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Abstract
The purpose of this review is to underline important advancements in the understanding of cancer
risks in systemic lupus erythematosus (SLE). In SLE, there is an increased risk of specific kinds of
malignancy. For example, the risk of non-Hodgkin’s lymphoma is increased several-fold in SLE
versus the general population. In addition, heightened risks for lung cancer, thyroid cancer and
cervical dysplasia in SLE have been found. Some have postulated that immunosuppressive drugs
play a role, as well as other important mediators, such as lupus disease activity itself. One new
frontier being explored is the significant finding of a decreased risk of certain nonhematologic
cancers (e.g., breast, ovarian, endometrial and prostate) in SLE. The reasons for this are currently
under study.
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In systemic lupus erythematosus (SLE), there appears to be specific differences in cancer
susceptibility, compared with the general population. To date, data indicate an overall
increase in cancer in SLE (10–15%) [1], with definite increases in hematologic cancers,
particularly non-Hodgkin’s lymphoma (NHL) as well as lung, thyroid and vulvar cancer [1–
4]. Cervical dysplasia (a precancerous lesion) is another condition of potential concern.

It has been postulated that immunosuppressive drugs may play a role in increased cancer
risk in SLE, but there may also be other important factors, including SLE activity itself.
According to recent findings, the risk for certain nonhematologic cancers, such as breast,
endometrial and ovarian cancers in women [5], and prostate cancers in men, may be
decreased in individuals with SLE [6,7]. Exploring the reasons for this is itself a whole new
avenue of potential research, as will be discussed.
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This review will touch briefly on these topics, in order to summarize for readers, the
emerging evidence regarding cancer risk and risk factors, in SLE.

Hematologic cancers
The heightened risk of lymphoma in SLE has been widely reported in many studies [1–4],
with estimates fairly consistently suggesting a two- to three-fold increased incidence of
NHL, compared with age- and sex-matched general population comparators. It should be
noted that patients with SLE have a higher mortality rate owing to NHL than is seen in the
general population, with a standardized mortality ratio (SMR) of 2.8 (95% CI: 1.2–5.6) [8],
compared with an age- and sex-matched general population. Individuals with SLE have also
been found to suffer from higher risks of other types of hematological malignancies, such as
Hodgkin’s lymphoma [9] and leukemia (standardized incidence ratio [SIR]: 1.69; 95% CI:
1.00–2.67) [2,3]. To date, estimates for the relative risk of multiple myeloma in SLE have
not been conclusive; although one study found that monoclonal gammopathy (a precursor to
multiple myeloma) was more frequent in SLE patients than the general population [10].

One mechanism for lymphoma development may involve the translocation of an oncogene
beside a gene important for cell proliferation [11], which can favor the progression of a
lymphoma. This may be important in individuals with SLE, who can have uncontrolled B-
cell proliferation and/or defected clearance of apoptotic cells. However, at this time, that
hypothesis remains unproven. The etiology of the increased risk for hematologic cancers in
SLE, thus, remains under study.

It is well known that the immune system can both promote and suppress cancer. Chronic
inflammation may certainly play a role in carcinogenesis in humans. By contrast, anti-tumor
immunity remains an important way that humans protect against cancer development,
although for many cancers, the exact mechanisms remain to be elucidated. Interestingly, a
recent study in mice suggested that eradication of precursor myeloma and B-cell lymphoma
cells occur via interactions between tumor-specific Th1 cells and tumor-infiltrating, antigen-
presenting macrophages [12].

A recent study in Italy indicated that SLE disease activity and the course of lymphoma
might not be directly related. A select group of patients with SLE who developed lymphoma
were successfully treated with high-dose chemotherapy for lymphoma yet their SLE
persisted or relapsed [13]. Recent and ongoing studies will hopefully determine the extent to
which immunosuppressive exposures play a role, specifically in relation to other factors,
including disease activity itself. The topic of medication exposures and cancer risk will be
further described later in this review.

Lung cancer
Many cohort studies have shown that individuals with SLE have a heightened risk of lung
cancer [4,5]. In our multicenter cohort study, the SIR for lung cancer was 1.24 (95% CI:
1.00–1.53) [5]. A Swedish study examining patients who had been hospitalized for any of 33
autoimmune disorders (n = 402,062), of which 7624 were SLE patients, found an SIR of
2.47 (95% CI: 1.97–3.05) and SMR of 2.69 (95% CI: 0.98–1.54) for lung cancer in patients
with SLE, affecting all lung cancer histologies, with the highest risk for small-cell
carcinoma [14]. Case–cohort analyses performed by our group have confirmed that smoking
is an important predictor of lung cancer in SLE. One study showed that the majority of SLE
patients who developed lung cancers were smokers; however, only a small number had
previously been exposed to immunosuppressive drugs [15]. This study also demonstrated a
potential increase in the incidence of rare cancer (including bronchoalveolar and carcinoid)
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with comparable histological distribution of cancers in the SLE group and general
population.

One small European study evaluated patients with systemic autoimmune rheumatic disease,
including six SLE patients who developed lung cancer and were diagnosed at an advanced
stage and had poor survival [16]. Although the authors encourage more efforts towards early
detection of these cancers, it is not clear that a screening program should be put in place
(since the benefits are not actually proven), although attention to risk factors (primarily,
smoking) should certainly be prioritized.

Thyroid cancers
Although the etiology is yet to be confirmed, an increased risk of thyroid cancer in SLE has
been recently suggested (SIR: 1.75, 95% CI: 1.14–2.64) [17]. Numerous studies have
reported associations between SLE and thyroid auto-immunity [18], which itself is
associated with an increased thyroid cancer risk [19]. It was noted in one case–control study
that a higher risk of papillary thyroid cancer was seen in SLE, especially for patients with
thyroid autoimmunity [20]. However, thyroid cancers remain relatively uncommon events,
even in SLE. In the updated multicenter cohort study conducted by our group [5], only 24
cases occurred in 15,980 patients observed for 119,846 person-years (representing
approximately one event in every 5000 person-years).

Cervical cancer & dysplasia
Several studies have shown that women with SLE were found to have an increased
frequency of abnormal cervical Papanicolaou (Pap) smears compared with the general
population [21]. A cohort analysis of lupus patients in the Wayne State University Lupus
Registry indicated that women with lupus were 3.5-times more likely to develop high-grade
cervical dysplasia or cervical cancer than the controls [22]. Published data have not
emphasized an increase in invasive cervical cancers in SLE, compared with the general
population [23], but it is not a common malignancy and single-center studies often cannot
represent the risk of malignancy with precision. Interestingly, emerging data suggest a
higher risk of vulvar cancers in SLE [17]. In both cervical dysplasia and vulvar cancers, an
important factor is the possibility of altered clearance of human papillomavirus (HPV). A
notably high risk of HPV infection appears in at least some individuals with SLE [24,25].

Regarding other risks for cervical dysplasia, it is recognized that exposure to immunosup-
pressants in SLE may have a particular influ-ence, especially cyclophosphamide [26,27] and
potentially other agents such as azathioprine. In this context, it is important to keep in mind
that the American College of Obstetrics and Gynecology Cervical Cancer Screening
Guidelines recommend a cervical cytology screening every 2 years in the general population
and every year in immunosuppressed patients [28]. Screening is especially required in
women who have had a previous abnormal pap result and/or risk factors for HPV infection
[29–32].

However, in women with chronic diseases such as SLE, screening is often neglected; some
of the physicians working in our research group note that in some countries, including the
UK, the availability of gynecology resources may create difficulties in ensuring that women
are screened more often than every 3 years [33]. According to one study, patients with SLE
with the most severe disease (based on SLE/ACR damage index scores) were the least likely
to have undergone cervical screening [34]. Thus, specialists who follow female SLE patients
should try to ensure that these individuals have access to a practitioner who can coordinate
this aspect of care, and at least try to follow national guidelines.
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Do drugs cause cancer in SLE?
Studies have found that many of the patients with SLE who are diagnosed with malignancies
(and/or die from) have not been exposed to immunosuppressive drugs [35–38]. Other
studies, largely based on increased cancer risk in nonlupus renal transplant patients (who are
also treated with immunosuppressant agents) have, for a long time, created a concern that
much of the excess cancer risk in SLE is due to immunosuppressive use [39]. However,
increasing evidence suggests this may not be so.

A recent small case–control study from Sweden compared 16 cases of NHL arising in SLE
with 26 cancer-free control patients with SLE (matched on observation time and sex). The
study evaluated azathioprine or cyclophosamide exposure but did not produce precise
estimates of the effects of exposure [38]. Estimates adjusted for disease activity were also
not provided, thus the conclusions drawn from the study are limited. The crude relative risk
of NHL after cyclophosphamide exposure was 1.1 (95% CI: 0.3–3.3) and after azathioprine
was 0.9 (95% CI: 0.5–2.5). In this SLE population, only a small minority (two out of 18) of
myeloid leukemia cases had ever received azathioprine or cyclophosphamide [40].

A larger scale multicenter case–cohort study, combining leukemia and lymphoma in the
analyses of hematological cancers, produced adjusted drug-specific hazard ratios (estimates)
using a lag period of 5 years postexposure (since malignancies often only arise years after a
drug exposure) [41]. Adjustment for demographics, disease duration and lupus damage
produced a hazard ratio for cyclophosphamide of 2.55 (95% CI: 0.94–13.37); for
azathioprine, 1.02 (95% CI: 0.34–33.03); and for methotrexate, 2.57 (95% CI: 0.80–88.27).

The lack of precise results has prompted further attempts to differentiate the effects of lupus
activity versus treatments in an ongoing case–cohort study of lymphoma risk in SLE. To
date, preliminary results, controlling for disease activity, support a possible increased risk of
lymphoma in cyclophosphamide users, without definitively demonstrating an increased risk
for any other medications (adjusted for demographics and disease activity, the odds ratio for
cyclophosphamide was 1.99, 95% CI: 1.00–3.96) [42]. More detailed analyses specifically
looking at dose, routes and scheduling are underway.

Antimalarials have been proposed to have potential use in cancer treatment [43], possibly
through a cell death process called autophagy [44]. In the case–cohort analyses indicated
above [38,41], antimalarials did not show definite protective effects against cancer risk.
However, it remains possible that certain drug exposures in SLE may be beneficial with
respect to cancer risk, as they may actually protect against carcinogenesis. For example,
aspirin and NSAIDs are known to be potentially protective for a number of cancers [44,45];
corticosteroids may also alter cancer risk [46]. However, further study involving large-scale
collaboration would be required to confirm the hypotheses that drug exposure could reduce
the incidence of certain cancers.

Decreased cancer risk in SLE
Data from a previous study of cancer in SLE have shown a considerable decreased risk of
hormone-sensitive cancers [4,5]. These cancers include breast cancer (SIR: 0.70, 95% CI:
0.58–0.85), endometrial cancer (SIR: 0.49, 95% CI: 0.27–0.83) and ovarian cancer (SIR:
0.56, 95% CI: 0.28–0.97) in women. Data pooled from four studies of large SLE cohorts
suggest that prostate cancer risk in males with SLE is also decreased (SIR: 0.72, 95% CI:
0.57–0.89) [7]. This lower risk may be due to hypoadrenergic states, which may occur in
men with SLE, that modify the androgen pathways.
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The reduced risk in females with SLE, related to breast and other hormone-sensitive cancer,
could potentially be attributed to alterations in the metabolism of estrogen and/or other
hormones in women with SLE. In that event, one might anticipate that cancer risk would
only be decreased in premenopausal women with SLE, not in postmenopausal SLE.
However, in sensitivity analyses of the SLE cohort data [5], stratifying female subjects
according to age (<50 years, mainly premenopausal, and ≥ 50 years, mainly
postmenopausal) showed decreased breast cancer risk in SLE (relative to the general
population) for both age groups.

One area of potential study is that the decreased incidence of certain cancers in SLE could
be correlated to specific genetic factors that put an individual at risk for SLE, but protect
against things such as breast cancer. To test this hypothesis, we explored whether the single
nucleotide polymorphisms (SNPs) predisposing to SLE might be protective against breast
cancer (in women in the general population), using data from a large breast cancer genome-
wide association study [47]. Within this large breast cancer data set, we did not demonstrate
important associations with ten lupus-associated SNPs, and an inverse risk of breast cancer.
Thus, if decreased breast cancer risk in SLE is influenced by genetic profiles, this may be
due to complex interactions and/or epigenetic factors, or SNPs not examined in our study.

Conclusion
Cancer risk in SLE is an important issue to consider. The risk of NHL and certain other
cancers is increased in SLE versus the general population. Regarding some of the
immunosuppressive drugs used to treat SLE, there is little evidence suggesting that drugs are
the main risk factor for lymphoma, although cyclophosphamide might serve as a trigger in
some cases. Further work must be carried out to determine the exact mechanisms
(potentially hormonal) behind the altered risk of cancer in SLE. Examining SLE patients can
lead to the risk of unwanted variability, as SLE is generally assessed based on the
experience of the treating physician [48]. In order to reduce this potential for variability, the
European League Against Rheumatism (EULAR) has developed recommendations for
monitoring SLE patients to help create a more uniform assessment [49]. In terms of cancer
screening, these recommendations suggest that patients with SLE should at least follow
cancer screening recommended for the general population. Furthermore, due to the
epidemiological and clinical characteristics of patients with SLE, the implementation of
SLE-specific guidelines is under consideration for the near future [49].

An emerging finding is the decreased risk of certain nonhematologic cancers (such as breast
cancer) for lupus patients. Although encouraging, this should not prevent women with SLE
from continuing with mammogram screening programs as recommended for the general
population, since breast cancer will still be the most common cancer that women with SLE
will ever get.

Future perspective
Although much has been learnt over the past decade regarding cancer risk in SLE, much yet
remains to be discovered. Recent advances acknowledged in this review provide an
incentive for further research into this field and emphasize the need for development of
more effective and safer drugs for lupus. Furthermore, it is important that patients with SLE
undergo preventative measures, including smoking cessation and regular cancer screening
programs (as per established guidelines for the general population), especially for cervical
cancers (recommended yearly in immunosuppressed patients).
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Executive summary

Background

• Cancer risk profiles in systemic lupus erythematosus (SLE) have become much
better understood in the past 10 years; however, much remains to be discovered.

Do drugs cause cancer in SLE?

• Immunosuppressive drugs have been suggested to play a role in the increased
risk of cancer in SLE, but there may also be other important factors, including
SLE activity itself.

Decreased cancer risk in SLE

• It remains possible that certain drug exposures in SLE may be beneficial with
respect to cancer risk, as they may actually protect against carcinogenesis with
respect to certain cancer types, such as breast cancer.

Preventive measures

• Preventive measures, such as smoking cessation and regular cancer screening,
are essential for patients with SLE.
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