
Introduction

In the last 20 years a number of studies have in-
vestigated the familial association between leu-
kemia and breast cancer. Recently, the Shanghai
Women’s Health study showed that breast cancer
risk was doubled in relatives of leukemia patients
(incidence rate ratio=2.06, 95% confidence in-
terval(CI): 1.02-4.15) (1). In a Swedish study in-
vestigating the familial association of breast can-
cer with cancers at other sites (2), results on bre-
ast cancer and leukemia were not clear-cut: the stu-
dy found no increased risk of breast cancer in pa-
rents of leukemia probands (standardized incidence
ratio (SIR)=1.04, 95%CI: 0.92, 1.16), but did find

an increased incidence of early breast cancer (dia-
gnosed before the age of 50), with SIR=1.29
(95%CI: 1.09, 1.5). However, in siblings of leu-
kemia cases, the same study reported a SIR of 1.22
(95%CI: 0.83, 1.72) for breast-cancer and 0.88
(95%CI: 0.37, 1.74) for early breast cancer. From
a case-control study in the US, Rauscher et al. (3)
reported an association between adult acute leu-
kemia and family history of breast cancer (odds
ratio=1.7 95% CI:1.0,3.0), and showed that this
association was stronger for earlier-onset cancers
of both types. These authors also suggested family
history of breast cancer as a possible marker of su-
sceptibility to a range of leukemia risk factors (4).
However, within the ESCALE case control study
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in France, Rundant et al. did not find an associa-
tion between childhood leukemia and history of
breast cancer in relatives (5).
As far back as 1989, Linet (6) found a significan-
tly higher risk of breast cancer in relatives of chro-
nic lymphatic leukemia (CLL) cases (compared with
the risk in relatives of controls). In another study, Pot-
tern (7) found an increased risk of CLL in siblings
of breast cancer cases, but no association between
breast cancer and the broad class of leukemias. In-
fante-Rivard (8) observed a higher frequency of bre-
ast cancer in second degree relatives of childhood
acute lymphatic leukemia (ALL) cases.
The inconsistent results regarding familial asso-
ciation between leukemia and breast cancer may
be partly due to many of the studies using case-
control designs where the family history of can-
cer is provided by interview. Furthermore, most
of the studies were designed to evaluate the as-
sociation between breast cancer or leukemia (or
its subtypes) with a broad range of cancers in dif-
ferent contexts and populations.
We designed a population-based study specifical-
ly to assess whether the incidence of breast cancer
was associated with a family history of leukemia,
or subtypes of leukemia. The main aim of this stu-
dy was to provide an in-depth analysis of how the
type and subtype of leukemia, age at onset and sex
of the proband might affect the risk of breast can-
cer in first degree relatives of leukemia patients.

Materials and Methods

Data Sources
The “Multi-Generation Register” maintained by
Statistics Sweden contains information on all chil-
dren born in Sweden since 1932 (and alive in 1960)
and on their biological or adoptive parents.
The data extracted from this database for our stu-
dy contained approximately 11 million individuals.
For approximately 40% of offspring who died be-
fore 1991, the register is missing one or both pa-
rents (9) so that full siblings cannot be identified.
Using the individually unique national registration
number, the individuals were linked to the Swe-
dish Cancer Register, to obtain all malignancies
occurring between 1958 and 2001. Information in
the cancer register permits identification of first

and subsequent primary cancers. Cancers are co-
ded according to the International Classification
of Diseases, Seventh revision (ICD-7). During the
period of our study, the Swedish Cancer Register
was estimated to be at least 98% complete.
Further record linkages with the nationwide Cau-
se of Death and Total Population registers allow
complete follow-up with regard to vital status and
date of death, as well as dates of emigration and
immigration. The study was approved by the Stoc-
kholm regional ethics committee.

Study design
Cases were defined as individuals in the Multi-
Generation Register who were born in Sweden
and had a first primary diagnosis of any type of
Leukemia (International Classification of Di-
seases Seventh Revision (ICD7) codes 204,
205, 206, 207) recorded in the Swedish Cancer
Register in the period from 1st January 1958 to
31st December 2001. Since our objective was to
estimate breast cancer risk, we included only ca-
ses with at least one female relative. We defined
cases as childhood leukemia if they were youn-
ger than 15 years on the date of diagnosis, and
older cases were defined as adult leukemia. We
stratified cases by the type of leukemia: lymphatic
(ICD7 204), myeloid (ICD7 205), monocytic
(ICD7 206) and other (ICD7 207), and further
stratified as acute or chronic using the 4th digit
of the ICD7 code. For each case, we randomly
sampled from our database up to five controls
born in Sweden who were cancer-free at the time
of diagnosis of the case. Controls were matched
to the case for gender, year of birth and county
of residence at the previous census year closest
to the diagnosis. This last matching was to ac-
count for regional variability in diagnosing and
reporting of malignancies.
We will refer to the cases and controls as “pro-
bands”. For each proband, we identified all first
degree female relatives (mothers, sisters and
daughters) and checked for registration of a pri-
mary breast cancer (ICD7 170) as the first recor-
ded malignancy for the individual. Early breast can-
cer was defined as a diagnosis before age 50.

Study Subjects
From the linked database, we identified 31 544 ca-
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ses born in Sweden who had a first primary dia-
gnosis of any type of leukemia between 1958 and
2001. For 16 825 of these, we could identify at le-
ast one female relative. We excluded 394 (5.5%)
cases due to missing data on county of residence.
Matched controls were found for all but one case
and 524 of the matched controls had no female re-
lative. The remaining 15 906 cases and their 58
828 controls had at least one recorded female re-
lative. The 15 906 matched sets included a total
of 28 417 unique female relatives of cases and 118
134 unique female relatives of controls. Among
the relatives identified, 1 248 could not be inclu-
ded in the analysis because they contributed no fol-
low-up time in the period 1958-2001, leaving 28
277 case relatives and 117 026 control relatives
available for analysis.

Statistical Methods
The aim of our study was to compare the risk of

breast cancer in first-degree relatives of leukemia
case probands and first-degree relatives of their
matched controls. We used a Cox model to eva-
luate the cause specific hazard of breast cancer in
all relatives using age as the time scale and adju-
sting for the disease status of the proband, sex of
the proband, birth cohort of the relative and type
of relative (mother, sister, daughter). Data were left-
truncated at 1958 (start of the Swedish Cancer Re-
gister) and censored at the end of the study (31st
December 2001). For the analysis of early breast
cancer, relatives were censored at their 50th bir-
thday.
Separate Cox regression models were fit for the
relatives of probands with childhood leukemia and
adult leukemia, and with lymphatic leukemia and
myeloid leukemia. For lymphatic and myeloid leu-
kemia we further stratified for acute and chronic
disease. Finally, we considered separately the re-
latives of male and female probands, and the mo-
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Table 1. Numbers of relatives and age at entry by different types of leukemia diagnoses for the case proband. 

*diagnosed at or after the age of 15; **diagnosed before the age of 15.



thers and sisters of probands.
Data linkage and analysis were performed using
SAS 9.1

Results

Among the 15 906 case probands (9 306 males),
there were 8 011 lymphatic, 6 235 myeloid and
217 monocytic leukemia. Table 1 presents a bre-
akdown of the 28 277 relatives of these case pro-
bands and 117 026 relatives of 58 828 controls in
terms of type of leukemia of the case probands and
the median age at which they begin to be obser-
ved by the cancer register: this “age at entry” pro-
vides indirect information about the birth cohort

and is quite similar between case and control re-
latives.
Table 2 indicates that the overall rate of breast can-
cer in the relatives of leukemia cases (0.65 per 1000
person-years) was very similar to that in the re-
latives of controls (0.63 per 1000 person-years),
and as expected the hazard was very similar in the
two groups (Hazard Ratio, HR=1.03, 95% CI: 0.95,
1.12).
The breast cancer rate for the relatives of adult
probands is almost double the risk for relatives
of childhood probands, both for relatives of ca-
ses and controls suggesting age/calendar effects.
The early breast cancer rate is lower than the ove-
rall breast cancer rate (Table 3) and similar in re-
latives of adult and child probands. The com-
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Table 2. Numbers and rates of breast cancers in case and control relatives and hazard ratio estimates stratified by various
types of leukaemia in the case probands.

*diagnosed at or after the age of 15; **diagnosed before the age of 15; PY: person-years



parison of the risk in case and control relatives
gave a similar result as for overall breast cancer:
the HR of early breast cancer was 1.02 (95% CI:
0.88, 1.17) and was also close to 1 for relatives
of adult, childhood, lymphoid or myeloid leu-
kemia cases.
Analyses which considered the gender of the pro-
band yielded very similar estimates of the overall
risk of breast cancer for relatives of male and fe-
males probands (Table 4). For early breast cancer,
the HR was systematically higher for relatives of
female probands, in particular if diagnosed in chil-
dhood or with ALL, although none of these results
were statistically significant.
Finally, breast cancer risk was evaluated separa-
tely in mothers and sisters of probands (Table 5).

Borderline significantly increased risks were
found for mothers of chronic leukemia patients,
in particular increased risk of breast cancer in mo-
thers of CLL probands (HR=1.31 95%CI: 0.99,
1.72), and higher risk of early breast cancer in mo-
thers of myeloid probands (HR=2.09 95%CI: 1.00,
4.38). Furthermore, sisters of childhood and lym-
phatic leukemia probands showed a higher (though
not statistically significant) risk of breast cancer
and early breast cancer.

Discussion

The purpose of this study was to examine the risk
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Table 3. Numbers and rates of early breast cancers in case and control relatives and hazard ratio estimates, stratified by var-
ious types of leukaemia in the case probands.

*diagnosed at or after the age of 15; **diagnosed before the age of 15; PY: person-years.
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of breast cancer in the relatives of patients dia-
gnosed with various types of leukemia, with par-
ticular attention to the type and subtype of leu-
kemia, and the age and gender of the proband. Our
detailed analysis provides an overview that can-
not be readily obtained from existing studies of dif-
ferent populations addressing various hypotheses,
particularly for a rare cancer such as leukemia who-
se classification is difficult and subject to chan-
ge (10, 11).
The breast cancer incidence rate was very similar
in case and control families, but was lower when
the proband was a child. The relatives of children
with leukemia were younger than the relatives of
adult patients at the start of the cancer register (as
shown in Table 1), so that by the end of followup
a majority of them would not have achieved the ol-

der ages at which breast cancer incidence is highest.
Our results on breast cancer risk in female rela-
tives do not support the few reports which found
an increased risk in leukemia families (1, 3), but
these reports were based on smaller case-control
studies, in which the familial history of cancer was
assessed by survey. In our population-based stu-
dy of first degree relatives of leukemia patients,
(overall or stratified by subtype), we did not ob-
serve a significant increased risk of breast cancer
or of early breast cancer.
A systematic elevated risk of early breast cancer
was observed for relatives of female probands with
ALL and in particular with childhood leukemia.
This increased magnitude, although not significant,
is in agreement with the findings of Rauscher et
al. who observed a strongest association for ear-

Table 4. Hazard ratio estimates for relatives of male and female probands stratified by various types of leukemia in the case
probands.

*diagnosed at or after the age of 15; **diagnosed before the age of 15.



ly onset of both leukemia and breast cancer (3).
Moreover, the risks were higher for sisters of chil-
dhood and lymphatic leukemia probands, as
found by Pottern (7), suggesting effects of shared
childhood environment or recessive mode of in-
heritance. The latter is consistent with the signi-
ficant increased risk of breast cancer only in se-
cond-degree relatives of childhood leukemia re-
ported by Infant-Rivard and Guiguet (8). These fin-
dings could be partially explained by a rare genetic
mutation in the p53 gene (the Li-Fraumeni Syn-
drome) that is common to both cancers (12).

We also found a borderline significant increased
risk of breast cancer in the mothers of CLL cases
(HR=1.31, P= 0.05), in agreement with the findings
of Linet (6), and of early breast cancer in mothers
of chronic myeloid leukemia cases (HR=2.09, P=
0.05). To our knowledge, only Pottern explored this
association and reported an odds ratio of 1.9
(95%CI: 0.5-6.8) for breast cancer in mothers of
chronic myeloid leukemia patients (7). The raised
risk of breast cancer in mothers of patients with
chronic leukemia deserves further investigation.
In further analyses (data not shown), we applied

Breast cancer risk in families of leukemia cases
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Table 5. Hazard ratio estimates for mothers and sisters of probands with various type of leukemia.

*diagnosed at or after the age of 15; **diagnosed before the age of 15.



a more sophisticated Cox model that accommo-
dated the correlation between cases in the same
family and used a bootstrap estimate of confidence
intervals (13). The results of this analysis were si-
milar to those from the simpler model that we pre-
sent here, and as expected from a method that pro-
duces more conservative confidence intervals, the
borderline significantly increased risks were no lon-
ger significant.
The strength of our study is the population-based
data from 40 years of cancer registration with con-
sistent coding of cancer diagnoses (ICD7) throu-
ghout in addition to the most current coding system.
Furthermore, the register-based data on cancer dia-
gnoses protects our study from the reporting bias
that is a concern in case-control studies. However,
we did not have information on environmental or
life-style risk factors or clinical information on bio-
logical markers, so that we could not explore the
hypothesis of Rauscher et al. that family history of
breast cancer is a marker of susceptibility to ex-
posures associated with leukemia (4).
In conclusion, we did not find any strong evidence
of a familial association between leukemia and bre-
ast cancer (or early breast cancer) for any of the
types or subtypes of leukemia, or when limited to
female leukemia probands. We did however ob-
serve a systematically higher breast cancer risk,
especially if diagnosed before age 50, in sisters of
childhood and lymphatic leukemia female pro-
bands, that may suggest genetic mutation or su-
sceptibilities common to both cancers.
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