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Abstract

Objectives. A higher incidence of cancer in scleroderma patients compared with the general population

has been suggested by several observational studies, reporting, however, different estimates. Therefore,

we aimed to perform a systematic review and meta-analysis to definitely assess this association.

Methods. We searched MEDLINE and Embase for all original articles of observational studies on cancer

incidence in scleroderma patients without language restriction published up to December 2011.

Two independent authors reviewed all titles/abstracts and retrieved detailed full-text of potentially relevant

articles to identify studies according to predefined selection criteria. Summary estimates were derived

using random-effects model and reported as relative risk (RR). Publication bias was evaluated by trim and

fill analysis.

Results. From articles initially identified, 16 original studies, involving more than 7000 patients, were

included in the present review. Compared with the general population, the summary RR to develop all

invasive cancers in scleroderma patients was 1.75 (95% CI 1.41, 2.18). The results for selected cancer

sites indicated a strong association with lung cancer (RR 4.35; 95% CI 2.08, 9.09), and a significant increased

risk also for haematological neoplasms (RR 2.24; 95% CI 1.53, 3.29). The relation with breast cancer,

suggested in some previous epidemiological studies, was not confirmed (RR 1.05; 95% CI 0.86, 1.29).

Conclusion. The present meta-analysis, the first on scleroderma and cancer risk, provides definite

estimates on the association between scleroderma and cancer.
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Introduction

SSc is a rare, immune-mediated, multi-system disorder

characterized by microvasculature damage, circulating

autoantibodies and fibroblast activation leading to fibrosis

of the skin and visceral organs [1]. Because of the low

frequency and the lack of uniform clinico-epidemiological

approach, data on its prevalence and incidence are con-

flicting. According to a recent systematic review of the

literature the prevalence of scleroderma ranges from 7/

million to 489/million and its incidence from 0.6/million/

year to 122/million/year with appreciable geographical

variations [2].

Scleroderma carries an increased risk of death

compared with the general population, with standardized

mortality ratios ranging between 1.5 and 7.2 [3], with pul-

monary fibrosis and pulmonary arterial hypertension being

responsible for more than half of all scleroderma-related

deaths [4]. Furthermore, an increased incidence of cancer

in these patients compared with the general population

has been suggested based on case reports and series
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[5�7] and, more recently, several observational studies

were performed to address this relevant issue. Although

most of the investigations confirmed the presence of an

overall higher risk to develop invasive malignancies, the

estimates varied greatly among studies, in particular for

cancer subtype, reflecting differences in sample size,

duration of follow-up and study design. Therefore, we

conducted a systematic review to detect all data available

on cancer incidence in scleroderma patients and per-

formed a meta-analysis of included results to definitely

assess this association.

Materials and methods

Search strategy and study selection

We searched MEDLINE and Embase for all original articles

of observational studies on cancer incidence in patients

with scleroderma without language restriction published

up to December 2011, using a combination of free text

and MeSH terms related to scleroderma/SSc, cancer and

observational studies. The electronic search was supple-

mented by checking related citations in MEDLINE and

hand searching the bibliography of relevant articles.

Experts in the field were also contacted for further pub-

lished or unpublished data.

The following criteria were established for inclusion:

(i) cohort study of patients with scleroderma reporting

relative risk (RR)—or any ratio comparing the observed

with the expected numbers of cancer cases in general

population—and the corresponding CIs or sufficient infor-

mation to calculate them; (ii) case�control study of cancer

estimating the odds ratios (ORs) relative to history of

scleroderma; (iii) studies reporting cancer cases ascer-

tained by histological examination; (iv) studies with diag-

nosis of cancer following the diagnosis of systemic

sclerosis; when a study included cancer cases diagnosed

both before and after the onset of scleroderma, we con-

sidered data for the latter group only. If not available sep-

arately, we attempted to directly contact the authors by

mail or postal address.

First, two independent authors reviewed all titles/ab-

stracts. A second sift was based on full-text review of

potentially relevant articles and disagreements were

resolved by discussion. When we were unable to retrieve

the full text of papers, we directly contacted the corres-

ponding authors through mail or postal address. When

multiple reports were published on the same study, the

more complete information was extracted.

Methodological quality assessment

We assessed the selected studies for methodological

quality using the Newcastle�Ottawa Scale [8].

Information on adequacy of definition of cases or co-

horts, representativeness of the sample, selection and

evaluation of controls, comparability, ascertainment of ex-

posure and outcome were evaluated for cohort and

case�control studies. The risk of bias was regarded as

low if a study obtained four stars for selection, two for

comparability and three for ascertainment of exposure.

The risk of bias was considered to be medium in studies

with two or three stars for selection, one for comparability

and two for exposure. Any study scoring one or zero stars

for selection, comparability or exposure was deemed to

have a high risk of bias.

Data extraction and statistical analysis

Two reviewers independently extracted information on

study design, country, sex, number of subjects (cases,

controls or cohort size), duration of follow-up, cancer

sites considered, years between diagnosis of scleroderma

and cancer (when available), variables adjusted for in the

analysis, RR estimates and the corresponding 95% CIs.

The measure of interest was the RR, estimated by the

OR in case�control and by the standardized incidence

ratio (SIR) in cohort studies. We generated forest plots,

in which all the meta-analytic estimates were derived

using random-effects models [9]. We assessed the het-

erogeneity among studies using the �2-test [9], defining a

significant heterogeneity as a P< 0.10, and quantified the

inconsistency using the I2-statistic [10]. We performed a

sensitivity analysis in order to verify the influence on the

summary estimates of case�control studies and to evalu-

ate potential differences in RRs when the studies exclud-

ing/including cancer cases diagnosed within the first year

from diagnosis of scleroderma were analysed separately.

To evaluate publication bias, we used the funnel plot,

applying the trim and fill method [11], which assesses po-

tential asymmetry in the funnel plot, imputes the sus-

pected missing studies and recalculates a pooled

estimate, adjusting for the effect that the hypothetical

RRs of non-published (imputed) studies may have on

the measured outcome.

Results

Search results and characteristics of included studies

The first search identified 1597 references (supplementary

Fig. S1, available as supplementary data at Rheumatology

Online). After initial screening, 1488 papers were excluded

because they were not relevant (i.e. laboratory studies,

animal studies, case reports, review article) and the re-

maining 109 articles were retrieved for detailed full-text

evaluation. Twenty-two papers were case reports/series,

17 were review articles, 49 were observational studies that

failed to meet the inclusion criteria, such as studies on

prevalence, or comparing cancer incidence between

scleroderma patients and those with other autoimmune

diseases [12], or including also cancer cases diagnosed

before the onset of scleroderma [13]. Of the remaining

papers, two were excluded since they reported data re-

published in more informative articles [14, 15], one was

rejected as the data had already been reported in another

paper by the same author [16], and another one because

its statistical results were not clearly interpretable [17]. No

further studies were identified by hand search or contacts

with experts.

Thus, 16 original studies were included in the present

review. Their main characteristics are summarized in Table 1.

144 www.rheumatology.oxfordjournals.org

Martina Bonifazi et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/52/1/143/1830800 by guest on 17 April 2024

http://rheumatology.oxfordjournals.org/cgi/content/full/kes303/DC1
http://rheumatology.oxfordjournals.org/cgi/content/full/kes303/DC1
http://rheumatology.oxfordjournals.org/cgi/content/full/kes303/DC1


T
A

B
L

E
1

C
a
s
e

�c
o

n
tr

o
l

a
n
d

c
o

h
o

rt
s
tu

d
ie

s
o

n
th

e
a
s
s
o

c
ia

ti
o

n
b

e
tw

e
e
n

s
c
le

ro
d

e
rm

a
a
n
d

c
a
n
c
e
r

ri
s
k

S
tu

d
y

C
o

u
n

tr
y

S
e

x
N

o
.

o
f

c
a

s
e

s

T
o

ta
l

n
o

.
o

f
s
c

le
ro

d
e

rm
a

p
a

ti
e

n
ts

P
e

ri
o

d
o

f
e

n
ro

lm
e

n
t/

d
u

ra
ti

o
n

o
f

fo
ll
o

w
-u

p
C

a
n

c
e

r
s
it

e

Y
e

a
rs

b
e

tw
e

e
n

d
ia

g
n

o
s
is

o
f

s
c

le
ro

d
e

rm
a

a
n

d
c

a
n

c
e

r

V
a

ri
a

b
le

s
a

d
ju

s
te

d
fo

r
in

th
e

re
g

re
s
s
io

n
m

o
d

e
ls

R
R

(9
5
%

C
I)

N
o

te
s

C
a
s
e

�c
o

n
tr

o
l

L
a
n
d

g
re

n
e
t

a
l.

[4
2
]

S
w

e
d

e
n
/

D
e
n
m

a
rk

M
F

1
4

1
9
5
8

�9
8

H
L

N
o

t
re

p
o

rt
e
d

D
a
te

o
f

d
ia

g
n
o

s
is

,
a
g

e
,

s
e
x
,

c
o

u
n
tr

y
0
.6

0
(0

.1
0
,

6
.2

0
)

T
h
e

a
n
a
ly

s
e
s

d
o

n
o

t
in

c
lu

d
e

a
ll

p
a
ti
e
n
ts

d
ia

g
n
o

s
e
d

w
it
h

c
a
n
c
e
r

w
it
h
in

th
e

fi
rs

t
y
e
a
r

fr
o

m
th

e
in

it
ia

l
d

ia
g

n
o

-
s
is

o
f

s
c
le

ro
d

e
rm

a

G
a
d

a
lla

e
t

a
l.

[4
3
]

U
S

A
F

6
4

1
2
8

1
9
9
3

�2
0
0
2

B
N

o
t

re
p

o
rt

e
d

A
g

e
,

y
e
a
r

o
f

s
e
le

c
ti
o

n
,

ra
c
e
,

m
a
m

m
o

-
g

ra
p

h
y
,

re
g

io
n

o
f

re
s
id

e
n
c
e
,

in
c
o

m
e
,

im
m

u
n
o

s
u
p

p
re

s
s
iv

e
th

e
ra

p
y

0
.9

6
(0

.6
5
,

1
.4

4
)

K
ri
s
ti
n
s
s
o

n
e
t

a
l.

[4
4
]

S
w

e
d

e
n

M
F

3
2
3

1
9
5
8

�2
0
0
5

M
P

N
N

o
t

re
p

o
rt

e
d

D
a
te

o
f

d
ia

g
n
o

s
is

,
a
g

e
,

s
e
x
,

c
o

u
n
tr

y
0
.6

0
(0

.2
,

2
.0

)
T

h
e

a
n
a
ly

s
e
s

d
o

n
o

t
in

c
lu

d
e

a
ll

p
a
ti
e
n
ts

d
ia

g
n
o

s
e
d

w
it
h

c
a
n
c
e
r

w
it
h
in

th
e

fi
rs

t
y
e
a
r

fr
o

m
th

e
in

it
ia

l
d

ia
g

n
o

-
s
is

o
f

s
c
le

ro
d

e
rm

a

C
o

h
o

rt

B
la

c
k

e
t

a
l.

[4
5
]

A
u
s
tr

a
lia

M
F

,
M

,
F

2
2
7

(P
R

)
1
9
6
8

�8
0

A
ll

N
o

t
re

p
o

rt
e
d

A
g

e
,

s
e
x

6
.4

5
(0

.7
8
,

2
3
.2

9
)

9
0

(P
Y

)

P
e
te

rs
-G

o
ld

e
n

e
t

a
l.

[2
4
]

U
S

A
M

F
3

7
1

(P
R

)
1
9
7
2

�7
9

(a
v
e
ra

g
e

y
e
a
rs

o
f

fo
llo

w
-u

p
:

5
)

L
u

8
.3

3
(1

w
it
h
in

fi
rs

t
y
e
a
r,

2
a
ft

e
r

1
0

y
e
a
rs

)

C
a
le

n
d

a
r

y
e
a
r,

a
g

e
,

s
e
x
,

ra
c
e

1
6
.5

0
(3

.4
0
,

4
8
.2

0
)

3
4
9

(P
Y

)

R
o

u
m

m
a
n
d

M
e
d

s
g

e
r

[2
5
]

U
S

A
M

F
,

M
,

F
1
4

2
6
2

(P
R

)
1
9
7
1

�8
2

(a
v
e
ra

g
e

y
e
a
rs

o
f

fo
llo

w
-u

p
:

4
.3

)

A
ll,

L
u
,

B
,

G
a

A
ll:

9
.2

A
g

e
,

s
e
x

A
ll:

1
.8

1
(0

.9
9
,

3
.0

4
)

A
ll

c
a
n
c
e
rs

d
o

e
s

n
o

t
in

c
lu

d
e

n
o

n
-m

e
la

-
n
o

m
a

s
k
in

c
a
n
c
e
rs

1
1
3
5

(P
Y

)
L
u
:

1
8
.8

L
u
:

4
.4

0
(1

.2
0
,

1
5
.2

7
)

B
:

0
.1

B
:

0
.6

2
(0

.0
2
,

3
.4

5
)

G
a
:

0
.9

2

R
o

s
e
n
th

a
l
e
t

a
l.

[1
4
]

S
w

e
d

e
n

M
F

,
M

,
F

6
9

9
1
7

(P
R

)
1
9
6
5

�8
3

(a
v
e
ra

g
e

y
e
a
rs

o
f

fo
llo

w
-u

p
:

8
)

A
ll,

L
u
,

B
,

S
k
,

L
i,

L
,

L
e
,

U

A
ll:

2
�4

:
2
2
;

5
�9

:
3
8
;
>

1
0
:

9
C

a
le

n
d

a
r

p
e
ri
o

d
,

a
g

e
,

s
e
x

A
ll:

1
.5

0
(1

.2
0
,

1
.9

0
)

T
h
e

a
n
a
ly

s
e
s

d
o

n
o

t
in

c
lu

d
e

a
ll

p
a
ti
e
n
ts

d
ia

g
n
o

s
e
d

w
it
h

c
a
n
c
e
r

w
it
h
in

th
e

fi
rs

t
y
e
a
r

fr
o

m
th

e
in

it
ia

l
d

ia
g

n
o

-
s
is

o
f

s
c
le

ro
d

e
rm

a

7
4
0
3

(P
Y

)
L
u
:

2
�4

:3
;

5
�9

:
1
1
;

>
1
0
:

1
L
u
:

4
.9

0
(2

.8
0
,

8
.1

0
)

B
:

2
�4

:
3
;

5
�9

:
3
;

>
1
0
:

2
B

:
1
.1

0
(0

.5
0
,

2
.1

0
)

H
a
:

2
�4

:
5
;

5
�9

:
1
;

>
1
0
:

1
S

k
:

4
.2

0
(1

.4
0
,

9
.8

0
)

L
i:

3
.3

0
(1

.1
0
,

7
.6

0
)

L
:

2
.9

0
(0

.8
0
,

7
.4

0
)

L
e
:

2
.1

0
(0

.2
0
,

7
.4

0
)

U
:

1
.0

(0
.2

0
,

3
.1

0
)

H
ig

u
c
h
i
e
t

a
l.

[4
6
]

J
a
p

a
n

M
F

7
4
3

(P
R

)
1
9
8
2

�9
6
,

(a
v
e
ra

g
e

y
e
a
rs

o
f

fo
llo

w
-

u
p

:
6
)

A
ll

A
ll:

c
o

n
te

m
p

o
ra

ry
:

4
>

1
0
:

3
C

a
le

n
d

a
r

p
e
ri
o

d
,

a
g

e
,

s
e
x

5
.1

0
(1

.7
0
,

1
0
.8

0
)

3
8
3

(P
Y

)

(c
o

n
ti
n
u
e
d

)

www.rheumatology.oxfordjournals.org 145

Scleroderma and cancer risk
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/52/1/143/1830800 by guest on 17 April 2024



T
A

B
L

E
1

C
o

n
ti
n
u
e
d

S
tu

d
y

C
o

u
n

tr
y

S
e

x
N

o
.

o
f

c
a

s
e

s

T
o

ta
l

n
o

.
o

f
s
c

le
ro

d
e

rm
a

p
a

ti
e

n
ts

P
e

ri
o

d
o

f
e

n
ro

lm
e

n
t/

d
u

ra
ti

o
n

o
f

fo
ll
o

w
-u

p
C

a
n

c
e

r
s
it

e

Y
e

a
rs

b
e

tw
e

e
n

d
ia

g
n

o
s
is

o
f

s
c

le
ro

d
e

rm
a

a
n

d
c

a
n

c
e

r

V
a

ri
a

b
le

s
a

d
ju

s
te

d
fo

r
in

th
e

re
g

re
s
s
io

n
m

o
d

e
ls

R
R

(9
5
%

C
I)

N
o

te
s

H
ill

e
t

a
l.

[2
3
]

A
u
s
tr

a
lia

M
F

,
M

,
F

4
7

4
4
1

(P
R

)
1
9
9
3

�2
0
0
0

(y
e
a
rs

o
f

fo
llo

w
-u

p
:

5
.5

fo
r

m
e
n
,

6
.1

fo
r

w
o

m
e
n
)

A
ll,

L
u
,

B
,

B
l,

P
r,

G
a
,

H
a
,

O
t

N
o

t
re

p
o

rt
e
d

C
a
le

n
d

a
r

p
e
ri
o

d
,

a
g

e
,

s
e
x

A
ll:

1
.9

9
(1

.4
6
,

2
.6

5
)

A
ll

c
a
n
c
e
rs

d
o

e
s

n
o

t
in

c
lu

d
e

n
o

n
-m

e
la

-
n
o

m
a

s
k
in

c
a
n
c
e
rs

L
u
:

5
.9

0
(3

.0
5
,

1
0
.3

1
)

B
:

1
.6

2
(0

.7
0
,

3
.1

9
)

B
l:

3
.4

2
(0

.7
1
,

9
.9

9
)

P
r:

2
.4

1
(0

.5
0
,

7
.0

3
)

G
a
:

0
.9

2
(0

.2
5
,

2
.3

6
)

H
a
:

1
.1

5
(0

.1
4
,

4
.1

4
)

O
t:

1
.9

6
(1

.1
0
-3

.2
3
)

C
h
a
tt

e
rj
e
e

e
t

a
l.

[1
5
]

U
S

A
M

F
,

M
,

F
4
5

5
3
8

(P
R

)
5
7
6
6
.1

4
(P

Y
)

1
9
7
3

�2
0
0
4

A
ll,

L
u
,

B
,

L
i,

N
H

L
,

C
e
,

P
r

N
o

t
re

p
o

rt
e
d

A
g

e
,

s
e
x

A
ll:

0
.9

1
(0

.6
6
,

1
.2

2
)

L
u
:

1
.2

3
(0

.5
9
,

2
.2

5
)

B
:

0
.8

1
(0

.3
7
,

1
.5

3
)

L
i:

7
.3

5
(1

.5
2
,

2
1
.4

9
)

N
H

L
:

1
.1

8
(0

.1
4
,

4
.2

8
)

C
e
:

1
.3

7
(0

.2
8
,

4
.0

1
)

P
r:

1
.2

3
(0

.2
5
,

3
.5

9
)

D
e
rk

e
t

a
l.

[2
0
]

U
S

A
M

F
,

M
,

F
6
2

7
6
9

(P
R

)
1
9
8
7

�2
0
0
2

(a
v
e
ra

g
e

y
e
a
rs

o
f

fo
llo

w
-u

p
:

4
.9

)

A
ll,

L
u

B
,
C

,
N

H
L
,

O
e
,

O
r,

O
v
,

C
e
,

T

A
ll:

3
C

a
le

n
d

a
r

p
e
ri
o

d
,

a
g

e
,

s
e
x

A
ll:

1
.5

5
(1

.1
6
,

1
.9

3
)

3
7
7
5

(P
Y

)
L
u
:

1
.5

5
(0

.5
4
,

2
.5

6
)

B
:

0
.9

9
(0

.4
1
,

1
.5

7
)

C
:

0
.7

6
(�

0
.0

9
,

1
.6

1
)

N
H

L
:

1
9
.0

4
(0

.3
8
,

3
7
.7

0
)

O
e
:

1
5
.9

0
(4

.2
0
,

2
7
.6

0
)

O
r:

9
.6

3
(2

.9
7
,

1
6
.2

9
)

O
v
:

2
.6

3
(�

0
.6

7
,

5
.2

5
)

C
e
:
7
.1

4
(0

.1
5
,
1
4
.1

3
)

T
:

4
.3

4
(�

1
.6

6
,

1
0
.3

4
)

B
ro

w
n

e
t

a
l.

[4
7
]

U
S

A
M

6
—

1
9
6
9

�9
6

M
y

M
y
:

2
�4

:
1

A
g

e
,

v
is

it
s
,

c
a
le

n
d

a
r

y
e
a
r,

la
te

n
c
y
,

ra
c
e

2
.4

1
(1

.0
8
,

5
.3

6
)

T
h
e

a
n
a
ly

s
e
s

d
o

n
o

t
in

c
lu

d
e

a
ll

p
a
ti
e
n
ts

d
ia

g
n
o

s
e
d

w
it
h

c
a
n
c
e
r

w
it
h
in

th
e

fi
rs

t
y
e
a
r

fr
o

m
th

e
in

it
ia

l
d

ia
g

n
o

-
s
is

o
f

s
c
le

ro
d

e
rm

a

5
�9

:
4
;
>

1
0
:

1

K
a
n
g

e
t

a
l.

[1
8
]

K
o

re
a

M
F

,
M

,
F

9
1
1
2

1
9
9
0

�2
0
0
7

(a
v
e
ra

g
e

y
e
a
rs

o
f

fo
llo

w
-u

p
:

5
.8

)

A
ll,

L
u
,

P
,

L
i,

O
e
,
S

t
A

ll:
8
.6

6
A

g
e
,

s
e
x

A
ll:

4
.2

0
(2

.3
0
,

6
.1

0
)

L
u
:7

L
u
:

1
8
.6

0
(1

3
.8

0
.

2
3
.4

0
)

P
:

2
3
.5

0
(1

4
.3

0
,

3
2
.7

0
)

L
i:

4
.9

0
(3

.0
,

6
.9

0
)

O
e
:

3
5
.0

(3
3
.6

0
,

3
6
.4

0
)

S
t:

3
.0

(1
.9

0
,

4
.1

0
)

(c
o

n
ti
n
u
e
d

)

146 www.rheumatology.oxfordjournals.org

Martina Bonifazi et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/52/1/143/1830800 by guest on 17 April 2024



T
A

B
L

E
1

C
o

n
ti
n
u
e
d

S
tu

d
y

C
o

u
n

tr
y

S
e

x
N

o
.

o
f

c
a

s
e

s

T
o

ta
l

n
o

.
o

f
s
c

le
ro

d
e

rm
a

p
a

ti
e

n
ts

P
e

ri
o

d
o

f
e

n
ro

lm
e

n
t/

d
u

ra
ti

o
n

o
f

fo
ll
o

w
-u

p
C

a
n

c
e

r
s
it

e

Y
e

a
rs

b
e

tw
e

e
n

d
ia

g
n

o
s
is

o
f

s
c

le
ro

d
e

rm
a

a
n

d
c

a
n

c
e

r

V
a

ri
a

b
le

s
a

d
ju

s
te

d
fo

r
in

th
e

re
g

re
s
s
io

n
m

o
d

e
ls

R
R

(9
5
%

C
I)

N
o

te
s

L
a
n
d

g
re

n
e
t

a
l.

[1
9
]

U
S

A
M

6
0

—
1
9
6
9

�9
6

O
C

,
O

e
,
S

t,
C

,
R

N
o

t
re

p
o

rt
e
d

A
g

e
,

v
is

it
s
,

c
a
le

n
d

a
r

y
e
a
r,

la
te

n
c
y
,

ra
c
e
,

a
lc

o
h
o

lis
m

(f
o

r
b

u
c
c
a
l,

o
e
s
o

p
h
a
g

u
s
,

liv
e
r)

O
c
:

1
.4

1
(0

.9
0
,

2
.2

2
)

T
h
e

a
n
a
ly

s
e
s

d
o

n
o

t
in

c
lu

d
e

a
ll

p
a
ti
e
n
ts

d
ia

g
n
o

s
e
d

w
it
h

c
a
n
c
e
r

w
it
h
in

th
e

fi
rs

t
y
e
a
r

fr
o

m
th

e
in

it
ia

l
d

ia
g

n
o

-
s
is

o
f

s
c
le

ro
d

e
rm

a

O
e
:

2
.8

6
(1

.7
2
,

4
.7

4
)

S
t:

1
.0

4
(0

.3
9
,

2
.7

7
)

C
:

1
.0

1
(0

.5
6
,

1
.8

3
)

R
:

0
.8

1
(0

.3
4
,

1
.9

6
)

O
le

s
e
n

e
t

a
l.

[2
1
]

D
e
n
m

a
rk

M
F

,
M

,
F

1
8
6

2
0
4
0

(P
R

)
1
6

0
0
3

(P
Y

)
1
9
7
7

�2
0
0
6

(a
v
e
ra

g
e

y
e
a
rs

o
f

fo
llo

w
-u

p
:

6
.4

)

A
ll,

L
u
,

B
,

O
e
,

P
,

C
,

R
,

K
,

B
l,

N
H

L
,

L
e
,

C
e
,

M
e
,

N
o

n
M

e
S

k
,

C
U

,
O

v
,

P
r,

O
t

N
o

t
re

p
o

rt
e
d

C
a
le

n
d

a
r

p
e
ri
o

d
,

a
g

e
,

s
e
x

A
ll:

1
.4

0
(1

.2
0
,

1
.6

0
)

T
h
e

a
n
a
ly

s
e
s

d
o

n
o

t
in

c
lu

d
e

a
ll

p
a
ti
e
n
ts

d
ia

g
n
o

s
e
d

w
it
h

c
a
n
c
e
r

w
it
h
in

th
e

fi
rs

t
y
e
a
r

fr
o

m
th

e
in

it
ia

l
d

ia
g

n
o

-
s
is

o
f

s
c
le

ro
d

e
rm

a

L
u
:

2
.1

0
(1

.4
0
,

3
.0

)

B
:

1
(0

.7
0
,

1
.5

0
)

O
e
:

2
.0

(0
.2

0
,

7
.1

0
)

P
:

1
.6

0
(0

.5
,

3
.7

)

C
:

0
.9

0
(0

.4
0
,

1
.8

0
)

R
:

0
.4

0
(0

.1
0
,

1
.6

0
)

K
:

1
.0

(0
.1

0
,

3
.7

0
)

B
l:

1
.7

0
(0

.8
0
,

3
.4

0
)

N
H

L
:

2
.5

0
(1

.2
0
,

4
.6

0
)

L
e
:

2
.9

0
(1

.2
0
,

6
.0

)

C
e
:

1
.5

0
(0

.7
0
,

2
.8

0
)

M
e
:

1
.7

0
(0

.6
0
,

3
.6

0
)

N
o

n
M

e
S

k
:

1
.3

0
(0

.9
,

1
.9

0
)

C
U

:
0
.8

(0
.2

0
,

2
.0

)

O
v
:

1
.0

(0
.3

0
,

2
.5

0
)

P
r:

1
.0

(0
.2

0
,

2
.8

0
)

O
t:

1
.3

0
(0

.8
0
,

2
.0

)

K
u
o

e
t

a
l.

[2
2
]

T
a
iw

a
n

M
F

,
M

,
F

8
3

2
0
5
3

(P
R

)
1
9
9
6

�2
0
0
8

A
ll,

L
u
,

B
,

H
a
,

O
r,

G
a
,

C
e
,

O
t

M
:

4
F

:
3
,4

C
a
le

n
d

a
r

p
e
ri
o

d
,

a
g

e
,

s
e
x

A
ll:

1
.6

3
(1

.3
1
,

2
.0

1
)

1
2

1
1
8

(P
Y

)
L
u
:

4
.2

0
(2

.6
7
,

6
.4

2
)

B
:

1
.3

8
(0

.7
2
,

2
.3

9
)

H
a
:

3
.5

0
(1

.5
3
,

6
.9

2
)

O
r:

3
.6

7
(1

.8
3
,

6
.5

6
)

G
a
:

0
.5

3
(0

.2
6
,

0
.9

7
)

C
e
:

1
.0

(0
.3

2
,

2
.4

1
)

O
t:

1
.9

1
(1

.2
1
,

2
.8

7
)

B
:

b
re

a
s
t;

B
l:

b
la

d
d

e
r;

C
:

c
o

lo
n
;

C
e
:

c
e
rv

ix
;

E
:

e
n
d

o
m

e
tr

iu
m

;
F

:
fe

m
a
le

;
G

a
:

g
a
s
tr

o
in

te
s
ti
n
a
l;

H
a
:

h
a
e
m

a
to

lo
g

ic
a
l;

H
L
:

H
o

d
g

k
in

ly
m

p
h
o

m
a
;

K
:

k
id

n
e
y
;

L
:

ly
m

p
h
o

m
a
;

L
e
:

le
u
k
a
e
m

ia
;

L
i:

liv
e
r;

L
u
:

lu
n
g

;
M

:
m

a
le

;
M

e
:

m
e
la

n
o

m
a
;

M
F

:
m

a
le

a
n
d

fe
m

a
le

;
M

P
N

:
m

y
e
lo

p
ro

lif
e
ra

ti
v
e

n
e
o

p
la

s
m

s
;

M
y
:

m
y
e
lo

m
a
;

N
H

L
:

n
o

n
-H

o
d

g
k
in

ly
m

p
h
o

m
a
,

N
o

n
M

e
s
k
:

n
o

n
-m

e
la

n
o

m
a

s
k
in

c
a
n
c
e
r;

O
C

:
o

ra
l

c
a
v
it
y
;

O
e
:

o
e
s
o

p
h
a
g

u
s
;

O
r:

o
ro

p
h
a
ry

n
x
;

O
t:

o
th

e
r;

O
v
:

o
v
a
ri
a
n
;

P
:

p
a
n
c
re

a
s
;

P
r:

p
ro

s
ta

te
;

P
Y

:
p

e
rs

o
n
-y

e
a
r;

P
R

:
p

re
v
a
le

n
c
e

ra
ti
o

;
R

:
re

c
ta

l;
S

k
:

s
k
in

;
S

t:
s
to

m
a
c
h
;

T
:

th
y
ro

id
;

U
:

u
te

ru
s
;

U
c
:

c
o

rp
u
s

o
f

u
te

ru
s
.

www.rheumatology.oxfordjournals.org 147

Scleroderma and cancer risk
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/52/1/143/1830800 by guest on 17 April 2024



Thirteen were cohort studies, of which 2 were prospective

and 11 retrospective, and 3 were case�control studies.

Eight studies were conducted in America, four in

Europe, two in Australia, one in Japan and one in

Taiwan. Data for all cancers were provided by 10 studies,

9 of which also reported results by sex. With regard to

selected cancer sites, risk of lung, breast and haematolo-

gical neoplasms were presented respectively in 9, 8 and

11 studies.

The histological pattern was evaluated in six of eight

studies investigating lung cancer risk and it appeared to

be fairly heterogeneous, yielding a similar predominance

of adenocarcinoma (32%) and squamous cell carcinoma

(32%). The remaining cases were small cell lung cancer,

undifferentiated non-small cell cancer and oat cell

carcinoma, while bronchioloalveolar cell carcinoma was

reported in only one patient. With reference to haemato-

logical neoplasms, the most common subtypes observed

were non-Hodgkin lymphoma (19 cases overall) and leu-

kaemia (9 cases); multiple myeloma was diagnosed in

6 patients, myeloproliferative neoplasms in 3 patients

and Hodgkin lymphoma in 2 patients. Two studies

did not specify which haematological subtypes were

involved.

Other cancer sites (i.e. gastrointestinal, prostatic, renal,

uterine, ovarian, etc.) were investigated in some of the

studies included, but these were too few to perform a

meta-analysis. Three studies assessed liver cancer inci-

dence in scleroderma patients [14, 15, 18] and all reported

a higher significant risk compared with the general popu-

lation, with SIRs ranging from 3.30 to 7.35. Out of four

studies evaluating oesophagus cancer risk, three [18�20]

found a strong association with scleroderma (SIRs ranging

from 2.86 to 35.0), while the other investigation [21], invol-

ving more than 2000 patients, did not reveal any signifi-

cant increased risk (SIR 2.0; 95% CI 0.2, 7.10). Conflicting

results were also reported for other cancer sites, as stom-

ach [18, 19], pancreas [18, 21], skin [14, 21] and oral

cavity [19, 22]. None of the studies reported a significant

association with cancers of prostate [15, 21, 23], cervix

[15, 21, 22], corpus uteri [14, 21], ovary [20, 21], colon

[19�21], rectum [21, 22], bladder [21, 23], thyroid [20]

and kidney [21].

Out of 13 cohort studies, 7 were judged to have low risk

of bias, 3 medium and 3 high. All case�control studies

were deemed to have low risk of bias. Six articles did

not include patients diagnosed with cancer during the

first year after being diagnosed with scleroderma and

FIG. 1 Summary RR for all invasive cancers in scleroderma patients.
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one specified the number of concurrent cases (diagnosed

within the first 6 months), but included them in the ana-

lysis. In the majority of studies, the variables adjusted for

in statistical analyses were age, sex and calendar period.

Meta-analysis

Figure 1 provides the forest plot for scleroderma and all

cancer risk, based on a total of 524 cancer cases. There

was a significant association, with a RR of 1.75 (95% CI

1.41, 2.18) to develop all cancers in scleroderma patients

compared with the general population. There was signifi-

cant heterogeneity (P< 0.001), although all studies,

except one, estimated a risk above unity, significant in

most cases.

With respect to selected cancer sites, we found a

strong significant increase in lung cancer risk (Fig. 2).

The RRs, derived from nine cohort studies, including

7167 patients with scleroderma and 107 lung cancer

cases, was 4.35 (95% CI 2.08, 9.09). Again, there was a

significant heterogeneity (I2 94.2%, P< 0.001) among stu-

dies, although the RRs were above unity for all studies and

significant for six.

The hematological cancer risk was provided by study

design (Fig. 3). From nine cohort studies, the RR was 2.7

(95% CI 1.93, 3.76), with low heterogeneity (I2 23.6%,

P = 0.219). The RR from the two case�control studies

was 0.6 (95% CI 0.22, 1.64). The overall RR was 2.24

(95% CI 1.53, 3.29).

There was no significant association between breast

cancer and scleroderma (RR 1.05; 95% CI 0.86, 1.29)

and no heterogeneity among studies (Fig. 4); the sensitiv-

ity analysis, excluding the case�control study did not

change the overall result (RR 1.03; 95% CI 0.80, 1.34).

The sensitivity analyses including only studies that

excluded cancer cases within the first year from the diag-

nosis of scleroderma provided significant increased risks

both for all cancers (RR 1.43; 95% CI 1.26, 1.61) and for

all the specific sites explored (lung cancer: RR 3.14, 95%

CI 1.37, 7.20; haematological neoplasms: RR 2.07, 95%

CI 1.36, 3.15) but not for breast cancer (RR 1.02, 95% CI

0.73, 1.43).

The sensitivity analysis excluding studies judged as

having a high risk of bias did not significantly change

the overall results (all cancer: RR 1.58; 95% CI 1.25,

1.99; lung cancer: RR 3.71, 95% CI 2.17, 6.32; haemato-

logical neoplasms: RR 2.2, 95% CI 1.56, 3.08; breast

cancer: RR 1.06, 95% CI 0.85, 1.31).

Funnel plots to evaluate publication bias are summar-

ized in Fig. 5. The graph regarding all cancer risk (Fig. 5A),

FIG. 2 Summary RR for lung cancer in scleroderma patients.
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although fairly symmetric, provides a suspected missing

study. We re-calculated RR estimates and the corres-

ponding 95% CIs including the RR of this hypothetic

study and we found no significant difference (RR 1.43;

95% CI 1.13, 1.80). A hypothetical missing study was re-

ported also in the funnel plot for lung cancer (Fig. 5B), but

the re-calculated RR did not significantly change (RR 4.35;

95% CI 2.01, 9.09). The graphs regarding breast and

haematological neoplasms appear to be symmetrical,

suggesting the absence of major publication bias

(Fig. 5C and D).

Discussion

The present meta-analysis, the first on scleroderma and

cancer risk, involving more than 7000 patients in various

countries worldwide, provides definite estimates on the

association between SSc and malignancy, showing an

�75% increased risk of developing all cancers in sclero-

derma patients compared with the general population (RR

1.75; 95% CI 1.41, 2.18).

The association is fairly specific, since lung cancer (RR

4.3) and, to lesser extent, haematopoietic cancers (RR

2.2) were significantly increased in scleroderma patients,

while breast cancer, although suggested by previous

epidemiological investigations, was not associated with

scleroderma (RR 1.05; 95% CI 0.86, 1.29).

Although the studies we have analysed are heteroge-

neous, most of the RRs, derived from individual data,

were significantly above unity. Moreover, even though

funnel plots for all cancer and lung cancers suggested

the existence of potential publication bias, the summary

RRs, including also the results of hypothetical unpub-

lished studies obtained through the trim and fill method

(Fig. 5), did not significantly change, further confirming the

robustness of the results.

The most important limitation of our study is the obser-

vational nature of the investigations, which is prone to bias

of various sources and may ultimately be confounding.

Specifically, the data in most studies were retrospectively

retrieved from record linkage between various health care

databases, such as hospital discharge data sets and na-

tional registers, which did not contain detailed clinical in-

formation. As a consequence, relevant confounding or

modifying factors, such as smoking habit and previous

immunotherapies (i.e. CYC, MTX), as well as information

on scleroderma subtype and organ-specific involvements,

could not be considered.

Moreover, the time relationship between clinical onset

of scleroderma and diagnosis of malignancy, a crucial

FIG. 3 Summary RR for haematological neoplasms in scleroderma patients.
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issue to understand possible underlying mechanisms, has

not always been reported, and several investigations also

included cancer cases ascertained within the first year

after the diagnosis of scleroderma, which were more

likely to be concomitant than subsequent diseases, lead-

ing to potential overestimate of summary risk. However,

the sensitivity analyses excluding the latter studies

showed significant, albeit slightly lower, increased risks

for all and specific cancer sites explored, anyway.

Other potential sources of bias, especially for prospect-

ive design, include overdiagnosis bias, probably due to

the closer surveillance in these patients with respect to

the general population, and selection of reference co-

horts, usually derived from data of national cancer regis-

tries, which do not always refer to the same interval time

of studies.

These possible limitations, however, do not invalidate

the specific association observed between scleroderma

and risk of cancer, especially of the lungs. In particular,

the reliability of data on scleroderma and lung cancer was

also supported by the fact that, when evaluated, the aver-

age interval time between the onset of these two disease

appeared to be >5 years [14, 18, 24, 25], and a close

relationship with pulmonary fibrosis was reported.

Furthermore, we also speculate that it is unlikely that

prevalence of smoking habits among scleroderma pa-

tients with pulmonary involvement could be higher

than that observed in general population and accounts

for the excess of risk. On the other hand, although

bronchioloalveolar cell carcinoma was suggested as the

most frequent pulmonary histotype in previous series of

scleroderma patients [7, 26], there was no specific sub-

type correlation. However, details of pathological assess-

ment were only available in about the half of cases

included, making difficult any definite conclusion on this

issue.

An increased risk of cancer has been also suggested for

other autoimmune rheumatic diseases, including RA and

SLE, though data on selected cancer sites have often

been conflicting [27]. With reference to RA, a meta-

analysis from observational studies reported a significant

higher risk for specific malignancies, like lymphoma (SIR

2.08; 95% CI 1.80, 2.39), regardless of the subtype, and

lung cancer (SIR 1.63; 95% CI 1.43, 1.87) [28]. On the

other hand, a slight significant reduced risk was sug-

gested for colorectal (SIR 0.77; 95% CI 0.65, 0.90) and

breast cancers (SIR 0.84; 95% CI 0.79, 0.90), and the SIR

for overall malignancies was 1.05 (95% CI 1.01, 1.09).

Data from the largest international SLE cohort study [29]

revealed a slight significant higher risk for all cancers (SIR

FIG. 4 Summary RR for breast cancer in scleroderma patients.
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1.15; 95% CI 1.05, 1.27), with a strong association with

haematological neoplasms (SIR 2.75; 95% CI 2.13, 3.49),

mainly non-Hodgkin lymphoma (SIR 3.64; 95% CI 2.63,

4.93). Data also suggested an increased risk for lung (SIR

1.37; 95% CI 1.05, 1.76) and hepatobiliary (SIR 2.60; 95%

CI 1.25, 4.78) cancers. In contrast, more recently, synthe-

sis of data on breast, ovarian, endometrial [30] and pros-

tate cancer [31] incidence among patients with SLE

reported a significant decreased risk compared with the

general population.

As to the mechanism underlying this association be-

tween scleroderma and higher cancer frequency, we sug-

gest that DNA damage, induced by reactive oxygen

species (ROS), both in mesenchymal and adjacent epithe-

lial cells, is the primary cause of transformation [32�34]. A

higher rate of chromosomal breakage has been reported

in fibroblasts [33] and peripheral blood lymphocytes

[35, 36]. Both fibroblasts and lymphocytes spontaneously

release hydrogen peroxide, which diffuses through

the membranes (D. Amico, S. Svegliati, M. Rovinelli,

M. Serafini, G. D’Amico, T. Spadoni, L. De Gennaro,

G. Moroncini, A. Gabrielli, manuscript in preparation)

and may directly damage DNA. Lung and blood are the

organs where these events triggered by fibroblasts can be

amplified by activated mononuclear cells, which spend

much of their time in these sites [37].

Mesenchymal cell, exposed to persistent ROS, undergo

senescence, which leads to inhibition of replicative cap-

acity and terminal differentiation (myofibroblasts and

fibrosis) [38]. Epithelial cells adjacent to ROS-activated

fibroblasts (in lung, for example) may succumb to apop-

tosis [39] or may require new phenotypes that selectively

drive neoplastic progression. It is of interest that a DNA-

damaging agent, such as bleomycin, initiates apoptosis of

lung epithelial cells by ROS and simultaneously promotes

local fibrosis [39].

The implications of this study are 2-fold. First, active

surveillance of scleroderma patients for early detection

of cancer is advisable and, with regard to the lung, spe-

cific guidelines would be welcomed to define modalities

and timing of the screening with the benefit of a periodic

CT scan of the lung, outweighing the risk posed by radi-

ation. Secondly, alkylating agent should be used judi-

ciously since they may predispose to cancer patients

with an already fragile genome. CYC has been linked to

increased risk of malignancy in patients with RA [40] and

systemic vasculitis [41]. Unfortunately, the data retrieved

by this study have not permitted this point to be

addressed, which warrants further investigations.

Rheumatology key messages

. The present meta-analysis provides definite esti-
mates on the association between scleroderma
and malignancy.

. The results indicated a strong association between
scleroderma and lung and haematological cancers.

FIG. 5 Trim and fill funnel plot of studies on the association between scleroderma and cancer risk..
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e la Ricerca Scientifica (2008) and Associazione

Italiana Ricerca sul Cancro (AIRC, Grants n. 10068 and

n. IG11364).

Disclosure statement: The authors have declared no

conflicts of interest.

Supplementary data

Supplementary data are available at Rheumatology

Online.

References

1 Gabrielli A, Avvedimento EV, Krieg T. Scleroderma. N Engl

J Med 2009;360:1989�2003.

2 Chifflot H, Fautrel B, Sordet C, Chatelus E, Sibilia J.

Incidence and prevalence of systemic sclerosis: a sys-

tematic literature review. Semin Arthritis Rheum 2008;37:

223�35.

3 Ioannidis JP, Vlachoyiannopoulos PG, Haidich AB et al.

Mortality in systemic sclerosis: an international

meta�analysis of individual patient data. Am J Med 2005;

118:2�10.

4 Hochberg M, Silman A, Smolen J, Weinblatt M.

Epidemiology and classification of scleroderma. St Louis:

Mosby 2010.

5 Duncan SC, Winkelmann RK. Cancer and scleroderma.

Arch Dermatol 1979;115:950�5.

6 Zatuchni J, Campbell WN, Zarafonetis CJ. Pulmonary fi-

brosis and terminal bronchiolar (alveolar-cell) carcinoma in

scleroderma. Cancer 1953;6:1147�58.

7 Talbott JH, Barrocas M. Carcinoma of the lung in pro-

gressive systemic sclerosis: a tabular review of the litera-

ture and a detailed report of the roentgenographic

changes in two cases. Semin Arthritis Rheum 1980;9:

191�217.

8 Wells GA, Shea B, O’Connell D et al. The

Newcastle-Ottawa Scale (NOS) for assessing the quality

of randomised controlled studies in meta-analysis.

www.Ohri.Ca/programs/clinical_epidemiology/oxford.htm

(19 October 2007, date last accessed).

9 Greenland S. Variance estimators for attributable fraction

estimates consistent in both large strata and sparse data.

Stat Med 1987;6:701�8.

10 Higgins JP, Thompson SG, Deeks JJ, Altman DG.

Measuring inconsistency in meta-analyses. BMJ 2003;

327:557�60.

11 Duval S, Tweedie R. Trim and fill: a simple

funnel-plot-based method of testing and adjusting for

publication bias in meta-analysis. Biometrics 2000;56:

455�63.

12 Villa AR, Kraus A, Jimenez-Corona A et al. Malignant

neoplasms in autoimmune rheumatic diseases: examin-

ation of the risk of developing a malignancy among five

different rheumatic diseases in one institution. J Clin

Rheumatol 2000;6:176�83.

13 Siau K, Laversuch CJ, Creamer P, O’Rourke KP.

Malignancy in scleroderma patients from south west

England: a population-based cohort study. Rheumatol Int

2011;31:641�5.

14 Rosenthal AK, McLaughlin JK, Gridley G, Nyren O.

Incidence of cancer among patients with systemic scler-

osis. Cancer 1995;76:910�4.

15 Chatterjee S, Dombi GW, Severson RK, Mayes MD. Risk

of malignancy in scleroderma: a population-based cohort

study. Arthritis Rheum 2005;52:2415�24.

16 Derk CT, Rasheed M, Spiegel JR, Jimenez SA. Increased

incidence of carcinoma of the tongue in patients with

systemic sclerosis. J Rheumatol 2005;32:637�41.

17 Abu-Shakra M, Guillemin F, Lee P. Cancer in systemic

sclerosis. Arthritis Rheum 1993;36:460�4.

18 Kang KY, Yim HW, Kim IJ et al. Incidence of cancer

among patients with systemic sclerosis in Korea: results

from a single centre. Scand J Rheumatol 2009;38:

299�303.

19 Landgren AM, Landgren O, Gridley G, Dores GM,

Linet MS, Morton LM. Autoimmune disease and

subsequent risk of developing alimentary tract cancers

among 4.5 million US male veterans. Cancer 2011;117:

1163�71.

20 Derk CT, Rasheed M, Artlett CM, Jimenez SA. A cohort

study of cancer incidence in systemic sclerosis.

J Rheumatol 2006;33:1113�6.

21 Olesen AB, Svaerke C, Farkas DK, Sorensen HT. Systemic

sclerosis and the risk of cancer: a nationwide

population-based cohort study. Br J Dermatol 2010;163:

800�6.

22 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;41:44�9.

23 Hill CL, Nguyen AM, Roder D, Roberts-Thomson P. Risk of

cancer in patients with scleroderma: a population based

cohort study. Ann Rheum Dis 2003;62:728�31.

24 Peters-Golden M, Wise RA, Hochberg M, Stevens MB,

Wigley FM. Incidence of lung cancer in systemic sclerosis.

J Rheumatol 1985;12:1136�9.

25 Roumm AD, Medsger TA Jr. Cancer and systemic

sclerosis. An epidemiologic study. Arthritis Rheum 1985;

28:1336�40.

26 Yang Y, Fujita J, Tokuda M, Bandoh S, Ishida T. Lung

cancer associated with several connective tissue dis-

eases: with a review of literature. Rheumatol Int 2001;21:

106�11.

27 Bernatsky S, Ramsey-Goldman R, Clarke A.

Malignancy and autoimmunity. Curr Opin Rheumatol

2006;18:129�34.

28 Smitten AL, Simon TA, Hochberg MC, Suissa S. A

meta-analysis of the incidence of malignancy in adult

patients with rheumatoid arthritis. Arthritis Res Ther 2008;

10:R45.

29 Bernatsky S, Ramsey-Goldman R, Clarke A. Malignancy

risk in autoimmune rheumatic diseases. Discov Med 2005;

5:534�7.

30 Bernatsky S, Ramsey-Goldman R, Foulkes WD,

Gordon C, Clarke AE. Breast, ovarian, and endometrial

www.rheumatology.oxfordjournals.org 153

Scleroderma and cancer risk
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/52/1/143/1830800 by guest on 17 April 2024

http://rheumatology.oxfordjournals.org/cgi/content/full/kes303/DC1


malignancies in systemic lupus erythematosus: a
meta-analysis. Br J Cancer 2011;104:1478�81.

31 Bernatsky S, Ramsey-Goldman R, Gordon C, Clarke AE.

Prostate cancer in systemic lupus erythematosus. Int J

Cancer 2011;129:2966�9.

32 Avouac J, Borderie D, Ekindjian OG, Kahan A, Allanore Y.

High DNA oxidative damage in systemic sclerosis. J

Rheumatol 2010;37:2540�7.

33 Svegliati S, Cancello R, Sambo P et al. Platelet-derived

growth factor and reactive oxygen species (ROS)
regulate Ras protein levels in primary human fibroblasts

via ERK1/2. Amplification of ROS and Ras in

systemic sclerosis fibroblasts. J Biol Chem 2005;280:

36474�82.

34 Martins EP, Fuzzi HT, Kayser C et al. Increased chromo-
some damage in systemic sclerosis skin fibroblasts.

Scand J Rheumatol 2010;39:398�401.

35 Rittner G, Schwanitz G, Baur MP et al. Family studies in

scleroderma (systemic sclerosis) demonstrating an

HLA-linked increased chromosomal breakage rate in cul-

tured lymphocytes. Hum Genet 1988;81:64�70.

36 Wolff DJ, Needleman BW, Wasserman SS, Schwartz S.

Spontaneous and clastogen induced chromosomal
breakage in scleroderma. J Rheumatol 1991;18:837�40.

37 Failli P, Palmieri L, D’Alfonso C et al. Effect of
n-acetyl-l-cysteine on peroxynitrite and superoxide anion

production of lung alveolar macrophages in systemic

sclerosis. Nitric Oxide 2002;7:277�82.

38 Bocchino M, Agnese S, Fagone E et al. Reactive oxygen

species are required for maintenance and differentiation of
primary lung fibroblasts in idiopathic pulmonary fibrosis.

PLoS One 2010;5:e14003.

39 Wallach-Dayan SB, Izbicki G, Cohen PY, Gerstl-Golan R,

Fine A, Breuer R. Bleomycin initiates apoptosis of lung

epithelial cells by ROS but not by Fas/Fasl pathway. Am J

Physiol Lung Cell Mol Physiol 2006;290:L790�6.

40 Radis CD, Kahl LE, Baker GL et al. Effects of cyclophos-

phamide on the development of malignancy and on

long-term survival of patients with rheumatoid arthritis. A

20-year followup study. Arthritis Rheum 1995;38:1120�7.

41 Bernatsky S, Ramsey-Goldman R, Clarke AE.

Malignancies and cyclophosphamide exposure

in Wegener’s granulomatosis. J Rheumatol 2008;

35:11�3.

42 Landgren O, Engels EA, Pfeiffer RM et al. Autoimmunity

and susceptibility to Hodgkin lymphoma: a

population-based case-control study in Scandinavia.

J Natl Cancer Inst 2006;98:1321�30.

43 Gadalla SM, Amr S, Langenberg P et al. Breast cancer risk

in elderly women with systemic autoimmune rheumatic

diseases: a population-based case-control study. Br J

Cancer 2009;100:817�21.

44 Kristinsson SY, Landgren O, Samuelsson J, Bjorkholm M,

Goldin LR. Autoimmunity and the risk of myeloproliferative

neoplasms. Haematologica 2010;95:1216�20.

45 Black KA, Zilko PJ, Dawkins RL, Armstrong BK,

Mastaglia GL. Cancer in connective tissue disease.

Arthritis Rheum 1982;25:1130�3.

46 Higuchi M, Horiuchi T, Ishibashi N, Yoshizawa S, Niho Y,

Nagasawa K. Anticentromere antibody as a risk factor for

cancer in patients with systemic sclerosis. Clin Rheumatol

2000;19:123�6.

47 Brown LM, Gridley G, Check D, Landgren O. Risk of

multiple myeloma and monoclonal gammopathy of un-

determined significance among white and black male

United States veterans with prior autoimmune, infectious,

inflammatory, and allergic disorders. Blood 2008;111:

3388�94.

154 www.rheumatology.oxfordjournals.org

Martina Bonifazi et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/52/1/143/1830800 by guest on 17 April 2024


