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Evidence of the association between systemic lupus erythe-
matosus (SLE) and malignancy has accumulated over the
past several years1-4. Breast cancer has been reported to be
of increased incidence in several SLE cohort studies5,6 and
in a metaanalysis7. Of the studies done to date, few5,8 have
explored how the prevalence of factors traditionally associ-
ated with malignancy may be influencing cancer risk in
SLE, and none have adequately examined factors specifi-
cally related to breast cancer. This is disconcerting, since
some important breast cancer risk factors, such as nulli-
parity, appear to be increased in SLE9. Our objective was to
estimate the extent to which the rate of breast cancer in a

combined SLE cohort would resemble that of the general
population, after adjusting for the cohort members’ risk
factor profiles.

MATERIALS AND METHODS
Patients. Data were pooled from the SLE clinic cohorts of 2 centers, the
Montreal General Hospital and the Feinberg School of Medicine at
Northwestern University in Chicago. Consecutive patients with American
College of Rheumatology criteria10,11 for SLE were enrolled in these clinic
cohorts at the time they presented for their first clinic visit. There were 613
patients in the combined cohort, including 583 women. Institutional review
board approval was obtained at the respective sites.

Analysis. The Gail model is an established model for predicting breast
cancer risk12 that includes age, early menarche, breast cancer in a first
degree relative, nulliparity, late age at first childbirth, and history of benign
breast disease as predictors. For each subject, this model was used to esti-
mate the probability that breast cancer would develop during the observa-
tion interval.

The actual occurrence of breast cancer cases was determined by linkage
with regional cancer registries.

Data required by the Gail model were obtained from a survey of risk
factors that had been administered at the time of the cancer registry linkage
(1995 in Chicago and 1998 in Montreal). For those patients who had died
or been lost to followup (approximately one-third of the sample), data were
abstracted from the database or medical records. This was also done for 23
living patients who consented to participate but who did not wish to
complete a questionnaire. A conservative approach was taken to missing
data on subjects’risk factors, by replacing missing values with the higher
risk category. This maximizes the expected number of cancers and thus
prevents overestimation of the observed to expected ratio. 

After estimating the probability of developing breast cancer during the
observation interval for each patient, the probabilities were summed to
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obtain the total. The observation interval for each subject began at time of
enrollment; the end of the interval was marked by the earliest of 3 dates:
death, breast cancer occurrence, or the date of tumor registry linkage. Since
each patient contributes independent information, and since each individual
probability can be considered as an expected number of cancer cases in that
patient, the total sum represents the overall number of breast cancers
expected to occur in our cohort.

The observed number of breast cancer cases was divided by the
expected number to obtain the standardized incidence ratio (SIR). Exact
95% confidence interval data (CI) were obtained by multiplying the
observed number of cancers by the appropriate CI factor for estimating a
Poisson-distributed variable13, then taking the upper and lower limits of the
observed number of cancers, and dividing each by the expected number of
malignancies.

For the present study, the potential calendar period of observation
spanned from 1984 to 1998 in Montreal and from 1985 to 1995 in Chicago.
For patients lost to followup, vital status was determined by linkage with
the vital status registry for Montreal patients; in Chicago, a conservative
assumption was made that the patients lost to followup remained alive up
to the date of the tumor registry linkage. 

RESULTS
Of the 583 women, 5 had been diagnosed with breast cancer
prior to cohort entry (one of these prior to her diagnosis with
SLE), and 14 declined participation. Of the remaining 564
subjects, 71.6% were Caucasian, 17.9% black, 5.2%, Asian,
and the remainder were of other ethnic origin. The average
SLE duration at the time of breast cancer diagnosis was 12.7
years (SD 8.9); the average SLE duration at the end of the
observation interval for the remaining women was 10.8
years (SD 7.7). The patients ranged across the spectrum of
lupus disease severity, in terms of treatment pattern. At
some time in their disease course, 81% had taken prednisone
and 62% had taken antimalarials (the majority hydroxy-
chloroquine), 7% of the cohort had been exposed to
methotrexate, 23% had been exposed to cyclophosphamide,
and 32% to azathioprine. In total, 48% had been exposed to
at least one of these immunosuppressive medications
(methotrexate, cyclosporine, or azathioprine).

Table 1 presents the distribution of Gail model breast
cancer risk factors for the 564 subjects. In these individuals,
12 cases of breast cancer occurred compared to 5.6
predicted by the Gail model (standardized incidence ratio
2.1, 95% CI: 1.1, 3.7). Thus, after controlling for common
risk factors, the incidence of breast cancer remained
elevated (Table 2). 

DISCUSSION
Our results suggest that the increased risk experienced by
these SLE patients is not completely explained by tradi-
tional factors important for breast cancer development. We
speculate that our estimate of the expected number of breast
cancers may be somewhat elevated because of our conserv-
ative approach to missing data, and also because the Gail
model overestimates14,15 risk for certain groups (women less
than 40, and non-Caucasians). Thus, our finding of an
increased breast cancer risk in SLE patients is likely a
conservative estimate.

One potential limitation to our approach is that the Gail
model incorporates only a crude approximation of genetic
factors (i.e., in the variable of family history). A less
frequently used model, the Claus model16, incorporates
improved genetic variables, but has been developed only in
populations with a strong family history. It is therefore not
pertinent to our sample, in which the majority of subjects
had no family history of breast disease.

These data represent the most thorough assessment of
traditional breast cancer risk factors in SLE to date. Our
work suggests that the cancer experience of this population
is influenced by nontraditional risk factors. These factors
may include alkylating agents and immunosuppressive
drugs, other environmental exposures, or a genetic predis-
position to cancer. In fact, it is also possible that the same
factors that predispose to SLE also predispose to cancer.
Potentially culpable are growth and hormonal factors6,
cytokines and viruses1, or a genetic susceptibility to immune
system dysregulation3 which is part of the pathogenesis of
lupus itself. Currently, a large, multicenter, international
nested case-control study to evaluate clinical and environ-
mental elements potentially associated with malignancy in
SLE is in progress1. This effort, which will involve many
members of the Systemic Lupus International Collaborating
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Table 1. Prevalence of Gail model risk factors for breast cancer in our
lupus cohort which included subjects from the Montreal General Hospital
(n = 271) and The Feinberg School of Medicine at the Northwestern
University (n = 293).

Risk Factor n %

Age at study start
< 50 440 78.0
> 50 124 22.0

Age of menarche
> 14 136 24.1
12 and 13 246 43.6
< 12 130 23.0
Missing 52 9.2

Benign breast disease
No history 418 74.1
One biopsy 94 16.7
More than one 13 2.3
Missing 39 6.9

Age first live birth
< 20 60 10.6
20-24 117 20.7
25-29 89 15.8
> 30 53 9.4
Nulliparous 199 35.3
Missing 46 8.2

Family history breast Ca
No first degree relatives 420 74.5
One 80 14.2
>Two 1 0.2
Missing 63 11.2
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Clinics (SLICC) and the Canadian Network for Improved
Outcomes in Lupus (CaNIOS), will provide much-needed
insight into these matters.
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Table 2. Standardized incidence rates (observed:expected) of breast cancer in the combined SLE cohorts from
the Montreal General Hospital and The Feinberg School of Medicine at Northwestern University.

Number of Cancers Standardized Incidence 95% CI 
Observed Expected Ratio (SIR)

Unadjusted* (occurring 12 4.7 2.5 1.3, 4.4
over 3,234 patient-years)
Adjusted** 12 5.6 2.1 1.1, 3.7

* Standardized to a geographically appropriate population based on the distribution of person years in the SLE
population, according to age, sex, and calendar year; estimate obtained using methods described6. ** Adjusted
for age, early menarche, breast cancer in a first degree relative, nulliparity, late age at first childbirth, and history
of benign breast disease and standardized as above.
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