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Excess of cancer deaths in grandparents of
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SUMMARY An excess of cancer deaths was found in grandparents of 308 children with
retinoblastoma. This excess was found in all types of retinoblastoma, unilateral and bilateral, sporadic
and familial. We postulated that the excess could be the result of a factor of susceptibility to cancer,
different from the retinoblastoma gene, which would increase the mutation rate in retinal and
germ cells as well as in other tissues.

The genetic factors in retinoblastoma have been well
analysed. The two-mutational process1 allows an
overall explanation of the heterogeneity of the
affection. When the disease is bilateral, a germ cell
mutation is the primary event and is expressed in the
heterozygous state with a manifestation of almost
100%, as the result of a second somatic mutation in
several retinoblasts. A small fraction of unilateral
cases have the same origin, the somatico mutations
having occurred by chance in a single eye. The
majority of these unilateral cases is represented by
phenocopies which are the result of two successive
somatic mutations.

Children have been shown to develop second
primary cancers with a much higher frequency than
controls.26 These tumours may be radiation-induced
or non-radiogenic. Among non-radiogenic tumours,
a high frequency of osteogenic sarcomas in long
bones has been found. In most children who develop
a second tumour, the retinoblastoma is bilateral.
Strong and Knudson4 suggested that the gene for
retinoblastoma might be on the pathway to tumour
formation in some tissues, in which case a second
mutation would initiate a second-site tumour.
Kitchin and Ellsworth5 reached the same conclusion;
they believed that the retinoblastoma locus could be
related to theDNA polymerase enzyme systems.
Weichselbaum et al7 8 found increased fibroblast

radiosensitivity in a patient with retinoblastoma
associated with a chromosome 13 deletion. Fibro-
blasts in patients with familial retinoblastoma
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showed significantly higher radiosensitivities than
fibroblasts derived from patients with sporadic
retinoblastoma, the latter being within the normal
range. The authors postulated the existence of a
DNA repair defect in hereditary cases to account for
the high incidence of second tumours in these
patients.
Some families with a particular high frequency of

cancer in relatives have been published.9-11 Fedrick
and Baldwin12 found a significant excess of cases of
cancer in relatives ofnine patients.
The purpose of this study is to compare the

number of cancer deaths of grandparents of retino-
blastoma patients in our large series13 to the expected
number, based on French mortality statistics.
Grandparents were chosen rather than parents since
most of the latter are still alive. Data on other
relatives were incomplete and so susceptible to bias.

laterial

Our material has been collected from multiple
sources: hospitals, private ophthalmologists, radio-
therapists, ocularists, anatomopathologists, and
schools for visually handicapped children, from
various regions of France. A complete family
history could be obtained for 598 patients at the time
of publication and 28 new patients, most often by
interview with the mother or father or the proband
himself, and in some instances by postal question-
naire. Families were regularly followed up and
asked for additional information, in particular
concerning births or deaths of the different family
members. However, the dates and causes of death
were not recorded for all grandparents. In some
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families, it was not possible to complete the data,
because the parents could not be found, or they were
uncooperative, or they were too upset by the death
of their children. To the 246 others, we sent question-
naires asking the dates of birth and, when relevant,
the dates and causes of death of the four grand-
parents. Enclosed was a list of possible causes of
deaths in order to elicit a maximum of correct

answers. Responses to 167 questionnaires were

received. No replies were received from 73; six
questionnaires were returned address unknown. We
could not use death certificates, as did Swift et al,14
because these certificates are anonymous in France.

Finally, 308 probands had at least one dead
grandparent for whom the date, age, and cause of
death were known. Subjects who were known to have
cancer but died of another cause were counted as not
cancer.

Methods

The expected number of deaths through cancer

was calculated separately for grandfathers and
grandmothers for each 10-year age group and each
5-year period from 1925 to 1977, inclusive, using the
proportion of deaths from cancer in the French
population (table 1) for each of these sex and age-

period groups. The mortality statistics for France
before 1925 are not precise enough, so we did not
study deaths which occurred before this date.
French statistics for 1976 and beyond are not yet
available, so we chose the values of the year 1975
for the period 1975 to 1977. The data for the
years 1937 to 1939 were not published because
of disorganisation of French public services by
the war, so we estimated the proportions by extra-
polation.

TABLE 1 Proportion of cancer deaths (%) from malignant neoplasms in the French population

Period Age 20-29 30-39 40-49 50-59 60-69 70-79 > 80

M F M F M F M F M F M F M F

1925-29 0-52 0.67 1.53 4-10 4.24 11-12 8.34 14-02 8.97 11-30 5.32 6.01 1.65 2-21
1930-34 0-75 0-80 1.71 4-69 4.67 12-34 8.94 14-89 10-00 12-76 6.30 7-25 2.10 2-67
1935-39 0-80 0-93 2-18 4.86 5-18 12-10 8.82 14-82 10-35 13-18 6-81 7.81 2.73 3-44
1940-44 0-72 1-23 2-34 5-78 6-66 14-38 11-60 18-35 12-88 15-91 9.10 10-18 3-88 4.48
1945-49 1-77 2.13 4.25 9.24 12-23 20-68 18-43 24-75 18-33 20-37 13-24 13-25 5-81 6.21
1950-54 4-90 6.15 6-58 14-98 13-46 25-50 20-55 27-18 20-57 22-88 15-33 15-06 7-53 7.41
1955-59 7.00 11-22 8.61 20-32 14-81 29-92 22-52 30-92 23-21 25-38 17-72 16-64 9-69 8.58
1960-64 7-81 13-32 10-04 22-78 17.02 33.07 25*51 34.43 26-43 27.36 20 02 17.93 11-38 9-51
1965-69 6-88 11.68 11.08 22.30 19-27 33.22 26.96 36-33 27-65 28.60 21-70 18-74 12-66 10-02
1970-74 6.64 11-40 11-84 23-35 23-19 34-69 29-92 38-72 30-13 30-97 23-99 19-63 13-94 10-37
1975 7-07 12-15 12-67 23-81 25-11 35-16 31-72 40-13 31-72 32.78 24.90 20.43 14-56 10-59

Sources: 1925-1967, INSEE, Statistique des causes de d6ces;
1968-1975, INSERM, Statistique des causes m6dicales de d6ces.

TABLE 2 Distribution of deaths ofgrandfathers of retinoblastoma probands

Date Age 20-29 30-39 40-49 50-59 60-69 70-79 > 80

US BS Fam US BS Fam US BS Fam US BS Fam US BS Fam US BS Fam US BS Fam

1925-29 TD 1 1 1 2 1 1 1 1 1
CD 0 0 0 1 0 1 0 0 0

1930-34 TD 1 1 5 2 2 3 2 1
CD 0 0 0 0 0 0 0 0

1935-39 TD 7 7 3 4 2 5 2
CD 1 1 0 1 0 2 0

1940-44 TD 3 2 3 3 5 5 4 2 1 1 1 3 1
CD 0 0 0 1 1 1 0 0 0 0 0 0 0

1945-49 TD 2 1 4 1 2 6 1 1 2 3 2 6 6
CD 0 0 0 0 0 4 1 1 0 0 0 0 2

1950-54 TD 1 1 9 3 1 5 4 3 3 1 2
CD 0 1 3 1 0 1 1 0 1 0 0

1955-59 TD 3 1 1 2 6 1 5 6 3 5 3
CD 0 0 0 1 4 0 3 3 0 0 0

1960-64 TD 1 3 4 13 4 4 9 3 3 2
CD 0 1 2 3 3 0 2 0 0 0

1965-69 TD 3 3 3 15 7 1 16 9 1 5 6 3
CD 2 0 0 5 1 0 5 3 1 0 0 0

1970-74 TD 1 11 1 3 14 6 2 6 3 1
CD 1 3 0 3 5 4 0 2 0 0

1975-77 TD 1 4 1 3 2
CD 0 1 1 0 0

TD, total No of deaths; CD, No of cancer deaths; US, BS, Fam, see text.
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TABLE 3 Distribution of deaths ofgrandmothers of retinoblastoma probands
Age 20-29 30-39 40-49 50-59 60-69 70-79 > 80

US BS Fam US BS Fam US BS Fam US BS Fam US BS Fam US BS Fam US BS Fam

2 2
0 0

2 1
0 0

2 4 2
1 0 0
1 2
0 1
1 1
1 0

0

2
0
1
0
3
1

1 1
0 0
3 5
1 3
1 5
1 1

3
0

1
0

3 2 1 2 1
1 0 0 0 0
6 2 2 2
4 1 0 0
6 2 3 4 1 2
3 1 2 0 1 0
5 3 11 4 2
1 2 2 1 0
5 4 11 3 8
0 1 3 1 1
2 4 11 5 1 7
0 2 3 1 1 0
1 1 3 4 1 6
0 1 1 0 0 1

TD, total No of deaths; CD, No of cancer deaths; US, BS, Fam, see text.

Results

Tables 2 and 3 give the total number of deaths and
the number of deaths by cancer, respectively, for
grandfathers and grandmothers, for each age-period
group, separately for unilateral sporadic cases (US),
bilateral sporadic cases (BS), and familial cases
(Fam).
Among the 621 deaths, 110 6 cancers were

expected and 148 were observed. This excess is
highly significant (10-4>p> 10-5). Before analysing
these results more precisely, we considered whether
this excess might be the result of a higher percentage
of replies from families in which there were multiple
cases of cancer. We compared the results obtained
with the methods of data collection. In 102 cases, all
the information had been obtained by direct
interview. In 52 of these cases, the parents had been
interviewed at the time the child was admitted to
hospital (group 1). In 50 cases, they had been inter-

TABLE 4 Expected and observed numbers of cancer
deaths in grandparents of retinoblastoma patients
according to method of data collection

Interview at time Interview after Questionnaire
of admission agreement of
to hospital parents

Total No of
deaths 39 133 449

No of cancer
deaths

Expected 8.4 23.6 78.6
Observed 16 41 91
Probability* 10-2>p> 10-3 10-4>p> 10-5 0.07>p>0.06

',Right tailed test.

viewed in a genetic centre or at their home after they
had given their agreement (group 2). In the 206
other cases (group 3), the information had been
obtained either by questionnaire (119 cases) or by
interview, but completed by questionnaire (87 cases).
Selection of families with cancer may occur in
groups 2 and 3 but not in group 1, so if the excess of
cancer is partly the result of this bias, it should be less
important in group 1 than in the other two groups.
Table 4 gives the expected and observed numbers of
cancer deaths in the three groups. The excess is not
greater in groups 2 and 3 than in group 1, proving the
absence of such a bias. The excess is smaller in
group 3, suggesting that the number of cancer deaths
is underestimated in this group, probably because of
the excess ofimprecise answers, such as 'liver disease',
in this group compared to the other two groups.
(Imprecise answers have been counted as not cancer,
in order to avoid an overestimation of the number of
cancer deaths.)

TABLE 5 Expected and observed numbers of cancer
deaths in grandparents of retinoblastoma patients
according to type

Unilateral Bilateral Familial
sporadic sporadic

Total No of
deaths 375 191 55

No of cancer
deaths

Expected 61-6 34-5 10.5
Observed 81 51 16
Probability* 10-2>p> 10-3 10-3>p> 10-4 0.04>p>0.03

*Right tailed test.
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Table 5 shows the excess found in all types of
retinoblastoma. The excess exists in both sexes, as
shown in table 6, but seems to affect only deaths
after 50.

In sporadic cases, we examined the families where
at least one grandparent was dead on each side of
the pedigree and at least one of them died of cancer.
We calculated in each family the respective pro-
babilities that cancer occurred in both sides and in
only one side of the pedigree, using French statistics.
Summing over all families, we obtained the expected
numbers of families of each type and compared them
to the observed numbers. The results are given in
table 7. In unilateral cases, there is an excess of
families where cancer deaths occurred on both sides
of the pedigree (p = 0 004, binomial distribution),
but not in bilateral cases.
In familial cases, the expected and observed

numbers of cancer deaths were compared according
to the manifestation in the proband (table 8), to the
pedigree pattern (table 9), and to the possibility that

TABLE 6 Expected and observed numbers of cancer
deaths in grandparents of retinoblastoma patients
according to sex and age.
Sex No of deaths Age

<50 >50 Total

Total 58 313 371
Male Cancer Expected 3.8 60-5 64-3

Observed 4 81 85
Total 33 217 250

Female Cancer Expected 4.2 42.1 46-3
Observed 5 58 63

Total 91 530 621
Total Cancer Expected 8.0 102-6 110-6

Observed 9 139 148

TABLE 7 Distribution of cancer deaths in grandparents
ofsporadic cases according to side ofpedigree
Probands No offamilies Cancer deaths in grandparents

Both sides One side

Bilateral Expected 3.5 22.5
Observed 3 23

Unilateral Expected 4-9 30.1
Observed 12 23

TABLE 8 Expected and observed numbers of cancer
deaths in grandparents offamilial cases according to
manifestation in proband

Bilateral Unilateral

Total No of deaths 17 38
No of cancer deaths

Expected 4.5 6-0
Observed 5 11
Probability* 0.5>p>0.4 0.04>p>0.03

Right tailed binomial

TABLE 9 Expected and observed numbers of cancer
deaths in grandparents offamilial cases according to
pedigree pattern

Affected parent Affected sibs More distant
+ affected only affected
sib(s) relative(s)

Total No of
deaths 11 19 25

No of cancer
deaths

Expected 2.6 3 *6 4.3
Observed 3 4 9
Probability* 0-6>p>05 0.6>p>0.5 0-02>p>0.01

*Right tailed binomial

TABLE 10 Expected and observed numbers of cancer
deaths in grandparents offamilial cases according to
possibility of being gene carriers

Group*
1 2 3 4

TotalNoofdeaths 14 7 31 3
No ofcancer deaths

Expected 2-8 1*9 5.1 0.7
Observed 4 3 6 3
Probabilityt 0-4>p> 0.3>p> 0-5>p> 002>p>

0.3 0-2 0.4 0.01

*See text.
tRight tailed binomial

the grandparents were gene carriers (table 10). The
exact probability of being a gene carrier cannot be
computed easily except in extreme cases. A grand-
parent who is not situated on the same side of the
pedigree as the affected relative(s) of the proband
cannot be a gene carrier (group 1) and a grandparent
who is on the pathway of relationship between the
affected relative(s) and the proband, or is himself
affected, is certainly a gene carrier (group 4). We
separated the other grandparents into two groups.
Group 2 consisted of grandparents who are the

parents of an affected parent of the proband, this
parent being the first affected in the family. Most of
them are not gene carriers, but a little less than one in
two produced a mutated gamete.
Group 3 consisted of grandparents of several

affected sibs with unaffected parents, or grandparents
situated on the same side of the pedigree as the
affected relative(s). They may be gene carriers.

Tables 8, 9, and 10 show that an analysis of
familial cases is difficult because the number of
deaths is small when broken down into different
categories. However, the following may be noted.
The excess of cancer deaths is significant when the

proband is unilaterally affected but not when he is
bilaterally affected.

It is also significant when the retinoblastoma gene
has been transmitted through one or several
unaffected relatives and not in other cases.
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TABLE 11 Sites of cancers in grandparents of
retinoblastoma patients
Organs Expected Observed

Mouth, face 3.1 4
Oesophagus 6.9 7
Stomach 9.9 15
Intestine 15-8 16
Liver (primary), hepatic ducts 2-4 1
Pancreas 4*6 4
Digestive system (non-specific) 3 3 2
Larynx, pharynx 9-8 13
Lungs, respiratory system 18-7 20
Bones 1-1 4
Skin 1.4 0
Breast 9.0 7
Female genital organs 7*3 4
Male genital organs 5*5 2
Bladder, urinary tract 5.4 2
Eye, brain, nervous system 1 .7 3
Endocrine glands 0.6 0
Lymphosarcoma, reticulum cell sarcoma 1-1 I
Hodgkin's and other lymphatic tumours 1.0 2
Leukaemias and other myeloproliferative

disorders 5.4 7

As to the possibility of being gene carriers, it is
significant only when the grandparent is definitely
a gene carrier in spite of the small number of deaths.
Among the three grandparents, two were on the
pathway of relationship between distant relatives and
one himself had unilateral retinoblastoma.
The different sites of cancer are listed in table 11

except for 19 cases where it was not specified and 15
cases of liver cancer not specified as primary or
secondary. There is a wide variety of sites. The
figures expected for the different sites were calculated
for each age-sex group using the proportions in the
French population of 1975. The distributions are
not different among grandparents of retinoblastoma
patients and in the general population (X1 = 12 91,
after gathering small groups).

Discussion

A major question is whether the highly significant
differences are the result of bias or not. We did not
find a greater excess of cancer deaths in the groups
where selection of families with cancer could have
occurred than in the group where this type of
selection was absent. However, we cannot eliminate
another type of bias, resulting from the fact that data
were not collected in the same way for grandparents
of patients and controls. For this, it would be
necessary for our results to be checked in an unbiased
way, for instance in a country where death certifi-
cates of named people can be traced. If the excess is
not the result of such a bias, the following may be
discussed.
The occurrence of second primary cancers in

children with retinoblastoma has been attributed to

the retinoblastoma gene.4 5 According to this
hypothesis, one would expect a higher proportion of
cancer deaths among relatives who may be gene
carriers than among those who probably are not.
The probability that grandparents of sporadic

cases may be gene carriers can be approximately
estimated from the recurrence risks in sibs. In
bilateral cases, we estimated 10 to 20% as the
proportion of bilateral sporadic cases which are not
the result of fresh mutations in one of the parents.13
A new germ cell mutation may also have occurred in
a grandparent, so the proportion of gene carriers
among grandparents is less than 2 5 to 5% and
cannot reasonably explain the increase in suscepti-
bility to cancer. In unilateral sporadic cases, the
recurrence risk in sibs is 0 5 to 1% which gives a
proportion of carrier grandparents less than 1%,
making this explanation still more unlikely.

This suggests that the factor increasing the risk of
cancer in grandparents of children with retino-
blastoma is different from the gene ofretinoblastoma
but may have some relationship with it.
According to the mutation hypothesis, this factor

of susceptibility to cancer (FSC) could favour the
occurrence of tumours by increasing the mutation
rate in several tissues including retina and germ cells.
As it is found in several members of the same family,
it could be inherited, but it could also be because of
common environment. The excess of cancer deaths
occurring in both sides of the family in unilateral
sporadic cases could mean that this factor is inherited
with additive effects. However, one does not
understand why this excess on both sides is not
found in bilateral cases, unless this factor acts only
on the first mutation. In fact, in most bilateral
sporadic cases, the first mutation occurs in the
germ cells of one of the parents, whereas in unilateral
cases this mutation occurs in the retinal cells of the
proband himself. Using such a hypothesis, one
would expect, among couples of grandparents of
bilateral sporadic cases where at least one was dead
of cancer, an excess of couples in which both
grandfather and grandmother died of cancer. In
bilateral cases, there were 29 such couples and in six
of them both grandparents died of cancer, whereas
3 0 were expected; this excess is not far from
significance (p = 0 07, right-tailed binomial). We
did not find such an excess in unilateral cases: in four
of the 33 couples both grandparents died of cancer,
whereas 3*0 were expected. However, the results
between unilateral and bilateral cases are not
different enough to permit definite conclusions.
There is another indirect argument for the FSC

acting only on the first mutation. A difference of
expressivity and penetrance has been noted in
hereditary cases according to the manifestation in

99

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.17.2.95 on 1 A
pril 1980. D

ow
nloaded from

 

http://jmg.bmj.com/


C Bonalti-Peli andML Briard-Guillemot

the carrier parent.'5 16 Offspring of bilateral cases
have a higher probability of being affected and,
when affected, a higher probability of bilaterality
than the offspring of hereditary unilateral cases, and
still higher than the offspring of unaffected carriers.
According to the mutation theory, one could
explain such a difference if the rate of the second
(somatic) mutation were higher in bilateral cases than
in unilateral cases and unaffected carriers. The
correlation between expressivity and penetrance
would be a consequence of the correlation between
mutation rates of parent and offspring, as a result
of the existence of an inherited 'mutator factor'. If
this hypothetical 'mutator factor' were the same as
the FSC found in grandparents, one would expect in
familial cases a higher frequency of cancer among
grandparents of bilateral cases and of cases from
families with a high degree of penetrance than among
grandparents of unilateral cases and of cases from
families with several unaffected carriers, which is not
found (tables 8, 9). We may conclude that the FSC
has apparently no effect on the rate of the second
mutation and cannot explain the differences of
expressivity and penetrance among gene carriers.
Then, if the FSC acts only on the rate of the first

mutation, we cannot expect an increase in cancer
deaths among the familial cases who have inherited
this mutation. This is, however, found, in particular
when distant relatives are affected (table 9). Neel'7
and Knudson' explained these families by the
phenomenon of delayed mutation proposed by
Auerbach.'8 A premutated allele could be transmitted
through one or several generations and then changed
into a mutated allele (what Herrmann"9 calls
telomutation) in the retinal cells of a subject who
would have retinoblastoma, or in his germ cell,
producing affected offspring. If such a mechanism
exists, which seems highly probable, the increase of
cancer deaths in these particular families could well
be explained if the FSC acts not only on the mutation
rate but also on the telomutation rate, mechanisms
which should have some common aetiology. This
would also explain the excess of cancer deaths when
the proband is unilaterally affected, because most
unilateral familial cases belong to these families.
We have not elucidated whether the FSC was the

same in retinoblastoma patients and in their grand-
parents. Several arguments tend to weaken this
possibility.

It is striking that we observed an increase in all
types of cancer and not in a specific type. This is not
a common observation, though examples of familial
occurrences of neoplasms of dissimilar types,
including childhood cancers, have been published.20
Other primary tumours found in patients with
retinoblastoma seem to be more specific; in particular

there is a high frequency of femoral osteogenic
sarcoma. In our sample of grandparents, we found
only a slight excess of bone cancer (table 11) com-
pared to other cancers (p = 0-027, right tailed
binomial). The fact that osteogenic sarcoma is more
frequent among patients than among grandparents
may be age-related, since bone cancer is relatively
more frequent in childhood and adolescence.
However, this argument does not seem to explain
adequately the discordance in specificity of cancer
between patients and grandparents.
The second argument is that second primary

cancers are found mostly in bilateral and in familial
cases.4 5 If these cancers were the result of the FSC
transmitted from their grandparents, the highest
incidence should be found in patients in whom the
first mutation occurred, that is unilateral sporadic
cases.

Thus, the best explanation of cancers occurring in
patients is the pleiotropic effect of either the retino-
blastoma gene, as suggested by the authors, or of a
gene which would favour the manifestation of
retinoblastoma in a gene carrier and produce other
cancers.
We tried to explain our results, using Knudson's

hypothesis of two mutational steps. Other models
have been proposed: Herrmann'9 suggested that all
pedigree patterns could be explained by the
phenomenon of delayed mutation. Although these
models do not exclude each other, there are several
points of conflict; in particular, Herrmann thinks it
unnecessary to postulate a sezond somatic mutation.
Matsunaga2l rejected both models and he concluded
that there was little need to postulate delayed
mutation, that only one mutation was involved, and
that both penetrance and expressivity in a gene carrier
could be defined as a variable determined by genetic
and environmental factors, what he called host
resistance.

Since we found that the increase in cancer deaths
in grandparents of patients was not the result of the
retinoblastoma gene, but of a factor which probably
increases the rate of the first (or single) mutation, we
cannot argue for or against any of these three
hypotheses, except that the phenomenon of delayed
mutation is very probable in some hereditary cases.

We thank Drs F Serville (Bordeaux), B Le Marec
(Rennes), and C Stoll (Strasbourg) for co-operation
with the study, and Dr S Berenberg (International
Children Centre) for revision of the manuscript.
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