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Objectives

The aim of this study is to investigate the clinical significance of myeloperoxidase (MPO)–antineutrophil cytoplasmic antibody (ANCA) on eosinophilic granulomatosis with polyangiitis (EGPA) from a longitudinal Chinese cohort.



Methods

A total of 120 patients with EGPA were consecutively enrolled and followed up. Two patients with PR3 ANCA was excluded and our analysis focused on the 118 patients with EGPA. On the basis of MPO-ANCA status, baseline clinical manifestations, treatment, and outcomes were analyzed. Logistic regression analysis was performed to analyze the independently associated factors for renal involvement.



Results

ANCA positivity was observed in 24.2% of patients with EGPA. Patients with MPO-ANCA accounted for 20.8%. Patients with positive MPO-ANCA had higher levels of erythrocyte sedimentation rate (ESR), C-reactive protein, Birmingham Vasculitis Activity Score (BVAS), higher ratios of fever, myalgia, renal involvement, and biopsy-proven vasculitis. Heart manifestations and asthma were more common in patients with negative ANCA. Baseline MPO-ANCA titers positively correlated with ESR, eosinophil count, and BVAS and were higher in patients with methylprednisolone pulse. Among patients with renal involvement, patients with positive MPO-ANCA had higher proportions of female, fever, biopsy-proven vasculitis, and faster ESR; patients with negative ANCA developed more skin and cardiac involvement. MPO-ANCA positivity, male, and ear involvement were the independent factors associated with renal involvement. Intravenous cyclophosphamide and immunoglobulins were prescribed more frequently in patients with positive MPO-ANCA.



Conclusion

In this cohort, patients with positive MPO-ANCA and negative ANCA displayed distinct clinical features, suggesting that MPO-ANCA might be a valuable biomarker for EGPA stratification. Baseline MPO-ANCA level correlated positively with disease activity of EGPA. MPO-ANCA was a significant independent factor associated with renal involvement.
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Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA), previously called Churg–Strauss syndrome, is a rare type of antineutrophil cytoplasmic antibody (ANCA)–associated systemic vasculitis (AAV) characterized by blood and tissue eosinophilia, necrotizing vasculitis, and granulomatous inflammation (1).Frequently, EGPA affects the respiratory tract, peripheral nervous system (PNS), cardiovascular system, kidney, gastrointestinal tract, and ENT (ear, nose, and throat) (2).

In the diagnosis of AAV, ANCA plays an important role, which displays perinuclear or cytoplasmic distribution on immunofluorescence with specificity against myeloperoxidase (MPO) or protease 3 (PR3) antigen (3). Although EGPA is a member of AAV, MPO-ANCA can only be detected in 30%–40% of patients with EGPA (4). The 1984 Lanham diagnosis criteria (5) and 1990 American College of Rheumatology criteria (6) do not include ANCA in the items, possibly due to the low detection rate. Previous studies from different cohorts suggest that ANCA is associated with clinical manifestations of EGPA (7–10). Large-scale retrospective studies on the relationship between EGPA and ANCA were conducted in Europe. However, among the Chinese population, the role of specific MPO-ANCA in the clinical spectrum of EGPA remains unclear. In this study, we aimed to investigate the significance of MPO-ANCA in the clinical characteristics, treatment, and outcomes of patients with EGPA from a longitudinal Chinese cohort.



Patients and Methods


Patients

A total of 120 patients with EGPA were identified by at least two rheumatologists in Peking Union Medical College Hospital (PUMCH) between January 2010 and December 2020. The patients were enrolled according to the 1990 American College of Rheumatology classification criteria for EGPA (6). Other causes of eosinophilia were carefully excluded from this cohort, such as parasite infection, eosinophilic pneumonia, eosinophilic gastroenteritis, asthma with hypereosinophilia, other allergic diseases, primary or neoplastic hypereosinophilic syndrome, and other neoplastic diseases. Written informed consent was obtained from all the patients. The ethical committee of PUMCH approved this study (approval number: S-K1385; Beijing, China). The study was performed in accordance with the ethical standards of the Declaration of Helsinki.



ANCA Detection

The indirect immunofluorescence was used to test the cytoplastic ANCA (cANCA) and perinuclear ANCA (pANCA). Enzyme-linked immunosorbent assay or chemiluminescence was performed to identify the titer of target antigens, including MPO and PR3. ANCA was considered positive when the testing result using indirect immunofluorescence was positive, or the titer of MPO-ANCA and/or PR3-ANCA was higher than the reference value. ANCA was tested mainly at baseline, and continuous testing was lacking.



Clinical Assessment at Baseline

Medical records were retrieved and reviewed to extract the clinical data, including the affected organs, laboratory testing, and histological findings. Organ involvement was assessed on the basis of medical history, laboratory tests, imaging, and biopsies. Each system involvement was defined on the basis of our previous descriptions with slight modifications (11). Asthma was defined as the active condition that required continuous glucocorticoids (GC; including inhaled, oral, or intravenous form) or with persistent dyspnea. Skin involvement included palpable purpura, reticulata, maculopapular rash, skin ulcers, or gangrene of the extremities. The definition of arthritis was swelling and pain in multiple joints with morning stiffness. Renal involvement was defined as abnormal urine test or serum creatinine beyond the upper limit of the normal range, and the former included hematuria, proteinuria (urine protein>0.5 g/24 h), and cylindruria. Gastrointestinal involvement included bleeding, obstruction, perforation of digestive tract, or abdominal symptoms that could not be explained by other disorders. PNS involvement was defined as mononeuritis multiplex and multiple peripheral neuropathy based on paresthesia or motion abnormality, electromyogram, and muscle biopsies. EGPA-associated central nervous system (CNS) involvement was diagnosed according to the clinical manifestations, physical examinations, and imaging, which included intracranial ischemia or hemorrhages, spinal cord or medulla oblongata involvement, and hypertrophic cranial pachymeningitis and precluded the CNS lesions caused by related risk factors, such as hypertension, hyperlipidemia, hyperglycemia, smoking, infection, and genetic factors. Cardiac involvement presented with myocardial involvement, heart failure, pericardial effusion, coronary lesions, moderate to severe valve involvement, and arrhythmia, which could not be explained by other reasons.

Biopsy findings were recorded as normal or showing evidence of eosinophilic infiltrates, vasculitis, and/or granuloma. Biopsy-proven vasculitis presented with inflammatory cell infiltration or fibrinoid necrosis in the wall of vessels, thickening of vessel walls, and/or internal elastic lamina rupture. The original 1994 Birmingham Vasculitis Activity Score (BVAS) was used to assess the disease activity at diagnosis (12). Disease features were only scored if they were attributable to active vasculitis. The prognosis was assessed according to the 2011 revised five factor score (FFS), which includes age over 65 years, cardiac symptoms, gastrointestinal involvement, renal insufficiency (peak serum creatinine ≥150 μmol/L), and the absence of ENT manifestations (13).



Treatment Strategy

Patients were treated with therapy that was considered the most appropriate regimen at that time. The drugs used to induce and maintain remission were recorded in detail. For GCs, initial pulse of methylprednisolone (MP) was defined as 0.5~1.0 g/d for 3~5 days, high-dose prednisone was 1~2 mg kg−1 d−1, and medium-dose prednisone was 0.5~0.8 mg kg−1 d−1.



Follow-Up and Outcomes

Long-term follow-up and outcomes were established after the patient’s last visit or death. Complete remission was achieved if the BVAS became zero, and partial relief was defined as a ≥50% decrease of BVAS from baseline for at least six months. Mortality analysis was based on all-cause mortality.



Statistical Analysis

Clinical characteristics of patients are presented as numbers and percentages for categorical variables and as mean ± standard deviation (SD) or median (first and third quartiles) for continuous variables. All analysis was performed using SPSS 25.0. Differences between the patients with positive MPO-ANCA and negative ANCA regarding the continuous variables were tested using t-test or Mann–Whitney U-test, and differences in categorical variables were assessed with Fisher’s exact or Chi-square tests, as appropriate. Two-sided P-values of <0.05 were considered statistically significant. Survival analysis was conducted using Kaplan–Meier survival curves and log-rank tests (Prism 7; GraphPad, San Diego, CA, USA). Univariate and multivariate logistic regression analyses were performed to find out the independently associated factors for renal involvement in EGPA. Correlations were calculated using Pearson correlation analysis.




Results


Clinical Features of Patients With EGPA With MPO-ANCA and Without ANCA at Baseline

A total of 120 patients with EGPA were enrolled in our cohort. Positive ANCA was observed in 29 patients (24.2%), including 25 with MPO-ANCA (20.8%), 5 with PR3-ANCA (4.2%), 25 with pANCA (20.8%), and 7 with cANCA (5.8%). Three patients showed quadruple positive for MPO-ANCA, PR3-ANCA, pANCA, and cANCA.

We first explored the association between MPO-ANCA and the clinical spectrum in this cohort (Table 1). We removed two patients with only PR3-ANCA to ensure the data clarity. Patients with MPO-ANCA were relatively older than those without ANCA (50.6 ± 13.8 vs. 44.0 ± 15.0, p = 0.05), and the gender was not significantly different. Laboratory tests revealed that ESR [53 (40, 79) vs. 26 (9, 44) mm/1 h, p < 0.0001] and CRP [36.5 (22.4, 70.0) vs. 13.8 (5.2, 55.7) mg/L, p = 0.02] were significantly higher in the MPO-ANCA–positive group than in the ANCA-negative group. The eosinophil count and ratio were comparable between groups. Compared with the ANCA-negative group, the MPO-ANCA–positive group had higher percentages of patients with fever (84.0% vs. 40.9%, p = 0.0001) and myalgia (40.0% vs. 17.2%, p = 0.02). In terms of the systemic manifestations, renal involvement occurred more frequently in the MPO-ANCA–positive group (80.0% vs. 35.5%, p < 0.0001), whereas cardiac lesions (38.7% vs. 12.0%, p = 0.01) and asthma (76.3% vs. 56.0%, p = 0.04) presented more commonly in the ANCA-negative group. A total of 64.0% of patients with EGPA with MPO-ANCA developed PNS involvement compared with 43.0% in the ANCA-negative group, which was close to the statistical significance (p = 0.06).


Table 1 | Clinical features of patients with EGPA with MPO-ANCA and without ANCA at baseline.



The disease activity and prognosis were also assessed for the patients. BVAS in patients with positive MPO-ANCA was higher than that in controls [21 (17, 24) vs. 15 (10, 20), p = 0.004], and the MPO-ANCA–positive group had a higher percentage of patients with active disease condition (76.0% vs. 45.2%, p = 0.006), which was defined as BVAS > 15. Overall FFS was similar between the groups, although the ratio of FFS = 3 in the MPO-ANCA–positive group was relatively higher than that in the control group (16.0% vs. 8.6%).



Correlation of MPO-ANCA Titers at Onset and Other Parameters

Among the MPO-ANCA–positive patients with EGPA at baseline, we analyzed the correlation of MPO-ANCA titers and ESR, CRP, eosinophil count, and BVAS (Figures 1A–D). The results suggested that MPO-ANCA titers positively correlated with ESR (r = 0.492, p = 0.027 eosinophil count (r = 0.483, p = 0.036), and BVAS (r = 0.535, p = 0.015). Moreover, the patients with EGPA who were given MP pulse had higher MPO-ANCA titers at onset than those who never experienced MP pulse (Figure 1E).




Figure 1 | Correlation of MPO-ANCA titers at baseline with other parameters in the patients with MPO-ANCA-positive EGPA. (A–D) Correlation of MPO-ANCA titers with ESR, CRP, EOS count, and BVAS. Pearson correlation was used for the analysis. (E) Comparison of MPO-ANCA titers between patients with and without MP pulse. ANCA, antineutrophil cytoplasmic antibody; BVAS, Birmingham Vasculitis Activity Score; CRP, C-reactive protein; EGPA, eosinophilic granulomatosis with polyangiitis; EOS, eosinophil; ESR, erythrocyte sedimentation rate; MP, methylprednisolone; MPO, myeloperoxidase.





Relationship Between Renal Involvement and MPO-ANCA

The analysis above emphasized that the ratio of renal involvement in the MPO-ANCA–positive group was significantly higher compared with the ANCA-negative group. However, a large proportion of patients with renal lesions were ANCA-negative (33 of 53). Therefore, we further investigated the differences between patients with postive MPO-ANCA and negative ANCA with renal lesions (Table 2). The results indicated that female percentage was higher in the MPO-ANCA–positive group than in the ANCA-negative group (45% vs. 18%, p = 0.04). ESR was faster in the MPO-ANCA–positive group compared with the negative group [61 (40, 85) vs. 24 (10, 45) mm/1 h, p < 0.001]. The biopsy-proven vasculitis (44.4% vs. 8.7%, p = 0.04) and fever (85.0% vs. 42.4%, p = 0.002) in patients with MPO-ANCA were more common than in patients without ANCA. On the other hand, the patients with negative ANCA with renal involvement had higher percentages of skin lesions (60.6% vs. 25.0%, p = 0.01) and cardiac involvement (42.4% vs. 15.0%, p = 0.04). Gastrointestinal involvement showed a higher tendency in the patients with negative ANCA with renal involvement (39.4% vs. 15.0%, p = 0.06).


Table 2 | Clinical characteristics of patients with EGPA with renal involvement at baseline.



We further analyzed the independent factors associated with renal lesions in EGPA. We first screened out the possible related factors through univariate logistic regression analysis (Figure 2A). Then, after adjustment for age using multivariate logistic regression analysis, three independent associated factors were finally revealed which were male (OR = 4.041, 95% CI: 1.582–10.324, p = 0.004), ear involvement (OR = 4.157, 95% CI: 1.022–16.918, p = 0.047), and MPO-ANCA positivity (OR = 9.528, 95% CI: 2.708–33.526, p < 0.001) (Figure 2B).




Figure 2 | Forest plots of univariate and multivariate logistic regression analysis of renal involvement of patients with EGPA. Forest plots of (A) univariate and (B) multivariate logistic regression analysis of patients with EGPA with renal involvement. ANCA, antineutrophil cytoplasmic antibody; CRP, C-reactive protein; EGPA, eosinophilic granulomatosis with polyangiitis; ESR, erythrocyte sedimentation rate; MPO, myeloperoxidase; OR, odds ratio. *P < 0.05.





Pathologic Characteristics

A total of 77 patients underwent one or more biopsies from different tissues or organs. Extravascular eosinophilic infiltration was present in 70.1% (54 of 77) of the patients, but there was no difference between the groups. Biopsy-proven vasculitis was seen in 23.4% (18 of 77) of all the patients with EGPA and frequently occurred in kidneys and peripheral nerves. Granulomas were relatively rare (14.3%, 11 of 77), occasionally observed in lungs and skin. Detailed records of renal pathology were from three patients and all of them were males. Two of the patients were MPO-ANCA–positive, which both showed crescentic glomerulonephritis, accompanied by glomerular necrosis in different ranges without obvious immune complex deposition. Another patient was MPO-ANCA–negative and developed mesangial proliferative glomerulonephritis. In this study, the patients with positive MPO-ANCA showed a significantly higher ratio of biopsy-proven vasculitis than the patients with negative ANCA (53.8% vs. 17.7%, p = 0.01; Table 1), but eosinophilic infiltration and granulomas were both comparable between the groups.



Treatment

The GC therapy was administered to 117 patients, and three patients selected other therapies because their conditions were relatively good and they were too concerned about the adverse effects of GC. MP pulse was prescribed to 36.0% (nine) of patients with positive MPO-ANCA and 24.7% (twenty-three) of patients with negative ANCA, which did not reach the statistical difference. Intravenous cyclophosphamide (CYC) was more commonly administered in the MPO-ANCA–positive group than in the ANCA-negative group (80.0% vs. 58.1%; Figure 3A).




Figure 3 | Treatment and outcomes in patients with EGPA with MPO-ANCA and without ANCA. (A, B) Comparisons of CYC-IV and IVIG used in patients with MPO-ANCA and without ANCA. (C, D) Comparisons of outcomes and cumulative survival rates between the two groups. ANCA, antineutrophil cytoplasmic antibody; CYC-IV, intravenous cyclophosphamide; EGPA, eosinophilic granulomatosis with polyangiitis; IVIG, intravenous immunoglobulin; MPO, myeloperoxidase.



Patients with positive MPO-ANCA were used a relatively higher ratio of intravenous immunoglobulin (IVIG) therapy than the patients with negative ANCA (32.0% vs. 14.0%; Figure 3B). We retrospectively analyzed the outcomes between patients who had used IVIG at least once and those who had never used IVIG (Supplementary Table 1). The result showed that all death cases occurred in the group without IVIG therapy. The details of patients who had used IVIG were presented in Supplementary Table 2. A total of 21 patients with EGPA were administered IVIG, most of whom were prescribed IVIG together with GC and CYC for inducing remission. IVIG was generally prescribed 20 g per day for 3–5 days. Most of the patients who used IVIG therapy had FFS of ≥1 (18 of 21) or had cardiac manifestations or peripheral neuropathy (17 of 21). The median of BVAS for them was 18. Finally, they got complete remission (17 of 21) or partial relief (4 of 21) under the treatment strategy.



Outcomes

The median follow-up duration was 26 months (range: 1–120 months). Of all the patients with EGPA, 77.3% and 17.6% achieved complete remission and partial relief, respectively. The overall outcomes were not significantly different between the two groups (Figure 3C). We also summarized the clinical features of death cases in this cohort (Supplementary Table 3). Six patients died, including one with MPO-ANCA (Case 1, 4.0%) and five without ANCA (5.4%). Among them, two patients died due to cancers which were chronic myelomonocytic leukemia and lung cancer; one was due to digestive tract perforation; one was diagnosed as intestinal perforation combined with infection and myocardial involvement; one died of multiple organ failure combined with severe infection; and the last one died of a sudden aneurysm rupture. Of note, most of the death events (five of six) occurred within 6 months, and most patients had used GC and CYC (only one patient used hydroxychloroquine and tripterygium) but none had tried IVIG.

We further performed the survival analysis and found that the cumulative survival rates were comparable in the two groups (Figure 3D).




Discussion

The critical role of ANCA in AAV remains to be a focus. Many studies have explored it extensively, mainly in GPA and MPA. In EGPA, the clinical significance of specific MPO-ANCA, particularly in Chinese patients, was elusive. In this study, we retrospectively investigated the impact of MPO-ANCA on EGPA. The patients with positive MPO-ANCA had higher disease activity and rates of renal involvement, biopsy-proven vasculitis, fever, and myalgia. The patients with negative ANCA developed more cardiac involvement and asthma. The baseline MPO-ANCA titers correlated positively with disease activity. MPO-ANCA was the most significant independent factor associated with renal involvement. Patients with positive MPO-ANCA were administered intravenous CYC and IVIG more frequently than patients with negative ANCA.

In the published papers about EGPA, patients were almost from the cohort of the French Vasculitis Study Group or the United States (7, 8, 14–19), and comprehensive data from Asia, especially from China, were scarce. Therefore, we established such an EGPA cohort to provide more information from China in the field of EGPA. The French Vasculitis Study Group published their findings 20 years ago (14) and subsequently updated many contents from the same cohort in 2013 and 2021 (8, 17), which may be because the disease process and outcomes have been changed with the development of EGPA diagnosis and treatment. For instance, one study from Rodriguez-Pla et al. revealed that, since 1999, the mortality rates of patients with primary systemic vasculitis have progressively decreased in the United States, and they demonstrated the mortality trends of vasculitis in gender, racial, and geographic disparities (19). Therefore, studies from different regions, races, and year ranges are warranted.

We described some similar results with publications of Sablé-Fourtassou et al. or Sinico et al. from European EGPA cohorts (14, 15). However, our study had distinct findings, which provided more evidence for the clinical significance of MPO-ANCA. Notably, ANCA includes MPO-ANCA, PR3-ANCA, and ANCAs without specificity according to target autoantigens. The French cohort in 2013 reported that only 63% of ANCA positivity was positive for MPO-ANCA (8). Many previous studies have just selected total ANCAs detected by immunofluorescence as the stratification marker (7–9). However, our preliminary analysis found that the clinical phenotypic differences of EGPA were more significant based on MPO-ANCA grouping than ANCA grouping. Therefore, this study specifically explored the clinical significance of MPO-ANCA. We compared two European EGPA cohorts with ours as a representative Asian cohort and found some disparities (Table 3). First, our study indicated that fever was more common, and the proportion of fever and myalgia in the MPO-ANCA–positive group was significantly higher than that in the ANCA-negative group. Second, the percentage of asthma at baseline was relatively lower in our cohort, and the ANCA-negative group had a higher proportion of asthma than the MPO-ANCA–positive group. Therefore, it should be aware that not all patients with EGPA would develop asthma in clinical practice especially for the respiratory physician. Third, we demonstrated that BVAS, ESR, and CRP in MPO-ANCA–positive group were significantly higher, and baseline MPO-ANCA titers positively correlated with ESR, eosinophil count, and BVAS, implying the possible pathogenic role of MPO-ANCA and the necessity of repeated MPO-ANCA detection. Moreover, EGPA-associated CNS involvement occurred more commonly in our cohort. Regarding the prognosis and treatment, the European cohort from Papo et al. had a higher proportion of patients with FFS of ≥2 in the MPO-ANCA–positive group than the control group, and MP pulse and immunosuppressants for induction were used more in the patients with positive MPO-ANCA (17). Concerning the mortality, the 2013 French cohort grouped by ANCA revealed that the ANCA-negative group had a higher mortality than the ANCA-positive group at 10 years (8). We found that the proportion of FFS of ≥2 in ANCA-negative group was higher (ANCA+ vs. ANCA−: 33% vs. 46%), but the usage percentage of immunosuppressants for induction was comparable between the two groups and the total usage ratio of immunosuppressants was significantly lower than that in ours and the study of Papo et al. Therefore, we speculated that, at that time, the treatment might be inadequate for patients with negative ANCA in this early EGPA cohort. Together, this cohort from China might reflect some discrepancies between different regions, ethnicities, and year ranges in EGPA.


Table 3 | Comparison of EGPA cohorts from different regions.



MPO-ANCA can activate neutrophils in many ways, releasing reactive oxygen species, granule proteins, and cytokines, which damages tissues (20). In our study, the patients with positive MPO-ANCA suffered more fever and myalgia and had higher ESR, CRP, and BVAS, suggesting MPO-ANCA as an inflammatory mediator. The renal histology implied pauci-immune necrotizing crescentic glomerulonephritis in the patients with positive MPO-ANCA. A recent study with 63-biopsy-proven renal involvement also revealed necrotizing pauci-immune glomerulonephritis as the most common presentation in ANCA-positive patients with EGPA (21). Animal studies have confirmed that the anti-MPO antibody alone can cause necrotizing crescentic glomerulonephritis (22, 23). Together, MPO-ANCA plays an essential role in the pathogenesis of EGPA.

We further explored the correlation of MPO-ANCA level with disease activity in EGPA. The analysis was based on baseline ANCA testing results because repeat ANCA testing was not a routine in our hospital. For patients with positive MPO-ANCA at baseline, MPO-ANCA titers positively correlated with parameters suggestive of disease activity and were associated with the ratio of MP pulse in this cohort. A study from Mayo Clinic reported that 75% of patients with EGPA were ANCA positive during the disease flare, whereas only 16% during remission. ANCA prevalence was 73% before and 36% after treatment. Serial measurements indicated a correlation of MPO-ANCA titers with disease status (24). A prospective AAV cohort study from Japan in 2018 revealed that reappearance of MPO-ANCA may be useful for predicting relapse in the patients with MPO-ANCA–positive AAV in remission. MPO-ANCA could convert to negative after treatment (25). Therefore, for patients who were positive for MPO-ANCA at baseline, monitoring MPO-ANCA levels may be meaningful in terms of observing disease activity and predicting relapse.

Whether EGPA can be divided into two subtypes based on the ANCA status remains controversial. According to our cohort, the MPO-ANCA–positive group had more severe inflammation, higher disease activity and frequencies of renal involvement and biopsy-proven vasculitis, and the ANCA-negative group developed more cardiac manifestations and asthma. The large European cohort reported some similar findings (17). Conversely, the 2020 international consensus on ANCA testing in EGPA suggested that the MPO-ANCA is neither sensitive nor specific enough to identify “vasculitic” or “eosinophilic” EGPA, although patients with MPO-ANCA have more features of vasculitis (26). Even so, it did not mean that MPO-ANCA is not suitable for subclassification, if not simply limited to classify as “vasculitic” and “eosinophilic”. Furthermore, a recent genome-wide association study of EGPA stratified by MPO-ANCA suggests that EGPA may comprise two clinically and genetically distinct syndromes. MPO+ EGPA shares a strong HLA-DQ association with anti-MPO AAV, whereas ANCA-negative EGPA presents with mucosal/barrier dysfunction. Variants with IRF1/IL5 are associated with ANCA-negative EGPA, suggesting that anti-IL5 therapy might be more specific for this subset (27). Although functional studies are needed, this study suggests that patients with positive MPO-ANCA and negative ANCA have fundamentally different genetic background in pathogenesis, which supports MPO-ANCA as a potential biomarker of EGPA stratification.

More specifically, a recent study investigated the clinicopathologic features of EGPA-associated neuropathy with and without MPO-ANCA (10). Compared with the ANCA-negative group, the MPO-ANCA–positive group had higher CRP and percentage of vasculitis suggested by sural nerve biopsy but lower eosinophil infiltration in affected tissues. Furthermore, rare PR3+ EGPA also showed distinct features compared with patients with positive MPO-ANCA and negative ANCA. French Vasculitis and EGPA European Study Group in 2021 reported that PR3+ patients with EGPA shared more clinical features with GPA. Compared with patients with positive MPO-ANCA and negative ANCA, patients with PR3+ ANCA less frequently developed active asthma and peripheral neuropathy and more frequently had cutaneous manifestations and pulmonary nodules and lower eosinophil count (17). Taken together, MPO-ANCA may be an effective stratification biomarker for EGPA.

Recently, the newly revised classification criteria of AAV have incorporated the MPO-ANCA and PR3-ANCA into the system for the first time, highlighting the significance of specific ANCA (28–30). Positive cANCA or PR3-ANCA in GPA and pANCA or MPO-ANCA in MPA are weighted largely in the new criteria, because these antibodies are very commonly seen in GPA or MPA. In EGPA, cANCA or PR3-ANCA is a deduction item, and pANCA or MPO-ANCA is not included in the criteria, possibly because MPO-ANCA positivity is relatively low in patients with EGPA. Therefore, MPO-ANCA may be not appropriate for EGPA classification, but be meaningful for subtype stratification as MPO-ANCA–positive, PR3-ANCA–positive, and ANCA-negative EGPA.

The therapy of CYC combined with GC induced long-term remission in more than 90% of patients with AAV (31), which was the core treatment in our cohort. IVIG was more commonly prescribed in the MPO-ANCA–positive group. More importantly, we found that for patients who were ever administered IVIG therapy, the outcomes might be better, in particular, all deaths occurred in the group without IVIG therapy. Most of the death cases were recorded within 6 months. Therefore, early combination with IVIG on basis of GC and CYC might yield better outcomes for these patients. However, this result is only a rough analysis with confounding factors because it was based on a retrospective cohort. Interestingly, we noted that IVIG is a mainstay in the treatment of Kawasaki disease which is a form of acute vasculitis that mainly occurred in children. If not intervened in the early stage, about 25% of patients will develop serious coronary artery aneurysms (32, 33). Newburger et al. in 2016 reviewed that the risk of coronary artery aneurysms was reduced five-fold if IVIG was used within 10 days of fever onset (34). In our cohort, one patient with EGPA died from a sudden aneurysm rupture, implying the potential benefit of early IVIG usage to prevent serious artery aneurysms in EGPA. A meta-analysis suggested that IVIG potentially reduced levels of ANCA, BVAS, and CRP in patients with active AAV (35). In theory, IVIG preparations might be implicated in neutralizing pathogenic ANCAs by anti-idiotype antibodies (36, 37). One review in 2013 indicated that IVIG had broad immunosuppression in autoimmune diseases such as the expansion of regulatory T cells, modulation of dendritic cells, and blocking cellular receptors (38). Crickx et al. in 2016 reported a retrospective study with 92 patients with AAV using IVIG including 20 patients with EGPA, and the result supports the use of IVIG in AAV as adjunctive therapy, particularly in relapsing or refractory disease (39). The high-dose IVIG might be effective for patients with heart failure or peripheral neuropathy not responsive to standard immunosuppressive therapy (40–42). A recent study suggested that earlier add-on combination administration of IVIG and mepolizumab might be efficient adjunct treatment to induce clinical remission and decrease relapse risk for patients with EGPA (43).

IVIG does have a certain position in the treatment of EGPA; however, in fact, IVIG is mainly used for critically severe patients in our hospital. First, the cost of IVIG for each course of treatment is 20,000–30,000 yuan and is not covered by public insurance, which is hardly affordable for many patients in China. Second, as a blood product, IVIG sometimes is in a state of insufficient supply. Thus, only patients who have severe heart, CNS, or kidney involvements, or are complicated by severe infection could be administered IVIG. All the above factors may partly explain why IVIG was sometimes not given as the first line in a real-world situation. Hoffmann and Enk in 2019 summarized that although IVIG is generally used as a second- or third-line treatment in autoimmune disease including systemic vasculitis; however, the first-line treatment may be warranted in special conditions like concomitant malignancy, foudroyant clinical courses, and contraindications against alternative treatments (32). For these conditions in EGPA, early IVIG usage might be also beneficial as the first-line therapy, which deserves more trials, especially for those at a high risk of death.

This study has limitations. First, as a tertiary referral center in China, most of enrolled hospitalized patients were relatively complicated or severe cases, and the ANCA-negative patients with EGPA were more likely to be hospitalized, causing the ANCA-positive rate to be relatively lower. Second, considering that the sample size was not large enough, some of the findings did not reach statistical difference but have suggested valuable tendencies. Therefore, we are consecutively enrolling more patients to establish a lager EGPA cohort and the prospective multicenter study is warranted.

In summary, this EGPA cohort from China revealed that the patients with positive MPO-ANCA showed an increased disease activity, higher proportions of renal lesions, and biopsy-proven vasculitis, whereas the patients with negative ANCA had more cardiac involvement and asthma. The titers of MPO-ANCA at baseline correlated positively with disease activity. MPO-ANCA positivity was the most significantly independent factor associated with renal involvement in EGPA.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by ethical committee of Peking Union Medical College Hospital. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

LW and FZ designed the study. SL analyzed the data and wrote the manuscript. LW revised the manuscript. LH, YL, JY, YZ, and SL collected the data. ML, XT, XZ, LW, and FZ enrolled and managed the patients. All authors contributed to the article and approved the submitted version.



Funding

The study was supported by the Non-profit Central Research Institute Fund of Chinese Academy of Medical Science (2019XK320022), National Key Research and Development Program (2016YFA0101003 and 2016YFC0903901), National Natural Science Foundation of China (81501414, 81771764, and 81571594), CAMS Innovation Fund for Medical Sciences (2017-I2M-3–008 and 2016-I2M-1–003), and Graduate Innovation Fund of Peking Union Medical College (2019-1002-01).



Acknowledgments

We would like to thank all the patients enrolled in our study and all the professional staff in our hospital.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.885198/full#supplementary-material

Supplementary Table 1 | IVIG usage and outcomes. IVIG, intravenous immunoglobulin.

Supplementary Table 2 | Clinical features of EGPA patients who used IVIG. EGPA, eosinophilic granulomatosis with polyangiitis; IVIG, intravenous immunoglobulin; BVAS, Birmingham Vasculitis Activity Score; FFS, five factor score; PNS, peripheral nervous system; Y, yes, means the patients had heart or PNS involvement; N, no, means the patients did not have heart or PNS involvement in the fourth column and means no biologics were used in the “Biologics” column; MP, methylprednisolone; CYC, cyclophosphamide; Pred, prednisone; LEF, leflunomide; MTX, methotrexate; NA, the information was not clear; AZA, azathioprine; MMF, mycophenolate mofetil; CR, complete remission; PR, partial relief. #, the exact dose is unknown.

Supplementary Table 3 | Clinical features of deaths in the cohort. BVAS, eosinophilic granulomatosis with polyangiitis; FFS, five factor score; GC, glucocorticoid; CYC, cyclophosphamide; FU, follow-up; Y, yes, means the patients were administered the corresponding drugs; N, no, means the patients were not administered the corresponding drugs; HCQ, hydroxychloroquine; T2, Tripterygium.



References

1. Jennette, JC, Falk, RJ, Bacon, PA, Basu, N, Cid, MC, Ferrario, F, et al. 2012 Revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum (2013) 65(1):1–11.

2. Trivioli, G, Terrier, B, and Vaglio, A. Eosinophilic Granulomatosis With Polyangiitis: Understanding the Disease and its Management. Rheumatology (Oxford England) (2020) 59(Suppl 3):iii84–94. doi: 10.1093/rheumatology/kez570

3. Sinico, RA, and Radice, A. Antineutrophil Cytoplasmic Antibodies (ANCA) Testing: Detection Methods and Clinical Application. Clin Exp Rheumatol (2014) 32(3 Suppl 82):S112–7.

4. Suwanchote, S, Rachayon, M, Rodsaward, P, Wongpiyabovorn, J, Deekajorndech, T, Wright, HL, et al. Anti-Neutrophil Cytoplasmic Antibodies and Their Clinical Significance. Clin Rheumatol (2018) 37(4):875–84. doi: 10.1007/s10067-018-4062-x

5. Lanham, JG, Elkon, KB, Pusey, CD, and Hughes, GR. Systemic Vasculitis With Asthma and Eosinophilia: A Clinical Approach to the Churg-Strauss Syndrome. Medicine (1984) 63(2):65–81. doi: 10.1097/00005792-198403000-00001

6. Masi, AT, Hunder, GG, Lie, JT, Michel, BA, Bloch, DA, Arend, WP, et al. The American College of Rheumatology 1990 Criteria for the Classification of Churg-Strauss Syndrome (Allergic Granulomatosis and Angiitis). Arthritis Rheum (1990) 33(8):1094–100. doi: 10.1002/art.1780330806

7. Cottin, V, Bel, E, Bottero, P, Dalhoff, K, Humbert, M, Lazor, R, et al. Revisiting the Systemic Vasculitis in Eosinophilic Granulomatosis With Polyangiitis (Churg-Strauss): A Study of 157 Patients by the Groupe d'Etudes Et De Recherche Sur Les Maladies Orphelines Pulmonaires and the European Respiratory Society Taskforce on Eosinophilic Granulomatosis With Polyangiitis (Churg-Strauss). Autoimmun Rev (2017) 16(1):1–9.

8. Comarmond, C, Pagnoux, C, Khellaf, M, Cordier, J-F, Hamidou, M, Viallard, J-F, et al. Eosinophilic Granulomatosis With Polyangiitis (Churg-Strauss): Clinical Characteristics and Long-Term Followup of the 383 Patients Enrolled in the French Vasculitis Study Group Cohort. Arthritis Rheum (2013) 65(1):270–81. doi: 10.1002/art.37721

9. Sokolowska, BM, Szczeklik, WK, Wludarczyk, AA, Kuczia, PP, Jakiela, BA, Gasior, JA, et al. ANCA-Positive and ANCA-Negative Phenotypes of Eosinophilic Granulomatosis With Polyangiitis (EGPA): Outcome and Long-Term Follow-Up of 50 Patients From a Single Polish Center. Clin Exp Rheumatol (2014) 32(3 Suppl 82):S41–7.

10. Nishi, R, Koike, H, Ohyama, K, Fukami, Y, Ikeda, S, Kawagashira, Y, et al. Differential Clinicopathologic Features of EGPA-Associated Neuropathy With and Without ANCA. Neurology (2020) 94(16):e1726–37. doi: 10.1212/WNL.0000000000009309

11. Liu, S, Guo, L, Zhang, Z, Li, M, Zeng, X, Wang, L, et al. Cardiac Manifestations of Eosinophilic Granulomatosis With Polyangiitis From a Single-Center Cohort in China: Clinical Features and Associated Factors. Ther Adv Chronic Dis (2021) 12:1–12. doi: 10.1177/2040622320987051

12. Luqmani, RA, Bacon, PA, Moots, RJ, Janssen, BA, Pall, A, Emery, P, et al. Birmingham Vasculitis Activity Score (BVAS) in Systemic Necrotizing Vasculitis. QJM (1994) 87(11):671–8.

13. Guillevin, L, Pagnoux, C, Seror, R, Mahr, A, Mouthon, L, and Le Toumelin, P. The Five-Factor Score Revisited: Assessment of Prognoses of Systemic Necrotizing Vasculitides Based on the French Vasculitis Study Group (FVSG) Cohort. Medicine (2011) 90(1):19–27. doi: 10.1097/MD.0b013e318205a4c6

14. Sablé-Fourtassou, R. Antineutrophil Cytoplasmic Antibodies and the Churg–Strauss Syndrome. Ann Intern Med (2005) 143:632–8. doi: 10.7326/0003-4819-143-9-200511010-00006

15. Sinico, RA, Di Toma, L, Maggiore, U, Bottero, P, Radice, A, Tosoni, C, et al. Prevalence and Clinical Significance of Antineutrophil Cytoplasmic Antibodies in Churg-Strauss Syndrome. Arthritis Rheum (2005) 52(9):2926–35. doi: 10.1002/art.21250

16. Moosig, F, Bremer, JP, Hellmich, B, Holle, JU, Holl-Ulrich, K, Laudien, M, et al. A Vasculitis Centre Based Management Strategy Leads to Improved Outcome in Eosinophilic Granulomatosis and Polyangiitis (Churg-Strauss, EGPA): Monocentric Experiences in 150 Patients. Ann Rheum Dis (2013) 72(6):1011–7. doi: 10.1136/annrheumdis-2012-201531

17. Papo, M, Sinico, RA, Teixeira, V, Venhoff, N, Urban, ML, Iudici, M, et al. Significance of PR3-ANCA Positivity in Eosinophilic Granulomatosis With Polyangiitis (Churg-Strauss). Rheumatology (Oxford England) (2021) 60(9):4355–60. doi: 10.1093/rheumatology/keaa805

18. Healy, B, Bibby, S, Steele, R, Weatherall, M, Nelson, H, and Beasley, R. Antineutrophil Cytoplasmic Autoantibodies and Myeloperoxidase Autoantibodies in Clinical Expression of Churg-Strauss Syndrome. J Allergy Clin Immunol (2013) 131(2):571–6 e1-6. doi: 10.1016/j.jaci.2012.05.058

19. Rodriguez-Pla, A, and Rossello-Urgell, J. Trend and Geographic Disparities in the Mortality Rates of Primary Systemic Vasculitis in the United States From 1999 to 2019: A Population-Based Study. J Clin Med (2021) 10(8):1759–71. doi: 10.3390/jcm10081759

20. Nguyen, Y, and Guillevin, L. Eosinophilic Granulomatosis With Polyangiitis (Churg-Strauss). Semin Respir Crit Care Med (2018) 39(4):471–81. doi: 10.1055/s-0038-1669454

21. Durel, CA, Sinico, RA, Teixeira, V, Jayne, D, Belenfant, X, Marchand-Adam, S, et al. Renal Involvement in Eosinophilic Granulomatosis With Polyangiitis (EGPA): A Multicentric Retrospective Study of 63 Biopsy-Proven Cases. Rheumatology (Oxford England) (2021) 60(1):359–65. doi: 10.1093/rheumatology/keaa416

22. Little, MA, Smyth, L, Salama, AD, Mukherjee, S, Smith, J, Haskard, D, et al. Experimental Autoimmune Vasculitis: An Animal Model of Anti-Neutrophil Cytoplasmic Autoantibody-Associated Systemic Vasculitis. Am J Pathol (2009) 174(4):1212–20. doi: 10.2353/ajpath.2009.080458

23. Jennette, JC, Xiao, H, Falk, R, and Gasim, AMH. Experimental Models of Vasculitis and Glomerulonephritis Induced by Antineutrophil Cytoplasmic Autoantibodies. Contrib Nephrol (2011) 169:211–20. doi: 10.1159/000314776

24. Keogh, KA, and Specks, U. Churg-Strauss Syndrome: Clinical Presentation, Antineutrophil Cytoplasmic Antibodies, and Leukotriene Receptor Antagonists. Am J Med (2003) 115(4):284–90. doi: 10.1016/S0002-9343(03)00359-0

25. Watanabe, H, Sada, KE, Matsumoto, Y, Harigai, M, Amano, K, Dobashi, H, et al. Association Between Reappearance of Myeloperoxidase-Antineutrophil Cytoplasmic Antibody and Relapse in Antineutrophil Cytoplasmic Antibody-Associated Vasculitis: Subgroup Analysis of Nationwide Prospective Cohort Studies. Arthritis Rheumatol (2018) 70(10):1626–33. doi: 10.1002/art.40538

26. Moiseev, S, Bossuyt, X, Arimura, Y, Blockmans, D, Csernok, E, Damoiseaux, J, et al. International Consensus on ANCA Testing in Eosinophilic Granulomatosis With Polyangiitis. Am J Respir Crit Care Med (2020) 202:1360–72. doi: 10.1164/rccm.202005-1628SO

27. Lyons, PA, Peters, JE, Alberici, F, Liley, J, Coulson, RMR, Astle, W, et al. Genome-Wide Association Study of Eosinophilic Granulomatosis With Polyangiitis Reveals Genomic Loci Stratified by ANCA Status. Nat Commun (2019) 10(1):5120. doi: 10.1038/s41467-019-12515-9

28. Grayson, PC, Ponte, C, Suppiah, R, Robson, JC, Craven, A, Judge, A, et al. 2022 American College of Rheumatology/European Alliance of Associations for Rheumatology Classification Criteria for Eosinophilic Granulomatosis With Polyangiitis. Ann Rheum Dis (2022) 81(3):309–14. doi: 10.1136/annrheumdis-2021-221794

29. Robson, JC, Grayson, PC, Ponte, C, Suppiah, R, Craven, A, Judge, A, et al. 2022 American College of Rheumatology/European Alliance of Associations for Rheumatology Classification Criteria for Granulomatosis With Polyangiitis. Ann Rheum Dis (2022) 81(3):315–20. doi: 10.1136/annrheumdis-2021-221795

30. Suppiah, R, Robson, JC, Grayson, PC, Ponte, C, Craven, A, Khalid, S, et al. 2022 American College of Rheumatology/European Alliance of Associations for Rheumatology Classification Criteria for Microscopic Polyangiitis. Ann Rheum Dis (2022) 81(3):321–6. doi: 10.1136/annrheumdis-2021-221796

31. Fauci, AS, Haynes, BF, Katz, P, and Wolff, SM. Wegener's Granulomatosis: Prospective Clinical and Therapeutic Experience With 85 Patients for 21 Years. Ann Internal Med (1983) 98(1):76–85. doi: 10.7326/0003-4819-98-1-76

32. Hoffmann, JHO, and Enk, AH. High-Dose Intravenous Immunoglobulin in Skin Autoimmune Disease. Front Immunol (2019) 10:1090. doi: 10.3389/fimmu.2019.01090

33. Burns, JC, Shike, H, Gordon, JB, Malhotra, A, Schoenwetter, M, and Kawasaki, T. Sequelae of Kawasaki Disease in Adolescents and Young Adults. J Am Coll Cardiol (1996) 28(1):253–7. doi: 10.1016/0735-1097(96)00099-X

34. Newburger, JW, Takahashi, M, and Burns, JC. Kawasaki Disease. J Am Coll Cardiol (2016) 67(14):1738–49. doi: 10.1016/j.jacc.2015.12.073

35. Shimizu, T, Morita, T, and Kumanogoh, A. The Therapeutic Efficacy of Intravenous Immunoglobulin in Anti-Neutrophilic Cytoplasmic Antibody-Associated Vasculitis: A Meta-Analysis. Rheumatology (Oxford England) (2020) 59(5):959–67. doi: 10.1093/rheumatology/kez311

36. Jayne, DR, Esnault, VL, and Lockwood, CM. ANCA Anti-Idiotype Antibodies and the Treatment of Systemic Vasculitis With Intravenous Immunoglobulin. J Autoimmun (1993) 6(2):207–19. doi: 10.1006/jaut.1993.1018

37. Pall, AA, Varagunam, M, Adu, D, Smith, N, Richards, NT, Taylor, CM, et al. Anti-Idiotypic Activity Against Anti-Myeloperoxidase Antibodies in Pooled Human Immunoglobulin. Clin Exp Immunol (1994) 95(2):257–62.

38. Schwab, I, and Nimmerjahn, F. Intravenous Immunoglobulin Therapy: How Does IgG Modulate the Immune System? Nat Rev Immunol (2013) 13(3):176–89. doi: 10.1038/nri3401

39. Crickx, E, Machelart, I, Lazaro, E, Kahn, JE, Cohen-Aubart, F, Martin, T, et al. Intravenous Immunoglobulin as an Immunomodulating Agent in Antineutrophil Cytoplasmic Antibody-Associated Vasculitides: A French Nationwide Study of Ninety-Two Patients. Arthritis Rheumatol (2016) 68(3):702–12. doi: 10.1002/art.39472

40. Pecoraro, A, Crescenzi, L, Carucci, L, Genovese, A, and Spadaro, G. Heart Failure Not Responsive to Standard Immunosuppressive Therapy is Successfully Treated With High Dose Intravenous Immunoglobulin Therapy in a Patient With Eosinophilic Granulomatosis With Polyangiitis (EGPA). Int Immunopharmacol (2017) 45:13–5. doi: 10.1016/j.intimp.2017.01.025

41. Tsurikisawa, N, Saito, H, Oshikata, C, Tsuburai, T, and Akiyama, K. High-Dose Intravenous Immunoglobulin Therapy for Eosinophilic Granulomatosis With Polyangiitis. Clin Trans Allergy (2014) 4:38. doi: 10.1186/2045-7022-4-38

42. Koike, H, Akiyama, K, Saito, T, and Sobue, G. Intravenous Immunoglobulin for Chronic Residual Peripheral Neuropathy in Eosinophilic Granulomatosis With Polyangiitis (Churg-Strauss Syndrome): A Multicenter, Double-Blind Trial. J Neurol (2015) 262(3):752–9. doi: 10.1007/s00415-014-7618-y

43. Ikeda, T, Komatsu, T, Yokoyama, K, Takahashi, K, and Kawakami, T. Early Add-on Administration of Mepolizumab and Intravenous Immunoglobulin Effective in Treating Eosinophilic Granulomatosis With Polyangiitis. J Dermatol (2021) 48(4):529–32. doi: 10.1111/1346-8138.15709




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liu, Han, Liu, Yang, Zhang, Li, Tian, Zeng, Wang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-13-885198-g002.jpg
Univariate logistic regression analysis

Asthma+v——
Allergic rhinitis ++—
Fever4+—i
Weight loss +—

CRP4

ESRe

Age+

Male -—a——

MPO-ANCA-{ ——mMF—m

Ear involvement-—a——

OR (95%Cl)
2.036 (0.901-4.601)
1.886 (0.892-3.984)
1.862 (0.893-3.881)
1.734 (0.819-3.671)
1.007 (1.000-1.014)
1.016 (1.003-1.029)
1.018 (0.993-1.043)
2.778 (1.285-6.006)

7.273 (2.499-21.162)
3.994 (1.191-13.394)

r T T T T T

-5 0 5 10 15 20

Odds Ratio

25

P value
0.088
0.097
0.097
0.150
0.066
0.018*
0.167
0.009*

<0.001*
0.025*

Multivariate logistic regression analysis

OR (95%Cl)

ESR¢ 1.005 (0.990-1.021)

Age® 1.000 (0.971-1.030)

Male{—e———

4.041 (1.582-10.324)
MPO-ANCA-{ b—m—F——— —

9.528 (2.708-33.526)

Ear involvement+—4———

4.157 (1.022-16.918)

-5 [ 5 10 15 20 25 30 35 40

Odds Ratio

P value

0.517

0.986

0.004*

<0.001"

0.047*





OEBPS/Images/fimmu-13-885198-g001.jpg
>

150

=3
S

ESR (mm/1h)

BVAS

. . r=0.492
. . *  p=0.027
. [
r ° .
L]
£ T T T ]
50 100 150 200 250

MPO-ANCA (RU/mL)

50 100 150 200

MPO-ANCA (RU/mL)

250

CRP (mg/L)

200
150 e

. ) . r=0.195
1001 o p=0.410

0 50 100 150 200 250
MPO-ANCA (RU/mL)

250
)
é 200
2
€ 150 [ele]
<
g 100
<
8 50
= A
0
o\a"’ o\é‘
\XSQ @QQ

EOS count

50 100 150 200

MPO-ANCA (RU/mL)

250





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Clinical Significance of MPO-ANCA in Eosinophilic Granulomatosis With Polyangiitis: Experience From a Longitudinal Chinese Cohort

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Patients and Methods

        

          		

            Patients

          



          		

            ANCA Detection

          



          		

            Clinical Assessment at Baseline

          



          		

            Treatment Strategy

          



          		

            Follow-Up and Outcomes

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Clinical Features of Patients With EGPA With MPO-ANCA and Without ANCA at Baseline

          



          		

            Correlation of MPO-ANCA Titers at Onset and Other Parameters

          



          		

            Relationship Between Renal Involvement and MPO-ANCA

          



          		

            Pathologic Characteristics

          



          		

            Treatment

          



          		

            Outcomes

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Characteristics MPO-ANCA-positive, n = 20 ANCA-negative, n = 33 P-value
Demographics
Age, years, mean + SD 51.3+14.5 453 £15.3 0.17
Gender, male/female, number 19 27/6 0.04
Time from allergy to EGPA diagnosis 48 (12, 72) 6 (0, 60) 0.16
(month), median (IQR)
Time from initial symptoms to 13 (5, 54) 12 (2, 55) 0.90
EGPA diagnosis (month), median (IQR)
Laboratory tests
Eosinophil count, median (IQR) 3.0(1.3,7.6) 3.6(2.4,83 0.62
Eosinophil ratio, median (IQR) 28.5(12.2,40.8) 30.9 (19.7, 45.8) 0.45
ESR, mm/1 h, median (IQR) 61 (40, 85) 24 (10, 45) <0.001
CRP, mg/L, median (IQR) 36.8 (24.4, 84.4) 19.6 (7.2, 81.0) 0.13
RF, 1U/ml, median (IQR) 39 (16, 135) 14 (10, 51) 0.35
Extravascular eosinophilic infiltration, n (%) 7/9 (77.8) 16/23 (69.6) 1.00
Biopsy-proven vasculitis, n (%) 4/9 (44.4) 2/23(8.7) 0.04
Granuloma, n (%) 2/9 (22.2) 2/23(8.7) 0.56
Clinical manifestations, n (%)
Fever 17 (85.0) 14 (42.4) 0.002
Weight loss 10 (50.0) 14 (42.4) 0.59
Arthritis 2 (10.0) 6(18.2) 0.70
Myalgia 8 (40.0) 7212 0.14
Allergic rhinitis 6 (30.0) 12 (36.4) 0.64
Asthma 11 (55.0) 23 (69.7) 0.28
Gastrointestinal involvement 3(15.0) 13 (39.4) 0.06
Skin involvement 5(25.0) 20 (60.6) 0.01
PNS involvement 13 (65.0) 15 (45.5) 017
CNS involvement 3(15.0) 8(24.2) 0.50
Cardiac involvement 3(15.0) 14 (42.4) 0.04
Ear involvement 4 (20.0) 7(1.2) 1.00
Sinusitis 11 (65.0) 23 (69.7) 0.28
Thrombotic event 3(15.0) 10 (30.3) 0.33
BVAS>15 17 (85.0) 21 (63.6) 0.09
BVAS, median (IQR) 22 (18, 25) 18 (13, 28) 0.50
Five factor score, n (%) 0.37
0 6(30.0) 7212 -
1 9 (45.0) 13 (39.4) =
2 1(5.0) 8(24.2) -
3 4(20.0) 5(15.2) =

ANCA, antineutrophil cytoplasmic antibody; BVAS, Birmingham Vasculitis Activity Score; CNS, central nervous system; CRP, C-reactive protein; EGPA, eosinophilic granulomatosis with
polyangitis; ESR, erythrocyte sedimentation rate; IQR, interquartile range; MPO, myeloperoxidase; PNS, peripheral nervous system; RF, rheumatoid factor. The bold values mean

statistical differences.
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Our study, 2022 Papo et al., 2021 (17) Comarmond et al., 20132 (8)

Country/Region China European France
Patients number 120 734 348
ANCA+, n (%) 29 (24.2) 226 (30.8) 108 (31.0)
MPO-ANCAH, n (%) 25 (20.8) 210 (28.6) 68 (19.5)
PR3-ANCA+, n (%) 5(4.2) 16 (2.2) 4(1.1)
MPO-ANCA+ vs. ANCA-

Female gender, % 48 vs. 40 48 vs. 58 44 vs. 48
Age, years, mean 51vs.44 57 vs. 51 53 vs. 50
CRP, median, mg/L 37 vs. 14 66 vs. 18 79 vs. 59
Eosinophils, median,/mm® 4.2vs. 3.2 5.4 vs.3.2 7.8vs. 7.3
Fever, % 84 vs. 41 36 vs 27 41 vs. 35
Myalgia, % 40 vs. 17 31vs. 28 41vs. 38
Arthralgia, % 12vs. 15 38vs. 25 B34vs. 27
Asthma, % 56 vs. 76 91vs. 93 93 vs. 91
Skin involvement, % 36 vs. 54 38 vs. 34 45 vs. 36
PNS involvement, % 64 vs. 43 71vs. 47 63 vs. 44
CNS involvement, % 16vs. 15 5vs. 3 7vs. 4
Renal involvement, % 80 vs. 36 29vs. 5 27 vs. 16
Gastrointestinal involvement, % 24 vs. 34 15vs. 16 22vs. 23
Cardiac involvement, % 12vs. 39 21vs. 33 8vs. 19°
ENT manifestations, % 60 vs. 65 84 vs. 83 59 vs. 44
BVAS, median 21vs. 15 16 vs. 13 21vs. 18
Five factor score, %

FFS=0 28 vs. 24 59 vs. 63° 33 vs. 22
FFS =1 44 vs. 41 22 vs. 30° 34 vs. 32
FFS>2 28 vs. 35 19vs. 7° 33 vs. 46
Pulses of methylprednisolone, % 36 vs. 25 58 vs. 46 ==
Immunosuppressant for induction, % 92 vs. 85 72 vs. 62 50 vs. 56
Death, % 4vs. 5 B6vs. 5 6vs. 13

@This cohort study was based on ANCA grouping, not MPO-ANCA. ®Only cardiomyopathy was included in this analysis. °The 1996 Five Factor Score system was used here. Numbers
shown in bold are statistically significant. ANCA, antineutrophil cytoplasmic antibody; BVAS, Birmingham Vasculitis Activity Score; CNS, central nervous system; CRP, C-reactive protein;
EGPA, eosinophilic granulomatosis with polyangiitis; ENT, ear, nose, throat; FFS, five factor score; MPO, myeloperoxidase; PNS, peripheral nervous system; PR3, protease 3.
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Characteristics All patientsn = 118  MPO-ANCA-positive, n =25 ANCA-negative,n =93  P-value
Age, years, mean + SD 454 £ 15.0 50.6 +£13.8 44.0 £15.0 0.05
Gender, male/female, number 69/49 18/12 56/37 0.46
Time from allergy to EGPA diagnosis (month), median (IQR) 31(0,77) 48 (7,72) 28 (0, 73) 0.50
Time from initial symptoms to EGPA diagnosis (month), median (IQR) 18 (3,53) 13 (6, 56) 18 (3,50) 0.83
Eosinophil count, median (IQR) 3.2 (1.5, 8.5) 4.2(1.3,87) 32(16,7.2) 0.72
Eosinophil ratio, median (IQR) 28.6 (16.9, 45.9) 31.9 (134, 44.1) 28.5(18.3,45.8) 0.91
ESR, mm/1 h, median (IQR) 34 (11, 53) 53 (40, 79) 26 (9, 44) <0.0001
CRP, mg/L, median (IQR) 21.3 (6.1, 64.9) 36.5 (22.4, 70.0) 13.8 (5.2, 55.7) 0.02
RF, IU/ml, median (QR) 15 (7, 72) 39 (6, 180) 13 (8, 58) 0.32
Eosinophilic infiltration, n (%) 52/75 (69.3) 10/13 (76.9) 42/62 (67.7) 0.74
Biopsy-proven vasculitis, n (%) 18/75 (24.0) 7/13 (63.8) 11/62 (17.7) 0.01
Granuloma, n (%) 11/75 (14.7) 3/13 (23.1) 8/62 (12.9) 0.39
Clinical manifestations, n (%)
Fever 59 (50.0) 21 (84.0) 38 (40.9) 0.0001
Weight loss 45 (38.1) 12 (48.0) 33 (35.5) 0.26
Arthritis 17 (14.4) 3(12.0) 14 (16.1) 1.00
Myalgia 26 (22.0) 10 (40.0) 16 (17.2) 0.02
Allergic rhinitis 50 (42.4) 8(32.0) 42 (45.2) 0.23
Asthma 85 (72.0) 14 (66.0) 71 (76.3) 0.04
Gastrointestinal involvement 38(32.2) 6 (24.0) 32 (34.4) 0.32
Renal involvement 53 (44.9) 20 (80.0) 33 (35.5) <0.0001

Abnormal urine test 51(43.2) 19 (76) 32 (34.4) 0.0002

Increased serum creatinine 15(12.7) 8(32.0) 7(7.5) 0.003
Skin involvement 59 (50.0) 9 (36.0) 50 (53.8) 0.11
PNS involvement 56 (47.5) 16 (64.0) 40 (43.0) 0.06
CNS involvement 18 (15.4) 4(16.0) 14 (15.2) 1.00
Cardiac involvement 39 (33.1) 3(12.0) 6 (38.7) 0.01
Ear involvement 15(12.7) 4(16.0) 1(11.8) 0.52
Sinusitis 72(61.0) 12 (48.0) eo (64.5) 0.13
Thrombotic event 25(21.2) 5 (20) 20 (21.5) 0.87
BVAS>15 61(51.7) 19 (76.0) 42 (45.2) 0.006
BVAS, median (IQR) 16 (10, 22) 21(17, 24) 15 (10, 20) 0.004
Five factor score 0.35

0 29 (24.6) 7(28.0) 22 (23.7) -

1 49 (41.5) 1(44.0) 38 (40.9) -

2 28 (23.7) 3(12.0 25 (26.9) -

3 12(10.2) 4(16.0) 8(8.6) -

*Two patients with only PR3-ANCA positivity were removed. ANCA, antineutrophil cytoplasmic antibody; BVAS, Birmingham Vasculitis Activity Score; CNS, central nervous system; CRP,
C-reactive protein; EGPA, eosinophilic granulomatosis with polyangiitis; ESR, erythrocyte sedimentation rate; IQR, interquartile range; MPO, myeloperoxidase; PNS, peripheral nervous
system; RF, rheumatoid factor. The bold values indicate statistically significant differences.





