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Article history: Objective: The rarity of relapsing polychondritis (RP) has hindered the development of standardized tools for
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Accepted 23 June 2012 RP, the Relapsing Polychondritis Disease Activity Index (RPDAI).

Available online 5 July 2012 Methods: Twenty-seven RP experts participated in an international collaboration. Selection and definition

of items for disease activity were established by consensus during a 4-round internet-based Delphi sur-
vey. Twenty-six experts assessed the Physician's Global Assessment (PGA) of disease activity on 43 test
cases on a 0-100 scale, yielding a total of 1118 PGA ratings. The weight of each item was estimated by
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Severity of illness index
Health status indicators

variable.

multivariate regression models with generalized estimating equation, using PGA as the dependent

Results: Experts decided in consensus that the RPDAI should consider the 28-day period before each RPDAI as-

sessment. Inter-rater reliability assessed by the intra-class correlation coefficient for the 1118 PGA ratings was
0.51 (CI195%: 0.41-0.64). The final RPDAI score comprised 27 items with individual weights ranging from 1 to
24 and a maximum theoretical RPDAI score of 265. Correlation between the RPDAI scores calculated based on
the weights derived from the final multivariate model, and the 1118 PGA ratings was good (r=0.56,

p<0.0001).

Conclusion: We have developed the first consensus scoring system to measure disease activity in relapsing pol-
ychondritis (see www.RPDALorg for online scoring). This tool will be valuable for improving the care of pa-

tients with this rare disease.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Relapsing polychondritis (RP) is a rare multi-systemic disorder
characterized by recurrent, destructive, inflammatory lesions of the
auricular, nasal, and laryngo-tracheo-bronchial cartilages [1]. Addi-
tional clinical features include ocular inflammation, audio-vestibular
impairment, vasculitis, skin involvement, valvular insufficiency, and
non-erosive arthritis [2-10]. The rarity of the disease makes it difficult
to provide a standardized approach for treatment and follow-up of RP
patients, and there is no consensus agreement on any outcome mea-
sures in this disease [1]. Standardized disease activity scores would
help facilitate the assessment of disease activity in RP, assess the effi-
cacy of novel treatments, and provide prognostic stratification of
patients [2]. The lack of such consensual indices has hampered clinical
studies in RP and the disease remains an under-researched area. Here,
we describe the development and initial validation of a score designed
to assess disease activity in RP, the Relapsing Polychondritis Disease
Activity Index (RPDAI). This index was developed with the help of a
worldwide panel of physicians with significant experience in the
care of RP patients. Our main goal was to develop the RPDAI in a man-
ner that this score could be used to standardize disease activity evalu-
ation in RP.

2. Methods
2.1. Expert panel selection

This study reflects a multi-center, international and interdisciplin-
ary collaboration of experts involved in the management of RP, head-
ed by a steering committee composed of an internist specializing in
the care of RP (LA) and a fellow in clinical epidemiology (HD). Experts
for participation in this study were identified using four sources: (i)

PubMed, searching for lead authors of RP case series published be-
tween January 2000 and December 2010; (ii) www.clinicaltrials.
gov, searching for principal investigators of current clinical trials in
RP; (iii) Board members of European societies of internal medicine
and rheumatology, who were contacted for professional referrals;
and (iv) French, UK, and US national RP patient associations, who
were contacted for personal referrals. This process yielded 37 experts;
all were contacted, 29 responded and 27 agreed to participate. Among
them were 19 European experts and 8 non-European, their median
age was 50 (32-62) years, and the panel included 15 internists,
8 rheumatologists, 2 otolaryngologists, 1 nephrologist and 1 pediatri-
cian. All but 3 (89%) had >10 years of experience in managing RP
patients.

2.2. Preliminary item selection

For the selection and definition of disease activity items, the steering
committee prepared a preliminary list grouped by organ system based
upon clinical experience [3] and literature review. Eighty-seven items
belonging to 10 different domains (constitutional, rheumatologic, chon-
dritis, ophthalmologic, respiratory, otolaryngological, cutaneous, renal,
cardiovascular and neurologic) were identified and submitted to the in-
ternational panel of 27 experts for further selection.

2.3. Delphi survey for item selection

Final item selection was achieved by expert consensus during a
four-round internet-based password-protected Delphi survey, a system-
atic process to derive expert consensus on a topic where the
evidence-based data is lacking or scarce [11-13]. Here, all 27 experts
rated the importance of each of the 87 preliminary items during four
consecutive rounds, and were permitted to suggest new items for
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disease activity assessment. We underlined that experts should only re-
tain reversible (reflecting disease activity) but not fixed manifestations
(reflecting damage) [14-16]. After each round, experts were provided
with the aggregate responses of prior rounds and the process repeated
until achieving a consensus (>80% agreement) for inclusion or exclu-
sion of individual items. Item definitions were also obtained by consen-
sus during this 4-round Delphi survey. At the end of the process, each
expert was asked to confirm acceptability of the final RPDAI score as
well as the RPDAI glossary (see Appendices A and B for final RPDAI scor-
ing sheet and glossary).

2.4. Weighting of items

Twenty-six (96%) of the 27 experts involved in the Delphi survey
took part in the weighting phase. During this step, each of these 26
experts rated the Physician's Global Assessment (PGA) of disease ac-
tivity (the physician's evaluation of disease activity for a given test
case) of 43 test cases using a dedicated password-protected website,
which yielded a total of 1118 PGA ratings. PGA ratings were per-
formed using a 0-100 drop-down list, anchored by zero being no
disease activity at all and 100 being the highest imaginable disease
activity. Patients described in these test cases were considered to
have RP as defined by the Michet Criteria [1]. The 43 test cases in-
cluded 27 test cases in which each item selected by experts during
the Delphi survey (except the “increased C-reactive protein” item)
was shown one by one as being the sole manifestation of the dis-
ease, and 16 test cases obtained by combining 2 to 5 of these 27
items (see Appendix C for case description). Each item was used a
median of 52 (26-364) times among the 1118 PGA ratings. Because
of the limited literature data and the difficulty of assessing the PGA
of a laboratory result, the item “increased C-reactive protein” was
not assessed in this way, but was nonetheless subjected to multivar-
iate analysis. Weights for RPDAI items were generated using multi-
variate regression models with generalized estimating equation
(GEE) as a way to account for the clustering of measurements by ex-
perts [17]. In these models, we used the PGA values of disease
activity as the dependent variable and the individual RPDAI items
as explanatory variables. Item weights were assigned based on the
beta regression coefficients of the models, rescaled and rounded to
the nearest integer [18]. The RPDAI score is obtained by adding the
weights of all items present. To evaluate the fit of the preliminary
and final models to the data, we calculated the RPDAI scores of the
test cases using the weights obtained for each model, and the square
of Pearson's correlation coefficient (R2) to evaluate the model ability
to explain the PGA.

2.5. Statistical analyses

Quantitative values were expressed as median (minimum-
maximum) values and qualitative items as numbers and percent-
ages. The normal range of PGA ratings was computed as the
mean+2 standard deviations of the difference between each
PGA rating for a given test case and the mean of all PGA ratings
for this given test case. The inter-rater reliability was assessed
using intraclass correlation coefficient (ICC) for the PGA. Correla-
tions between the PGA and the RPDAI score were assessed using
Pearson's correlation coefficient. Statistical significance was de-
fined as p<0.05. Statistical analyses were performed using the
software SAS version 9.1.3 (SAS institute Inc., Cary, NC).

3. Results
3.1. Selection and definition of items

Experts decided in consensus during the Delphi survey that the
RPDAI should consider the 28-day period before each RPDAI assessment.

All 10 domains and 27 (31%) of the 87 items initially proposed by
the steering committee were selected by experts to be included in
the final RPDAI score. Experts decided to add a laboratory domain
(measurement of the C-reactive protein) and to regroup laryngeal,
tracheal and bronchial chondritis items within a single “respiratory
chondritis” item. They also decided to consider the severity of respi-
ratory chondritis by distinguishing between patients with or with-
out respiratory failure, which was further defined as a dyspnea
due to acute airway obstruction from glottic, laryngeal and/or sub-
glottic inflammation requiring oxygen use or artificial ventilation.
They further decided that “respiratory chondritis” should be includ-
ed within the respiratory rather than chondritis domain. An RPDAI
glossary was developed in consensus during the Delphi survey and
all experts agreed on both the RPDAI scoring sheet and final glossary
(Appendices A and B).

3.2. Weighting of items

During this phase, each of these 26 experts was asked to rate the PGA
of the same 43 test cases, yielding a total of 1118 PGA ratings (Appendi-
ces C and D). Inter-rater reliability assessed by the ICC was 0.51 (CI95%:
0.41-0.64) for these 1118 PGA ratings. Only 30 (2.7%) of the 1118 PGA
ratings were out of the theoretical normal range (see Statistical
analyses section). The weight of each item was then determined using
both multiple linear and least-median-of-squares GEE regression
models, which provided similar results (data not shown). First, all
RPDALI items selected by experts during the Delphi survey were entered
in a preliminary multivariate model. In this preliminary model, all items
but “arthralgia” (p=0.56) and “arthritis” (p=0.24) were significantly
associated with the PGA (Whole-model R2=0.31), and individual item
weights ranged from 1 to 51, yielding a maximum theoretical RPDAI
score ranging of 561. Because a score with such a wide range of item
weights and high maximal theoretical score would not be easy to use
in a clinical setting, we then built the final RPDAI model by removing
the subjective “arthralgia” item but by keeping the more objective
“arthritis” item from the model. In this final model, all RPDAI items but
“arthritis” (p=0.25) were associated with the PGA (Whole-model
R2=0.31). The final RPDAI score comprised 27 items with individual
weights ranging from 1 to 24 and a maximum theoretical RPDAI score
of 265 (Table 2).

Correlation was good between the RPDAI scores calculated for each
of the test cases based on the weights derived from the final multivariate
model, and the PGA rating for these cases (r=0.56, p<0.0001) (Fig. 1).

4. Discussion

RP is a rare multi-systemic disorder characterized by recurrent,
destructive, inflammatory lesions of the auricular, nasal, and laryngo-
tracheo-bronchial cartilages. Because of the rarity of the disease, the ther-
apeutic management of RP patients is not well-codified. Disease activity
scores allow standardization of measurements between centers and stud-
ies. Unlike many other inflammatory diseases [18-23], no activity score
for adults or children has been available for RP, limiting clinical assess-
ments of disease activity and response to treatment. Here, we have devel-
oped the RPDAI, the first consensus index designed to measure disease
activity in RP patients. This tool was developed based on an international
consensus of multidisciplinary experts involved in the care of this very
rare disease.

A major challenge in designing evaluation indexes in inflammato-
ry diseases is to distinguish adequately between disease activity and
damage. One approach to avoid scoring damage is to consider only
reversible manifestations, by excluding long-lasting (>6 months)
and stable manifestations [23]. Such distinctions were defined in the
RPDAI glossary (see Appendix B).

Another critical issue when designing disease activity indexes is
validity assessment, ensuring satisfactory psychometric properties of
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Table 1
Median PGA values of the 27 test cases where each RPDAI item was shown as single
feature.

Items PGA values
Median (range)
Arthralgia 20.0 (5.0-50.0)
Fever 22.5 (10.0-90.0)
Purpura 22.5(10.0-95.0)
Episcleritis 30.0 (10.0-90.0)
Arthritis 30.0 (10.0-95.0)

Manubriosternal chondritis
Sternoclavicular chondritis
Costochondritis

Hematuria

Proteinuria

Nasal chondritis

Auricular chondritis

35.0 (10.0-80.0)
37.5 (10.0-80.0)
37.5 (10.0-83.0)
40.0 (10.0-90.0)
40.0 (10.0-90.0)
425 (20.0-100.0)
45.0 (20.0-100.0)

Scleritis 47.5 (15.0-100.0)
Uveitis 47.5 (15.0-95.0)
Vestibular dysfunction 47.5 (20.0-90.0)
Pericarditis 50.0 (10.0-85.0)

Corneal ulcer

Sensorineural deafness

Motor or sensorimotor neuropathy

Retinal vasculitis

Myocarditis

Renal failure

Large and/or medium sized vessel involvement
Respiratory chondritis without acute respiratory failure
Acute aortic or mitral insufficiency

50.0 (10.0-95.0)
50.0 (15.0-100.0
55.0 (10.0-100.0
55.5 (20.0-100.0
65.0 (10.0-100.0
65.0 (20.0-100.0
70.0 (10.0-100.0
70.0 (25.0-100.0
75.0 (10.0-100.0

Encephalitis 80.0 (10.0-100.0
Respiratory chondritis with acute respiratory failure 85.0 (40.0-100.0
Raised C-reactive protein NA?

2 The PGA associated with this item was not directly assessed by experts, but indi-
rectly through the multivariate analysis of test cases including this item.

the new scale. In the absence of a “gold standard”, the most recognized
method to model disease activity is based on the physician's global judg-
ment, i.e. the PGA, as done in this study.

The content validity of the RPDAI, -i.e. the extent to which it repre-
sents all aspects of disease activity in RP-, was ensured by the broad
range of clinical symptoms included in the RPDAI, as well as by the
addition of a laboratory domain, as agreed upon by experts [24]. More-
over, these experts were recruited through four different sources and
represented various medical fields. We also used the systematic, anony-
mous and iterative Delphi process, which facilitates the identification of
relevant disease activity items in a more representative manner than
open discussions, where a small number of individuals can dominate
discussions and influence the global opinion [12,13]. This process
ensured that most relevant descriptors of disease activity were included
in the RPDAL The face validity of the RPDA], i.e. its believed ability to
evaluate disease activity in RP, was considered satisfactory by the
panel of experts. Importantly, all items included in the RPDAI may
reasonably be assessed during a routine patient evaluation, in only a
few minutes using the standard scoring sheet (see Appendix A), as indi-
vidual items have been aggregated into a summary score using simpli-
fied weights.

Finally, the construct validity of the RPDA], i.e. whether it correlates
well with the PGA, was confirmed by the significant association of all
its items but one with disease activity in the final multivariate model
(Table 2) as well as by the good correlation between the RPDAI scores
calculated for each of the test cases and the PGA rating of these cases.

Although we were able to build a score with satisfactory psychomet-
ric properties, this study has a few limitations. First, the panel of experts
participating to the Delphi survey was limited, which may be explained
by the rarity of the disease and the lack of an identified network of care.
However, as stated above, these experts were representative of various
medical specialties and originated from different countries. Second, the
test cases used for the weighting exercise were fictitious but based on
typical clinical features of RP, as identified during both the literature
review as well as during a previous cohort study by our group [2]. By
using test cases including both single and multiple RPDAI items we
were able to be representative of different disease patterns such as local-
ized and disseminated disease as well as to reflect different disease

Table 2
Final regression model with generalized estimating equation (Whole model R2=0.31).

Parameters for the final model Multivariate GEE analysis RPDAI
3 regression Standard Error Lower 95%CI Upper 95%CI p-value Item weights
coefficient

Arthritis 1.6258 1.4019 —1.1219 43735 0.25 1

Fever 3.9455 1.6543 0.7033 7.1878 0.02 2

Purpura 4.4554 1.4550 1.6037 7.3071 0.002 3

Raised C-reactive protein level 4.6328 1.3270 2.0320 7.2337 0.0005 3

Manubriosternal chondritis 5.1894 1.5449 2.1615 8.2173 0.0008 3

Sternoclavicular chondritis 5.9038 1.5447 2.8762 8.9314 0.0001 4

Hematuria 6.0606 1.7218 2.6859 9.4352 0.0004 4

Costochondritis 7.1781 1.5885 4.0647 10.2915 <.0001 4

Episcleritis 8.8702 2.1021 47501 12.9903 <.0001 5

Proteinuria 9.1793 1.9253 5.4058 12.9529 <.0001 6

Vestibular dysfunction 13.1956 1.4165 10.4192 15.9720 <.0001 8

Nasal chondritis 14.9074 1.5432 11.8828 17.9320 <.0001 9

Pericarditis 14.9858 2.3534 10.3732 19.5983 <.0001 9

Uveitis 15.0087 2.4689 10.1697 19.8477 <.0001 9

Auricular chondritis 15.0289 2.0641 10.9835 19.0744 <.0001 9

Scleritis 15.0439 2.2545 10.6251 19.4626 <.0001 9

Corneal ulcer 18.4644 2.5593 13.4481 23.4806 <.0001 11

Motor or sensorimotor neuropathy 19.2858 2.2890 14.7994 23.7722 <.0001 12

Sensorineural deafness 19.2922 1.9556 15.4592 23.1251 <.0001 12

Retinal vasculitis 22.8920 2.0898 18.7961 26.9879 <.0001 14

Respiratory chondritis without ARF 22.9948 2.1619 18.7576 27.2320 <.0001 14

Large and/or medium sized vessel involvement 26.3450 2.4795 21.4853 31.2047 <.0001 16

Myocarditis 26.8814 2.5502 21.8832 31.8796 <.0001 17

Renal failure 26.9344 1.9976 23.0191 30.8496 <.0001 17

Acute aortic or mitral insufficiency 29.5099 3.2388 23.1620 35.8578 <.0001 18

Encephalitis 353219 3.3427 28.7702 41.8735 <.0001 22

Respiratory chondritis with ARF 38.9336 1.8192 35.3680 42.4991 <.0001 24

95%Cl: 95% confidence interval; ARF: acute respiratory failure.
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(r=0.56, p<0.0001)
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Physician’s global assessment (PGA)

Fig. 1. Distribution of RPDAI scores in the 1118 cases for each level of disease activity as defined by the Physician's Global Assessment (PGA) on a 0-100 scale. The boxes represent the 25th and
75th percentiles; the lines within the box represent the median; the tendency line links the means; the whiskers extend to the most extreme data point, which is no more than 1.5 times the
interquartile range (difference between the 75th and 25th percentiles) from the box. Values that are more extreme were considered outliers and are plotted individually (dots). The correlation

between the RPDAI scores and the PGA is satisfactory (r=0.56, p<0.0001).

stages such as early or more evolved disease. Importantly, the face valid-
ity of the RPDAI was considered satisfactory by the panel of experts. This
underlines that the test cases used for deriving the weights of RPDAI
items were judged realistic enough by the broad panel of international
experts involved in the RPDAI study. Third, there were some differences
in ratings across experts (Table 1). While not totally unexpected, this
strongly emphasizes the importance of building a standardized
tool for assessing disease activity in RP. Importantly, our index was
developed after adjusting for these differences as we used the GEE
for data modeling [17]. Therefore, the RPDAI represents the average
opinion common to a diverse panel of experts. Fourth, we were
unsatisfied with the preliminary model because both the “arthral-
gia” and “arthritis” items were not associated with the PGA, and
the broad range of item weights in this model limited its use in clin-
ical practice. We thus decided to refine the preliminary model by re-
moving the subjective “arthralgia” item while keeping “arthritis”, as
we felt the latter was a crucial dimension of disease activity assess-
ment in RP. Importantly, this did not impair the overall significance
of the model (Whole-model R2=0.31 in both preliminary and final
models), which is similar to what is observed in other studies for de-
riving activity indexes. Finally, this study represents only the first
stages of the development of this tool. The next steps will include
demonstrating its reliability and studying its sensitivity to change
in a prospective cohort of adult and pediatric patients.

We have here developed a consensus scoring system to measure
disease activity in RP, the RPDAI (see the website http://www.rpdai.
org for the online scoring sheet). We have derived a simple score
which may be used in clinical trials as well as in routine clinical practice.
We believe this tool will improve the care of patients with this rare
disease. Additionally, measures of disease damage, the main other
aspect of disease evaluation scores, are currently being developed for
RP by our group.

Take-home messages

* Relapsing polychondritis (RP) is a rare multi-systemic disorder.

* There is no standardized approach for treatment and follow-up of
RP patients.

* There is no consensus agreement on any outcome measures in this
disease.

» The RPDAI is the first score designed to assess RP disease activity in
a standardized manner.
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Intravenous immunoglobulin are able to prevent thrombosis relapse in patients with antiphospholipid syndrome refractory to conventional

therapy

It is widely accepted that the treatment of choice for antiphospholipid syndrome (APS) is anticoagulation. Appropriate anticoagulation reg-
imen ensure a low risk of thrombosis recurrence, but when thrombosis relapses despite adequate therapy the prognosis becomes poor and
patient management very challenging. Prednisone, hydroxychloroquine, immunosuppressant (i.e. cyclophosphamide), intravenous immu-
noglobulin (IVIG), and plasmapheresis have been suggested in these cases.

Sciascia et al. (Clin Exp Rheumatol 2012;30:409-13) treated five high risk APS patients with IVIG 0.4g/Kg/day for three days/month for 3
months followed by a single day monthly infusion of 0.4 g/Kg for 9 more months. All patients had refractory disease (third thrombotic event)
or severe difficulties in maintaining adequate anticoagulation, no obstetric APS was reported. After a mean follow-up of 89.2 month no new
thrombotic events occurred and no adverse event were reported by the Authors.

In this small series of high risk APS patients IVIG showed efficacy in preventing recurrence of thrombosis even in a long term follow-up.

Luca Iaccarino
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