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Opinion statement

Systemic lupus erythematosus (SLE) is a multisystem inflammatory condition with an
increasing number of new potential immunologic targets. These targets have shed light on
both inflammatory and malignancy pathways given the interconnection between immu-
nity and malignancy. In this review, we describe the various malignancies associated with
SLE, as well as certain cellular pathways which contribute to dysregulated immunity in SLE
and malignancy. This new appreciation for cancer risk in SLE adds yet another component
to the management of SLE patients. Aside from managing the direct inflammatory
consequences of SLE, part of a SLE patient’s treatment should also include consideration
of cancer risk profiles and knowing what types of cancer screening should be advocated.
While current evidence for cancer screening in SLE is limited, cancer screening in SLE and
other autoimmune conditions will likely be a growing focus of interest.

Introduction

Systemic lupus erythematosus (SLE) is an autoimmune
inflammatory condition which can simultaneously af-
fect multiple organ systems. Although SLE remains a
very complex disease to treat, recent advances in thera-
pies are prolonging life and clinicians are managing
both traditional malignancy risk factors as well as

treatment-related risk factors. Recent data have sug-
gested that there is a slight but significant increased risk
of overall malignancy in individuals with SLE compared
to healthy controls [1ee]. The specific types of malig-
nancies that contribute to that increased risk include
hematologic malignancies, lung cancer, and potentially
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other cancer types. Although there are interesting hy-
potheses as to why individuals with SLE have a higher
risk of these cancers, it remains to be clarified to what
extent cancer risk in SLE is altered by the disease
process itself, as opposed to other factors, such as
treatment. Altered cancer risk profiles in SLE are

Hematologic malignancies

possibly due to both environmental and intrinsic dys-
regulation of immunity. As we describe below, it is
becoming increasingly evident that there are common
biological pathways in inflammatory diseases such as
SLE and malignancies, some of which are also targets
of novel treatments.

Hematologic malignancies (including lymphoma, leukemia, and multiple
myeloma) have recently been shown to be increased in patients with SLE [1ee,
2]. With the support of the Systemic Lupus International Collaborating Clinics
(SLICC) research network, Bernatsky et al., using a large, multi-center, and
international cohort, observed that the incidence and mortality of all hemato-
logic malignancies was significantly elevated in SLE patients compared to the
general population (standardized incidence ratio (SIR), 3.02; 95 % confidence
interval (CI), 2.48-3.63 and standardized mortality ratio (SMR), 2.8; 95 % CI,
1.2-5.6) [1ee]. Similarly, a meta-analysis of five prospective cohort studies
published between 2002 and 2013 also showed an increased risk of hemato-
logic malignancy in SLE patients with a pooled SIR of 2.9; 95 % CI, 2.0-4.4 [3].
Of the hematologic malignancies, the association was greatest for non-Hodgkin
lymphoma (NHL) (SIR 5.7; 95 % CI, 3.6-9.1) [3]. The most common type of
NHL in SLE is diffuse large B cell lymphoma (DLBCL) [4]. DLBCL can be
further divided into germinal center B cell-like (GCB) and non-GCB (or
activated B cell-like). Preliminary evidence suggests that the non-GCB cell-of-
origin DLBCL is more common in SLE, implying that lymphoma development
in SLE and other autoimmune rheumatic diseases may be secondary to chronic
immune stimulation [5].

Despite clear links between autoimmune conditions like SLE and lympho-
ma, we still do not understand the exact pathways by which these lymphomas
arise, and data linking SLE activity and lymphoma risk is not robust [6ee].
However, an important candidate pathway includes B cell-activating factor
(BAFF) and a proliferation-inducing ligand (APRIL), inflammatory cytokines
which promote B cell activation and contribute to disease activity in SLE [7, 8].
APRIL is strongly expressed in DLBCL in the general population and is detected
in high concentrations in the sera of some patients with SLE, and these authors
have also shown high expression of APRIL in DLBCL in SLE [9ee]. Given the
roles of BAFF and APRIL in lymphocyte activation, it is not surprising that these
molecules are also implicated in the pathophysiology of hematologic malig-
nancies, particularly in autoimmune diseases.

In addition to the innate pathways which may link malignancy with SLE,
treatment-related effects may also contribute to overall malignancy risk. How-
ever, the direct impact of immunosuppressants on malignancy is not clear. In a
recent case-cohort analysis within the SLICC multisite SLE cohort, there was
suggestion of a greater lymphoma risk in SLE individuals exposed to cyclo-
phosphamide (hazard ratio (HR) 2.8, 95 % CI, 0.87-8.9) [6ee]. Despite
concern regarding malignancy risk in rheumatic diseases treated with
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immunosuppressants [10, 11], most cases of lymphoma in the above case-
cohort study developed prior to immunosuppressant exposure [6e®]. In ad-
dition, it may be difficult to completely adjust for disease activity in these
studies, which could also influence malignancy risk. In addition, the
immunosuppressive actions of cyclophosphamide or other agents could
promote the development of oncogenic viruses in SLE patients. In partic-
ular, Epstein-Barr virus (EBV), which is known to be implicated in the
etiology of various hematologic malignancies, has been repeatedly inves-
tigated in SLE patients [12, 13]. In a recent meta-analysis, EBV antiviral
capsid antigen was significantly associated with SLE, supporting the hy-
pothesis that EBV infection may predispose to the development of SLE
[14] and potentially explain some of the increased lymphoma risk in SLE.
However, despite certain case reports citing an association between im-
munosuppression and EBV in autoimmune conditions [15], larger
population-based studies have failed to demonstrate a clear link between
lymphoma and EBV in inflammatory diseases [16].

It is interesting that several common signaling pathways between SLE
activity and hematologic malignancy are also targets for emerging SLE
therapies. Currently, the monoclonal antibody belimumab, which inhibits
circulating BAFF, is the only biologic agent specifically approved for the
treatment of SLE [17-19]. Another potential therapeutic agent in SLE is
atacicept, a fusion protein of a transmembrane activator and cyclophilin
ligand interactor (TACI), which binds to and inhibits BAFF and APRIL
receptors [20, 21]. Given the emergence of such therapies, continued
surveillance of lymphoma risk in SLE (and whether the profile of increased
risk in SLE can actually be lowered by such agents) is of interest and
warrants future study.

Lung malignancies

In 2012, Hemminki et al. demonstrated an increased incidence of lung
cancer in SLE patients [22]. Using the Swedish Hospital Discharge Registry,
they identified 7624 patients with SLE and concluded that the greatest
incidence was seen in small cell lung cancer (SIR 3.38, 95 % CI, 1.89-
5.59), followed by squamous cell carcinoma, large cell carcinoma, and
adenocarcinoma [22]. In addition to an increased incidence of cancer,
small cell lung cancer in SLE patients was associated with a significant
mortality risk (SMR 2.69, 95 % CI 2.11-3.38). Although their analyses
were adjusted for chronic obstructive pulmonary disease and socioeco-
nomic status in an attempt to control for smoking habits, the possibility of
confounding due to individual smoking patterns remains a concern. Most
recently, in the largest-ever clinical SLE cohort study (SLICC study), the SIR
for lung cancer was 1.30 (95 % CI 1.04, 1.60) [1ee] and a meta-analysis of
seven cohort studies confirmed an increased risk of lung cancer in SLE
patients (pooled SIR 1.68, 95 % CI 1.33-2.13) [23].

Case-cohort analyses (nested with the SLICC cohort study) investigating
the risk of lung cancer in SLE have suggested smoking as an important risk
factor itself [24]. At the same time, there is evidence to suggest that
smoking may predispose to increased disease activity in SLE [25].
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Preliminary updated analyses confirm this and did suggest a trend for
greater cancer risk in SLE patients with higher cumulative disease activity
over time (HR 1.81, 0.90, 3.63) although the CI included the null value
[26]. The estimated adjusted effects of all drugs were relatively imprecise.
Although some suspect interstitial lung disease as a risk factor for lung
cancer [27], in a review of the lung cancer cases arising from the interna-
tional SLE cohort study, none had pulmonary fibrosis recorded as a
damage index item [28].

In addition to its association between inflammatory conditions and
hematologic malignancies, IL-6 has also been shown to be associated with
lung manifestations in mouse models of SLE [29]. Similarly, the anti-IL-6
receptor antibody, tocilizumab, has been shown to induce apoptosis in
non-small cell lung cancer [30]. Taken together, it is clear that the patho-
physiology, which drives lung cancer risk in SLE, is likely a multifactorial
combination of intrinsic and extrinsic risk factors.

Breast cancer

A 2011 meta-analysis by Bernatsky et al. demonstrated a significant reduction in
breast cancer risk in SLE patients (SIR 0.76, 95 % CI 0.69-0.85) [31ee]. The
finding that hormone-driven malignancies such as breast cancer are reduced in
SLE patients has also been demonstrated by various other studies [1ee, 32].
Breast cancer risk was reduced in both pre- and post-menopausal women
[31ee]. A study using the Surveillance, Epidemiology and End Results-
Medicare-linked database in 1993-2002 showed a risk reduction specifically of
estrogen receptor (ER)-negative breast cancer (odds ratio 0.49, 95 % CI 0.26-
0.93) among elderly women with SLE [33ee]. Following up on this result,
investigators found a decreased proportion of ductal subtypes of breast cancer
in SLE; ductal breast cancers tend to be ER and progesterone receptor-negative
[34e]. Analyses of a large breast cancer genome-wide association study did not
demonstrate important associations between breast cancer and 10 lupus-
associated SNPs [35]. The authors concluded that if decreased breast cancer risk
in SLE is influenced by genetic profiles, this may be due to complex interactions
and/or epigenetic factors.

Cervical and vulvar cancer

In contrast to breast cancer risk, Bernatsky et al. have shown an increased risk of
vulvar cancers in SLE patients (SIR 3.78, 95 % CI 2.41-4.31) [1ee]. Similarly,
multiple studies have demonstrated an increased risk of cervical dysplasia and
of high-grade squamous intraepithelial lesions in SLE patients, which is po-
tentially heightened by immunosuppressive drugs [36, 37]. The 2014 meta-
analysis by Zard et al. showed a significant increase of high-grade squamous
epithelial lesions in SLE patients compared to healthy age-matched controls
(pooled OR 8.66, 95 % CI 3.75-20) [37]. However, the results of this meta-
analysis must be interpreted with caution as a significant proportion of patients
were from countries where cervical screening is not systematically offered or
available to patients [38]. In another study of a national Danish registry be-
tween 1977 and 2010, investigators assessed 5695 women with SLE. A total of



Malignancy in Systemic Lupus Erythematosus Egiziano et al. 17

Liver cancer

14 cervical cancer cases were observed, and the SIR for high-grade squamous
intraepithelial lesions in SLE was 1.1, 95 % CI 0.6-1.8) [38]. Of note, in the
abovementioned study by Bernatsky et al., the risk of cervical cancer was unclear
[1ee]. A recent attempt to review cancer screening recommendations in SLE
found no original research studies directly comparing cancer screening strate-
gies in SLE, although, generally, authors recommend adherence to general
population screening measures, particularly cervical screening [39].

Other cancers

Given the possible association between SLE and certain viral-driven diseases,
the risk of hepatobiliary malignancies in SLE patients is another subject of
interest. Various studies have documented an increased risk of hepatobiliary
malignancies in SLE. The 2014 meta-analysis by Ni et al., which included five
cohort studies, demonstrated an increased risk of hepatic cancers (SIR 2.44,

95 % CI 1.46-4.05) [23]. In addition, a recent large cohort study from Sweden,
which identified 6350 SLE patients through a national hospital discharge
registry, found an increased risk of primary hepatic malignancies (SIR 4.17,

95 % CI 2.42-6.69) [40]. Although the exact pathophysiology behind the
increased risk of hepatic malignancy must still be determined, the overall risk of
primary liver cancer in SLE may not be surprising, given the risk of overlap
syndromes such as autoimmune hepatic disease, primary biliary cirrhosis, and a
possible increased prevalence of hepatitis C infection in SLE [41].

Other malignancies of interest in SLE include bladder cancer, thyroid cancer,
and prostate cancer. A 2014 meta-analysis by Zhang et al. which included seven
cohort studies found a positive association between thyroid cancer and SLE
patients (pooled SIR 2.22, 95 % CI, 2.11-2.34) [42]. Although the underlying
pathways have not been elucidated, it is reasonable to suspect autoimmune
dysregulation in SLE patients as a potential risk factor for the development of
thyroid malignancy.

The evidence for an increased risk of bladder cancer in SLE patients is less
clear. Two large cohort studies have suggested an increased risk of bladder
cancer in SLE [36, 43]. A meta-analysis by Ni et al. included six cohort studies
for bladder cancer and suggested a trend for increased bladder cancer in SLE
patients (SIR 1.78, 95 % CI, 0.85-3.72) [23]. However, the analysis by Dreyer
et al. revealed that all SLE patients who developed bladder cancer had received
cyclophosphamide [36]; hence, an increased risk of bladder cancer may not be
due to SLE itself, but rather cyclophosphamide. In clinical SLE cohort studies,
bladder cancer remains a very uncommon outcome.

In a meta-analysis providing a pool of 6068 male SLE patients observed for a
total of 38,186 patient-years, the SIR estimate for prostate cancer risk in males
with SLE, compared to the general population, was 0.72 (95 % CI 0.57, 0.89)
[44e]. The authors point out that since alterations in androgen pathways can
potentially alter prostate risk, the lower risk of prostate cancer in men with SLE
could possibly be due to hypoadrenergic states (although this hypothesis has
not been specifically tested).
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Conclusions

In this review of malignancies associated with SLE, the evidence from both
individual cohort studies and meta-analyses suggests a slight overall increased
risk of cancer in SLE patients compared to the general population (SIR 1.14,
95 % CI, 1.05-1.23) [1ee]. In particular, the risk of hematologic, pulmonary,
hepatic, and thyroid cancers appears to be elevated in SLE, while the risk of
breast and prostate cancers is reduced. As we have presented above, the path-
ophysiology underlying specific cancers may be a combination of dysregulated
immune signaling and environmental insults, leading to molecular changes
which affects both inflammatory and neoplastic pathways.

Given recent advances in the diagnosis and treatment of inflammatory
conditions such as SLE, physicians need to consider various long-term risk
factors and comorbidities in their patients. Clarification of the role of treatment-
related effects in the development of malignancy in SLE will require more long-
term studies.

With respect to cancer screening, this should be tailored to a patient’s
individual risk factor profile. For example, in SLE patients exposed to cyclo-
phosphamide, there may be a role for more frequent pap smears or, as sug-
gested by Tessier-Cloutier et al., there may be a role for urine cytology screening
[39]. The controversial topic of low-dose CT screening for lung cancer is another
concept which may eventually be applied to SLE patients with a smoking
history [45]. While these concepts may sound intuitive, future studies will be
required to assess whether such screening interventions translate into appro-
priate risk reduction while minimizing harm.
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