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ABSTRACT

Objectives: The study was conducted to improve our understanding of the epidemiology of cancer in systemic sclerosis
(SSc) by evaluating the incidence, prevalence, relative risk of overall and site-specific malignancies, predictors and
cancer-attributable mortality. Methods: MEDLINE, CINAHL, EMBASE and Cochrane Library (inception-May 2012)
were searched. Estimates were combined using a random effects model. Consistency was evaluated using the I” statistic.
Results: 4876 citations were searched to identify 60 articles. The average incidence of malignancy in SSc was 14
cases/1000 person-years; the prevalence ranged between 4% - 22%. Cancer was the leading cause of non-SSc related
deaths with a mean of 38%. Overall SIR for all-site malignancy risk was 1.85 (95%CI 1.52, 2.25; 1*76%). There was a
greater risk of lung (SIR 4.69, 95%CI 2.84, 7.75; 1293%) and haematological (SIR 2.58, CI 95% 1.75, 3.81; 120%) ma-
lignancies, including non-Hodgkin’s lymphoma (SIR 2.55, 95%CI 1.40, 4.67; 10%). SSc patients were at a higher risk
of leukemia (SIR 2.79, 95%CI 1.22, 6.37, 120%), malignant melanoma (SIR 2.92, 95%CI 1.76, 4.83; 1235%), liver (SIR
4.75, 95%CI 3.09, 7.31; IZO%), cervical (SIR 2.28, 95%CI 1.26, 4.09; 1°54%) and oropharyngeal (SIR 5.0, 95%CI 2.18,
11.47; 1°58%) cancers. Risk factors include a-RNAP I/III seropositivity, male sex, and late onset SSc. Smoking and
longstanding interstitial lung disease increase the risk of lung cancer; Barrett’s esophagus and a positive family history
of breast cancer, respectively, increase the risk of esophageal adenocarcinoma and breast cancer. Conclusions: SSc pa-
tients have a two-fold increase in all-site malignancy, and greater risk of lung and haematological malignancies that
contribute significantly to mortality. Vigilance should be considered in SSc patients with risk factors for cancer.
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[1-3]. Accumulating evidence from cohort studies has
suggested an overall higher risk of cancer in SSc patients.
However, data are still contradictory with some studies

1. Introduction

Systemic sclerosis (SSc) is a chronic multisystem auto-

immune disorder characterized by vasculopathy and fi-
brosis of the skin and visceral organs, which is associated
with substantially reduced survival [1,2]. The occurrence
of cancer significantly complicates the disease course,
burdens its management and contributes to mortality
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showing the risk comparable to the general populations
[4,5], whereas others reporting a moderate [6-12] or sig-
nificantly [13,14] increased risk of cancer in SSc. The
absolute standardized incidence ratio (SIR) values for in-
dividual cancers were also variable in the different stud-
ies. Meanwhile, the characterization of malignancy risk
in SSc has gained considerable importance with the re-
cently published case reports of cancer occurrence in pa-
tients receiving novel therapeutic interventions like bio-
logic therapy and intense immunosuppression for stem-
cell transplantation [15,16].
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To interpret these findings correctly, it is necessary to
determine the underlying risk of cancer development in
SSc patients compared to the general population. The
only systematic review of malignancy risk in SSc [17]
was limited in its search scope. It calculated the overall
relative risk of malignancy in SSc based on mixed pre-
valence and incidence ratios and summarized the results
on malignancy risk in SSc patients and SSc risk in pa-
tients with certain types of cancer, creating a potential
bias. Furthermore, the ability to predict cancer would
fulfill the needs of clinical practitioners to better allocate
efforts and resources towards those SSc patients who are
at increased risk of malignancy resulting in earlier effec-
tive therapy, better survival, and ideally, primary preven-
tion of cancer. This has prompted the search for cancer
predictors in SSc.

However, not all reports agree that determinants sug-
gested as risk factors are more common in SSc patients
with cancer, [11-13,18,19] nor is there complete agree-
ment regarding the factors that might increase the risk of
site-specific malignancies [21,22].

All this emphasizes the need of systematic analysis to
evaluate the risk of malignancy in SSc patients and to
interpret the clinical value of characteristics suggested to
identify high-risk individuals. Consequently, the aim of
this study was to systematically review the incidence,
prevalence and relative risk of overall and site-specific
malignancies in SSc patients, as well as to synthesize the
clinical evidence for the relationship between risk factors
and malignancy. Additionally, we analysed the data from
the studies examining the cancer-attributable mortality in
SSc. Given our findings, we discuss the potential impli-
cations of these investigations and future directions in-
volving a combination of population and molecular stud-
ies that are needed to predict malignancy in SSc patients.

2. Methods

Search strategy. MEDLINE, MEDLINE In-Process &
Other Non-Indexed Citations, the Cumulative Index to
Nursing and Allied Health Literature (CINAHL), EM-
BASE and the Cochrane Library were searched from in-
ception to May 2012, using the terms “scleroderma” OR
“systemic sclerosis” OR “CREST syndrome” or “cal-
cinosis” or “Raynaud”s phenomenon” AND (“malignan-
cy or malignancies” or “cancer” or “neoplasm(s)” or “tu-
mor(s)” or “carcinoma(s)” or “lymphoma(s)” or “leuke-
mia” or “sarcoma” or “melanoma” or “neoplastic” or
“carcino” or “onco”) AND (“risk”, “mortality”, “cancer
mortality”, standardized mortality ratio”, or “cause of
death”, or “survival”, or “cancer specific survival”, or
“life expectancy” or “overall survival”, or “morbidity”,
or “comorbidity”, or “incidence”, or “prevalence”) AND
(“epidemiolog(y)” or “case control study” or “popula-
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tion-based study” or “hospital based study”, or “retros-
pective study” or “prospective study” or “follow up”, or
“longitudinal study”, or “cross sectional study”, or “ob-
servational study” or “cohort study”). The search was
conducted independently by an investigator (T.N.) and a
University Health Network Library Services Information
Specialist. End-NoteX4 software was used to check for
duplicate publications.

Studies were limited to human but without language
restriction. Articles were translated by native-language
speakers or machine translation software. Studies were
included if they: 1) had observational study design: a)
reported overall and site-specific malignancy rates in SSc,
b) case-control studies where the characteristics of SSc
patients with and without malignancies were compared to
determine the risk factors of cancer development in SSc,
¢) studies on cancer-attributable SSc mortality; 2) con-
tained original data; 3) reported an adult population. Stu-
dies were excluded if they 1) reported localized sclero-
derma, juvenile scleroderma, paraneoplastic scleroder-
ma-like syndrome; 2) were abstracts, case reports, edito-
rials and review articles; 3) were studies for which updat-
ed manuscripts were available. Searches were supple-
mented by hand-searching relevant articles (including ci-
tation searching), references of selected studies, guide-
lines and reviews. Eligible citations were assessed inde-
pendently by two investigators (T.N., S.C.). Disagree-
ments were resolved by consensus between the two in-
vestigators or by involving an arbitrator (S.R.J.).

Outcomes. The outcomes of interest were 1) the rela-
tive risk of cancer in SSc patients compared with the ge-
neral population, estimated as the age- and sex-adjusted
standardized incidence ratio (SIR), 2) risk factors for
cancer development in SSc patients and 3) cancer morta-
lity rate in SSc. Measures of relative effect included ab-
solute risk, odds ratios (OR), hazard ratios (HR), stan-
dardized incidence ratio (SIR), standardized mortality ra-
tio (SMR), with or without 95% confidence intervals (CI).
The SIR is the ratio of the incident number of cases to
the incident number that would be expected if the study
population had the same incidence rate as a standard or
other population for which the incidence rate is known.
The SMR is the ratio of the number of deaths observed in
the study group to the number that would be expected if
the study population had the same specific rates as the
standard population. Study characteristics and outcome
data were independently abstracted by 2 investigators
(T.N, S.C) using a standardized abstraction from. The
abstracted data was independently verified against the
source document by 2 different investigators (A.R, C.P.).

Analysis. Descriptive statistics were used to summa-
rize the data. The proportions of deaths attributable to
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cancer were calculated separately among all causes of
death in SSc patients, among all known causes of death
and among SSc-unrelated (including possibly related)
causes of deaths. Summary estimates of the relative risk
of 1) overall malignancy, 2) site-specific malignancies, 3)
overall malignancy by sex, 4) lung cancer by sex in SSc
patients were calculated using Dersimonian and Laird in-
verse variance weighting random effect method. Analysis
was conducted using SPSS v6.1 and RevMan 5.2 soft-
ware. The systematic review and meta-analysis conform
to the PRISMA statement [23].

3. Results

A total of 4876 citations (4203 English, 673 non-English)
were identified using the search criteria, however 3767
citations were excluded (data on SSc but not malignancy
n = 321, localized scleroderma n = 50, case reports n =
84, paraneoplastic syndrome n = 43, chemically induced
SSc or Raynaud’s phenomenon n = 46, or scleroderma-
like manifestations of graft versus host disease n = 34,
malignancies associated with diseases other than SSc n =
3190). One hundred fifteen articles were further analyzed,
and of these, 65 full-text papers were found to meet the
inclusion criteria and not any of the exclusion criteria.
However, 5 papers were excluded (up-dated manuscripts
were available n = 1 [24], the data on the number or per-

cent of deaths due to cancer were absent n = 2 [25,26],
the total number of deceased SSc patients was too small
to obtain reliable data on malignancy-attributable mortal-
ity n = 2 [27,28]). Three works of Derk et al. [6,29,30]
were analysed as 1 study as they were based on the same
SSc cohort. This left 60 papers reporting the results of 58
studies for inclusion in this review (Figure 1).

Twenty nine studies stated incidence or/and preva-
lence of malignancy in SSc patients [4-14,18,20,21,29-
5], of these 13 also analysed risk factors for cancer [4,8,
9,11-13,18,20,21,29,37,39,41] and 1-cancer-attributable
mortality [14]. Five studies were directly addressed to the
risk factors for cancer in SSc patients [19,22,42,46]. Se-
venteen studies reported cancer among the causes of
SSc-unrelated deaths [1-3,43,49-61].

Population level associations between SSc and malign-
nancies have been evaluated by two study designs which
we analysed separately considering the different meth-
odological approaches and outcome measures (SIR, odds
ratios). A majority of studies have assembled cohorts of
SSc patients followed-up for the occurrence of cancer to
calculate SIRs for malignancies in SSc patients compared
to the general population (Table 1). In contrast, seven
studies used the case-control design based on the large-
sized samples of patients with a certain site-specific ma-
lignancy [62-68]. Among these cancer patents, those who

4876 Medline, Embase, CINAHL and Cochrane Library

v
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|
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Figure 1. Flow diagram of search results.
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Table 1. Characteristics of the population-based studies reporting relative risk of malignancy in systemic sclerosis. a) Popula-
tion-based studies of SSc patients followed-up for malignancy risk assessment, b) Case-control population-based studies of
cancer patients aimed to detect an association of a certain cancer with SSc.

(a)
Years of No. of Total Female Not'sovf/istﬁc SIR of
Study Country SSc Registry follow-u SScl ts patient to male m;“ nancies all-site 95% ClI
P P years ratio 9 « malignancy
(Incidence)
Kang et al. [8] Korea  Kangham St Mary’s Hospital 1990-2007 112 768 4.4 9(11.7) 42" 23-6.1
. Royal Perth Hospital, 1968-1979
Black etal. [5]  Australia University of Western Australia (80) 27 90 2.9 2(22.2) 6.45  0.78-23.29
University of Pittsburgh
Roummetal. [9]  USA  (SMSA-lived in the Pittsburgh ~ 1971-1982 680 1335 3.6 25 (18.7) 1.81° NR
standard statistical area)
Rosenthal et al. [10] Sweden (Sif”ed‘s‘h inpatient 1965-1983 917 7403 2.2 69 (9.3) 15" 12-19
ischarge registry
Higuchietal. [18]  Japan Kyushu University Hospital 1982-1996 43 383 2.6 7 (18.3) 517 1.7-10
Abu-Shakra et al. Scleroderma Clinic at vox
(1] Canada the Wellesley Hospital 1978-1992 248 2001 5.5 18 (9) 2.1 1.52-291
. . South Australian rk
Hilletal. [12]  Australia X 1993-2000 441 2643 4.7 47 (17.8) 1.99 1.46 - 2.65
Scleroderma Register
Chatterjee etal. [4] USA Michigan Scleroderma Registry ~ 1973-2004 538 5766 43 45 (7.8) 0.91 0.66 - 1.22
Derk et al. [6] USA Thomas Jefferson University 1987-2002 769 3775  1.04  62(16.4) 15" 1.16-1.93
Olesen etal. [7] Denmark Danish national registry of patients 1977-2006 2040 16003 3.5 222 (13.9) 1.5 1.2-1.6
Fuse et al. [14] Japan  Jichi Medical School, Tochigi ~ 1974-1992 67 670 5.7 10 (15) 46" NR
Kuoetal. [43]  Taiwan |2WanNational HealthInsurance 050 750¢ 9053 12029 34 83 (6.9) 163 131-2.01
Research Dataset
Scotland, Scottish Cancer Registry, Scottish male 0.95 0.41-1.87
Thomas et al. [45] UK in-patient records (not specified) 1981-1996 652 3179 42 36 (1) female 1.23 0.81 - 1.78
Peters-Goldenetal.” ;g\ Good Samaritan Hospital 1972-1979 71 349 - 3(8.6) 165" 3.4-482

[40]

NR—not reported; ‘lung cancer; "“only malignancies occurred after the onset of SSc¢ were included; Incidence of overall malignancy in SSc patients = number
of cases/1000 person/year; statistically significant association SSc with cancer.

(b)

Years of

Study Registry follow-up

Malignancy Study groups Odds ratio  95% ClI

The Danish Cancer
Mellemkjaeer Registry, the Danish

Aok

24,728 NHL

etal. [67] Central Population 1964-1998 Non-Hodgkin’s lymphoma (NHL) 55.632 controls 2.0 1.1-3.8
Register
Lymphoplasmacytic lymphoma . . .
. The Swedish (LPL) Waldenstrom 2470 patients with 194
Kristinson et al. [66] . 1964-2003 X . LPL-WM 1.8
Family-Cancer Database macroglobulinemia (WM) 9698 controls 47
LPL+WM ’
Lymphoid malignancies (LM): 1.4
NHL 2.0 0.9-22
Diffuse large B-cell lymphoma 0.8 1.1-3.6
. T-cell NHL 44,350 LM, aged > 67 1.8 0.1-58
Anderson et al. [65] SEER-Medicare database 1993-2002 Marginal core lymphoma 122.531 controls 08 05.58
Follicular lymphoma 0.7 03-2.7
Chronic lymphocytic lymphoma NS, butdata 0.3-1.9
Cutaneous T-cell lymphomas not shown
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Anderson et al. [66] SEER-Medicare database 1987-2002

Brown et al. [62]

Landgren et al. [63]

US Veterans Affairs
Hospital

US Veterans Affairs
Hospital

418 HCL, aged > 65

Hairy cell leukemia (HCL) 160,086 controls 0 cases
. 4,501,578 male veterans,
Multiple myeloma (MM) of whom 4641 had MM~ 2.41""
1969-1996 Monoclonal gammapathy of o
undetermined significance (MGUS) and 421
2046 had MGUS
Alimentary tract cancers (ATC): 286  1.72-474
Esophageal 104 039-277
Stomach 4,501,579 male veterans, ’ ! :
1969-1996 1.01 0.56 - 1.83
Colon of whom 96,299 had ATC
Rectum 0.81 0.34 - 1.96
1.41 0.9-2.22
Buccal

Gadallaetal. [61] SEER-Medicare database 1993-2002

Breast cancer (BC)

84,778 BC, aged 67+

84,778 controls 0.96 0.65-1.44

NR—not reported; ‘lung cancer; "“only malignancies occurred after the onset of SSc¢ were included; Incidence of overall malignancy in SSc patients = number

of cases/1000 person/year; " statistically significant association SSc with cancer.

reported a prior history of SSc were detected to estimate
relative risks for the association between certain types of
cancer and SSc.

Prevalence and incidence of malignancy in SSc. The
prevalence of overall malignancy ranged from 4% to
22% considering wide variation in follow-up time and
different timeframes chosen for the inclusion of malign-
nancy cases. The average incidence of overall malign-
nancy was 14 cases/1000 person-years, with most com-
monly seen lung (3.3), breast (1.6) and haematological
(1.6) malignancies, including Non-Hogkin’s lymphoma
(NHL) (1.0) (Table 2).

Malignancy risk in SSc. The mean SIR for all-site
malignancy was 1.85 (95%CI 1.52, 2.25; 12 76%) based
on the results of 12 studies [4-12,14,18,43]; for males
1.99 (95%CI 1.61, 2.35; 12 12%) and for females 1.38
(95%CI 1.22, 1.55; 12 14%) (Figure 2). Most studies
based on Caucasian SSc cohorts showed similar slightly
increased (1.5-2-fold) risk of malignancy in SSc, whereas
three studies from Asia indicated a cancer risk that was
significantly (4-5-fold) higher [8,14,18]. Kang et al. re-
ported that the incidence of cancer among patients with
SSc was 4.2 times higher than in the Korean general
population (95%CI 2.3, 6.1). Fuse et al. reported malign-
nancy occurred in ten out of sixty seven SSc patients
(14.9%), and that was 4.6 times higher than the incidence
of malignancy in the general population of Japan. Higu-
chi et al. found the highest among all published works
cancer rate in SSc patients (16.3%), with an estimated
SIR of 5.1. Similar to the study of Kang and Fuse, SSc
group was small and included only 43 patients, 7 of
whom developed malignancies during a follow-up period
of 6 years at average. In two larger studies of SSc¢ cohorts
in Japan (8327 patients) and Taiwan (2053 patients) the
relative risks of malignancy were analogous to those re-
ported for Caucasian SSc cohorts: 1.6 and 2.3 times hi-
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gher compared to the general populations [39,43]. Three
studies did not reveal an increased risk of cancer in SSc
patients [4,5,45].

Site-specific malignancies. There was a greater risk
of lung cancer (SIR 4.69, 95%CI 2.84, 7.75; 12 93%) [4,
6-12,40,43], and haematological (SIR 2.58, 95%CI 1.75,
3.81; 12 0%) malignancies [7,10,12,43], including
non-Hodgkin’s lymphoma (SIR 2.55, 95%CI 1.40, 4.67;
12 0%) [4,6,7,10]. SSc patients may be also at a higher
risk of leukemia (SIR 2.79, 95%CI 1.22, 6.37; 12 0%)
[7,10], malignant melanoma (SIR 2.92, 95%CI 1.76, 4.83;
12 35%) [7,11], liver (SIR 4.75, 95%CI 3.09, 7.31; 120%)
[4,8,10], cervical (SIR 1.89, 95%CI 1.01, 3.54; 12 62%)
[4,7,11,43] and oropharyngeal (SIR 3.97, 95%CI 3.02,
5.21; 12 16%) [11,30,43] cancer; but this was only sup-
ported by <4 studies. In contrast, the risk of breast and
esophageal cancers associated with SSc appeared to be
comparable with that in the general population: SIR 1.3,
95%CI 0.51, 3.33 [4,6,7,9-12,43] and SIR 5.26, 95%CI
0.36, 77.28 [6-9], respectively. However, the inconsisten-
cy (I2) between the results of these studies was very high
—98% - 99%.

Lung cancer was the most frequent malignancy in SSc
patients comprising from 14% - 44% of all SSc cancer
cases [4,6-12,18,40]. The risk of lung cancer was higher
in men (SIR 5.03, 95%CI 2.8, 9.04; 12 66%) than in
women SIR 4.24, 95%CI 2.49, 7.24; 12 78%) [6-8,10,11,
43]. Tissue types included adenocarcinoma (from 20% to
50%, mean + SD 40% % 20%), squamous cell cancer
(from 0% to 47%, mean + SD 21% + 17%), oat cell can-
cer (0% - 14%), mixed histology (0% - 27%), alveolar
cell carcinoma (0% - 14%) and undifferentiated (0% -
50%) lung cancer [4,8-12,20,41].

Haematological malignancies have been reported to be
associated with systemic sclerosis in several studies. In a
cross-sectional study of Siau et al. the highest risk among
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Abu-Shakra 1993 0.7419 0.1649  9.9% 2.10[1.52,2.90] -
Black 1982 1.8641 1.0778 0.8%  6.45[0.78,53.33] b
Chatterjee 2005 -0.0943 0.1639  9.9% 0.91 [0.66, 1.25] -
Derk 2006 04055 0.1311 11.0% 1.50[1.16, 1.94] -
Fuse 1995 1.5261 03078 5.9% 4.60[2.52,841] ——
Higuchi 2000 1.6292 05605 2.6%  5.10[1.70, 15.30]
Hill 2003 0.6881  0.158 10.1% 1.99[1.46,2.71] _—
Kang 2009 14351 03072  6.0% 4.2012.30,7.67] ———
Kuo 2012 04886 0.1115 11.6% 1.63[1.31,2.03] -
Olesen 2010 04055  0.073 12.6% 1.50[1.30, 1.73] -
Rosenthal 1995 0.4055 0.1139 11.5% 1.50[1.20, 1.88] -
Roumm 1985 0.5933 0.2198 82% 1.81[1.18,2.78] -
Total (95% CT) 100.0% 1.85[1.52,2.25] ¢
Heterogeneity: Tau?= 0.07; Chi*=45.66, df= 11 (P < 0.00001); I*= 76% 00101 1 10 100

Test for overall effect: Z=6.12 (P <0.00001)

Favours GP  Favours SSc

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Chatterjee 2005 0.1222 04263 48% 1131049, 2.61] -1
Derk 2006 06313 0317 83% 1.88[1.01,3.50] —
Hill 2003 1.026 02869 10.0% 2.79[1.59,4.90] -
Kang 2009 1.8563 07073  1.8% 6.40[1.60,25.60]
Kuo 2012 0.6313 0.1961 18.9% 1.88[1.28,2.76] -
Olesen 2010 0.6931 0.1468 29.0% 2.00[1.50,2.67] -
Rosenthal 1995 0.6419 0.1936 193% 1.90[1.30,2.78] -
Roumm 1985 0.9002 05276 32% 2.46[0.87,6.92] T
Thomas 2000 -0.0513 04287 47% 0.95[0.41,2.20] -1
Total (95% CI) 100.0% 1.94[1.61,2.35] ¢
Heterogeneity: Tau?= 0.01; Chiz=9.12, df = 8 (P =0.33); := 12% "0,01 0’,1 T fo 100’

Test for overall effect: Z = 6.92 (P < 0.00001)

Favours GP  Favours SSc

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE  Weight IV, Random, 95% CI IV, Random, 95% CI
Chatterjee 2005 001 01871 9.0% 1.01[0.70, 1.46] o
Derk 2006 047 0182 95% 0.60[1.12,2.29] —
Hill 2003 05481 01952 84%  1.73[1.18,2.54] -
Kang 2009 13083 05745 L1%  3.70[1.20,11.41]
Kuo 2012 04121 0139 15.0% 1.51[1.15, 1.98] -
Olesen 2010 02624 00852 304% 130[1.10, 1.69] -
Rosenthal 1995 02624 01339 15.9% 1.30[1.00, 1.69] -
Roumm 1985 04574 03067 3.6%  1.58[0.87,2.88] T
Thomas 2000 0207 02131 71% 1.23[0.81, 1.87] -
Total (95% CI) 100.0% 1.38[1.22, 1.55] ¢
Heterogeneity: Tau” = 0.00; Chi*=9.29, df =8 (P=0.32); I*= 14% 10_01 0?1 | 1:0 1 001

Test for overall effect: Z=5.36 (P< 0.00001)

Favours GP  Favours SSc

Figure 2. Relative risk of overall malignancies in patients with systemic sclerosis (total (a), male (b) and female (c)) compared

with the general population. ClI, confidence interval.

all site-specific cancers was found for haematological
malignancies (RR18.5, 95%CI 6, 43, p = 0.03) [13]. Ole-
sen et al. showed a 2.5-fold increased risk of haemato-
logical malignancies and non-Hodgkin’s lymphoma
(NHL) and 2.9-fold increased risk of leukemia [7]. Ro-
senthal et al. reported an increased risk of non-Hodgkin

Open Access

lymphoma in women and an increased risk of leukaemia
in men [10]. These finding were confirmed by the series
of studies used the extended case-control approach based
on the large-sized samples of patients with a certain site-
specific malignancy. Mellemkjaer et al. demonstrate that
SSc was linked with an increased risk of NHL which was
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most evident in the period 1 - 4 years subsequent to the
diagnosis of SSc (RR 3.8, 95%CI 1.1, 13) [68]. In two
population-based studies of haematological malignancies
in elderly adults, Andersen et al. reported the association
of SSc with diffuse large B-cell lymphoma, but not hairy
cell leukemia [65,66]. Kristinsson et al. found a strong
association between SSc and increased risk of subsequent
lymphoplasmacytic lymphoma [67]. In the study of
Brown et al., based on a large male population, SSc and
multiple myeloma were significantly linked [63].

Risk factors for malignancy in SSc. RNP I/III posi-
tivity as a risk factor of malignancy developed tempo-
rally close to SSc onset was demonstrated across all stu-
dies where it was evaluated [19,41,42], whereas other pur-
ported characteristics showed inconsistent results (Table
3). Male sex and late onset disease were most often re-
ported as risk factors [6,8,11,12,22,39]. Smoking and du-
ration of interstitial lung disease (ILD) increased the risk
of lung cancer [9,13,20,22]; a positive family history of
breast cancer increased the risk of breast cancer [21,22].
Male sex and longstanding gastroesophageal reflux dis-
ease with Barrett’s esophagus independently increased
the risk of esophageal adenocarcinama in SSc patients [6,
46,64].

Immunosupressive therapy and SSc¢ duration were not
associated with cancer risk [8,21,22,30,37]. The SIRs for
cancer were analysed in dSSc and ISSc patients in 2 pa-
pers [4,12] showing inconsistent results: no difference
between SSc subtypes [4] and increased SIR for cancer
in dSSc patients [12]. All other studies comparing SSc
patients with and without cancer did not find any differ-
ences in cancer risk in respect to SSc subtype [6,8,9,11,
18,20-22,37] (Table 3).

Attributable risk of cancer to mortality yin syste-
mic sclerosis. The mean (+standard deviation) percen-
tage of deaths attributable to cancer among all SSc pa-
tients who had died was 14.5% + 6.2% (median 13.8%),
and among only known causes of deaths was 15.7% +
6.6% (median 14.7%) (Table 4). Malignancy was the
leading cause of non-SSc related mortality (37.8% +
22.6%, median 31.3%) followed by infection or athero-
sclerosis [1,2,3,7,50-53,60]. Lung cancer was the most
frequently seen site-specific malignancy [1-3,49,50,59]
accounting for 23% - 58% of all fatal malignancy cases,
followed by breast and hematological malignancies (Ta-
ble 4). Two studies were population-based and reported
the SMRs for specific causes of death [25,36]. Kuo et al.
reported a slightly increased cancer-attributable mortality
(SMR 1.5, 95%CI 1.03, 2.11) compared to the general
population with the diagnosis of cancer being a risk fac-
tor for death (HR 2.71, 95%CI 1.27, 5.76) [48]. Hashi-
moto et al. found no demonstrable excess mortality from
malignancy (SMR 1.7, 95%CI 0.94, 2.47) [58].

Open Access

4. Discussion

Synthesis of the published literature suggests a twofold
increased risk of all-site malignancy in SSc patients com-
pared to the general population, with men being at a hi-
gher risk than women. The average incidence of all-site
malignancy was 14 cases per 1000 person-years and the
prevalence ranged from 4% to 22%. A recent systematic
review showed similar findings of 1.75-fold increase in
malignancy risk in SSc patients [17]. The strengths of the
present work are an increased scope of literature search
resulting in additional articles captured for meta-analysis
[14,45,65,66,68], evaluation of SIRs by sex and estima-
tion of overall SIRs for all site-specific malignancies re-
ported in the published literature.

The majority of studies, based on predominantly Cau-
casian cohorts, reported comparable results on a slightly
increased (1.5-2-fold), but statistically significant risk of
malignancy in SSc. The exceptionally high rise (4-5-fold)
in cancer risk was found in Asian SSc¢ population [8,14,
18]. The bias in these three studies from Japan and South
Korea might relate to a small sized groups and a short
observation period. Indeed, a recent large cross sectional
study based on National annual survey conducted by the
Ministry of Health, Labour and Welfare of Japan has re-
vealed that the risk of malignancy in SSc was only two
times higher than in the general population, in accordance
with the slightly increased risk of malignnancy shown for
the European and American cohorts of SSc patients [39].
Similar findings of a 1.6-fold increase in the observed
number of cancers in SSc patients were reported in the
study from Taiwan based on 2053 SSc patients [43].

Although most studies seemed to follow the trends
seen in our meta-analysis, three studies did not show an
increased risk of cancer in SSc patients [4,5,45]. Although,
the overall cancer rate in SSc found by Chatterjee et al.
was even higher (84%) than that in the majority of other
studies, but similarly to the studies of Black et al. and
Thomas et al. the difference did not reach statistical sig-
nificance compared to the general population of metro-
politan Detroit which is itself characterized by an in-
creased cancer rate [69]. On the other hand, as these stu-
dies were based only on medical records, the local popu-
lation of SSc patients might be overestimated that can po-
tentially result in lower SIR.

Data also substantiate an increased risk of certain site-
specific cancers in SSc. Lung cancer was associated with
the highest relative risk which was more than four-fold
higher than in the general population. It often compli-
cated the course of long-standing SSc with pulmonary
fibrosis. Pontifex et al. showed that bronchogenic (small
cell and squamous) lung cancer developed 25 years after
SSc onset, while peripheral (large cell, broncho-alveolar
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Table 2. Incidence (I, %) and prevalence (P, number of cases/1000 person/year) of the overall and site-specific malignancies
in patients with systemic sclerosis.

Yrsof SScpts, Cancer pts, LC, No. BC, No. HM, No. NHL, No. Leu, No. CC,No. EC,No. LivC,No. OP,No. MM, No.

Swdy. - CoUNY folowup  No. No.(LP) () (i) () () (P (P () WP (P (P)
Black et al. [5] 1968-1980 27 2(22.2;74) 0 0 0 0 0 0 0 0 0 1(11;04)
Hill et al. [12] 19932000 441 47 (17.8:10.7) 12 8 2 2 0 0 ! ! 0 5(1.9:L1)

: - S0 4507 (3:1.8) (0.8;0.5) (0.8;0.5) 04:02)  (0.4;0.2) =t
Luetal. [21]  Australia 1993-2005 389 NR NR 18(s4.6) NR NR NR NR NR NR NR NR
eIt\I;I;pE):Zr] 2008-2010 451 64" (;14.2) Solid organ tumors (breast, lung, colorectal, genitourinary, reproductive tract) 35 (-;7.8) 6(1.3)
e‘: ‘:Il“[f;’)‘] 1993-2003 632 NR 19 (=3) NR NR NR NR NR NR NR NR NR
Abu-Shakra . 7 5 1 1 i
eral. [11] 19781992 248 18O73)  3ihg 3o 0 0 0 0s04 O 0 (0.5:04) 10504
Canada
Hudson et al. [44] 20042007 130 177 (513) NR NR NR NR NR NR NR NR NR NR
Olesenetal. [7] Denmark 1977-2006 2040 222(13.9:11) 40(252) . 28 20a.31) 11 8 0 3 0 0 7(04:03)
: 7 ) (1.81.4) > 0.7:05) (0.5;0.4) (0.2;0.15) 0.
Siauetal. [13] England - 68 15" (-122) 0 5(574) 5(<74) 3(-=44) 0 0 0 0 0 1(=1.5)
- 3 2
Kyndt et al. [37] 19851995 123 M7 0 “16) 0 0 0 0 0 0 0 0
France
La‘“[‘gg]et al. 1990-2002 203 NR NR  87(-39) NR NR NR NR NR NR NR NR
Chirjak .
etal. [26] 1983-2005 366  16™ (-:4.4) NR NR NR NR NR NR NR NR NR NR
Hungary
Sefgliagzc]z 1995-2007 218 NR NR NR NR NR NR NR NR NR NR NR
Retetto et al. [36] - 15 2" (13) NR NR NR NR NR NR NR NR NR NR
Italy
Vettori et al. [35] 2000-2008 251 NR NR NR NR  1(<04) NR NR NR NR NR NR
Fuse et al. [14] 1974-1992 67 10 (15;15) 233) 11515 2(33) 2(33) 0 0 0 0 0 0
Higuchi . . i
etal L18] Japan 19821996 43 7(183162) 2(521.6) 0 0 0 0 0 0 12.608 0 0
esta;a‘gg‘] 1999 8327 255 (=3.1) NR NR NR NR NR NR NR NR NR NR
Kang et al. [8] 1990-2007 112 9(11.7:8) 4 0 7 4 2 0 1 1 0 0
ang et al. - (5.2:3.6) (9.1;0.8) (5.2;04) (2.6:0.2) (1.3:09)  (1.3;0.9)
Korea
Kim et al. [38] 19722007 230 137 (55.7) NR NR NR NR NR NR NR NR NR NR
Rosenthal et al. . 15 8 7 4 2 5 i
0] Sweden 19651983 917 6909375 ,00 (1 100) (108 (0504) (0302 ° 0 07:05) 0 1(0.1;0.1)
Kuoectal. [43] Taiwan 1996-2008 2053 83 (6.9:4) 21 1 7 3 2 4 ! > 10 0

181 (0.9;0.5) (0.60.3) (0.3;0.1) (0.2:0.1) (0.3;0.2) (0.08;0.04) (0.4;0.2) (0.8;0.5)

Chatterjee et al. . 10 9 3 2 1 3 1 3
[4] 19732004 338 45(7884) (1 7.009)  (16:1.7) (0.5:06) (04:04) (02:0.2) (05:0.6) (02:0.2) (0.5:0.6) 0 0
A 9 1 6 4 4 7 10
Derk etal. [6.31] 1987-2002 769 62(1648) 5 419y (20:14) (1.608) (1105  °  (L1:0.5) (1.909) 0 enty 0
Peters-Golden 3
o 140) 1972-1979 71 NR sy R NR NR NR  NR NR NR NR NR
Roumm et al. [9] VA eaem 60 25 (18.7:3.7) 8 3 3 1 2 0 ! 0 2 10700
' 73 6:12)  (38:07) (2.2:04) (0.7:0.1) (15:03) 0.70.1) (1503 070
Segel et al. [34] 1971-1982 680 NR NR NR NR NR NR  NR 1(s0.14 NR NR NR
Tho“[“jg]et al. 1981-1996 652 36 (18;11) NR NR NR NR NR NR NR NR NR NR
Shah et al. [41] - 2367 2107 (-;9) NR NR NR NR NR NR NR NR NR NR

“only malignancies occurred after the onset of SSc¢ were included; ““ever diagnosed; ~“malignancy occurred within 4 years after the onset of SSc. NR—not re-
ported. HE—haematological malignancies include lymphoma, leukemia and multiple myeloma, NHL—non-Hodgkin’s lymphoma, Leuleukemia, LC—lung
cancer, BC—breast cancer, CC—cervical cancer, EC—esophageal cancer, LivC—Iliver cancer, OP—oropharingeal cancer, MM—malignant melanoma.
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Table 3. Potential associations that may place systemic sclerosis patients at a higher risk for the development of cancer.

< E - = = = . 8,:
o _g ) T z )
Country Australia Canada France Italy Japan Korea Mexico UK USA
No. of SSc patients with cancer 21 84 19 18 14 39 255 7 9 6 15 64 25 24 77 45 23
Risk Factors

Sex NR male no NR no NR male NR male NR no NR no NR no no' NR
Age at SSc diagnosis no NR no yes no NR yes'* NR no no yes' NR no yes' yes" NR NR
SSc subtype no dSSc no no no NR NR no  no NR NR NR no no no no NR
Disease duration NR NR NR no NR NR NR no NR no NR NR NR NR NR NR NR
ILD NR NR no NR no NR no NR no NR no NR yes yes NR NR NR
Sjogren’s syndrome NR NR NR NR no NR NR NR NR NR NR NR NR NR NR NR NR
ANA NR NR NR NR no NR yess NR no NR no NR no yess NR no NR
ACA no no yes NR no NR no yess NR NR no NR NR no no no NR
ATA no no no NR no NR no no  no NR no NR NR no no no NR

a-RNAP /111 NR NR NR NR NR yes NR NR NR NR NR yes NR NR NR NR yes

a-RNP no NR NR NR NR NR NR NR no NR NR NR NR NR NR no NR
a-Ro/La NR NR NR NR NR NR NR NR no NR NR NR NR NR NR NR NR
ENA NR NR NR NR NR NR NR NR no NR NR NR NR NR NR NR NR

Therapy Immunosuppressive no NR NR NR no NR NR NR NR NR NR NR NR NR NR NR NR

DP NR NR NR no NR NR NR NR no No NR NR NR no yes NR NR
MTX NR NR NR NR NR NR NR NR NR NR NR NR NR no no NR NR
AZA NR NR NR NR NR NR NR NR no NR NR NR NR NR NR NR NR
CYC NR NR NR NR NR NR NR NR no NR NR NR NR no no NR NR
DMARD NR NR NR NR NR NR NR NR NR NR no NR NR NR NR NR NR
Smoking no NR  yes" no NR NR NR NR no NR yess NR no no NR NR NR

Family history of cancer yes NR NR NR NR NR NR NR NR no NR NR NR no yes NR NR

Note: 1—Liver cancer was more often seen in female SSc patients and in patients with diffuse SSc; —studies reported the data on site-specific malignancies:
Derk et al.—breast cancer, Lu et al.—breast cancer, Pontifex et al.—lung cancer. NR-not reported. “+”—positive correlation, “-“—negative correlation.
ANA—antinuclear antibodies, ACA—anti-centromere antibodies, ATA—anti-topoisomerase I antibodies, a-RNP—anti-ribonucleoprotein, a-RNAP-I/III—
anti-RNA polymerase I/III autoantibodies, ENA—antibodies to extractable nuclear antigen. DP—D-penicillamine, MTX—methotrexate, AZA—azathioprine,

CYC—-<cyclophosphamide, DMARD—disease-modifying anti rheumatic drugs, dSSc—diffuse systemic sclerosis.

carcinoma and adenocarcinoma) appeared earlier, in 5
years at average [20].

The most frequent histology is non-small cell lung car-
cinoma with the great majority of SSc patients (40% -
50%) having adenocarcinoma. The risk appears to be
also heightened for haematological malignancies, espe-
cially for non-Hodgkin’s lymphoma. Some other site-
specific malignancies, such as melanoma, liver, oro-
pharyngeal and cervical cancers, showed similarly heigh-

Open Access

tened SIR; but paucity of studies preclude any reliable
assumption. Based on observed versus expected cases,
there was considerable variation in the calculated SIR
among the individual studies for breast and esophageal
cancers, and the confidence intervals were relatively im-
precise. Nevertheless, the random effects metaanalysis
did not reveal an increased risk of these types of cancer
in SSc patients. A possible explanation of the fact that
coexisting breast cancer and SSc often arise in a brief
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Table 4. Distribution of deaths due to cancer among all deaths, deaths unrelated to systemic sclerosis and known causes of

death.
— Patients died from cancer
c >
2 P
° e £ § sS = ;
> 2 @ @ z B S = Proportion
= g < g 2 ©° g g £ ofall i, Proportion 9% of SSc
Study S - s = s 2 g8 §  patients p of known unrelated &
5 S =3 = 3 S ®- T . _of all deaths ;
O E = @ 8 T T 2 < included in (%) causes of possibly
2 a g c cs o  thestudy deaths (%) related deaths
S © c
id g s 8§ O
= (9] )
Y w
Kuo et al. Taiwan 2002-2007 1479 3.55 204 203 NR 30 2 14.7 14.7 NR
Hesselstrand et al. Sweden 1983-1995 249 2.51 49 49 24 12 4.8 24.5 24.5 50
Hashimoto et al. Japan 1973-2008 396 12.96 86 63 NR 19 4.8 22 30 NR
Nishioka et al. Japan 1994 end 496 11.4 90 NR NR 21 4.2 23 NR NR
Jacobsen et al. Denmark 1960-1996 344 NR 160 150 109 30 8.7 18.8 20 27.5
Bond et al. Australia 1983-1996 NR 2.23 123 82 39 10 NR 8 12 25.6
Lecetal. Canada 1979-1990 237 478 61 61 34 6 2.5 9.8 9.8 18
Joven et al. Spain 1980-2006 204 NR 44 44 8 3 1.5 6.8 6.8 37.5
Tyndalletal.  CUSTAR 90040008 5860 NR 234 224 96 30 0.5 12.8 134 313
members
Hong
Mok et al. Kong 1999-2008 449 5.7 110 101 NR 11 2.5 10 10.9 NR
Vettori et al. Italy 2000-2008 241 7.09 20 17 NR 2 0.8 10 11.8 NR
Hachulla et al. France  2002-2003 546 NR 47 40 23 8 1.5 17 20 34.8
1972-1976 221 3.76 42 33 12 4 1.8 10 12 33
1977-1981 493 4 105 98 33 11 2 10 10.2 30
1982-1986 768 4.5 148 142 62 15 1.8 10 9.8 22.6
Steen et al. USA
1987-1991 1153 4.5 211 204 99 32 2.6 15 14.7 30.3
1992-1996 1460 4.26 289 281 124 32 2.2 11 11.3 25.8
1997-2001 1508 4.88 314 304 157 22 1.45 7 7.2 14
Fuse et al. Japan 1974-1992 67 5.7 26 23 NR 4 6 154 17.4 NR
Ferri et al. Italy 1955-1999 915 7.8 279 170 109 25 2.7 9 15 23
Scussel et al Canada 1984-1999 309 6 66 66 31 13 4.2 20 20 42
Chung et al.” USA 2011-2003 45645 NR 2847 2847 NR 164 0.36 58 5.8 NR
Chwieskoetal.  Poland  1999-2005 76 24 13 13 3 3 3.95 23 23 100

"data on in-hospital mortality reported. NR—not reported.

time period is that in these cases the onset of malignancy
might trigger the development of clinically apparent au-
toimmunity [41].

Cancer was the leading cause of deaths not directly
related to disease specific organ-based complications in
SSc patients. Mortality attributable to lung cancer com-
prised one-third to a half of all fatal malignancies, fol-
lowed by breast and haematological malignancies. The
proportion of deaths due to cancer in SSc patients varied
between 6.8% - 24.5% that may be explained by the dif-
ferences in overall cancer mortality rates between coun-
tries and/or in a study period as cancer care/outcomes
have significantly shifted over time, and/or by the dif-

Open Access

ferent average age of patients enrolled into the studies.

The identification of SSc patients at high risk for neo-
plasms could have a large impact on survival by improv-
ing patient outcomes and decreasing mortality. The most
promising candidate for malignancy screening is RNAP
I/III seropositivity in SSc patients with rapid progression
of skin involvement [19,41,42].

Other risk factors include male sex and late disease
onset. Site-specific malignancy risk factors are smoking
and long-lasting interstitial lung disease for lung cancer;
longstanding gastroesophageal reflux disease with Bar-
rett’s esophagus for esophageal adenocarcinoma, and a
positive family history for breast cancer.
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Male patients with SSc are at a higher risk for all-site
malignancy, and lung cancer, specifically, that was con-
firmed by meta-analysis. Some inconsistency seen in the
published studies was related to a proportion of specific-
site cancers in the cohorts which possess a different dis-
tribution among women and men. The further studies
should be aimed to investigate each site-specific malign-
nancy separately according to the gender of SSc patients.
In this regard, Chatterjee et al. revealed that liver cancer
occurred in the Afro-American female SSc patients at a
rate nearly 46 times greater than expected in the general
Afro-American female population [4].

ILD showed inconsistent results as a risk factor for
malignancy across many studies where it was evaluated.

It might be explained by different methods used for
lung fibrosis detection which varied significantly be-
tween the studies and over the years, even within the
same study considering a retrospective design with a
long follow-up period [9,20,37]. Alternative reason for
controversial findings could be that a long-lasting ILD
regardless of its extent in SSc patients may be a risk fac-
tor for cancer. Even minor interstitial pulmonary changes
that have lasted for a long time entails a chronic local
injury with repeated cycles of epithelial cell damage and
repair that might lead to genetic mutations. Indeed, lung
cancer more often complicates the course of long-stand-
ing SSc as the average disease duration from SSc onset
to the occurrence of lung cancer was typically 5 - 13
years [9-11].

On the molecular level, lung cancer is thought to de-
velop from a stepwise accumulation of multiple acquired
genetic alterations [70]. An increase in acquired somatic
genetic damage has been recently shown among patients
with SSc that might explain the enhanced cancer risk.
The number of studies revealed genetic damage not only
in SSc patients, but also in their first-degree relatives
(increased variable number of random repeat mutations
and increased chromosomal breakage rate) [71,72]. This
is in accordance with the higher prevalence of cancer
among first-degree relatives [73] and with the fact that a
positive family history of cancer was one of the risk fac-
tors for its development in SSc patients [21,22].

The cause of the increased genetic instability in SSc
patients and their relatives is still unknown and should be
a priority in further investigation. It likely relates to the
altered function of proteins which are responsible for
DNA repair and/or which mediate cell apoptosis in re-
sponse to DNA damage (e.g. tumor suppressor p53 and
p21 proteins) [70]. The loss of their functions can be
caused by gene polymorphism or chronic DNA dam-
age/repair under the condition of persistent inflammation
in SSc. Thus, the studies of tumor suppressor proteins in
SSc are merited to provide more information on the me-
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chanism of tumorogenesis.

RNP I/III positivity was reported as a risk factor with a
high inter-study consistency. Enhanced nuclear RNA po-
lymerase III antigenic expression by tumor tissues was
demonstrated exclusively in SSc patients with RNA po-
lymerase antibodies [41]. Possibly, expression of the
same autoantigens in damaged vessels leads to immune
response directed against specific host tissues, with con-
sequent tissue damage that generates the SSc clinical
phenotype [41]. These data provide strong evidence that
anti-cancer immunity and autoimmunity are related.

Further investigations of autoantibodies in SSc pa-
tients with cancer are very important. Antinuclear anti-
bodies, usually found in systemic rheumatic diseases
(anti-DNA, anti-Sm, anti-RNP, p53, c-myc, anti-Ku, aPL
and others), have been reported for decades in patients
with various cancers [74]. These autoantibodies are cur-
rently considered as extremely promising diagnostic and
prognostic biomarkers of cancer (similar to their value in
systemic autoimmune diseases) and have the potential to
detect cancer early when the treatment has the best chance
to affect tumor behavior [75]. As believed, the antibodies
to RPA32, annexin XI-A, and EF-2 in the sera of a small
proportion of patients with systemic autoimmune diseas-
es may also represent early markers of malignancy [75].

The observed differences in the studies could be real
or they could be accounted for by various combinations
of the following factors. First, it is difficult to precisely
examine the possible increased risk of malignancy in
scleroderma patients because of the rarity of this disease
and therefore the small number of patients available for a
study. We used a broad search strategy to capture evi-
dence from many different settings, and the patient co-
horts in some of the studies were relatively small. The
heterogeneity among studies is also related to the popula-
tions examined, the methodology of case ascertainment
and the data sources, as well as to the background inci-
dence of cancer in different geographic areas and the
wide variation in follow-up that could potentially bias the
results. Besides, it is difficult to separate the underlying
risk associated exclusively with the disease from some of
the known and unknown confounders: risk factors for
cancer (potential treatment effects, dietary factors, ciga-
rette smoking), the genetic, racial, ethnic, behavioral, oc-
cupational, and environmental risk factors. Most of these
studies excluded cancer cases that may have been diag-
nosed shortly before scleroderma onset, and therefore the
risk may be underestimated. It is possible that the vari-
ability observed in the SIRs may result from these diffe-
rences.

In summary, we found that the average incidence of
all-site malignancy in SSc patients was 14 cases per 1000
persons-years. Compared to the general population, SSc¢
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was associated with a twofold increase in malignancy
risk. Male patients were at a higher risk than female pa-
tients. The highest four-fold increased risk was observed
for lung cancer, with adenocarcinoma being the most
frequent histology. Non-Hodgkin’s lymphoma was asso-
ciated with a two-fold rise in an overall risk. The risks of
breast and esophageal cancers among SSc patients were
comparable to the general population. SSc patients may
be at a higher risk of leukemia, malignant melanoma, li-
ver cancer, cervical and oropharingeal cancers. Purported
risk factors for cancer in SSc include RNAP I/III positiv-
ity, male sex, increasing age, a positive family history of
breast cancer, smoking and a long-lasting ILD. Vigilance
is recommended in this group of patients. Therapy, dis-
ease duration and subtype are not among risk factors of
cancer in SSc. Further studies of risk factor identification,
risk stratification and impact on early diagnosis of cancer
are needed to enhance our understanding of malignancy
in SSc and to develop preventative strategies to improve
survival.
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