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Biomarker ) Active RP (n =8) Inactive RP (n =7)
‘ a Units p*
candidates Mean + SD Mean + SD
sTREM-1 pg/ml 353.39 + 158.03 200.14 £ 95.11 0.0403
VEGF pg/ml 339.19 + 218.10 18548 + 106.88 0.1066
hs-CRP ng/ml 048 = 0.64 0.10 + 0.08 0.1342
TNF pg/ml 143 + 265 N.D. 0.1708
IL-6 pg/ml 238 + 445 N.D. 0.1752
IL-17A pg/ml 005 + 0.14 071 = 1.14 0.2129
MMP-3 ng/ml 33471 + 400.33 138.44 + 135.59 0.2254
MMP-1 ng/ml 535 + 435 3.07 £ 251 0.2658
MMP-13 ng/ml 030 = 0.11 026 + 0.05 0.3469
IL-la pg/ml 101 + 286 N.D. 0.3506
IL-1PB pg/ml 1.09 + 3.07 N.D. 0.3506
IL-10 pg/ml 130 + 3.68 N.D. 0.3506
IL-12p70 pg/ml 0.66 + 1.87 N.D. 0.3506
CX3CL1 pg/ml 1229 + 3475 N.D. 0.3506
MMP-2 ng/ml 139.68 + 25.79 12538 + 31.39 0.3589
COMP ng/ml 3026 + 3531 1756 + 10.53 0.3598
CXCLI10 pg/ml 251.14 + 110.78 204.78 £+ 121.20 0.4563
IFN-y pg/ml 454 + 729 693 + 5.06 0.4703
CXCL8 pg/ml 1731 + 6.34 15.01 =+ 8.11 0.5571
CCL2 pg/ml 80.59 + 78.04 62.80 + 30.33 0.5660
CCL4 pg/ml 141.68 + 90.46 1247 + 33.26 0.6332
IL-4 pg/ml 0.83 + 236 076 = 2.02 0.9509
CCL5 ng/ml 37.87 + 1721 37.42 + 15.05 0.9585
aCOLII Ab® U/ml 382.34 + 808.48 16244 =+ 311.65 0.5525

RP, relapsing polychondritis; sSTREM-1, soluble triggering receptor expressed on myeloid cells-1; VEGF,
vascular endothelial growth factor; hs-CRP, high-sensitivity C-reactive protein; TNF, tumor necrosis
factor; N.D., not detected; IL, interleukin, MMP, matrix metalloproteinase; CX3CL, chemokine (C-X3-C
motif) ligand; COMP, cartilage oligomeric matrix protein; CXCL, chemokine (C-X-C motif) ligand; IFN,
interferon; CCL, chemokine (C-C motif) ligand; aCOLII Ab, anti-type II collagen antibody

* IL-2, IL-5, GM-CSF, CCL3
b (active RP: n = 6, inactive RP: n =7)..
* T .0.05 P
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Abstract (247 wor ds)

Relapsing polychondritis (RP) is a multisystem disorder characterized by recurrent
inflammation and destruction of cartilage. The aim of this study is to assess the clinical
characteristics of patients with RPin Japan, which remain unclear.

A survey was sent to 395 experienced clinicians who worked in Japanese major
institutions. The questionnaire was designed to assess patients’ profiles, clinical features,
diagnosis, treatments and present complications. The response rate was 30.6% and 239
RP patient data were collected.

The average age of onset diagnosis was 52.7 years (range, 3-97) and the
male-to-female ratio was 1.1:1. Clinical features of patients with RP in Japan were
similar to previous studies. Airway and cardiac involvement, both of which were
potentially serious complications of RP, were observed in 119 (49.8%) and 17 patients
(7.1 %), respectively. Four patients (1.7%) had myelodysplasia. In addition to oral
prednisolone (91.6%), patients received methotrexate (19.7%), cyclophosphamide
(12.6%) and cyclosporine (8.4%) with clinical response rates of 64.0%, 66.7% and
73.7%, respectively.

42 patients (17.6%) required and underwent tracheotomy, including 12 patients
(5.0%) who were treated with prednisolone only. 22 patients (9.2%) underwent stent
placement and/or tracheotomy. The overall mortality rate was 9.0% (22 patients) and
respiratory failure and pulmonary infection were the leading causes of death in patients
with RP.

Airway involvement of RP was fundamentally progressive and required
frequent clinical checks and appropriate intervention with administration of both

prednisolone and immunosuppressant. Cardiac involvement of RP was less common in
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Japan as compared with that in Western countries.
Key words: Airway involvement, Cartilage, Tracheal collapse, Steroid,

Immunosuppressants.
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Introduction
Relapsing polychondritis (RP) is an uncommon inflammatory disorder of unknown
etiology that affects the cartilage of ear, nose, peripheral joints, and respiratory tract'™.
Other proteoglycan-rich tissues such as eye, inner ear, heart, blood vessels, and kidneys
are also involved'™. When the visceral is affected by inflammation, RP is a potentially
lethal disease.

The epidemiological studies of this disease have been conducted in Caucasian
population®. The incidence of RP in Rochester, Minnesota is estimated to be 3.5 cases
per million populations per years). It seems to occur with equal frequency in all racial
groups, but there are very few data available on non-Caucasian populations. Several
case series with a decade of RP patient data have been reported from South/North India®
7 and Singapore”.

In 2012, RP Disease Activity Index (RPDAI), a preliminary score for assessing
disease activity, was developed by worldwide specialists”. Nonetheless, even now,
physicians treat patients with RP on the basis of largely empirical evidence because of
the lack of large-scale survey and clinical guidelines for the management of patients.

Here, we conducted a survey of 239 patients with RP to outline the current
epidemiology, clinical manifestations, management and long-term outcome of RP in
Japan.

Subjectsand Methods
A Multi-institutional study survey of Japanese major medical facilities was conducted
from July to December 2009. All subjects who were sent the questionnaire were

informed of the purpose of the study and the responses would be kept confidential. All

the authors reviewed the questionnaire.
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We performed preliminary survey of clinical experience to treat patients with
RP in 1894 Japanese medical facilities on July 1%, 2009, using a surveillance definition
as follows: larger bed sizes (+200 or university hospitals) and adequate functions for RP
treatments (providing services with eye-throat-nose, respiratory, chest surgery,
dermatology, neurology and rheumatology divisions). We also reviewed recent Japanese
clinical reports and research articles of RP using web accessible medical literature
databases made by US National Library of Medicine, Japan Medical Abstracts Society
and Japan University hospital Medical Information Network, and sent the initial survey
questionnaire to the authors. Then, a main survey was sent to the 395 physicians who
have returned a mail to us that the physicians have been treating or treated at least one
patient with RP on August 14™, 2009. The patient data of the survey questionnaire were
collected anonymously. This survey was approved by the ethics committee of St.
Marianna University School of Medicine.

The questionnaire consisted of 5 sections to assess patients’ (a) profiles, (b)
clinical features, (c) diagnosis, (d) treatments and (e) present complications. It was
summarized in Table 1. We asked the physicians to give us the most current laboratory
findings with respiratory function except the titers of anti-type II collagen antibody and
pathological findings.

Results

The survey response rate was 30.6% (121 of 395 surveyed physicians) and 239 RP
patient data were collected.

Patients’ profiles

Patient characteristics in McAdam series'” and current survey were summarized in

Table 2. The male-to-female ratio was 1.13:1 (127 males and 112 females). Uni-modal
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age distribution of disease onset is indicated in Fig. 1. The average age at onset was
52.7 years with a range from 3 to 97 and the average disease duration was 5.3 years
with a range from 1 to 33. The ratios of patients whose disease duration was shorter
than 2 and 5 years were 25 and 65 % of whole patients, respectively. We suggested that
the time to diagnosis was not so long because a large part of patients had relatively short
duration of disease. Older people (more than 51 years old) tend to develop RP rather
than younger people (0-20 years old).

Clinical features

Initial lesions and symptoms in patients with RP varied considerably. Auricular
chondritis was shown in 137 patients (57.3%) and is the earliest and most frequent
manifestation. 41 patients (17.2%) developed respiratory symptoms as an initial
manifestation which included hoarseness, persistent cough, dyspnea, wheezing and
inspiratory stridor caused by the inflammation of laryngeal, tracheal and bronchial
cartilages.

Ocular symptoms (22 patients, 9.2%), arthritis (15 patients, 6.2%), inner ear
disorder (9 patients, 3.8%), neurological symptoms (7 patients, 2.9%) and nasal
chondritis (5 patients, 2.1%) were recognized in relatively small numbers of patients at
the onset of disease.

The prevalence and severity of the disease symptoms increased during
follow-up (Table 2).

Ninety-seven patients (40.6%), 47 patients (19.7%) and 119 patients (49.8%)
showed tracheal lesion, laryngeal lesion and laryngotracheal involvement, respectively.
Forty-nine patients (20.5%) suffered from upper airway collapse and 42 patients

(17.6%) required tracheotomy. 22 patients (9.2%) underwent stent placement and 12
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patients (5.0%) received nasal continuous positive airway pressure because of their
tracheobronchomalacia.

Auricular and nasal chondritis were seen in 187 patients (78.2%) and 94
patients (39.3%), respectively. Saddle nose deformity after the nasal chondritis was
observed in 76 patients (31.8%).

Otitis media complications with vestibular dysfunction were observed in 64
patients (26.8%). Prolonged inflammation in inner ear and vasculitis of internal auditory
artery” caused hearing loss (52 patients, 21.8%) and the vestibular dysfunction (39
patients, 16.3%) such as dizziness, ataxia, nausea and vomiting.

Joint, skin and eye involvement were observed in 92 (38.5%), 32 (13.4%), and
109 (45.6%) patients, respectively. The arthritis was mainly asymmetric, migratory and
non-erosive.

Dermatologic manifestations included the purpura, papules, macules, vesicles,
bullae, chronic dermatitis and nodules. Ocular symptoms included recurrent episcleritis,
conjunctivitis, keratitis, uveitis, proptosis, periorbital edema, tarsitis and extra-ocular
muscle palsy.

Neurologic and renal involvements were observed in 23 patients (9.6%) and 16
patients (6.7%), respectively. Cardiovascular involvement, including aortic insufficiency,
myocarditis, pericarditis, paroxysmal atrial tachycardia, heart block and vasculitis, was
observed in 17 patients (7.1%).

Laboratory findings
Most of patients with RP showed the elevation of erythrocyte sedimentation rate (ESR,
68.2%) and C-reactive protein (CRP, 86.2%). Urinalysis was usually normal. Although

the data were not routinely available, matrix metalloprotease (MMP)-3 and antibody to

36



type II collagen were found in 20.1% and 13.8% of patients, respectively.

Conventional radiograph showed changes in larynx, trachea, surrounding soft
tissues and bronchi. In two cases, respiratory tract involvement was assessed by
laryngoscopy. Endobronchial ultrasonography revealed fragmentation and edema of
tracheobronchial cartilage in two patients'”. 3 dimensional-CT scan was performed in
61 patients (25.5%) and conventional CT was conducted in 30 patients (12.6%).

Biopsies were performed in 228 patients (95.4%) and 138 patients (60.5% of
patients who underwent biopsy) were diagnosed with histological confirmation of RP.
Treatments
Main treatment for RP patients even with airway involvement remains medical
management. In the medication history profile, non-steroidal anti-inflammatory drugs
were administered alone for 8 patients (3.3%) who had mild auricular or nasal
chondritis. 219 patients (91.6%) had received at least one course of prednisolone
through oral administration (204 patients, 85.4% of all patients), intravenous infusion
(17 patients, 7.1%) and pulse therapy (40 patients, 16.7%). Low daily dose of
prednisolone was administered in the majority of patients. Minocycline hydrochloride
was used in 8 patients with RP but its effect remained unclear.

Immunosuppressants which were used against the chronic progression of RP
included methotrexate (MTX, n=47), cyclophosphamide (CPA, n=30), cyclosporin A
(CYA, n=20) and azathioprine (AZP, n=22). MTX, CPA, and CYA elicited considerable
effects on clinical outcomes in 64.0%, 66.7%, and 73.7% of patients, respectively. MTX
was added as an adjuvant treatment in refractory RP patients who required higher
maintenance doses of prednisolone to reduce the overall steroid requirement. 3 patients

were maintained with MTX alone. AZP was less effective than other agents and the rate
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was estimated as fewer than 40%. Tacrolims was used in 3 patients and ameliorated
manifestations in one patient.

Of those 47 patients with the combined therapy of steroid with MTX, 20
patients (42.6%) had some respiratory symptoms and did not require any surgical
intervention (Fig. 2). In contrast, all 12 patients (5.0% of all patients) treated with
prednisolone alone underwent tracheotomy. CPA, CYA and AZP treatment in
conjunction with steroid administration also reduced the prevalence of airway
involvement in patients with RP (54.5%, 50.0% and 57.0%, respectively, Fig. 2).

Discovery of the central role of tumor necrosis factor (TNF)-a and interleukin
(IL)-6 in autoimmune/inflammatory diseases and subsequent development of
anti-cytokine agents have quickly led to the clinical application of them in treatment of
refractory RP.

In our survey, infliximab, an anti-TNF-a agent, treatment resulted in a response
in 6 cases of 10 RP patients with airway involvement that had not responded to
conventional immunosuppressants. Etanercept (anti-TNF-a)) and tocilizumab (anti-IL-6)
treatment also showed a sustained response in 1 case of 3 patients with refractory RP.
Prognosis
We summarized the prognostic outcome of patients of RP in our cohort in Fig. 3.
Medication was discontinued without any manifestation in 11 patients (4.6%). All these
patients exhibited auricular chondritis without respiratory involvement and 2 of the
patients had scleritis.

One hundred and fifty-nine patients (66.5%) were well controlled and, in total,
71.1% of patients in our cohort responded to the treatments. 32 patients (13.4%) showed

limited response and 9 patients (3.8%) suffered from progressive disease or relapse. 22
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patients (9.0%) died and the causes of death were as follows; respiratory failure (8
patients), pulmonary infection (4), cardiovascular disease (2), cerebrovascular disease
(2), suicide (1), myelodysplasia (1), leukemia (1) and unknown reason (2).

Discussion

We conducted a large-scale survey of patients with RP in Japan. Surveyed physicians
dispersed widely on geographic location and a large part of survey responses were
limited in patient number even in the main surveys. Considering the survey response
rate and the number of collected patient data, the RP prevalence in Japan was estimated
to be similar to that in the United States”.

The disease severity and prognosis of RP largely depends on airway and
cardiovascular involvement'?. It has been reported that airway involvement were seen
in approximately half of all RP patients during follow-up, while the manifestation were
observed in only 20% of the patients at the onset of disease'*'?. 10-30% of patients
with airway involvement were treated with tracheotomy and the leading cause of death
was airway collapse and/or pulmonary infection'>"”. These study results were similar to
those in our study (Table 2, Fig. 3). Several studies reported a female predominance in
RP patients with airway involvement (male-female ratio, 1:2.3-2.8)'*'® but the ratio in
our study was approximately 1:1.

It was suggested that the detection of tracheal wall thickness in CT scan was
remarkably effective to the diagnosis of airway involvement in patients with RP and
dynamic expiratory CT scan was more useful to indicate the lesions than conventional
CT scan'* ">'®. Despite of the advances in CT scanning techniques, bronchoscopy is
essential for the diagnosis because it identify additional findings in approximately 25%

2)

of RP patients who received the CT scan'”. Miyazawa et al. described the
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endobronchial ultrasonography was useful to indicate fragmentation and edema of
cartilage in patients with RP'".

It has been reported that cardiac involvement were seen in 15-46% RP patients
and the second cause of RP death'®'”. The male-to-female ratio was high (1:0.4) in RP
patients with cardiac complications®”. A retrospective chart review of 33 RP patients
with cardiac surgery recommended that ultrafast chest computed tomography, magnetic
resonance imaging or trans-esophageal echocardiography should be repeated every 6
months because subclinical development of cardiovascular involvement was
occasionally observed in RP patients*”.

Certainly, several reports have described the latent phase of cardiovascular
complications for a few years after the onset of RP in relatively young patients®'>?.
Several RP patients developed febrile vasculitis after RP onset with or without

25-30)

anti-neutrophil cytoplasmic antibody (ANCA) . The activity of the wvasculitis

correlated well with severity of scleritis in patients with RP> 3",

In our study, we found that cardiovascular involvement was less frequent in
Japan (7.1 %) as compared with other reports'®'?. The reason for the low prevalence of
cardiovascular disease remains unclear. Low prevalence of cardiac complications was
reported in Japanese patients with rheumatoid arthritis as well*. We speculate that this
is a public health issue of Japanese people regardless of the presence or absence of
diseases.

No specific laboratory diagnostic test exists for RP and the diagnosis is made

by clinical features and pathological finings of chondritis®®.

Typical pathological
changes began with the loss of proteoglycans’ basophilic staining of cartilage. Then

lymphocytes, plasma cells and neutrophils infiltrated into perichondrial area,
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degenerated and decreased the number of chondrocytes. Finally, the cartilage was
replaced by fibrous tissue®?.

In this study, tissue biopsies were conducted in 95.4% of patients with RP and
a definitive diagnosis was obtained in 60.5% of patients who underwent biopsy. To
reach accurate diagnosis of RP, it was essential that physicians perform a deep biopsy to
obtain the chondral tissue in the site with acute inflammation®®.

In laboratory experiments of biopsy specimen, immunoglobulin and C3
component of complement deposited to margin of cartilage and perichondrial vessel
wall*®. Antibody to type II collagen was detected in patients with RP from the disease
onset and the titers were correlated with disease activity’”. Hyper-activation of
macrophage/monocytes in peripheral blood of RP patients was reported using cytokine
profile analysis®®.

We found that serum level of soluble triggering receptor expressed on myeloid
cells I (TREM1), an inflammatory receptor on macrophage/monocytes, was correlated
with disease activity’”). These data suggest that over-activation of immune system in the
whole organism of RP patients converge on the chondritis of RP in a polyphyletic
manner.

Several studies reported the possibility that combination therapy with
prednisolone and immunosuppressants was effective for patients with RP* *% 3
especially that with methotrexate" % ***Y. In agreement with the studies, our survey
revealed high prevalence of airway involvement in patients with prednisolone
monotherapy and relatively low prevalence of the involvement in patients with the

combination therapy. We recommend use of the combination therapy using prednisolone

and immunosuppressants in RP patients with airway involvement.
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We found several case reports showed the effectiveness of anti-cytokine

antibodies, such as infliximab*”, adalimumab*’, anakinra** *>

and abatacept46). We
presume that the biological agents are applicable for patients with refractory RP based
on the results of this survey. However, it is important to control infections of respiratory
tracts before administrating such biological agents.

Endoscopic and surgical interventions are sometimes unavoidable for
respiratory distress and such interventions with experienced clinicians were effective for
the treatment of airway involvement in patients with RP'>*”). The progression of airway
involvement occurs even under intensive medication and intervention in some patients
with RP and a new modality is awaited for treating such patients. We are currently
planning to conduct a prospective study using a patient conducted patient registry
system which allows us to collect detailed status data of patients.

Conclusions

We described here patient profiles and major clinical features in patients with RP in
Japan. Airway involvement of RP was fundamentally progressive and required frequent
clinical checks and appropriate medications. Combination therapy with prednisolone

and immunosuppressants may be beneficial for controlling airway involvement of RP

than prednisolone monotherapy.
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Figure legends

Fig. 1 Age distribution of disease onset in patients with RP

The mean age at onset of disease was 52.7 years old with a range from 3 to 97 years old.
Older people (more than 51 years old) tend to develop RP rather than younger people

(0-20 years old).

Fig. 2 Effects of immunosuppressants to the airway involvement of RP patients
Prevalence rates of airway involvement in patients with RP were 100, 42.6, 50.0 and

57.0% in treatment with steroid only, steroid with MTX, CPA, CYA and AZP,

respectively, with and/or after each treatment.

Fig. 3 Summary of prognostic outcome in patients with RP in this survey

Medication was discontinued without any manifestation in 11 patients (4.6%). 159
patients (66.5%) were well controlled and, in total, 71.1% of patients in our cohort
responded to the treatments. 32 patients (13.4%) showed limited response and 9 patients

(3.8%) suffered from progressive disease or relapse. 22 patients (9.0%) died.
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Table 1 Summary of Japan RP Questionnaire

a. Patients’ profile
Sex, onset age, follow-up years and diagnostic delay
b. Clinical features
Primary and follow-up
c. Laboratory findings
Laboratory tests, image analysis and histopathologic features
d. Treatment
Non-steroidal anti-inflammatory, prednisolone, immunosuppressants, antibiotics and
surgical intervention
e. Prognosis and complications

Tracheal collapse, tracheotomy, vulvar surgery and death
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Table 2 Characteristics of patients with RP in McAdam series'” and current

survey
McAdam Current survey
(n=159) (n=239)
Profile
Male-female ratio 83:76 127:112
Mean age 57 (range 6-104)
Mean age of disease onset 44 53 (range 3-97)
Disease duration (yr) 5.3 (range 1-33)
Clinical features (%)
Onset Follow-up Onset Follow-up
External ear 26 89 57 78
Internal ear 6.4 46 3.8 27
Nasal cartilage 13 72 2.1 39
Airway 14 56 17 50
laryngo 20
tracheobronchial 41
Eye 14 65 9.2 46
conjunctivitis 15
scleritis 26
uveitis 11
Arthritis 23 81 6.2 39
Skin 17 13
Cardiovascular 24 7.1
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