


Downloaded from cancerres.aacrjournals.org on December 9, 2021. © 1982 American Association for Cancer
Research.



S. Preston-Martin et al.

Table 2
Odds ratios for maternal dietary factors during pregnancy
One-sided p
No. of No. of con- value® (linear
cases trols Oddsratio trend)
Fried bacon
Less than once/mo. 35 41 1.0 0.39
Once/mo. to once/wk 88 80 1.3
2 or more times/wk 85 87 1.1
Ham
Less than once/mo. 68 92 1.0 0.008
Once/mo. to once/wk 107 91 1.6
2 or more times/wk 32 24 1.9
Sausage
Less than once/mo. 90 106 1.0 0.07
Once/mo. to once/wk 86 74 1.4
2 or more times/wk 31 27 1.4
Hot dogs
Less than once/mo. 74 83 1.0 0.08
Once/mo. to once/wk 96 98 1.1
2 or more times/wk 37 26 1.7
Salami
Less than once/mo. 113 128 1.0 0.09
Once/mo. to once/wk 70 57 1.4
2 or more times/wk 25 23 1.3
Other lunch meats
Less than once/mo. 74 81 1.0 0.38
Once/mo. to once/wk 78 69 1.3
2 or more times/wk 56 58 1.1
All cured meats combined”
Low 27 34 1.0 0.008
Moderate 127 140 1.2
High 52 32 23

# Calculated using scores of 0, 1, and 2 for the 3 levels of food consumption.
Includes 6 food items: fried bacon, ham, sausage, hot dogs, salami, and
other lunch meats.

pendent of each other; i.e., none could be accounted for by
the effect of the other factors.

Childhood Exposures

Table 3 shows odds ratios for various exposures during
childhood. Four patients and no controls were described as
severely bruised about the face and head at birth. Nine patients
and only 3 controls had been hospitalized for head injury. Only
one of these 9 patients had epilepsy; the onset of his seizure
disorder followed the hospitalization for head injury. The odds
ratio for having 5 or more full-mouth X-rays starting at least 10
years before diagnosis was 2.5.

The major differences between patients and controls in the
use of drugs during childhood related to the fact that 19
patients and no controls took drugs for seizures (p = 0.0005).
For 9 of these patients, their first seizure occurred during the
period from 2 to 4 years before their tumor was diagnosed. An
additional 5 children had their first seizure 5 to 8 years before
diagnosis. Of the 5 children with long-standing epilepsy (onset
10 or more years before tumor diagnosis), 1 was mentally
retarded since infancy, 1 had a brain tumor diagnosed inciden-
tally at autopsy which the pathologist suggested could explain
the epilepsy, 2 had seizures which began 1 or 2 years after a
serious head injury, and 1 had a severe seizure disorder of
unknown etiology. The age distribution of the 19 patients with
epilepsy was different from that of all 209 patients. Only 2 of
the 19 were under 10 years old at diagnosis, and two-thirds
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(13 patients) were 15 years old or over compared with only
one-third (68 patients) of all patients. The distribution of these
19 patients by histology, however, was similar to the overall
distribution by histological type. When we excluded these 19
pairs in which the patients had epilepsy, we found no additional
associations between disease and known use of barbiturates
(2 patients, 1 control) or known or possible (mother did not
recall name of sedative) use of barbiturates (7 patients, 8
controls).

Consumption of cured meats during childhood was also
associated with tumor development. The odds ratios for low,
moderate, and high consumption during childhood of all cured
meats combined were 1.0, 1.3, and 2.3 [p (linear trend) =
0.01]. As might be expected, the child’s consumption of these
foods was highly correlated with the mother’'s consumption,
and childhood consumption of cured meats had little effect
after maternal consumption was taken into account.

Nonsignificant Findings on Variables Discussed in Previous
Studies

Birth Characteristics. We found no significant birth order
effect among patients when expected numbers were calculated
taking sibship size into account (2-sided p = 0.58). Mean birth
weight of patients (118.8 oz) was not significantly different
from that of controls (117.0 oz). Details of the deliveries were
similar in many respects for the 2 groups of mothers. In each
comparison, the numbers of case and control mothers were
similar for preterm delivery (before 9 months), delivery by
cesarean section, or prolonged labor (contractions at least
every 5 min for 10 hr or more). The 2 groups were also similar
in inhalation of gas during labor and use of forceps during
delivery. We found no difference in maternal history of abortion
prior to the index pregnancy.

Maternal and Childhood Exposures. Table 4 shows nonsig-
nificant findings on maternal and childhood exposures dis-
cussed in previous epidemiological studies. We failed to find
significant associations with maternal exposures during the

- index pregnancy to pelvic X-rays or permanent hair dyes. More

case mothers reported using pesticides often or occasionally,
but case and control mothers were similar with respect to
whether their homes were treated by an exterminator at any
time during the pregnancy. Maternal use of various drugs
during the index pregnancy showed no significant associations
with tumor occurrence for the use of aspirin, sedatives, am-
phetamines, or vitamins.

Table 3
Odds ratios for childhood exposures
Discordant
Fre- pairs
quency (case-con-
in con- trol) One-
trols Odds sided p
(%) +— —+ ratio value
Head trauma
Head and face severely bruised 0 4 0 © 0.06
during delivery
Hospitalized for head injury 1 9 3 3.0 0.07
Dental X-rays
Had 5 or more full-mouth X- 12 15 6 2.5 0.04

rays starting at least 10
years before diagnosisa

? Restricted to 68 pairs in which the patients were age 15 or older at
diagnosis.

CANCER RESEARCH VOL. 42

Downloaded from cancerres.aacrjournals.org on December 9, 2021. © 1982 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

Table 4
Nonsignificant findings on variables discussed in previous studies
Discordant
Fre- pairs (case-
quency controf) One-
in con- Odds  sided p
trols (%) +- -+ ratio value
Maternal exposures during
the index pregnancy
Had pelvic X-ray 15 31 24 1.3 0.21
Used permanent hair dyes 17 38 29 1.3 0.16
Pesticides
Used often or occasion- 20 42 29 1.5 0.08
ally
Home treated by exter- 6 10 10 1.0 0.59
minators
Drug use
Aspirin 1 20 21 1.0 0.50
Sedatives 4 10 9 1.1 0.50
Amphetamines 3 9 6 1.5 0.30
Vitamins 1 13 21 0.6 0.12
Childhood exposures
Had head injury which re- 38 47 45 1.0 0.46
qQuired medical treat-
ment
Had tonsillectomy 20 32 31 1.0 0.50
Pesticides
Had contact with often 20 26 24 1.1 0.44
or occasionally
Home treated by exter- 33 36 42 0.9 0.29
minator
Ate paint flakes often or 5 13 9 1.4 0.26
occasionally

A similar number of patients and controls had seen a doctor
because of a head injury 1 year or more prior to the date of
diagnosis of the patient. Likewise, a similar number of patients
and controls had had a tonsillectomy. Patients and controls
were similar in their use of drugs other than phenobarbital and
in their histories of exposure to therapeutic and diagnostic X-
rays. Although we studied a number of other variables, we
found few other differences between the childhood experi-
ences of patients and controls. We found no significant differ-
ences for contact with pesticides, for treatment of their homes
by professional exterminators, for eating of paint flakes, or in
personal or family history of nervous system tumors or cancer.

DISCUSSION

Our findings with regard to the association of childhood brain
tumors with X-ray exposure are consistent with those of pre-
vious investigations. Large cohort studies which have investi-
gated the relationship of in utero X-ray exposure and devel-
opment of brain tumors in childhood estimated that an odds
ratio of 1.4 was associated with such exposure (17). Although
our patient series was not large enough for the results to reach
significance, the risk of 1.3 found in our study is clearly
compatible with that found in the earlier studies. The associa-
tion that we found among our older patients of an odds ratio of
2.5 associated with exposure to dental X-rays (5 or more full-
mouth series starting at least 10 years before diagnosis) is
consistent with our findings in a recent study of intracranial
meningiomas in adult women (24). All of the patients in our
present series with such exposure had their first full-mouth X-
rays before age 15 and before 1964 when the average per film
exposure for dental X-rays was 1140 mrads (29). A full-mouth
series which involves 16 to 20 exposures would have meant,
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therefore, a total exposure of about 20 rads. This examination
results in intersecting lines of radiation within the brain which
vary with the angle at which each X-ray is taken. Such points
of intersection may be points of high ionization.

Trauma is often regarded by lay persons as related to tumor
development and is, therefore, a variable susceptible to bias
from differential recall. In an attempt to limit reporting of trauma
to injuries of a certain minimum severity and thereby restrict
recall bias, we asked mothers to report only head trauma that
had been treated medically. We found that patients and con-
trols were similar both in the number of such injuries and in the
number for which they had received head X-rays. Incidents of
head trauma which required hospitalization were, however,
more common among patients (odds ratio, 3.0) but had been
experienced by only 9 brain tumor patients. Except for the
finding that 4 patients and no controls were described as
severely bruised about the head and face at birth, we found
little difference between patients and controls on variables
which might indicate birth trauma.

Except for the association with sodium pentothal, we found
no suggestion, in contrast to a recent study (9), of an associ-
ation with other in utero or childhood exposure to barbiturates,
other than to antiepileptics. We suspect that most of the 19
patients who took phenobarbital to control epilepsy had sei-
zures which were an early brain tumor symptom (6). Also, we
lack details about other anesthetic agents which might have
been used in conjunction with pentothal.

The most striking findings in our study do not relate, however,
to any of the above previously studied variables. We found
brain tumors in young people to be significantly associated
with several apparently disparate maternal exposures during
the pregnancy including occupational use of protective equip-
ment or clothing, living with a smoker, frequent use of face
makeup, burning of incense, use of certain drugs, and frequent
consumption of cured meats. Although these risk factors ap-
pear unrelated, we included them in the study as a means of
measuring sources of exposure to N-nitroso compounds.

Certain N-nitroso compounds (nitrosoureas) are the most
potent nervous system carcinogens known to experimentalists,
and tumor induction is most complete when exposure occurs
transplacentally (18). N-Nitroso compounds are ubiquitous in
the environment of a modern industrial society (7). Nitrosa-
mines and other N-nitroso compounds have been found in
various occupational settings (7), in sidestream cigarette
smoke and incense smoke (3), in prescription and nonpre-
scription drugs (15), and in a wide range of cosmetics, with the
highest levels most consistently found in face makeup (5).
Cured meat products also contain nitrosamines, and relatively
high levels may be released in cooking fumes (26).

Experimentalists have also induced tumors by feeding ani-
mals precursors of N-nitroso compounds (nitrite plus amines
or amides). When pregnant rats are gavaged with nitrite and
ethylurea, their offspring develop brain tumors which can be
prevented if ascorbic acid (vitamic C) is gavaged at the same
time (14). Cured meats account for about 20% of the nitrite
ingested by United States residents, while most of it is formed
in our saliva from the nitrate contained in a wide variety of
vegetables and other foods; nitrate is also formed by endoge-
nous synthesis throughout the intestinal tract (11). For the
United States population, drugs are an important source of
secondary and tertiary amines and amides, which have been
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shown to interact with nitrite in human gastric juice (16). The
rapidity with which such reactions occur and the stability and
carcinogenicity of the compounds which result has, for most
drugs, not been determined. Hydrochlorothiazide, the diuretic
mentioned by one-half of the case mothers, who volunteered
the name of the drug, is known, however, to nitrosate readily
(8).

Vitamins C and E are effective blocking agents for nitrosation
reactions (27). Unlike cured meats, vegetables contain vitamins
along with nitrogen compounds. Our finding of an association
of brain tumors with cured meats but not with high-nitrate
vegetables may indicate that vitamins in vegetables prevent the
nitrate from being used to form N-nitroso compounds. Future
studies should include direct questions about common foods
high in vitamins C and E and about the use of prenatal vitamins.
Our hypothesis would predict a protective effect of vitamins
which have been shown to block the nitrosation of drugs and
to prevent the endogenous synthesis of N-nitroso compounds
from sodium nitrite and other precursors (21).

Overall, our findings fit the animal model well. We obtained
estimates of exposure to some of many possible sources of
nitrosating agents which are ubiquitous in our environment in
the workplace and in consumer products, including foods,
drugs, and cosmetics. Most of these exposures were associ-
ated with increased risk. Our hypothesis is supported by a
recent study which found an association between high levels
of nitrate in the household water supplies of pregnant women
and central nervous system birth defects in their children (25).

Our hypothesis is further supported by the specificity of our
findings and by indications that the differences we observed
are not attributable to recall bias. Admittedly, recall of diet and
events as far back as 30 years ago may be poor; the misclas-
sification engendered by such poor recall would tend, however,
to obliterate actual associations. We asked about each N-
nitroso variable in a section of the questionnaire which also
contained questions about similar variables which we thought
were unlikely to be related to brain tumor occurrence and
which did not emerge as risk factors. For example, in the
dietary section, we asked about 22 separate food items; we
included traditional breakfast meats in a section on breakfast
foods and lunchmeats in a list with other sandwich fillers. We
received no indication that mothers regarded any of the foods
as potentially deleterious and no indication that case mothers
tended, overall, to choose higher food consumption categories.
We asked about face makeup in a section which included
questions about the use of hair spray and aerosol deodorant,
neither of which was associated with brain tumors. Because
we found odds ratios of 1.0 or close to 1.0 for so many of the
variables that we studied, we conclude that, for the use of
common products, recall of case and control mothers was
similar.

Some of the associations that we observed may be spurious
and will not be duplicated in other studies; others may be real
but may not relate to our N-nitroso hypothesis. Other chemi-
cals, in compounds such as makeup or incense smoke, may
relate to brain tumor development, although no evidence sug-
gests this as yet. Our finding that maternal smoking itself was
not related to disease but that living with a smoker (usually the
child’s father) was may indicate that paternal exposures are
important. The same compounds may be relevant but may act
through the father rather than the mother, as suggested by a
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recent experiment that caused an increased incidence of ner-
vous system tumors in the progeny of male rats exposed to
ethylnitrosourea before mating (28). Our detailed analysis of
parental occupational exposures of the 92 pairs in which the
patients were under age 10 at diagnosis does suggest that
paternal exposures may be related to tumor development (23).
Because of major limitations, this study can do no more than
suggest that N-nitroso compounds might be associated with
childhood brain tumors. We obtained information on only some
of many experiences which probably involve exposure to N-
nitroso compounds or precursors. We made no attempt to
create indices of total exposure to pitrate and nitrite, amines
and amides, or preformed nitrosamines. Indeed, such an at-
tempt might well be futile given the current state of knowledge.
An analysis by overall exposure dose was, therefore, not pos-
sible. We also lack accurate exposure dose information for any
individual source since dose depends on many factors not
studied, such as brand used and personal habits of use.

ACKNOWLEDGMENTS

We are indebted to physicians throughout the Los Angeles area who gave us
permission to contact patients and their families; to Victoria Schweitzer who
helped with questionnaire construction and coding; to Anna Wu and Linda
Friedman who prepared the data for analysis and publication; and to Drs. Malcolm
Pike, Jonathan Buckley, and Steven Tannenbaum who gave us scientific and
editorial contributions.

REFERENCES

1. Bamford, F. N., Jones, P. M., Pearson, D., Ribeiro, G. G., Shalet, S. M., and
Beardwell, C. G. Residual disabilities in children treated for intracranial
space-occupying lesions. Cancer (Phila.) 37: 1145-1151, 1976.

2. Breslow, N. E., Day, N. D., Halvorsen, K. T., Prentice, R. L., and Sabai, C.
Estimation of multiple risk functions in matched case-control studies. Am. J.
Epidemiol., 108: 299-307, 1978.

3. Brunnemann, K. D., and Hoffman, D. Chemical studies on tobacco smoke
LIX: analysis of volitive nitrosamines in tobacco smoke and pofluted indoor
environments. IARC Scientific Publication 19. Lyon, France: International
Agency for Research on Cancer, 1978.

4. Choi, N. W., Schuman, L. M., and Gullen, W. H. Epidemiology of primary
central nervous system neoplasms. ll. Case-control study. Am. J. Epidemiol.,
91: 467-485, 1970.

5. Fan, T. Y., Goff, U., Song, L., Fine, D. H., Arsenault, G. P., and Biemann, K.
N-Nitrosodiethanolamine in cosmetics, lotions, and shampoos. Food Cos-
met. Toxicol., 15: 423-430, 1977.

6. Fincham, R. W., and Adams, H. P., Jr. Brain tumors as a cause of epilepsy.
Am. Fam. Physician, 16: 165-167, 1977.

7. Fine, D. H. Exposure assessment to preformed environmental N-nitroso
compounds from the point of view of our own studies. Oncology (Basel), 37:
199-202, 1980.

8. Gold, B., and Mervish, S. N-Nitroso derivatives of hydrochlorothiazide,
niridazole, and tolbutamide. Toxicol. Appl. Pharmacol., 40: 131-136, 1977.

9. Gold, E., Gordis, L., Tonascia, J., and Szklo, M. Increased risk of brain
tumors in children exposed to barbiturates. J. Natl. Cancer Inst., 67: 1031~
1034, 1978.

10. Gold, E., Gordis, L., Tonascia, J., and Szklo, M. Risk factors for brain tumors
in children. Am. J. Epidemiol., 109: 309-319, 1979.

11. Green, L. C., de Luzuriaga, K. R., Wagner, D. A., Rand, W., iIstfan, N.,
Young, V. R., and Tannenbaum, S. R. Nitrate biosynthesis in man. Proc.
Natl. Acad. Sci. U. S. A., 78: 7764-~7768, 1981.

12. Hisserich, J. C., Martin, S. P., and Henderson, B. E. An areawide cancer
reporting network. Public Health Rep., 90: 15-17, 1975.

13. Holford, R. R., White, C., and Kelsy, J. L. Multivariate analysis for matched
case-control studies. Am. J. Epidemiol., 107: 245-256, 1978.

14. Ivankovic, S., Preussmann, R., and Schméhl, D. Prevention by ascorbic acid
of in vivo formation of N-nitroso compounds. In: P. Bogovski and E. A.
Walker (eds.), N-Nitroso Compounds in the Environment, pp. 101-102.
Lyon, France: International Agency for Research on Cancer, 1974.

15. Krull, I. S., Goff, U., Silvergleid, A., and Fine, D. H. N-Nitroso compound
contaminants in prescription and nonprescription drugs. Arzneim.-Forsch.,
29: 870-874, 1979.

16. Lijinsky, W. Reaction of drugs with nitrous acid as a source of carcinogenic
nitrosamines. Cancer Res., 34: 255-258, 1974.

17. MacMahon, B. Prenatal X-ray exposure and childhood cancer. J. Natl.

CANCER RESEARCH VOL. 42

Downloaded from cancerres.aacrjournals.org on December 9, 2021. © 1982 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

18.

19.

20.

21.

22,

23.

Cancer Inst., 28: 1173-1191, 1962.

Magee, P. N., Montesano, R., and Preussmann, R. N-Nitroso compounds
and related carcinogens. In: C. E. Searle (ed.), Chemical Carcinogens, pp.
491-615. Washington, D. C.: American Chemical Society, 1976.

Mantel, N., and Halperin, M. Analysis of birth-rank data. Biometrics, 19:
324-340, 1963.

Meyers, M. H., Heise, H. W_, Li, F. P., and Miller, R. W. Trends in cancer
survival among U. S. white children, 1955-1971. J. Pediatr., 87: 815-818,
1975.

Mirvish, S. S. Inhibition of the formation of carcinogenic N-nitroso com-
pounds by ascorbic acid and other compounds. /n: J. H. Burchenal and H.
F. Oettgen (eds.), Cancer: Achievements, Challenges, and Prospects for the
1980's. Vol. 1, pp. 5567-587. New York: Grune & Stratton, 1981.

Modan, B., Baidatz, D., Mart, H., Steinitz, R., and Levin, S. G. Radiation-
induced head and neck tumours. Lancet, 1: 277-279, 1977.

Peters, J. M., Preston-Martin, S., and Yu, M. C. Brain tumors in children and
occupational exposure of parents. Science (Wash. D. C.), 213: 235-237,
1981.

DECEMBER 1982

24.

25.

26.

27.

28.

29.

N-Nitroso Compounds and Brain Tumors

Preston-Martin, S., Paganini-Hill, A., Henderson, B. E., Pike, M. C., and
Wood, C. Case-control study of intracranial meningiomas in women in Los
Angeles County. J. Natl. Cancer Inst., 65: 67-73, 1980.

Scragg, R. K. R., Dorsch, M. M., and McMichael, A. J. Birth defects and
household water supply: a role for nitrates? Med. J. Aust., in press, 1982.
Stephany, R. W., Freudenthal, J., and Schuller, P. L. Quantitative and
qualitative determination of some volitile nitrosamines in various meat prod-
ucts. IRAC Scientific Publication 14, pp. 343-360. Lyon, France: Interna-
tional Agency for Research on Cancer, 1976.

Tannenbaum, S. R., and Mergens, W. Reaction of nitrite with vitamins C and
E. Ann. N. Y. Acad. Sci., 355: 267-277, 1980.

Tomatis, L., Cabral, J. R. P, Likhachev, A. J., and Ponomarkov, V. Increased
cancer incidence in the progeny of male rats exposed to ethylnitrosourea
before mating. Int. J. Cancer, 28: 475-478, 1981.

United States Department of Health, Education and Welfare, Public Health
Service, and Food and Drug Administration. Population Exposure to X-rays:
U. S.: 1970, HEW Publication No. (FDA) 73-8047. Rockville, Md.: U. S.
Government Printing Office, 1973.

5245

Downloaded from cancerres.aacrjournals.org on December 9, 2021. © 1982 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

N-Nitroso Compounds and Childhood Brain Tumors: A
Case-Control Study

Susan Preston-Martin, Mimi C. Yu, Barbara Benton, et al.

Cancer Res 1982;42:5240-5245.

Updated version

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/42/12/5240

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/42/12/5240.

Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on December 9, 2021. © 1982 American Association for Cancer

Research.



http://cancerres.aacrjournals.org/content/42/12/5240
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/42/12/5240
http://cancerres.aacrjournals.org/

