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excluded from further evaluation. The data of 74 RA
. patients who did not develop PCP within 12 months after
the beginning of etanercept treatment were collected and
these patients were termed the ‘non-PCP’ group. These
patients’ ‘were randomly extracted from consecutive RA
patients receiving etanercept at hospitals that participated
in this study. All patients in this study fulfilled the 1987
American College of Rheumatology (formerly the Ameri-
can Rheumatism Association) diagnostic criteria for RA
[23].

Diagnostic criteria for PCP

For this study, we used previously established diagnostic.

criteria for PCP [22, 24]. A diagnosis of PCP was con-
sidered definitive if: (1) P. jirovecii was found on
microscopic analysis of respiratory samples from patients
-with concurrent clinical manifestations (fever, dry cough,
or dyspnea), (2) the patients presented with hypoxemia,
and (3) radiographic findings were indicative of PCP.
The diagnosis of PCP was considered presumptive if a
patient fulfilled the clinical and radiographic conditions
[i.e., criteria (2) and (3)] in the absence of evidence of
other infectious diseases and in the presence of either a
positive PCR test for P. jirovecii DNA (qualitative PCR
analysis by SRL, Tokyo, Japan, or Mitsubishi Chemical
Medicine Corporation, Tokyo, Japan) or increased serum
BDG levels above the upper limit of normal (ULN)
(Fungitec G test MK, Seikagaku, Tokyo, Japan, or
Wako f-p-glucan test; Wako Pure Chemical Industries,
Tokyo, Japan) and responded to standard treatments
for PCP' with trimethoprim/sulfamethoxazole (TMP/
SMX) or pentamidine isethionate. Both the PCR test for
P. jirovecii DNA and the serum BDG test are commer-
cially available, validated, and officially approved as
clinical laboratory tests by the Ministry of Health,
Labour, and Welfare in Japan. ‘

Collection and analysis of clinical data

Data were collected from medical records using a stan-

dardized format including demographic information,
comorbidities, concomitant drugs, laboratory data, radio-
graphic data, treatments, and outcomes. Chest radiographs
and computed tomography (CT) scans of the thorax were
evaluated by a radiologist (F.S.) and a pulmonologist
(H.S)).

Ethics

The guidelines of the Helsinki Declaration and the ethical

guidelines for epidemiological research in Japan were

followed. The study protocol was approved by the Insti-
tutional . Ethics Committee of the Tokyo Medical and
Dental University Hospital (#545 in 2008). The ethical
guidelines for epidemiological studies in Japan required
notifying eligible RA patients of this study and allowed us
to implement this study without obtaining individual
written informed consent. Patients were notified of this
study by leaflets or posters at the outpatients clinics of each
participating institution and on the website of the Depart-
ment of Pharmacovigilance of the Tokyo Medical and
Dental University. Patients were excluded from the study
when they expressed their unwillingness to participate in
this study.

Statistical analyses

Fisher’s exact test was used for categorical variables
and the Mann-Whitney U-test was used for continuous
variables, with the Bonferroni correction for multiple
pair comparisons. To identify risk factors for PCP, the
Cox proportional-hazards regression model was used. The
cumulative probability of PCP was calculated using the
Kaplan—Meier method and the comparison among groups
was performed using the log-rank test. All analyses were
performed using SPSS software, version 17.0 (SPSS Japan,
Tokyo, Japan).

Results

Demographics and treatment of RA patients
who developed PCP

The demographics and treatment of RA patients at the
onset of PCP are summarized in Table 1. The mean age of
the PCP group was 66 years. The median interval between
the first injection of etanercept and the onset of PCP was
14 weeks. Thirteen patients (86.7%) developed PCP within
26 weeks after the first injection of etanercept. All patients
were treated with 50 mg/week of etanercept, except for
patient 14, who was given 25 mg/week. At the onset of
PCP, ten patients (66.7%) were receiving concomitant
methotrexate (MTX) and 12 patients (80%) were receiving
concomitant corticosteroids with etanercept. The median
dosage of MTX was 8 mg/week and the median dosage of
prednisolone (PSL) was 5 mg/day. Patient 8 received
concomitant cyclophosphamide. None of the patients
received chemoprophylaxis for PCP. Seven patients had
pulmonary comorbidities, including interstitial pnenmonia
(IP) (n =4), prior pleuritis (n = 1), pneumoconiosis
(n = 1), and prior pulmonary tuberculosis (n = 1). Three
patients had diabetes mellitus.
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Table 1 Demographics and

" . . Pt Age Number of Duration MTX PSL Lung Diabetes

treatment o theumatoid arthrifis (years) imjections® of ETN (mg/ (mg/day)  disease mellitus

patients at the onset of (weeks)® week)

Preumocystis jirovecii

pneumonia (PCP) 1 66 38 21 8 3 _ _
2 32 8 7 12 0 - +
3 74 55 27 8 0 - -
4 61 35 19 6 8 - -
5 79 51 27 0 2.5 iy -
6 74 80 43 10 1 P +
7 72 ) 28 13 0 10 Old pleuritis -

Pt patient, M male, F female, 8 73 25 14 0 30 Pneumoconiosis —

ETN etanercept, MTX 9 72 29 13 8 5 P -

methotrexate, PSL 10 61 13 10 10 5 — —

prednisolone, /P interstitial 11 63 7 3 0 25 P _

pneumonia, the tuberculosis, )

IQR interquartile range 12 72 12 11 0 4 Prior tbe -

* Number of etanercept 13 61 33 9 10.5 75 - -

injections prior to the diagnosis 14 79 17 17 4 175 - +

gf PCP 15 58 6 3 10 0 - -

Duration of treatment with Median 72 28 (12.5-36.5) 14 (9.5-20) 8 (0-10) 5 (1.75-9)
etanercept before the onset of (IQR) (61-73)

PCP

Clinical characteristics of RA patients
who developed PCP

The clinical characteristics of each patient at the onset of
PCP are summarized in Table 2. All had fever, 14
patients (93%) showed dyspnea on effort, and seven
patients (46.7%) had a dry cough. Hypoxemia was
observed in all patients at the onset of PCP; most had
either severe hypoxemia with oxygen partial pressure in
arterial blood (Pa0O;) <60 mmHg on room air or required
immediate oxygen therapy. Chest radiographs and CT
scans were performed for all patients. On CT scans,
ground-glass opacity (GGO) was observed in all patients.
Six patients had GGO with sharp demarcation by inter-
lobular septa (type A), while eight patients had GGO
without interlobular septal boundaries (type B) (Fig. 1).
One patient showed a combination of consolidation and
GGO without interlobular septal boundaries. These tho-
racic CT findings in RA patients receiving etanercept
who developed PCP were essentially the same as those in
RA patients receiving infliximab who developed PCP
[22, 24].

Serum levels of BDG, a reliable serum marker for PCP
[18], were elevated above the ULN in 10 patients, with
marked elevation (BDG >100 pg/ml) observed in 3
patients (Table 2). The PCR test for detection of P. jirovecii
was utilized for 11 patients, using either induced sputum
(nine patients) or bronchoalveolar lavag'q (BAL) fluid (two
patients). All test results were positive. P. jirovecii was
microscopically identified in BAL samples from patient 14
(Table 2).
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Laboratory test results for PCP patients

Laboratory data from each patient at the onset of PCP are
summarized in Table 3. Severe lymphopenia (<500 cells/pl)
was observed in only 3 patients, while 4 patients had
500-1,000 cells/pl, and 8 patients had >1,000 cells/pl.
The median serum level of C-reactive protein (CRP) was
9.5 mg/dl (n = 15); that of IgG was 1,341 mg/dl (n = 9); that
of albumin (Alb) was 3.1 g/dl (n = 15); and that of the K1-6
antigen was 666 U/ml (n = 13). The KL-6 antigen is pro-
duced by type 1I alveolar epithelial cells and is reported to be
elevated in patients with active IP [25], as well as in those with
PCP [26].

Clinical course of PCP in RA patients treated
with etanercept

All patients developed PCP rapidly and were hospitalized 3
or 4 days after the appearance of the clinical manifestations.
Three patients required mechanical ventilation immediately
upon admission because of progressive respiratory failure.
Disease- modifying anti-theumatic drugs (DMARD:s),
immunosuppressive drugs, and etanercept were discontin-
ued in all patients. All patients received therapeutic doses of
TMP/SMX immediately after the laboratory and radio-

-graphic examinations. Treatment with TMP/SMX was

changed to pentamidine isethionate in three patients who
had adverse drug reactions. Eight patients were treated with
methylprednisolone (mPSL) pulse therapy, three with high-
dose PSL, and five with increasing dosages of PSL within a
few days after admission.
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Table 2 Clinical characteristics and diagnostic indicators in rheumatoid arthritis patients at the onset of Preumocystis jirovecii pneumonia

(PCP) i
Pt Clinical Pa0, (Torr) CT findings Response to PCR test Serum f-p-glucan
manifestations {0, (Vmin))® treatments (pg/ml)

1 Fever/DOE 56 (3] A + + 134°
2 Fever/cough/DOE 60.6 [0] B + + 13.5¢
3 Fever SpO, 86% [0] B + + 14.6°
4 Fever/cough/DOE SpO- 86% (0] B + + 21¢

5 Fever/cough/DOE 57.6 [0) A + + <3.6°
6 Fever/cough/DOE 67.4 (0] A + NA 14.2°
7 Fever/DOE 83.1 [0] B + + 49.2°
8 Fever/DOE 68.5 [1] C + + 20.2¢
9 Fever/cough/DOE 66.3 [0) A + + 27.4°
10 Fever/DOE 50 (0] A + + 14.8°
11 Fever/DOE 64.8 [4) B + NA 181°
12 Fevet/DOE 49.4{10) B + + 7.5°

13 Fever/DOE SpO2 90% (0) A + + 433°¢
14 Fever/cough/DOE 55.6 {0] B + NA® 187°
15 Fever/cough/DOE 61.7 (3] B + NA 18.6°

Pt patient, Pa0; oxygen partial pressure in arterial blood, cough dry cough, DOE dyspnea on effort, CT thoracic computed tomography, PCR test

polymerase chain reaction test for P. jirovecii, NA not assessed

* Oxygen therapy during the measurement of PaO, or oxygen saturation (SpO-). SpO, was measured with a pulse oximeter

® Upper limit of normal (ULN) <20 pg/ml
¢ ULN <11 pg/ml

4 P. jirovecii was detected microscopically as the cystic form in the bronchoalveolar lavage fluid

Although 14 patients responded well to these treatments
and survived, one patient (patient 8) died. Patient 8 initially
showed clinical and radiographic improvement arising
from treatment for PCP with TMP/SMX and mPSL pulse
therapy, but he later developed bacterial and fungal
infections and finally died due to pulmonary hemorrhage
8 weeks after his admission.

While 13 patients were empirically treated with antibi-
otics and 4 patients were empirically treated with anti-
fungal agents, cultures of respiratory samples {rom these
patients before the commencement of these therapies
revealed no causative bacteria, mycobacterium, or fungi.
Anti-Mycoplasma pneumoniae antibody was positive in
one of the five patients tested. Testing for urinary
Legionella antigen was conducted in five patients and
testing for serum Aspergillus antigen was conducted in
eight patients; all results were negative. Detection of
Candida antigen in the serum was positive at a low titer in
two of the seven patients who were examined, but Candida
species were not detected in sputum cultures from these
two patients. Five patients were empirically treated with
ganciclovir, but the Cytomegalovirus antigenemia assay
was negative for all of them. These data, combined with
other clinical and laboratory data and the GGO on the

thoracic CT, suggested a low possibility of other infectious
diseases in the PCP group patients.

Case—control study

To more precisely characterize the PCP group, we com-
pared demographics, comorbidities, concomitant drugs,
and laboratory data between the PCP and the non-PCP
groups at the time of initiation of treatment with etanercept
(Table 4). On univariate analysis, the PCP group was sig-
nificantly older (p < 0.001), and had a significantly lower
percentage of females (p = 0.049) and a significantly
higher percentage of patients with lung diseases
(p = 0.002) than the non-PCP group. Also, the PCP group
was treated with significantly higher dosages of concomi-
tant PSL (p = 0.045) and MTX (p = 0.007) than the non-
PCP group.

Based on the results of the univariate analysis, we
identified independent risk factors for PCP in RA patients
treated with etanercept using Cox proportional hazard
models. The results showed that the development of PCP
was significantly associated with age (>65 vs. <65 years)
[hazard ratio (HR) 3.35, 95% confidence interval (CI)
1.01-10.42, p = 0.037], the coexistence of lung disease
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(yes vs. no) (HR 4.48, 95% CI 1.46-13.72, p = 0.009), and
the concomitant use of MTX (yes vs. no) (HR 4.68, 95% CI
1.59-13.81, p = 0.005).

Fig. 1 Thoracic computed tomography findings of rheumatoid
arthritis patients who developed Preumocystis jirovecii pneumonia
while receiving etanercept. a Ground-glass opacity (GGO) with sharp
demarcation by interlobular septa and geographic pattern. b GGO
without interlobular septal boundaries

Accumulation of risk factors and development of PCP

We calculated the cumulative probability for developing
PCP in patient groups stratified by the number of coexis-
ting risk factors. When all patients (n = 89) were stratified
by the number of risk factors, including age (>65 years,
yes/no), coexistence of lung disease, and use of MTX, the
cumulative probability for the occurrence of PCP was
significantly higher in patients with one risk factor com-
pared to patients with no risk factor (p = 0.015); as well,
the cumulative probability for the occurrence of PCP was
significantly higher in patients with two or three risk fac-
tors compared to patients with no risk factor (p < 0.001) or
compared to patients with one risk factor (p = 0.001)
(Fig. 2).

Discussion

The highest available number of patients with RA who
developed PCP during treatment with etanercept was
located and the clinical, laboratory, and radiographic
characteristics of these 15 patients were described. Inde-
pendent risk factors for the development of PCP in these
patients were also identified.

This study clarified important characteristics of PCP in
RA patients receiving etanercept: (1) rapid development
with a severe clinical course; (2) relatively low levels of
plasma BDG and a low microscopic detection rate for P.
Jirovecii; and (3) infection occurring even in patients with
normal peripheral lymphocyte counts and normal serum
IgG levels. Of note, PCP in non-AIDS patients develops

Table 3 Laboratory findings in

rheumatoid arthritis patiepts at Pt WBC ¢ub bﬁx)}p hocytes g:}; dly (S;/?ll;] Alb (S;l;gu/r; )IgG FI.]I;;:D
the onset of Preumocystis
Jjirovecii pneumonia (PCP) 1 2,900 397 228 22 NA 821

2 7,200 1,900 7.92 4.1 NA 385

3 8,540 1,836 2.59 3.8 NA NA

4 14,300 686 32 3.65 NA 487

S 7,000 1,260 4.81 34 2,230 1,516

6 5,000 860 949 34 1,645 687

7 8,700 1,305 23.7 35 1,405 162

8 10,300 309 19.1 2.2 707 820

9 5,700 627 6.0 3.1 1,120 864

10 7,600 1,547 21 4.2 1,090 485

11 6,340 628 9.86 244 1,341 666

12 20,730 2,094 22.41 2.57 NA 779
Pt patient, WBC white blood 13 9,200 1,435 9.53 2.6 1,714 197
cells, CRP C-reactive protein, 14 8,900 462 5.0 24 NA 420
Alb albumin, NA not assessed, 15 13,260 2,386 18.05 23 665 NA
KL-6 a serum marker for Median 8,540 1,260 9.5 3.1 1,341 666
interstitial pneumonia and PCP, (IQR)  (6,670-9,750)  (628-1,692)  (5.5-20.1) (2.4-3.6) (1,090-1,645)  (420-820)

IOR interquartile range
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Table 4 Clinical characteristics of rheumatoid arthritis patients treated with etanercept at initiation of therapy

Characteristics PCP group (n = 15) Non-PCP group (n = 74) p value
Age (years)® 664 + 11.7 547 £13.5 <0.0017
Age (=65 years, %) 60 17.6 0.001
Female (%) 53.3 78.4 0.049*
Disease duration (months)® 120.2 4 102.5 114.4 4 88.1 0.9087
Coexistence of lung disease (%)° 46.7 95 0.002¢
Coexistence of diabetes mellitus (%) 20.0 4.1 0.057*
Concomitant use of MTX (%) 66.7 31.1 0.009*
Dosage of MTX (mg/week)® 55+ 4.6 25+41 0.007"
Concomitant use of PSL (%) 80.0 64.9 0.204*
Dosage of PSL (mg/day)® 114 & 16.3 37+ 34 0.0457
Dosage of PSL (>5 mg/day, %) 533 28.4 0.06t

Concomitant use of immunosuppressants, except for MTX (%) 6.7 20.3 0.193
White blood cells (/ul)* 8,279 + 3,352 8,603 + 3,021 0.5877
Lymphocytes(/ul)* 1,591 + 810 1,379 + 591 0.2547
Serum albumin (g/dl)* 34 +£07 3.8+ 04 0.06

Serum IgG (mg/dl)® 1,447 + 430 1,568 + 570 0.557"

After the Bonferroni’s correction, only the differences in age and pulmonary diseases retained statistical significance

p Values were calculated using the Mann—Whitney U-test test (1) or the y7 test ()

PCP Preumocystis jirovecii pneumonia, MTX methotrexate, PSL prednisolone

* Mean + SD

® Four interstitial pneumonia cases, one old pleuritis, one pneumoconiosis, and one prior tuberculosis

-
(=}
i

With 2 or 3 risk factors (n=14)
p<0.001 (vs. no risk factor)
p=0.001 (vs. one risk factor)

o
®
1

o
o
1

o
P
1

With 1 risk factors (n=39)
p=0.015 (vs. no risk factor)

o
N
1

Cumulative Pmbabilityof PCP

With O risk factors (n=36)
S

e
=)
1

T T T T T
100 200 300 400 500

Days after the initiation of etanercept

oA

Fig. 2 Cumulative probability of developing Preumocystis jirovecii
pneumonia (PCP) in theumatoid arthritis patients with associated risk
factors when treated with etanercept. The patients were stratified by
the number of risk factors, including age >65 years, coexistence of
lung disease, and concomitant use of methotrexate (MTX). The
cumulative probability for developing PCP according to the number
of risk factors was calculated using the Kaplan-Meier method and
comparison between the groups was performed using the log rank test

more rapidly and is more severe with a poorer prognosis
than PCP in AIDS patients [13, 26-31]. We also have
reported that in RA patients treated with infliximab [22]
PCP developed rapidly and progressed to severe respiratory
failure. In agreement with these previous reports, we found
that all 15 patients who received etanercept in the present
study showed acute-onset PCP and severe hypoxemia or

requirement for oxygen therapy. While some studies sug-
gest that low peripheral blood lymphocyte counts are
associated with the development and severity of PCP in
patients with rheumatic diseases [32-34], the immunolog-
ical status of the patients with PCP in the present study, as
judged from conventional laboratory tests, was not seri-
ously impaired; peripheral blood lymphocyte counts at the
onset of PCP were more than 500 cells/ul in 12 patients
(80%) and serum IgG levels were normal in 7 of 9 patients
(77.8%).

Fourteen of the 15 patients had presumptive diagnoses
of PCP without microscopic detection of P. jirovecii.
Because it has been reported that PCP in patients without
AIDS presented with fewer numbers of the pathogen in the
lung [13], we, and other investigators who have studied
PCP in RA patients, included patients who did not have
microscopic detection of the organism but who were
positive for the PCR test or had an elevated serum BDG
level. Recently, Kameda et al. [20] conducted a retro-
spective, multicenter study of acute-onset diffuse intersti-
tial lung disease in patients with RA receiving biological
agents. They defined ‘definite PCP’ as microscopically
positive, or double-positive for the PCR test and serum
BDG level, and ‘probable PCP’ as positive for either the
PCR test or serum BDG level. They found that the two
groups (i.e., definitive and probable PCP) were clinically
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and radiologically indistinguishable. Because our criteria
for presumptive PCP were not stringent by definition, it
was mandatory to exclude other infectious diseases, as far
as possible, by means of bacteriological examinations,
laboratory tests, and radiological characteristics. As men-
tioned in the “Results” section, in our PCP patients there
were no definitive data for other infectious lung diseases.
Based on these data and discussion, we included pre-
sumptive PCP patients in the present study for analysis, in
addition to the microscopically diagnosed PCP patients.

The efficacy of the use of corticosteroids for the treat-
ment of PCP that develops in patients with rheumatic
diseases is controversial [33, 35]. Pareja et al. [33] and
Tokuda et al. [21] reported good clinical outcomes in PCP
patients without HIV infection who received concomitant
high-dose corticosteroids with TMP/SMX. In our study, 9
of the 15 patients received high-dose corticosteroids con-
comitant with TMP/SMX. In our previous study of PCP in
RA patients during infliximab therapy, 19 of 21 patients
received high-dose corticosteroids concomitantly with
TMP/SMX [22, 24]. The mortality of the patients with PCP
receiving infliximab (0%) or etanercept (6.7%) is consid-
erably lower than the mortality found in previous studies of
PCP in patients without HIV infection (32-45.7%) {34,
36). Our diagnostic criteria included good response to
standard treatment for PCP with TMP/SMX or pentamidine
isethionate; concomitant corticosteroid therapy with TMP/
SMX might also have contributed to the lower mortality
seen in our study. :

The risk factors for the development of PCP were
similar for both RA patients receiving infliximab and for
those given etanercept, the risk factors in common being
age of >65 years and the coexistence of lung disease
[24). The concomitant use of MTX was another risk
factor for PCP in RA patients receiving etanercept. An
association between MTX therapy and increased risk of
infection or serious infection in RA patients remains
controversial [7, 37, 38]. It seems possible that the
association between MTX and PCP is specific to the
ethnic group studied or the concomitant drug used (i.e.,
etanercept). Because the number of patients in our study
was small, further investigations of more patients are
needed to answer these questions.

In our study, no patients received chemoprophylaxis for
PCP. In HIV-infected patients, primary prophylaxis for
PCP is recommended when the CD4+4- lymphocyte count is
<200 cells/pl or when a patient has a history of oropha-
ryngeal candidiasis [39]. However, the peripheral blood
lymphocyte counts of most patients with PCP in the present
study were higher than 500 cells/pl. Based on the results of
our Kaplan—-Meier analysis (Fig. 2), chemoprophylaxis for
PCP might be considered when a patient has all of the risk
factors at the initiation of etanercept therapy.
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There are definite limitations to our study. First is the
inclusion of presumptive cases. The traditional diagnosis of
PCP, the microscopic detection of P. jirovecii, was made in
only one of the 15 patients. The other 14 patients, however,
had clinical, laboratory, and radiological characteristics
compatible with PCP, but did not have evidence for other
pulmonary infectious diseases. The interpretation of the
results of our study should take our diagnostic criteria into
account. Second, because our criteria included the pre-
senting characteristics of the patients, we cannot exclude
the possibility that milder PCP cases were missed; how-
ever, such cases are less clinically relevant than those of
the patients included in this study. Third, the p value for
age from the Cox proportional hazard analysis for risk
factors for PCP was 0.037 and the lower limit of the 95%
CI of the risk factors was about 1.0. Although this value
has limited statistical significance, older age has been
recognized as an important risk factor for infections in RA
patients [40] and it is safest to assume this risk factor for
PCP is real for RA patients receiving etanercept.

In conclusion, physicians must be alert to the possibility
of PCP developing during etanercept therapy in RA
patients, particularly if one or more risk factors are present,
and physicians must also be vigilant for clinical manifes-
tations, indicative laboratory tests, and radiological
findings.
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Predictors of Survival and Causes of Death in Japanese
Patients with Systemic Sclerosis

ATSUSHI HASHIMOTO, SATOKO TEJIMA , TOSHIHIRO TONO, MAIKO SUZUKI, SUMIAKI TANAKA,
TOSHIHIRO MATSUI, SHIGETO TOHMA, HIRAHITO ENDO, and SHUNSEI HIROHATA

ABSTRACT. Objective. To clarify the mortality rates, causes of death, and contributing clinical factors in Japanese

patients with systemic sclerosis (SSc).

Methods. A cohort of 405 patients with SSc, who attended our institution during the period 1973 to
2008, was retrospectively analyzed unti} the end of 2009. Clinical data were obtained from medical
records or autopsy reports.

Results. The 405 patients with SSc consisted of 310 (76.5%) survivors, 86 (21.2%) who died, and 9
who were lost to followup. Diffuse cutaneous SScand involvement of organs other than the gastroin-
testinal tract were more frequent in patients who died, and were associated with a worse prognosis
according to Kaplan-Meier analysis. Female sex, limited cutaneous SSc, anticentromere antibody
(ACA), and overlap with Sjogren’s syndrome (SS) were factors favoring a better prognosis, while over-
lap with myositis contributed to a poor prognosis. The overall 10-year survival rate was 88%. The
patients with SSc had a significantly higher mortality than the general population (standardized mor-
tality ratio 2.76), but the patients with ACA or overlapping SS did not. The most common causes of
death were unknown ones including sudden death, followed by malignancy and infection. In patients
with pulmonary arterial hypertension, sudden death was the most common cause of mortality.
Conclusion. The overall mortality rate of patients with SSc was higher than that of the general popula-
tion, probably because of poor prognostic factors including organ involvement. These factors should be
carefully monitored during followup. (J Rheumatol First Release July 15 2011; doi:10.3899/

Jjrheum.100298)

Key Indexing Terms:
SCLERODERMA  SYSTEMIC SCLEROSIS
Despite the still unknown pathogenesis of systemic sclerosis
(8Sc), investigators have described its clinical features in
detail. On the basis of skin involvement, SSc is classified into
diffuse cutaneous SSc (dcSSc) and limited cutaneous SSc
(IcSSc). Other than skin, various organ involvements occur in
SSc, often resulting in death. Antinuclear antibody is detected
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MORTALITY CAUSE OF DEATH

in most patients with SSc, suggesting a pathogenesis. Some
specific autoantibodies, including anti-Scl-70, anticentromere
(ACA), and anti-U1-RNP antibodies, have been demonstrated
to be closely associated with organ involvement!.
Abnormalities of the immune system that produce autoanti-
bodies sometimes cause overlap with other connective tissue
diseases (CTD), including systémic lupus erythematosus
(SLE), rheumatoid arthritis (RA), Sjogren’s syndrome (SS),
and myositis (polymyositis or dermatomyositis). Certain clin-
ical factors, including organ involvement, autoantibodies, and
overlap with CTD, influence the prognosis of patients with
SSc. Indeed, dcSSc and major organ involvement, including
that of the lungs, heart, or kidneys, were associated with a
poor prognosis in previous reports?. Male patients with SSc
usually have a worse prognosis than females, but sometimes
the influence of sex is limited.

In our study, we analyzed data obtained from longterm fol-
lowup of Japanese patients with SSc at a single institution,
with the aim of identifying predictors of survival and under-
standing the entire disease course of SSc as well as the caus-
es of death.

MATERIALS AND METHODS

Patients who visited Kitasato University Hospital from 1973 to 2008 with
bilateral symmetrical skin thickness, even only with sclerodactyly, were
enrolled in our study and in the study by Barnett and Coventry?. Although
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some patients with SSc are hard to distinguish from those with mixed con-
nective tissue disease (MCTD), patients who met the Japanese diagnostic cri-
teria for MCTD were excluded?. Patients with SSc sine scleroderma also were
excluded®. The ethics committee of the Kitasato University Hospital
approved the study.

There were 376 women and 29 men (total 405). Their antibody profiles
and clinical features were obtained from the medical records, including age,
sex, disease duration, outcome, organ involvement [skin, gastrointestinal tract
(GD), lungs, heart, kidneys, scleroderma renal crisis (SRC), and pulmonary
arterial hypertension (PAH)], and overlap with CTD. The organ involvement
or overlapping CTD was admitted when it was once continuously revealed
during the followup in our institution. But because not all patients were exam-
ined for every organ involvement or overlapping CTD, the occurrence of such
conditions could be underestimated.

DcSSc was defined on the basis of skin involvement proximal to the
elbows and knees, while 1¢SSc meant skin involvement distal to the elbows
and knees or affecting the face at least 2 years after the onset of SScb. GI
involvement was defined as gastroesophageal reflux disease, dysphagia, bac-
terial overgrowth requiring antibiotics, and/or paralytic ileus’. Lung involve-
ment was defined as bibasal pulmonary fibrosis detected on chest radiographs
or by computed tomography. Heart involvement was defined as a left ven-
tricular gjection fraction < 40% measured by echocardiography, conduction
disturbance or arrhythmias requiring therapy, or congestive heart failure. SRC
was defined by the occurrence of malignant arterial hypertension (diastolic
blood pressure > 120 mm Hg with grade III or IV hypertensive fundoscopic
changes according to the Keith-Wagener classification) or rapidly progressive
oliguric renal failure without other discernible causes during the course of
SSc8. SSc can also cause chronic renal disease with an elevated serum creati-
nine level or proteinuria independently of SRC®. Renal involvement was
defined as present or past SRC as well as continuous proteinuria or a glomeru-
lar filtration rate < 60 ml/min per 1.73 m? estimated by the Modification of
Diet in Renal Disease study equation for Japanese patients!01l. PAH was
diagnosed from a mean pulmonary arterial pressure > 25 mm Hg measured
directly by right heart catheterization!?, or an estimated pulmonary arterial
pressure > 35 mm Hg calculated from the tricuspid flow velocity by Doppler
echocardiography'®. Diagnosis of overlapping CTD was made by the follow-
ing criteria: SLE or RA were diagnosed according to the 1982 or 1987 crite-
ria of the American College of Rheumatology, respectively!415. SS was diag-
nosed according to the 1999 Ministry of Health and Welfare’s Diagnostic
Criteria for SS!6. Myositis was defined as inflammation of skeletal muscle
with a serum creatine kinase (CK) level above the normal institutional range
(247 TU/ for men or 170 TU/I for women). Other conditions associated with
a high serum CK level were excluded, such as myocardial infarction, muscu-
lar dystrophy, circulatory disorders, hypothyroidism, and drug-induced
myopathy. Myositis included not only muscle involvement due to SSc, but
also polymyositis or dermatomyositis complicated by SSc. Every diagnosis
was made retrospectively and confirmed based on the information in medical
records.

The onset of SSc was defined by the occurrence of Raynaud’s phenome-
non and/or joint symptoms ahead of skin sclerosis, as well as the appearance
of characteristic symptoms caused by organ involvement!?. Observation was
terminated at the time of death or at the end of 2009. The presumed cause of
death was based on information obtained from the medical records or autop-
sy reports. A clear causal relation or clinical data were necessary to assign a
definitive cause of death. Sudden death was defined as death within 24 hours
of the onset of acute symptoms without clear signs suggesting a particular dis-
case as the cause!®!%. Consequently, sudden death was included as an
unknown cause of death.

Immunological tests for serum anti-Scl-70 and anti-U1-RNP antibodies
were carried out with ELISA kits (TFB Inc., Tokyo, Japan) according to the
manufacturer’s protocol, or the double immunodiffusion technique was per-
formed according to a standard Ouchterlony protocol, as described?02!,
Serum ACA was detected with an ELISA kit (Medical & Biological
Laboratories Co. Ltd., Nagoya, Japan) or by the indirect immunofluorescence
technique based on the characteristic staining of Hep-2 cells?2. Some patients

were excluded because they did not take the above tests. The remaining 352
patients with serum antibody: data were analyzed to assess the association
between autoantibodies and survival.

Statistics. The between-groups comparisons were made using the Wilcoxon
signed-rank test for numerical values or Fisher’s exact test for analysis of per-
centages. Univariable survival analysis covering 30 years after onset was per-
formed by using the Kaplan-Meier method to plot survival curves that were
compared with the log-rank test. Similarly, multivariable survival analysis
applied Cox’s proportional hazard model. Every analysis was conducted with
Jmp 5.1 (SAS Institute Japan Ltd., Tokyo, Japan).

The standardized mortality ratio (SMR) is the ratio between the observed
death rate of the cohort in our study and the expected death rate in a compa-
rable age-matched and sex-matched Japanese population. Vital statistics for
1990, compiled by the Ministry of Health, Labor, and Welfare, were used for
calculation of the SMR. The 95% CI for the SMR was calculated by regard-
ing the observed number of deaths as a Poisson variable and by looking up
the related 95% Cl in statistical tables. Values are expressed as the median +
SE of the mean (SEM). In all analyses, p values < 0.05 were regarded as
significant.

RESULTS

Demographic features. The study covers 6730 person-years of
total disease duration for the 405 patients with SSc. General
features are presented in Table 1. The 405 patients included
376 women (92.8%) and 29 men (7.2%), who were divided
into 310 (76.5%) survivors and 86 patients (21.2%) who died.
Nine patients (2.2%) were lost to followup. The number of
patients with dcSSc was 132 (32.6%), of whom 53.5% were
dead and 27.7% were alive (p < 0.0001). The median age at
onset of SSc for the 405 patients was 47 years and the medi-
an period from onset to the diagnosis of SSc was 2 + 0.4 years
(median + SEM). The age at onset and the time from onset to
diagnosis showed no significant differences between surviv-
ing and dead patients. The median duration of disease for all
patients was 14 + 0.6 years and was significantly shorter for
patients who died than for survivors (11 £ 1.2 vs 15 £ 0.7
years, respectively; p = 0.0230).

Organ involvement (including the GI, lungs, heart, kid-
neys, SRC, and PAH) was significantly more common in
patients who died than in surviving patients. Regarding over-
lap with CTD, SS was less often found in dead than surviving
patients (p = 0.0018).

Sera from 352 patients were examined for the presence of
anti-Scl-70, anti-UI-RNP, and ACA. Anti-Scl-70 antibody
was detected in 82 patients (23.3%), while ACA or anti-Ul-
RNP antibody was found in 127 (36.1%) or 83 (23.6%)
patients, respectively. The prevalence of anti-Scl-70 antibody
was significantly higher among patients who died (26 out of
73 dead patients, 35.6%) than among surviving patients (56
out of 279 surviving patients, 20.1%; p = 0.0078). Conversely,
the prevalence of ACA was significantly higher among sur-
viving patients (116 out of 279, 41.6%) than among dead
patients (11 out of 73, 15.1%; p < 0.0001).

Survival analysis. Figure 1 shows 30-year survival curves for
patients with SSc determined using the Kaplan-Meier method.
Pairs of survival curves with significant differences and the
survival rates of subgroups at 10, 20, or 30 years after the
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Table 1. General demographic features of 405 patients with systemic sclerosis (SSc). Values are median = SE of the mean. Nine patients who were lost to

followup were excluded from survival or standardized mortality ratio analyses.

Characteristic All Patients Surviving Patients, Dead Patients, p
n (%) n (%)
No. patients 405 310 (76.5) 86 (21.2) -
Men, n (%) 29(7.2) 19 (6.1) 9(10.5) 0.1616
dcSSc, n (%) 132 (32.6) 86 (27.7) 46 (53.5) < 0.0001
Age at onset, yrs (range) 47 £ 0.7 (5-78) 47 £ 1.6 (5-78) 47 + 0.8 (9-73) 0.9029
Onset to diagnosis, yrs (range) 2+ 04 (044) 2+ 0.5 (0-44) 3+0.7(0-35) 0.6290
Disease duration, yrs (range) 14 £ 0.6 (1-59) 15+ 0.7 (1-59) 11 1.2 (1-57) 0.0230
Organ involvement
GI tract 187 137 (44.2) 49 (57.0) 0.0356
Lung 204 125 (40.3) 75 (87.2) < 0.0001
Heart 79 35(11.3) 43 (50.0) < 0.0001
Kidney 60 34 (11.0) 25(29.1) 0.0001
Scleroderma renal crisis 13 6(1.9) 7 (8.1) 0.0100
Pulmonary arterial hypertension 65 36 (11.6) 27 (314) < 0.0001
Overlap of connective tissue disease
Systemic lupus erythematosus 21 18 (5.8) 3@3.5) 0.5870
Rheumatoid arthritis 19 15(4.8) 4.(4.7) 1.0000
Sjogren’s syndrome 51 48 (15.5) 3.5 0.0018
Myositis 22 13 (4.2) 8(93) 0.0970

DcSSc: diffuse cutaneous systemic sclerosis; GI: gastrointestinal.

onset of SSc are shown in Figures 1A-J and Table 2. Subgroup
analysis revealed that the presence of organ involvement,
except for GI involvement, was significantly associated with
a worse prognosis. Accordingly, these factors were signifi-
cantly associated with worse survival: male sex; dcSSc;
involvement of lungs, heart, or kidneys; SRC; PAH; or myosi-
tis. The presence of ACA or SS was associated with better sur-
vival. Patients with SRC had the worst survival (Table 2).
Other factors, including anti-Scl-70 antibody or anti-U1-RNP
antibody, had no correlation with survival in this analysis. On
the other hand, multivariable survival analysis using Cox’s
proportional hazard model for factors including clinical fea-
tures and overlapping CTD revealed that lung involvement
(RR 221, p < 0.0001) followed by heart (RR 1.77, p <0.0001)
and kidneys (RR 1.35, p < 0.0171) were significant factors in
worse survival rates.

Among the 86 patients who died, the range of age at death
was 15-82 years. Figure 2 shows the distribution of age at
death, indicating that many patients died in their fifties (n =
34, 39.5%), followed by those who died in their sixties and
seventies. The median age at death was 58 = 1.3 years (medi-
an + SEM), and it was not related to sex or the type of skin
involvement.

SMR. SMR was calculated to compare mortality among dif-

ferent populations, especially relative to the general popula-

tion. As shown in Table 3, SMR was computed for all patients,
and each subgroup or cause of death. The overall risk of death
was nearly treble that of the general population (SMR 2.76;
95% CI 2.18-3.35). Interestingly, only subgroups of patients
with SSc who had ACA or overlapping CTD such as SLE,
RA, or SS did not have significantly higher mortality, while

most of the subgroups (especially those with organ involve-
" ment) had a significantly higher SMR compared with the gen-
eral population. The SMR for patients with SSc who had
myositis was highest. With respect to the SMR analysis for
each cause of death, death from pneumonia (infectious and
interstitial) was significantly more frequent for patients with
SSc than for the general population (SMR 9.11; 95% CI
4.34-13.88).
Cause of death. The presumed causes of death for 86 patients,
including 25 whose cause of death was confirmed by autopsy
(autopsy rate: 29.1%), are shown in Table 4. For about a quar-
ter of the deaths, the cause was unknown (n = 23, 26.7%),
including 16 sudden deaths (18.6%). The next most common
causes were malignancy (n = 19, 22.1%), followed by infec-
tion (n = 14, 16.3%) and heart failure (n = 8, 9.3%). We found
no deaths from stroke.

Of note, sudden death did not occur in patients with ACA,
and was rare in patients with GI involvement (OR 0.27,p =
0.0270). In contrast, half of the patients with sudden death had
PAH, as did 27 (31 4%) of all who died. In patients with PAH
the most common cause of death was sudden death (n = 8,
29.6%), followed by heart failure (n = 5, 18.5%). Although
PAH bad no significant correlation with a particular cause of
death, PAH was significantly associated with the union of the
groups of sudden death and death from heart failure (OR 4.1,
p = 0.0086). Lung involvement had no significant correlation
with the causes of death including unknown, malignancy,
pneumonia (infectious or interstitial), and heart failure. No
significant association was found among causes of death and
clinical factors including the patient’s sex, type of skin
involvement, and age at death (data not shown).
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Figure 1. Kaplan-Meier survival curves of patients with systemic sclerosis (SSc) and results of the log-rank test. Horizontal axis represents the duration from the
onset of SSc. A. Females showed significantly better survival than males (p = 0.0038). The longest disease duration in male patients was 26 years. B. Patients with
limited cutaneous SSc showed significantly better survival than those with diffuse cutaneous SSc (p = 0.0002). C. Patients with anticentromere antibody had sig-
nificantly better survival than those without it (p = 0.0008). D-H. Patients with involvement of the lungs, heart, kidneys, scleroderma renal crisis, or pulmonary
arterial hypertension (PAH) had significantly worse survival than those without such factors (p < 0.0001; p = 0.0002 only for PAH). I. Patients showing overlap
with myositis had significantly worse survival than those without overlap (p = 0.0005). The longest disease duration in patients with myositis was 27 years.
J. Patients with Sjogren’s syndrome had significantly better survival rates than those without it (p = 0.0240).
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Figure 1. Continued

DISCUSSION

In our study, we investigated the prognosis of patients with
SSc in association with clinical factors and the detailed caus-
es of death in order to understand the varied progress of SSc.
Since effective therapy for dermal sclerosis or most organ
involvements in patients with SSc has still not been estab-
lished, clinical studies of organ involvement and prognosis are
necessary, not only to understand the pathogenesis of SSc, but
also to determine the best treatment and to reassure patients.
Demographic and survival analyses were conducted to identi-
fy clinical factors contributing to the prognosis of patients
with SSc. The demographic analysis compared the number of
surviving and dead patients with or without specific factors
using Fisher’s exact test, while survival was analyzed using
the Kaplan-Meier method with the log-rank test for univari-
able analysis and by the Cox’s proportional hazard model for
multivariable analysis.

First, patients with SSc were confirmed by SMR analysis
to have a significantly higher mortality rate than the general
population. The SMR of patients with SSc ranges from 1 to 4
among reports?-2425.2627 while it was 2.76 in our study. With
regard to individual risk factors for the prognosis of SSc, male

10—
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sex and dcSSc show a correlation with a worse progno-
sis>17:25.28.293031.32 In our study, male sex was found to con-
tribute to a poor prognosis according to Kaplan-Meier analy-
sis, while dcSSc contributed on both demographic and
Kaplan-Meier analysis. Similarly, we demonstrated that most
organ involvement, including that of the lungs, heart, and kid-
neys, and SRC and PAH, was associated with a poor progno-
sis, as shown in previous reports>26-27-3031,32.333435 Qyr pre-
vious study demonstrated that male sex was significantly
associated with lung involvement or higher age at onset of
SSc. DcSSc was associated with involvement of most organs!.
These findings might account for the worse prognosis of male
patients with SSc or dcSSc. However, it was difficult to unrav-
el the complicated interrelationships among various factors
and to precisely identify independent risk factors affecting the
prognosis.

Patients who were positive for ACA demonstrated a signif-
icantly better prognosis than those without it, in accord with
previous reports3133-3436_ On the other hand, the prognosis for
patients with SSc who show overlap with other CTD is still
not well established. We found a significantly better progno-
sis for patients with SSc who showed overlap with SS than for
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Table 2. Survival rates of each group at 10, 20, and 30 years after the onset
of systemic sclerosis (SSc), estimated by the Kaplan-Meier method.

Table 3. Estimated risk of death for each group compared with the gener-
al Japanese population.

Group 10 Years 20 Years 30 Years
All patients 0.880 0.774 0.681
Women 0.887 0.787 0.698
Men 0.725 0.526 0.381
eSSe 0913 0.833 0.761
dcSSc 0.811 0.658 0.534
ACA (+) 0.948 0.898 0.851
ACA (=) 0.856 0.733 0.628
Lung involvement (+) 0.798 0.637 0.509
Lung involvement (-) 0.968 0.937 0.907
Heart involvement (+) 0.673 0.453 0.305
Heart involvement (-) 0.931 0.866 0.807
Kidney involvement (+) 0.739 0.546 0.403
Kidney involvement () 0.904 0.817 0.739
SRC (+) 0.609 0371 0.226
SRC (=) 0.887 0.787 0.699
PAH (+) 0775 0.601 0.466
PAH (-) 0.900 0.810 0.730
SS (+) 0961 0.923 0.886
SS (=) 0.869 0.755 0.656
Myositis (+) 0.683 0467 0319
Myositis (~) 0.888 0.788 0.699

1cSSc: limited cutaneous SSc; deSSc: diffuse cutaneous SSe; ACA: anti-
centromere antibodies; SRC: scleroderma renal crisis; PAH: pulmonary
arterial hypertension; SS: Sjogren’s syndrome.
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Figure 2. Age of death for 86 patients with systemic sclerosis. The horizon-
tal axis denotes age and each division on the scale represents 1 decade.
Numbers on the bars indicate the percentage of the population in that decade.
Shaded areas represent male patients.

those who did not, and similarly, a worse prognosis for those
with concurrent myositis using the Kaplan-Meier method and
the log-rank test. Overlap with SLE or RA did not have a sig-
nificant influence on the prognosis. An explanation for the
better prognosis for patients with SSc¢ who have ACA or SS
could be that those patients were not only correlated with
1cSSc but also associated with less lung or heart involvement!.
SMR analysis revealed that patients with SSc who had over-

Group Standardized Mortality Ratio
(95% CI)

All patients 2.76 (2.18-3.35)*

Subgroup
Male 331 (1.15-5.47)*
Female 2.71 (2.10-3.32)*
dcSSc 5.90 (4.20-7.61)*
1cSSc 1.71 (1.18-2.24)*
Onset < 45 yrs 3.99 (2.71-5.28)*
Onset > 45 yrs 2.24 (1.61-2.87)*
Anti Scl-70 antibody (+) 4.57 (2.82-6.33)*
ACA (+) 0.86 (035-1.37)

Anti UI-RNP antibody (+)
GI involvement (+)

Lung involvement (+)
Heart involvement (+)
Kidney involvement (+)

240 (1.14-3.65)*
343 (2.47-439)*
5.04 (3.90-6.18)*
8.01 (5.62-1040)*
4.74 (2.88-6.60)*

PAH (+) 5.67 (3.53-7.81)*

SLE (+) 2.63 (-035-5.61)

RA (+) 4.68 (0.09-9.26)

SS (+) 0.81 (-0.11-1.73)

Myositis (+) 10.09 (3.10-17.07)*
Death from

Malignancy 1.70 (0.94-2.47)

Pneumonia (interstitial or infectious) 9.11 (4.34-13.88)*

* SMR significantly > 1. SMR: standardized mortality ratio; dcSSc: diffuse
cutaneous SSc; [cSSe: limited cutaneous SSc; ACA: anticentromere anti-
bodies; GI: gastrointestinal; PAH: pulmonary arterial hypertension; SLE:
systemic lupus erythematosis; RA: rheumatoid arthritis; SS: Sjogren’s
syndrome.

Table 4. Causes of death for 86 patients with systemic sclerosis (SSc),
including 25 autopsy cases. Numbers in parentheses represent patients
with diffuse cutaneous SSc.

Cause of Death Subgroups Main Categories
Unknown 23 (11)
Sudden death 16 (8)
Malignancy 19 (11)
Infection 14 (9)
Pneumonia 10 (6)
Sepsis 4(3)
Heart failure 8(7)
Interstitial pneumonia 4 (1)
Hepatic failure 4(0)
Pulmonary embolism 3(D)
Malnutrition/cachexia 2 ()
Renal failure ) 2(2)
Pulmonary hemorrhage 2(1)
Gastrointestinal hemorrhage 2(1)
Thyroid crisis 1(0)
Thrombotic thrombocytopenic purpura 1(0)
Coronary embolism 1()

lapping myositis had a significantly worse prognosis than the
general population, while patients with SSc who had other
CTD did not. In our series of patients, there were no sudden
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deaths among those with ACA. Considering these findings,
we can state that in patients with SSc, ACA positivity and/or
overlap with SS are benign signs, as opposed to overlapping
myositis, which suggests a poor prognosis.

No significant difference was found for age at onset or
period from onset to diagnosis between surviving and nonsur-
viving patients. In contrast, there have been a number of
reports describing an association between late onset and high
mortality2>27.2830313233,343537 However, the results should
be adjusted for changes in the corresponding general popula-
tion because survival usually decreases with aging.
Accordingly, we used SMR analysis and found that patients
younger than 45 years at onset had a relatively high SMR
compared with those with an onset after 45 years (Table 3;
SMR 3.99 vs 2.24, respectively). However, the higher SMR in
patients with a younger onset should not be overestimated,
because SMR analysis of our study was designed to compare
mortality between target subjects and the general population,
and is not suitable for comparisons between subgroups.

The survival rates of patients with SSc at 10 years in our
study (88%) were better than those (71% to 82%) in studies of
white populations?>293338  while our results corresponded to
a recent report on Koreans (85 4%)°. The difference is attrib-
uted to ethnic or regional background, which influences the
prevalence of organ involvement. For instance, SRC was
associated with the worst survival and was rare in Japanese!
or Korean’® patients with SSc. Also, our definition for the
onset of SSc, which includes Raynaud’s phenomenon and/or
joint symptoms ahead of skin sclerosis, may have extended
disease duration compared with other studies.

We did not differentiate between SSc-related and SSc-
unrelated deaths because they are virtually indistinguishable.
First, in almost a quarter of the patients who died, deaths were
due to unknown causes despite autopsies. Second, the associ-
ation between SSc and several causes of death is still unclear.
For example, is excess lung cancer in patients with SSc who
have interstitial lung disease (ILD) pathophysiologically asso-
ciated with SSc or only with ILD*? Is ischemic heart disease
or cerebral infarction not associated with SSc itself, even
though vascular involvement has been reported in patients
with SSc*1?

In our study, malignancy, infection, and heart failure were
common causes of death in Japanese patients with SSc. These
findings agree with previous reports that identified 3 major
causes of death, namely heart failure (including PAH), respi-
ratory failure (including ILD and interstitial or infectious
pneumonia), and malignancy?>28293031.3233 ' SMR analysis
demonstrated that patients with SSc have significantly higher
risk for death from respiratory failure (interstitial or infectious
pneumonia), but it is unclear whether either SSc itself or lung
involvement contributes to respiratory failure as a cause of
death, because among the patients who died, lung involve-
ment had no significant correlation with respiratory failure.
Renal failure (resulting mainly from SRC) was also a common

cause of death?>364243 but not in our study. The causes of
death in patients with SSc have changed over time. The
appearance of angiotensin-converting enzyme inhibitors
could have reduced renal failure due to SRC, resulting in rare
deaths from renal disease™.

A quarter of dead patients in our study died suddenly of
unknown causes. Because we found no deaths from stroke,
which has not been reported as a frequent cause of death in
patients with SSc23.25.28.29.30.31,32.33,3642.43 ' gt of the
unknown deaths could be associated with heart disease. It is
notable that the histological appearance of PAH in patients
with SSc was similar to that of primary PAH*. In addition,
plexiform lesions in patients with primary PAH were associ-
ated with sudden death®. Several autopsy studies of patients
with PAH who died suddenly found no evidence of myocar-
dial infarction or pulmonary embolism*-47, Therefore, except
for rare cases of fatal arrhythmias*® or dissection of the pul-
monary artery*>>01 the primary cause of death in patients
with SSc who have PAH may be PAH itself, i.e., acute right
ventricular failure leading to biventricular failure®2>3->4, but
the detailed mechanism is still unclear.

We investigated risk factors affecting the prognosis for
Japanese patients with SSc, and identified male sex, dcSSc,
organ involvement (lungs, heart, kidneys, SRC, or PAH), and
overlap with myositis. Patients with SSc had a significantly
higher mortality than that of the general population, but those
with ACA or overlapping SS did not. The major causes of
death included malignancy, infection, and heart failure, while
more than a quarter of patients with SSc died of unknown
causes including sudden death. Patients with such risk factors
should be followed carefully, and those with factors linked to
a favorable prognosis do not require intensive treatment or
followup. These findings can support clinical decisions and
contribute to elucidating the pathogenesis of SSc.
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Abstract We aimed to clarify the clinical features of
Japanese patients with systemic sclerosis (SSc), especially
with reference to organ involvement and autoantibodies. A
cohort of 405 patients with SSc who attended our institu-
tion from 1973 to 2008 was identified retrospectively. Data
on clinical features, including autoantibodies, organ
involvement, and overlap of other connective tissue dis-
eases, were obtained by following the medical records until
2009. The percentage of male patients during or after 1990
was greater than that before 1990 (3.9 vs. 10.6%, respec-
tively). Limited cutaneous SSc (ISSc) was twice as fre-
quent as diffuse cutaneous SSc (dSSc). About half of the
patients had lung involvement (50.4%), while only 3.2%
had scleroderma renal crisis. Male gender was associated
with lung involvement, and dSSc was associated with most
organ involvements except for pulmonary arterial hyper-
tension (PAH). Anti-Scl-70 antibody was associated with
lung or heart involvement, while anti-U1-RNP antibody
was only associated with PAH. Conversely, patients with
anti-centromere antibody had less organ involvement. SSc—
Sjogren overlap syndrome was related to 1SSc, further
overlapping systemic lupus erythematosus (SLE), and less
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lung or heart involvement. In conclusion, these results not
only confirmed previous reports but revealed several other
findings, such as the increased proportion of male patients
in recent years and the relationships between clinical
features.

Keywords Antibody - Scleroderma - Scleroderma renal
crisis - Sjogren’s syndrome - Systemic sclerosis

Introduction

Systemic sclerosis (SSc) is a connective tissue disease
(CTD) of uncertain etiology, characterized by thickening of
the skin that results from fibrotic and degenerative changes,
with a wide spectrum of clinical and laboratory manifes-
tations [1]. SSc patients are classified into two groups
according to the extent of skin involvement: (1) patients
with diffuse cutaneous SSc (dSSc) have skin thickening
proximal to the elbows and knees, and (2) patients with
limited cutaneous SSc (1SSc) only have involvement of the
distal extremities. Antinuclear antibody (ANA) is detected
in sera from patients with several CTDs and also from most
SSc patients. ANA can be classified into various subtypes
by its specific anti-extractable nuclear antigens (ENAs),
among which anti-Scl-70 antibody (anti-topoisomerase-I)
and anti-centromere antibody are specific for SSc, whereas
anti-UI-RNP antibody is found in SSc patients but is
mainly associated with mixed connective tissue disease
(MCTD). Although it is not established that these anti-
bodies have any pathological effects, various associations
between antibodies and clinical features have been repor-
ted. In general, anti-centromere antibody is found in
patients who have 1SSc without severe organ involvement
except for pulmonary hypertension [2, 3]. On the other
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hand, anti-Scl-70 antibody is associated with dSSc and
pulmonary fibrosis [4]. The association between the
involvement of organs and each antibody varies among
reports, and this variation is at least partially attributable to
differences of ethnic background [5]. In this study, we
attempted to comprehensively assess the clinical features
of Japanese patients with SSc presenting to a single insti-
tution, with reference to organ involvement and antibodies,
in order to improve our understanding of SSc.

Patients, materials, and methods

Patients who visited Kitasato University Hospital from
1973 to 2008 with bilateral symmetrical skin thickening,
including those with only sclerodactyly [6], were enrolled
in this study, as reported previously [7]. Patients who met
the Japanese diagnostic criteria for MCTD were excluded
[7]. Overall, 376 female patients and 29 male patients
(total: n = 405) were enrolled. Their antibody profiles and
clinical features, including age, sex, disease duration, organ
involvements, and overlap with other CTDs, were obtained
by following their medical records until 2009. When
examined retrospectively, at least 60.0% of the patients met
the criteria for SSc of the American Rheumatism Associ-
ation (now the American College of Rheumatology) [8]
and 87.9% met the criteria for SSc of the Japanese Ministry
of Health and Welfare [9]. The study was approved by the
ethics committee of the Kitasato University Hospital. The
onset of SSc was judged to correspond to that of Raynaud’s
phenomenon and/or joint symptoms occurring before skin
sclerosis, as well as the characteristic symptoms caused by
organ involvement [10].

Measurements of autoantibodies, including ANA and
anti-ENA antibodies such as anti-Scl-70, anti-U1-RNP, and
anti-centromere antibodies, as well as definitions of organ
involvements and the diagnosis of overlapping CTDs were
described previously [7]. In brief, the evaluation of skin
thickening was based on a modified Rodnan total skin
thickness score (mTSS) [11]. Gastrointestinal tract (GI)
involvement was defined as gastroesophageal reflux dis-
ease (GERD), dysphagia, bacterial overgrowth requiring
antibiotics, and/or paralytic ileus [12]. Lung involvement
was defined as bibasal pulmonary fibrosis detected on chest
radiographs or by computed tomography. Heart involve-
ment was defined as a left ventricular ejection fraction of
less than 40% measured by echocardiography, conduction
disturbance or arrhythmia requiring therapy, or congestive
heart failure. Scleroderma renal crisis (SRC) was defined
by the occurrence of malignant arterial hypertension or
rapidly progressive oliguric renal failure without other
discernible causes during the course of SSc [13]. Renal
involvement was defined as present or past SRC, as well as
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continuous proteinuria or a glomerular filtration rate of less
than 60 ml/min per 1.73 m* Pulmonary arterial hyperten-
sion (PAH) was diagnosed from a mean pulmonary arterial
pressure of more than 25 mmHg measured directly by right
heart catheterization [14], or an estimated pulmonary
arterial pressure of more than 35 mmHg calculated from
the tricuspid flow velocity by Doppler echocardiography
[15]. PAH secondary to left heart failure was excluded.
Systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA) were diagnosed according to the 1982 and
1987 criteria of the American Rheumatism Association
(now American College of Rheumatology), respectively
[16, 17]. Sjogren’s syndrome was diagnosed according to
the 1999 Japanese Ministry of Health and Welfare’s
diagnostic criteria for Sjogren’s syndrome [18]. Myositis
was defined as inflammation of skeletal muscle associated
with a serum creatine kinase level above the normal
institutional range. Myositis not only included muscle
involvement due to SSc, but also polymyositis or dermat-
omyositis complicated by SSc. It should be noted that the
occurrence of such conditions could have been underesti-
mated because not all patients were examined for every
organ involvement or overlapping CTD.

Statistics

The between-groups comparisons for univariate analysis
were conducted with the Wilcoxon rank sum test for
numerical values or Fisher’s exact test (y* test only for
correlation between anti-ENA antibodies and each organ
involvement; see Table 4) for proportions, including cal-
culation of the relative risk (RR) and 95% confidence
interval (CI), done with Jmp 5.1 software (SAS Institute
Japan, Tokyo, Japan). Results were expressed as the
median =+ standard error of the mean (SEM). P values of
less than 0.05 were regarded as significant.

Results
Clinical background

A total of 405 patients with SSc-376 females (92.8%) and
29 males (7.2%)-were enrolled in the analysis. When
patients were divided into two groups according to the
onset of SSc, of up to 1989 and from 1990 onward, the
latter group (n = 199) had a significantly higher percent-
age of males (21 males, 10.6%) than the former group
(n = 206, 8 males, 3.9%) (RR 2.9; 95% CI 1.3-6.8;
P = 0.0115).

Basic demographic data are shown in Table 1. Of the
405 patients, 135 (33.3%) had dSSc and the others
(n = 270, 66.7%) had 1SSc. Of the 29 male patients with
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Table 1 Demographic and

clinical features of all 405 8Sc " = 40 Sex Sidn involvement
patients Female Male Pvalue  1SSc dSSc P value

No. of patients 376 (92.8) 29 (7.2) - 270 (66.6) 135 (33.3) -

(% of entire SSc cohort)

dSSc (% of each sex) 121 (32.2) 14 (48.3) 0.1006 - - -
Values are presented as Age at onset (years) 46 + 0.8 51+£22 0.0251 475+ 08 45+14 0.0362
medians = SEM Onset to diagnosis (years) 2 & 0.4 1+£10 0.1877 3+05 2+06 0.1216
SSc systemic sclerosis, dSSc Age at diagnosis (years) 51+07 52+24 0.1668 524+ 0.7 48 £ 1.3 0.0036
diffuse cutaneous sclerosis, IS¢ pjsease duration (years) 15 £06 7+ 12 <0000 15+07 - 13410  0.1492
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Fig. 1 Age at the onset or diagnosis of systemic sclerosis (SSc).
Horizontal axis indicates age and each division on the scale is one
decade. Vertical axis indicates percentages. Open bars represent the
percentages of patients with onset in each decade and gray bars show
the percentages of those diagnosed in each decade

SSc, about half (» = 14) had dSSc and the others (n = 15)
had 1SSc.

Figure 1 displays the age at onset and age at diagnosis
for the 405 SSc patients. The range of age at onset was
5-78 years, with 40-49 years being the most frequent
(29.4% of all patients), followed by 50-59 years (23.7%)
and then 30-39 years (17.8%). The overall median age at
onset was 47 & 0.7 years (median & SEM). The age at
onset was significantly higher for males than females
(51 & 2.2 vs. 46 + 0.8 years, respectively, P = 0.0251).
The age at onset was also significantly higher for patients
with 1SSc than for those with dSSc (47.5 £ 0.8 vs.
45 + 1.4 years, respectively, P = 0.0362). On the other
hand, the range of age at diagnosis was 6-80 years for all
patients, with the fifties being the most common (34.1%),
followed by the forties (24.7%) and then the sixties
(14.8%). The overall median age at diagnosis was 51 £
0.6 years, and it was also significantly higher for patients
with 1SSc than for those with dSSc (52 4 11.5 vs. 48
=+ 14.9 years, respectively, P = 0.0036). In contrast to
the age at onset, sex did not influence the age at
diagnosis.

The overall median period from onset to diagnosis was
2 £ 0.4 years, with a range of 0-44 years. No significant
correlation was found between the period from onset to
diagnosis and sex or the type of skin involvement. The
median disease duration was 14 =+ 0.6 years, with a range
of 1 to 59 years; it was significantly longer for females than
for males (15+ 0.6 vs. 7 =% 1.2 years, respectively,
P < 0.0001). No significant correlation was found between
the type of skin involvement and disease duration. More-
over, no organ involvement was significantly associated
with disease duration.

Sex and organ involvement

About half of all SSc patients had GI or lung involvement;
the rates are shown in Table 2. Among patients with GI
involvement, six (3.2% of patients with GI involvement)
were treated with hyperalimentation; all six were female
and five had dSSc. SRC was rare (3.2%). Investigation of
the relation between sex and organ involvement showed a
significant excess of lung involvement in males (RR 3.4;
95% CI 1.5-8.6; P = 0.0061). dSSc was significantly
associated with most types of organ involvement, except
for PAH. However, in 48 (35.6%) of the 135 dSSc patients
who had an mTSS score of more than 20, a significant
correlation was shown only with PAH (RR 3.1; 95% CI
1.3-7.7; P = 0.0120). Correlations between organ
involvements are shown in Table 3.

Overlap with CTD

Of the 405 SSc patients, 97 (24.0%) showed overlap with one
or more CTD (SLE, RA, Sj6gren’s syndrome, or myositis).
There were 51 SSc patients with Sjogren’s syndrome
(12.6%; 44 had 1SSc and 7 had dSSc), 22 patients with
myositis (5.4%; 14 and 8), 21 patients with SLE (5.2%; 17
and 4), and 19 patients with RA (4.7%; 15 and 4). Among the
51 patients with SSc~Sjogren overlap syndrome, 7 also had
SLE. The SSc-Sjogren overlap syndrome was significantly
associated with 1ISSc (RR 3.6; 95% CI11.7-8.9; P = 0.0013),
and also with overlap of SLE (RR 3.9; 95% CI 1.4-9.8;
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