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ABSTRACT

We have documented mortality and cancer incidence in the families of
67 patients with ataxia-telangiectasia and 48 patients with xeroderma
pigmentosum resident in Britain. For both diseases, parents of patients
are obligate hÃ©tÃ©rozygotesand grandparents have a probability of heter-
ozygosity of 0.5.

Fourteen ataxia-telangiectasia patients had died by June 30, 1986.
This was a significant excess (14 deaths observed, 1.65 expected). Only
one death was from a malignancy (non-Hodgkin's lymphoma). Three
parents of ataxia-telangiectasia patients had died, all from cancer. The
excess from breast cancer (two deaths observed, 0.17 expected) was
statistically significant, p < 0.05. However, no excess mortality from
malignant neoplasms was found in the grandparents.

Five xeroderma pigmentosum patients had died, none from internal
malignancies. No excess mortality from malignant neoplasms was re
corded in either their parents or grandparents.

INTRODUCTION

A-T2 is a severe multisystem disorder with immunological

and neurological manifestations believed to be associated with
a defect in DNA repair or DNA processing (1,2). Xeroderma
pigmentosum (XP) is a sun-sensitive disorder sometimes asso
ciated with progressive neurological disease. It is known to be
due to defects in repair of damaged DNA (3). Both A-T and
XP are autosomal recessive disorders and homozygotes are
known to show an increased incidence of internal malignant
neoplasms and skin cancers, respectively (4, 5). Studies in the
U. S. have suggested that heterozygous carriers of A-T may
also have an elevated risk of developing malignant neoplasms
(6, 7) and that individuals heterozygous for XP may be predis
posed to sunlight-induced skin cancer (8).

Several groups have provided evidence that cells from A-T
hÃ©tÃ©rozygotesmay be distinguished from those from members
of the general population (9-15) but the differences are small
and are not yet generally regarded as allowing a reliable detec
tion of carriers (16). There is no diagnostic test for carriers of
XP. For the present, therefore, hÃ©tÃ©rozygotescan be studied
only among close relatives of patients. Parents should be obli
gate hÃ©tÃ©rozygotesand two out of four grandparents should be
hÃ©tÃ©rozygotes,although it is not possible to say which two.

The present paper provides the first analysis of a British
study examining the mortality experience of A-T hÃ©tÃ©rozygotes
and XP hÃ©tÃ©rozygotesand homozygotes. The last were included
because if internal malignancies are commonly caused by envi
ronmental chemical carcinogens causing damage to DNA, then
XP patients would be expected to have a high incidence of such
malignancies. This would have implications for the importance
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of chemical carcinogens in determining human cancer incidence
(5, 17, 18).

METHODS

Patients with A-T and XP were ascertained by a circular letter sent
in 1982 to all consultant dermatologists, pediatricians, and neurologists
in Britain, and by a notice published in the British Medical Journal
and Lancet requesting doctors to refer patients to us who were living
or dead, resident in Britain, and diagnosed since 1945. Hospitals known
to have longstanding diagnostic indices were also approached and
requested to list patients with A-T or XP.

Eighty-nine patients with A-T (including 11 sibling pairs) and 38
patients with XP (including four sibling pairs) were referred to us.
Thirty-one A-T patients (including five sibling pairs) were later ex
cluded, as these were being followed up by another research group.3 A
further 14 A-T patients known to this group were not referred to us.

In 1985 a second letter was sent to all consultant dermatologists and
pediatricians requesting details of any patients diagnosed with A-T or
XP in the previous 3 years. This brought the total number in the study
to 67 patients with A-T (including six sibling pairs) and 48 patients
with XP (including six sibling pairs and one trio). Cases were selected
on the basis of the consultant's diagnoses. We did not review the

hospital reports. Any cases where the consultant recorded the diagnosis
only as 'possible' A-T or XP were excluded from the analysis. Patients

were not examined.
For each patient the hospital consultant was asked for details of the

patient and for permission to write to the patient's family. The general

practitioner was also asked whether an approach might be made to the
family. Where a patient was known to be adopted or where the general
practitioner or consultant did not wish us to write, no further approach
was made. No approach was made to the families of nine A-T patients
(two were adopted, five did not receive a reply from general practitioner,
and two did not register with general practitioner) and five XP patients
(four with whereabouts unknown and one refused consultation due to
family problems). However some information was still obtained anon
ymously from the National Health Service (NHS) Central Register (see
below). A short questionnaire was sent to each patient asking for
identifying details of the parents and grandparents. If the patient was a
child, the questionnaire was sent to the parents. Details requested were
full name, current address, and date of birth. For deceased relatives,
last address and date of death were also requested. Where the relative
had never been resident in Britain or where insufficient information
was available for tracing (this included four patients with XP) no further
action was taken.

Identification details of the remaining patients and their relatives
were sent to the NHS Central Registers at Southport and Edinburgh
for tracing. The vital status of each person on June 30, 1986 was
ascertained, and, for those who had died, the date and cause of death
was abstracted. The underlying cause of death on the death certificates
was classified according to the ninth revision of the International
Classification of Diseases, Injuries and Causes of Death (19). Cancer
registration details were also provided for both alive and dead subjects.

The number of deaths expected among the patients and their parents
was calculated according to the person-years method (20) and compared
with the number observed. SMRs were computed, where each SMR is
the ratio of the expected number of deaths observed in the study
population to the number of deaths expected at prevailing national
rates, taking account of the age structure of the population. Deaths

3 Kinlen, personal communication.
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Table 1 Total number and vital status of ataxia-telangiectasia and
xeroderma pigmentosum families by generation

Table 2 Numbers of deaths and proportional mortality ratios (PMRs) of
relatives of patients with ataxia-telangiectasia and xeroderma pigmentosum

PatientsNo.Ataxia-telangiectasiaTotal

67Alive
50Dead
16Embarked
0No

trace1Never
in U. K.0Xeroderma

pigmentosumTotal
48Alive
37Dead
6Embarked
0No

trace5Never
in U. K. 0Percent10075241100771310ParentsNo.12210540130805391134Percent1008631110066111165GrandparentsNo.244857345329160435404221Percent10035302221210027342613

Ataxia-telangiectasiaNumber

ofsubjectsTrace
rateNumber

ofdeaths"Number

of cancerdeathsPMR,
allneoplasmsCac

stomachCa

largeintestineCa
pancreasCa
lungCa
breastCa

cervix uteriParents12289.3%332.42

(3)'00006.66

(2)0Grandparents24466.4%66170.96(17)1.93(3)1.57(2)2.78

(2)0.60
(3)05.11(2)Xeroderma

pigmentosumParents8078.8%920.64

(2)000000Grandparents16060.6%44111.07(11)2.61
(3)000.71

(2)1.14(1)0

Â°Deaths between January 1, 1951 and June 30, 1986.
* Numbers in parentheses, numbers of deaths.
c CA, carcinoma.

from January l, 19S1 to June 30, 1986 were included and national 5-
year age group cause-specific death rates for 5-year calendar periods
were used to calculate the expected numbers. The rates used were for
England and Wales as a whole.

A higher percentage of grandparents was unable to be traced because
of the lack of identifying details available, and analysis was restricted
to proportional mortality rates. The expected proportion of deaths was
derived from national rates for 5-year age groups and 5-year calendar
periods.

In each analysis subjects were considered at risk from the following
times or on January 1, 1951, whichever came later: patient, from date
of birth; father, from date of conception of the patient; mother, from
date of birth of the patient; grandfather, from date of conception of
relevant parent; and grandmother, from date of birth of relevant parent.
Any deaths occurring prior to January 1, 1951 or after June 30, 1986
were excluded from the analysis. Tests of the statistical significance of
the observed number of deaths compared with the numbers expected
were based on the Poisson distribution.

Cancer registration is incomplete in Britain, so no national rates
were available for comparison.

RESULTS

Table 1 shows the overall trace rates for the patients, parents,
and grandparents in the two groups. On June 30, 1986, the
average age of the living A-T cases was 15 years and 8 months
(range, 4-30 years). Of the 14 cases known to have died, the
average age at death was 14 years and 3 months. For XP cases,
the average age of those alive on June 30, 1986 was 27 years
and 7 months (range, 10-69 years). Of the five cases who had
died, the average age at death was 25 years and 9 months. This
may account for the slightly higher proportion of XP families
unable to be traced, when compared with the A-T families.

Table 2 shows mortality among the parents and grandparents
of the A-T and XP patients, excluding those deaths occurring
prior to January 1, 1951 or after June 30, 1986.4 PMRs are

shown for all neoplasms together and for all sites where two or
more cancers occurred in one or both of the groups. A PMR of
1.0 is an indication that the proportion of deaths from a specific
cause is the same as would be expected from prevailing national
rates. A notable excess of deaths from cancer occurred only in
the A-T parents, where all three deaths recorded were from
cancer (two breast tumors and one kidney tumor). This excess
was not statistically significant at the 5% level. However, in the

4 A-T: Three grandparents' deaths before January 1, 1951 (no cancers). Two
cases, one parent, four grandparents' deaths after June 30, 1986 (one cancer of
rectum in a grandparent). XP: four grandparents' deaths before January 1, 1951

(one cancer of the larynx). One case, one grandparent death after June 30, 1986
(no cancers as underlying cause of death, but previous lymphoma registered for
case).

Table 3 Mortality of the parents of patients with ataxia-telangiectasia and
xeroderma pigmentosum in relation to the mortality of England and Wales

Ataxia-telangiectasiaAll

causes
All neoplasms
Ca breast
Ca prostate
Ca kidney
Ca brainObserved

deaths3

3
2
0
1
0Expected

deaths4.85

1.50
0.17
0.02
0.03
0.07SMR62

201
1187Â°

0
3607

0Xeroderma

pigmentosumObserved

deaths9

2
0
1
0
1Expected

deaths8.38

2.49
0.26
0.06
0.04
0.07SMR107

80
0

1802
0

1394
" Statistically significant at the 5% level.

Table 4 Mortality of ataxia-telangiectasia patients and xeroderma pigmentosum
patients in relation to the mortality of England and Wales

Ataxia-telangiectasia Xeroderma pigmentosum

Cause ofdeathAll

causesAll
malignantneoplasmsMelanomaNon-Hodgkin'slymphomaDiseases

ofnervoussystemRespiratory

diseasesCongenitalanomalies'Observed141011030Expected1.650.0700.010.050.22SMR849Â°1,515019,926Â°19,055Â°1,335Â°Observed5110103Expected1.740.290.000.010.050.19SMR28834125,119Â°02,1300

" Statistically significant at the 5% level.
* No rates available for congenital anomalies under which XP is coded.

analysis of parents using standardized mortality rates for the
calculation of expected numbers (Table 3), the excess of breast
cancers among the mothers was statistically significant (two
observed; 0.17 expected; SMR, 1187; 95% confidence limits,
142-4250). Ages at onset were 34 and 54 years.

Table 4 shows the main causes of death for the patients. The
expected numbers have been calculated on the basis of national
rates and the SMRs are given.

Among the ataxia-telangiectasia patients there was a statis
tically significant excess of deaths from all causes. Nine death
certificates had A-T in part I as the underlying cause of death.
Three had A-T on part II of the certificate; part II is for
disorders which may have contributed to death but are unrelated
to those specified on part I of the certificate. Only two death
certificates had no record of A-T. One death was recorded as
being caused by a malignant neoplasm (non-Hodgkin's lym

phoma).
There was also an excess of deaths from all causes in the

group of patients with xeroderma pigmentosum. Three death
certificates had XP as the underlying cause of death. One death
was from malignant melanoma. A further patient was classified
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as having died from Friedreich's ataxia but was included in the

study as we had good clinical evidence to show he had severe
XP. No deaths were recorded from internal neoplasms.

Table 5 shows the specific cancer sites seen in the A-T
patients and their relatives, both living and dead. The cancers
had been registered for all three patients, all four parents and
16 out of 24 grandparents. Six cancers were registered in living
A-T grandparents including one breast cancer in a 61-year-old
woman and one carcinoma in situ of the breast in a 64-year-old
woman. Only two of the cancers registered in dead A-T patients
and their relatives did not appear as the underlying cause of
death (one patient with breast cancer and one grandparent with
lung cancer).

The specific cancer sites seen in the XP patients and their
relatives, both living and dead, are shown in Table 6. Not
unexpectedly, two melanomas, four lip tumors (all squamous
cell carcinomas), and 23 other skin cancers (15 basal cell
carcinomas and eight squamous cell carcinomas) were regis
tered among 15 living XP patients. Two of the XP patients that
died also had cancers registered (one squamous cell carcinoma
of the lip and one fibrosarcoma) while one had died from
melanoma (not registered). One living and one dead XP grand
parent had skin cancers registered. No internal cancers were
seen in XP patients, living or dead.

DISCUSSION

Ataxia-Telangiectasia. An early estimate of the frequency of
A-T homozygotes based on data from the Los Angeles area was
one in 40,000 (21), but the 61 cases born in Britain between
1969 and 1976 give an estimated maximal incidence of one in

Table 5 Cancer sites in alaxia-telangiectasia patients and their relatives

Patients ParentsGrandparentsStomach

3Colon
3(1)"Pancreas

2Lung
4Skin

(nonmelanoma) 2(2)Breast
12Ca

in situbreastCervixUterusVaginaProstateBladder

1(1)Kidney
11'Â«specifiedsiteLymphosarcoma

1(1)(1)(1)(1)Lymphoma
l

' Numbers in parentheses, numbers still living.

Table 6 Cancer sites in xeroderma pigmentosum patients and their relatives
Patients" Parents Grandparents*

Lip5OesophagusStomachLarynxLung

'.Connective

and other soft1tissueMelanoma

3Skin
(nonmelanoma) 23:Breast

1UterusProstate

1BladderBrain

1Unspecified
siteÂ»1!!

" All in l S living patients except one melanoma, one fibrosarcoma and one lip

cancer in dead patients.
* All dead except one grandparent with a skin cancer.

100,000 live births. This is consistent with other recent data
(16, 22). One consequence of this is that fewer patients were
ascertained than had been anticipated from the earlier estimate
with a consequent reduction in the statistical power of the
study. It should be noted in any case jthat such figures are likely
to be underestimates since a proportion of cases are likely to
die before diagnosis.

As expected, A-T patients had a significantly high mortality
rate from all causes, and the attributed causes of death were
similar to those reported in a larger study in the USA (4).
However, only 24% of the patients in the study reported here
were deceased, compared with 49% in the USA series. This is
probably because the British patients are younger (16% born
pre-1965) than those in the American series (54% born pre-
1965, from Ref. 22). It was of interest that one patient had
breast cancer registered as A-T patients do not usually survive
to an age at which breast cancer occurs. This patient had an
adenocarcinoma of the breast diagnosed at the age of 27, and
died four years later. Due to the method of study, further
information on this patient was unavailable. Only one other
such case has been previously reported (23). The excess mor
tality from cancer in parents of A-T patients (presumed obligate
hÃ©tÃ©rozygotes)was based on only three deaths (two breast and
one kidney tumor) and precludes any strong conclusions. The
excess of deaths from breast cancer (ages of onset, 34 and 54
years) was, however, statistically significant at the 5% level.
This is consistent with a recent U. S. study which found an
estimated relative risk of six for breast cancer with ages of onset
in obligate hÃ©tÃ©rozygotesof 28, 32, 54, and 72 years (24). This
study estimated that between 8.8 and 18% of all breast cancer
patients might be A-T hÃ©tÃ©rozygotes,depending on the assumed
frequency of A-T hÃ©tÃ©rozygotesin the population. A SMR of
201 for all neoplasms (although not statistically significant) is
consistent with their estimate of a relative risk of two- or
threefold in adult A-T hÃ©tÃ©rozygotes.

Interestingly, in the present study no excess for all malignan
cies was apparent in the grandparents of A-T patients, 50% of
whom should be hÃ©tÃ©rozygotes.The finding of raised PMRs
for stomach cancer and pancreatic cancer is consistent with
previous studies (6, 24). It is of note that one breast cancer and
one carcinoma in situ of the breast were found among the 84
grandmothers. Swift et al. (24) found 23 breast cancers in 542
female blood relatives with a probability of heterozygosity of
0.5. It is not possible to compare the two studies directly, as
grandmothers cannot be distinguished from aunts in the Amer
ican study, but the relative risk of breast cancer appears to be
less in the British study.

As 22% of the grandparents could not be traced, and these
could include people who died some time ago, possibly "early"
deaths, no strong conclusions can be reached. However, a I'M K

of 0.96 based on 17 deaths suggests that the risk of early death
from cancer for A-T hÃ©tÃ©rozygotescannot be great (mean age
at death from cancer, 67.27 years Â±11.52).

Xeroderma Pigmentosum. XP patients had a high incidence
of skin and lip tumors, but not as high as that seen in patients
from studies in the U. S. (5), where mortality is also much
higher. Incomplete cancer registration in Britain may account
for some of the difference, but lower exposures to UV radiation
in Britain may be a factor. No internal tumors were registered
in either living or dead patients. This negative finding is im
portant since, as pointed out by Cairns (18), XP patients would
be expected to show an excess of internal malignancies if the
incidence of these were commonly determined by exposure to
environmental chemical carcinogens capable of giving rise to
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large DNA adducts. Neither Cairns' nor the present data sug

gest an excess, although Kraemer, Lee, and Scotto (5) with a
much larger sample reported an increase in malignancies at
certain sites. A patient with a brain tumor has been reported by
(Â¿Â¡anelliet al. (25), but this patient was not included in our
study because he was resident abroad and only came to Britain
for therapy.

There was no excess mortality from malignant neoplasms in
either XP parents (PMR = 0.64, based on two deaths) or XP
grandparents (PMR = 1.04, based on 11 deaths). Two XP
grandparents had skin cancers registered; both were in the
seventh decade of their lives. As no national rates are available
for skin cancer registration it is not possible to know whether
this is unexpected. Swift and Chase (8) reported a small excess
incidence in skin cancer in the southern (but not the northern)
U. S. in close relatives of XP patients.

Further Studies. Incidence of A-T and XP in Britain have
proved sufficiently low that the conclusions of this study need
to be approached with caution. Therefore there would seem to
be an advantage if the present data could be combined with
those from other sources outside the U. S. All our study
members have been followed up through the NHS Central
Register and we will be notified of further cancer registrations
and deaths. The authors would be interested in combining their
updated information with that from other sources.

REFERENCES

1. Bridges, B. A., and Harnden, D. G. (eds.), Ataxia-Telangiectasia: A Cellular
and Molecular Link between Cancer, Neuropathology and Immune Defi
ciency. Chichester: John Wiley, 1982.

2. Gatti, R. A., and Swift, M. (eds.), Ataxia-Telangiectasia: Genetics, Neuro
pathology and Immunology of a Degenerative Disease of Childhood. New
York: Alan R. Liss, 1985.

3. Kraemer, K. II., Lee, M. M., and Scotto, J. Xeroderma pigmentosum.
Cutaneous, ocular and neurologic abnormalities in 830 published cases. Arch.
Dermatol., 123: 241-250, 1987.

4. Morrell, D., Cromartie, E., and Swift, M. Mortality and cancer incidence in
263 patients with ataxia-telangiectasia. J. Nati. Cancer Inst., 77: 89-92,
1986.

5. Kraemer, K. 11. Lee, M. M., and Scotto, J. DNA repair protects against
cutaneous and internal neoplasm: evidence from xeroderma pigmentosum.
Carcinogenesis (Lond.), 5: 511-514, 1984.

6. Swift, M., Sholman, I... Perry, M., and Chase, C. Malignant neoplasms in
the families of patients with ataxia-telangiectasia. Cancer Res., 36:209-215,
1976.

7. Swift, M. Genetics and epidemiology of ataxia-telangiectasia. In: R. A. Gatti
and M. Swift (eds.), Ataxia-Telangiectasia: Genetics, Neuropathology and

Immunology of a Degenerative Disease of Childhood, pp. 133-146. New
York: Alan R. Liss, 1985.

8. Swift, M., and Chase, C. Cancer in families with xeroderma pigmentosum.
J. Nati. Cancer Inst., 62: 1415-1421, 1979.

9. Oxford, J. M., Harnden, D. G., Parrington, J. M., and Delhanty, J. D. A.
Specific chromosome aberrations in ataxia-telangiectasia. J. Med. Genet.,
12: 251-262, 1975.

10. Chen, P. C., Lavin, M. F., Kidson, C., and Moss, D. Identification of ataxia-
telangiectasia hÃ©tÃ©rozygotes,a cancer prone population. Nature (Lond.), 274:
484-486, 1978.

11. Paterson, M. C, Anderson, A. K., Smith, B. P., and Smith, P. J. Enhanced
radiosensitivity of cultured fibroblasts from ataxia-telangiectasia hÃ©tÃ©rozy
gotes manifested by defective colony-forming ability and reduced DNA repair
replication after hypoxic gamma-irradiation. Cancer Res., 39: 3725-3734,
1979.

12. Paterson, M. C., MacFarlane, S. J., Gentner, N. E., and Smith, B. P. Cellular
hypersensitivity to chronic gamma-radiation in cultured fibroblasts from
ataxia-telangiectasia hÃ©tÃ©rozygotes.In: R. A. Gatti and M. Swift (eds.),
Ataxia-Telangiectasia: Genetics, Neuropathology and Immunology of a De
generative Disease of Childhood, pp. 73-87. New York: Alan R. Liss, 1985.

13. Kidson. C., Chen, P., and Imray, P. Ataxia-telangiectasia hÃ©tÃ©rozygotes:
dominant expression of ionizing radiation sensitive mutants. In: B. A. Bridges
and D. G. Harnden (eds.), Ataxia-Telangiectasia: A Cellular and Molecular
Link between Cancer, Neuropathology and Immune Deficiency, pp. 363-
372. Chichester: John Wiley, 1982.

14. Shiloh, Y., Tabor, E., and Becker, Y. The response of ataxia-telangiectasia
homozygous and heterozygous skin fibroblasts to neocarzinostatin. Car
cinogenesis (Lond.), J: 815-820, 1982.

15. Arieti, C. F., and Priestley, A. An assessment of the radiosensitivity of ataxia-
telangiectasia hÃ©tÃ©rozygotes.In: R. A. Gatti and M. Swift (eds.), Ataxia-
Telangiectasia: Genetics, Neuropathology and Immunology of a Degenera
tive Disease of Childhood, pp. 101-109. New York: Alan R. Liss, 1985.

16. Bridges, B. A., I.enoir, G., and Tomatis, L. Workshop on ataxia-telangi
ectasia hÃ©tÃ©rozygotesand cancer. Cancer Res., 45: 3979-3980, 1985.

17. Kraemer, K. Il Oculo cutaneous and internal neoplasms in xeroderma
pigmentosum: implications for theories of Carcinogenesis. In: B. Pullman, P.
O. P. Tso, and H. Gelboin (eds.), Carcinogenesis: Fundamental Mechanisms
and Environmental Effects. D. Reidel Publishing Co., 1980.

18. Cairns, J. The origin of human cancers. Nature (Lond.), 289:353-357,1981.
19. World Health Organization: International Classification of Diseases, 9th

revision. Geneva: WHO, 1977.
20. Hill, I. D. Computing man-years at risk. Br. J. Prev. Soc. Med., 26: 132-

134, 1972.
21. Sedgwick, R. P., and Boder, E. Ataxia-telangiectasia. In: P. J. Vinken and

G. W. Bruyn (eds.), Handbook of Clinical Neurology, Vol. 14, pp. 267-339.
Amsterdam: North-Holland, 1972.

22. Swift, M., Morrell, D., Cromartie, E., Chamberlain. A. R., Skolnick, M. H.,
and Bishop, D. T. The incidence and gene frequency of ataxia-telangiectasia
in the United States. Am. J. Hum. Genet., 39: 573-583, 1986.

23. Spector, B. D., Filipovich, A. H., Perry, G. S., Ill, and Kersey, J. H.
Epidemiology of cancer in ataxia-telangiectasia. In: B. A. Bridges and D. G.
Harnden (eds.), Ataxia-Telangiectasia: A Cellular and Molecular Link be
tween Cancer, Neuropathology and Immune Deficiency, pp. 103-138. Chi
chester: John Wiley, 1982.

24. Swift, M., Reitnauer, P., Morrell, D., and Chase, C. Breast and other cancers
in ataxia-telangiectasia families. N. Engl. J. Med., 316:1289-1294, 1987.

25. Gianelli, F., Avery, J., Polani, P. E., Terrell, C., and Giammusso, V. Xero
derma pigmentosum and medulloblastoma: chromosomal damage to lym
phocytes during radiotherapy. RadiÃ¢t.Res., **: 194-208, 1981.

2932

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/10/2929/2431175/cr0480102929.pdf by guest on 19 M

ay 2023




