Malignancies in Italian Patients with Systemic Sclerosis
Positive for Anti-RNA Polymerase III Antibodies
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ABSTRACT. Objective. To evaluate the frequency of malignancies in Italian patients with systemic sclerosis (SSc)

and anti-RNA polymerase III (RNAP III), antitopoisomerase I (topo I), or anticentromere antibod-
ies (ACA); and to characterize the temporal relationship between the 2 diseases, in order to confirm
data suggesting a close temporal relationship between the onset of SSc and malignancy in American
patients with anti-RNAP III antibodies.

Methods. From a cohort of 466 consecutive SSc patients, 360 Italians with isolated positivity for
anti-RNAP III (n = 16), anti-topo I (n = 101), or ACA (n = 243) were identified. Malignancy cases
were divided according to their relationship with SSc onset into 3 categories: preceding, synchro-
nous with, or metachronous to the onset of SSc (diagnosed more than 6 months before; 6 months
before to 12 months after; and more than 12 months after onset of SSc, respectively).

Results. Malignancies were more frequent in the anti-RNAP III group (7/16 patients), than in the
anti-topo I (11/101) and ACA groups (21/243) (p < 0.001). This difference was accounted for by the
number of patients with cancer synchronous to the onset of SSc (3/16 in the anti-RNAP III group vs
0/101 in the anti-topo I and 1/243 in the ACA group; p < 0.001), whereas neither the number of
malignancies preceding nor those metachronous to the onset of SSc was significantly different
between the groups.

Conclusion. In a cohort of Italian patients with SSc we observed a significant association between
malignancies synchronous to SSc onset and positivity for anti-RNAP III antibodies, similar to that
described in American patients with SSc. (J Rheumatol First Release April 1 2011; doi:10.3899/

jrtheum.101144)
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In systemic sclerosis (SSc), autoantibodies are seen in more
than 95% of patients. At least 7 SSc-related autoantibodies
that are markers of clinically and genetically distinct subsets
have been described!. Although they are not known to have
a distinct role in the pathogenesis of the disease, their possi-
ble etiologic role has been suggested!.

Anti-RNA polymerase III (RNAP III) antibodies are
associated with diffuse cutaneous involvement (dcSSc) and
with other clinical features of SSc such as renal crisis?> and
gastric antral vascular ectasia (GAVE)*?. Interestingly, in
patients with anti-RNAP III antibodies the onset of the dis-
ease is often very rapid, and the progression of skin involve-
ment appears to be faster than in other patients with deSSc,
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such as those with anti-topoisomerase I (topo I) antibod-
ies!®. Accordingly, renal crisis usually develops earlier dur-
ing the disease course in anti-RNAP III-positive patients
compared to the anti-topo I subset’. Finally, the onset of
GAVE in patients with anti-RNAP III is usually in the first
year of disease’.

A close temporal relationship between the onset of SSc
and that of malignancy has recently been described in some
patients in the USA with anti-RNAP III antibodies®. This
relationship was significantly different from one observed in
patients with other autoantibody specificities®. Since RNAP
IIT antigenic expression by tumoral tissues was also demon-
strated, these observations led to the important suggestion
that malignancy may initiate a specific immune response
against RNAP III, leading to a rapid onset and progression
of SSc in some patients®. It is known that autoantibody dis-
tributions in cohorts of SSc patients from the US and conti-
nental Europe are significantly different®, and in particular,
anti-RNAP III antibodies and their complications such as
renal crisis are relatively rare in France and Italy”-10-11_ For
this reason, the relationship between cancer and the subset
of anti-RNAP IlI-positive patients with SSc observed in the
US needs to be confirmed in other populations.
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We evaluated the frequency of malignancies in our series
of Italian patients with SSc and the temporal relationship
between the 2 diseases, and we compared the groups with
isolated positivity of one of the 3 more frequent SSc-specif-
ic autoantibodies: anti-RNAP III, anti-topo I, and anticen-
tromere (ACA).

MATERIALS AND METHODS

Patients. Patients were selected among a series of 466 consecutive patients
with SSc followed at our unit as inpatients or as outpatients from 1988 to
August 2010, with at least 2 visits. Patients provided written informed con-
sent to their data treatment.

Patients were classified as having SSc according to the 2001 criteria
proposed by LeRoy and Medsger!? that include patients with early SSc,
identified by nailfold capillaroscopy and by specific autoantibody tests.
Only patients with limited SSc (1SSc) according to LeRoy and Medsger
(i.e., patients without definite sclerodactyly or other cutaneous changes)
were excluded from this study. The definition of limited cutaneous SSc
(1cSSc) according to LeRoy and Medsger includes also a proportion of
patients not satisfying the 1980 American College of Rheumatology (ACR)
criteria'3: these are patients with sclerodactyly plus specific nailfold capil-
laroscopic abnormalities and/or autoantibodies, but without other minor
ACR criteria (digital pitting scars/loss of substance, or bibasilar pulmonary
fibrosis). Patients with sclerodermatous changes proximal to the elbows
and knees at any time in their clinical history were defined as having dif-
fuse cutaneous SSc (dcSSc)!2. Indeed, a proportion of patients did not meet
ACR criteria (10% of the anti-topo I and 39% of the ACA group, but none
of the anti-RNAP III group).

Disease onset was defined by the onset of the first symptom other than
Raynaud’s phenomenon. At our institution patients with SSc are routinely
evaluated according to standard procedures, analogous to those recom-
mended by a consensus conference for the identification of a core set of
variables for SSc studies'*. Interstitial lung disease was defined by chest
radiograph or high resolution computer tomography. The latter was per-
formed in patients with unexplained dyspnea or abnormal pulmonary func-
tion tests. Before 2003, the diagnosis of pulmonary hypertension was made
in patients with very high (usually > 60 mm Hg) and unexplained (no sig-
nificant ILD; no pulmonary thromboembolism) systolic pressure on
Doppler echocardiography. Afterwards, pulmonary arterial hypertension
was diagnosed by right-heart catheterization (RHC), for values > 25 mm
Hg at rest. RHC was performed in patients with high systolic pressure on
Doppler echocardiography (> 45 mm Hg) screening test, or with unex-
plained dyspnea. Disease severity was evaluated by Medsger severity
scales'>.

Serologic analysis. The serum of all SSc patients was analyzed by indirect
immunofluorescence test using commercial HEp-2 slides (BioRad,
Hercules, CA, USA; Inova Diagnostics, San Diego, CA, USA) to evalu-
ate ACA, considered positive at titer = 1:160, and by counterimmuno-
electrophoresis, using rabbit thymus and human or porcine spleen
extracts as substrates to evaluate anti-topo I antibodies. Anti-RNAP III
antibodies were evaluated by commercial ELISA kits, with recombinant
antigen (MBL, Nagoya, Japan; Inova) in 262 of the 466 patients. Notably,
anti-RNAP III antibodies were tested in 85 out of 110 sera negative for
anti-topo I and ACA, but further sera samples were not available in 25 of
these patients. Autoantibody determination was performed at least twice
in almost all patients (> 90% in the anti-topo I and the ACA group; 56%
in the anti-RNAP III group). We did not detect any shift from one of 3
SSc-specific antibodies to another during the illness. This change is gen-
erally considered exceptional (as reviewed!!9). The serum sample closest
to the diagnosis of cancer was considered in this study, or the last sample
for patients without malignancy. The median duration between cancer
diagnosis and investigation of the serum sample in question was 13
months.

Chart review for malignancies. We excluded the following from the study:
patients of ancestry other than Italian; patients with overlap syndromes
with polymyositis; and patients in whom more than one of the 3 autoanti-
body specificities was present in combination.

The clinical charts of 360 Italian patients with isolated positive tests for
anti-RNAP III, anti-topo I, or ACA were included in the study and reeval-
uated to identify those with a diagnosis of malignancy. The date of cancer
diagnosis was defined by the pathology report (or hospital discharge letters)
in all cases, except for 2 in which malignancy diagnosis preceded onset of
SSc by a long period, and was reported by the general practitioner with
only the year indicated. In these latter cases, clinical or laboratory data con-
firmed the diagnosis.

Malignancy cases were divided according to their relationship with
onset of SSc into 3 categories: (1) malignancies diagnosed more than 6
months before the onset of SSc (“cancer preceding the onset of SSc”); (2)
malignancies diagnosed 6 months before to 12 months after onset of SSc
(“cancer synchronous to the onset of SSc”); and (3) malignancies diag-
nosed more than 12 months after the onset of SSc (“cancer metachronous
to the onset of SSc”). The time intervals for the definition of cancer syn-
chronous to the onset of SSc were chosen considering possible delays in the
identification of cancer that might have been present before the onset of
SSc and diagnosed afterwards.

Statistical analysis. If not otherwise indicated, data are presented as the
median (10th-90th percentile). Clinical and demographic characteristics
were compared by means of chi-square or Fisher’s exact for categorical
data, and by Kruskal-Wallis test for continuous variables.

RESULTS

Among 466 consecutive patients with SSc followed at our
institution, 460 (98.7%) were of Italian ancestry. Isolated
anti-RNAP III antibodies, anti-topo I antibodies, and ACA
were found in 17, 104, and 243 of them, respectively, where-
as 3 sera were positive for combinations of antibodies (2
with anti-RNAP III and anti-topo I antibodies; one with anti-
RNAP III and ACA) and 93 were negative for all 3 speci-
ficities. These latter 2 groups of patients were excluded from
further analysis to avoid the confounding effect of double
specificities, and because not all sera negative for anti-topo
I antibodies and ACA were tested for anti-RNAP III anti-
bodies (see Materials and Methods). Moreover, one patient
with anti-RNAP III antibodies and one with anti-topo I anti-
bodies were excluded because the clinical diagnosis over-
lapped with polymyositis, and cancer risk might be influ-
enced by the diagnosis of myositis and not by the SSc-relat-
ed antibody. Two patients (both with anti-topo I antibodies)
were excluded because of insufficient clinical data in the
chart review.

Thus, 360 Italian patients with isolated anti-RNAP III,
anti-topo I, or ACA were studied (Figure 1). Their demo-
graphic and clinical data are presented in Table 1. Median
time of followup of the group evaluated was 118 months, for
a total of 4041 patient-years. The followup of patients with
anti-RNAP III antibodies was shorter than that for other
groups (p = 0.037), possibly reflecting the more recent
availability of the diagnostic test, but there were no other
significant differences between the anti-RNAP III and anti-
topo I groups. As expected, patients with ACA were more
frequently female, were less frequently affected with deSSc,
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466 consecutive SSc patients

| |

6 excluded
(non Italian)

460 included (Italian)

|
1 |

364 included:

17/262 anti-RNAP Il +
104/460 anti-topo | +
243/460 ACA +

96 excluded:
3 double positivity,
93 no positivity*
*25 not tested for
anti-RNAP Il

4 excluded:

2 overlap with myositis
2 missing data

360 included:

16 anti-RNAP Il +
101 anti-topo | +
243 ACA +

Figure 1. The selection process: 360 Italian patients with isolated anti-RNAP III, anti-topo I,
or ACA were selected for study.

Table 1. Main demographic and clinical features of 360 Italian patients with SSc in the study. Data are presented as median (10th-90th percentile) or
number (%).

Characteristic Anti-RNAPIII,n =16 Anti-topo I, n = 101 ACA,n =243 p
Female, n (%) 12 (75) 88 (87) 235 (97) <0.001
Age at SSc onset, yrs 58 (26-72) 51 (33-68) 53 (36-70) NS
Disease duration at the last visit, mo 68 (18-162) 121 (28-259) 118 (26-271) 0.037
Patients died, n (%) 4(25) 31 (31) 18 (7) <0.001
Lost to followup, or moved to other centers, n (%) 2 (12) 18/101 (18) 50 (20) NS
Disease subset: diffuse cutaneous, n (%) 10 (62) 71 (70) 2(1) <0.001
Interstitial lung disease, n (%) 9/16 (56) 77/99 (78) 15/240 (6) <0.001
Pulmonary hypertension, n (%) 3/16 (19) 7/100 (7) 23/239 (10) NS
Renal crisis, n (%) 1/16 (6) 6/101 (6) 0/243 (0) <0.001
Use of cyclophosphamide, n (%) 8/16 (50) 33/99 (33) 5/243 (2) <0.001
Use of other immunosuppressors, n (%) 7/16 (44) 42/97 (43) 11/243 (5) < 0.001

NS: nonsignificant

interstitial lung involvement and renal crisis, and were less
frequently treated with cyclophosphamide or other immuno-
suppressive drugs.

As shown in Table 2, a history of malignancy was pres-
ent in 39 (10.8%) out of 360 SSc patients included in the

study. One patient in the ACA group had 2 different malig-
nancies: non-Hodgkin lymphoma diagnosed before SSc,
and breast cancer diagnosed after SSc.

The frequency of malignancy was significantly higher in
the anti-RNAP III group [7 out of 16 (95% confidence inter-
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Table 2. Neoplastic history in 360 Italian patients with SSc in the study. Data are numbers (%).

Characteristic Anti-RNAP III,  Anti-topo I, ACA, p
n=16 n=101 n =243
Malignancy total number 7 (43.8) 11 (10.9) 21 (8.6) <0.001

Cancer preceding onset of SSc 1(6.2) 220 9 (3.7)* NS
Cancer synchronous to onset of SSc 3(18.8) 0 (0) 1(0.4) < 0.001
Cancer metachronous to onset of SSc 3(18.8) 9(8.9) 12 (4.9)* NS

* One patient in the ACA group had 2 malignancies. NS: nonsignificant.

val 23.1%-66.9%)] than in the anti-topo I (11/101, 10.9%)
and the ACA groups (21/243, 8.6%; p < 0.001).

The difference between the groups was accounted for by
the number of anti-RNAP III patients in which diagnosis of
cancer was synchronous (6 months before to 12 months
after) with the onset of SSc: 3/16 compared to 0/101 in the
anti-topo I group and 1/243 in the ACA group (p < 0.001);
whereas the number of patients in which a cancer diagnosis
preceded the onset of SSc, or was made more than 1 year
after the onset of SSc, did not differ significantly between
the groups (Table 2). The time intervals for the definition of
cancer synchronous to the onset of SSc were chosen consid-
ering possible delays in the identification of cancer that
might have been present before the onset of SSc and diag-
nosed afterwards. As a further precaution, an analysis was
also performed including malignancies diagnosed between
12 and 36 months after the onset of SSc in the definition of
cancer synchronous to the onset of SSc; but the results did
not change (data not shown; p < 0.001).

The characteristics of the 4 patients with cancer syn-
chronous to SSc are presented in Table 3. Notably, in
Patient 3, the histotype of the esophageal cancer was
squamous cell carcinoma of the pharyngeal esophagus.
This cannot be explained by chronic gastric reflux, which
can cause Barrett’s esophagus and adenocarcinoma of the
lower esophagus in patients with long-standing SSc. In all
3 patients with anti-RNAP III antibodies the onset of SSc

was very rapid, with no interval between the appearance
of Raynaud’s phenomenon and a fast progression to dif-
fuse skin involvement [Rodnan Skin Score (RSS) range:
14-51], that did not regress in any of them during the fol-
lowup (range 22-35 months since onset of SSc).
Moreover, severe organ involvement was found in all of
them (Table 3). Among these 3 patients, the lowest RSS
was observed in one patient treated with rituximab for
non-Hodgkin lymphoma, a therapy that may also reduce
the skin score of patients with SSc!”. Since 2 of the can-
cer patients died soon after onset of SSc, the natural his-
tory of their skin over time cannot be determined, and it is
therefore difficult to draw any definitive conclusions on
the issue of SSc disease severity in these patients. In the
other 13 anti-RNAP IlI-positive patients, the peak RSS
(median 21, range 4-40) was observed at a median of 18
months (range 1-76) after onset of SSc, and then
decreased in most of them (at the last observation, medi-
an 5.5 months, range 3-13).

The diagnosis of malignancy preceded the onset of SSc
in one patient with anti-RNAP III antibodies (breast cancer
diagnosed 54 months before onset of SSc), in 2 patients with
anti-topo I antibodies (chronic lymphocytic leukemia and
thyroid follicular adenocarcinoma, diagnosed 236 and 72
months, respectively, before SSc onset), and in 9 patients
with ACA (4 with breast cancer; 1 each with non-Hodgkin
lymphoma, essential thrombocytemia, uterine cervix, and

Table 3. Clinical characteristics of patients with diagnosis of malignancy synchronous to the onset of SSc.

Patient Antibody Sex Age at SSc Duration at Cancer Type Followup After Cancer Maximum Severe SSc
SSc Onset, Cancer Diagnosis, Diagnosis (mo), RSS Organ Involvement*
yrIs mo Outcome
1 RNApollll M 67 5 High-grade 30 (died, after chemotherapy 14 Lung, heart, GAVE
B cell, non-Hodgkin + rituximab, because of
lymphoma heart failure)
2 RNA pol IIT F 72 -3 Ductal carcinoma, 26 (alive, receiving hormone 51 Skin, kidney, GAVE
breast therapy)
3 RNApollll M 79 7 Squamous cell, 15 (died, after surgery and 39 Vascular, skin,
esophageal radiotherapy, because of cancer) heart
4 ACA F 44 -2 Ductal carcinoma, 18 (alive, after chemo- and 4 Vascular
breast radiotherapy; receiving

hormone therapy)

* Medsger severity scales > 3!5 or gastric antral vascular ectasia (GAVE). RSS: Rodnan Skin Score.
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thyroid and bladder cancer; range 78-206 months before
SSc onset).

More often, diagnosis of malignancy was made in
patients with a long history of SSc: in 3 cases in the anti-
RNAP IIT group (1 each with prostate, breast, and biliary
duct carcinoma; interval between SSc onset and cancer
diagnosis, range 25—171 months), in 9 cases in the anti-topo
I group (lung cancer, 3; colon, 2; stomach, breast, bladder,
uterine cervix, 1 each; interval between SSc onset and can-
cer diagnosis, range 25-266 months), and 12 cases in the
ACA group (breast cancer, 6; non-Hodgkin lymphoma,
colon, lung, ovary, vulvar, and hepatocellular carcinoma, 1
each; interval between SSc onset and cancer diagnosis,
range 18-316 months).

Exposure to cyclophosphamide might be relevant for
cancers metachronous to SSc. None of the 3 patients with
anti-RNAP III antibodies and metachronous cancer were
exposed to cyclophosphamide, as compared with 3/9 in the
anti-topo I group and 0/12 in the ACA group (p: not
significant).

DISCUSSION

An increased risk of cancer among patients with SSc has
been demonstrated by nationwide population-based studies
from Northern Europe!®!9. Possible explanations for the
association of the 2 diseases are: common risk factors, such
as exposition to occupational risk factors like silica dust or
solvents; exposure to immunosuppressive drugs; effects of
chronic inflammation and fibrosis; possible genetic predis-
positions to both diseases'®1°. Among patients with SSc,
cancer risk is particularly high in men, and, for lung cancer,
in individuals with interstitial lung disease, but there are no
clear data suggesting an association of higher neoplastic risk
and SSc-specific autoantibody status.

In a retrospective evaluation of 360 Italian patients with
SSc and isolated positivity for one of the 3 main SSc-spe-
cific autoantibodies, we observed a history of malignancies
in 10.8% of the subjects. These raw data are similar to data
observed by others®!819, but direct comparisons are not
possible because of different patient selection and popula-
tion characteristics. In particular, our series includes a high-
er percentage of women and ACA-positive individuals com-
pared with patients from Northern Europe or the US.

More importantly, the number of malignancy cases diag-
nosed in our patients with anti-RNAP III antibodies was sig-
nificantly higher than in those with anti-topo I antibodies or
ACA (p <0.001). The percentage of patients having a malig-
nancy diagnosed before onset of SSc, or more than 1 year after
that date, was not significantly different among the 3 groups.
The association of malignancy with anti-RNAP III antibodies
seems to be explained mainly by the higher frequency of
patients in which cancer was synchronous to SSc (i.e., diag-
nosed 6 months before to less than 12 months after the onset
of SSc; p < 0.001 compared to other autoantibody groups).

Our observation therefore confirms, in a different popu-
lation and with a different approach, the findings of Shah, et
al®, who first demonstrated a close temporal relationship
between onset of SSc and diagnosis of malignancy in
American anti-RNAP III-positive SSc patients with cancer.
The clinical characteristics of the 3 anti-RNAP IIl-positive
patients with synchronous diagnosis of cancer and SSc pre-
sented here are also very similar to those reported by Shah,
et al®, with rapid progression of diffuse skin involvement
and a high frequency of severe organ involvement.

The association of positivity for anti-RNAP III with
malignancies synchronous to onset of SSc might have clini-
cally and biologically relevant implications.

From a clinical point of view, our data suggest that the
risk of cancer diagnosis at the time of SSc onset in patients
with anti-RNAP III antibodies may be relatively high [3/16
(18.8%); 95% CI 5.8-43.8], perhaps similar to what has
been observed in patients with dermatomyositis?’, and that
patients with rapid progression of skin involvement seem to
be particularly at risk, as suggested®. We feel that at least in
patients with these clinical characteristics (no interval
between the appearance of Raynaud’s phenomenon and skin
involvement, aggressive cutaneous disease), investigation
for anti-RNAP III antibodies is mandatory and an active
search for malignancy is warranted.

As well, this association suggests possible pathogenic
pathways to be addressed in future studies. Shah, et al
demonstrated enhanced RNAP III antigen nucleolar staining
in tumor tissues from SSc patients with anti-RNAP III anti-
bodies, and hypothesized that tumors expressing high con-
centrations of RNAP III may initiate an immune response to
these antigens®. The enhanced expression of the same anti-
gens (e.g., in damaged blood vessels) might be the link
between anti-tumoral and autoimmune response, which
being directed against host tissues may thereafter also lead
to the appearance of clinical features of SSc®. It should be
considered that not only RNAP III but also other autoanti-
gens targeted by SSc autoantibodies can be expressed by
cancer cells, and, under certain circumstances, also by nor-
mal cell surfaces?!. Moreover, Kuwana, et al?? reported 2
patients with long-standing SSc in whom the anti-topo I
antibody response was greatly enhanced at the time of diag-
nosis of lung cancer, and this observation supports the pos-
sibility that tumor antigens may drive autoantibody produc-
tion. The typical clinical characteristics of many anti-RNAP
III-positive patients with SSc!%-7 seem to support a model
in which an event induces a tumultuous, rapidly evolving
pathogenic process. The association, in some cases, with a
simultaneously growing cancer suggests the hypothesis that
a tumor antigen-driven autoimmune response might be one
of the factors involved in this process.

Our study has several limitations. Not all the anti-topo I
or ACA-positive patients were tested (or retested at the time
of cancer diagnosis) for anti-RNAP III antibodies. However,
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