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KEY POINTS

� Scleroderma may be a paraneoplastic phenomenon in unique patient subgroups,
including those with anti-RNA polymerase III antibodies or those who are negative for
centromere, topoisomerase 1, or RNA polymerase III antibodies.

� All patients with new-onset scleroderma should undergo comprehensive physical exam-
ination and age-based, sex-based, and risk factor–based cancer screening tests.

� Recent data suggest that autoantibody and cutaneous subtype may define cancer risk,
type, and timing in scleroderma. If validated, these findings may inform the development
of targeted cancer screening guidelines.
EPIDEMIOLOGY OF CANCER IN PATIENTS WITH SCLERODERMA

Most epidemiologic studies have shown that individuals with scleroderma have an
increased age-adjusted and sex-adjusted risk of developing cancer, with this risk
generally ranging from 1.5 to 4 times higher than that of the general population.1–14

Although it is beyond the scope of this article to discuss all of these studies, partic-
ular attention is drawn to 3 meta-analyses that have both quantified the magnitude of
cancer risk and examined the particular tumor types that are enriched in
scleroderma.
Onishi and colleagues9 examined 6 population-based cohort studies comprising a

total of 6641 people with scleroderma from Australia, northern Europe, Taiwan, and
the United States. They found a pooled standardized incidence ratio (SIR) of 1.41
for cancer overall, with a trend toward a greater risk in men than women (SIR, 1.85
vs 1.33 respectively). With regard to particular tumors types that were enriched in
these cohorts, they found an increased risk of lung, liver, and hematologic cancers
overall, as well as an increased risk of bladder cancer in women and nonmelanoma-
tous skin cancer in men. In contrast, there was no increased risk of breast cancer,
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although the investigators excluded cases of cancer that were diagnosed before the
onset of scleroderma. The temporal clustering of breast cancer and scleroderma,
with either diagnosis arising shortly before the other, has been well described in the
literature and is discussed in more detail later.15–18 They likewise did not find an
increased risk of other sex-specific cancers such as prostate, cervical, or uterine can-
cer. A contemporaneous meta-analysis by Zhang and colleagues14 found similar re-
sults, with increased SIRs for lung cancer, hematopoietic cancer, and non-Hodgkin
lymphoma, but not breast cancer.
Bonifazi and colleagues2 conducted the largest meta-analysis to date using 16

observational studies, which includedmost of the articles examined by Onishi and col-
leagues9 and Zhang and colleagues14 as mentioned earlier. Compared with the gen-
eral population, the relative risk (RR) of cancer in scleroderma was 1.75, with
particularly strong associations between scleroderma and lung cancer (RR, 4.35)
and hematologic neoplasms (RR, 2.24). Of the included studies assessing liver cancer
or esophageal cancer, all showed an increased risk, with SIRs ranging from 3.30 to
7.35 and 2.86 to 35.0, respectively. Available data for the incidence of stomach,
pancreas, skin, and oral cavity cancers were conflicting, and the investigators again
did not find an increased risk of any sex-specific cancers.
The development of particular tumor types in scleroderma may in part depend on

the severity and pattern of a given individual’s end-organ involvement and/or the
immunosuppressive medications they have received, although these associations
have not been consistently characterized in the literature. These potential mecha-
nisms linking cancer and scleroderma are discussed in more detail later.
Other demographic and phenotypic features of scleroderma that have been variably

associated with an increased risk of cancer in early studies include older age of onset
of scleroderma,1,19–22 male sex,6,8,9 smoking history,23 and diffuse cutaneous involve-
ment,5 although these findings have not been consistently reproduced. Scleroderma
autoantibody status, particularly anti-RNA polymerase III (anti-POLR3) positivity, has a
dramatic effect on the overall risk and timing of cancer andmay account for the discor-
dant results from previous studies that did not control for this effect. This aspect of risk
stratification is discussed in more detail elsewhere in this review.
POTENTIAL MECHANISMS LINKING CANCER AND SCLERODERMA

The relationship between cancer and scleroderma is likely complex and bidirectional.
Cancers may emerge around the time of scleroderma onset or years after scleroderma
diagnosis. These temporal relationships raise the question of whether malignancies or
cancer treatments could trigger the development of scleroderma in some patients,
whereas scleroderma or scleroderma therapies could increase the risk of subsequent
cancer development in others. It is also possible that both diseases share a common
inciting exposure or genetic predisposition.24

Data suggest that scleroderma disease activity and damage, particularly within in-
dividual organs, may predispose to malignant transformation within the same target
tissues. For instance, patients with scleroderma may have a higher risk of esophageal
cancer associated with severe reflux and Barrett esophagus, lung cancer in the
context of known interstitial lung disease (ILD), liver cancer if there is overlap primary
biliary cirrhosis, or thyroid cancer if there is autoimmune thyroiditis.1,12,25,26 Data con-
flict as to whether scleroderma-ILD is a risk factor for lung cancer,1,6,9,23,27 but the
higher risk of lung cancers in patients with anti–topoisomerase 1 antibodies and
reduced forced vital capacity is suggestive.28 In a Japanese cohort of patients with
scleroderma, risk factors for cancer were examined; all 10 lung cancer cases occurred
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in patients with ILD.4 Interestingly, of the 4 patients who had autopsies in this study,
the primary lung cancer was found in tissue affected by ILD in all cases.
Another possibility is that cytotoxic therapies used to treat scleroderma could in-

crease the risk of subsequent cancer. Cyclophosphamide is an alkylating agent that
has been used to treat severe scleroderma cutaneous and pulmonary disease. Data
from vasculitis, scleroderma, and lupus suggest that the risk of hematologic and
bladder cancers may be increased with exposure to cyclophosphamide, in particular
with higher cumulative doses and in smokers.29–33 Increasingly, mycophenolate mofe-
til is used to treat active cutaneous disease, ILD, and myositis in scleroderma. The
data on cancer risk with mycophenolate in the rheumatic diseases are less clear, as
most of the studies are from the transplant area, where patients are often treated
with combinations of immunosuppressive drugs. Data in the transplantation literature
conflict as to whether there is a higher risk of lymphoproliferative diseases and non-
melanoma skin cancers,34–37 with 1 recent report suggesting a higher risk of primary
central nervous system lymphoma.38 The data on cancer risk with immunosuppres-
sive drugs in patients with scleroderma are limited. In our cohort, we have not
observed an increased risk of cancer with immunosuppressive drug use, including
cyclophosphamide andmycophenolate mofetil.22 Whether these agents could directly
promote malignant transformation is unclear. In the lupus literature, it has been postu-
lated that immunosuppressive drugs may inhibit clearance of oncogenic viral infec-
tions, thereby increasing the risk of virus-associated cancers.24,33 For discussion of
other immunomodulatory agents commonly used in the rheumatic diseases and can-
cer risk, readers are referred to a recent review by Cappelli and colleagues.39

It is also important to note that patients with scleroderma may have a high cumula-
tive exposure to ionizing radiation from medical tests over time, including plain radio-
graphs, computed tomography (CT), and nuclear medicine studies.40 This exposure
could potentially increase the risk of cancer development.
A subset of patients develops scleroderma after cancer diagnosis and therapy.

Cancer therapeutics, including chemotherapy, radiation therapy, and immunotherapy,
may increase the risk of developing scleroderma. Case reports describe the develop-
ment of scleroderma-like fibrosing syndromes and critical digital ischemia after expo-
sure to bleomycin, gemcitabine, paclitaxel, and carboplatin.41–46 Radiation therapy
may trigger both cutaneous and pulmonary fibrosis; most reports describe localized
scleroderma or exaggerated fibrosis developing in patients with known sclero-
derma.1,47–49 It remains unclear whether de novo scleroderma could be a conse-
quence of radiation exposure. A newer cancer therapeutic class, immune
checkpoint inhibitors, works by blocking negative costimulatory receptors or ligands
on T cells and antigen-presenting cells. These drugs can cause nonspecific T-cell acti-
vation and have resulted in several rheumatic immune-related adverse events.
Recently, features resembling scleroderma have been reported after therapy with
pembrolizumab or nivolumab (both PD-1 [programmed cell death protein 1] inhibi-
tors).50–53 Critical digital ischemia after immune checkpoint inhibitor therapy has
also been reported.54

A close temporal relationship between the onset of cancer and scleroderma has
been found in certain individuals, raising the question of whether scleroderma could
be a paraneoplastic disease. This finding was initially observed in case reports and
case series across a range of tumor types, although with particularly striking temporal
clustering of breast cancer and scleroderma.12,15–18 In 1 series, the breast cancer–
scleroderma interval was 12 months or less in 27 of 44 individuals (61.4%), with simul-
taneous disease onset in 11 (25%).17 Nearly half of this cohort was diagnosed with
breast cancer before the onset of scleroderma. Further supporting the idea of



Weeding et al554
scleroderma as a paraneoplastic phenomenon are reports of cancer treatment result-
ing in dramatic improvements in scleroderma.55,56 Although it has been challenging to
discern whether this improvement is due to cancer treatment or simply the use of
potent immunosuppression, a recent report of a patient improving solely with resec-
tion of tumor suggests that cancer itself may be a driver of scleroderma.57
UNIQUE AUTOANTIBODIES IDENTIFY PATIENT SUBGROUPS WITH A HIGH RISK OF
CANCER-ASSOCIATED SCLERODERMA

Given data suggesting that scleroderma could be a paraneoplastic disease, our group
hypothesized that tumor antigen expression might be associated with scleroderma-
specific autoantibody responses. In an initial study of 23 individuals with both cancer
and scleroderma, we found that those with anti-POLR3 antibodies had a significantly
shorter cancer-scleroderma interval compared with those with anti–topoisomerase 1
or anticentromere antibodies (medians of �1.2 years, 113.4 years, and 111.1 years,
respectively).58 Furthermore, participants who had anti-POLR3 antibodies had robust
nucleolar expression of RNA polymerase III in their cancerous cells, which was not
found in cancer cells from the other antibody groups or in healthy control tissues.
This association between anti-POLR3 antibodies and increased risk of concurrent

cancer and scleroderma onset has since been reproduced in multiple international co-
horts, including from Australia, Italy, Japan, and the United Kingdom.20,21,59,60

Recently, this finding was validated in the European League Against Rheumatism
Scleroderma Trials and Research group (EUSTAR) cohort.19 A total of 4986 individuals
with scleroderma from 13 participating EUSTAR centers were included, and 158 par-
ticipants with anti-POLR3 antibodies were compared with 199 anti-POLR3–negative
controls matched for sex, cutaneous phenotype, age of scleroderma onset, and dis-
ease duration. Cancer was significantly more common in the anti-POLR3–positive
group (17.7% vs 9.0%), particularly with respect to cancers diagnosed within 2 years
of scleroderma onset (9.0% vs 2.5%). Individuals with a synchronous onset of cancer
and scleroderma in the setting of anti-POLR3 antibodies were significantly older at
scleroderma onset and more likely to have diffuse cutaneous disease. The risk of
concurrent-onset nonbreast cancers and scleroderma was also significantly higher
in men than in women. These demographic and phenotypic risk factors are consistent
with the findings from early epidemiologic studies as discussed earlier.
The findings in our pilot study have also been validated using amuch larger cohort of

1044 individuals from the Johns Hopkins Scleroderma Center cohort.22 Logistic
regression analyses were used to evaluate the relationship of overall cancer risk
and a shortened cancer-scleroderma interval with autoantibody status, demographic
features, and scleroderma phenotypic features. Once again, anti-POLR3 positivity
was associated with a significantly increased risk of cancer diagnosis within 2 years
of scleroderma onset (odds ratio, 5.08). There was also an increased temporal clus-
tering of cancer and scleroderma in the group of participants who were negative for
anticentromere, anti–topoisomerase I, and anti-POLR3 antibodies (CTP negative).
A major limitation of these prior studies was that cancer risk was investigated in pa-

tients with scleroderma with a given autoantibody compared with patients with sclero-
derma who were negative for that specificity. This study design does not permit
determination of the magnitude or types of cancer at high risk compared with the gen-
eral population, information that is needed to inform cancer screening strategies in
scleroderma. To address this limitation, the authors examined cancer incidence within
3 years of scleroderma onset (ie, cancer-associated scleroderma) in distinct serologic
and phenotypic groups and compared this with the US Surveillance, Epidemiology,
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and End Results (SEER) cancer registry.61 Of 2383 participants with scleroderma, 205
(w9%) had a history of cancer. Patients with anti-POLR3 antibodies and CTP-
negative patients had a 2.8-fold and 1.8-fold increased risk of cancer within 3 years
of scleroderma onset, respectively (Fig. 1). Within 3 years of scleroderma onset, pa-
tients with anti-POLR3 antibodies and diffuse cutaneous disease had a higher risk
of breast cancer (SIR, 5.14), prostate cancer (SIR, 7.17), and tongue cancer (SIR,
43.9), whereas patients with anti-POLR3 antibodies and limited cutaneous disease
had an increased risk of lung cancer (SIR, 10.4). Similarly, within 3 years of sclero-
derma onset, CTP-negative patients with limited scleroderma had a higher risk of
Fig. 1. Risk of all cancers over time. In each graph, the x-axis reflects time from scleroderma
onset (defined as time zero). (Top and middle rows) Each time window represents a 6-year
period (�3 years); for example, data plotted at time zero reflect cancer risk within plus or
minus 3 years of scleroderma onset. The number at risk for each time window is denoted
at the bottom of the graph. (Top row) The observed number of cancer cases (blue) is pre-
sented in comparison with the number of cancer cases that are expected based on SEER
data (red). (Middle row) The ratio between the observed and expected cancer cases is pre-
sented as an SIR along with its 95% confidence interval. Values of 1 denote a cancer risk
equivalent to that of the background population. (Bottom row) The cumulative incidence
of cancer among patients with scleroderma (solid blue line) starting at 3 years before sclero-
derma onset is presented with 95% confidence intervals (shaded blue region). Red lines
represent the expected cumulative incidence of cancer based on SEER data for the general
population. Patients with scleroderma with anticentromere antibodies seem to have a
decreased risk of cancer over time. Patients with scleroderma with anti-POLR3 antibodies
and the CTP-negative group have an increased risk of cancer that is prominent at sclero-
derma onset. The cumulative incidence of cancer is significantly higher than that observed
in the general population among patients with anti-POLR3 antibodies. Cenp, centromere;
Topo, topoisomerase-1; Pol III, RNA polymerase III. (From Igusa T, Hummers LK, Visvanathan
K, et al. Autoantibodies and scleroderma phenotype define subgroups at high-risk and low-
risk for cancer. Ann Rheum Dis. 2018;77(8):1179-1186; with permission.)
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breast cancer (SIR, 4.44) and melanoma (SIR, 7.10), and CTP-negative patients with
diffuse scleroderma had an increased risk of tongue cancer (SIR, 40.5). When exam-
ining overall cancer risk, patients with anticentromere antibodies had a significantly
lower risk of cancer than that expected in the general population (SIR, 0.59; see Fig. 1).
The CTP-negative subgroup in scleroderma is a heterogeneous population that

likely consists of patients with many different scleroderma immune responses. It re-
mains an important priority to identify the distinct subpopulations within CTP-
negative patients, because this may guide risk stratification for cancer. Recently,
our group has focused on autoantibody discovery in CTP-negative individuals in
whom cancers were detected close to the time of scleroderma onset. In an initial
investigation, phage immunoprecipitation sequencing was used for autoantibody
discovery in participants who were either CTP negative with synchronous cancer
and scleroderma, or had anti-POLR3 antibodies with or without cancer.62 This
method identified antibodies against the RNA binding region containing 3
(RNPC3), a component of the minor spliceosome complex, in 4 of 16 (25%) in
the CTP-negative group and in none (0 of 32) in the anti-POLR3–positive group.
These findings were subsequently reproduced in a larger population of 318 people
with scleroderma and cancer.63 Among them, a total of 12 (3.8%) had anti-RNPC3
antibodies. Compared with those with anticentromere antibodies, individuals with
anti-RNPC3 or anti-POLR3 antibodies had a significantly higher risk of developing
cancer within 2 years of scleroderma onset, with odds ratios of 4.3 and 4.5 respec-
tively. Interestingly, 66.7% of the cancers in the anti-RNPC3 group were gyneco-
logic tumors in women, with 50% having breast cancer, although this did not
reach statistical significance across antibody subgroups because of small sample
sizes.
The association between scleroderma-specific antibodies and cancer risk is likely

limited to individuals who manifest clinical features of autoimmune disease and thus
far does not seem to inform cancer risk in the general population. In a case control
study of 50 women with breast cancer and 50 matched healthy controls (all without
rheumatologic disease), all participants were negative for anti-POLR3 antibodies
except for 1 control who was only borderline positive.64 Similarly, anti-RNPC3 anti-
bodies have not been detected in small comparison cohorts of healthy controls, pa-
tients with pancreatic cancer without rheumatic disease, and patients with lupus
and cancer.63
EVIDENCE FOR A MODEL OF CANCER-INDUCED AUTOIMMUNITY

The striking co-occurrence of cancer and scleroderma onset in individuals with anti-
POLR3 antibodies suggests a possible mechanistic link between the two disease pro-
cesses and raised the question that cancer might be the trigger initiating autoimmunity
in this subset of people. This possibility was investigated in a landmark study of tumors
obtained from 16 patients with scleroderma, 8 of whom had anti-POLR3 antibodies,
and 8 lacking these antibodies (they had antibodies against topoisomerase 1 or
centromere, the two other prominent scleroderma antibody specificities).65 In 6 of 8
(75%) cancers from the anti-POLR3–positive patients, alterations in the POLR3A
gene locus were found. In contrast, none were detected in the tumors from the other
8 patients. Of the 6 patients with genetic abnormalities in POLR3A, 3 were somatic
mutations; in each, this resulted in a single amino acid change (different in each pa-
tient). Furthermore, in 2 of these 3 patients, T cells that reacted with the mutated neo-
antigens were detected in peripheral blood. Given the rarity of POLR3A mutations in
cancer, these findings are consistent with initiation of the anti-POLR3 immune
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response by such somatic mutations. A second kind of genetic alteration was found in
this study: 5 out of 8 patients had loss of heterozygosity (LOH) at the POLR3A gene
locus. Because LOH was not detected in the cancers from the 8 patients lacking
anti-POLR3 antibodies, it is likely that the anti-POLR3 antibody response participates
in shaping cancer evolution.
Anti-POLR3 antibodies in the patients with somatic mutations cross-reacted with

both the mutated and wild-type RNA polymerase III protein.65 These data suggest a
model of cancer-induced autoimmunity in scleroderma, where the anti-POLR3 im-
mune response is initiated against the mutated protein in the cancer (ie, an anti-
tumor immune response), followed by subsequent spreading to the wild-type
protein (Fig. 2).66 In susceptible hosts, this cross-reactive immune response could
damage target tissue and become self-sustaining, resulting in scleroderma
propagation.
Fig. 2. Model of cancer-induced autoimmunity. Transformation of normal cells (1) may
result in gene expression patterns that resemble immature cells involved in tissue healing
(2). Occasionally, autoantigens become mutated (3); these are not driver mutations, and
not all cancer cells have them. The first immune response is directed against the mutated
form of the antigen (4), and may spread to the wild-type version (5). Immune effector cells
directed against the mutant (red) delete exclusively cancer cells containing the mutation (6).
Immune effector cells directed against the wild-type (blue) delete cancer cells without the
mutation and also cross-react with the patient’s own tissues (particularly immature cells ex-
pressing high levels of antigen, found in damaged/repairing tissue) (7). Once autoimmunity
has been initiated, the disease is self-propagating. Immature cells (expressing high antigen
levels) that repair the immune-mediated injury can themselves become the targets of the
immune response, sustaining an ongoing cycle of damage/repair that provides the antigen
source that fuels the autoimmune response. (From Shah AA, Casciola-Rosen L, Rosen A. Re-
view: cancer-induced autoimmunity in the rheumatic diseases. Arthritis Rheumatol.
2015;67(2):317-326.; with permission.)
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Additional studies are warranted to examine whether the mechanisms identified for
RNA polymerase III apply more broadly to other subgroups with a high risk of cancer-
associated scleroderma, such as patients with anti-RNPC3 antibodies.

CANCER PROTECTIVE IMMUNE RESPONSES MAY MODIFY CANCER RISK IN
SCLERODERMA

Although the data suggesting a cancer-induced autoimmunity model in patients with
scleroderma with anti-POLR3 antibodies are compelling, it is striking that 80% to 85%
of these patients remain cancer free even over a prolonged period of follow-up. Could
cancer be the initial trigger for scleroderma in patients with anti-POLR3 antibodies,
with the subsequent antitumor response varying in its ability to eliminate the cancer
or keep it in equilibrium without cancer emergence? Well-recognized features of the
immune response include intramolecular and intermolecular spreading. That many
scleroderma antibody specificities target multicomponent complexes, with multiple
components being recognized by the antibody, is consistent with antigenic spreading.
These features raised the question of whether targeting of additional autoantigens by
the immune response could be cancer protective in anti-POLR3–positive patients with
scleroderma.
To investigate this, our group identified 168 individuals with scleroderma and anti-

POLR3 antibodies (based on clinically available assays and confirmed by enzyme-
linked immunosorbent assay) with a roughly even mix of individuals with cancer or
without cancer after at least 5 years of follow-up.67 A comparison of the antibody pro-
files (generated by immunoprecipitation and visualized by fluorography) in these two
subgroups showed clear enrichment of a 194-kDa protein targeted by antibodies in
the cancer-negative group. This protein was subsequently identified as the catalytic
subunit of RNA polymerase 1 (RPA194). When the full cohort was tested for antibodies
against RPA194, anti-RPA194 was found to be significantly more common in the entire
group without cancer (18.2%) compared with the group with cancer (3.8%), suggest-
ing a potentially protective effect.
These findings raise the possibility that combinations of immune responses may

have a previously unappreciated role in controlling cancer. They also highlight that
knowledge of biomarkers that precisely define homogenous disease subgroups will
enable improved precision in cancer prediction in relevant subsets. For instance,
although patients with anti-POLR3 antibodies have a significantly increased risk of
cancer-associated scleroderma that warrants intensive cancer detection strategies,
patients with both anti-POLR3 and anti-RPA194 may not require additional cancer
screening at scleroderma onset.

IMPLICATIONS FOR CANCER SCREENING

Given compelling data suggesting a model of cancer-induced autoimmunity in sub-
sets of patients with scleroderma, important clinical questions arise. Do patients
with new-onset scleroderma require intensive cancer detection strategies? If so,
how do clinicians direct the right cancer screening tests to the appropriate patients,
such that they maximize detection while minimizing the harms (ie, false-positive re-
sults and costs) of overscreening? If cancer is detected and treated early, could this
effectively treat scleroderma and improve outcomes? Although there is not a strong
evidence base to guide clinical decision making at this time, we share our current
approach to cancer screening here.
Rheumatologists and primary care providers should ensure that all patients

with scleroderma undergo comprehensive physical examination and age-based,
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sex-based, and risk factor–based cancer screening tests according to recommen-
dations for the general population.68,69 Additional cancer screening studies may
be considered based on the presence of scleroderma-specific risk factors. For
example, patients with severe reflux that is refractory to standard proton pump inhib-
itor or H2 blocker therapy should be referred for upper endoscopy to evaluate for
Barrett esophagus, and serial endoscopies may be required if there is evidence of
dysplasia or severe erosive esophagitis.70 Patients with a persistent globus sensa-
tion or unexplained dysphagia may need otolaryngology evaluation given the
increased risk of head and neck cancers in scleroderma.61,71 If cirrhosis has devel-
oped, for instance because of primary biliary cirrhosis overlap, the American Asso-
ciation for the Study of Liver Diseases has recommended cross-sectional imaging
with or without alpha fetoprotein assessment at intervals of 6 to 12 months.72 Hema-
tology referral may be warranted in patients with new, unexplained cytopenias.
There may be a role for serial chest CT or low-dose chest CT monitoring for the
development of lung cancer in patients with scleroderma with ILD, but this requires
further study. Exposure to immunosuppressive therapies may also be an important
risk factor. Patients with prior cyclophosphamide exposure may benefit from annual
urinalysis and urine cytology, whereas patients treated with mycophenolate mofetil
should be advised to report any new or changing skin lesions. If there is a history
of extensive sun exposure or prior skin cancers, serial full skin examinations to eval-
uate for atypical lesions should be considered.
Although there are no published studies assessing cancer screening strategies in

scleroderma, the data showing an increased risk of cancer around the time of sclero-
derma onset in distinct autoantibody subsets raises the question of whether aggres-
sive cancer detection strategies should be considered. In dermatomyositis, another
rheumatic disease where a mechanism of cancer-induced autoimmunity has been
postulated, aggressive cancer screening measures, including CT of the chest,
abdomen, and pelvis, and whole body PET-CT, are often performed clinically.
Whether a similar approach in high-risk patients with scleroderma, such as those
with anti-POLR3 antibodies or CTP-negative patients, would add value beyond tradi-
tional cancer screening tests requires further study. However, the data suggest that
there may be a role for targeted cancer detection strategies based on autoantibody
type and clinical phenotype.61 For instance, anti-POLR3–positive patients with diffuse
scleroderma have an increased risk of breast, prostate, and tongue cancer, suggest-
ing a role for mammography, PSA assessment and prostate examination, and otolar-
yngology examination in these patients. Similarly, anti-POLR3–positive patients with
limited scleroderma have an increased risk of lung cancer, suggesting a role for chest
CT examination. Additional studies are underway to define the optimal approach to
cancer screening in these high-risk subsets that maximizes cancer detection while
minimizing the harms of overscreening.73
SUMMARY

The increased risk of cancer in scleroderma may be caused by multiple mechanisms,
with biological data suggesting the development of cancer-induced autoimmunity in
some patients. Recent epidemiologic studies indicate that autoantibody status and
clinical phenotype may be useful filters to identify patient subgroups at high risk or
low risk for cancer in scleroderma. Further work is needed to test the value of targeted
cancer detection strategies in scleroderma, and to define whether early cancer detec-
tion and treatment improves scleroderma outcomes. It is also likely that careful inves-
tigation at the scleroderma-cancer interface may provide insight into mechanisms of
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naturally occurring antitumor immunity and development of autoimmunity in the rheu-
matic diseases.

CLINICS CARE POINTS

� Sclerodermamay be a paraneoplastic phenomenon in unique patient subgroups,
including those with anti-RNA polymerase III antibodies or those who are nega-
tive for centromere, topoisomerase 1, or RNA polymerase III antibodies (CTP
negative).

� All patients with new-onset scleroderma should undergo comprehensive phys-
ical examination and age-based, sex-based, and risk factor–based cancer
screening tests.

� Recent data suggest that autoantibody and cutaneous subtype may define can-
cer risk, type, and timing in scleroderma. If validated, these findings may inform
the development of targeted cancer screening guidelines.

DISCLOSURE

The authors have nothing to disclose.

REFERENCES

1. Abu-Shakra M, Guillemin F, Lee P. Cancer in systemic sclerosis. Arthritis Rheum
1993;36(4):460–4.

2. Bonifazi M, Tramacere I, Pomponio G, et al. Systemic sclerosis (scleroderma) and
cancer risk: systematic review and meta-analysis of observational studies. Rheu-
matology (Oxford) 2013;52(1):143–54.

3. Derk CT, Rasheed M, Artlett CM, et al. A cohort study of cancer incidence in sys-
temic sclerosis. J Rheumatol 2006;33(6):1113–6.

4. Hashimoto A, Arinuma Y, Nagai T, et al. Incidence and the risk factor of malig-
nancy in Japanese patients with systemic sclerosis. Intern Med 2012;51(13):
1683–8.

5. Hill CL, Nguyen AM, Roder D, et al. Risk of cancer in patients with scleroderma: a
population based cohort study. Ann Rheum Dis 2003;62(8):728–31.

6. Kang KY, Yim HW, Kim IJ, et al. Incidence of cancer among patients with sys-
temic sclerosis in Korea: results from a single centre. Scand J Rheumatol
2009;38(4):299–303.

7. Kuo CF, Luo SF, Yu KH, et al. Cancer risk among patients with systemic sclerosis:
a nationwide population study in Taiwan. Scand J Rheumatol 2012;41(1):44–9.

8. Olesen AB, Svaerke C, Farkas DK, et al. Systemic sclerosis and the risk of can-
cer: a nationwide population-based cohort study. Br J Dermatol 2010;163(4):
800–6.

9. Onishi A, Sugiyama D, Kumagai S, et al. Cancer incidence in systemic sclerosis:
meta-analysis of population-based cohort studies. Arthritis Rheum 2013;65(7):
1913–21.

10. Rosenthal AK, McLaughlin JK, Linet MS, et al. Scleroderma and malignancy: an
epidemiological study. Ann Rheum Dis 1993;52(7):531–3.

11. Rosenthal AK, McLaughlin JK, Gridley G, et al. Incidence of cancer among pa-
tients with systemic sclerosis. Cancer 1995;76(5):910–4.

12. Roumm AD, Medsger TA. Cancer and systemic sclerosis. An epidemiologic
study. Arthritis Rheum 1985;28(12):1336–40.

http://refhub.elsevier.com/S0889-857X(20)30048-X/sref1
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref1
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref2
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref2
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref2
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref3
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref3
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref4
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref4
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref4
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref5
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref5
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref6
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref6
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref6
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref7
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref7
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref8
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref8
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref8
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref9
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref9
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref9
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref10
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref10
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref11
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref11
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref12
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref12


Cancer and Scleroderma 561
13. Siau K, Laversuch CJ, Creamer P, et al. Malignancy in scleroderma patients from
south west England: a population-based cohort study. Rheumatol Int 2011;31(5):
641–5.

14. Zhang J-Q, Wan Y-N, Peng W-J, et al. The risk of cancer development in systemic
sclerosis: a meta-analysis. Cancer Epidemiol 2013;37(5):523–7.

15. Duncan SC, Winkelmann RK. Cancer and scleroderma. Arch Dermatol 1979;
115(8):950–5.

16. Forbes AM, Woodrow JC, Verbov JL, et al. Carcinoma of breast and scleroderma:
four further cases and a literature review. Br J Rheumatol 1989;28(1):65–9.

17. Launay D, Le Berre R, Hatron P-Y, et al. Association between systemic sclerosis
and breast cancer: eight new cases and review of the literature. Clin Rheumatol
2004;23(6):516–22.

18. Lee P, Alderdice C, Wilkinson S, et al. Malignancy in progressive systemic scle-
rosis–association with breast carcinoma. J Rheumatol 1983;10(4):665–6.

19. Lazzaroni M-G, Cavazzana I, Colombo E, et al. Malignancies in patients with Anti-
RNA Polymerase III antibodies and systemic sclerosis: analysis of the EULAR
scleroderma trials and research cohort and possible recommendations for
screening. J Rheumatol 2017;44(5):639–47.

20. Moinzadeh P, Fonseca C, Hellmich M, et al. Association of anti-RNA polymerase
III autoantibodies and cancer in scleroderma. Arthritis Res Ther 2014;16(1):R53.

21. Nikpour M, Hissaria P, Byron J, et al. Prevalence, correlates and clinical useful-
ness of antibodies to RNA polymerase III in systemic sclerosis: a cross-
sectional analysis of data from an Australian cohort. Arthritis Res Ther 2011;
13(6):R211.

22. Shah AA, Hummers LK, Casciola-Rosen L, et al. Examination of autoantibody sta-
tus and clinical features associated with cancer risk and cancer-associated
scleroderma. Arthritis Rheumatol 2015;67(4):1053–61.

23. Pontifex EK, Hill CL, Roberts-Thomson P. Risk factors for lung cancer in patients
with scleroderma: a nested case-control study. Ann Rheum Dis 2007;66(4):
551–3.

24. Egiziano G, Bernatsky S, Shah AA. Cancer and autoimmunity: harnessing longi-
tudinal cohorts to probe the link. Best Pract Res Clin Rheumatol 2016;30(1):
53–62.

25. Trivedi PJ, Lammers WJ, van Buuren HR, et al. Stratification of hepatocellular car-
cinoma risk in primary biliary cirrhosis: a multicentre international study. Gut
2016;65(2):321–9.

26. Antonelli A, Ferri C, Ferrari SM, et al. Increased risk of papillary thyroid cancer in
systemic sclerosis associated with autoimmune thyroiditis. Rheumatology (Ox-
ford) 2016;55(3):480–4.

27. Peters-Golden M, Wise RA, Hochberg M, et al. Incidence of lung cancer in sys-
temic sclerosis. J Rheumatol 1985;12(6):1136–9.

28. Colaci M, Giuggioli D, Sebastiani M, et al. Lung cancer in scleroderma: results
from an Italian rheumatologic center and review of the literature. Autoimmun
Rev 2013;12(3):374–9.

29. Faurschou M, Sorensen IJ, Mellemkjaer L, et al. Malignancies in Wegener’s gran-
ulomatosis: incidence and relation to cyclophosphamide therapy in a cohort of
293 patients. J Rheumatol 2008;35(1):100–5.

30. Kasifoglu T, Yasar Bilge S, Yildiz F, et al. Risk factors for malignancy in systemic
sclerosis patients. Clin Rheumatol 2016;35(6):1529–33.

http://refhub.elsevier.com/S0889-857X(20)30048-X/sref13
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref13
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref13
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref14
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref14
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref15
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref15
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref16
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref16
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref17
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref17
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref17
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref18
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref18
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref19
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref19
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref19
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref19
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref20
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref20
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref21
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref21
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref21
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref21
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref22
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref22
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref22
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref23
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref23
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref23
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref24
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref24
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref24
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref25
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref25
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref25
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref26
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref26
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref26
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref27
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref27
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref28
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref28
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref28
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref29
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref29
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref29
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref30
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref30


Weeding et al562
31. Monach PA, Arnold LM, Merkel PA. Incidence and prevention of bladder toxicity
from cyclophosphamide in the treatment of rheumatic diseases: a data-driven re-
view. Arthritis Rheum 2010;62(1):9–21.

32. Bernatsky S, Ramsey-Goldman R, Joseph L, et al. Lymphoma risk in systemic
lupus: effects of disease activity versus treatment. Ann Rheum Dis 2014;73(1):
138–42.

33. Dreyer L, Faurschou M, Mogensen M, et al. High incidence of potentially virus-
induced malignancies in systemic lupus erythematosus: a long-term followup
study in a Danish cohort. Arthritis Rheum 2011;63(10):3032–7.

34. Bichari W, Bartiromo M, Mohey H, et al. Significant risk factors for occurrence of
cancer after renal transplantation: a single center cohort study of 1265 cases.
Transplant Proc 2009;41(2):672–3.

35. Brewer JD, Colegio OR, Phillips PK, et al. Incidence of and risk factors for skin
cancer after heart transplant. Arch Dermatol 2009;145(12):1391–6.

36. Marcen R, Galeano C, Fernandez-Rodriguez A, et al. Effects of the new immuno-
suppressive agents on the occurrence of malignancies after renal transplanta-
tion. Transplant Proc 2010;42(8):3055–7.

37. Wang K, Zhang H, Li Y, et al. Safety of mycophenolate mofetil versus azathioprine
in renal transplantation: a systematic review. Transplant Proc 2004;36(7):
2068–70.

38. Crane GM, Powell H, Kostadinov R, et al. Primary CNS lymphoproliferative dis-
ease, mycophenolate and calcineurin inhibitor usage. Oncotarget 2015;6(32):
33849–66.

39. Cappelli LC, Shah AA. The relationships between cancer and autoimmune rheu-
matic diseases. Best Pract Res Clin Rheumatol 2020;101472. PMID: 32029389.

40. Picano E, Semelka R, Ravenel J, et al. Rheumatological diseases and cancer: the
hidden variable of radiation exposure. Ann Rheum Dis 2014;73(12):2065–8.

41. Berger CC, Bokemeyer C, Schneider M, et al. Secondary Raynaud’s phenome-
non and other late vascular complications following chemotherapy for testicular
cancer. Eur J Cancer 1995;31A(13–14):2229–38.

42. Bessis D, Guillot B, Legouffe E, et al. Gemcitabine-associated scleroderma-like
changes of the lower extremities. J Am Acad Dermatol 2004;51(2 Suppl):S73–6.

43. Clowse ME, Wigley FM. Digital necrosis related to carboplatin and gemcitabine
therapy in systemic sclerosis. J Rheumatol 2003;30(6):1341–3.

44. Cohen IS, Mosher MB, O’Keefe EJ, et al. Cutaneous toxicity of bleomycin therapy.
Arch Dermatol 1973;107(4):553–5.

45. De Angelis R, Bugatti L, Cerioni A, et al. Diffuse scleroderma occurring after the
use of paclitaxel for ovarian cancer. Clin Rheumatol 2003;22(1):49–52.

46. Finch WR, Rodnan GP, Buckingham RB, et al. Bleomycin-induced scleroderma.
J Rheumatol 1980;7(5):651–9.

47. Colver GB, Rodger A, Mortimer PS, et al. Post-irradiation morphoea. Br J Derma-
tol 1989;120(6):831–5.

48. Shah DJ, Hirpara R, Poelman CL, et al. Impact of radiation therapy on sclero-
derma and cancer outcomes in scleroderma patients with breast cancer. Arthritis
Care Res (Hoboken) 2018;70(10):1517–24.

49. Varga J, Haustein UF, Creech RH, et al. Exaggerated radiation-induced fibrosis in
patients with systemic sclerosis. Jama 1991;265(24):3292–5.

50. Barbosa NS, Wetter DA, Wieland CN, et al. Scleroderma induced by pembrolizu-
mab: a case series. Mayo Clin Proc 2017;92(7):1158–63.

http://refhub.elsevier.com/S0889-857X(20)30048-X/sref31
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref31
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref31
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref32
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref32
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref32
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref33
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref33
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref33
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref34
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref34
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref34
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref35
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref35
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref36
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref36
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref36
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref37
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref37
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref37
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref38
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref38
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref38
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref39
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref39
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref40
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref40
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref41
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref41
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref41
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref42
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref42
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref43
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref43
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref44
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref44
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref45
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref45
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref46
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref46
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref47
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref47
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref48
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref48
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref48
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref49
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref49
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref50
http://refhub.elsevier.com/S0889-857X(20)30048-X/sref50


Cancer and Scleroderma 563
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