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Clinical Manifestations and Long- Term Outcomes 
of Eosinophilic Granulomatosis With Polyangiitis in 
North America
Irena Doubelt,1  David Cuthbertson,2 Simon Carette,1 Sharon A. Chung,3 Lindsy J. Forbess,4 Nader A. Khalidi,5 
Curry L. Koening,6 Carol Langford,7 Carol A. McAlear,8 Larry W. Moreland,9  Paul A. Monach,10  Philip Seo,11 
Ulrich Specks,12 Robert F. Spiera,13  Jason M. Springer,14 Antoine G. Sreih,8 Kenneth J. Warrington,12 
Peter A. Merkel,8 Christian Pagnoux,1 and for the Vasculitis Clinical Research Consortium

Objective. To describe clinical manifestations and outcomes in patients with eosinophilic granulomatosis with 
polyangiitis (EGPA) in North America.

Methods. Analysis of patients aged 18 years or older who fulfilled the 1990 American College of Rheumatology 
Classification Criteria for EGPA enrolled in the Vasculitis Clinical Research Consortium from 2003 to 2019. Main 
clinical characteristics, treatments, outcomes, and accumulated damage were studied.

Results. The cohort included 354 patients; 59% female; age at diagnosis of 50.0 (±14) years; 39% were 
antineutrophil cytoplasm antibody (ANCA) positive. Time from diagnosis to last follow- up was 7.0 (±6.2) years; 49.4% 
had one or more relapse. Patients positive for ANCA more commonly had neurological and kidney involvement when 
compared with patients negative for ANCA, who had more cardiac and lung manifestations. At last study visit, only 35 
(12.6%) patients had been off all therapy for more than 2 years during their follow- up. The overall mortality rate was 
4.0% and did not differ by ANCA status or cyclophosphamide use. Scores on the Vasculitis Damage Index (VDI) for 
134 patients with two or more visits and more than 1 year of follow- up increased from 1.7 (±1.8) at enrollment (3.7 [±5.1] 
years after diagnosis) to 3.35 (±2.1) at last follow- up (7.5 [±5.8] years after diagnosis), mainly represented by chronic 
asthma (67.5%), peripheral neuropathy (49.6%), and chronic sinusitis (31.3%). Longer duration of glucocorticoid use 
and relapse were associated with higher VDI scores.

Conclusion. This analysis describes the many clinical manifestations and varied outcomes of EGPA and highlights 
the ongoing need to attain more sustained, long- term remission to limit the accrual of disease- related damage.

INTRODUCTION

Eosinophilic granulomatosis with polyangiitis (EGPA) is 
the rarest of the antineutrophil cytoplasm antibody (ANCA)– 
associated vasculitides. The annual incidence is approximately 
0.6/million to 3.4/million (1,2), with a prevalence of 2 million to 38/

million (2– 4). It is often characterized by an initial prodromal phase 
with asthma and/or rhinosinusitis, progressing into eosinophilic 
infiltration of multiple organ systems and the development of sys-
temic vasculitis (5,6).

A positive test for ANCA in EGPA is less common com-
pared with granulomatosis with polyangiitis (GPA) or microscopic 
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polyangiitis (MPA). When positive, it most commonly has a per-
inuclear pattern on indirect immunofluorescence, with specific-
ity for antibodies directed against myeloperoxidase (MPO), as 
tested by ELISA (4,7). Most series of EGPA from 1985 to 2010 
described that ANCA- positive patients typically had more features 
or surrogates of vasculitis, such as glomerulonephritis or mon-
oneuritis multiplex, and more frequent weight loss, myalgias, or 
arthralgias (8– 11). Alternatively, patients without detectable ANCA 
were more prone to develop cardiac disease and eosinophilic pul-
monary infiltrates (8,9,11,12). Higher mortality with lower risk of 
relapse has also been suggested in some, but not all (4), of the 
former ANCA- negative EGPA cohorts (10,12).

Therapy with glucocorticoids (GCs) and additional immuno-
suppressants in severe cases (13) have gradually transformed the 
prognosis of patients with EGPA. Survival rates have improved 
to more than 90% at 5 years (14– 16). However, these therapies 
are frequently used at large doses and/or for long durations, mainly 
because of persistent asthma. Thus, patients remain at high risk for 
adverse effects, infections, and premature mortality, especially in the 
first year after diagnosis (17). Substantial damage may accrue during 
the disease course, and long- term outcomes in EGPA are limited.

The purpose of this study was to describe the main clinical 
characteristics, treatment patterns, outcomes, and longitudinal 
damage in a North American cohort of patients with EGPA.

PATIENTS AND METHODS

Study population. Eligible patients with EGPA were 
enrolled from 2003 to 2019 in the Vasculitis Clinical Research 
Consortium (VCRC) longitudinal study (LS) (NCT00315380) 
or the VCRC One- Time DNA (OT) (NCT01241305) study 

across eight United States and two Canadian sites. Patients 
were at least 18 years old at the date of enrollment and ful-
filled the 1990 American College of Rheumatology Classifi-
cation Criteria for EGPA (5). Enrollment occurred at the time 
of diagnosis or any time during the course of their disease 
(flare or remission). The observational, prospective LS col-
lected clinical and laboratory information quarterly to annu-
ally on the basis of patient preference and availabilities. The 
OT study was a one- time collection of clinical data and DNA. 
Visits for both studies involved the completion of standard-
ized forms that collected information on patient demograph-
ics, disease characteristics, relapse(s) prior to enrollment, 
and, for LS only, treatments received, relapses after enroll-
ment, and damage.

Disease relapse was based on physician- expert clinical 
judgement and defined as an increase in disease activity, attested 
by an increase in the Birmingham Vasculitis Activity Score, requir-
ing a dose increase, initiation, or reinstitution of GCs and/or any 
immunosuppressive drug.

Studied outcomes. Main demographics, time of onset of 
asthma to diagnosis, main organ involvement at diagnosis and 
during follow- up, ANCA status, and, for LS only, type of treat-
ments received since diagnosis and cumulative duration of GC 
use were analyzed. ANCA- positive status was defined as history 
of any positive tests by immunofluorescence and/or ELISA.

Analyzed outcomes included relapse(s), longitudinal dam-
age, and, for LS only, deaths. Longitudinal damage was assessed 
using the Vasculitis Damage Index (VDI), which is scored as the 
sum of any of the 64 items identified by the investigator (18), and 
analyzed at enrollment (if diagnosis was made >3 months prior to 
enrollment) and subsequently at 1, 3, 5, and 7 years after diag-
nosis (± 6 months). The VDI score at the last study visit at least 1 
year from the date of diagnosis was compared with the VDI score 
at enrollment.

Statistical analyses. Qualitative and categorical variables 
were analyzed and reported as count (percentage) and compared 
using χ2 test or Fisher’s exact test, as appropriate. Quantitative 
variables were computed calculating the mean ± SD or median 
with interquartile range (IQR) and compared using Student’s t test 
or one- way ANOVA. Patient variables and outcomes (sex, clini-
cal manifestations, relapse, death, and “off GC and immunosup-
pressant therapy”) were documented and compared according to 
ANCA status and receipt of cyclophosphamide (CYC). Multivariate 
Poisson regression analysis was used to analyze predetermined, 
independent associations with VDI at last follow- up (for the LS 
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lomatosis with polyangiitis (EGPA).

• Clinical manifestations of EGPA, but not relapse 
rates or death, differed on the basis of antineutro-
phil cytoplasm antibody status.

• Although mortality in this cohort was low com-
pared with that of previously reported cohorts, the 
relapse rate and accumulation of damage from 
EGPA and its treatment was high.

• Greater damage in patients with EGPA was associ-
ated with longer duration of glucocorticoid use and 
history of relapse.
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patients with ≥2 visits and ≥1- year postdiagnosis follow- up) and 
age, sex, ANCA status, history of ever using CYC, duration of GC 
use, or history of relapse.

Statistically significant differences were defined if P values 
were less than 0.05. Statistical analyses were performed using 
Stata Software, version 12 (StataCorp).

Ethics. The protocols for the LS and OT study were approved 
by each local hospital research ethics board committees at all par-
ticipating sites, and the research was performed in accordance 
with the Declaration of Helsinki. All subjects provided written con-
sent for their participation prior to enrollment.

RESULTS

Demographic and clinical characteristics at enroll-
ment. The study included 354 patients (277 LS; 77 OT); the male/
female ratio was 145 (41%)/209 (59%); 309 (87.3%) patients were 
white, 20 (5.6%) were Asian, and 7 (2.0%) were Black or African 
American. The mean age at diagnosis and enrollment was 50.0 
(±14.2) and 53.5 (±13.6) years, respectively; most patients (350 
[98.8%]) were diagnosed after 18 years of age.

Prior to the diagnosis of EGPA, asthma was recorded for 246 
(69.5%) patients for a mean of 8.6 (±12.2) years; 329 (92.9%) 
patients were eventually diagnosed with asthma during follow- up. 
An ANCA status was available for 316 patients; 123 (38.9%) were 
positive, and the remainder (193 [61.1%]) were negative. Of those 
who tested positive for ANCA, MPO- ANCA (with reported speci-
ficity by ELISA) was positive in 104 patients (84.6%), proteinase- 
3– ANCA was positive in 11 patients (8.9%), and atypical ANCA 
was positive in five patients (4.1%). Main manifestations at diag-
nosis and at any time over the course of follow- up (until last study 
visit) are listed in Table 1 and compared with previously published 
large cohorts (>50 patients) in Table 2.

Treatments. In the LS, 115 (41.5%) patients received CYC 
at some point in their disease, 145 (52.3%) received azathioprine, 
109 (39.4%) received methotrexate, and 25 (9%) recieved myco-
phenolate mofetil. Rituximab was used at some time in the dis-
ease course in 29 (10.5%) patients, and mepolizumab was used 
at some time in 25 (9.0%) patients. The median cumulative dura-
tion of GC use was 12.0 (IQR = 9) months.

At the last study visit, 35 (12.6%) patients had been off sys-
temic GCs and immunosuppressant medications for more than 2 
years during their follow- up. A total of 113 (40.8%) patients were 
off GC therapy only for more than 2 years since study enrollment.

Relapses and deaths. Fifty percent of patients in the 
cohort experienced at least one relapse since diagnosis. Of those 
followed longitudinally in the LS for 7.6 (±5.9) years, 99 (35.7%) 
experienced at least one relapse after enrollment. Characteris-
tics of these relapses, as recorded by the investigators, included 

active asthma only (17%), ear/nose/throat (ENT) only (21%), active 
asthma and ENT (18%), other lung disease (14%), cardiac (9%), 
skin manifestations (8%), and/or neuropathy (18%).

Eleven (4%) patients in the LS died after a mean of 4.7 
(±2.5) years after diagnosis (two from myocardial infarctions, 
one from an intestinal perforation, one from metastatic cancer, 
and seven from unknown causes). Only three of these deaths 
(two myocardial infarctions and one intestinal perforation) were 
deemed as possibly related to EGPA, as per the patient’s 
physician- investigator.

Clinical presentation and outcomes according to 
ANCA status and receipt of CYC. The main clinical manifesta-
tions occurring during the disease course were compared accord-
ing to the ANCA status and use of CYC (Table 3). ANCA- positive 
patients had significantly more neurologic and renal manifestations 

Table 1. Cumulative clinical manifestations of 354 patients with 
eosinophilic granulomatosis with polyangiitis at diagnosis and during 
follow- up

Clinical Manifestations
At 

Diagnosis
By the Time of 
Last Follow- Up

Constitutional symptoms, n (%) 207 (58.5) 290 (81.9)
Weight loss 83 (23.4) 106 (29.9)
Fatigue 178 (50.2) 256 (72.3)
Arthralgias 93 (26.3) 140 (39.5)
Myalgias 64 (18.1) 91 (25.7)

Ear/nose/throat, n (%) 201 (56.8) 292 (82.5)
Nasal polyposis 123 (34.7) 177 (50.0)
Sinus involvement 188 (53.1) 273 (77.1)

Lung, n (%) 196 (55.4) 296 (83.6)
Asthma 246 (69.5) 329 (92.9)
Pulmonary infiltrates 138 (38.9) 205 (57.9)
Alveolar hemorrhage 12 (3.4) 21 (5.9)
Nodules or cavities 23 (6.5) 43 (12.1)
Pleural effusion 24 (6.8) 35 (9.9)

Cutaneous, n (%) 68 (19.2) 106 (29.9)
Purpura 54 (15.3) 88 (24.9)
Ulcer(s) 8 (2.3) 14 (4.0)
Gangrene 3 (0.8) 4 (1.1)
Nodules 15 (4.2) 26 (7.3)

Neurological, n (%) 151 (42.7) 214 (60.5)
Stroke 2 (0.6) 5 (1.4)
Sensory neuropathy 126 (35.6) 181 (51.1)
Mononeuritis multiplex 81 (22.9) 116 (32.8)

Cardiac, n (%) 51 (14.4) 75 (21.2)
Pericarditis 22 (6.2) 35 (9.9)
Myocarditis 42 (11.9) 57 (16.1)

Gastrointestinal, n (%) 11 (3.1) 22 (6.2)
Colitis 6 (1.7) 15 (4.2)
Mesenteric ischemia 5 (1.4) 7 (2.0)

Renal, n (%) 16 (4.5) 36 (10.2)
Proteinuria 13 (3.7) 22 (6.2)
Hematuria 13 (3.7) 29 (8.2)
Elevated serum creatinine 10 (2.8) 18 (5.1)

Number of clinical 
manifestations, mean (SD)a

5.5 (2.4) 6.6 (2.3)

a Data from patients within Vasculitis Clinical Research Consortium 
longitudinal study only (n = 27). 
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but were less likely to have lung or cardiac manifestations com-
pared with ANCA- negative patients, who were also more likely 
to be female. Relapses and deaths did not differ on the basis of 
ANCA status.

Receipt of CYC was significantly associated with cardiac and 
neurologic manifestations, whereas women and those with lung 
involvement were less likely to have received CYC. Women who 
received CYC were 51.0 (14.9) years of age at diagnosis versus 
47.1 (14.3) for those who did not (P = 0.12); a similar proportion 

of women who received CYC were less than 50 years old (24/51 
[47.1%]) compared with those who did not (55/105 [52.4%]; 
P = 0.53). Relapses and deaths did not differ on the basis of use 
or lack of use of CYC.

Damage. VDI scores at enrollment for all patients and for 
those with a VDI score at both enrollment and at last follow- up 
visit (postdiagnosis follow- up >1- year in the LS) are illustrated 
in Table 4, with a detailed distribution of VDI score over time in 
Supplementary Figure 1. The most frequent VDI items present at 
the last follow- up visit (if ≥1- year follow- up after diagnosis) for the 
patients in the LS and those in the OT are shown in Figure 1. The 
top five VDI items (chronic asthma, peripheral neuropathy, chronic 
sinusitis, nasal blockade/chronic discharge/crusting, and osteo-
porosis/vertebral collapse) at last follow- up visit were the top five 
VDI items at enrollment.

A total of 134 patients in the LS had two or more visits and 
1- year or more follow- up after diagnosis. For these patients, mean 
age at diagnosis was 48.8 (±14.3) years (women [n = 76], 46.9 
[±14.3] years; men [n = 58], 51.4 [±13.9] years), and the mean 
follow- up period from diagnosis was 6.2 (±6.9) years. Multivariate 
analysis of last VDI scores in these 134 patients (Table 5) demon-
strated the following variables as being associated with a higher 
last VDI score in the unadjusted model: male sex (mean VDI score 
of 3.7 [±2.3] in male patients versus 3.1 [±1.9] in female patients; 

Table 4. VDI scores in patients with eosinophilic granulomatosis 
with polyangiitis at enrollment and 1, 3, 5, and 7 years after diagnosis 
and last follow- up

Time After Diagnosis N
Years After 
Diagnosis VDI (SD)

Enrollment, >3 months 291 4.2 (±5.4) 2.57 (±2.1)
1 year (±6 months) 103 1.0 (±0.3) 2.46 (±2.2)
3 years (±6 months) 83 3.0 (±0.3) 2.71 (±1.9)
5 years (±6 months) 47 5.0 (±0.2) 2.85 (±1.9)
7 years (±6 months) 37 7.0 (±0.3) 2.65 (±2.1)
Patients in LS with ≥2 visits 

and ≥1 year follow- up 
after diagnosis

At enrollment 134a 3.7 (±5.1) 1.68 (±1.8)
Last follow- up, >1 year 134 7.5 (±5.8) 3.35 (±2.1)

LS, longitudinal study; VDI, Vasculitis Damage Index.
a Twenty- four patients had enrollment visit less than 3 months after 
diagnosis and were given VDI of 0. 

Figure 1. Main items of damage at last follow- up visit for all patients with patients with eosinophilic granulomatosis with polyangiitis and ≥1 
year of follow- up after diagnosis (n = 268) in the Vasculitis Clinical Research Consortium. GFR, glomerular filtration rate; VDI, Vasculitis Damage 
Index.
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P = 0.03), duration of use of GCs (increase of the VDI score by 
0.5% for each additional month of GC use; P < 0.01), and relapse 
(mean VDI score of 3.6 [±2.2] with a history of relapse versus 
2.6 [±1.6] with no relapse; P = 0.03). In the multivariate analysis 
adjusted for the duration of follow- up since diagnosis (Table 5), 
age (increase of VDI score by 0.6% for each additional year; 
P = 0.02) rather than sex was associated with higher VDI scores, 
along with the duration of GC and relapse history.

DISCUSSION

This is a detailed analysis of the largest North American cohort 
of patients with EGPA followed longitudinally. It confirms the varied 
nature of EGPA, with several clinical manifestations differing on 
the basis of ANCA status, and demonstrates the good survival 
rate in this disease despite high rates of relapse and extensive use 
of GCs. Although patients had periods off GCs, only a minority 
of patients were off all therapy for more than 2 years. Damage 
was common, with higher VDI scores in older patients, those with 
longer duration of GC use, and those with a history of disease 
relapse.

Comparisons of the current cohort with prior reports of large 
cohorts yield some interesting observations (Table 2). Asthma, 
nasal and sinus involvement, fatigue, pulmonary infiltrates, and 
sensory neuropathy were the most common manifestations at the 
time of EGPA diagnosis in the current cohort and continued to 
predominate throughout the course of the disease. These findings 

are consistent with most previous reports, though higher rates of 
neurological (55- 93%) and cutaneous (40- 52%) manifestations 
have been previously reported. This may be due to environmen-
tal or genetic influences related to country of origin and/or ethnic 
backgrounds or more delayed diagnoses when more complica-
tions had developed (9,10,19– 21).

Positive ANCA status was associated with a higher likelihood 
of neurological and kidney involvement compared with a negative 
ANCA status. Patients who were ANCA negative had more heart 
and lung involvement, a finding reported in several other cohorts 
(8,10,19,20). The overall mortality rate was 4%. In previous Euro-
pean and Asian cohorts from 1957 to 2014 with a similar mean 
duration of follow- up, mortality rates were 7% to 14%, although 
this improved in most recent reports (10,12,22– 25). Similar to the 
current study, most other studies also reported no difference in 
death rates based on ANCA status (8,9,19,20,23), although one 
study reported more deaths in ANCA- negative cohorts, presum-
ably because of more frequent cardiac manifestations (10). Earlier 
recognition of the disease and its life- threatening manifestations 
and improved available therapies for EGPA and cardiac dis-
ease may have contributed to the current findings, with a gradual 
shift in the causes of death from cardiac to other complications, 
especially treatment- related ones, such as infections.

Relapses are frequent in EGPA. However, studies of EGPA 
include inconsistent definitions of relapse, especially as to whether 
eosinophilic asthma or exacerbations of sinus polyposis should 
be considered as evidence of a relapse or analyzed separately. 

Table 5. Factors associated with higher Vasculitis Damage Index score at last follow- up visit in the 134 patients with eosinophilic granulomatosis 
with polyangiitis

Parameter N (%)
Last VDI Score, 

Mean (±SD)

IRR/ORb 95% CI P value OR/IRR 95% CI P Value

Unadjusted Adjusted for the Duration of Follow- Up
Duration of follow- up from 

diagnosis, mean (±SD), yr
7.45 (5.8) - 1.0133 0.9931- 1.0338 0.20 - - - 

Age, mean (±SD), yr 48.8 (14.3) - 1.0063 0.9979- 1.0147 0.14 1.0094 1.0015- 1.0174 0.02
Sex - - 1.2771 1.0306- 1.5826 0.03 1.1589 0.9279- 1.4475 0.19

Male 58 (43.3) 3.67 (2.32) - - - - - - 
Female 76 (56.7) 3.11 (1.94) - - - - - - 

ANCA Status (n=126)a - - 1.0785 0.8635- 1.3469 0.51 1.0610 0.8490- 1.3260 0.60
Positive 57 (45.2) 3.60 (2.39) - - - - - - 
Negative 69 (54.8) 3.14 (1.97) - - - - - - 

Use of CYC (ever) - - 1.1563 0.9260- 1.4439 0.20 1.1789 0.9425- 1.4746 0.15
Yes 58 (43.3) 3.62 (2.40) - - - - - - 
No 76 (56.7) 3.14 (1.87) - - - - - - 

Duration of GC use, mean 
(±SD), mo

12.0 (15.7) - 1.0050 1.0025- 1.0075 <0.01 1.0030 1.0001- 1.0058 0.04

Relapse history - - 1.2948 1.0102- 1.6597 0.04 1.3660 1.0819- 1.7247 0.01
Yes 99 (73.9) 3.62 (2.23) - - - - - - 
No 35 (26.1) 2.60 (1.61) - - - - - - 

ANCA, antineutrophil cytoplasm antibody; CI, confidence interval; CYC, cyclophosphamide; GC, glucocorticoid; IRR, incidence rate ratio; OR, odds 
ratio; VDI, Vasculitis Damage Index.
Results are from a multivariate Poisson regression analysis of from patients in the Vasculitis Clinical Research Consortium longitudinal study with 
two or more study visits and 1 or more year of follow- up after diagnosis.
a ANCA testing not done or results not available for eight patients. 
b IRR (Poisson equivalent of OR). 
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Of the patients enrolled in the LS study, 35.7% had a relapse 
recorded after enrollment as assessed by the VCRC investigators, 
all of whom are quite familiar with the evaluation of patients with 
vasculitis. Half of relapses consisted only of asthma and/or exac-
erbations of ENT disease, which led to a change in, or the addition 
of, an immunosuppressive agent.

Data on damage in EGPA are scarce, at least when com-
pared with data on GPA and MPA (26– 29). Early identification of 
patients more at risk of damage and better management of the 
latter remain important unmet needs. In this cohort of patients 
with EGPA, higher VDI scores at the last visit were seen in patients 
who experienced a relapse and/or had longer durations of use of 
GCs, suggesting that long- term GC use may be associated with 
a detrimental impact or may be a marker of severity of disease 
(26,30). As male patients were 10 years older at diagnosis than 
female patients, the respective impact of male sex or older age 
at diagnosis for accrued damage is more complex, with varying 
results for these two parameters in the model after adjustment 
for duration of follow- up. Asthma and neuropathy were the lead-
ing damage items among the patients with EGPA, which also 
identifies another major need for better treatments for these spe-
cific manifestations and collaborative, multispecialty studies.

This study has many strengths and some limitations to con-
sider. It reports on a large cohort involving multiple centers across 
the United States and Canada, thereby capturing a wide range 
of patients with EGPA and varying degrees of disease severity. 
Characteristics of this cohort’s disease may be more complex 
because of referral bias to an academic center. The follow- up 
period exceeded 5 years on average, and the data collection was 
standardized. However, the LS is not an inception cohort, and 
enrollment of patients at any time of disease activity may have led 
to some recall bias or incomplete capture of subtler disease char-
acteristics at the time of diagnosis. The most severely affected 
patients, who may die early in the course of their disease, may 
not have been captured. Underestimation of death in our cohort is 
also possible, as there is no linkage with national death registries 
and patients can be lost to follow- up. There remain challenges in 
defining relapse in EGPA and integrating asthma exacerbations 
and sinonasal manifestations in measures of disease activity. 
Using the VDI to assess asthma showed practical limitations given 
that chronic asthma was listed in the VDI in only 67.5% of the 
patients despite more than 90% of the cohort having had a diag-
nosis of asthma and only a few having been able to sustainably 
stop GC and immunosuppressant use.

In summary, this first report of a large multicentric cohort of 
patients with EGPA in North America confirms the highly varied 
nature of EGPA and some differences in manifestations based on 
ANCA status. It also demonstrates that overall survival in EGPA has 
continued to improve over the past decades but relapse rates and 
the burden from both disease and therapies continue to be high. 
Only a minority of patients were able to stop GC and immunosup-
pressant therapy, further highlighting the need for more effective 

and individualized treatments. Apart from randomized controlled 
trials, the continuation of longitudinal cohort studies in EGPA, 
including this one, is crucial, with regular refinements in the data 
collection process. Enhanced data collection, taking into account 
the findings and limitations of this first report, will help further study 
the long- term effectiveness of newer treatments and their impact 
on the many manifestations of this rare disease and its damage.
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