit, lowa combined
Whites, age 0-14

- Type 1969-71 1973-76 1977-80
Ratio No. Ratio No. Ratio No.:
All brain 1.02 169 1.03 168 1.03 192
Astrocytoma .94 75 .96 .80 1.22 .98
Combined* .95 106 .93 107 .95 128

Medulloblastoma 2.19 36 1.11 41 1.57 = 42

*includes astrocytoma and glioma NQOS

78
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Socioeconomic status

The median census tract income was used to investigate possible
differences in socioeconomic status among cell typés, and between each cell
type and the general population. The mean of the white median income of the
census tract of residence is given for each cell type in Table 27. Table 27 also
gives the mean for all census tracts in SMSA counties, weighted by the white

population under age 15.

Table 27.
Childhood brain cancer: :
Mean income by histologic group, 1969-71
Whites, age 0-14
Cell type No. Mean income (§)

Astrocytoma 133 12662
Glioma NOS 56 12498
Astrocytoma and

glioma NOS 189 12813
Medulloblastoma 63 11449
Ependymoma 12 11425
All types 281 12263
General population 4355769 12013

When all types of childhood brain cancer were included, the mean
income did not differ from that of the general population (p=.26). The mean
income of the astrocytoma cases was slightly greater than the general popula-
tion mean (p=.09). When gliomas NOS were included with the astrocytomas.. the
difference reached significance (p=.05). The mean income of the medulloblas-
toma cases was less than the general population mean (p=.06). The mean of the
ependymoma cases was nearly the same as that of the medulloblastoma cases.
However, the analysis included only 12 ependymoma cases and the difference

was not significant.
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Comparisons among cell types showed that the mean income of astro-
cytoma and“medulloblastoma caées differed significantly (p=.04). Including glio-
mas NOS with the astrocytomas did not change the resuit (p=.03). No other

differences among cell types were observed.
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Site

Are astrocytomas at different sites within the brain distinct entities
requiring separate study? To answer this question, the age, sex, race, and geo-
graphic distributions of astrocytoma cases at three sites—the cerebrum, cere-
bellum, and brain stem-were compared. In addition, the geographic variation in
incidence by site was investigated. Different descriptive epide.miologies would
suggest that astrocytomas should be studied separately by site.

Gliomas NOS were included with astrocytomas for brain stem cases,
but not with those at the other two sites. The large majority of the brain stem
gliomas NOS were inferred to be astrocytomas by the site-type distribution of
specifically diagnosed gliomas (see Table 9). The inclusion of gliomas NOS with
cerebellar-and cerebral astrocytomas would misclassify some nonastrocytomas
among the gliomas NOS. As few cerebellar and cerebral glioma NOS cases
~occurred, the results did not change with their inclusion. Although the propor-
tion of astrocytoma cases with brain NOS as the site varied significantly by geo-
graphic aréa (3=12.7, df=5, p=.03 for the six large;t areas), investigating only
cases with a specified site would not introduce bias if the distribution of brain
NOS astrocytomas were the same as that of the specified cases.

Differences in age and geographic distribution were noted between
cerebral astrocytomas and astrocytomas at the other two sites. Only cerebellar
astrocytomas showed significant variation in incidence across geographic areas.

Brain stem and cerebellar cases were younger than cerebral cases.
The mean age at diagnosis did not differ significantly, but the distributions by

five-year age groups did (Table 28).
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Table 28.

Age distribution of childhood astrocytomas by site*
Whites, ages 0-14
12 TNCS and SEER registries

~ Site 0-4 59  10-14  age0-14 | Meanage™
Cerebrum 37 (24%)  45(29%) 71 (46%) 153 (100%) 8.2
Cerebellum = 37(25%) 61(41%) 50(34%) 148 (100%) 7.7
Brain stem 28 (26%) 51(47%) . 30(28%) 109 (100%) | 7.1
All three sites 102 (25%) 157(38%) 151(37%) 410(100%) | 7.7

* Distribution x?=12.3, df=4, p=.02
** Mean age F=2.2, df=2, df=407, p=.11

Astrocytomas.at the three sites did not differ significantly in race dis-
t’ribut.’ibn.v al'thbugh more brain stem and fewer cerebral cases occurred in
blacks than in whites (Table 29). Among whites, the sex distribution of astro-

cytomas did not differ s-igniﬁcé.ntly by site (Table 30)..

Table 29.

Race distribution of childhood astrocytomas by site*
: Ages 0-14
12 TNCS and SEER registries

Site White Black
Cerebrum = 153 (37%) 16 (28%)
Cerebellum 148 (36%) 19 (33%)
Brain stem 109 (27%) 22 (39%)
All three sites 410 (100%) 57 (100%)

*?=3.9, df=2, p=.14



Table 30.

Sex distribution of childhood astrocytomas by site*
_ Whites, ages 0-14
12 TNCS and SEER registries

/

Site Male Female Total
Cerebrum 82 (54%) 71 (46%) 153 (100%)
Cerebellum 72 (49%) 76 (51%) 148 (100%)
Brain ster 52 (48%) 57 (52%) 109 (100%)

All three sites 206 (50%) 204 (50%) 410 (100%)

* ¥*=1.1, df=2, p=.57
As discussed earlier, blacks showed a significantly different age distri-
bution of astrocytoma cases than whites (p<.001). Similar differences between
blacks and whites in age distribution were observed for cerebellar, cerebral, and
brain stem astrocytomas (Table 31). The small numbers of black cases pre-

cluded tests for significance.
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Table 31.

Age distribution of childhood astrocytomas by site
Whites and blacks
12 TNCS and SEER registries

Site - 0-4 5-9 10-14  Total (0-14)
All sites o :
Whites 119 (25%) - 174 (36%) 192 (40%) 485 (100%)
Blacks - 10 (17%) 38 (63%) 12 (20%) 60 (100%)
Cerebrum . o '
Whites 37 §24%; 45 229%) 71 §46%) 153 élOO%)
Blacks 3 (19% 8(50%) 5 (31%) 16 (100%)
Cerebellum _
Whites . 37(25%) 61(41%) 50(34%) 148 (100%)
Blacks - 3(16%) 12 (63%) 4(21%) = 19(100%)
Brain stem* ' v ' , g
Whites 28 (28%) 51 (47%)  30(28%) 109 (100%) |

Blacks 4(18%) 16(73%) . 2(9%) 22 (100%)

*includes gliomas NOS

The geographic distributions across the six largest areas did not differ
significantly by site (Table 32).

Cerebellar astrocytoma rates showed significant geographic variation
across the six areas, but the rates at the other t.wb sites did not. SFO and Puget
Sound experienced high rates of cerebellar aﬁtrocytoma. while Connecticut had
a low rate. The ratio of the highest to the lowest rate was similar for brain stem
and cerebellar astrocytomas and lower for cerebral tumors. Rates of brain stem
astrocytomas were high in SFO and fairly constant in the other five areas. The
highest rate of cerebral astrocytoma occurred in lowa and the lowest in SFO.

- Table 33 surnmarizes the geographic variation by site.



Table 32.

Distribution of astrocytomas by site and registry
Whites, ages 0-14

S$ITE
COUNT I
ROW PCT ICEREBRUM CEREBELL BRAIN ST  ROW
COL PCT 1 NOS UM NOS  EMXX TOTAL
I 918 I 916 I . 917 1 .
o {e I o]oovoawee]
6 I 13 1 27 1. 20 1 68

SAN FRANSOAKLAND I 21.7 1 aS,8 I 33,3 1 19,4

1 10,9 1 23,1 I 27,8 1

eleccoscncs occcncansscesonn]

L | 18 1 1y 1 9 1 38

CONN 1 7,8 1 28,9 1 23,7 1 1312,}
I 1%5.1 1 9.8 1 12,3 1
PICT DT LTS CTTY PPy £ 1 TYPR By |

19 1 32 1 28 1 13 1 69

- JOWA 1 &6,8 I 34,8 1 18,8 1 22,3
1l 26,9 1 20,5 1 17,8 1
oleccscons [ecsncncn [ecnsacwe].

26 1 311 es 1 20 1 )

DETROIT 1 40,8 I 32,9 1 26,3 1 24,6
1 26,3 1 21,8 1 27,84 1
o]occavecs lovonsccsc vesaqees]

a9 I 12 1 19 1 S 1 27

UTAN 1 8,8 ] 37,06 1 18,5 1 8,7
1 1.1 1} 8.5 1 6,8 1}
eolevencsssalevcucnss jovncanan]

. $3 1 13 1 28 1 6 1 39

PUGET SOUND I 33,3 1 S31.3 1 15,8 1 12,6
1 18,9 1 17,1 1 8,2 1
o] =l lvoccnmew]

COLUNN 119 117 73 389

TOTAL 38,5 37.9 23,6 1e0,8

¢ includes gliornas NOS
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. Table 33.

Geographic vanatlon of childhood astrocytoma incidence by site
Six TNCS and SEER registries
Whites, ages 0-14

Site Lowest Hi'ghest . High/Low p-value # cases
Cerebrum  SFO lowa 1.7 .71 119
Cerebellum Conn Puget Sound 2.4 .05 117
Brain stem  Utah SFQC. 2.3 .15 73

In summary, astrocytomas at the -three sites showed epidemiological
similarities and diﬁerences Astrocytomas at all three sites had similar race
and sex dlstrlbutlons In addltlon, at all three locatlons a higher proportlon of
black than white cases were diagnosed at ages 5-9. Cerebellar and brain stem
astrocytomas resembled each other but.differed significantly from cerebral
astrocytomas in age distribu'tion. Cerebral astrocytomas were diagnosed more
frequ_ently in older children t.han ast.roeyt"orﬁa's‘ at the other l:wo sites. Astro-
cy«tbmas at the three sites-vshowe-d' nonsigniﬁéant‘ differences:in geegraphic dis-
tribution. Cerebral astrocytomas accounted for a smaller proportmn of cases in
SFO and Puget Sound tha.n in the other four areas. The rates of only cerebellar
astrocytomas, and not astrocytomas at the other two locations, showed more

than randorn variation across geographic areas.
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" Time trends
Introduction

Registries in SFO, Iowa, and Detroit participated in both the TNCS and
SEER prograrﬁs. thus providing data from 1969-80 (excluding 1972) and permit-
ting ahalysis of time trends. Time trends were investigated for these three
areas combined. An increase in astrocytoma rates occurred, with lowa account-
ing for most of the change. The remaining analyses described the time trend in
age group, sex, location in lowa, and anatomic site within the brain.
Time lrends by cell type

Table 34 and Fig. 3 show the rates for whites by cell type and time
period for San Francisco-Oakland, Detroit, and Jowa combined. The incidence of
brain cancer in white children under age 15 increased slightly, although the
lowest rate occurred in the middle time period. The rates of astrocytoma,
medulloblastoma, and ependymoma rose during the period; those of glioma NOS

and other types remained the same, and that of cancer NOS declined.
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Table 34.

Childhood brain cancer incidence, 1969-80
SFO, Detroit, lowa combined
' Whites, ages 0-14
Age adjusted rates per million
(Numbers of cases)

Histologic group 1969-71 1973-76 1977-80

Astrocytoma® 10.3 §75§ 9.6 éBO) - 13.5 é‘QB;'
Medulloblastoma 5.0 (36) 5.0 (41) 5.9 (42
Glioma, NOS 43(31) 3.3(27). 4.2(30)
Ependymoma -~ 1.3 § 9) 1.1 2 9) 1.7 élz)
Oligodendroglioma 0.6(4) = 0.0(0)  0.4(3)
Other, specified. 0.7 ( 5) 0.6 (-5) 0.6 ( 5)
Cancer, NOS 1.2(9) 0.7 ( 6) - 0.3(2)
Total** - 23.3(169) 20.2(168) 26.6(192)

* y2ena=3.66, p=.08
= v 2 ena=1.35, p=.24

~ The increase vin the astrocytoma rate for this 'p_ex_'iod approached:sta:-
tistical signiﬁc_ahce; 1If changes -»in: diagnosis contr;ibut"ed to the increase, the
rates of tw§ groups which wouid pfobably have inclﬁded : unb’iop_svie'\d
astrocytomas-égliﬁmas NOS and cancers NOS—-should have decreased. In f-aét.
the glioma NOS rate hardly changed. The decline in the cancer NOS rate, how-
eve‘r.i could have contributed to the observed increase in astrocytoma.
lowa accounted for most of the i-ncreése with a 707% higher rate in
1978-80 than in 1969-71 (p=.03v) (Table 35). In SFO, the astrocytoma rate hardly
changed. The rate of astrocytoma increased 20% in Detroit. Thus, only in Iowa

did astrocytoma rates increase significantly. -



Figure 4.

Time trends in childhood brain cancer
by histologic group
Whites, age 0-14
Age-adjusted rates per million per year
SFO, Detroit, and Iowa combined
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Table' 35.

Time trends in 1nc1dence of ch11dhood astrocytorna. 1969-80 |
' SFQ, Iowa, and Detroit
Whites, ages 0-14
Rates per million per year
- {(Numbers of cases)

Registry 1969-71 1973-76 1977-80
SFO° = 13.0(24) 15.1 (31) 13.9 (23)
| lowa* 9.3 222) 8.3 24; »- '15.9 (42) -
Detroit 9.5 (29) 7.3 (25 11.7 (33)
Total _ 10.4 (75) 9.6 (80) '13.8 (98)

* Xéena=4.84, p=.03
‘Most' of the increase in the rate of medulloblastoma occurred in San-
Francisco - Oakland; The rate ihcrease was about 50% and was limited to chil-

dren aged 5-9'(Table 36).

Table 36.

'Time trends in incidence of childhood medulloblastoma 1969-80
San Francisco - Oakland
... Whites, ages 0-14
Rates per million per year

. Age 1969-71 1973-76 1977-80
v Rate No. Rate No. Rate No.
0-4 9.2 5 14.8 9 9.9 5
5-9 8.3 4 74 5 . 152 8
! 10-14 4.5 3 4.0 3. 48 3
Total 8.6 12 8.5 17 9.8 16

In summary, incidence rates generally changed little over the 11-year
period in the three registries combined. Astrocytoma rates, however, rose

significantly in Iowa.
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Astrocytoma trends in Jowa

Within Iowa, rates rose significantly in children under age ten but
hardly changed in the 10-14 group (Table 37). Both males and females exhibited

the pattern of increasing rates in children under age ten, but not in those aged

10-14 (Table 38).

Table 37.

Time trends in incidence of childhood astrocytoma, 1969-80
lowa whites, ages 0~-14
Rates per million per year

Age 1969-71 1973-76 1977-80
Rate No. Rate No. Rate No.
0-4* 2.9 2 4.5 4 12.8 11
5-g%=* 9.8 8 8.3 8 22.4 19
10-14 13.9 12 11.6 12 12.9 12
Total 9.3 22 8.3 24 15.9 42

*xZena=5.50, p=.02
o2 ena=4.78, p=.03
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Table 38B.

| Time trends in incidence of childhood astrocytoma 1969-80
By age and sex = | '
lowa whites
Rates per million per year

Age 1969-71 1973-76 1977-80
. Rate No. Rate No. Rate No.

0-4 '

Male - 0.0 0 - 6.6 3 . 13.7 6

Female - 6.0 2 2.3 1 119 5
5.9 . _ |

Male 9.6 4 12.2 6 25.4 11

Female - 10.0 - . 4 4.2 2 19.3 8
10-14° _ Co

Male 13.8 8 9.5 5 105 5

Female 14.2 6 - 13.9 7 15.5 7
0-14 : . . —
" Male. 8.3 10 - 9.5 14 16.3 22

Female 10.4 - 12 - 7.1 . 10 _156.5 20

- If the increase in t.h.e rate of astrocytorna resulted from more accurate
diagnosis, one would expect the rate of glioma NOS and cancer NOS to have v
decreased, _as.'most of ‘t'hves‘e tumors ﬁre're probably astrqcytqrﬁas. _In Iowa, the
glioma NOS rate decreased slightly (Flg 5), but"not envoﬁgh to exélairi any 'sub-‘
stantial portion of the increase in astrocytoma incidence. The cancer NOS rate,
howeverv, declined sharply. Although the rates were low, the decline cvould :
explain part of the increase in astrocytoma incidence. Table 39 shows the effect
on the astrocytoma increase if gliomas NOS and cancefs NOS.were considered to
be misclassiﬁéd astrocytomas. Combining astrocytomas and gliomas NOS
resulted in an rate increase of about 50%, a trend of borderline significance
(Table 39). If all gliomas NOS and cancers NOS were actually astrocytomas, the
rate of astrocytoma would have increa;e'd by 267 (not significant) instead of the

observed 72% (Table 39). When the analysis was limited to children under ten,
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the group 1n which the trend was observed, somewhat larg'er increases remained
v;hén glio.rhds NOS ahd“can_cers NOS were inclﬁded. The 6rigina1 2.“7-'foldkincreasé
fell f.o 50% when both N-Ova'ce;t_.egor‘ies were included (Table 39). More accufﬁte
divagnosis. then, could explain part of t;he observed increase, although assuming

that all NOS cases were astrocytomas probably overestimated the effect.

Table 39.

Tu'ne trends in incidence of
childhood astrocytoma and related cell types, 1969-80
lowa whites :
Rates per million per year
{(Numbers of cases)

Cell type 1969-71  1973-76 1977-80° p-value
Under 15. ’ |
| Astrocytoma - = 9.3(22) '8.3(24)  15.9(42) .03

_ 8.3 (
and glioma NOS ~ 12.3 (29) 11.1{(32) 18.2(48) - .08
and cancer NOS  14.8 (35) . 12.8 (37) 18.6(49) .28

| Under 1_0 _ - _
6.5(12) 17.6(30)  .002
8.7 ‘émg 19.9 gmg 02
9.7 20.5 (35) .13

Astrocytoma. 8.8 ( i‘.O)
and glioma NOS 10.6 »2 1‘6; '
and cancer NOS 14.0 (21

If a rea_l incréase in the incidence of astr'ocytbma occurred without any
‘chang'es in the incidence of other cvell types, the total childhoodibrain cvevmce_r ‘
rate would have increﬁsed. A slight_ increase in the rate of childhood brain
cancer occurred (p=.58), but a very low rate. occurred in the middle time
period. The trend for children undef ten was similar and not significant. Table

40 gives these results.
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Table 40.

Time trends in incidence of childhood brain cancer, 1969-80
Jlowa whites
Rates per million per year
(Numbers of cases)

Age 1969-71 1973-77 1978-80
0-14 23.7 (58) 17.0 (49) 26.2 (69)
0-9 26.7 (40) 14.1 (26) 29.9 (51)

In summary, the declines in NOS rates explained most of the increase
in astrocytoma incidence. If all NOS cases were assumed to be astrocytomas,
rate increases of about 25% and 507% remained for children under age 15 and
under age ten, respectively. The trend for all childhood brain cancer suggests
£ﬁat the remaining increase in astrocytoma incidence occurred by chance.
Urban /Rural Time Trends
‘1. Introduction

Time trends in astrocytoma incidence were further investigated by
urban-rﬁral analyses. Under the assumption that urban residents have greater
access to specialized medical care, the analyses helped distinguish between
three possible explanations of the increase in astrocytoma incidence. The three
possibilities were:

1. An increase due to a shift of cases from the nonspecific glioma NOS
and cancer NOS groups to the astrocytoma group. This possibility predicted a
greater increase in rural than urban areas and a rural increase that was largely
explained by declines in NCS rates.

2. An increase due to improved ascertainment of childhood brain
tumors. This explanation predicted a greater increase in rural than urban
areas. The rural increase would not be completely explained by declines in NOS

rates.
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,‘ 3. An actual inéfease in either urban 6:' r.ural_' Towa. As t';he decline_ in
.‘NOS rates did not ‘e_xp'lain,‘the entire in’crvease‘ inv'"Iowa, analyses might lo.cate‘an"
"actual increase in either rural or urban lowa. |

The second énd third poséiﬁilities would be indiétingu_i'sh-able if the.
, increase occurred in rural areas. | | o
- Coﬁntiés' were divided by degree of urbanization initWO ways. Method I
used the census v.’ariaﬁle, proportion of population Iiving in places with 2500 or
rﬁo’re inhabitants. Method_ 11 u’séd another census variable, proporvtion of popula?
tion' living in cities of 50,000 or more. 'Bot.h-methovds'are explained in chapter
. _ .
2. Asfrocytqrﬁa :

) Astrocytoma rates rose more in rural than urban Iowa; -esp.eciallj' by
Method I and for children under age-'te'n v(T-iables.41 and 42). When either urban
deﬁhition ﬁvas vuse_d'. the trend wasv significant in rural arv‘east-;foxv.‘* Both children .
ﬁhder‘ age 15 and children under agé 'ten.. ? Rural‘v tréﬁds_wére gréater' usmg
_Mevt.hodv 1, while arbaii ,t.rénd_sf were affected less. v' In summary, v'the ‘increase m
astk‘ocy{oma rate appeared greatéf in rural éféas. éspétiélly for children under

age ten.
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Table 41.

- Urban and rural time trends in the incidence of
childhood astrocytoma 1963-80
lowa whites, ages 0-14
Rates per million per year
(Numbers of cases)

Method |
Urbanization 1569-71 1973-76 1977-80 Ratio 1977-80/1969-71

Low* 10.1 élO) 7.4 ég) 21.4’§24) 2.1
Moderate 4.7 (3) 11.7(9) 10.0 (7) 2.1
High 12.2(9) - 6.7(6) 13.5(11) 1.1

Method 11
Low** 9.0(13) 9.1(18) 17.3(28). 1.9
| High 10.3(9)  7.6(8)  14.7(14) 1.4

*xZena=5.1, p=.02
2y ena=4.3, p=.04

Table 42.

Urban and rural time trends in the incidence of
childhood astrocytoma-1969-80
Iowa whites, under age 10
Rates per million per year
(Numbers of cases)

Method I
Urbanization 1969-71 1973-76 1977-80 Ratio 1977-80/1969-71
Low* 49(3) 5.2 24) 24.9 518) 5.1
Moderate 4.9(2) 8.0(4) 8.8 (4) 1.8
High 10.4(5) 6.9(4) 15.1(8) 1.5
Method II .
Low** 55(5) 6.2(7)  20.0(21) 3.6
High 8.8 (5) 7.3 (5) 14.5 (9) 1.6

3. Astrocytoma and glioma NOS combined
As rural areas experienced a higher glioma NOS rate than urban areas,
the increasing astrocytoma rates in rural areas might have resulted from the

shift over time of cases from the glioma NOS to the astrocytoma group.
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% Combining astfocytofna and glioma NOS substantially reduced the
rural increase and there’f_o;’e the urban-rural discrepancy in rate increase
(Tables 43.and 44). The rur‘ai'trends remained sigrﬁﬁcant for children under age
ten but not for chil,dxjen undér age’ 15. Rural rate increases were le‘ss twice the
urban vin(':’z;ea'ses. and in one an'élysis. rural>an.d. urb.an'r'-fa‘\tes increased by the
same amount. As for. a—S'thCytoma alone, the ahalyéis usjng Method I for children

under age ten gave the: largeét urban-rural discrepancy and 'the‘ largest rural

trend. .



Table 43.

"Urban and rural time trends in the incidence of
combined astrocytoma and glioma NOS, 1969-80
lowa whites, ages 0-14
Rates per million per year
(Numbers of cases§

Urbanization  1969-71 1973-76 1977-80 Ratio 1977-80/1969-71

Method 1

Low* 15.1 (15) 9.9 (12) 22.3 (25) 1.5
Moderate 8.3 §4) 15.86 (12) 17.1 §12) ' 2.7
High 13.8 (10) 8.9 (8) 13.5(11) 1.0
Method II

Low®** 13.2(19) 11.9(21) 19.8(32) 1.5
High 11.5(10) 10.5(11) 18.7(16) 1.5

‘x:T.z 4=17.8, p=.18
has =2.1, p=.15

Table 44.

Urban-rural time trends in the incidence of
Combined astrocytoma and glioma NOS, 1969-80
Iowa whites, under age 10
Rates per million per year
{Numbers of cases§

Urbanization 1969-71 1973-76 1977-80  Ratio 1977-80/1969-71

Method I

Low* 11.4 (7) 9.1(7) 26.3(19) 2.3
Moderate 7.3 23; 10.0 25) 15.4 é?; 2.1
High 12.5 (6 8.9 (4) 15.1 (8 1.2
Method I

Low** 11.1(10) 9.8(11) 22.9(24) 2.1
High 10.8 (8) 7.3 (5) 16.1 (10) 1.5

**xEuma=4.7, p=.03
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4, Astreeytoma, glioma NOS, and cancer NOS combined -

As some cancers NOS might be astroc'ytomas, cancers NOS were
‘included with'a‘stro'c':ytomas and ’gliemas NOS. A further' decrease in the rural
‘ trend w1th the addltxon of cancers NOS would prov1de more. ev1dence that’ the
" Shlft of rural cancers NOS 1nto more specxﬁc categorxes contrlbu;:ed to the astro- |
cytoma 'mcrease Howev'er, this worst case analys1s would overestlrnate the ‘

eﬂ’ect of NOS groups on urban—rural dlﬁerences as probably not all ghomas NOS |

and cancers: NOS were astrocytomas

Includmg cancers NOS d1d decrease the rural trends shghtly, but_ o

hardly affected urban-rural differences in rate mcreases (Tables 45 and 48).
: None of the -trends were» st.atxst.lcally sxgmﬁcant The rates for. chﬂdren under -
age ten in rural areas. (Method I) mcreased the rnost and’ came closest to'

51gn1ﬁcance (p-— 06)
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Table 45.

Urban and rural time trends in the incidence of
combined astrocytoma, glioma NOS, and cancer NOS, 1969-80
lowa whites, ages 0-14
Rates per million per year
(Numbers of cases)

Urbanization  1969-71 1973-76 1977-80  Ratio 1977-80/1969-71

Method 1

Low* 17.1(17) 11.5(14) 22.3(25) 1.3
Moderate 9.5 é 8) 18.2 §14) 17.1 §12) 1.8
High 18.3(12) 10.0(9) 14.7 (12) 0.9
Method II

Low 16.0(23) 14.2(25) 19.8(32) 1.2
High 13.8(12) 11.5(12) 17.8(17) 1.3

XZena=3.62, p=.06

Table 48.

_ Urban and rural time trends in the incidence of
combined astrocytoma, glioma NOS, and cancer NOS, 1969-80
Iowa whites, under age 10
Rates per million per year
(Numbers of cases)

Urbanization  1969-71 1973-76 1977-80  Ratio 1977-80/1969-71

Method I

Low 13.0(8) 10.4(8) 26.3(19) 2.0
Moderate 12.2(5) 12.0(68) 154(7) 1.3
High 16.7(8) 6.9(4) 17.0(9) 1.0
Method II

Low 14.4 213) 11.6 213) 22.9 §24) 1.8
High 14.1( 8) 7.3 (5) 17.7 (11) 1.3
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5. All childhood brain cancer

If a real ufban'-rufal difference in'tpe rise of astrocytoma rates
occurred without any differences. in the trends of other cell types, the total
,ch_ildiiood vb.r'a_»i‘n _CAAce'rv.ratve_woulﬂd’ h:-iv.e inf:reased mbre in rural than urban:
vareavs. The inc‘:rez-_xvsevsvbetwe'en 1969 and 1980- in %111 urbanization strata were

small and not significant (Tables 47 and 48). Rural areas showed a greater

increase than did urban areas by Met_hod I, but not by Method II.
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Table 47.

Urban and rural time trends in the incidence of
childhood brain cancer, 1969-80
lowa whites, ages 0-14
Rates per million per year
(Numbers of casesg

Urbanization  1969-71 1973-76 1977-80 Ratio 1977-80/1969-71

Method I

Low 24.2 (24) 14.0(17) 29.4(33) 1.2
Moderate 23.8 élﬁ) 22.1 §17) 24.3 §17) 1.0
High 23.0 (17) 16.8(15) 23.4(19) 1.0
Method 11

Low 24.9 éss) 17.0(30) 27.1(44) 1.1
High 23.0(20) 18.1(19) 286.2(25) 1.1

Method I
Low
Moderate
High
Method 11

Low

| High

Table 48.

Urban and rural time trends in the incidence of
childhood brain cancer, 1963-80
Iowa whites, under age 10
Rates per million per year
{(Numbers of casesg

Urbanization  1969-71 1973-76 1977-80  Ratio 1977-80/1969-71

22.7(14) 14.3(11) 34.6(25) 1.5
36.8 €15) 14.1 2 7). 26.4 $12) 0.7
22.9(11) 138(8) 26.5(14) 1.2
26.6 (24) 15.2(17) 31.5(33) 1.2

1.1

24.7(14) 132(9) 27.4(17)
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6. Summary

'I'he increase 1n astrocytoma 1nc1dence occurred mostly in rural areas
in whxch a four- to five- fold increase was ‘observed. More specxﬁc dlagnoms '
explained most of the rural increase, although a doubhng of rate in rural areas

in chlldren under ten (Method I) remalned. 'I'he analyses could not dlst1ngu1sh

'between a real increase and one due to 1mproved ascertainment of cases. Other . -

'changes in dlagn051s and chance remained possible explanatlons as the total. -
, bram cancer rate d1d not show a convmcxng increase. |
»TLme trends of astrocytovma rates py.szte : .

B Previous sentions showed: innreased rates of astrocytoma in Iovc(a, -espe-

‘cially in the rural areas. 'I'his:'se-ct'ion inves_t.ig'ates the time trends for astrocyto-

as by _a’natOrn’ic_"site;A Cerebifal'ast'focyt-omas are not as rapidly fatal without

treatment as astrocytomas in other locations. Thus, an increased rate of only
ce_rebral astrocytomas_ might sugg‘es’t' that the increasing ' astrocytoma x"avte
_resulted from impféve& a_séer‘tainment of 'slbWIy progressing -turnor‘s and not
frnm a real cnange_in incidance.. Tirne tfends' were calculat_e‘d ﬁrst,:for.'th.e state
of Towa and vt.he'n; for‘aféas.in Towa with 'lpw. modef‘ate. and high degrees of
urbanization. 'All rates presented in this section include both ast‘roc'ytomaS‘ and
gliomas NOS in order to adjust .fo:'_vdiagnostic diﬁerencesamong tirne périods
and areas with different degrees of urbanization.

| In Iowa, the rates of cerebral and cerebellar astrocytomas‘ and gliomas
NOS increaseld by 90% and 1257, réspective‘ly. The upward trend was significant
for the cerebellar tumors, but not for those tumors in the cerebrum. No trend
in the incidence of brain stem tumors occurred. Table 49 shows the time trends

for lowa.



105

Table 49.

Time trends in the incidence of
combined astrocytoma and glioma NOS by site, 1969-80
Iowa whites, ages 0-14
Rates per million per year
(Numbers of cases{

Site 1969-71 1973-76 1977-80 Ratio 1977-80/1969-71
Cerebrum* 3.4 §8) 3.5 élO) 8.5 (17) 1.9
Cerebellum** 25(8) 1.7(5) 5.7 (15) 2.3
Brain stem 1.7(4) 1.7(5) 1.5 (4) 0.9

x,,.a,.d—z 69, pP=. 10
“Xg nd=3 85, P=. 05

When degree of urbanization was considered, each time-site specific
rate resulted from a small number of cases. Despite the small numbers, a few
observations were made. The rate of cerebral astrocytoma i_ncreased in rural
but not urban lowa (Table 50). By both methods of defining urbanization, thé
rates in rural areas increased close to three-fold, a significant trend. A
significant eight-fold increasé occurred in children under age ten (Table 51).

The increase in the rate of cerebellar astrocytomas appeared greater
in rural than urban areas by Method I, but Method II showed a smaller difference
(Table 52). None of the trends was statistically significant. The trends in the
rural areas came closest to significance with p-values of .09 and .08 for Method I
and Method II, respectively. The number of cases was too small to investigate
trends in children under age ten.

The number of brain stem tumors was small and no trends were
observed (Table 53).

In summary, the rates of astrocytomas in the cerebellum and cere-
brum increased in Jowa between 1969 and 1980, while that of brain stem astro-
cytomas hardly changed. The rate of cerebellar astrocytomas rose significantly

for the state and rose more in the rural than the urban areas, although neither
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- urban nor rural trends were significant. The rate of cerebral astrocytomas z;alsvo

showed a greater increase in rural than urban areas. ' The increases were statist-

‘ically significant in the rural areas, 'espeéially for children under age ten. For

the state of lowa, the rise' in iriéideriée rates of cerebral astroc'ytorxia's was of

: borderline significance: . -



Table 50.

Urban and rural time trends in the incidence of
cerebral astrocytoma, 1969-80
Iowa whites, ages 0-14
Rates per million per year
(Numbers of cases{

Urbanization 1969-71 1973-76 1977-80 Ratio 1977-80/1969-71

Method I

Low* 4.0(4) 25(3) 10.7(12) 2.7
Moderate 0.0 gog 8.5 §5) 2.9 §2) -
High 54 (4 2.2 (2) 3.7 (3) 0.7
Method II

Low** 2.8(4) 3.4(8) 8.0(13) 2.9
High 4.6 (4) 3.8 (4—) 4.2 (4) 0.9

*¥yiena=4.3, p=.04

Table 51.

Urban and rural time trends in the incidence of
cerebral astrocytoma, 1969-80
Iowa whites, under age 10
Rates per million per year
(Numbers of cases{

Urbanization 1969-71 1973-76 1977-80 Ratio 1977-80/1969-71

Method |

Low* 1.6(1) 28(2) 12.5(9) 7.8
Moderate 0.0 §O) 4.0 ézg 2.2 él) -
High 6.3 (3) 1.7 (1 3.8 (2) 0.6
Method 11

Low** 1.1 €1) 2.7(3)  9.5(10) 8.6
High 5.3 (3) 2.9 (3) 3.2 (2) 0.8
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- Table 52.

Urban and rural time trends in the incidence of
-cerebellar astrocytoma, 1969-80
- - lowa whites; ages 0-14
Rates per million per year
(Numbers of cases)

Urbanization , - 1969-71 . 197376  1977-80 Ratio 1977-80/1969-71

Method I -

Low . 20(2 16(2) 6.2(7) 3.1
Moderate, 1.6 él; 2.6 gZ) 5.7 é4; 3.6
High ' 4.1 '»3  1.1 1) 4.9(4 1.2

| Method m - o
Low 21(3) . 17(3) 5.6(9) 2.7
High 3.4 (3) 1.9(2). 6.3(8) 1.9
Table 53.

Urban and rural tlme trends in the mmdence of
‘ brain stem astrocytoma, 1969-80
' Jowa:whites, ages 0-14
. Rates per million per year
{(Numbers of cases)

Urbanization 1969-71 1973-76  1977-80 Ratio 1977-80/1969-71

Method 1

Low 3.0(3)  25(3) 0:9(1) 0.3

Moderate 1.6 gl) 1.3(1) 4.3(3) 2.7

High 0.0(0) 11(1) 0.0(0) -

Méthod II

Low 28(4) 23(4) 1.9(3) 0.7
 High 0.0(0)  10(1) 11(}) -
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Summary

Incidence rates generally changed little between 1969 and 1980 for the
combined registries which reported data for all 11 years of the TNCS and SEER
programs. The rate of astrocytoma, however, increased 33%. lowa experienced
a 1980 rate 70% greater than that in 1969, and accounted for most of the
observed increase in the combined areas. The trend in lowa occurred in males
and females under age ten and was largely explained‘ by declining rates of
glioma NOS and cancer NOS. The rural areas experienced a largef increase in
astrocytoma rates than did urban areas, especially for children under age ten.
Combining astrocytomas, gliomas NOS, and cancers NOS eliminated most of the
rural increase and the urban-rural .discrepancy for children under age 15. A
doubling of rate (p=.06) remained for rural children under age ten. Both cere-
bellar and cerebral tumors contributed to the greater rural than urban
increase, although only the rural increase in the rate of cerebral tumors was

significant.
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'ECOLOGICAL ANALYSES

Urban—rural differences

[ﬂfra a?u.c tion

Reports on urban-rural 'diﬁer_encevsf in childhood brain cancer rates

conflict. Since one study was vof' the '-venti“re U.S. {41) and the other was of Min-

nesota (59), ire'gio'nal_ variation in urban-rural differences might explain the
dviscrepa'ril_cies'. The present study'investigated- urban-rural differences to p.ro-
vide an analysis based on recent _incident cases and to look -for'regional- varia-

tion.

Urbanﬁ’tiral_ diﬁe:-encésf'in the rate of all childhood brain cancer and '
the major cell types-v#‘erel .inVestigated for lowa and for the threé southwestern

states combined (Utah, New Mexico, Colorado). When astrocytoma rates were

studied, - results for va's_troc_:ytoma alone and for astrocytoma and glioma NOS

combined are 'pr'esehted._' the Igat,tér't'o;adjust for possibly more accurate diag-

" nosis in urban areas. A similar analysis of ependymoma rates was done for only

© Connecticut, which had a relatively large number of cases.

Othei‘ analyses attempted to describe more- accurately urb'a'n-rural

differences in astrocytoma rates. As time trends in urban and rural lowa

diﬂ'ered. an éccurdté .comparisbn of urban-rural differences requiréd' examina-
. tion of -asttocytoma rates by time period. The remaining énalyses investigated
urban-rural diﬁerénces in astrocytoma rates by location in the brain. As some
evidence suggests that astroc’:ytornas' at di&érent sites are separate disease enti-
ties, such analyses might uncover urban-rural differences not seen in the previ-
ous analyses. |

Counties were divided by degtee of urbanization in two ways. Method 1
used the census variable, proportion of population li';’ing in places with 2500 or

more inhabitants. Method Il used another census variable, proportion of

£
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population living in cities of 50,000 or more. Both methods are explained in
chapter 2.
Jowa

In Iowa, the low urbanization areas had similar rates of childhood brain
cancer, higher rates of astrocytoma, and lower rates of medulloblastoma than
highly urbanized areas (Table 54).

By both Method I and Method II, the low urbanization areas experienced
slightly higher rates of astrocytoma and of glio'rna NOS. The difference was
larger using Method 1. The two-fold rural excess of glioma NOS implied that
fewer gliomas were specifically diagnosed in the rural areas than in the urban
areas. Thus, the combined astrocytoma-glioma NOS rate would provide a more
accﬁrate comparison than would the rate of astrocytoma alone. By Method I,
the combined rate was 327 higher in the rural than in the urban counties; the
intermediate counties experienced an intermediate rate. The trend, however,
was not statistically significant (xZeng=1.51, p=.22). Method II reduced the
urban-rural difference by half. The rates for the other category that could con-
tain astrocytomas, cancer NOS, were small and similar in urban, intermediate,
and rural counties.

By either method, urban areas experienced a medulloblastoma rate
close to twice that of the rural areas. The urban-rural difference approached
significance (Method II, Z=1.85, p=.06). The intermediate areas had an inter-
mediate rate, but the trend was not significant (x%eng=1.88, p=.17). The glioma
NOS group probably included a small number of medulloblastomas, but probably
not enough to eliminate the urban excess.

Southwestern states
The urban-rural differences observed in three southwestern states

were smaller than and sometimes opposite from those seen in lowa and
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'd_epéndent on the urban cléssiﬁcation used (Table 55). The two méthods gav_ev
conflicting results for astrocytoma and for astrocytoma-glioma NOS. Differences
-~ in dledulloblaStoma rates were opposite from those in-.vIovwa.. Séuthwesterﬁ urban
counties experienced-a lower medulloblastoma rate than rural counties.

Metho_d' I gave ‘th.e_ larger. diff_'er’e"ncé‘ of-SO%. but it was not significant (2=:96,

p=.34).



Table 54.

by histologic group

(Numbers of cases)

[owa whites, ages 0-14
Rates per million per year

Urban and rural incidence of childhood brain cancer

Method 1.
Urbanization Brain Medullo- Astro- Glioma Com- Cancer
blastoma  cytoma NOS bined* NOS

Low 222(74) 3.0(10) 12.9(43) 27(9) 156(52) 1.2(4)

Moderate 233(48) 48(10) 9.0(19) 43(9) 133(28) 1.9(4)

High 20.9 (51) 53(13) 10.6(28) 1.2(3) 11.8(29) 1.6(4)

Method IL

Low 22.4(108) 3.1(15) 11.8(57) 3.1(15) 14.8(7R) 1.7(8)
| High 222(64)  59(17) 10.8(31) 21(6) 129(37) 1.4(4)

*Astrocytoma and glioma NOS
Table 55.

Whites, ages 0-14

(Numbers of cases)

Rates per million per year

Urban and rural incidence of childhood brain cancer by histologic group
Colorado, New Mexico, and Utah

Method L
Urbanization Brain Medullo- Astro- Glioma Com- Cancer
blastoma cytoma NOS bined* NOS

Low 224 (21) 75(7) 8.5 (8) 2.1(2) 10.6 (10) 1.1(1)

Moderate 18.9(25) 3.8(5) 9.8(13) 2.3(3) 12.1 (18) 0.0 (0)

High 18.8 (98) 5.0 (24) 9.7(47) 23(11) 120(58) 1.5(7)

Method II.

Low 21.4(50) 5.8(13) 10.7{(35) 1.7(4 124 (29) 0.9(2)
| High 20.0(87) 4.8(21) 9.7(42) 25(11) 122(53) 1.4 (8)

*Astrocytoma and glioma NOS
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Comparison of results in Jowa and the southwestern states

Iowa and the three southwestern states showed small and sometimes
E oppqsité urban'-ru_ral differences. The two methods of classifying counties’
according to urbanization gave sumlar results in lowa, but sometimes ;)pposi_te
results in the southwesternst&es. |

Rural astrocy’toma\ and astrocytoma-glioma NOS rates: slightly .
exceeded urban rates in lowa. In the southwestern states, however, vn.o ;:6n-
sistent pattern emerged. |

Iowa.and the southwestern states exhibited opposite trends in medul-
| loblastoma rates. In Iowa, urban areas experienced higher f'ates of medulloblas-
tofﬁa, but the rural areas had higher rates in the southwestern states.’
Ependymoma

Urban-rural differences in ependyrhorﬁa rates were studied in Connec-
ticut, as .no other | state .héd enough éases to do so. The urban/rural
classification ﬁsed was similar to Method II in that it was based on the census
variable, proportion of population .‘Iiving in urbarﬁzed areas of 50,000 or more

'inhabitants. However.l the cutoff 'pv_oints were ad_];ujsted to fit the distr.ibutionb of
urbanization levels of the state’s eight count'ies-(see Methods).

The urban counties experienced a rate of ependymoma 2.4 times that
of the rural counties; the rnodérately urbanized areas rhad an intermediate rate
(Table 56). The rates in the low and moderate counties, however, were based on
only two cases each, and the trend was not significant. Epe.ndymomas that were
diagnosed as gliomas NOS or cancérs NOS could explain the difference only if
nons;ﬁeciﬁc diagnoses oz;curred more frequently in rural areas. However, about
the same proportion of cases in all areas were gliomas NOS--one of 14 in the
rural areas, one of 13 in the intermediate areas, and 10 of 90 in the urban

areas. Only one cancer NOS case occurred.
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Table 56.

Urban and rural incidence of childhood ependymoma*
Connecticut whites, ages 0-14
Rates per miillion per year -

Urbanization Rate No. cases
Low. 1.8 2
Moderate 3.1 2
High 4.3 16

* YPena=1.49, p=.22

Urban-rural differences adjusted for time period

As the rates of astrocytoma and of astrocytoma and glioma NOS com-
bined rose and the magnitude of the increase differed between urban and rural
areas, urban-rural differences were examined by time period (Tables 57 and 58).
'I'he rural rates of astrocytoma were lower than the urban ratés in the first time
period, but exceeded the urban rates in the last time period (Table 57). To
adjust for the apparent shift of cases from the gliorﬁa NOS to the astrocytoma
category in rural areas, urban-rural differences in the combined rate were stu-
died. The rural combined rates generally exceeded those of urban areas in all
three time periods. In only one comparison of 12 did urban rates exceed rural

rates. The rural excess increased slightly with time (Table 58).
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Table 57.

Time trends.in rural-urban ratios of
chxldhood astrocytoma incidence, 1969 80
. lowa whites

Age | 1969-71 1973-78 1977-80

Under 15 : »

Methodl - .83 1.1 1.6

Method I 87 1.2 1.2°
Under 10.

‘MethodI = 47 .75 - 1.8

Method _II .63 .85 1.4

Table 58.

Time trends' in rural-urban ratios of
childhood astrocytoma and glioma NOS incidence, 1963-80
Iowa whites

Age © 1969-71 197376  1977-80
Under 15
| Method I 1.1 1.1 1.7
Method 11 1.1 1.1 1.2
Under 10
Method I 0.9 1.3 1.7
Method II 1.0 1.3 1.4

Astrocytoma rates by svlteﬁ

Urban-rural analyses of 'astrocytorné incidence at different sites might
have uncovered differences not seen previously. All rates in this se-cti‘on incluﬁe |
both astrocytomas and gliomas NOS. The combined rate reduced possible bias
and allowed analysis of brain stem astrocytomas, of which most were diagnosed
as glioma NGS.

In Iowa, rural areas experienced higher rates of brain stem
astrocytomas-gliomas NOS by both methods (Method I, Z=1.7, p=.09). Cerebel-

lar rates differed little by urbanization. Cerebral rates showed a rural excess by



117

Method I, which almost disappeared using Method IlI. Table 59 shows these
results. A difference in the proportion of these cases with brain NOS as the
tumor site would confound these results; however, that proportion was 0.24,
0.21, and 0.28 for low, moderate, and high urbanization strata, respectively.

As in Ioﬁa, the three southwestern states showed a higher rural rate of
brain stem gliomas. However, the difference decreased greatly when the
analysis was done by method II. Urban and rural rates of cerebral astrocytomas
did not differ. The analyses of cerebellar astrocytomas-gliomas NOS showed
higher urban rates in one analysis and similar urban and rural rates in the

other. Table 60 shows these results for the southwestern states.

Table 59.

Urban and rural incidence of
childhood astrocytomas and gliomas NOS by site
Iowa whites, ages 0-14
Rates per million per year
(Numbers of cases)

Urbanization Cerebral Cerebellar Brainstem All astrocytomas
and gliomas NOS

Low 5.7(19)  3.3(11) 2.1 (7) 15.6 (52)
Moderate 3.3(7) 3.3(7) 2.4 (5) 13.3 (28)
High 3.7 (9) 3.3 (8) - 0.4 (1) 11.8 (29)
Method I

Low 4.8 2233 3.1 215) 2.3 211) 14.9 272)
| High 4.2 (12 3.8 (11) 0.7 (2) 12.9 (37)




Table 60. -
Urban and rural incidence of childhc;o

Colorado, New Mexico, and Utah
- Whites, ages 0-14
Rates per million per year
- {Numbers of cases)

d

astrocytomas and gliomas NOS by site

Urbanization Cefeb_ral Cerebellar Brain stem All astrocytoma
' : - ' ' and glioma NOS |

Low 43(4) . 0.0(0) 4.3(4) 10.6 (10)
Moderate - 3.8 (5) 2.3 (3) 1.5 (2) 12.1 (18)
High 43(21)  3.3(16) 1.2 (6) 12.0 (58)
Method 11 , ) ) ; .
Low - 4.3(10)°  2.1(5) 2.1(5) 12.4 (29)
| High 4.6 (20) 3.0 (13) 1.4 (6) 12.2 (53)
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Urban-rural differences in astrocytoma rates by site and time period

are shown in Tables 61 and 62. "Too few brain stem tixrﬁbr_s occurred to.permit

analysis. In the last time period, rural rates of cerebral astrocytoma exceeded

urban rates. No consistent differences in cerebellar astrocytoma rates

occurred.

v Table 61.
Time trends in rural-urban ratios-of

Iowa whites, ages 0-14

1969-71 1973-76

Method | 0.7

cerebral astrocytoma and glioma NOS incidence, 1968-80

1977-80

2.9
1.9

1.1
Method II 0.6 0.9
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Table 62.

Time trends in rural-urban ratios of
cerebellar astrocytoma and glioma NOS incidence, 1969-80
lowa whites, ages 0-14

1969-71 1973-76 - 1977-80
Method I 0.5 1.5 1.3
Method II 0.6 0.9 0.9

In summary, rur;l areas in lowa and in the southwestern states experi-
enced higher rates of brain stem astroctyomas-gliomas NOS than did urban
areas. The difference in rates in Iowa was of borderline significance. No other
differences occurred in both Iowa and the southwestern states. Differences that
did occur were usually observed with only one of the two methods. When similar
comparisons were made for rates in lowa by time period, rates of cerebra-l and
cerebellar astrocytomas-gliomas NOS in urban areas exceeded those in rural
areas in 1969-71. In 1977-80, however, cerebral astrocytoma rates were greater
in rural areas and cerebellar astrocytoma rates were about equal in urban and
rural areas.

Summary

Urban-rural differences were generally sméll and not statistically
significant. A few observations by cell type were of interest. Rural rates for
brain stem gliomas exceeded urban rates in both lowa and the three
southwestern states. Jowa and the southwestern states showed conflicting
urban-rural differences in medulloblastoma rates. The urban rate in lowa was
greater than the rural rate (p=.06). The rural areas of lowa experienced a
higher combined astrocytoma-glioma NOS rate than urban areas. The difference
was not statistically significant, but it was consistent across time period and
urban definition. Astrocytomas-gliomas NOS in the cerebrum and the brain

stem contributed to the rural excess.
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Population density

As described in Methods, counties with more than 70% of their popula-
tions living in cities of 50,000 o'r more in 1980 were divided into four strata of
population density—~fewer than 100, 100-350, 351-700, ;nd more than 1500 per-
sons per square kilometer. No .counties had derisities between 700 and 1500 per-
sons per square kilometer. Incidence rates by_cell type were calculated for
~each stratum. »

- Iricicierice of childhood brain cancer showed no trend with increasing
po.pulation defxsity, nor didvany of "the cell types, "excé'pt_.astrocytoma (Table 83). -
Astrocytomav rates incfeas‘ed with -population' density; the stratum of higheéf
density had a rate 247 hlgher than the stratum of lowest den51ty When astro-
cytorna and glioma NOS were combmed the trend rernamed. Neither trend

" however, was significant.

Table 63.

Childhood brain cancer 1nc1dence by population densxty
in highly urbanized areas
Whites, ages 0-14
. Rates per million per year
(Numbers of cases{

Persons/ Astro- Medullo- Glioma Combined** . All

square km  cytoma®  blastoma NOCS brain
<100 9.4 (23) 4.1 (10) 3.7.(9) 13:1(32) -~ 20.9 (51)
100-350 9.8 (60) 7.0 (43) 3.1(19) 12.9(79) 23.5 (144)
351-700 10.4 2103) 7.0.é69) 3.5(35) 13.9(138) 24.6 2244)
>1500 11.7 (47) 3.5(14) 3.7(15) 154(62) - 21.6(87)

* XZena=.98, p=.32
** y2na=.98, p=.32
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GEOGRAPHIC ANALYSES
Geographic variation

Environmental, genetic, or medical care factors affecting the incidence
and diagnosis of childhood brain cancer would result in geographic variation of
rates. Geographic variation in rates for whites across the 12 TNCS and SEER
registries included in this study was investigated. The extent of the variation in
incidence rates of all childhood brain cancers and of each major cell type was
studied. To deterrrlline if the variation resulted from different degrees of urbani-
zation among areas, incidence rates were calculated and geographic variation
assessed for the urbanized .pa{'ts of each area. Whether the extent of geographic
variation changed over the 11-year period was also investigated.

Some of the figures in this section present age-adjusted rates, which
hardly differed from the crude rates. All significance tests were done on crude
rat.es. |

The incidence of childhood brain cancer and of each major cell type
showed geographic variation that at minimum approached significance. Child-
hood brain cancer rates varied about two-fold across areas; the variation was
significant (Fig. 6). SFO had the highest rate. Astrocytoma, medulloblastoma,
and glioma NOS rates showéd substantial interarea variation with two to three-
fold differences in rates (Fig. 7 and 8). These results were of borderline
significance. The analysis of geographic variation of ependymoma rates
included only the six most populous areas, so that the rates would be relatively

stable. The variation in rates was almost four-fold and was significant (Fig. 9).
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Figure 6.

Incidence of childhood brain cancer
in 12 TNCS and SEER registries
Whites, age 0-14
Rates per million per year

SAN FRANCISCO 29.3
PUGET SOUND :.0525§§§§5253533§f§§§§§§§§§§§§§§E? 3.7
DALLAS ~ FORT WORTH 3.0
ATLANTA ' 220

UTAH I 21.9 c
CONNECTICUT ‘ 1.8 .
PITTSBURCH 0.9

I0UA 19.7

DETROIT 19.3
 MINNEAPOLIS 18.1

COLORADO 18.0

NEUW MEXICO 14.8

X®=24.3, df=11, p=.01
SFO contributed more than 50% of the x? value.
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Figure 7.

12 TNCS and SEER registries
Whites, age 0-14
Rates per million per year
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¥*=17.6, df=11, p=.09
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11.7
11.0
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10.9
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9.9
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Figure 8.

Incidence of childhood medulloblastoma
in 12 TNCS and SEER registries

Whites, age 0-14
Rates per million per year
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¥*=16.5, df=11, p=.12
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Figure 9.

Incidence of childhood ependymoma
in 12 TNCS and SEER registries
Whites, age 0-14
Rates per million per year
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¥*=15.22, df=5, p=.01
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- Geographic variétio’n in the proportion of cases diagnosed as gliomas
NOS could explain at least part of the observed variation of the specific ceil
. types. In other words, rates might appe;a\r to vary if areas with apparently low
rates had a large proportion of cases in the glioma NOS group and area's.v with
high rates had low proportions. To assess whe.ther this were so, 't.he analyées
were repeated after distribution of the gl_iorha- NOS cases iﬁto the specific glioma
catégories. according to the site :and type distribution for eacvh’ geographic area.
These analyses assumed that at each ‘sitre' within the brain, the glioma;svaOS were
distributed ambng the spéciﬁc glioma types identically to the cases with
detailed diagnoses. o S

After this distributip’n of glioma NOS cases, the,geographic variation of
astrocytomas l;each'ed statisticél signiﬁcance. Pittsburgh moved from having
g t.he eighth ,highestvr.'ate»to having the third mighest &rnaft',e;. the ranking of the ofher
areas remained ﬁrtually unchanged as did the ratio of the highest to lowest
v fates. bA‘s this redistriﬁution of glioma NOS '_“case‘s reclaéSiﬁed 77% of them as
astrocytomas, the changes in the numbers of medulloblastomas and ependymo-
mas were small and consequently, had little effect on the extent of va.rialt.ior; fh’é
rank of geographic areas, or on the vglue of the x?® statistic. Combining the
astroéytoma and glioma NOS cases int.o‘one category gave the registries virtu-
ally the same rank and the variation virtually the same significance as propor-
tibnally distributing the glioma NOS cases (Fig. 9). Table 64 summarizes the

analyses of geographic variation of childhood brain cancer rates by éell type.-

©
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Figure 10.

Incidence of childhood astrocytoma and glioma NOS

with glioma NOS cases proportionally distributed

In 12 TNCS and SEER registries

Whites, age 0-14
Rates per million per year
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Figure 11.

Incidence of childhood astrocytoma and glioma NOS combined
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Type

All

Astrocytoma
plus glioma NOS*

plus glioma NOS

Glioma NOS

Medulloblastoma

Ependymoma

Table 64.

Geographic variation of"

childhood brain cancer incidence

12 TNCS and SEER registries

Lowest

Rate

N.Mexico

N.Mexico’

N.Mexico

N.Mexico
Colorado
DFW

SFO

Highest
Rate

SFO

SFO
SFO
SFO

DFW

SFO

Conn

Whites, ages 0-14

High/Low

Ratio

1.8

2.7
2.4

2.5
3.7
2.3

3.7

p-value

.01

.09
.009

.01

.08

A2

.002

# cases

1049

482
618

649

165

243

67

*glioma NOS cases distributed according to site-type distribution



130

The fact that some registries were urban metropolitan areas while oth-
ers included urban ‘and rural areas might explain the g.e{)graphic variation
observed. In order to study more comparable areas, geographic variation was
investigated including only highly urbanized coﬁﬂties (éounties having at least
70% of their population'liviﬁg in urbanized areas of 50.'000.‘01' more inhabitants).
The raﬁios of the higheéﬁ to the lowest rates, the p-values of the x? tevst and the
rank of the geographic areas did not differ sub;stantially. frdm those c"alculated»
using the entire registry areas (Table 65, Fig. 12-14). Table 66 gives the tbtval
area rates and urbarﬁzed area rates for the six registrieé with substantial rural -

populations.
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Figure 12.

Incidence of childhood brain cancer
the urbanized parts of 12 TNCS and SEER registr.
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Figure 13.
Inéidence of childhood astro‘cytoma-glioma NOS.-

the urbanized parts of 12 TNCS and SEER registries:
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Figure 14.

Incidence of childhood medulloblastoma
the urbanized parts of 12 TNCS and SEER registries:
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Table 85.
Geographic variation of childhood brain cancer incidence
~ Urbanized parts of 12 TNCS and SEER areas -
Whltes, ages 0-14
Type - Lowest Hig‘hes't High/Low . p-value 4 cases |
z Rate Rate Ratm
Al  Colorado SFO 2.1 ..005 793
vAstrocytorv.na N.Mexico. SFO = . - 30 .20 357
plus glioma NOS* N.Mexico SFO. - 31 .02 488
Medulliqbla"stoma 'N.M'exi.ﬂco A'tl‘an't_a': e 2.8 : 18 . 198
Table 66

Comparlson of incidence in entu'e reglstrxes and urbamzed portxons '
Selected cell types. - L
Whites, ages 0-14

Astrocytoma and ghorna NOS - Medulloblastoma

' Entire'area - Urbanized parts Entire area Urbanized parts
Puget Sound: 15.0 13.4 - 5.3 5.2
Utah 14.5 14.4 5.6 5.6 .
Iowa ' 13.7 12.1 4.2 5.9°
Colorado 12.5 - 10.7 4.9 4.1
Connecticut 12.4 12.4 5.0 8.2
4.9 3.1

New Mexico 7.9 6.3
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To assess whether the extent of geographic variation changed with
time, childhood brain cancer rates in three time periods were studied. The last
two periods included the same geographic areas, the SEER registries, while the
first period included the TNCS areas. The greatest geographic variation
occurred in the middle time period, 1973-78 (Table 67); the variation was more
than two-fold and was significant. The other two time periods showed

nonsignificant variation despite similar numbers of cases as in the middle years.

Table 67.

Geographic variation of childhood brain cancer incidence
Three time periods, 1969-80
Whites, ages 0-14

Years Lowest  Highest High/Low p-value No. cases
Rate Rate Ratio

1969-71- Colorado SFO 1.7 .09 336
1973-76 Atlanta SFO 2.3 .03° 333
1977-80 N Mexico SFO 1.8 .43 384

In conclusion, childhood brain cancer rates varied about two-fold
across thé 12 geographic areas. Rates of ependymoma and astrocytoma (after
redistribution of the gliomas NOS) showed significant geographic variation.
Medulloblastoma rates showed a degree of geographic variation similar to that of
astrocy‘toi’na rates, but the variation was not statistically sigﬁiﬁcant. The extent
of variﬁtion by cell type changed little when only the urbanized parts of each
registry were included. The geographic variation of all childhood brain cancer
reached significance in only the middle time period, 1973-76; there was no indi-

cation that the extent of variation was either increasing or decreasing.
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Correlation w1th physician concentration
Kurtzke observed that age-adjusted brain cancer mortality rates
correlated with the concentration of physicians in the U.S. He attributed the

geographic vanatmn in mortahty to vanatmn in the use of mechcal semces (57).

To con51der the same issue in the SEER and 'I'NCS areas, Spearman s correlatloni =

coeﬂiments for the incidence rates of brain cancer with the number of phy51-
cians per 100,000 persons were- calculated (Table 68) The covar1at10n of ch11d—

hood brain cancer mcxdence w1th phys1c1an concentratlon ‘was almost

significant. (Flg 15 shows the scattergram) If the covarlatlon were due to

.better dlagnosm in areas with more phy5101ans then the covanatmn should have
, de_creased with txme and’ beerbl-srnallerv in the mpst recent __tl_me_per;qd._ _On_thex
other hand, the r_a_tes for the .rtlost recent ,tir'x_l'e'pe'riod would be less stable. :The
rates for the most recent perio'd 1977-80‘ d1d not correlate with ph}fsician’ »con- :
centratxon As a cornpanson, coeﬁicxents were calculated for adult brain cancer '
v rates Adult bram cancer rates covarled with physmxan concentratxon to. a
'51gn1ﬁcant extent for the entu‘e penod 1969-80, and for the rnost recent perxod

1977-80

Table 68.

‘ Correlation of _
physician concentration and brain cancer incidence
Spearman’s rank correlation coefficients

Age group Years R. ~ p (one-sided)
Children 1969-80 - 0.80 ' .10
Children 1977-80 0.12 . .39
Adults 1969-80  0.53 .04

Adults 1977-80 0.76 .01
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Figure 15.

Physician concentration and
childhood brain cancer incidence
Six SEER registries, 1969-80
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Covariation ’olv.’ histologic types

_ I‘fvvf.wo cell types had similar etiologies, we would expect their incidence
rates to covary geographically. Covariétit_)n can be studied by correlation
coeflicients. In this.study, r&tes‘ by_ cell type in the areas with smaller popﬁla-
tions were uns'table; but exclu&ing these areas resulted in too few points with
which to calculate meaningful correlation coeflicients. Howe\.fér. if the
' inc_idenées ccvafied, cases of the two types woﬁld be_distribuf;ed similarly among
the 12.geographic areas. The géographic distr’ibutions of the r'nvajor cell types,
aétrocytorna, medulloblastoma, and ependymoma were corhparéd. A ¢ test _
" demonstrated that the geographic distribution of astrocytomas -.ar_;d fneciuupb- N
lastomas did noﬁ differ significantly (}*=12.9, df=‘11. p;-'.BO). Excluding afeas
with s_iﬁall numbers of cases would increase the likelihood of seéing a signiﬁc'a-vn-t’
"diﬁerencev. if oné.exis.ted._ -Inclusion of only the six most popu’lous areas did not.
| chéngé the result, nor did -_cornbining astrbc':ytomasvand' glipm‘as NOS.
| In contrast, cdmbarisons of ependymofnas with either ast.z‘fécytomas or
rnedulloblaétomas sht_)wéd that this rare cell type had a aistinct geographic' dis-
tribution (x?=17.9, df=5, p=.003 for astrocytomas and x?=16.0, dt=5, p=.007 for |
medulloblastomas). These analyses used the six areas with large populations
r;md relatively stable ependymoma rates. The results changed little when astro-
cytomas and gliomas NOS were _considgredvtogether. Connéct;icut with 20 cases '
of épéndymoi’na contributed a major pfoportipn« of the )2 values. Table 69 shows
the distribution of the three major cell types in the six largest areas fof whites,

1973-80.
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Table 68.

Distribution of major cell types by geographic area
Six TNCS and SEER registries
Whites, ages 0-14

1873-80
Registry Astrocytoma Medulloblastoma Ependymoma Total
Number Per Cent Number Peér Cent Number Per Cent Number Per Cent
'| SF - Qakland 53 58 33. 37 4 4 80 100
Connecticut 50 53 25 28 20 21 95 100
lowa 85 89 22 23 7 7 94 100
Detroit 58 80 28 29 10 10 08 100
Utah 38 82 18 30 S5 8 61 100
Puget Sound 42 57 20 7 12 18 74 100
Total 308 80 148 29 58 11 510 100

In summary, the astrocytoma rate appeared to covary with the medul-

loblastoma rate. More accurately, there was no evidence that astrocytoma and

" medulloblastoma rates did not covary geographically. Ependymomas, however,

did differ in geographic distribution from astrocytomas and medulloblastomas;
most of the difference resulted from the high rate of ependymoma in Connecti-

cut.
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COMPARISONS WITH SELECTED CANCERS
Correlation with adult brain cancer rates

In order to inv'estigate the p‘ossuib'ilityv of sir'nilar causes‘ of childhood and
~adult brain cancers, Spearmans rank correlation coeﬁiments between brain
cancer rates of children and age-ad]usted rates of adults were calculated for
whites The same analys1s was done for the most recent tirne period in which
underascertainment. if it emsted in the earlier years, should have been low.
Adult and childhood brain cancer rates showed ev1dence of covariation in the
entire period 1969- 80 but not in the most recent time period. The combined
.astrocytor_na-ghoma NOS rates gave weaker-, evidence of corre-lation. | o

va'or these analyses‘-' adults-'were-deﬁned ~as age' 25 and older. Total -
brain cancer and astrocytoma rates were studied smce no other cell types
- occurred frequently enough to permit analysis. Analyses usmg rates for all 12
..geographic areas would result in r_nore ‘reliable correlation coefficients; i.e.,
‘ _'based-_,on the. maximumn number of :po‘_ints_. Hvowe‘rer,_,the smaller areas had fewer
| cases and less stable rates ian-d would dilute any correlation t_hat eXisted. The
.results for totali brain cancer rates are presented including all‘iareas"and includ-
ing only the six largest areas. For astrocytoma, only the results _based on six
areas are presented. The maximum number of areas for anal&ses of 1977-80
v rates is eight. The correlation coefficients are shown in Table 69.

The incidence of childl:lood and adult brain cancer covaried geographi-
cally. The correlation was of borderline signiﬁcance with all 12 areas and -
mgmﬁcant with six areas. Fig. 18 shows the scattergram of childhoed and adult
brain cancer rates for the six areas.

More pertinent to the question of similar etiology are the correlation
coeflicients by cell type. Only astrocytoma occurred frequently enough in both

children and adults to permit calculation of correlation coeflficients. The
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analyses were done for the combined astrocytoma-glioma NOS group to avoid
bias, as a smaller proportion of adults than children had histologically confirmed
astrocytoma diagnoses. The correlation for childhood and adult astrocytoma-
glioma NOS was of borderline significance for the six largest areas. Fig. 17 shows
the scattergram for the combined astrocytoma and glioma NOS rate.

If the covariation was due to more complete ascertainment in areas
with greater access to specialized medical care, the correlation in the most
recent time period should have been smaller or nonexistent. The rates in the
shorter time period would also have been less stable, making it less likely to
observe a correlation did exist. In the most recent time period, the correlation
coeflicient for childhood and adult brain cancer was small and not significant.
Fig. 18 shows the scattergram for the six largest areas. Including all eight or
the largest six areas reporting data in 1977-80, the correlation coefficients for
childhood and adult astrocytoma-glioma NOS rates were not significant.

Table 70 summarizes the results presented in this section.

Table 70.

Correlation of childhood and adult
brain cancer incidence
Spearman’s rank correlation coefficients

Adult and childhood brain cancer rates ‘R p (one-sided)
19639-80, 12 areas 0.41 . .095
1969-80, B areas 0.89 .009
1977-80, B8 areas 0.24 .29
1977-80, 6 areas -0.14 .39

Adult and childhood astrocytoma-glioma NOS rates
1969-80, 12 areas -0.11 .37
1969-80, 6 areas 0.60 .10
1977-80, B8 areas 0.33 .21

1977-80, 6 areas -0.53 .14
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- Figure 186.

Childhood and adult brain cancer in-cidenée
Six SEER registries, 1969-80
Whites

. 28.04
Childhood incidence 1
per million per year

24 .0~

Adult incidence
per 100,000 per year



Figure 17.

Childhood and adult astrocytoma-glioma NOS incidence
Six SEER registries, 1969-80
" _ Whites
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Figure 18.

Childhood and adulf brain cancer incidence
Six SEER registries, 1977-80
‘ Whites

Childhood incidence
per million per year .
) 28 . 0

Adult incidence
per 100,000 per year
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Comparison with Childhood Leukemias

Diseases with similar descriptive epidemiologies and geographic
occurrences are likely to have common etiologies. Childhood brain cancers and
childhood leukemias were compared in order to assess the likelihood of similar
causes. ALL and AGL, the major types of childhood leukemia, were each com-
pared to astrocytoma, medulloblastoma, and ependymoma on race, sex, age,
and geographic distribution. The inclusion of ALNOS cases (most of which were
probably ALL cases (see Methods)) with ALL cases did not change any of the
results reported in this section.

There was no brain cancer-leukemia pair that had similar age, sex,
race, and geographic distributions. The table below summarizes the analyses

described in detail in this section.

Table 71.
Comparison of brain cancers and leukemias
Demographic variables
Whites, age 0-14
12 TNCS and SEER registries
Acute Lymphocytic Leukemia Acute Granulocytic Leukemia
Type Age Sex Race Geography Age Sex Race Geography
Astrocytoma - - - + - + + +
Medixlloblast.oma - + - + - - + +
Ependymoma + + + - - + + -

+ Similar distributions - Significantly different distributicns

The age, sex, and race distributions of ALL differed significantly from
those of astrocytoma. ALL cases were younger (}*=129.4, df=2, p<.001), more
likely to be male (x?=5.7, df=1, p=.02), and more likely to be white (}*=15.1,
df=1, p<.001) than astrocytoma cases. A x? test showed no variation in the pro-

portion of ALL and astrocytoma cases by geographic area (x*=13.5, df=11,
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p=.26). Inchiding all 12 areas and/or all the acute leukemia NOS cases did not

change this observamon
; Astrocytoma and ‘AGL dlﬁ'ered in-age dlstrlbutlon but ‘had 51mlar sex
(=.02, df=1, p=’.88) and race (x?=.21, df=1, p=.65) distributions. Astrocytoma
| cases were signiﬁcanﬁly older than AGL cases. The rneanrages were 7.8 years for
| astrocytomas and 7.1 'fo_f AGL (F=4.5, p=.03). A x? test did n’ot.‘g.iv'ev eviderice for
c.iiﬂererit. geograph;c distributions for the two cancers (#=13.7, df=11, p=.25).

Medulloblastoma and ALL had diff_erent age (x*=30.0, df=2, p<.001) and
race (x"‘-109‘ df=1, p=.001) distx?ibutions but similar sex (x2:2;2. df;‘l’; p=.14)
‘and geograpblc (xz—ll 8, df=11, p— 38) dlstnbutlons The medﬁllohldstoﬁra |
cases were younger and ‘more hkely to be black: 'I'he mean age 01: medulloblas-
toma cases was 6 6 years compared to 5.4 years for ALL cases (F=19.3, p<. 001)

‘ Medulloblastoma and ACL cases “had dlﬁerent age (x2—14 0, df=2,

| p<. 001) and sex (x?=7.6, df=1, p-.006) dlstrlbutxons, but similar race (x%=.37,
df=1, p=.54) and geograp.hic (x2=14.-8; df=11, p=.19.)' disteibutions. .M’edulloblas'-
toma cases were younger and more hkely to be ‘male. 'I'he mean ages at dlag-.
nosis did not. dlﬁ’er SIgmﬁcant.ly (F=1.5, p=. 22) AGL cases were 7 1 years old at
d1agnos1s compa_red to 6.8 years for medulloblastoma cases. ’

Ependymoma resembled ALL in age (x?=3.3, df=2, p=.19), sex (x3=.38,

df=1, p=.54) and race (x*=.0004, df=1, p=.98), but differed significantly in geo-

graphic distribution (¥*=16.4, df=5, p=.006). Ependymoma cases were less
| likely to occur in SFO and more likely to occur in Connecticut and Puget Sound
than ALL cases. The mean ages at diagnosis, 4.6 for ependymoma end 5.4 for
ALL cases, did not differ significantly (F=2.4, p=.12).

Ependymoma and AGL cases differed in age (x*=13.8, df=2, p=.001) and
geographic (x*=17.1, df=5. p=.004) distributions, but were similar in sex
(F#=.015, df=1, p=.90) and race {x*=1.8, df=1, p=.21). The mean ages were 4.8
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for ependymoma and 7.0 for AGL, a significant difference (F=13.9, p<.001).
Ependymoma cases were younger, less likely to occur in SFO and Detroit, and

more likely to occur in Connecticut and Puget Sound than AGL cases.



CHAPTER 5
Discussion

Time: trends in histologic diagnoses

| 'I'he rapld rise ‘in. astrocytoma rates concormtant with plummetmg
ghoblastoma and astroblastorna rates must have reflected one or both of two |
possﬂ)le trends Either pat.hologlsts changed t.hen' dJagnostlc cmtena so that
‘more recent brain tumors were dlagnosed by their derwatwe cell’ ‘type rather
than theu'- clinical behavior, and/_or. physxelans vdlagnosed more recent bram .
tumors earlier in their eliniceI' cou;se pi'esurn-ably beceh‘se of chahges ih diag-
nostxc procedures 'I'he computed tomograpmc (CT) scan came into widespread
use in the mxd 19705 and has led to earher d1agn0515 of bram tumors (Bruce
Berg, Department of NeUr_ology. UCSF, p’ers’ona_l’ cor_nrnumcatxon-).- Real chang_e_s%
in the -ihe’idences of these cancers. see‘rh unlikely because of Fhe _dr’amatie |
ehanges -'O\Irer the short_ time periodvs. The ast_x"ocytofna'-gliobl'astovma shift should
be f.aken into account, espee'ially in analyses of‘ tirﬁe trends end.cornparis'ons of
' c‘e:ll type dis'tribuf.ions withea.rlielr reports. | |
Distribution of ee_ll types.

| The distribution of cell types observed here‘ closely resembled that of
earlier studies when similar histologic grohpings were used. Data from this
study end from two studiee in the northeastern U.S. (8, 32) showed that about
507 ef all gliomas were ef astrocytic origin. ot the gliomas in this stﬁdy, 8% were
ependymomas compared to about 127 in the two earlier studies. In this study
aed a study by Kramer et al..(32), gliomas NOS accounted for 17% and 16% of the
cases, respectively. Farwell et al. reviewed the slides of Connecticut Tumor

Registry cases and reclassified some tumors, including, apparently, all gliomas
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NOS, as they reported no such cases (6). The Connecticut study reported that
33% of the gliomas were medulloblastomas compared to 22% and 25% for the
other two studies. Perhaps most of the unspecified gliomas were, in fact, medul-
loblastomas. However, in the present study, most gliomas NOS occurred in the
brain stem, and most brain stem tumors were astrocytomas, implying that most
gliomas NOS were astrocytomas. Medulloblastomas, on the other hand, occur
almost exclusively in the cerebellum. Variation in diagnostic criteria by time
and place may explain the discrepancy, especially since only 21% of the Connec-
ticut cases in this study were medulloblastomas.

Race |

Rates in whites slightly exceeded rates in blacks for all brain cancers
combined eind for all cell types except glioma NGS. The slight white excess cor-
roborates earlier reports (32, 36). A recent report with relatively large numbers
(94 nonwhite cases) observed nonwhite rates énd white-nonwhite ratios similar
to those found here, when this study’s histologic groupings were applied (32).
The undercount of blacks in the 1970 and 1980 censuses means that calculated
rates for blacks overestimate the actual rates and the calculated racial
differences in rates underestimate the true differences.

This study observed a racial difference in the age distribution of astro-
cytoma cases that has not been previously reported. The difference in age dis-
tribution might have reflected a real difference in age-incidence curves or a
delay in diagnosis among blacks. Diagnostic delay, if present, should affect
cerebral astrocytomas most and brain stem astrocytomas least, since the latter
are rapidly fatal while the former can be compatible with survival for several
years. In this study, the white-black difference in age distribution occurred for
both cerebral and brain stem astrocytomas. The consistency of the racial

difference regardless of tumor site suggests a real difference in age-incidence
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- curves. v
The white4black difference in age distributi.on implies either genetic -or

environmental factors.- An‘en'vironrnental" factor could explain the observation if
the effect of the ‘exposure dﬁered w1th age and the age of exposure dlffered
between whltes and blacks. .
Sex

| ‘Whitev rnales'and females.”exp'erienced similar’rates of all major*;cell. o
| types except medulloblastorna Male- medulloblastoma rates’ exceeded those of
females by 66%. the dJﬁerence in rates was statlstlcally 51gn1ﬁcant 'I'he ‘male-

fernale rate ratlo of 1. 6 for medulloblastoma and about 1.0' for astrocytorna v

.glioma NOS and combined astrocytoma and ghoma NOS agree well w1th earher_

B stud1es. espemally the largest (9). However. the present study observed a sex
ratio of 1.1 for ependyrnoma which conflicts with the results of the largest study
(9). That stud-y“mcluded s_pmalvcord' tumors‘ and reported a sex ratio of 1.5 with .
195 ependymoma cases." “An extrerne ma/l'e‘ predonﬁnancevfor spinal veord' epen-
‘» dyrnontas v;'ould'explain the discrepancy m results. : Horvever.v. the data are
spar's‘e and’ conﬁicting; sex ratios of 5.0 and 0.7 have been' report.ed for Spinal»
ependymomas (8, 33). |
Sex ratio |

g Investigators haye " observed :that the sex ratio for childhood brain
cancer changes around puberty and have svpeculated on hormional factors (30).
However, the differences in age-incidence curves and sex ratios of the tw.o major
cell types, astrocytorna and' medulloblastoma, predict such a change in the sex
ratio without invoking pubertal events. The sex ratios of these two cell types
~could be changing with age as well. In this study, the decline in the sex ratio
with age resulted partly from the decreased proportion of medulloblastoma

cases at older ages, but rnostly from the decline in the sex ratio of astrocytoma.
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The latter trend approached significance for astrocytomas alone and for astro-
cytomas and gliomas NOS combined. However, the trends differed. For astro-
cytoma alone, the increase in the proportion of females among the cases
appee;red to end by age 11 and certainly began in the very young age groups.
For astrocytomas-gliomas NOS, the sex ratio was fairly constant and.greater
than one before age nine and after that, less than one.

The trend for astrocytoma alone may be more accurate than that for
astrocytomas-gliomas NOS, as the latter group contains a small proportion of
nonastrocytic gliomas. It seems unlikely that males and females had different
probabilities of being diagnosed at a detailed level. In addition, the sex distribu-
© tion of astrocytomas at the threé main sites did not differ significantly. Thus,
sex differences in the proportion of tumors in locations inaccessible to biopsy
and, therefore, likely to be reported as glioma NOS rather than astrocytoma
probably did not affect the sex ratio trend with age. The astrocytoma trend sug-
gests that the change in sex ratio occurred by age 11, and thus, speculation on
pubertal effects on the sex ratio may be unwarranted.

In contrast to the decline in the sex ratio for astrocytoma observed in
this study, Spier observed that the sex ratio for mortality from CNS neoplasms
(ICD 193) increased between ages 0 and 9 (35). A longer survival fof females, as
has been reported for medulloblastoma by Bloom et al. {21), or an increase with
age in the sex ratio of medulloblastoma or the rarer cell types may explain the
conflicting results.

In contrast to the findings of Gold and Gordis in Baltimore (30), no con-
vincing changes occurred in the sex ratio of any cell type over the 11-year time
period. The numbers in this study exceeded those in the study of Gold and
Gordis which, in addition, included pituitary tumors among the intracranial

tumors.
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Site

Analyses of 'astrocytomas by site were done to deterrnine whether in
‘different locations, these tumors represent eplderruologlcally distinct dxseases‘
Cerebral astrocytomas differed from cerebellar and bram stem astrocytomas in
age dlstrxbutlon A different age dlstrlbutlon could Lndlcate more than one
dlsease, or one disease in whlch the susceptxblhtles of sités vary with age or in
whlch the txme between occurrence of tumnor and symptom productxon leading
v to dlagn051s varies by Slte- A smgle dlsease hypothe51s predlcts similar epi-
dermologmal proﬁles of astrocytomas at each site. The data prov1de equ1vocal
| ev1dence The three s1tes did not dlﬁer in sex dlstnbutlon .The dlstrlbutlon by'
51te dlffered non51gmﬁcantly between whltes and blacks (p— 14). Comparlsons of
; geographm dlstnbutlon between cerebral and cerebellar astrocytomas and
between cerebral and Nﬂbram stem astrocytomas generally showed - dlfferences
approachmg statlstlcal sxgmﬁcance Cerebellar astrocytoma rates showed
SLgmﬁcant geographlc varlatlon (p- 05), but cerebral astrocytomas w1th the
same number of cases did not. On the other hand the three 51tes showed simi-
lar white- black dlfferences in age dlstrlbutlon to those observed for all astro-
cytomas In all these analyses, small numbers were a problem |

There is httle 1nformat10n on the llssue of astrocytomas at different
51tes Some data on race ratios by s1te can be gleaned from the hterature since
rnost gliomas NOS are probably brain stem astrocytomas. and rnost tumors
reported as astrocytomas are not located in the brain stem. Clearly. mferences
from these data are only tentative. An estlmate of white-black rate ratios
derived from published data showed a higher'rate among blacks of glioma (other
and unspecxﬁed) most of which were brain stem gliomas, according to the

authors (30). The whlte-black ratlo was 0.8 for glioma (based on 9 black and 18

white cases) compared to 1.4 for astrocytoma (15 black and 52 white cases).
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This lends.more credence to this study’'s observation of a higher black than
white rate of brain stem astrocytoma. Kramer et al. also found a white-nonwhite
ratio of under one (0.95) for glioma NOS (14 non-white and 57 white cases) and a
ratio greater than one (1.4) for astrocytoma (32). |

In conclusion, this study did not find strong evidence that astrocyto-
mas at different sites are epid'erniologically distinct, although geographic and
racial distributions differed nonsignificantly. If astrocytomas represent only one
disease entity, then changing susceptibility of sites with age and/or variation by
site of the time between tumor occurrence and its diagnosis must explain the
observed variation in age distributions. |
Time trends

| The incidence rate of astrocytoma increased significantly in lowa

between 1969 and 1980 in children under age ten. The increase could be real or
a resul-t of changes in histologic diagnosis. A trend toward more specific diag-
nosis seemed to explain much of the increase. Astfocytomas which were not
'biopsied would probably have been classified as glioma NOS or cancer NOS. If all
gliomas NOS and cancers NOS were actually astrocytomas, the increase would
have been only about one-third of the original 72%. For children under age ten,
the increase would have been 50% compared to the original 250%. More accurate
diagnosis, then, could explain part of the observed increase, although the
assumption that all NOS cases were astrocytomas probably overestimated the
effect. (Realistically, one would expect about 75% of gliomas NOS and 65% of
cancers NOS to be astrocytomas.) The worst case analysis reduced the increase
to a level which randorm variation could explain.

Two facts support the hypothesis that the remaining increase was a
chance occurrence. First, the lack of convincing increase in the rate of all

childhood brain cancers in lowa suggests that the increase resulted from
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changes in histologic diagnosis. Second, the higher rates. in the ‘most Irecent'
period were offset by rates in the middle period which were'lower than ln the

first period.’ As the rates were not r1smg conSLStently. the l'nghest rate in the

most recent perlod may be a chance occurrence.: More recent data do not sup- : -

¢

- port an increasing _mcxdence.» Therer-were fewer average annual cases of Chlld-
hood brain 'cancer .‘and" of astrocytornas in 1991 v1982 and-198§ than between -
197’? and. 1980, when the l'ugh rate occurred There were between seven and‘
elght astrocytomas per year 1n 1981 83 (Elame Srmth Iowa Tumor Reglstry per- '
_sonal commumcatxon) compared to nine’ to 15'in 1977 80 Since’ the populatmn
under age 15 was dechmng, conclusmns based on’ numbers rather than rates’
must remain tentatlve |

| 'I'he mcrease. however, rmght stlll have been real but not stat1st1cally'
. 31gn1ﬁcant due to’ the small number of cases A true 257 or 50‘7 mcrease 1n 11’

B years would be a serious’ concern and the poss1b111ty is worth explormg further

.An artefact such as dlagnostlc delay or dlagnosm of mahgnant tumors as bemgn
‘or unspecxﬁed. would result in an apparently mcreasmg rate in rural Iowa as the
-dla_gn-oms changed and becarne like :that ‘in »the urban areas; T.'he‘_. greater
increase. in rural' than urban'areas and the'.incr'ease' in cerebral astrocytomras
-and: ghomas NOS suggest 1mproved ascertamment as a possible cause. On the
other hand, the 1ncrease ‘in the mmdence of cerebellar astrocytorna (rnore
rapldly fatal than cerebral tumors) makes the possmlhty of unproved ascertain-
-ment less hkely In addition, one would have to explain the lack of improved
ascertainment in 10-14 year olds. If ascertainment and d‘iagno’sis were improv-
ing in rural areas, the rate would first increase and then decline and become
level if the underlying rate did not change. “More recent data from the Jowa
SEER registry would indicate if the astrocytoma rate were continuing to

increase or had levelled off. -
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Urban-rural differences in Iow:—lx‘

The comparison of urban and rural rates of childhood brain cancer
suggested that such differences may vary between regions of the country. In
this study, the southwéstern states showed differences in the opposite direction
from those in lowa, but were based on small numbers.

Urban-rural differences in lowa were generally small. However, the
urban rate of medulloblastoma was almost twice that of rural areas with the
difference of borderline significance. The Norwegian data, referred to by Choi et
al., showed the opposite—higher childhood medulloblastoma rates in rural areas.
As the statistical significance in the present study is marginal and that in the
Norwegian data not given, the real uxzbaﬁ-rural difference in rates remains unk-
- nown.

The combined astrocytoma-glioma NOS rate for rural areas was higher
than the urban rate in all time periods for children under age 15, and in the two
most recent time periods for childfen under age 10. When all cancers NOS were
1ncludedw'the rural excess remained. Method I, with a higher concentration of
farm residents in the rural category than Method II, showed the larger rﬁral
excess, consistent with farm residence and not small town residence as a risk
factor. Previous studies pr;ovide evidence supporting this possible association
with farm residence. Farm residents were overrepresented among brain cancér.
deaths in Minnesota compared to the state's population (59). In addition, two
studies observed excess risk of cancer in children whose fathers were farmers
(48, 93). Veterinarians (111), children exposed to farm animals or sick pets
(49), and individuals with toxoplasma antibodies (88) also have been reported to
be at increased risk of brain cancer.

The observed rural excess conflicted with other evidence. Urban areas

experienced higher age-adjusted incidence rates of primary brain tumors in
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lowa' in. 1950 (60) Chxldhood and adult bram cancer however, m1ght exhlblt
different urban rural patterns Greenberg observed hlgher mortahty rates from
':'chlldhood nervous system cancer in urban areas (41) Patterns that vary by
3 .geographlc reglon or between braln cancer and neuroblastoma rmght explam‘
~'the d1screpancy | »

Populatlon densxt.y o

Astrocytoma rates mcreased with populat1on dens1ty 1n urban areas

v_but the observatlon d1d not reach statlstxcal 51gn1ﬁcance An assoc1atlon w1th'

L populatlon densxty would be con51stent mth an 1nfect10us etxology However the" A

lack: of 51gn1ﬁcance and the lack of trend for all chlldhood bram cancers com— :

»bmed suggests the occurrence of the trend by chance :

-a

_ Socmeconomm status _

Urban astrocytoma cases were of shghtly hlgher SES (as ]udged by the' :
| : 'medlan census tract mcome) -and medulloblastorna cases of shghtly lower SES"
'than the general urban populatlon Prevmus data on SES conﬁlct Researchers

P

in leand and Denmark found no soc1a1 class dlﬁerence between chxldren with

' braln cancer and the general populatlon (29 45) If astrocytoma and medullob- .

lastorna had dlﬁerent etlologles w1th opposmg roles of SES, then for all braln
cancers combmed there would be no apparent eerct of SES An excess risk of
brain cancer was observed for a higher SES group in the U.S. in the 1950s (47). ..
A higher r15k of astrocytoma in hlgh SES groups seems to conflict w1th the asso-
c1atlon noted above w1th hxgher populatlon densxty, usually correlated with lower
| SES.
Geographm variation

This study provided evidence of geographlc vanatxon 1n chlldhood
cancer rates Dlﬂerences in completeness of reportmg among reglstmes did not

appear large enough to account for the observed varxat1on, although chﬁerences
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in procedures cannot be ruled out. The observed pattern generally resembled
earlier reports that CNS tumor rates for all ages (57) and for children (368) were
higher in the Pacific States (California, Oregon, Washingtbn) and lower in the
Mountain and Southern States than in the rest of the country. In the TNCS and
SEER data, high rates occurred in San Francisco - Oakland and Seattle and low
rates in New Mexico and Colorado.

Geographic variation in the accuracy of population estimates might
explain the variation in rates. Dramatic changes in the reporting of race by
Hispanics affected population estimates of whites between 1970 and 1980. In the
1970 census, 1% of Hispanics reported their race as "other” compared to 40% in
1980 (112). This study included Hispanic SEER cases with whites; the TNCS data

did not have a Hispanic category. Thus, the appropriate population estimates

would also combine Hispanics and other whites. In areas with sizeable Hispanic

populations, estimates from interpolation between the 1970 and 1980 censuses
would underestimate the "white"” (including Hispanies) population. An accurate
count of cases and an underestimated population figure .would result in an
overestimated rate. The rates most likely to be affected are those of SFO and
New Mexico, which have large Hispanic populations. SFO and New Mexico also
had the highest and lowest rates, respectively.

It seems unlikely that errors in the population estimates explain all of
the geographic variation. For example, even if the SFO white population were
underestimated by 207%, the childhood brain cancer rate would still be higher
than the next highest rate. Correcting the New Mexico white population esti-
mate would further lower the rates for that state. If the New Mexico and SFO
population estimates were underestimated by the same amount, the ratio of the
actual rates would be the same as that using the overestimated rates. The

extent of actual geographic variation would be smaller than that reported here
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only if the SFO estimate were;»}»n_ore affected than that of New Mexico. That
seems unlikely as a largef proportiOn of the New Mexico population than of the
SFO populatlon is Hlspamc and 51rmlar proportlons of Hlspamcs in both places
1dent1ﬁed thernselves as nonwhite in the 1980 census (113) |
Kurtzke not.ed that CNS cancer age-ad]usted_rnqrtality rates correlated
with the vco‘nc'en:trat'ionv of ‘p'hy":sicians and attributed the obServed Tvafiatib‘n’ to
more complete ascertalnment in areas w1t.h hlghly accessible medlcal care (5’7)
In the present study, cmldhood bram cancer rates and physmlan concentratwn :
- showed a correlation of.j0.60. Because,ascertamment of brain cancers probably
i‘ose. in" the 5to 20 years sin'c:e‘__eaxl'lvier ls"t;qdies.i we would-fexneet vafiat3idn due‘ to
ascertainmenf. be idx:ver in this ’stvudy.{ ‘Hc)wever, the extent of 'variation ebserved
'here (1 B-fbld) waé greater than the report on childhood rates.in- 1950—595 (1 3)
(38) and about the same as that on adult. rates in 1951 53 and 1961-63 (1 6 1.7)
7). | . S
.Most.v of the eeil typee individually sno;vo(ed geographic varia‘f.ic_)n' that. at
minimum- approached 'sigvniﬁcance. Aétfocytoma rates varied élightly more than -
medulloblastoma raﬁes. f.h’ougn the signiﬁcanc':e of the variation -'yias sinﬁlar for
both. The variation of astrocytoma rates beéa_me signiﬁcant when all or. a’brd—
portion of gliomas NOS were included. The number of medulloblastoma cases,
hnwever_, was less than half that of the combined aetrocytomas and gliornas NOS.
Thus, astrocytonla and. medulloblastoma rates probably varied to a similar
extent, despite the laek of statistical significance of the latter. |
7 Surprisingly, ependymorna rates, based on only 58 cases, varied
significantly across the six most popmous areas: Cennecticut. with a rate 3.8
times that of SFO, contributed the major proportion of the significant xZ¢nq
value. Diagnostic diﬁerenees_ may explain the variation, as anaplastic astrocyto-

mas, for example, can be mistaken for ependymomas.
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The interpretation of the lack of significant geographic variation in the
most recent time period is difficult. A decrease in the variation or the relatively
small number of cases could explain the result. The former explanation is con-
sistent with suggestions that quality of and access to medical care affect brain
cancer rates; as tertiary medical care becomes more uniformly distributed
across the country, variation in rates should decline. On the other hand, the
rate in SFO was high in all three time periods and the difference between it and
the next highest rate did not change with time. In addition, New Mexico experi-
enced a low and constant rate for the two time periods in which data were col-
lected there. The constant rate patterns in SFO and New Mexico suggest that
these two areas have rates different from each other and probably from other
areas. Small numbers might explain the lack of statistical significance of the
geographic variation. For astrocyt‘oma. over 600 cases were required for
significance of a moderate degree of geographic variation. Less than 400 cases
of brain cancer occurréd between 1977 and_ 1980. |

In summary, there was geographic variation in the incidence of most
cell types not likely to be explained by variation in completeness of reporting or
by underestimates of popﬁlat.ions with high proportions of Hispanics. Although
incjdence was correlated with physician concentration,l variation in ascertain-
ment probably did not explain all of the geographic variation. . There was no
strong evidence that the extent of variation had changed over the ll-year
period, but small numbers were a problem. The geographic variation itself could
reflect environméntal. genetic and/or medical care factors. Genetic factors
associated with major white ethnic groups, such as Hispanics, are unlikely to be
important risk factors as there was no association of incidence with location of
such groups. Environmental risk factors are likely to exist. For example, the

correlation with physician concentration might indicate prenatal or postnatal
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medical factors, such as rexposure to x-rays or drugs. On the other hand, the
correlation mig_ht indicate risk factors assdciated. 'w_'ith t_he urban and suburban
areas in which doctors tend to live. Medical care factors are discussed' 'below._.
Compaﬁson with clnldhood v'leukemia‘s :

The analyses corﬁpéring‘. childhood léukernias and brain cancers gave
littie or no evider.iq"e for similar etiologies. No pair of AGL or ALL and a cell .typé-
of brain. cancer had the sém_e: epidemiologic;l .proﬁl_e ﬁth_ _r‘ega;‘d to sex,age,
race, ,a_.l"vld‘.gv'éo'gra»phy.» -Eperidymoma. and ALL 'djﬁ?ijéd‘:bnly' in Rgéogr_apihic distribu-
tion, a’ﬁd AGLvand ast;i;bgiytoma diﬁeredv.onl};_ in age distribution. Althoﬁgh ALL

and astrocytoma cases differed in age, sex, and race, they did not differ in geo-

. graphic distributior_;.

Covariation with aduit ra;aé | )
':.Clhildhodd"a'nixi‘v adul_t'fétes co?éri:e>dv.ft;i; total ‘brain cv:iance_r:» but not for
vasl,ﬂtrbcytoma.‘s Similar éa_usés_wit]; diﬁerént a_gve-speciﬁc s_usceptibiliﬁgs to-cell
types could explain the results. v | |
Influence of medical care on rates of bram céncef N
| I"nVevsti‘gato_:rs have: invoked differences m vascer-tainvrnent- of brain.
.tumérs- to explain vaﬁaf.ion in brain canéer rates among time peri.ods, regions.'.
nations, and iravces._ Few data, however, support or ‘quanti.fy the effect of
underéscertainme_nt.._ A recent study obs’verved' that Eastman Kodak Co. employ-
ees with brain cancer receivgd pathological conﬁrmation and sophis'ticated diag-
nostic procedures mofe fréquenily than other .brain turnor pa‘\tients living in the
same area of New York or scattered throughout upstate New York (114); 80% of
the brain tumors in Kodak employees were histologically confirmed compared to
' ~ 60-62% in t‘hev other groups. The authors attributed the difference to the Kodak

employees’ access to high quality medical care through health iﬁsurance and

employee medical services.
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Similar effects weré seen in this study. For example, no histologic
confirmation was reported for 11% of white and 16% of black brain tumors, a
significant difference. The diflerence in rate of confirmation did not result from
the black excess of brain stem gliomas. Like black cases, cases in rural areas of
lowa diagnosed between 1969 and 1971 were less likely to be histologically
confirmed than cases in urban areas (14% versus 0%; Xx%ena=3.5, p=.08). Without
brain stem tumors, the rates were 77 for rural areas and 0% for urban areas.

Not surprisingly, the lower rates of confirmation were accompanied by
higher incidence rates in NOS categories. Thus, blacks had higher glioma NOS
rates than whites, and rural lowa higher rates than urban areas in 1969-71.
Excluding brain stem tumors, the patterns were the same although the numbers
were very small. |

Clearly, cases occurring in two groups expected to have had less
access to high quality medical care were less likely to be histologically
confirmed and more likely to be classified as glioma NOS. Thus, access to medi-
cal care seems to affect brain cancer rates by cell type.

The more important quesf.ion. however, is whether some cases of child-
hood brain cancer are never diagnosed. If so, is the proportion not diagnosed
higher among blacks, other low SES groups, and rural residents? Little evidence
exists to answer this question. Greenwald et al. in their study of Kodak employ-
ees suggested that brain tumors are underdiagnosed in the general population.
They attributed observed associations of employment at Kodak and death from a
brain tumor (ORs from two studies of 4.0 and 1.8) to underdiagnosis as their
case-control study showed no exposure differences between Kodak employees
with and without brain iurnors. In addition, the incidence curve of brain cancer
in Rochester, Minnesota increases progressively with age (42, 115), while in

other studies rates peak between ages 80 and 70 and then decline. Researchers
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attribcte the. difference to the nigh auto_psy rate (ie., more COnlplete ascertain-
ment) in Rochester (42, 1_15){

 The only data on vcvhildren come from a etudy of 12 irntracranial neo-
plas_rns in Rochester ('10').. The incidence rate was about' twice that of children in
_Connecticuti '-a'I'.he a'litnc'rs.attribnted at least part of the dtfference to better
ascertainment in Rochester, with its ready access to specxahzed rnedlcal care.
Since bram cancer is fatal, 1f untreated undlagnosed braLn cancers should.
appear as deaths. They mlght appear -as deaths without specxﬁed causes. Or,
perhaps, the deaths appear as brain neoplasms of benign or unspeciﬁed nature.
A cureory look at 1970'rnortality data for .ages 5-9 did not shc.v'v."a black excess of
brain neoplasrns of a bemgn or unspemﬁed nature or of nervous systern neo-
plasms w1th an unspecxﬁed site. However relatlvely more black than whlte chil-
dren died of "other unknown and unspecxﬁed causes:’ 'I'.hese-_observatlons were
based 'an smai'lvnurnbers of_.bla"cks.- More res'earch is needed on tk_ﬁs‘issue in
order to interpret-geographic variation, increased incidence in rural Iowa, and
lower Black than white rates.
ConcIUSicns |

_'I'he descriptive and ecological analyses reported- suggest areas of
fdrther research. ‘Most important, perhaps, is the need tovdeterrnine_ the effect
of medical care on cnildhccd brain cancer rates. For example, we need to know
what pro.portion .of childhood brain. cancers are never diagnosed ‘as such and
whether excluding benign brain tumors and those of uns'peciﬁed nature intro-
duces bias in geographic and racial comparisons. Exposure to zoonotic microor-
ga.nisms and pesticides warrants investigation because of the ruralvexces_s of
astrocytoma. The age distribution of astrocytorna casee in developing countries
snould be investigated to distinguish between a genetic and environmental

explanation of the white-black difference. If the age distribution of cases in a
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nonblack developing country resembled that of whites, a genetic basis of the
racial difference notéd here would be suggested. On the other hand, incidence
similarities between U.S. blacks and persons in deVeloping countries would be
reminiscent of Hodgkin's disease, in which the role of environmental factors,
especially infectious agents, has been inferred partly from different age distri-
butions in developéd and developing countries (118).

Finally, this study helps illustrate the stfengths and weaknesses of
descriptive and ecological analyses of a relatively large population-based series
of cases of a very rare disease. The comparisons of groups of cases between
races or sexes, for example, were often informative. Analyses of ecological vari-
ables, such as population density and urban-rural residence, were difficult to
interpret since the restriction to subpopulations appropriate for analysis led to

small numbers.
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