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Abstract

Systemic sclerosis (SSc) is associated with increased risk of malig-
nancy. The organ systems most commonly affected are the lungs, the
breasts and the hematological system. Risk factors predisposing a SSc
patient for development of malignancy are not well defined, and the
pathogenic basis of the association is yet to be explained. The inci-
dence of malignancies in SSc patients is variable from one report to
another, but most importantly, questions regarding the role of immu-
nosuppressive therapies and the effect of autoantibodies have weak
or sometimes contradictory answers in most of the currently avail-
able literature and physicians have no available guidelines to screen
their SSc patients for malignancies. The lack of a concretely defined
high-risk profile and the absence of malignancy screening guidelines
tailored for SSc patients raise the importance of the need for more
studies on the association of SSc and cancer and should incite rheu-
matology colleges to develop specific recommendations for the clini-
cian to follow while approaching patients with SSc.
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Introduction

Scleroderma is an autoimmune disease (AD) causing sclero-
sis and thickening of the skin. It can manifest as a localized
disorder, such as in linear scleroderma or in morphea, or as a
systemic condition in which case it is identified as “systemic
sclerosis” (SSc).

SSc comprises multiple subsets: diffuse cutaneous SSc,
limited cutaneous SSc, SSc sine scleroderma (where only in-
ternal organs are involved) and environmentally induced scle-
roderma (following exposure to vinyl chloride, pesticides or
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other agents that can precipitate scleroderma).

In addition to the skin and vascular injuries seen in SSc,
the disease frequently includes internal organ involvement that
can affect the patient’s prognosis and quality of life. Gastro-
intestinal (GI) involvement can include esophagitis, reflux,
GI bleed, “watermelon stomach”, bacterial overgrowth and
malabsorption. Renal involvement through scleroderma re-
nal crisis (SRC) manifests with acute onset of kidney failure
and abrupt onset of hypertension and microangiopathy. The
two organs, whose involvement is associated with the worst
repercussions and dreaded complications, remain the lungs,
through interstitial lung disease (ILD) and pulmonary artery
hypertension (PAH), and the heart through heart failure and
arrhythmias.

Several reports have also demonstrated an increased risk
of malignancy in patients with SSc. However, this risk has
rarely been the major concern for either the clinician or the
patient, as the highest mortality in SSc patients is due to car-
diac disease and pulmonary fibrosis. With the emergence of
organ-based treatment, especially ACE inhibitors for renal cri-
sis, and device-based treatment for heart failure, the mortality
from kidney and cardiac damage has decreased significantly.
As a result, the increased risk of cancer in SSc has become a
stronger concern for both the physician and the patient.

Recently, the American College of Rheumatology (ACR)
updated its classification criteria for SSc with the intent to clas-
sify more cases at an earlier stage and thus, avoid disease pro-
gression [1].

This new classification, in parallel with the above innova-
tions in the disease treatment, will give the physician and the
patient a new perception of the disease, and will deepen the
discussion about association of SSc with malignancies.

This association is remarkably important due to the lack of
malignancy screening guidelines tailored for SSc patients (in
contrast to PAH [2], and other SSc organ damage [3]) and the
lack of a concretely defined high risk disease profile.

Association of SSc With Malignancy
Pathophysiology of the association

The incidence of malignant tumors was shown to be elevated
in SSc patients [4]. Recently, with the reduction in mortality
of SSc related to renal crisis and lung fibrosis, experts and pa-
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tients have been more concerned about long-term morbidities
of SSc, especially the malignancies that might be associated
with this rheumatologic condition.

In this part of our review, we will focus on the risk factors
for developing malignancies in SSc and the pathogenic basis
of this association.

Patients of an older age at scleroderma onset [5] and with
the diffuse cutaneous subtype were shown to be at higher risk
of malignancy [6].

Review of the current literature reveals conflicting results
regarding gender-related malignancy risk. In a large meta-
analysis, the risk of malignancy in SSc was found to be signifi-
cantly higher in males [7]. On the other hand, several reviews
have concluded that female gender confers a higher risk of
developing cancer in SSc patients [6]. Other reviews on the
epidemiology of SSc and malignancy showed that male gender
confers a higher risk through exposure to silica dust, than male
gender related risk by itself [8].

In a large cohort study, the gender-specific standardized
incidence ratio (SIR) was found to be 2.2 for men (95% CI:
1.7 - 2.8) and 1.3 for women (95% CI: 1.1 - 1.6), indicating
that men with SSc are at a higher increased risk for cancer
compared to women [4].

In addition to gender and age, current data focus on the
pathogenic basis of the association between SSc and malig-
nancy.

The roles of fibrosis, chronic inflammation and B-cell
stimulation have been studied as the backbones of this associa-
tion. Many available data suggest important contributions by
a number of autoantibodies, genetics, environmental triggers
and DNA oxidative damage that are present in both diseases.

Immunosuppressive therapy used in SSc and in cancer
provides another convincing explanation of the association.

Role of fibrosis

Data relating fibrosis to the development of cancer in SSc have
been inconclusive. While some studies have found that pul-
monary fibrosis does not increase the risk of lung cancer [9],
others concluded that chronic inflammation and repair related
to the nature of SSc disease may represent one of the mecha-
nisms for the development of lung cancer and esophageal ad-
enocarcinoma (EAC) in the context of pulmonary fibrosis and
esophageal damage by longstanding reflux disease [10].

The scarring of pulmonary tissue can block the lymphat-
ic channels and lead to accumulation of carcinogens. These
carcinogens participate in the transformation of hyperplastic
epithelium initially to metaplasia, then to neoplasia. Through
this process, fibrotic tissue might be the nidus of cancer in SSc
patients [11].

Role of autoantibodies

There is no clearly established correlation to date between ma-
lignancy in SSc and autoantibodies, but it is generally known
that the relationship between cancer and autoimmunity is com-
plex and bidirectional. In SSc, autoantibodies with the highest
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titer are the most strongly associated with the clinical pheno-
type. Many studies have found an association between the di-
agnosis of SSc and malignancy with specific antibodies, most
commonly anti-RNA polymerase 111 [12-14].

Despite the large available data supporting the correla-
tion between positive anti-RNA polymerase III antibodies in
scleroderma and malignancy [15], some studies show similar
prevalence of cancer in scleroderma patients with positive or
negative RNA polymerase III antibodies [16]: in one study,
for example, anti-RNA polymerase III positive Australian
patients had 4.2-fold increased odds of having malignancy
diagnosed within 5 years of scleroderma onset compared to
patients negative for this antibody, but the overall prevalence
of cancer was similar between those with or without RNA
polymerase III antibody [12]. In another prospective case con-
trol study conducted on patients with cancer diagnosed within
3 years of SSc onset, 55.3% were RNA polymerase positive
while only 13.6% were positive for anti-topoisomerase 1 and
22% positive for anti-centromere [13]. Anti-RNA polymerase
IIT positivity was a marker of malignancy synchronous to the
onset of SSc in a cohort of 466 Italian SSc patients [17], but
this link was rejected in a study that showed that only anti-
topoisomerase I positivity confers a short cancer-scleroderma
interval [5].

Many studies suggested that malignancy may initiate the
scleroderma-specific immune response and drive disease in a
subgroup of scleroderma patients [14].

In conclusion, despite the absence of a clearly established
correlation with autoantibodies, the onset of scleroderma in an
older patient, especially when severe and with high autoanti-
bodies titers, should trigger the clinician to perform age-ap-
propriate cancer screening, particularly if the patient manifests
signs and symptoms of both conditions.

Role of immunotherapy

Immunosuppressive therapy, in particular cyclophosphamide,
remains the main treatment for progressive skin involvement
and active ILD. Mycophenolate mofetil (MMF) is a promis-
ing alternative to cyclophosphamide. T-cell (sirolimus and ale-
facept) and B-cell (rituximab (RTX))-targeted therapies have
provided encouraging results in some studies for the treatment
of SSc as well. These immunosuppressive agents might play a
role in development of malignancy in patients with SSc.
Cyclophosphamide is an established bladder carcinogen
[18]. The risk is dose-dependent [19], and requires an induc-
tion time [20]. In a double-blind randomized placebo con-
trolled trial, oral cyclophosphamide was found to be beneficial
in the treatment of SSc with a favorable risk-benefit ratio, but
serious adverse events were documented and labeled to be pos-
sibly related to the drug, including squamous cell carcinoma,
angiosarcoma and carcinoma in situ of the bladder [21]. Stud-
ies also noted a higher rate of hematological and lymphoreticu-
lar malignancies with cyclophosphamide therapy [20].
Mycophenolate has also been questioned as a risk factor
for malignancy in patients with scleroderma. Some reports
suggest cause and effect relationship between treatment of SSc
patients with mycophenolate and development of cancer, with
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Table 1. Lung Cancer and SSc: Summary of Four Major Stud-
ies

mber of Years of
SIR ::ﬁe:::s ’ foeilovsv?up
Kuo et al [25] 4.2 2,053 1996 - 2008
Hill et al [26] 5.9 441 1993 - 2000
Rosenthal et al [27] 4.9 917 1965 - 1983
Chatterjee et al [28] 1.23 538 1973 - 2004

regression of the cancer after removal of the MMF [22].

The rationale for the use of RTX in SSc is based on ex-
perimental evidence indicating that B cells may be actively
involved in the fibrotic process [23]. In humans, B-cell infiltra-
tion is a prominent finding in lung biopsies of patients with
SSc-associated ILD [24]. Clinical data regarding the use of
RTX in SSc are so far encouraging. Rarely, the development
of aplastic anemia and Waldenstrom macroglobulinemia has
been attributed to RTX, but the development of malignancy
with RTX has not yet been reported.

Immunosuppressive therapy controls active ILD in SSc
patients and limits progression of fibrosis. As mentioned above,
fibrosis plays a major role in the accumulation of oxidants and
development of cancer. On the other hand, some immunosup-
pressive agents are known to have a carcinogenic effect. Based
on this, and with the lack of conclusive, large studies, the risk-
benefit ratio of immunosuppressive therapy should be assessed
in each patient individually, and explained thoroughly to the
patient prior to the initiation of treatment.

Incidence of malignancy by organ system

Lung cancer

Lung cancer is one of the few neoplasms for which the as-
sociation with SSc is well reported in the literature (Table 1
[25-28]).

The basis of this association resides in the roles of lung
fibrosis, chronic inflammatory state and immunosuppressive
therapy in the initiation of the malignant process. On the other
hand, scleroderma may represent a paraneoplastic process oc-
curring as a consequence of the ongoing malignancy.

The observed incidence of lung cancer in SSc patients
was reported to be as high as 5% in an Italian cohort study
(odds ratio (OR) of 2.6 in males and 5.6 in females) [29]. In
the same study, the risk of developing lung cancer increased
significantly in patients diagnosed with SSc¢ at younger age
(42.3 £ 15.4SD vs. 51.9 + 14.2SD years), those positive for
anti-Scl-70 antibodies (OR: 6.4), and those with evidence of
lung fibrosis (OR: 6.7 for patients with FVC < 75%).

In one of the largest studies on SSc and malignancy, Kuo
et al reported 1% incidence of lung cancer in 2,053 Taiwanese
SSc patients who were followed from 1996 to 2008 [25]. In
this registry-based study, SSc patients had a 4.2-fold risk of
developing lung cancer compared to their counterparts in the
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general population.

This finding is comparable to an SIR of 5 in an Australian
study [26] and SIR of 4.9 in a Swedish study [27].

Contrary to the abovementioned studies, a large registry-
based cohort from Detroit, USA, did not find statistical evi-
dence of an increased incidence of lung cancer (or malignancy
in general, except liver cancer) in SSc patients. Researchers
attributed their finding to the high background rate of lung can-
cer in the metropolitan Detroit area [28].

In summary, young age at disease onset, the presence of
ILD [30, 31], and female gender [32] are believed to confer
higher risk of developing lung malignancy in patients with
SSc. The relative risk of lung cancer in smokers (varying
from 10 to 30-fold) might still be higher than in those high
risk SSc patients, but for smokers, guidelines suggesting an-
nual low dose helical CT chest already exist. The need remains
for guidelines regarding lung cancer screening in SSc patients.

Breast cancer

Many authors have described an increased risk of breast can-
cer in patients with SSc [33, 34], but only few studies have
suggested a possible causal relationship between the two [31,
35].

A population-based review of 318 patients with SSc by
Colaci et al [36] during a period of 10 years revealed a sig-
nificantly higher incidence of breast cancer in these patients.
These results were not related to the clinical or serological
characteristics of the studied population, smoking status, total
X-ray exposure, or the use of cyclophosphamide.

Moreover, some data [37, 38] have suggested an increased
risk of breast cancer with the use of calcium channel blockers
(CCBs). In fact, a large population-based case-control study
[39] showed that prolonged use of CCBs for more than 10
years correlates with a higher risk of both ductal and lobular
breast cancers (OR: 2.6, 95% CI: p 0.04 and OR: 2.6, 95% CI:
p 0.01, respectively). This hypothesized association between
the use of CCBs and breast cancer can be partially explained
by the role of calcium in cell apoptosis, such as activation of
the caspase pathway, induction of endonuclease activity and
mitochondrial permeation. By modifying the intracellular cal-
cium level, CCBs can indirectly affect these regulatory path-
ways, impairing cell apoptosis and thus promoting the devel-
opment of malignancies [40].

On the same note, Colaci et al [36] found that the develop-
ment of breast cancer was primarily reported in patients with
limited SSc, in which Raynaud’s phenomenon is a long-term
manifestation. Assuming that these patients were receiving
a long-term course of CCBs makes this therapy a possible
confounding variable that might explain the increased risk of
breast cancer associated with SSc.

In an exploratory study, Derk [41] compared patients with
SSc who developed breast cancer to those who did not. Fur-
ther analysis compared patients who developed breast cancer
before the diagnosis of SSc to those diagnosed after. A lack of
ANA positivity, an older age at diagnosis of SSc, as well as the
presence of pulmonary fibrosis were more common in patients
with SSc who have been diagnosed with breast cancer.
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Table 2. Breast Cancer and SSc: Proposed Risk Factors

Prolonged use of CCBs (> 10 years) Lietal [37,39]

Fitzpatrick et al [38]
Daling [40]

Martin and Boyd [42]
Artlett et al [43]

Increased collagen deposition

Hormonal influence (increased
prolactin and DHEA)

CAV1 regulated TGF/Smad pathway Qian and Ueno [44]

It has also been reported that the increase in mammo-
graphic densities such as those caused by the increased col-
lagen deposition seen in SSc, is an important risk factor for the
development of breast cancer [42].

SSc and breast cancer appear to be epidemiologically
linked, and hormonal variations can explain why these two
conditions are more commonly seen in women. In fact, elevat-
ed levels of prolactin and dehydroepiandrosterone have been
seen in both patients with SSc and in breast cancer patients.
Furthermore, a retrospective study done by Artlett et al [43]
showed that nulliparous women with SSc had an earlier onset
of the disease and a higher mortality due to SSc.

The Cav-1 regulated TGF/Smad pathway plays a role in
the pathogenesis of both breast cancer as well as tissue fibrosis
in SSc. In their report, Qian and Ueno [44] proposed that this
pathway can partially explain the link between breast cancer
and SSc.

In summary, there is a considerable amount of data sug-
gesting an increased incidence of breast cancer in patients with
SSc [37-40, 42-44] (Table 2), but the evidence remains weak.
Furthermore, several studies have failed to show an increased
frequency of breast cancer associated with SSc [28, 30], and
this variability is believed to be related to differences in study
design.

This controversy suggests that additional screening for
breast cancer in SSc patients might be necessary only in high-
risk patients.

Lymphoma

1) Non-Hodgkin lymphoma (NHL)

An association between ADs and the development of NHL has
been described in several previous studies [45-47]. A popu-
lation-based study of nearly 25,000 NHL patients performed
in Denmark and Sweden [45] found that a personal history
of ADs (including SSc) was linked to NHL with an OR from
1.6 to 5.4. Another large-scale Swedish study [48] involving
878,161 patients diagnosed with ADs over 9 years, revealed
that, out of the 33 studied ADs, 21 showed markedly increased
risk of NHL, with an SIR of 2.1 for SSc.

It has been suggested that the interplay between multiple
factors such as the chronic autoimmune stimulation in ADs,
the immunotherapy used in these diseases, as well as some
shared genetic and environmental factors [49], might explain
the development of NHL complicating the course of ADs.
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2) Mantle cell NHL: small lymphocytic lymphoma (SLL) and
anaplastic lymphoma

Marto et al [50] described the first case of a 76-year-old wom-
an diagnosed with mantle cell NHL who was also found to
have biopsy-proven cutaneous SSc.

William et al [51] reported the first case of a patient with
CREST syndrome (calcinosis, Raynaud phenomenon, esopha-
geal dysmotility, sclerodactyly, and telangiectasia) who was
subsequently diagnosed with SLL.

In a case report, Bellis et al [52] described a patient with
cutaneous limited SSc who was diagnosed with CD30 posi-
tive anaplastic lymphoma. The patient received a bone marrow
transplantation which resulted in a complete remission of the
lymphoma, as well as the disappearance of the sclerodactyly
and other signs of SSc.

It has been suggested that chronic stimulation of poly-
clonal B cells, deficiency of T and NK cells, and the presence
of HLA-DRS genotype might be linked to an increased fre-
quency of lymphomas and other hematological malignancies
in patients with SSc [53]. Yet, the development of lymphoma
in these case reports can still be incidental.

Multiple myeloma (MM)

Many studies have reported a potential link between MM and
ADs. A large cohort study in the US found that different types
of autoimmune entities may trigger the development of MM
[54]. A Swedish study that looked at patients diagnosed with
MM and any of 33 different ADs, found an increase in MM
standardized incidence ratio in patients with ankylosing spon-
dylitis and scleroderma [55].

Wigley et al [56] reported a case of SSc presenting with
SRC in a 68-year-old man with MM who had been treated and
had entered remission.

Owlia et al reported a case of a 58-year-old man with a
longstanding history of SSc who developed low back pain and
visual disturbances and was diagnosed with MM [54, 57].

Although multiple other case reports are available in the
literature describing the concurrence of MM and scleroderma
[58-60], there are no robust data to show an actual link be-
tween these two entities.

EAC

The major risk factor for the development of EAC is Barrett’s
esophagus (BE) [61]. SSc is associated with an increased risk
of BE secondary to chronic acid reflux. Wipff et al [62] stud-
ied 50 SSc patients with biopsy-proven BE over a period of
3 years. This study found that the incidence of EAC in the
subgroup of patients who have BE with dysplasia was 4% per
year. These findings are in accordance with other available
data [63], suggesting an increased risk of EAC in SSc.

Although these results still need to be confirmed by larger
cohorts with longer follow-up, the proposed risk suggests the
need for close surveillance of SSc patients with BE.
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Cervical and vulvar cancer

The association of SSc with gynecological malignancies is not
well described in the literature.

A cross-sectional analysis conducted recently on a small
number of SSc patients found that the incidence of atypical
cytological findings on pap smears of SSc patients is higher
than in the general population. This finding correlated with an-
tibody Scl-70 positivity.

A Canadian group reported an increased prevalence of ab-
normal pap smears in 320 women with SSc (25% versus 13%),
mainly in smokers and those with diffuse SSc subtype [64].

Immunosuppressive therapy used in SSc has been linked
to HPV infection. The use of cyclophosphamide was strongly
implicated in increasing the risk of HPV and cervical intraepi-
thelial neoplasia (CIN) [65].

A small European study found that only diffuse SSc pre-
disposes to higher frequency of HPV positivity. No difference
in prevalence of HPV positivity was noted between limited
SSc patients and controls [66].

No specific recommendations are available so far regard-
ing the prevention or treatment of HPV in patients with SSc,
but clinicians should be aware of the need to routinely screen
for pre-invasive genital lesions before the introduction of bio-
logical or immunosuppressive agents.

Clinicians should also ensure that adequate attention is
given to cervical cancer screening in women with SSc.

Thyroid cancer

Most studies regarding the association between SSc and thy-
roid disorders are of small statistical significance due to lim-
ited numbers of patients. A strong link between the two condi-
tions has not been established.

In a cohort study of 769 patients, only two thyroid cancer
cases were reported following diagnosis of SSc. The increased
relative risk of cancer did not reach statistical significance [63].

Two papillary thyroid cancer cases were reported in a
case-control study that included 202 SSc patients, compared to
none in the control group [67].

Larger studies on this association are needed. Ultrasound
and thyroid function tests probably do not need to be integrat-
ed into the workup and follow-up of SSc patients.

Squamous cell carcinoma of the skin

Squamous cell carcinoma has been reported in association with
a rare form of localized scleroderma referred to as pansclerotic
morphea. Patients with pansclerotic morphea are found to be
at a higher risk for developing squamous cell carcinoma of the
skin. A few cases have been reported in the literature of young
patients with longstanding pansclerotic morphea developing
recurrent squamous cell carcinoma highly refractory to treat-
ment [68, 69].

This reported link can be attributed to the interplay of
multiple factors such as the presence of chronic skin ulcers,
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chronic inflammation, scar tissue formation, and the immuno-
suppressive therapy.

Conclusion

The data that we reviewed in our paper, although heterogene-
ous, suggest an increased risk of malignancies associated with
SSc. In general, the extensive fibrosis, the effect of the autoan-
tibodies and the use of immunosuppressive drugs (especially
cyclophosphamide) have been linked to the higher incidence
of cancer in patients with SSc. In particular, organs that are
affected by excessive fibrosis, such as the lungs, skin and even
the breast, are believed to be at a higher risk. More specific
factors have been described, notably prolonged use of CCBs,
increased collagen deposition, as well as the hormonal imbal-
ance that were commonly seen in patients with SSc who devel-
oped breast cancer. On the other hand, SSc is associated with
an increased risk of BE, a major risk factor for EAC, second-
ary to chronic acid reflux. Furthermore, lymphoproliferative
diseases likely secondary to chronic B-cell stimulation, occur
in association with SSc.

In conclusion, SSc is associated with an increased risk of
cancer, though the evidence behind this association remains
weak and contradictory. This raises the importance of ques-
tioning whether patients with SSc should be receiving more
rigorous cancer surveillance tailored to their disease compared
to the general population.
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