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ABSTRACT

In this study the development of cancer in childhood was re-
lated to events occurring during the relevant pregnancy and delivery of
the mother. Of particular interest was the investigation of a possible
association between smoking during pregnancy by the mother and an in-
creased risk of cancer in the offspring. Previous studies providing
the rgsults which suggested that this hypothesis was a tenable one,
were those showing a relation between: smoking and lung cancer because
it indicated the carcinogenicity of tobacco smoke for humans; smoking
and bladder cancer because it demonstrated that the carcinogen circu-
lates throughout the body; smoking in pregnant women and an increased
prematurity rate because it shows a direct effect of smoking on the fe-
tus albeit not carcinogenic; and smoking and an increased activity of
3,4-benzpyrenehydroxylase in human placentas because it suggests that
a carcinogen is active in proximity to the fetus.

In addition, many other variables during the pregnancy and de-
livery of the mothers were investigated for a possible association with
increased cancer rate in the offspring. Some of these variables have
been examined previously in other studies, while others have not.

For this purpose the data on the 73,099 births of the Ontario
Perinatal Mortality Study and the 16,350 births of the British Peri-

natal Mortality Survey, surviving seven days or more were used. These



populations were followed from birth to seven to nine years and a total
of 97 cancer cases were found -- 65 deaths and 32 survivors.

The children of mothers who smoked during the relevant preg-
nancy did have a somewhat higher cancer rate than children of nonsmo-
kers but this could not be shown to be statistically significant. A
tripling in cancer rate for the children of smokers can be excluded,
which is important in view of the greater increase of lung cancer risk
found among smokers.

Among the other variables investigated the maternal blood group
provided the most interesting results. Among the maternal ABO blood
groups, B and AB showed the highest childhood cancer rates and when
considering Rh factor the mothers with Rh negative blood had the high-
est cancer risk in their children. The maternal blood group distribu-
tion for children with cancer was compared to that found for infants
with hemolytic disease of the newborn due to Rh isoimmunization.
| A number of suggestions for further research were made on the

basis of the other variables investigated.



INTRODUCTION

At present very little is known about the causation of cancer
in general, and childhood cancer in particular. Yet cancer has the se-
cond highest mortality rate in childhood, behind accidental deaths, now
that the mortality due to infectious disease has been reduced so dras-
tically.

A number of previous studies relating childhood cancer with
prenz :al factors have been executed by various research groups. The
most notable result of these was the demonstration of a relation be-
tween in utero irradiation and subsequent development of cancer in
childhood. 1In some of these studies the information about irradiation
and other variables was obtained from mothers of cancer and control
children and therefore the possibility of differential maternal recall
éxisted. A prospective study does not have this disadvantage since
the information is recorded prior to the development of cancer.

For the present study, extensive records were available for
the 73,099 births, surviving seven days, of the Ontario Perinatal Mor-
tality Study in 1959-60. Later these were supplemented by similar
records available for 16,350 survivors of the British Perinatal Mor-
tality Survey, recorded in 1958. Among the information recorded on
these births, the data on the smoking habits of the mothers during

pregnancy were supplied. Since similar information has not been avail-



able elsewhere, this was a unique opportunity for a prospective study
of smoking during pregnancy in relaticn tc childhood cancer. 1In addi-
tion many other prenatal variables not previously studied, could be re—

lated to the childhood cancer risk as well.



LITERATURE SURVEY

I. The Possibility of Increasing the Risk of Childhood

Cancer through Smoking during Pregnancy

A. Carcinogenicity of Tobacco Smoke:

The study of the carcinogenic properties of tobacco smoke or its
components has benefitted greatly by various types of animal experi-
ments. Most of these have been summarized in Wynder & Hoffmann's book

Tobacco and Tobacco Smoke (1967, p. 258-315), showing in a table the per-

tinent data from studies performed between 1928 and 1963. Those with the
most consistent results were published since 1953 and in these cancer

was produced either by painting tobacco smoke condensate on the shaved
skin of mice, or by subcutaneous injection of the condensate. Many of
the components found to be carcinpgenic are listed in the Report to the

Surgeon General of the U.S. (1962) on Smoking and Health which rates the

polycyclic hydrocarbons isolated from tobacco smoke as being among the
most potent of carcinogens known. Yet the total tumorigenic potency of
the smoke condensate is many times that of even these potent carcinogens.
This could be explained by supposing that some of the components, not
themselves carcinogenic, may potentiate the effect of the carcinogens
present in the tobacco smoke.

The importance of the animal experiments lies in showing consis-
tently that tobacco smoke is carcinogenic and in identifying those com-

ponents which are the most powerful in this respect. Examples of the



latter are benzo(a)pyrene, dibenzo(a,i) pyrene. In spite of the use-
fulness of the animal experiments, the effect on humans can only be in-
ferred from studying humans exposed to tobacco. Obviously, an entirely
different approach has to be used and epidemiological studies are one
answer to the problem.

The relation between the smoking of tobacco and the increased
risk of cancer has been shown most spectacularly by the excess of lung
cancer among chronic smokers. In spite of some continued controversy
among proponents and opponents of the theory, sufficient reliable studies
have been conducted to establish the relation between habitual smoking
and subsequent development of lung cancer with reasonable certainty
(e.g., Wynder & Graham, 1950, Doll & Hill, 1956, Hammond & Horn, 1958).
Much has been written about this relation and for this reason it is not
necessary to elaborate here.

The development of lung cancer after prolonged smoking could
possibly be explained by the direct contact, including some degree of
mechanical irritation, of the components of tobacco smoke with pulmonary
tissue. However, if smoking by a pregnant woman is to affect the off-
spring at a later age, compounds originating in the tobacco smoke or
metabolites of such compounds would have to circulate within the body
in order to travel from the lungs to the placenta as well as be able to
penetrate the placental barrier.

The probability of the circulation of tobacco components through-
out the body is supported by the likely association of cancer of the
bladder with smoking. 1In 1964, Lilienfeld reviewed four retrospective

and three prospective studies, of which all but one prospective study



showed such a relation. The latter (Doll & Hill, 1956) included cancer
of the bladder in the category '"cancer of other sites". Thus if the
other cancers included bore no relation to tobacco smoking they might
well have obscured a relation between cancer of the bladder and smoking.
Lilienfeld concluded that although the evidence was not sufficiently
strong to prove a causal relationship between smoking and cancer of the
bladder, additional research would probably show this to be the case.
This hypothesis is strengthened by the extremely high rate of bladder
cancer among workers occupationally exposed to certain chemicals such as
some of the aromatic amines. In this case the development of cancer
seems to be induced by excretion of the metabolites of the chemical com-
pounds to which the worker is exposed. The same mechanism could occur
in smokers and further work in analysing and identifying chemicals pre-
sent in the urine of smokers but not in the urine of nonsmokers would be
very useful. Differences such as the presence of acetonitrile, an in-
crease in polonium 210 (Wynder & Hoffmann, 1967) and different end pro-
ducts in tryptophan metabolism have already been found (Kerr, Barkin,
Levers, Woo & Menczyk, 1965).

Evidence from a different approach to the problem was supplied by
Fraumeni (1968). He examined the sales of cigarettes as estimated from
state tax receipts in the various states of the U.S.A. and compared this
to the mortality of bladder cancer in the same states. Per capita cigar-
ette sales correlated highly with bladder cancer rates in the area. Al-
though this does not prove a direct relation it does help to strengthen

the case in providing additional evidence.



B. The Effect of Smoking in Pregnancy:

Recent papers brought the evidence closer to the fetus {(Welch,
Harrison & Conney, 1962, Welch, Harrison, Gommi, Poppers, Finster &
Conney, 1969). They described a study in which they examined placentas
of smokers and those of nonsmokers for the presence of 3,4-benzpyrene
hydroxylase, an enzyme which hydrolyses the potent carcinogen 3,4 benz-
pyrene. The placentas of 17 smokers and 17 nonsmokers were either
tested immediately or placed in a freezer and assayed for 3,4-benzpyrene
hydroxylase activity within 48 hours. It could be shown that the freez-
ing process did not affect the results. None of the placentas of the
nonsmokers showed any detectable 3,4~benzpyrene hydroxylase activity
while all the placentas of the smokers did. A consistent dose-response
curve could not be shown since variations in enzyme activity were pre-
sent even among women smoking the same number of cigarettes per day.
Welch pointed out that this could be explained by (i) different amounts
of 3,4-benzpyrene and other polycyclic hydrocarbons present in the
different brands of cigarettes, (ii) different habits of inhaling smoke,
(iii) individual differences in response. The repetition of this study
by giving known amounts of 3,4-benzpyrene orally to pregnant rats did
give a consistent dose-response of increased 3,4-benzpyrene hydroxylase
activity with increased amounts of 3,4-benzpyrene.

Thus cigarette smoke is capable of inducing a placental enzyme
which will metabolize a potent carcinogen. This might be expected to
act as a protection of the fetus since the metabolic products have been
shown by Berenblum & Schoental (1943) to be less carcinogenic than the

original compound. Nevertheless, as Welch et al (1969) assert, a complete



protection is not necessarily afforded since possibly not all the 3,4-
benzpyrene is removed from the body before doing any harm. For our
purposes this study is strong evidence that a potent carcinogen does in-
vade the placenta and could reach the fetus.

Whether the carcinogen itself crosses the placenta and affects
the fetus has not been shown explicitly but that the fetus is affected in
some ways by the smoking of the mother is becoming increasingly clear.

A number of studies have been published which demonstrate a significant-
ly lower average birth weight for infants of smokers than for infants
of nonsmokers. A few of these studies will be mentioned here. In 1963
O'Lane published a study of 1031 Caucasian women with single, vaginal
deliveries, showing that the 465 women who were smokers had a prematur-
ity rate double that of the 566 women who did not smoke. Also of in-
terest are factors for which no significant differences were found be-
tween smokers and nonsmokers: maternal weight gain during pregnancy,
placental weight, or length of gestation. Thus the lighter weight of
infants of smokers cannot be explained by a decreased maternal food in-
take, or by a shorter gestational period.

Comstock & Lundin (1967) studied all perinatal deaths and 3% of
all live births in Washington County, Maryland. The birth weights of
live infants of smoking mothers varied with the amount smoked but were
on the average 200 grams lighter than that of the infants of nonsmoking
mothers. The excess deaths that could be demonstrated among infants of
smoking mothers disappeared on adjusting for birth weight. Still Com-
stock & Lundin hesitated to postulate a causative effect between smoking

in pregnancy and a direct effect on the fetus and suggested a common



association with another factor, e.g., adequacy of medical care.

MacMahon, Alpert & Salber (1965) investigated 16,741 gingle
white births and detected a mean decrease of 10 ounces in the weight of
babies born of smoking mothers when compared to the offspring of non-
smoking mothers. Those mothers who smoked before, but not during the
pregnancy, had infants of weight similar to infants of nonsmokers, im-
plying that the effect is on the fetus itself rather than the parental
germ cells or the maternal comstitution.

Among others who have found a decreased birth weight for off-
spring of smokers are: Savel & Roth (1962), Ravenholt, Levinsky,
Nellist & Takenga (1966), Yerushalmy (1964), Jarvinnen & Osterlund
(1963), Zabriskie (1963), Lowe (1959). Zabriskie suggested that the
vasoconstrictor effect of smoking which has been shown in the extremi-
ties of smokers could also alter the blood supply to the placenta and
thus decrease the supply of nutrition to the fetus. Another possibility
is a toxic effect of the components of tobacco smoke or their metabo-
lites crossing the placenta and retarding the growth of the fetus even
in the presence of sufficient nutrition.

This section may be summarized by concluding that tobacco smoke
does have carcinogenic components which circulate throughout the body
and may cause cancer in parts of the body other than the lung. 1In addi-
tion the fetus is affected directly or indirectly by components of to-
bacco smoke. That prenatal factors are able to increase the risk of
childhood cancer has been suggested in various studies, especially those
showing a relation between X-radiation in utero and a higher rate of can-

cer in children. These studies will be discussed in more detail below.



Therefore it is reasonable to postulate that smoking in pregnancy might

increase the risk of childhood cancer.

IT. Other Factors in the Epidemiology of Childhood Cancer

Many environmental and genetic factors have been studied and dis—
cussed in connection with the epidemiology of childhood cancer. How-
ever, this literature survey will be confined mainly to prenatal and
other factors which can be recorded at birth, in order to include only
material relevant to the present study.

In order to eliminate some repetitive statements, most of the
studies mentioned have been summarized in Table I with respect to the

sources of their data.

A. Sex Distribution:

As will be seen in this section most investigators have found an
excess of male children when studying childhood cancer. This relation
holds for the most common childhood cancers - leukemia and cancer of the
nervous system - and for the overall cancer rates. No such consistent
results have been found for other types of cancers. These other cancers
are often grouped together under one heading, and a fair amount of varia-
tion probably exists from one study to another in the proportion of
children with the more specific diagnoses. Most studies dealing with the
epidemiology of childhood cancer give the number of male and female child-
ren among their cancer cases. Not all studies will be mentioned here but
still sufficient to show the most common sex distribution and some
studies showing differences in either direction.

One of the most informative and best executed of such studies is
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a prospective study by MacMahon (1962). Among his base population he
found 50.7% males while among the cancer cases 58.0% males. When
divided into smaller ranges of diagnoses, 58.2% of leukemia patients
and 58.3% of patients with tumours of the central nervous system were
males. Others finding 587 and 59% of male; among their youthful can-
cer patients were the foliowing: Knox (1964), studying leukemia pat-
ients in Northumberland and Durham counties in England; Iversen (1965),
among leukemia children in Demmark; Sessions, McSwain, Stephenson
(1964) , among 761 cases with all types of cancer in Nashville, Tenn.;
Pinkel, Dowd & Bross (1963) among 206 children with solid malignant
tumours in Buffalo area.

A somewhat lower percentage of males hut still significantly
higher than expected was fognd by Graham, Levin, Lilienfeld, Schuman,
Gibson, Dowd & Hempelman (1966) in whose stud& 56.7% males were present
and by Ederer, Miller & Scotto (1965) who examined 39,235 death certi-
ficates of children who died of.any cancer and found 55.5% males.

Two papers giving figures on éither side of the 55-60% range
are Pinkel & Nefzger (1959) who found 51.1% males among young leukemia
patients in Buffalo, and Hernandez & Tokuhata with 62.4% males among
133 cases of leukemia and lymphosarcoma.

A variation in the proportion of males within one study was
found by Miller, Fraumeni & Hill (1968) who studied death certificates
of children who died of neuroblastoma in the years 1960-1964 and no-
ticed that the sex ratio for cﬁildren under S5 years shifted from 1.68
(approximately 63% males) in 1960 to 1.11 (approximately 53% males) in

1964. This trend was found to be statistically significant at p < 0.02.
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As an explanation for this, he postulated a possible selective response
by sex to a new treatment, or to a new encegenic agent in the environ-
ment.

—

From the above it may be concluded that males have a higher risk
of childhood cancer than females of the same age. This is not surpris-

ing since males are known to have an increased risk of many other dis-

eases as well.

B. Birth Order Effect:

The effect of birth order on childhood cancer risk is not easy to
evaluate because of the difficulty in obtaining a representative control
group in a retrospective study. In the study of sex distribution and
childhood cancer risk, national birth statistics can often be used as a
norm. However, when studying birth order, the use of the birth statis-
tics may be misleading. The proportion of first-born among all births
may vary from one year to the next. This is especially true when the
scope of the study includes births in the 1940's and 1950's and is com-
plicated by the fact that cancer mortality shows a peak in the third and
fourth year of life. This may be one reason for the variation in pro-
portion of first born from one study to another (in addition to geo—
graphic and ethnic variations).

Another problem is the definition of birth order. It may be de-
fined either as the number of older living siblings, or, at the other
extreme, as the number of all previous pregnancies including abortions.
Most commonly, birth order refers either to previous live births, or to

all previous pregnancies which progressed past a certain stage. The
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published papers do not always mention the particular meaning used
especially when birth order is not their primary interest. As will be
discussed in another section, some evidence has been accumulated that
mothers of children with cancer have an increased rate of previous
stillbirths and abortions and thus the decision as to counting these
in determining birth order may change the results.

The majority of studies dealing with the relation of birth order
and childhood cancers indicate an excess of first-born when compared to
a control group. Stewart, Webb & Hewitt (1958) found 39.3% first-born
among all cancer deaths while only 32.9% among controls. However,
they concluded that the control group was deficient in first-born since
the national average for that time period was about 38.5% first-born.
The reason given was that the control group was selected in such a way
that a smaller number of mobile families was included than in the fami-
lies of cases. Since the smallest families are more likely to be mo-
bile, the control group would have larger families than expected and
therefore the control child is less likely to be the oldest. Even when
compared with the population at large, a 70% excess in first-born was
found among children who died of lymphatic and blast cell leukemia and
a 10% increase for other leukemia.

An excess of first-born was also obtained among cancer cases in
MacMahon's prospective study (1962). The study population consisted of
all children born in, and discharged from 37 hospitals in 1947 to 1954.
The cancer group consisted of all subsequently identified cancer deaths

born in these hospitals within the specified years while the control
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group used in the analysis was a 1% random sample of the study popula-
tion. The control had 36.2% first-born while the cancer group had
42.8%. When subdivided into narrower ranges of diagnoses 44.4% of
leukemia patients and 44.1% of children with cancer of the nervous sys-
tem were first-born.

Two cther studies may be mentioned in which was found a decreas-—
ing cancer risk with increasing birth order. Stark and Mantel (1966)
found an excess of first-born among their leukemia cases, while Ford,
Paterson & Treuting (1959) noted 39.1% first-born among leukemia cases,
31.5% among other cancers and only 25.27% among controls.

However, not everyone has obtained results in agreement with the
above. Graham et al (1966) found an excess of first-born among his leu-
kemia cases but only among those born prior to 1950 and an excess of
first-born among controls of those born after that date. For the latter
excess they blamed an unrepresentatively large proportion of first-born
in their control group which was larger than expected when compared to
New York birth statistics.

A few others also found a smaller percentage of first-born among
children with cancer. Manning & Carrol (1957) had 36.7% first-born
among leukemia, 35.67% among lymphoma patients and 39.7% among those with
other cancers, as opposed to 437 first-born among the 50 controls. But
this control group could be criticized, firstly, because it was a small
group, and, secondly, because the members of the control group were all
patients of an orthopedic clinic and thus may have had characteristics
peculiar to thelir illness. Ager, Schuman, Wallace, Rosenfield & Gullen

(1965) studied children who had died of leukemia in Minnesota and found



25.0% were first-born as opposed to 30.4% of neighbourhood controls,
matched for sex and age. On studying the birth statistics for Minnesota,
they decided that the proportion of first-born among their controls was
abnormally high and should be about 24.0%, which is very near, and even
slightly below that of the leukemia patients in their study.

The above summary of some of the epidemiological studies of the
effect of birth order on the risk of childhood cancer seems to favour
an excess of first-born in the cancer group. However, before any de-
finite conclusions can be drawn, the effect of maternal age has to be

considered.

C. Maternal Age:

Results of studies of the effect of maternal age on the risk of
childhood cancer have varied from finding an increased risk with in-
creasing maternal age to finding no effect of maternal age. As with
birth order, a major problem is a representative control group for
comparison. Stewart et al (1958) made no attempt to use their control
group but compared the age of the mothers of leukemic children with the
ages of mothers of children with other cancers. The mothers of leukemic
children were on the average 25 weeks older than the mothers of children
with other cancers, in spite of the fact that the latter group included
a smaller proportion of first-born children. This effect persisted when
mothers of children with Down's syndrome were removed from the analysis.
Further examination of the data revealed that the effect was due mainly
to a small group of mothers over forty.

A similar excess of older women among mothers of leukemic children
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was found by Manning & Carroll (1957) but they also found an excess of
younger women among mothers of children with other cancers when com-
pared with their control group. However, as mentioned above, their con-
trol group was small and unrepresentative. A higher average age was

also demonstrated for mothers of Minnesota pre-schoolers who died of leu-
kemia (pger et al, 1965) when compared with their neighbourhood controls.
Again the effect persisted after removing mothers of children with Down's
syndrome.

Opposed to the studies detecting an increased risk of childhood
leukemia with increasing maternal age, are several others which did not
show any significant change. MacMahon (1962) found no statistically
significant increase of risk with increasing maternal age, nor did
Graham et al (1966) in the tristate leukemia survey. In these studies
the average maternal age was not calculated as in the others mentioned
above, and the main reason for considering maternal age at all was to
ascertain whether it would affect other results. MacMahon & Newill
(1962) working with larger numbers did find a 40% higher risk for women
over forty than for those under twenty, this effect being independent of
birth order.

The best conclusion aftér considering the literature seems to be
that Fhere is a relatively small increase in the risk of childhood cancer,
and in particular of leukemia, with increasing maternal age. It is ob-—
vious that birth order and maternal age are closely related but their
effects on cancer rate appear to be separate, not only because several
studies have standardized for one and found the effect of the other to

persist but also because the effects of the two variables are in opposite
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directions, and one would thus serve only to diminish that of the other.

D. Birth Weight:

Birth weight has been mentioned in only a few epidemiological
studies of childhood cancer. Ager 35_3;_(1965) mentioned it in their
study of Minnesota childhood leukemia deaths. Among their leukemia
deaths three out of 112 children were under 2500 gms at birth while two
out of 113 matched neighbourhood controls and none of the sibling con-
trols were premature at birth. The smallness of these numbers prevents
the drawing of any conclusions. More definite results were obtained by
MacMahon & Newill (1962) who found that the birth weight of the cancer
patients was on the average slightly higher than that of the comparison
births which consisted of the next birth on file after the birth certi-
ficate of the cancer death. This difference occurred for all diagnostic
categories and on computation was found to be statistically significant.
MacMahon & Newill explained this.result by pointing out that the cancer
victims had survived sufficiently long to develop cancer while the com-
parison group only needed to be live-born. Some of the latter probably
died of conditions associated with prematurity, thus in effect removing
them from the population at risk of developing childhood cancer. After
removal of these low-weight infants, the remainder of the population
would have a higher average birth weight.

Thus no general conclusion can be drawn on the presence of a rela-

tion between birth weight and childhood cancer risk.



E. Socioeconomic Class:

The study of socioeconomic levels in conjunction with childhood
cancer is significant in that a relation might indicate the importance of
environmental, rather than prenatal, or genetic, factors. A difficult

-problem in the execution of suéh a study is a consistent definition of
socioeconomic class. The lack of such consistency is probably an impor-
tant cause of variation in results from one study to another.

Stewart et al (1958) based their index of social class on occupa-
tion and income. They found no difference between the leukemia cases and
their matched controls, nor between the children with other cancers and
their controls. Since the families of the control children moved less
often than the families of the cancer patients and since mobility may be
related to socioeconomic class, they made a separate comparison of the
cancer cases who had moved since birth with their controls, but the same
results ensued.

In the tristate leukemia survey Graham et al (1966) also used
occupation and income as a measure of socioeconomic class. Like Stewart
et al, they found no difference between the cancer group and the control
group. .In this study the controls had been chosen by stratified random
sampling from census tracts which were representative of the areas from
which the leukemia patients originated (Graham, Levin, Lilienfeld, Dowd,
Schuman, Gibson, Hempelman & Gerhardt, 1963).

A different method of obtaining a distinction betveen a higher and
lower level of socioeconomic class was to use pay status in the hospital
at delivery, assuming that the more affluent mothers would tend to be

private patients. This method was used by MacMahon (1962) and he was
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able to show a significantly increased risk for children of the private
patients when compared to chilidren of the clinic patients.

The most frequently used method of measuring socioeconomic class
when analysing its effect on childhood cancer risk has been the grouping
of census tracts with respect to average income, standard of housing,
etc. This was the method used by Elliott, Githens & Saunders (1961) in
their investigation of childhood leukemia deaths in Colorado. They cal-
culated rates for the different census tracts by using Colorado statistics
for the base population. In general they found that the more favourable
the conditions in the census tracts, the greater the risk of leukemia:
the highest income tracts had double the rate of the lower income
tracts; those census tracts in which the least crowding occurred had
triple the rates of those in which the most crowding occurred; the census
tracts with the best sanitation system had double the rates of census
tracts with worse sanitation. All these factors are closely related to
one another and give only a general indication of increased leukemia risk
with higher socioeconomic level.

Two other papers have demonstrated the same relation. Hernandex
& Tokuhata (1966) used the census tracts in Memphis and found a greater
risk of cancer in the better census tracts. Pinkel et al (1963) dis-
covered that the upper economic half of the Buffalo population had double
the risk of childhood neuroblastoma than did the lower half and in 1959
he showed the same relationship for leukemia deaths in Buffalo (Pinkel

& Nefzger, 1959).
It is interesting to note that the two studies which did not find

a relation between cancer risk and socioeconomic class are the ones that
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used occupation and income of father as an index of socioeconomic class,
while the studies that found a definite relation used census tracts
differences, or hospital pay status. A variation in accuracy of dia-
gnosis from one socioeconomic level to another should be considered.

It is quite possible that medical care and thus accuracy of diagnosis
is of a better quality in the better census tracts than in the poorer
tracts. Thus some of the leukemia, or other cancer cases, could be
missed in the poorer areas causing a difference in rates among the
classes. However, if this were the sole explanation for the difference
in rates between census tracts, it is difficult to account for the fact
that there is no difference in rates when socioeconomic class is based
on the father's occupation and income. The difference in rates between
census tracts appears to indicate that the enviromment as such is more
important in determining cancer risk than factors such as education

and income by themselves.

F. Clustering in Space and/or Time:

In spite of the data available for the present study not being
suitable for studying a possible clustering of cases, a short discussion
of a few typical studies which have been published will be useful, and
may be related to the distribution of cases among social classes and
among urban and rural areas. Clustering has been studied by two main
approaches: (i) by studying unusual aggregations of cancer cases; (ii) by
taking a defined area, e.g., a large city, or a county, or a state, and
pairing cases according to proximity in space (or time) and then decid-

ing whether the pairs are closer in time (or space) than can be expected
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by chance.

A study using the first method is that of Heath & Hasterlik (1963).
This is the often quoted study in Niles, Illinois, in which 8 cases of
leukemia were diagnosed within a few years, all attending, or being
closely connected to, the same elementary school. The authors could not
find a common factor to explain this occurrence but did suggest that
epidemiologic characteristics hinted at an infectious process.

In evaluating the type of situation described above, several possi-
bilities must be considered: (i) such situations attract attention be-~
cause they are unusual; (ii) the numbers are often small and slightly
different treatment, e.g., different boundary lines, might give entirely
different results; (iii) if these are legitimate clusters, the cause of
this grouping of cases may not be representative of all childhood leu-
kemia,

The second approach which is probably more indicative of
clustering as a generally occurring phenomenon, investigates the child-
hood cancer cases in a predefined area. The cases are then paired accor-
ding to proximity and a variety of statistical methods have been used to
decide if the time and space distances are less than expected. Pinkel
et al (1963) and Pinkel & Nefzger (1959) found an excess of pairs less
than 1/8 mile apart in Buffalo, N.Y. The first paper dealt with solid
tumours and the second with leukemia. The same method when applied to
97 traffic deaths did not show any evidence of clustering. Ederer,

Myers & Mantel (1964) criticized the methods used in the ahove papers
and developed a method which did show clustering for polio and infectious

hepatitis but not for leukemia. However, this included leukemia cases
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of all ages and not only children.

Knox (1964) studied childhood leukemia in Northumberland and
Durham counties in England and found an excess of pairs of children
under six years with onset up to two months apart at a distance of less
than two kilometers. An excess of pairs of children less than 250 days
and four kilometers apart was found in the state of Oregon by Meighen
& Knox (1964).

The above summary does suggest the possibility of some cancer
cases occurring closer together than is to be expected by chance, al-
though controversy continues over the method. Just how to interpret
such an excess of pairs is an additicnal problem. There is no apparent
connection between the cases in spite of their proximity. In the papers
mentioned, no attempt is made to distinguish this so-called clustering
from increased childhood cancer rates in some census tracts when com-
pared with others in the discussion of socioeconomic class. Perhaps
the reason should be sought in environmental conditions, such as ex—
posure to chemicals or certain refined foods.

A study conducted in California by Klauber (1968) has a more
direct significance for the present study. He investigated the possibi-
lity of a clustering of childhood cases by hospital of birth. Of 1,000,000
children born in California hospitals in 1958-1960, 234 children devel-
oped leukemia before age five. No statistically significant clustering

by hospital of birth was found.

G. Urban-Rural Distribution:
In studies examining the urban-rural distribution of childhood

leukemia, the consensus is an increase in risk of leukemia in urban
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areas. Meadors (1956) listed U.S. urban and rural leukemia mortality
rates for five-year age groups for both males and females and in all

age groups the urban rates were substantially higher than the rural
rates. In England, Stewart et al (1958) found the lowest leukemia
mortality rates among the children in the rural areas while the highest
rate occurred in the medium-sized towns. The occurrence of other can-
cers could not be shown to have any significantly different distribution
in urban, or rural areas.

Knox (1964) obtained a doubling of rates for myeloblastic leu-
kemia for children under 15 in towns over 50,000 and a lesser increase
for lymphoblastic leukemia. A doubling of rates was found by Elliott
et al (1961) on comparing leukemia in urban areas with that in rural
areas. Stark and Oleinich (1966) found a higher rate of leukemia for
white urban children compared to white rural children but did not find
the same relation for nonwhite children. They suggested that perhaps
the nonwhites are either not exposed to, or are protected from the
agents causing this relation. This suggestion is especially plausible
when one considers the differences in socioeconomic class between the
white and nonwhite in the U.S.A., which might expose these groups to

quite different environmental agents.

H. Preconception Radiation:

The only studies paying a significant amount of attention to pre-
conception radiation and childhood cancer are the survey conducted by
Stewart et al (1958) in England and Wales and the tristate leukemia sur—

vey in the United States (Graham et al, 1966, Gibson, Bross, Graham,
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Lilienfeld, Schuman, Levin & Dowd (1968). Stewart et al acquired in-
formation on the number of abdominal x-rays reported before marriage of
the mother and those between marriage and the relevant conception for
both cases and controls. Surprisingly enough, an excess of cases was
found among those whose mother had received X~rays prior to marriage
but no effect of abdominal radiation could be shown between the time

of marriage and the relevant conception. The latter result remained
when differences in birth order between cases and controls were taken
into consideration. Stewart et al could not find a satisfactory explana-
tion for this but suggested that damage of the gonads may account for
the.influence of x-rays prior to marriage.

In the tristate leukemia survey, preconception irradiation in-
cluded all types of diagnostic radiation at any time prior to concep-
tion. Among mothers of casés, ages 0 - 15, a consistent excess of wo-
men with a history of preconception radiation was found when compared
to mothers of controls of the same age (Graham et al, 1966). This ex-
cess was highly significant even when standardized for factors such as
year of birth, age of mother, birth order, previous miscarriages or
stillbirths. The mothers who had received radiation to the abdonen,
pelvis, spine, or femur only, were considered separately although it was
not possible to standardize for other factors because of the small num—
bers involved. Such pelvic irradiation was experienced by 12.1% of
mothers of cases and 6.1%7 of mothers of controls. This was highly sig-
nificant at p<0.001 and the estimated relative risks of cancer among
children of irradiated mothers compared to children of nonirradiated

mothers was 2.1,
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Gibson et al (1968) considered separately the children of ages
zero to four years from the same study. Preconception irradiation
was not only considered as a factor by itself but also in combination
with three other risk factors: history of reproductive wastage, in
utero irradiation, and childhood virus diseases. Reproductive wastage
and childhood virus diseases were considered pathologic factors as
opposed to the radiologic factors, consisting of preconception or in
utero irradiation. Gibson et al found that each of these four factors
separately was not associated with a greater risk for leukemia in child-
ren under four. But children who had been exposed to a combination of
factors, especially if both pathologic and radiologic factors were in-
volved, showed a significantly greater risk than children who were not
so exposed. The highest risk was for children exposed to all four fac-
tors. Gibson et al view irradiation, both preconception and in utero,
as a ™ triggering agent of a sequence of events that increases a
child's risk for leukemia'.

The above presents evidence for the importance of preconception
radiation. Further study of this, especially in combination with other
factors as was done in the tristate leukemia survey, will be very in-

formative.

I. In Utero Radiation:

A number of studies have been published to date, which consider
a relation between radiation of the pregnant woman and an increased risk
of childhood cancer in her offspring. Although some of the studies show

no increase, the majority show an excess of childhood cancer cases after
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in utero radiation. 1In 1962, MacMahon and Hutchison listed eleven
studies, of which six showed such an excess (Ager et al, 1962, Court
Brown, Doll & Hill, 1960, Kjelsberg, i957, Lewis, 1960, Murray, Heckel
& Hempelman, 1959 and Wells & Steer, 1961). When MacMzhon & Hutchison
weighted the relative risks of the eleven studies according to number
of children included and combined them, the result was a statistically
significant increase in cancer risk for children who had been irradia-
ted before birth. The reason for the overall excess if that the re-
maining five studies showed statistical significance or near statisti-
cal significance (Fort et al, 1959, Kaplan, 1958, MacMahon, 1962, Pol-
hemus & Koch, 1959, Stewart et al 1958). Of these studies, those of
MacMahon (1962) and Stewart et al (1958) can be considered major
studies by virtue of size and comprehensive scope and will be dis-
cussed in more detail.

Stewart et al compared 1299 matched pairs of leukemia cases and
controls and found the case/control ratio of 1.91 for abdominal x-ray
during the relevant pregnancy to be different from one at p 0.001.
This excess remained when adjustments were made for possible over-
reporting by mothers of cases and x-rays associated with i1l health.

MacMahon (1962) described his prospective study of 556 cancer
cases resulting from approximately 730,000 pregnancies. In this study,
7.2% of mothers of controls and 15.3% of mothers of cancer cases had
received radiation during the relevant pregnancy. Overreporting for
mothers of cancer patients could not have been a factor since all the
information had been recorded at birth. The increase in cancer mor-

tality was most marked at ages five to seven years at which time the
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relative risk was double that of non~irradiated children. For all
ages a 40% increase in cancer risk was estimated after X-ray in utero.

In the tristate leukemia survey Graham et al (1966) found a
significant increase in leukemia cases for the children of women who
had received abdominal x-rays during pregnancy. Gibson et al (1968)
studying the under five age group of the same study noticed that the
cancer risk increased particularly if a pathologic factor such as re-
productive wastage in the mother, or a childhood virus disease was
also present. This effect of a combination of radiologic and patho-
logic factors was described also in the previous section.

Leukemic children under five were also considered by Ager et al
(1965) in a study in which leukemia patients were compared with
neighbourhood controls. The mothers of the children suffering from
leukemia could not be shown to have had a more frequent history of
radiation during the relevant pregnancy than the mothers of the con-
trols. Since MacMahon pointed out that the greatest effect of in utero
irradiation occurred in the five to seven year age range, this may be
part of the reason why Ager et al did not find a significant associa-
tion.

From the above the conclusion may be drawn that in utero ir-
radiation is followed by an increase in childhood cancer risk. However,
whether the x-ray initiates cancer, or promotes cancer in individuals
susceptible for other reasons, or whether a common factor, such as
poorer health of the mother, is involved, is difficult to decide from

the available evidence.
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J. Miscellaneous Conditions and Abnormalities:
1. Maternal smoking

Only two published studies of the epidemiology of childhood
cancer mention smoking of the parents. Stewart et al (1958) placed
the parents of cases and controls into smoking categories, presum-
ably according to smoking habits at the time of interview rather
than during the relevant pregnancy. The proportion of smokers among
fathers of cases was 82.9% and among mothers of cases 47.8% as op-
posed to 80.9% for fathers of controls and 43.8% for mothers of con-
trols. For the mothers the difference was significant at p < 0.04 but
as Stewart et al indicate the difference is small and no attempt was
made to relate it to other pertinent factors such as age, number of
children, etc. Even if the difference persisted after such analysis
the effect may have been precipitated by exposure of the children to
smoke after birth rather than prenatally. This is, of course, diffi-
cult to separate but of the smoking mothers in Stewart's survey a
number may not have smoked during pregnancy and this would weaken any
relation which might exist between childhood cancer and prenatal
smoking.

One other study mentioned smoking in relation to childhood can-
cer. Manning & Carroll (1957) included a question on smoking, "as a
device for reliability' although it is not quite clear what is meant
by this, nor is it clear whether the question referred to smoking at
the time of the interview or at the time of birth of the child in

question. In any case a very similar percentage of women smoking
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10 cigarettes per day or more was obtained for control and cancer

groups.

2. Abnormalities of pregnancy

MacMahon (1962) in his prospective study found no increase in
childhood cancer after the occurrence of abnormal conditions in pre-
gnancy and delivery such as: breech, caesarean or forceps delivery,
or various types of abnormal placentae. Stewart et al (1958) did find
an excess of threatened abortions and virus infections during the re-
levant pregnancy of mothers of cancer cases when compared to controls,

although the numbers involved were small.

3. Congenital malformations

The large increase in leukemia risk for children with Down's
syndrome is generally accepted. The investigations by Ager et al
(1965) and by Stewart et al (1958) may be mentioned as examples of
studies in which a much larger number of children with Down's syndrome
appeared in the leukemia group than expected. Stewart et al also
found an excess of children with naevi among those with cancer - 34 out
of 1299, as opposed to 21 out of 1297 controls. Miller et al (1968)
scrutinized 504 cases with neuroblastoma and published a list of con-
genital malformations found among these children. Since they did not
have a control group it was difficult to decide whether any particular
type of malformation occurred with greater frequency than expected.
They concluded that it did not seem likely that any specific defect
clearly exceeded normal expectations. Miller, Fraumeni & Manning (1964)

were able to show an excess of aniridia, congenital hemihypertrophy
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and defects of the genitourinary tract among children with Wilms's

1Y
tumeour,

4. Previous fetal wastage

The presence of an above average rate of abortions and still-
births among mothers of children who develop cancer might indicate a
less favourable prenatal enviromment for the child.

Some indications of an association between fetal wastage and
an increased risk of cancer have been found in a number of studies,

Stewart et al (1958) noted an excess number of abortions among
mothers of leukemic children. On the other hand, MacMahon (1962)
could detect no difference in history of stillbirths among mothers of
cancer patients.

Graham et al (1966) in the tristate leukemia survey found an
increase of previous stillbirths in mothers of leukemic children after
standardization for such factors as year of birth, age of mother and
birth order. Gibson et al (1968) studied the under five age group of
the same study more intensively. In this paper fetal wastage was con-
sidered one of two pathologic factors and it could be shown that when
a pathologic factor was combined with a radiologic factor the risk of
cancer in childhood increased greatly. This phenomenon was described

in greater detail in the section on preconception radiation.

5. Blood groups
A possible association between blood group phenotypes and an
increased susceptibility to certain diseases has been a controversial

subject for many years. Wiener (1965) opposes such an idea yehemently
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and yet review papers (e.g., Marcus 1969, Muschel, 1966) are able to
collect a fair amount of evidence that blood groups are not unrelated
to the frequency of various diseases, e.g., peptic ulcer, gastric car-
cinoma, pernicious anemia.

A relation between childhood cancer and ABO blood groups has
been investigated a number of times. Cordone & Tavella (1963) found
a statistically significant increase in the proportion of children
with bhlood groups @ among 102 children with leukemia. However, he also
quoted a numher of papers with conflicting results. Campbell (1961)
showed blood group frequencies among children under 15 years suffering
from all types of cancer but no association between a particular blood
group and a type of cancer was found, except for an excess of blood
group A among children with gliomas.

In relating blood groups to leukemia, it should be noted that
the suppression of A1 antigen has been observed in some patients with
leukemia. At the same time an increase in reactivity with anti-H re-
agents occurred so that the red blood cells reacted like 0 cells (Mar-
cus; 1969). Thus if blood groups are determined when patients are
known to have leukemia, an increase in blood group 0 could be ex-

plained by the suppression of the A, antigen.

1
Another factor which has to be considered is the possibility of

ethnic variations, both in susceptibility to cancer and in bloed group

frequencies. MacMahon & Folusiak (1958) showed a deficiency of group O

patients among 1387 leukemia patients, of all ages, when compared to a

systematic sample of blood donors. A second control group was then
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selected, matched with the leukemia patients for surname on the assump-
tion that this would match the two groups for ethnic background - par-
ticularly with respect to the high proportion of those of Jewish back-
ground. The second control group did not differ significantly in dis-
tribution of ABO blood group. In this case, therefore, the initial de-
ficiency in blood group Q in the leukemia series was secondary to ethnic
differences in susceptibility to leukemia.

The importance of maternal-fetal incompatibility both with re-
spect to ABO blood group and Rh factor is well estahlished and the know—
ledge of this has saved many infants. A fact which is not clearly ex-
plained is the interaction of ABO incompatibility and Rh incompatibility
in that the presence of the former appears to reduce the probability of
hemolytic disease of the newborn due to Rh incompatibility. The most
likely explanation is that the ABO incompatible fetal cells are removed
from maternal circulation before reaching sites of maternal antibody
formation (Muschel, 1966).

Of interest would be a study of the relation between maternal
blood group and occurrence of childhood cancer. This, however, does not

appear to have been investigated.

K. Conclusion

The first section in this literature survey described why it is
reasonable to suspect that smoking in pregnancy'might influence the
occurrence of childhood cancer. In short, smoking is strongly implica-
ted in the causation of lung cancer, suspected in the development of

cancer of the bladder and known to affect the birth weight of infants.
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Therefore it is known that the fetus is affected directly, or indirectly,
by some components of tobacco smoke, and it is not impossible that the
fetus is also affected by the carcinogenic components of smoke, resulting
in an increase in childhood cancer risk.

The second section describes many other factors which have pre-
viously been studied in the epidemiology of childhood cancer, emphasiz-
ing those which occur before,or at birth of the infant and affect the
child's cancer risk. The present study was initiated because of the
availability of extensive records on approximately 75,000 births in the
hope that a worthwhile contribution could be made to the epidemiology of

childhood cancer.
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PROCEDURE

1. Base Population
A. Source:

The population on which this prospective study is based was ori-
ginally collected for the Ontario Perinatal Mortality Study. In 1959,
1960 and 1961 detailed medical histories were taken for all deliveries
in ten teaching hospitals in the province of Ontario. Of these hospitals,
five were in Toronto (St. Michael's Hospital, Toronto General Hospital,
Toronto Western Hospital, Wellesley Hospital, Women's College Hospital),
three were in London (St. Joseph's Hospital, Victoria Hospital and
Bethesda Hospital) and one each in Kingston and Ottawa (Hotel Dieu Hos-
pital and Ottawa General Hospital).

The data recorded included information on the past obstetrical
history of the mother, the events of the present pregnancy and the con-
dition of-the infant at birth. A recording clerk gathered the data from
information supplied by the attending doctor, the intern, the mother and
the hospital records.

The accuracy of the information on the record has been investi-
gated and discussed in a previous study (Buck, Gregg, Stavraky, Subrah-
maniam, Brown, 1969, Stavraky, 1963). They took a sample of 152 delive-
ries performed by ten London physicians. When the information on compli-
cations of pregnancy on the physician's office record was compared with
that recorded on the perinatal form, the differences were minor and main-

ly in the direcction of omissions from the perinatal form. Such conditions
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as mild spotting in pregnancy not necessitating bed-rest, or an occasion-
al blood pressure elevation to 140/80 were recorded on the physician's
records but not on the perinatal form. Since it is very unlikely that
the proportion and type of inaccuracies would be different for the child-
ren who subsequently developed cancer than for the remainder of the popu-
lation, it is improbable that the inaccuracies would bias the results of
the present study. Only in one case does the possibility exist that the
presence of the cancer could have influenced the accuracy of the data on
the perinatal record. 1In this case an infant was born with bilateral
Wilms's tumour to a mother with terminal carcinoma of the bowel. No
other child in the study developed cancer until after the completion of

the perinatal record.

B. Format of the Individual Perinatal Record:

The medical histories were recorded on one standard form for 1959
( Appendix A) and another standard form for 1960 and 1961 (Appendix Ay,
éach of which contained similar information. Both formats were such
that IBM cards could easily be punched from them. However, the very
different format of the 1959 cards caused a major difficulty in handling
the data.

In 1959 the information on each birth occupied two 80-column
punch cards, while in 1960 and 1961 most of this information was conden-
sed to one 80-column punch card by means of split fields gnd multiple
punch columns. 1In the former case the making of cross-classifications
of variables on one card with variables on the other card was virtually

impossible with a simple IBM sorter. Fortunately such cross-classifica-
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tions were not essential. In the case of split fields and multiple
punches, many extra sorts on an IBM sorter were needed in order to de—
termine the different combinations of attributes. Initially an IBM
sorter was used but later in the study all 1960 and 1961 cards were re—
corded on a computer tape using a binary code for each possible combina-
tion of punches in a column. The programme written especially for this
study made certain types of group counts easier to obtain, although still

expensive in computer time.

C. Total Births in the Base Population:

For use in the present study a set of punched cards was obtained
from the Ontario Department of Health for all single births in 1959,
196Q and 1961, surviving at least seven days. The availability of this
set of cards allowed the making of any group counts necessary. However,
many tabulations of the base population had already been published in
two reports (Ontario Perinatal Mortality Study Committee, 1961 and 1967)
and these were used whenever possible. According to these reports,
22,965 infants survived at least seven days in 1959, while 50,134 infants
survived at least this time in 1960 and 1961. When comparing the total
number of cards in the available deck with the published number, three
cards were missing from the deck but this discrepancy is not sufficient
to alter any cancer rates which were calculated with either number as

base population.

II. Expected Number of Childhood Cancer Deaths
Before collecting the cancer deaths, calculations were made to pre—

dict the number of deaths that would occur in a population of 75,Q0Q
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children, born in 1959, 1960 and 1961. Table II shows the computation
of such an estimate using the Ontario Vital Statistics for the calcula-
tion of the expected yearly rates. For the under five age group the
cancer deaths were available for each year of age. Other figures were
available for four or five year intervals only and were divided by the
number of years in the interval to give an average yearly rate. Accor-
ding to Table IT, 54 children in the Perinatal Study would be expected
to die of cancer before the end of 1968.

A number of adjustments are needed to make this expected number
more realistic. A proportion of the children from the base population
who developed cancer in childhood may be expected to have moved away
from Ontario and died of cancer elsewhere. A subsequent section has
been devoted to the problem of mobility.

Another necessary adjustment concerns a difference between the
base population and the general population of Ontario. The base popula-
tion is almost exclusively from urban centres of the province while the
general population of the province contains both rural and urban por-—
tions. According to the 1961 census 22.7% of Ontario's population lived
in rural areas, defined as towns with a population of 1,000, or less.

As was pointed out in the literature survey, childhood cancer death
rates are substantially higher for urban areas than for rural areas, and
a 50% increase in cancer deaths in urban areas is not an unreasonable
estimate. Therefore the 54 deaths estimated using Ontario rates consist

of an urban and rural component.
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y is the rural childhood cancer rate

5

thus y = 2

3

if T is the number in the base population then:
U is the urban component of T

R is the rural component of T

thus U+ R =T

U= 0.773T
R = 0.227T
Substituting:

54 = 0.773xT + 0.227 (2/3) xT

solving for xT

xT = 58, which is the number of deaths which would occur
at an entirely urban rate.

Still another adjustment can be made since the cancer deaths ob—
tained in the present study are all those with cancer mentioned on the
death certificates and not only those with deaths ascribed to cancer.
Only the latter are considered in the calculation of the provincial mor-
tality rates. A correction factor for Ontario was calculated by dividing
the number of deaths ascribed to cancer by the number of deaths with can—
cer mentioned (Ontario Department of Health, 1967). However, this cor-
rection factor, 0.88, is for all ages and could not be determined for
childhood cancer cases. Some cancers, such as skin cancer, arc more
common at older ages, and are less likely to be lethal. For this reason

the correction factor for childhood cancer is probably nearer one. Using
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0.88 as correction factor, the expected number of deaths increases from
58 to 66. Arbitrarily choosing 0.95 as correction factor (which is

possibly more nearly correct for children) results in 61 expected deaths.

ITI. Mobility of the Base Population

In this context, mobility will refer to children born in Ontario
in 1959 to 1961 who left the province prior to the end of 1968. Early
in the study it was feared that the mobility of the population might
cause a drastic reduction in the number of cancer deaths traced. The
possibility of tracing such migrant children was explored with the Domi-
nion Bureau of Statistics but no arrangements cculd be made.

In addition to the loss of deaths per se, it should be considered
whether such loss could be selective for the characteristics under in-
vestigation, such as smoking habits of the mother. Some information on
this could be gleaned from data collected for a previous study (Buck et
al, 1969). A group of children, borm in 1959 and 1960 in St. Joseph's
Hospital and Victoria Hospital in London, were given periodic examina-
tion until school age. At age 5-1/3 years old, 584 children were seen
in this context while an additional 52 had been in the study previously
but had moved out of Ontario prior to this age. Since the perinatal
forms were available, the two groups could be compared on maternal smok-
ing habits during pregnancy (Table III).

Because the number of migrants is rather small (52) this tahle
has limited reliability but some comparison between migrants and non-—
migrants can be made. If the proportion of heavy smokers among migrant

mothers were 3.4%, i.e., the same as for non-migrant mothers, then of 52
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mothers two should be heavy smokers, with 95% confidence limits of 0.2
to 7 (Table 40, Pezrson and Hartley, 1966). These limits include one
(the actual number of heavy smokers among migrants) and therefore from
the available data it cannot be concluded that the migrant mothers differ
significantly in proportion of heavy smokers.

The data from the same study (Buck.gg_gl, 1969) can be used to
estimate the percentage of the cancer population likely to have moved.
The study began with 749 children of which at age 5-1/3, 584 remained,
113 had moved within Ontario and 52 (i.e. 7.5% of the total) had moved
out of Ontario. If the cancer cases were exposed to moving for a simi-
lar time period (a more exact time is difficult to determine since the
cancer deaths would no longer be exposed to moving after death) then
7.5% of the previous estimate of 61, i.e. 5 deaths, might move out of
Ontario resulting in an estimate of 56 cancer deaths which could be

traced within Ontario.

IV. The Linking of Cancer Cases with Perinatal Records
A. Deaths:

The initial lists of names of children of the appropriate ages
with cancer mentioned on their death certificates were received from Dr.
Elizabeth MacKay of the Cancer Statistics Section, in the Research and
Planning Branch of the Ontario Department of Health. For each name, in-
formation sufficient to locate the birth certificate was sent to the
Deputy Registrar of Ontario, who supplied the date of birth, the hospital
of birth and the mother's first name from the birth certificate. From

this, the deaths relating to the base population of births could be iden-
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tified and the necessary information was sent to Miss M. D. Neilson of
the Maternal and Child Health Division of the Ontario Department of
Health for linkage with the original perinatal mortality records. The
flow of information through this system was of necessity slow but be-
cause of the excellent cooperation of everyone involved, no major pro-
blems were encountered.

By these methods, 54 deaths occurring before the end of 1968 were
obtained. This number is not far from the number of deaths estimated

(56, see previous sectiomns).

B. Survivors:

In addition to lists of childhood cancer deaths, Dr. MacKay sent
lists of names, or cancer clinic case numbers of children who had been
diagnosed as having cancer by one of the Ontario Cancer Clinics. For
these cases no identifying numbers, such as the death certificate num-
ber, was available and further information was needed before the Deputy
Registrar's staff could locate the birth certificate. Therefore all
the cancer clinics in Ontario, as well as the Princess Margaret Hospital
and the Hospital for Sick Children in Toronto, were visited in order to
find for the children on the list as well as any other children of the
right age, sufficient information to lead back to the birth certificate.

Whenever possible the date of birth was obtained; if this was not
possible other information was noted, such as Christian names of parents,
address, etc. Subsequent steps in the linkage process were the same as
those described for the deaths.

From these sources an additional 28 childhood cancer cases were
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obtained who survived at least until the end of 1968. One of the child-
ren died in 1969, and another had died earlier of a motor vehicle acci-

dent but at autopsy no trace remained of the Wilms's tumour for which he
was previously treated. Both .of these children will be considered sur-

vivors whenever a distinction is made between deaths and survivors.

To what extent the collection of survivors is complete is diffi-
cult to assess. Age-specific morbidity figures of the same accuracy as
the mortality figures are not available and thus this method cannot be
used to estimate loss. However, since all the hospitals participating
in the perinatal mortality study were in cities with cancer clinics,
the children most likely to be lost to the study would be those who had
moved to more remote parts of Ontario. These children might be treated
in local hospitals rather than travelling great distances to the nearest
clinic. An opportunity to estimate the number of these children was
supplied by the 1964 Ontario cancer prevalence survey.

The 1964 cancer prevalence survey was conducted by the Ontario
Department of Health and went beyond the cases listed in the cancer
clinics, the most important extension being the Ontario Hospital Service
Commission separation forms. Table IV shows the details of information
received through the 1964 Cancer Survey. For the 35 cases with a hospi-
tal but no cancer clinic mentioned, letters were sent to the hospitals
asking for discharge diagnoses and dates of birth. Of these cases only
3 had a final diagnosis of cancer and were born in 1959, 1960 or 1961
(11 were not born in these years, while 21 did not have a final diagnosis
of cancer regardless of year of birth). Not one of these three cases was

born in a hospital participating in the Ontario Perinatal Mortality Study.



TABLE 1V

1964 Cancer Prevalence Survey of the Ontario

Department of Health

L6

Number of cases within age range 1-6 years
(i.e., could be born in 1959, 1960, 1961) 172

A. Cases linked to the Ont.
PMS population

B. Cases that could have been
ascertained from Ontario
cancer clinices#®

(i) Those born in 1959, 1960, 1961
(ii) Those born before 1959 or after
1961
(iii) Untraced (Hospital for Sick
Children mentioned but
not found in H.S.C.
registry

C. Cases that could not have been
ascertained from Ontario Cancer
clinics*

(i) From other hospitals only
(ii) Biopsy and Drug Service

*Includes Hospital for Sick Children and Princess
Margaret Hospital, both in Toronto.

69

47
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The fact that only three cases of the required age and with a

o7

diagncsis of cancer were found for 1S

64 through a more extensive survey,

suggests that not many cases were lost by concentrating mainly on the

cancer clinics and the two Toronto hospitals. How many cases were lost

is difficult to estimate since it is probably not accurate to extrapolate

this result to other years. The possibility of selective loss does not

differ from the situation as discussed previously with respect to mor-

tality. For either mortality or morbidity there is no a priori reason

for suspecting that possibly incomplete collection of data will bias the

results.

V. Source of Additional Data

Perinatal records similar to those
Perinatal Mortality Study, were completed
natal Mortality Survey under the auspices
Trust Fund (Butler & Bonham, 1963, Butler

the week of March 3rd to March 9th, 1958,

collected for the Ontario

in 1958 for the British Peri-
of the National Birthday

& Alberman, 1969). During

an extensive record was kept

of every birth in England and Wales. In this week, 16,350 infants were

born who survived at least seven days. All possible cooperation was

provided through Dr. Eva Alberman, to the

extent that the same group

counts were received for the English population as were available for the

Ontario population for some of the basic characteristics. The children

in the English population were followed until past age seven and within

this population 13 cancer cases occurred — eleven deaths and two sur—

vivors.

The 13 cases in a population of 16,

350 provided a cancer rate of
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8.0 per 10,000 which does not differ greatly from the rate of 9.4 per

T mAarmAa Ama T3 -~
e same age +

p
E
[

10,000 for cancer cases up to t it
tion. The somewhat lower rate in the English population may be due to
the fact that both urban and rural areas are included as opposed to the

almost exclusively urban composition of the population in the Ontario

Study.
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I. Composition of the Cancer Population by Diagnostic
Subdivision and Age Distribution

Table 1 shows the cancer deaths and survivors by diagnostic sub-
divisions. The survivors are those cancer cases still living at the
time of the cut-off point for collecting data, i.e., the end of 1968,
while the deaths are all those who died prior to this date. Thus the
survivors would include those who contracted cancer early in life and
may be considered cured, as well as those who were diagnosed as having
cancer shortly before the cut-off point and were still being treated
for this condition. The two largest diagnostic subdivisions are leu-
kemia and cancer of the central nervous system, with Wilms's tumour a
distant third. The 30 remaining children are spread over eleven
different diagnoses. The study most like the present one (MacMahon,
1962) found a larger proportion of leukemia deaths, 55% as compared to
37% in the present study. However, the two studies are difficult to
compare in this respect because of the different age distribution. In
MacMahon's study the births occurred in 1947 to 1954 and the deaths
were traced until 1960 - thus the population was followed from birth
to age 6 to 13 years depending on year of birth. In the present study
this age range was from birth to age seven to nine years.

Table 2 shows the cancer deaths by age of child at death as well
as by the three major diagnostic subdivisions - leukemia, cancer of the

central nervous system and other cancers. The numbers in the subdivisions
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of the table are rather small and for this reason do not show a con-
sistent trend by age. Leukemia deaths usually show a peak for the age
group from three to five years, as can be seen, for example, in the
Canadian mortality statistics (Canada, Dominion Bureau of Statistics,
1960-1968). 1In Table 2 the leukemia deaths do not show such a trend.
The age of the children at death could be calculated accurately
since both the date of birth and the date of death became available
during the process of linking the cancer deaths with the perinatal mor-
tality forms. The estimation of a corresponding age for the survivors
was a more difficult matter. In the subsequent tables in which the
cancer cases (including both deaths and survivors) are divided into age
groups, the age for the survivors was derived from the first year the
child was treated for cancer as this was the only information available
for most cases. Although this age does not correspond to age of death
for those who died of cancer, it is the best available and the only
alternative to discarding the survivors in all situations where the

age of the child is considered.

II. Factors Affecting the Composition of the Base Population

There are a number of factors which might affect the cancer
rates by affecting the base population:

a. In a few of the tables the cancer rates for age group zero
to seven do not show precisely the same trend as the overall rates,
since the latter include a number of children who were followed te . the
age of eight or nine years. In these situations the rates will also be

calculated per person-years in order to compensate for the different
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years of exposure to the risk of cancer in the various sections of the
base population.

b. The total number of births in the population is not always
identical from one table to another, in spite of the fact that the base
population used is the same. The reason is that more than one method
was used to obtain the population counts. For many variables the num-
bers provided in the reports (Ontario Perinatal Mortality Study Committee,
1961, 1967) are used, while for other variables, or a combination of
variables, special counts were made. In the special sorts, unknowns
in sex, birth weight and birth order were generally excluded. In no
case is the base population sufficiently different to alter even the
first decimal place of the cancer rates calculated.

c. Since the cancer rates are calculated using the original
base population as a denominator without considering other causes of
death, the possibility exists that the base population may be depleted
selectively for levels of certain variables. For instance, suppose
that the total death rate (excluding cancer deaths) for children of
heavy smokers were three times that of the average death rate. On
applying the age-specific death rates of the province of Ontario to
the children of the heavy smokers according to the above assumption,
it may be calculated that the failure to deplete the base population
of children of heavy smokers causes the cancer rate to appear 0.2 per
10,000 births lower than the actual rate. This difference is not suffi-
cient to affect any discussion of this variable with respect to the
childhood cancer rates. The same discussion applies to other variables

as well and the selective depletion of the base population with respect
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to certain variables may be considered negligible.

IIT. Maternal Smoking Habits during Pregnancy

The childhood cancer rates are shown in Table 3 by maternal
smoking habits during the relevant pregnancy. The various sections of
the table show the parts of the base population for which different
perinatal questionnaires were used. Thus the forms for the Ontario
Perinatal Mortality Study in 1959 divided smoking habits into two cate-—
gories: (i) less than one pack per day, including nonsmokers; (ii) one
pack per day or more. The 1960 and 1961 Ontario Perinatal Mortality
forms separated the women into three groups: (i) nonsmokers; (ii)
those smoking less than one pack per day; (iii) those smoking one pack
per day or more. The British Perinatal Mortality forms asked how many
cigarettes per day the woman smoked during this pregnancy. For the
purpose of the present study, the British data were divided into three
groups: (i) nonsmokers; (ii) those smoking less than 20 cigarettes per
day, i.e., corresponding to one pack; (iii) those smoking 20 cigarettes
per day or more, i.e., corresponding to one pack per day or more. This
division made it possible to amalgamate the results of the British Peri-
natal Mortality Survey with the Ontario study, as is shown in sections
(v) and (vi) of Table 3.

The third column in Table 3 shows the rate of cancer cases per
10,000 single live births surviving seven days or more. For the 1960
and 1961 Ontario data combined with the British data, the nonsmokers
show a childhood cancer rate of 8.8 per 10,000 among their offspring,

while all smokers have a cancer rate of 11.7 per 10,000 among their
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Cancer Rates by Maternal Smoking Habits

during the Relevant Pregnancy for

Various Sections of the Base Population
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Maternal Smoking Habits Base
Population

Cancer Cases
N Rate/10,000

(deaths and
survivors)

(i) Ont. PMS 1959

None or <1 pack/day 19,481
1 pack/day and over 1,314
Unknown 2,051
Total 22,846

(ii) oOnt. PMS, 1960 and 1961

None 27,684
< 1 pack/day 14,899
1 pack/day and over 6,359
Unknown 1,164
Total 50,106

(iii) oOnt. PMS 1959, 1960, 1961 births

None, or < pack/day 62,064
1 pack/day and over 7,673
Unknown 3,215
Total 72,952

(iv) Brit. PMS

None 10,802
< 1 pack/day 4,110
1 pack/day or more 298
Unknown 1,140

Total 16,350

32

28
18

52

~!
W~ &~

84

O~

13

11.5

oo

8.0



TABLE 3 (Continued)
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Maternal Smoking Habits Base Cancer Cases (deaths &
Population N Rate/10,000 survivors)
(v) Ont. PMS 1960, 1961, Brit. PMS
None 38,486 34 8.8
< 1 pack/day 19,009 25 13.2 ) Rate for all smokers
1 pack/day or more 6,657 5 7.5 ) combined is 11.7
Unknown 2,304 1 4.3
Total 66,456 65 9.8
(vi) Ont. PMS 1959, 1960, 1961, Brit. PMS
None or <« 1 pack/day 76,976 87 11.3
1 pack/day or more 7,971 7 8.8
Unknown 4,355 3 6.9
Total 89,302 97 10.9
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children (Table 3 (v)). The relative risk for children of smokers com-
pared with children of nonsmokers is 1.33. To test whether this relative
risk is significantly different from ome, the method described by Woolf
(1954) was used. Using this method, 957 confidence limits around the re-—
lative risk 1.33 were computed to be 0.81 to 2.2. (The confidence limits
were calculated by using a slight modification of Woolf's method as de-
scribed in Appendix B.) Although the lower confidence limit indicates that
‘the two rates cannot be considered significantly different, the upper limit
suggests that the difference between cancer rates for smokers and non-
smokers could be as much as a doubling. What can be concluded here is that
it is extremely improbable for the real situation to be a tripling of can-
cer risk for the children of smokers, since a tripling is well outside the
confidence limits.

For the same population (Ontario 1960 and 1961, and British
P.M.S.), Table 3(v) divides the smokers into light smokers, i.e., less
than one pack per day, and heavy smokers, i.e., one pack per day or
more. Ihe childhood cancer rate among offspring of light smokers shows
a 507% increase over that of nonsmokers, while the offspring of heavy
smokers show no increase, but even a numerically lower cancer rate than
for nonsmokers. Although the lower cancer risk among children of the
heavy smokers is not significant at the 5% level, the lack of a dose-
response relation casts further doubt on the hypothesis that smoking
during pregnancy increases the risk of childhood cancer in the offspring.
For lung cancer an increase in amount smoked could be shown to cause an
increase in cancer rate, and it would not be unreasonable to expect such
a relation here also. However, the low cancer rate for the of fspring

of the heavy smokers is the least reliable of the rates given since it



28

is based on the smallest number of births. This is evident from the
95% confidence limits of the relative risk of heavy smokers over non-
smokers (0.33 to 2.2) which shows that the possibility of the rate of
heavy smokers being double that of nonsmokers remains, in spite of the
fact that the rate for heavy smokers is numerically lower in this study.

Another reason for lower reliability of the cancer rate of
heavy smokers is the following. The most likely error in reporting smok-
ing Habits would be that women smoking over one pack per day would not
admit to this and instead classify themselves with the light smokers.
This would tend to increase the cancer rate in the light smokers (if a
relation does exist) and to make the rate of the heavy smokers less re-
liable because of smaller numbers.

Table 3 (vi) shows the childhood cancer rates by maternal smok-
ing habits for all the data combined. Because of the format of the 1959
Ontario data, only two divisions are possible: the light smokers com-
bined with nonsmokers, and the heavy smokers. These data show the same
trend as that discussed above, with the childhood cancer rate for the
offspring of heavy smokers being lower than that for the offspring of
light and nonsmokers comhined.

The childhood cancer rates by maternal smoking habits during the
relevant pregnancy are given in Table 4 for the major diagnéstic divi;
sions. In none of the diagnoétic.divisions could a statistically signi-
ficant difference be shown between the rates for the children of the
different smoking groups. The most divergent rates are for the "other
cancers" category with a rate of 2.6 per 10,000 for children of non-

smokers and 5.1 per 10,000 for children of smoking mothers. The ratio
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is not statistically significant. If the difference were significant,
it would be difficult to interpret. This category is composed of

many types cof cancer with the largest single diagnostic group consisting
of the children with Wilms's tumour and the other diagnoses have no more
than four cases each.

Table 5 shows age-specific cancer rates by maternal smoking

habits. Two sets of rates show a statistically significant difference:
(i) In the age group under two years the cancer rate for children of
mothers smoking one pack per day or more is significantly greater than
the cancer rate of children of light and nonsmokers combined (Table 5(ii),
relative risk of 3.32 giving 95% confidence limits of 1.21 to 9.2).
(ii) 1In the age group from two to five years, the children of mothers
smoking less than one pack per day have a significantly higher rate of
cancer than the children of mothers who do not smoke (Table 5 (i), 95%
confidence limits 1.1 to 5.6 around the ratio of 2.42).

Some sets of rates differ in the opposite direction of that
hypothesized but these lacked statistical significance. Thus in the
medium age range the children of heavy smokers show an apparent de-
ficiency in cancer when compared to children of light and nonsmokers
combined. Also in the oldest age group, children of all smokers appear
to show a lower cancer rate than children of nonsmokers. However,
since confidence limits around the ratios of these rates are wide, the
children of smokers in the oldest age group could still be from a popu-
lation with a cancer risk double that of children of nonsmokers.

More than one interpretation of these results is possible:
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a. The original hypothesis that smoking during pregnancy in-
creases the cancer risk in the offspring could still be correct with the
increase being confined to the age groups under 2 years.

b. Smoking by mothers during pregnancy may speed the development
of cancer in children destined to succumb to the disease anyway because
of susceptibility to cancer from other unknown causes, e.g., environ-
mental or genetic. If this were the only effect of smoking, the appar-
ently lower cancer risk at the higher ages for children of smoking
mothers would be a real deficiency and could be verified if the study
were repeated with larger numbers.

¢. The above two interpretations could each explain part of the
observed differences.

d. The results came about by chance only and smoking during
pregnancy has no real effect on childhood céncer.

Before ending the presentation of‘the results on the relation
between maternal smoking habits in pregnancy and childhood cancer,
the possibility has to be considered that such a relation may be affected
by a third factor. The effect of such factors can be calculated by in-
direct standardizatidn. Tables 6 to 9 show the distribution of sex of
child, birth weight, birth order and maternal age (which have been im-
plicated in childhood cancer in other studies) by maternal smoking
habits. In all cases the standardizing factor is near one, demonstrat-
ing that the variables considered have negligible effects on the com—
parison of childhood cancer rates for the groups with different smoking
habits. For further detail on the method used to calculate the stan-

dardizing factor, see Appendix B.
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TABLE 6

Smoking Habits by Sex of Child

Ont. PMS 1960, 1961, Brit. PMS

Sex N % Standardizing
Factor

(i) Nonsmokers

Male 19,982 51.9%
Female 18,504 48.1%
Total 38,486 100.0% 1.00

(ii) Smokers

Male 13,101 51.0%
Female 12,565 49.,0%
Total 25,666 100.0% 1.01

(iii) Unknown smoking habits

Male 1,215 52.7%
Female 1,089 47.3%
Total 2,304 100.0% 1.00

Note: The standard population is the Ont. PMS 1959, 1960, 1961,
Brit. PMS base population.
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TABLE 7

Smoking Habits by Birth Weight

Ont. PMS, 1960, 1961, Brit. PMS

Birth Weight N % Standardizing
Factor

(i) Nonsmokers

Premature 1,401 3.6%
Mature 37,085 96.4%
Total 38,486 100.0% 1.01

(ii) Smokers

Premature 1,803 7.0%
Mature 23,863 93.0%
Total 25,666 100.0% 1.01

(iii) Unknown smoking habits

Premature 149 6.5%
Mature 2,155 93.5%
Total 2,304 100.0% 1.00

Note: The standard population is the Ont. PMS 1959, 1960, 1961,
Brit. PMS base population.



TABLE 8

Smoking Habits by Birth Order

Ont. PMS, 1960, 1961, Brit. PMS

65

Birth Order N % Standardizing
Factor
(i) Nonsmokers
First 13,552 35.2%
Second 11,309 29.4%
Third & over
& unknown 13,625 35.4%
Total 38,486 100.0% 1.00
(ii) Smokers
First 8,271 32.2%
Second 6,919 27.0%
Third & over
& unknown 10,476 40.8%
Total 25,666 100.0% 1.05
(iii) Unknown smoking habits
First 842 36.5%
Second 617 26.8%
Third & over
& unknown 845 36.7
Total 2,304 100.0% 1.00

Note: Total births with unknown birth order are 1,041.

The standard population is the Ont. PMS 1959, 1960, 1961,

Brit. PMS base population.
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TABLE 9

Smoking Habits by Maternal Age

Ont. PMS, 1960, 1961, Brit. PMS

Maternal
Age Groups N % Standardizing
Factor
(i) Nonsmokers
Under 25 13,398 34.87
25-29 11,802 30.7%
30-34 8,009 20.8%
35 + 5,271 13.7%
Total 38,480 100.0% 1.00
(ii) Smokers
Under 25 9,988 38.9%
25-29 7,618 29.7%
30-34 5,099 19.9%
35 + 2,958 11.5%
Total 25,663 100.0% 1.01
(iii) Unknown smoking habits
Under 25 967 42,0%
25-29 645 28.0%
30-34 42Q 18.3%
35 + 268 11.7%
Total 2,300 100.0% 1.05

Note: Unknown maternal age is excluded

The standard population is the Ont. PMS 1959, 1960, 1961,
Brit. PMS hase population.
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IV. Maternal, Paternal Age and Birth Order

In the remainder of this section the association of childhood
cancer with a variety of maternal variables will be discussed. Some of
these have been tested in other studies while others have not been con-
sidered earlier. If tests of statistical significance were routinely
performed for all rates given, one out of twenty may be expected to show
statistical significance at the 5% level even when no real difference
exists. On the other hand, if the level of acceptance of the null hypo-
thesis were raised to 99% then the danger increases of accepting a null
hypothesis of no difference while a real difference exists. For these
reasons,the rates will be discussed without reference to statistical
significance in spite of the occasional mention of statistical signi-
ficance, especially where other studies havé considered the same vari-
able.

Table 10 shows the childhood cancer rates by maternal age at
the birth of the child. The rates rise with increasing maternal . age
although the trend stops with the oldest age group where the rate is
unexpectedly low. A ‘X? for trend (Cochran, 1951) was calculated and
found not to be significant.

The low rate for the highest maternal age group is rather sur-
prising although the deficiency is not statistically significant. Most
other studies considering maternal age at birth in relation to child-
hood cancer found either that mothers of cancer patients were slightly
older than controls, or found no difference at all. Stewart et al (1958)

found that mothers of leukemia patients were on the average a half year
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older than controls but that this difference was due mainly to an ex-
cess of a small group of women over forty on the leukemia side even
after mothers of mongols were excluded. When in the present study the
average age is calculated for the base population and for the mothers
of the cancer cases by using the midpoint of the age interval as an
average age for all the women in the age group, it is found that the
women in the base population have an average age of 27.7 years, the
mothers of all cancer cases 28.1 years, and the mothers of leukemia
cases 27.6 years. Thus no substantial difference can be seen in the
average age.

MacMahon and Newill (1962) found a trend of increasing rates of
childhood leukemia with increasing maternal age. In the prospective
study by MacMahon (1962) no difference was found in maternal age distri-
bution either for all cancer cases together, or for leukemia cases and
cases with cancer of the central nervous system separately. In the
present study no trend in maternal age distribution is evident for the
diagnostic subdivisions.

The second part of Table 10 shows childhood cancer rates by
maternal age and age group of the children. Only the children under four
show a trend similar to that of the overall rates. Using the mid-
points of the age intervals, the average age of their mothers is 28.3.
This can perhaps be compared to the results of Ageret al (1965) who studied
children under four years, although only those with leukemia. In their
study the mothers of the patients were on the average 221/4 years older

than of controls which is a greater increase than found in most other
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studies with older children.

Table 11 shows the childhood cancer rates by the father's age
at the birth of the child. The paternal age is divided into two cate-
gories, those fathers less than 30 years old and those 30 years and
over. This particular age division was chosen mainly because it divided
the fathers into two approximately equal groups. The ratio of rates of
the two paternal age groups is 1.44 with 95% confidenqe limits of 0.91
to 2.3 and thus the higher cancer rates for the older fathers is not
statistically significant at the 5% level in this study. The children
with leukemia and with “other cancers" also show the higher cancer
rates for the older fathers as do the children under four years old.
Table 12 shows the childhood cancer rates for paternal age further sub-
divided into maternal age groups. In this table, the differences between
the paternal age groups appear to override the differences between the
maternal age groups. Other studies did not pay much attention to pa-
ternal age with respect to childhood cancer but the present results show
that further investigation of this might be profitable.

The chiidhood cancer rates for various birth order divisions
are given in Table 13. 1In this study birth order is defined as the
number of all previous term pregnancies plus premature births. The over—
all rates show a slightly lower cancer rate for first-born than for
other birth orders. None of the other sections of this table show any
outstanding differences in rates. Most other studies are quite consis-
tent in showing an excess of first-born among the cancer cases. Even a
somewhat different definition of birth order, e.g., inclusion of abor-

tions, or exclusion of previous stillbirths does not change the base
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TABLE 12

Cancer Rates for Paternal Age by Maternal Age

Ont. PMS 1959, 1960, 1961

Paternal Maternal Base Cancer Cancer
Age Age Population Cases Rate
per
10,000
Less than Less than
30 years 25 years 21,285 18 8.5
25 and over 12,397 12 9.7

30 and over Less than
25 years 3,013 4 13.3

25 and over 31,339 40 12.8

Note: Unknown maternal age and paternal age omitted.
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population to such an extent that it could explain different results in
the present study.

Table 14 shows childhood cancer rates for birth order by mater-
nal age. However, no trend can be noted that could not be seen in the

separate tables for maternal age and birth order.

V. Birth Weight and Gestation

Table 15 shows childhood cancer rates divided into two birth
weight groups: premature (less than 5 lbs. 9 oz. at birth) and mature
(5 1bs. 9 o0z. and more). No consistent difference in cancer risk can
be seen when comparing the premature infants with those of mature
birth weight. MacMahon and Newill (1962) found a slightly higher birth
weight for their cancer cases than their controls but explained this by
saying that the only criterion for the controls was that the infant
had to be born alive and thus a certain percentage probably died of
causes precipitated by prematurity while the cancer patients had to
survive until old enough to develop cancer. To qualify for inclusion
in the present study, the infant had to survive seven days and thus
many infants who died on account of prematurity have been removed. Be-
cause of the small number of premature infants, no further subdivisions
are given in Table 15,

In Table 16 childhood cancer rates are given by length of ges-
tation. The overall rates are somewhat higher for infants with a gesta—
tional period of less than 40 weeks than for those of forty weeks and

higher.
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TABLE 15

Cancer Rates by Birth Weight

1. Ont. PMS, 1959, 1960, 1961, Brit. PMS

76

Base All Cancer Cases

Population No. Rate

Premature 4,477 5 11.2
Mature 84,930 92 10.8
Total 89,407 97 10.8

Note: Births with unknown birth weights are excluded.

*Rates are per 10,000
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VI. Sex

Table 17 shows cancer rates by sex of child. From the table it
is obvious that the males have a substantially higher cancer risk than
females, the difference being statistically significant. At all ages
combined the highest relative risk for males is for cancer of the cen-
tral nervous system while for all sites combined it is for ages under
four years. Most other studies found approximately 607 males in their
cancer populations for various diagnostic groups, such as leukemia,
brain tumours. On comparing the rates of the present study with those
of all Ontario, the discrepancy between males and females in this study
is much larger. The main difference between this study and all Ontario
would be the almost completely urban nature of the base population as
opposed to the rural areas included in the all Ontario rates. It is
possible that males are more susceptible to whatever factors produce a
higher urban rate of childhood cancer.

A somewhat higher proportion of males among urban cancer pa-
tients can be shown elsewhere. For instance, in the period 1962-1967,
175 children under ten years died of malignant neoplasms in the city of
Toronto (Ontario Vital Statistics). Of these 101 (57.7%) were males
and 74 (42.37%) were females. In the rest of Ontario for the same time
period, 570 children under ten died of cancer, of which 312 (54.7%)
were males and 258 (45.3%) were females. Thus Toronto which is more
urban than the rest of Ontario had a higher percentage cf males dying
of cancer, while having no larger percentage of males (50.9%) in its

population than the rest of Ontario (51.2%). 1In the present study 410
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cancer cases, born in 1959, 1960, 1961, were coliected prior to 1968,
befecre selecting those born in the reievant hospitals. Of these 300
were from towns and cities larger than 5,000 and 110 from those smaller.
Of the 300, 164 (54.7%) were males and 136 (45.3%) were female. Of
the 110 from more rural areas exactly 50% were male and 50% female.

The two situations mentioned above have lower proportions of
males than the 62.9% males in the present study of the children born
in the relevant hospitals. However, the above does suggest a somewhat
higher proportion of males among childhood cancer patients in the

urban areas than in the rural areas.

VII. X-rays during, or prior to the Relevant Pregnancy

Table 18 shows the childhood cancer rates according to maternal
Xx-ray exposure during the relevant pregnancy. The cancer rates for wo-
men who received abdominal x-rays at any time during pregnancy are 45%
higher than the rates for women who had no X-ray during this time.
This increase is very similar to the 40% increase found by MacMahon
(1962). 1In his prospective study the results are statistically signifi-
cant while in the present study, because of smaller numbers, the dif-
ference is not statistically significant. Similar results were found
in several other studies as has been described above in the literature
survey. In MacMahon's study the excess mortality was found mainly in
the five to seven age group but no such conclusion can be drawn from
this study. Among site-specific rates the increased rate for abdominal
X-ray is most pronouncedin the other cancer category.

The rates in seven and under age group do not show precisely
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the same trend as the over-all rates. In the under seven age group,
the mothers who had abdominal X-rays during pregnancy show less increase
in cancer risk for their children than in the overall cancer rates. 1In
order to eliminate the possibility that this may be due to the different
years of exposure, the rates were calculated in terms of person-years.
The mothers with no x-ray exposure during pregnancy had a cancer rate
of 13.3 for their children, the mothers with chest x-rays 13.0 and the
mothers with abdominal x-rays 19.2 per 100,000 person-years. The rela-
tive risk for women with abdominal X-ray as compared to women with no
x-ray based on rates per person-years (1.44) is very similar to that
based on rates per 10,000 births (1.45) and thus is not dependent on
years of exposure.

Table 19 shows the cancer rates by pre-conception irradiaﬁion
of the mother. This information was available for the 1960 and 1961
Ontario data only. The women who had an abdominal x-ray prior to con-
ception show a 40% increase in cancer rate for their offspring over
women having had only a chest x-ray or an "other" x-ray which refers
mainly to extremities and teeth. Since the information in this table
depends mainly on the women's memory, its reliability may be questioned
but there is no reason to believe that a bias exists with respect to
childhood cancer. The results are in agreement with the few other
studies which took preconception x-rays into consideration, although in

the present study the difference is not statistically significant.

VIII. Maternal Envirommental Factors

Table 20 shows the socioeconomic class of the parents at birth
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of the child, which is based entirely on the occupation of the father.
The upper socioeconomic level consists of those with professional and
managerial occupations, the middle class contains the clerical, sales
and skilled persons while the lower class has the semi-skilled, un-
skilled and unknown. In the British population the farmers were included
in the upper socioeconomic class while in the Ontario population in the
lower.socioeconomic class. However, so few farmers are included in the
Ontario study that this could not have any appreciable effect. 1In
Table 20 a trend towards increasing cancer rate can be seen from the
upper towards the lower socioeconomic class but this trend is not stati-
stically different. Two other studies (Stewart et al, 1958, Graham
et al, 1960) which related socioeconomic class, based on occupation of
the father, to childhood cancer rates found no correlation at all.
Others who did find a relation between socioeconomic class and child—
hood cancer rate based the measurement of the socioeconomic class on
census tracts and hospital pay status. In those studies a trend was
found, opposite to that of the present study, with the highest rate for
the highest class. MacMahon (1962) found lower rates for children born
under clinic pay status than for private patients. In the present
study, Table 21 shows little difference in cancer risk for births with
private or public hospital status. 1In the subsections of Tables 20 and
21, neither age-specific nor site-specific results show any other
trends.

Table 22 shows cancer rates by marital status of the mother at

the birth of the child. The childhood cancer rates are quite similar
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TABLE 22

Cancer Rates by Marital Status

Ont. PMS, 1959, 1960, 1961

Marital Status Base Cancer Rate*
Population Cases

Married 68,496 80 11.7

Single, divorced

widowed, separated 4,463 . 4 9.0

Unknown 140 0

Total 73,099 11.5

*Rates are per 10,000
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for the two categories. However the "single, divorced, widowed and
separated" mothers is a small category; the childhood cancer rate igs
not very reliable., This is also the reason why the age-specific and
site-specific rates are not given for this table.

Table 23 shows childhood cancer rates by country of birth of
mother. The cancer rates for children of mothers born in Canada are
very similar to those of mothers born outside of Canada. Among site-
specific rates some differences in rates are seen for children with
leukemia and children with cancer of the nervous system. The women in
the unknown category show an unusually high cancer rate among their
offspring. This will be mentioned again in the Discussion.

Table 24 suggests that being employed outside the home during
pregnancy does not greatly affect the cancer rate of the offspring.

Of course, the variocus types of employment possible would expose the
women to quite different environments and this would dilute the effect
if only a certain employment provided exposure to a carcinogen which
could cause cancer in the offspring. No trends are obvious from the

subsections of the table.

IX. Drugs during Pregnancy

Tables 25, 26, and 27 show childhood cancer rates according to
the use of hypotensives, diuretics or hormones, respectively, during
pregnancy. No differences in cancer rates are noted that cannot be
explained by chance. Because of the small numbers in these and some of
the following tables, age-specific and site-specific rates are not

given.
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TABLE 25

Cancer Rates by Hypotensives during Pregnancy

Ont. PMS 1959, 1960, 1961

Hypotensives Base Cancer Rates*
Population Cases

None and unknown 72,023 83 11.5

Hypotensives taken 1,076 1 9.3

Total 73,099 84 11.5

*Rates are per 10,000



Cancer Rates by Diuretics

Ont. PMS 1959, 1960, 1961

TABLE 2 6

during Pregnancy

92

Diuretics Base Cancer Rate¥*
Population Cases

None and unknown 62,343 75 12.0

Diuretics taken 10,756 9 8.4

Total 73,099 84 11.5

*Rates are per 10,000



TABLE 27

Cancer rates by Hormones during Pregnancy

Ont. PMS 1959, 1960, 1961

93

Hormones Base Cancer Rate*
Population Cases

None and unknown 71,242 82 11.5

Hormones 1,857 2 10.8

Total 73,099 84 11.5

*Rates are per 10,000
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Table 28 consists of two parts. The first part contains the data from
the 1959 Ontario study in which each woman was asked if she was de-
pressed, anxious, or worried during pregnancy. Of the 6024 women who
answered yes, only 261 were depressed and the remainder mentioned
anxiety or worry. The two categories were added together because of the
small number of the former and the probable lack of distinction between
the two. 1In the 1959 Ontario study no question regarding the taking of
tranquilizers was asked. In the 1960, 1961 perinatal study, no question
was asked concerning the mental state of the woman but only whether
tranquilizers were taken during pregnancy. These results are shown in
the second part of Table 28. 1In both sections of the table the '‘none"
categéry shows a substantially lower childhood cancer rate. 1In Table
28(i) the ratio of childhood cancer rates of women with anxiety to

that of women with no anxiety is 2.25, giving 95% confidence limits of
0.99 to 5.11 and thus nearly significant at the 5% level. In part (ii),
the ratio of women taking tranquilizers to those taking none or unknown
is 1.71 which is not statistically significant. This latter ratio
might have been somewhat higher if the unknowns could have been separa-
ted as in Section (i). The unknown categories sometimes show rather
high childhood cancer rates for no apparent reason (see, e.g., Table
28(i)).

It seems unlikely that sections (i) and (ii) of Table 28 are
measuring the same property. 1In the 1960, 1961 study 5.8% of the total
women had taken tranquilizers. Even if all the 5.8% would be in the
anxious group in the 1959 Ontario data, no more than 22% of women who

were anxious and worried, are likely to have taken tranquilizers during



TABLE 28

Cancer Rates by Anxiety or Tranquilizers during Pregnancy

95

Base Cancer Rate*
Population Cases
(i) Ont. PMS 1959
Anxiety
None 11,356 10 8.8
Depression, anxiety
and worry 6,024 12 19.9
Unknown 5,465 .lO 18.3
Total 22,845 32 13.9
(ii) Ont. PMS 1960, 1961
Tranquilizers
None and unknown 47,215 47 10.0
Any tranquilizer 2,919 5 17.1
Total 50,134 52 10.4

*Rates are per 10,000
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pregnancy and thus the tranquilizers as such cannot be blamed completely
for the increase in childhood cancer rate. The increase must be at
least partially due to some property of the anxiety or depression it-
self.

Table 29 shows childhood cancer rates by maternal sedation during
labour. The women who did receive sedation have a slightly higher can-
cer rate in their offspring. The more surprising results are shown in
Table 30 where the women who had no anaesthesia at birth have a consid-
erably higher childhood cancer rate for their offspring. This is espec-
ially prominent in the "other cancer" category. Of course, women who
do not receive anaesthesia at delivery are not representative of the
whole population of deliveries and have, for instance, a much higher
rate of perinatal mortality. In the Ontario Perinatal Mortality Study
these women showed a perinatal mortality rate of 66.0/1000 live births
as opposed to an overall rate of 26.3/1000 (Ontario Perinatal Mortality
Study Committee, 1967).

Table 31 shows childhood cancer rates by the presence or ab-
sence of both sedation and anaesthesia. This table shows that the women
who did not receive anaesthesia have a higher rate of cancer in their

offspring regardless of sedation.

X. Previous Fetal Wastage and Congenital Malformation

Previous studies have shown that a history of abortions and
stillbirths appears to be associated with an increase in the risk of
childhood cancer in later offspring. This was particularly prominent
when a history of fetal wastage in the mother was combined with irradia-

tion both during and before pregnancy (Gibson et al, 1968), 1In the
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present study a history of stillbirths was associated with a doubling
of childhood cancer rate in later offspring (Table 32) which was not
statistically significant. A history of abortions (Table 33) appeared
to have little influence upon the risk of cancer. A combination of a
history of fetal wastage with x-ray during the relevant pregnancy could
only be determined for the 1960, 1961 Ontario population and conse-
quently the numbers were too small (less than 1000 births) to provide
reliable rates.

Table 34 shows childhood cancer rates for infants who were born
with congenital malformations of any type. The children with congenital
malformations have double the cancer rate of normal children although
the difference is not statistically significant. Other studies have not
been very definite about an association of birth defects with subsequent
childhood cancer with the exception of reporting a substantial increase
in the incidence of leukemia for children with Down's syndrome (see
literature survey). This could not be verified in the present study
since it was not possible to be precise about the number of children

with Down's syndrome.

XI. Complications of Pregnancy and Delivery

Table 35 shows childhood cancer rates by the occurrence of
hemorrhage during the relevant pregnancy. According to this table the
presence of a hemorrhage at any time during pregnancy has little effect
on the cancer rate of the offspring.

Table 36 shows childhood cancer rates for various methods of de-
livery. Delivery by caesarean section shows a higher cancer rate while

the rates for cephalic and breech births are very similar.
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TABLE 32

Cancer Rates by History of Stillbirths

Ont. PMS, 1959, 1960, 1961

Stillbirths Base Cancer Rate*
Population Cases

No previous

stillbirths 71,066 80 11.3
Any previous

stillbirths 1,821 4 22.0
Unknown history 114
Total 73,001 84 11.5

*Rates are per 10,000



Cancer Rates by History of Abortions

TABLE 33

102

Abortions Base Cancer Rate%*
Population Cases

No previous

abortions 58,472 64 11.0
Any previous

abortions 14,781 20 13.5
Unknown history 168
Total 73,421 84 11.5

*Rates are per 10,000



TABLE 34

Cancer Rates by Congenital Malformations

103

Malformations Base Cancer Rates%*
Population Cases

None 71,256 80 11.2

Any malformation 1,813 4 22.1

Unknown 30

Total 73,099 84 11.5

*Rates are per 10,000
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TABLE 35

Cancer Rates by Hemorrhage during Relevant Pregnancy

Hemorrhage Base Cancer Rate%*
Population Cases

None or unknown 64,823 76 11.7

Any hemorrhage 8,276 8 9.7

Total 73,099 84 11.5

*Rates are per 10,000
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TABLE 36

Cancer Rates by Method of Delivery

Method of Delivery Base Cancer Rate*
Population Cases

Cephalic, forceps 67,221 75 11.2

Breech 1,990 2 10.1

Caesarean 3,776 7 18.5

Other and unknown 112

Total 73,099 84 11.5

*Rates are per 10,000
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XII. Blood Groups

Childhood cancer rates for each of the maternal ABO blood groups
are shown in Table 37. An interesting feature is the higher childhood
cancer rates for the maternal blood groups B and AB than for blood
group O and A. The differences are not sufficiently large to show sta-
tistical significance. Among diagnostic groups the same trend is very
prominent for leukemia while the other two diagnostic groups show no
such trend. When age-specific rates are examined the under-four group
shows higher cancer rates for B and AB mothers.

Table 38 shows the childhood cancer rates by maternal Rh
factor. The mothers with Rh negative blood have the higher cancer rate
in their offspring but the difference isnot significant at the 5% level.
This trend is again most pronounced among children with leukemia and in
the under four age groups. The high cancer rate for children of mothers
with unknown Rh factor is difficult to explain.

Table 39 shows that the increase in childhood cancer rate is
least for the Rh negative mother known to be nonsensitized and greatest
for women known to be sensitized and for those with sensitization un-
known. Why this last group should present an unusually high childhood
cancer rate is difficult to understand-uniess one makes the rather un-
likely assumption that this group includes a high proportion of sensi-
tized women not recorded as such.

Table 40 shows the childhood cancer rates by both maternal ABO
blood group and by maternal Rh factor. For blood group O, the cancer

rates are very similar for both Rh positive and Rh negative mothers
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TABLE 39

Cancer Rates for Rh Sensitized and Rh Nonsensitized

Ont. PMS 1959, 1960, 1961

Base Cancer Rate*
Population Cases

Rh positive 57,007 56 9.8
Rh negative - all 10,845 18 16.6
- nonsensitized 7,736 9 11.6

-~ sensitized 357 1 28.0

- sensitization

unknown , 2,752 8 : 29.1
Unknown Rh 5,256 | 10 . 19.0
Total 73,108 | 84 11.5

*Rates are per 10,000



TABLE 40

Cancer Rates by Maternal ABO
Blood Group and Rh Factor

Ont. PMS 1959, 1960, 1961, Brit. PMS

110

ABO Blood Rh Positive " Rh Negative
Group Base Cancer Base Cancer
Population Cases Rate%* Population Cases Rate#®
0 20,546 21  10.2 4,294 4 9.3
A 16,614 14 8.4 3,955 7 23.7
B 4,455 6 13.5 968 3 30.9
AB 1,555 2 12,9 373 1 26,8
Total 43,170 43  10.0 9,590 15 15.6
Cases for which either ABO blood group or Rh factor
or both are unknown:
36,767 39 10.6
Total 89,527 97 10.8

*Rates are per 10,000
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while for the other blood groups the Rh negative mothers have a very
much higher cancer rate among their offspring.

The pattern in Table 40 is reminiscent of the pattern of hemo-
lytic disease of the newborn caused by Rh incompatibility. It has been
shown in a number of studies (as reviewed by Marcus, 1969, and Muschel,
1967) that ABO incompatibility between mother and fetus reduces the fre-
quency of isoimmunization to the Rh factor. Almost all ABO incompat-
ibility reactions occur in infants of mothers with O blood group whose
anti-A and anti-B antibodies are of the IgG class, which of the major
immunoglobulin classes is the only one able to cross the placenta
(Marcus, 1969). Therefore for blood group O the incidence of erythro-
blastosis due to the Rh factor is reduced because of the protection af-
forded by ABO incompatibility. No such protection occurs in blood
groups A, B and AB.

This similarity in pattern suggests (but does not prove) a
similarity in mechanism between Rh isoimmunizatibn and the association
of maternal blood groups and childhood cancer. The Rh incompatibility,
even when erythroblastosis is not clinically evident, could in some
manner start a train of events which results in a greater susceptibil-
ity of the child to cancer. This possibility is especially suspected
for leukemia, since both in Tables 37 and 38 the leukemia rates show
the most pronounced association with maternal Rh blood group.

If the maternal-fetal Rh incompatibility influences childhood
cancer, the cancer rate among children of Rh negative mothers may be
expected to increase with birth order because the likelihood of sensi-

tization of the mother increases with each successive birth. Table 41
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shows the childhood cancer rates by maternal Rh factor and birth order

of the child. The fact that the cancer rate

th

cr the first-born child-
ren of Rh negative mothers is based on only one case, detracts greatly
from the value of the table. Tables showing childhood cancer rates for
maternal blood groups by infant blood groups would be very interesting
but cannot be provided here since infant blood group was recorded for
only one quarter of the infants.

For Tables 37 and 38, cancer rates were also calculated hased
On person-years in order to determine whether the difference in years of
exposure of the various subdivisions of the base population affects the
trends in the relationship between childhood cancer and maternal blood
groups. For maternal blood group O the childhood cancer rate is 14.0, for
blood group A it is 12.7, for blood group B it is 20.4 and for blood
group AB it is 19.2 per 100,000 person-years. The trend shown when
rates are given per 100,000 person-years is very similar to that when
the rates are given per 10,000 births. Similarly, for the maternal Rh
positive blood group, the childhood cancer rate is 11.7 while for
mothers with Rh negative blood the childhood cancer rate is 17.2 per
100,000 person-years. The ratio of rates is 1.47 whether the rates are
calculated for 10,000 births or per 100,000 person-years. Thus both for
the maternal ABO blood groups and presence or absence of Rh factor,
the relative risks of childhood cancer are not affected by years expos-
ure of the children to cancer risk.

Another factor to be considered is the variation of both blood

groups and cancer incidence with a third factor, ethnic origin, as de-

scribed in the literature survey. The presence of an excess of persons
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of Jewish ethnic origin in certain blood groups as well as in the can-
cer population has been found previously (MacMahon & Folusiak, 1958)
but is unlikely to affect results of the present study. The percentage
of the total population of Jewish origin in Kingston, London, Ottawa
and Toronto is less than 1.5% (Canada, Census 1961). Thus among the 84
cancer cases from these places one or two may be expected to be of
Jewish origin. However, even a doubling or tripling of this number,
because of the greater susceptibility of persons of Jewish origin to
leuvkemia, is very wunlikely to account for the differences in the cancer
rates for certain ABO and Rh blood groups. This could not be checked
more precisely in this study, since the ethnic origin was not recorded
on the perinatal record.

A need for further investigation of the relation between mater—
nal and fetal blood groups, on the one hand, and development of child-
hood cancer, on the other, is strongly indicated by the present re-
sults. Such further research may shed some light on the mechanism and

causation of cancer in children.
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DISCUSSION

L. Smoking during Pregnancy

In the present study, the women who smoked any amount during pre-
gnancy showed a cancer rate in their offspring 337 higher than that among
the children of nonsmokers. This excess cannot be shown to be statisti-
cally significant (the 95% confidence limits of the ratio 1.33 are 0.81
to 2.2). In addition, a dose-response relation is lacking since the
children of heavy smokers show a cancer rate numerically similar to that
of nonsmokers. A dose-response relation could be expected here éince an
increased amount of smoking has been found to be associated with an in-
creased risk of lung cancer. However, the heavy smokers in this study
are the smallest group and thus present the least reliable rates. 1In
this context the investigation by Welch et al (1969) may be mentioned,
in which the placentas of smokers and of nonsmokers were examined for the
presence of 3,4-benzpyrenehydroxylase. This enzyme was present in the
placentas of smokers but not in those of nonsmokers, although no dose-
response relation could be shown. They explained this by the varying
amounts of this carcinogen present in the different brands of cigarettes
and were able to show a dose-response relation when they subjected rats
to known amounts of carcinogen. The same reasoning might apply in a dose-
response relation between the association of smoking in pregnancy and
subsequent cancer in the offspring. Of course, this latter relationship
may involve other or additional carcinogens of those present in tobacco

smoke.
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MacMahon (1962) found a 40% increase in childhood cancer risk for
children of women who were irradiated during pregnancy. An increase of
this magnitude due to smoking in pregnancy is possible and can neither by
proved nor disproved by the present results. Studies like those of Mac-
Mahon (1962) and Stewart et al (1958) were instrumental in reducing X-ray
exposure during pregnancy to the necessary minimum. Judicious use of
prenatal X-rays is still needed to reduce complications by anticipating
obstetrical difficulties, or diagnosing maternal problems, e.g. kidney
disorders. In considering smoking during pregnancy, the practical situa-
tion is quite different. An increase in childhood cancer due to smoking
during pregnancy is not necessary as an argument to stop women smoking
during pregnancy, since a more powerful argument lies in the relation bé-
tween smoking and prematurity. In the 1960, 1961 Ontario study, 659 peri-
natal deaths occurred among infants of nonsmoking mothers (23.2 per 1000
births) and 645 among smokers (29.4 per 1000 births), the increased rate
for the latter being mainly due to the higher prematurity rate for smokers
(Ontario Perinatal Mortality Study Committee, 1967). If the smokers had
experienced the same perinatal mortality rate as nonsmokers, only 508 in-
fants would have died in this group, a saving of 137 infants' lives. 1In
the same 1960, 1961 population of births, 52 children were found to have
cancer before the end of 1968. Thus any possible increase in number of
cancer cases due to smoking is small when compared to the increase in pre-
maturity and hence and increase in number of perinatal deaths.

The main importance of the examination of an association between
smoking during pregnancy and the childhood cancer rate is in terms of the

etiology of cancer. Any further knowledge of the causation of cancer is
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gain. In this perspective the results of this study can be summarized
by saying that in increase of childhood cancer due to smoking is still
possible but that a tripling in rates, or even a 2.5-fold increase, is
extremely unlikely. This becomes particularly meaningful when one con-
siders that smoking multiplies the risk of lung cancer as much as ten
times for men smoking less than one pack per day, and five times for wo-
men with the most exposure (Public Health Service Publication. No. 1696,

p. 34).

II. Blood Groups

A number of other variables other than smoking during pregnancy
were considered in relation to the development of cancer in the offspring.
Some of these variables have been investigated in other studies, while
others have not. Of the latter, the most interesting results were ob-
tained by examining the relation between blood groups and childhood can-
cer. Although many of the associations between maternal blood groups and
childhood cancer were not statistically significant, what encourages
further investigation is the congruence of the results with other know-
ledge and the consistency of these results with each other.

The congruence with other knowledge becomes clear in comparing the
present results with the association between maternal blood group and
hemolytic disease of the newborn due to Rh incompatibility. The highest
childhood cancer rates are shown for the offspring of mother with B and
AB blood groups, and for mothers with Rh negative blood (Tables 37 and 38).
When cancer rates are shown subdivided for both ABO and Rh blood groups

(Table 40), the Rh negative mothers consistently have the highest rate re-
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gardless of ABO blood group, excepting those of blood group O. This is
consistent with the trend expected for hemolytic disease of the newborn
due to Rh incompatibility.

The other analyses are also consistent with this trend. Thus
the cancer rate is lower for mothers known to be Rh negative unsensitized
than for the other Rh negative women. For the site-specific rates it is
seen that for both maternal ABO blood and maternal Rh factor the trend
appears to be mainly due to leukemia, while for the age-specific rates
to the under four age-group. Further investigation is needed here to
confirm these observations, and if confirmed, to make further analyses,
e.g., childhood cancer rates by both maternal and infant blood groups.
At that time speculation regarding the possible immunological mechan-
ism becomes feasible.

The question can be raised as to why none of the children in
the base population with erythroblastosis developed cancer. In the
1960, 1961 Ontario data, 359 infants were coded as having Rh erythro-
blastosis and surviving at least seven days. At a rate of 21.5 per
10,000 (the rate for Rh negative mothers) 0.8 cancer cases would be
expected in the 359 cases with erythroblastosis. According to a tahle
of individual terms of the Poisson distribution (Table 39, Pearson and
Hartley, 1966) the probability of zero cases in this situation is 0.45.
Similarly at a rate of 30 per 10,000, 1.1 cases may be expected and the
probability of no cases is 0.33. At a rate of 40 per 10,000 the pro-
bability of no cases is 0.25; and at rate of 50 per 10,000 it is still
C.17. Therefore even at a very high cancer rate, the likelihood is sub-

stantial that no cases might have occurred in the 359 children with
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erythroblastosis.

I1I. The Unknown Categories

Several of the tables show unusually high childhood cancer rates
among the offspring of women whose status with respect to the pertinent
variable was unknown. This is particularly true for unknown paternal
age (Table 11) with a rate of 20.4 per 10,000, unknown birthplace of
mother (Table 23) with a rate of 38.0 per 10,000, unknown anxiety in the
mother during pregnancy (Table 28) with a rate of 18.3 per 10,000 and
unknown Rh (Table 38) with a rate of 17.5 per 10,000. These rates are
based on 9 to 11 cancer cases. In many other tables the unknown cate—
gory is too small to give a reliable rate.

There are some reasons why the unknowns may be different from
the rest of the table in which they occur. For example, the unknown
paternal age category includes the single women. However, Table 22
shows that the single, divorced and separated women do not show a
higher rate for childhood cancer. Also the perinatal forms may not
have been completed as carefully for public patients as for private
patients. However, the cancer rate for public patients was no higher
than that for the private hospital patients (Table 21).

What is the difference between the unknown category and the
other women for any variable? It is unlikely to be a random process
where each woman in the study has an equal chance of being in the un-
known category. Whatever factors cause a mother to be in the unknown
category could possibly be associated with the risk of childhood cancer.

Further investigation of the unknown category would entail a separate
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examination of the data for this purpose, perhaps by interviewing a

sample of unknowns. This is beyond the scope of the present study.

IV. Other Variables Needing Further Examination

The present study was begun on the basis of a hypothesis con-
cerning the relation of smoking in pregnancy to cancer in the off-
spring. Since a great deal of other information was available on the
course of the pregnancy, other variables could be investigated as well
in relation to childhood cancer. Because these relations are being
considered without a priori hypotheses, conclusions should be drawn
with great care. However, one important aspect of studying such a
series of relatiomns is that it may lead to further research.

Table 42 lists the variables for which a 50% in childhood can—
cer risk was found for one of the categories. Of these, sex of child,
history of stillbirths and congenital malformations of the child have
been mentioned in other studies, but certainly have not been studied
exhaustively. The higher cancer rates for the offspring of women
showing depression, anxiety and worry, or taking tranquilizers (Table
28) are fascinating, and further work here would be of great interest.
The differences in rates associated with the presence or absence of
anaesthesia are very puzzling since it is the category without anaes-
thesia that has the high rate. The presence of a higher rate for the
caesarean births than for the vaginal deliveries is opposed to that
expected from the anaesthesia results since a larger proportion of
caesarean births received anaesthesia.

Since few of the sets of rates mentioned in Table 42 have
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TABLE 42

Variables Showing a 50% or Higher
Increase in Cancer Risk

Low Childhood High Childhood % increase
Cancer Rate Cancer Rate in Cancer
Rate
Sex Female Male 59%
Anxiety None Any 126%
Tranquilizers None Any 71%
Previous Stillbirths None Any 95%
Anaesthesia Any None 1217
Congenital
Malformation None Aay 97%
Method of Delivery Cephalic Caesarian 65%

ABO Blood Group 0,A B, AB 58%
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ratios statistically significantly different from one, it is quite
probable that many of the differences have arisen by chance. Neverthe-
less, further investigation is necessary and may be very informative in

the study of the epidemiology of childhood cancer.
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SUMMARY AND CONCLUSIONS

This study is a prospective investigation of a possible relation-
ship between smoking during pregnancy and the development of cancer in
the offspring. A number of other prenatal factors were also examined
for possible influence on childhood cancer risk.

Extensive records were available on events during the pregnancy
and delivery for the 73,099 births, surviving at least seven days, of
the Ontario Perinatal Mortality Study conducted in 1959, 1960 and 1961,
in ten university teaching hospitals in Ontario. Lists of childhood
cancer deaths were received from the Cancer Statistics Section of the
Ontario Department of Health. All cancer clinics in the province were
visited, as well as the Hospital for Sick Children and the Princess Mar—
garet Hospital in Toronto, for data on any children of the right ages,
who were being treated for cancer. The names and further information
were then sent to the Deputy Registrar of Ontario in order to complete
the data necessary for linkage with the Ontario Perinatal Study records.
By this method 54 deaths and 30 survivors were collected until the cut-
off point in December 1968.

The data from the British Perinatal Mortality Survey, consisting
of 16,350 survivors could be added as well. These were followed from
birth to between seven and eight years and provided 13 cancer cases —-
11 deaths and 2 survivors.

All smokers combined showed a 33% increase in cancer rate for
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their offspring when compared to the children of nonsmokers. However,
this difference was not statistically significant. A tripling of can-
cer risk for the children of smokers could be excluded, which is impor-
tant in view of the greater increase in lung cancer risk for smokers.

A dose-response relation between amount smoked during pregnancy and
childhood cancer rate was not evident, casting further doubt upon the
hypothesis. No site-specific trends could be shown. The age-specific
rates showed a substantial increase in cancer rates for the children,
under two, of mothers who were heavy smokers during pregnancy, for
children, between two and four years old of light smokers, and an appa-
rent deficiency in cancer risk for children, in the age group five and
over, of all smokers.

Many other factors were also examined in relation to childhood
cancer risk: age of parent, birth order of child, sex of child, birth
weight, gestation period, envirommental factors during pregnancy, pre-
conception and in utero irradiation, the history of fetal wastage of the
mother, the presence of congenital malformations in the child, drugs
taken by the mother during pregnancy, the method of delivery, the pre-
sence of hemorrhage during pregnancy, and maternal blood groups.

Of the variables mentioned above, the maternal blood groups pro-
vided the most interesting results. Among the ABO blood groups, B and
AB showed the highest childhood cancer rates and in the comparison of
Rh groups, the children of Rh negative mothers showed the highest cancer
risk in children. Both of these trends were especially prominent for
leukemia. When cancer rates were made specific for both ABO and Rh

blood groups, the Rh negative mothers consistently had the higher rate
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regardless of ABO blood group, with the exception of blood group O.
This is consistent with the trend expected for hemolytic disease of

the newborn due to Rh isoimmunization.

A number of suggestions for further research were made on the

basis of the other variables investigated.
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APPENDIX B

Scme Further Detail on Statistical Methods
Employed in the Text
1. Confidence Limits
The variance was calculated by the method described by Woolf
(1954). The natural logarithm of the confidence limits is yt 1.96x8.D.
where: §.D. is the square root of the variance,
y is the natural logarithm of the ratio of
two rates arcund which the cenfidence
limits are to be constructed.

The antilogarithm of these limits is then found, giving the 95% confidence

limits of the ratio of the two rates.

2. Standardizing Factor

The method of indirect standardization for an extraneous variable,

used in this study, is that described by A. B. Hill in Principles of

Medical Statistics, Oxford University Press, 1967, p. 212. The stan-

dardizing factor is the ratio of the overall cancer rate in the standard
population to the index rate for each category of smokers. The index
rate is calculated as follows, taking sex of child as an-extraneous
variable. The standard rates specific for male and female are applied
to the male and female populations within each category of smokers and
thus the number of cases expected with the population at standard rates
are obtained. The index rate is then calculated by taking this expected

number over the total population within the category of smokers.
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