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Background

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a multisystem autoimmune disease with small-vessel involvement. In AAV, microscopic polyangiitis (MPA) and granulomatosis with polyangiitis (GPA) are major clinicopathologic variants. In addition, myeloperoxidase (MPO) and proteinase 3 (PR3) are major target antigens. The objective of the study was to explore the predictive factors for long-term survival in AAV patients.



Materials and Methods

A multicenter retrospective study was carried out on 407 patients between 2005 and 2020. Clinical parameters were obtained from laboratory tests including the ANCA types, antinuclear antibody (ANA), extractable nuclear antigen (ENA), anti-streptolysin O (ASO), glomerular filtration rate (GFR), and the laboratory examinations for the blood routine, liver function, renal function, and immunity, etc. The data for clinical parameters were collected from electronic medical records (EMRs), and the data for patient survival were acquired through regular follow-up. The association of clinical parameters with overall survival (OS) along with 3-year and 5-year survival rates was analyzed, and the nomogram as a predictive model was established according to the analysis results.



Results

In the present study, 336 (82.6%) patients and 46 (11.3%) patients were diagnosed with MPA and GPA, respectively. The mean and median OS for all the patients were 2,285 and 2,290 days, respectively. The 1-year, 3-year, 5-year, and 10-year cumulative survival rates for all the patients were 84.2%, 76.3%, 57.2%, and 32.4%, respectively. Univariate and multivariate survival analyses indicated that the independent prognostic factors included age, pathological categories (MPA, GPA, and other types), serum ANCA types (negative or positive for MPO and/or PR3), ANA, ASO, GFR, lymphocyte, neutrophil-to-lymphocyte ratio (NLR), and C-reactive protein (CRP), and these clinical parameters except for ASO were used to construct a nomogram. The nomogram for 3-year and 5-year survival rates had a C-index of 0.721 (95% CI 0.676–0.766). The calibration curves showed that the predicted values of the nomogram for 3-year and 5-year survival rates were generally consistent with practical observed values, and decision curve analysis (DCA) further demonstrated the practicability and accuracy of the predictive model.



Conclusion

Laboratory tests at diagnosis have great significance in the prediction of long-term survival in AAV patients.





Keywords: ANCA-associated vasculitis (AAV), prognosis, overall survival (OS), nomogram, 5-year survival rate, decision curve analysis (DCA)



Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a multisystem autoimmune disease characterized by inflammatory cell infiltration that mainly affects small vessels, with no or few immune deposits (1). AAV has a higher incidence in older people and is regarded as a chronic disease necessary to receive long-term immunosuppressive agents (2). The major clinicopathologic types of AAV include microscopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA), and eosinophilic GPA (EGPA). Among these clinicopathologic types, MPA and GPA account for 90% of AAV cases (3).

In Europe, the prevalence of AAV has been increasing over the past two decades, due to new identification technologies and dramatic advances in therapy contributing to the improvement in AAV patient survival, and it was reported to be in the range from 46 to 184 per million (4). In addition, AAV has an incidence of 13–20 per million annually (2, 4). With respect to Asian populations, the estimated annual incidence of AAV with renal involvement was reported to be 14.8 per million according to a nationwide survey in Japan (5).

Although the introduction of immunosuppressants (e.g., cyclophosphamide, glucocorticoids, and rituximab) contributes to the improvement of the prognosis and remission rate of AAV patients, these patients remain to be at risk of various complications (2). In fact, with a continuous extension of the disease course, renal, otolaryngological, and iatrogenic damage gradually exacerbates in AAV patients. It was estimated that 1/3 of patients with AAV have more than five damaged items 7 years after AAV diagnosis (6). Thus, the risk of mortality increases as AAV progresses, leading to poor long-term prognosis in AAV patients, and it was reported that the 5-year survival rate was approximately 75% (2). However, the long-term prognosis of AAV patients has been poorly understood so far, especially in the Chinese population (7, 8).

With respect to the prognostic factors in AAV patients, several clinical factors were identified to predict overall survival (OS), such as advanced renal failure, pulmonary hemorrhage, usual interstitial pneumonia, age, Birmingham vasculitis activity score (BVAS), accompanying comorbidities, functional status, glomerular filtration rate (GFR), white blood cell (WBC), hemoglobin (Hb), complement 3 (C3), erythrocyte sedimentation rate (ESR), and serum creatinine (Scr) (9–13). Recently, it was reported that neutrophil-to-lymphocyte ratio (NLR) served as a biomarker of severe infection, vasculitis activity, relapse, renal prognosis, and all-cause mortality in AAV. However, whether NLR was related to long-term survival in AAV was controversial (14–17). Platelet-to-lymphocyte ratio (PLR) was identified to be an independent predictor of current vasculitis activity in AAV (18). Moreover, PLR was negatively correlated with GFR, and was a predictor for renal involvement (19). Liver involvement is related to the disease activity and predicts poor clinical outcomes in GPA (20). The antinuclear antibody (ANA) was associated with renal impairment as well as chronic changes in renal histopathology for AAV patients (21). In some regions, anti-streptolysin O (ASO) antibody tests are frequently requested in clinical practice, especially in rheumatology, whereas the usefulness of ASO remains elusive (22). Whether the NLR, PLR, liver involvement, ANA, or ASO had predictive value for long-term survival in AAV patients was unclear.

AAV patients underwent a series of laboratory examinations at diagnosis. In this study, the clinical parameters of AAV patients were obtained from these laboratory examinations. We investigated the association of the clinical parameters with long-term prognosis in AAV and identified the independent prognostic factors, which were used to construct a nomogram. The developed nomogram was used to predict 3-year and 5-year survival rates in AAV patients.



Materials and Methods


Patients

A total of 407 patients were included in the retrospective study, with a new diagnosis of AAV between August 15, 2005, and December 27, 2020, of whom 20 (4.9%), 133 (32.7%), and 254 (62.4%) were diagnosed during 2005–2010, 2011–2015, and 2016–2020, respectively. The AAV diagnosis was determined on the basis of clinical presentations combined with positive ANCA serology. All of the patients were pathologically classified as MPA, GPA, or other types in accordance with the 2012 Revised Chapel Hill criteria (1). The study was carried out at 16 centers in 9 hospitals across 7 provinces, and the leading hospital was the People’s Hospital of Guilin, Guilin, China.

Signed informed consent was unable to be obtained from every patient due to various limitations in the clinical practice. In addition, the study was a non-interventional retrospective study, without any biological tissue sample acquired from the patients. Thus, the signed informed consent was waived in the current study. The study was approved firstly by the independent Medical Ethics Committee of the People’s Hospital of Guilin (No. 2021-073KY), Guilin, China, and then was approved by the independent  Medical Ethics Committee of the Affiliated Hospital of Guilin Medical University (No. 2022QTLL-05), Guilin, China. Eventually, all of the studies were approved by the local ethics committees. Verbal informed consent was obtained from each AAV patient included in our study or the family member of a dead patient during follow-up.

Exclusion criteria included age < 14 years, failure to contact, malignancy, a coexistent multisystem autoimmune condition, and HIV infection.



Clinical Data

AAV patients underwent a series of laboratory examinations at diagnosis, including ELISA of ANCA, indirect immunofluorescence (IIF) of ANCA, blood routine, liver function, and renal function, etc. Additionally, the ANA, extractable nuclear antigen (ENA), lupus, GFR, ESR, C-reactive protein (CRP), urine protein, and rheumatoid factor (RF) were detected in most of the patients. ASO was tested in some patients.

The GFR was estimated from Scr using the classic Cockcroft–Gault formula (23). Vasculitis disease activity was evaluated using BVAS V.2 with 66 items in total (24). The PLR, NLR, and monocyte-to-lymphocyte ratio (MLR) were calculated using the counts of the platelet, lymphocyte, neutrophil, and monocyte. A/G was calculated as the ratio of albumin to globulin.

The clinical data of patients were obtained from electronic medical records (EMRs), and the prognostic information was acquired through regular follow-ups. The OS was calculated from the date of diagnosis with AAV to the date of death from any cause. For the AAV patients surviving by the end of follow-up, the date of the last follow-up was used as the censoring date. The 3-year survival rate and 5-year survival rate were calculated as the cumulative survival rates at the end of 3 and 5 years, respectively.



Statistical Analysis

Survival curves were plotted using the Kaplan–Meier method, and the difference between/among groups was evaluated using the log-rank test. Univariate and multivariate analyses for OS were performed through Cox regression, and the hazard ratio (HR) and 95% CI were calculated using a Cox proportional hazards model. Covariates were identified based on significant prognostic values through forward stepwise regression in univariate analysis and were included in multivariate analysis. The nomogram and calibration were constructed on the basis of the results of the multivariate analysis. The 1-year, 3-year, 5-year, and 10-year survival rates were estimated using the Kaplan–Meier method. The differences between/among groups in the 3-year survival rate as well as the 5-year survival rate were evaluated using a chi-square test. Receiver operating characteristic (ROC) curves were used to evaluate the predictive value of age, BVAS, and hematological parameters for the 3-year survival rate and 5-year survival rate. ROC curves were plotted using R (version 4.1.0) analysis packages including pROC_1.18.0.1, time ROC_0.4, and survival_3.2-7. The plotting of the nomogram along with corresponding calibration curves, calculation of a C-index, and decision curve analysis (DCA) was performed using the R analysis package rms_6.2-0. The correlation between continuous variables was evaluated by Pearson’s or Spearman’s correlation coefficient in accordance with the distribution of values. Statistical analysis was performed using the IBM SPSS software version 26.0 (IBM SPSS Inc., Chicago, IL, USA), and a two-sided p-value of <0.05 was considered to be statistically significant.




Results


Clinical Characteristics at Baseline

The baseline demographic characteristics and laboratory examination results of 407 AAV patients are shown in Table 1. The patients with a median (25th–75th percentile) age of 60 (51–68) years at diagnosis consisted of 198 (48.6%) male patients and 209 (51.4%) female patients. A total of 336 (82.6%) patients and 46 (11.3%) patients were diagnosed with MPA and GPA, respectively. In the present study, MPA and GPA accounted for 91.4% of all AAV patients. On ANCA subtyping through ELISA analysis, 286 (70.3%), 40 (9.8%), 6 (1.5%), and 75 (18.4%) were myeloperoxidase (MPO)-ANCA, proteinase 3 (PR3)-ANCA, double positive for MPO-ANCA and PR3-ANCA, and negative for both, respectively. In the MPA patients, 275 (81.8%) patients tested positive for MPO-ANCA. In the GPA patients, 22 (47.8%) patients tested positive for PR3-ANCA (Table S1). For ANCA subtyping through IIF detection, 317 (77.9%), 43 (10.6%), 3 (0.7%), and 44 (10.8%) were perinuclear ANCA (p-ANCA), cytoplasmic ANCA (c-ANCA), double positive, and negative for both, respectively. The median (25th–75th percentile) Scr, GFR, ESR, and CRP were 237.2 (87.9–509.0) μmol/L, 22.93 (9.94–65.33) ml/min, 74 (44–116) mm/h, and 24.20 (7.05–84.55) mg/L, respectively. A total of 93 (22.9%), 309 (75.9%), 216 (53.1%), and 241 (59.2%) patients underwent ASO, ANA, ENA, and lupus tests, respectively. These test results showed that 39 (41.9%), 102 (33.0%), 48 (22.2%), and 105 (43.6%) were positive, respectively. There were 153 (37.6%) deaths until the end of follow-up. The mean (SE) and median (25th–75th percentile) follow-up periods for all the patients were 1,612 (80) days and 1,266 (654–2,245) days, respectively.


Table 1 | The baseline characteristics of 407 patients with ANCA-associated vasculitis.





Overall Survival

The univariate analysis for the association of clinical parameters with OS in AAV patients is shown in Table S2, and the Kaplan–Meier survival curves are shown in Figures 1, 2. The clinical parameters with continuous variables except for BVAS were cut off by corresponding median values, including Scr, GFR, NLR, red blood cell (RBC), Hb, lymphocyte, eosinophil, total protein (TP), albumin, A/G, uric acid (UA), CRP, ESR, and C3. The mean (SE) and median (95% CI) OS for all the patients were 2,285 (172) and 2,290 (1,866–2,714) days, respectively. There was no significant difference in OS between MPA and GPA (p = 0.78). For the serum ANCA types classified by ELISA, negative MPO-ANCA and PR3-ANCA types indicated better OS as compared to MPO-ANCA alone (p = 0.014), as well as positive MPO and/or PR3 type (p = 0.031), and there was no significant difference in OS between MPO-ANCA alone and PR3-ANCA alone (p = 0.638). With the patterns observed by a means of IIF, negative p-ANCA and c-ANCA types predicted a favorable prognosis, and no significant difference was observed between p-ANCA alone and c-ANCA alone (p = 0.771). Positive ANA type was correlated with increased OS, while positive ASO type was correlated with decreased OS. BVAS > 10 served as a poor prognostic factor. Several clinical parameters were negatively correlated with OS, including Scr, NLR, UA, CRP, and ESR. The clinical parameters that were positively correlated with OS involved GFR, RBC, Hb, lymphocyte, TP, albumin, A/G, and C3. In addition, female AAV patients had marginally longer OS than male AAV patients (p = 0.071), and increased eosinophils were marginally associated with better OS (p = 0.067).




Figure 1 | Association of clinical characteristics with overall survival in patients with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis. (A) Age. (B) Gender. (C) BVAS, Birmingham vasculitis activity score. (D) Pathological categories (MPA, GPA, and other types). MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis. (E) Serum ANCA types (MPO, PR3, negative, and double positive for MPO and PR3) classified by the ELISA. MPO, myeloperoxidase; PR3, proteinase 3. (F) Serum ANCA types (p-ANCA, c-ANCA, negative, and double positive for p-ANCA and c-ANCA) classified by the indirect immunofluorescence (IIF) assay. p-ANCA, perinuclear ANCA; c-ANCA, cytoplasmic ANCA. (G) Negative vs. positive for MPO and/or PR3. (H) Negative vs. positive for p-ANCA and/or c-ANCA. (I) ASO, anti-streptolysin O. (J) ANA, antinuclear antibody. (K) GFR, glomerular filtration rate. (L) ESR, erythrocyte sedimentation rate.






Figure 2 | Relationships between hematological parameters and overall survival in patients with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis. (A) NLR, neutrophil-to-lymphocyte ratio. (B) RBC, red blood cell. (C) Hb, hemoglobin. (D) Lymphocyte. (E) Eosinophil. (F) TP, total protein. (G) Albumin. (H) A/G, albumin-to-globulin ratio. (I) UA, uric acid. (J) CRP, C-reactive protein. (K) C3, complement 3. (L) Scr, serum creatinine.





Three-Year and Five-Year Survival Rates

For all of the AAV patients, the 1-year, 3-year, 5-year, and 10-year cumulative survival rates were 84.2%, 76.3%, 57.2%, and 32.4%, respectively. As shown in Table S3, the influence of the clinical parameters on OS was similar to that on 3-year survival rate as well as 5-year survival rate. There were no significant differences in the 3-year survival rate (p = 0.076) as well as 5-year survival rate (p = 0.119) among the pathological categories of AAV (MPA, GPA, and other types), whereas MPA showed a significantly decreased 3-year survival rate (p = 0.027) and marginally decreased 5-year survival rate (p = 0.0505) as compared to the other types. Moreover, GPA indicated a significantly decreased 5-year survival rate (p = 0.0498). In the serum ANCA types (ELISA), negative MPO-ANCA and PR3-ANCA types showed a higher 5-year survival rate as compared to MPO-ANCA alone (p = 0.005), PR3-ANCA alone (p = 0.007), and positive MPO-ANCA and/or PR3-ANCA type (p = 0.007), and there was a significant difference in the 5-year survival rate among the serum ANCA types (p = 0.008). In addition, negative MPO-ANCA and PR3-ANCA types indicated a higher 3-year survival rate as compared to MPO-ANCA alone (p = 0.005). No significant differences were observed in the 3-year survival rate (p = 0.0504) or 5-year survival rate (p = 0.243) among the ANCA IIF staining patterns consisting of p-ANCA, c-ANCA, and negative type. Positive ANA type was associated with a higher 3-year survival rate and 5-year survival rate. Conversely, positive ASO type was associated with a lower 3-year survival rate and 5-year survival rate. The 3-year and 5-year survival rates negatively correlated with age, BVAS, Scr, NLR, UA, and CRP. ESR only had a negative correlation with the 5-year survival rate. The other clinical parameters were positively correlated with 3-year and 5-year survival rates, including GFR RBC, Hb, lymphocyte, TP, albumin, and A/G. Compared to male AAV patients, female AAV patients had a marginally increased 5-year survival rate (p = 0.067). Additionally, increased eosinophils were associated with an elevated 3-year survival rate.



Receiver Operating Characteristic Curves

ROC curves were plotted to evaluate the sensitivity, specificity, and accuracy of the clinical parameters with continuous variables in the prediction of 3-year and 5-year survival rates, including age, BVAS, Scr, GFR, NLR, RBC, Hb, lymphocyte, TP, albumin, A/G, UA, CRP, ESR, and C3 (Figure 3). The ROC curves were plotted using a time-independent model, and the area under the curve (AUC) was used to evaluate the predictive ability. For the ROC curves for the 3-year survival rate, the AUCs for BVAS, A/G, CRP, and ESR were all <0.6, implying that these clinical parameters had poor predictive value for the 3-year survival rate. In the ROC curves for the 5-year survival rate, only the AUC for C3 exceeded 0.7, suggesting that C3 had the strongest predictive ability among the clinical parameters.




Figure 3 | Receiver operating characteristic (ROC) curves for the predictive ability of clinical parameters with continuous variables in AAV patients. (A) 3-year survival rate. (B) 5-year survival rate. AAV, antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis; BVAS, Birmingham vasculitis activity score; Scr, serum creatinine; GFR, glomerular filtration rate; NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell; Hb, hemoglobin; TP, total protein; A/G, albumin-to-globulin ratio; UA, uric acid; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; C3, complement 3.





Establishment of a Nomogram

In order to construct a nomogram to predict 3-year and 5-year survival rates in AAV patients, independent prognostic factors were determined using multivariate Cox regression analysis. In summary of the above results, the clinical parameters influencing AAV prognosis included age, pathological categories (MPA, GPA, and other types), serum ANCA types (negative or positive for MPO-ANCA and/or PR3-ANCA), ANCA IIF staining patterns (negative or positive for p-ANCA and/or c-ANCA), BVAS, Scr, GFR, NLR, RBC, Hb, lymphocyte, TP, albumin, A/G, UA, CRP, ESR, and C3. As shown in Table 2, age, pathological categories, serum ANCA types (negative or positive for MPO-ANCA and/or PR3-ANCA), ANA, ASO, GFR, lymphocyte, NLR, and CRP were significant independent prognostic factors, and these clinical parameters except for ASO were used to construct the nomogram (Figure 4), in view of the fact that there were excessive missing values for ASO. In addition, the missing values in ANA were replaced with UK (unknown), and the missing values in CRP were replaced with the median value (24.20 mg/L). Each clinical parameter (negative, positive, or a value) reflected a designated score through an upward vertical line, and the point of intersection with the top “Points” line generated a score. All of the scores are added together to obtain a total score, which is present on the “Total Points” line. The 3-year and 5-year survival probabilities were obtained from the total score using a downward vertical line. The C-index (95% CI) of this nomogram was 0.721 (0.676–0.766), indicating high discrimination and a good predictive value of the nomogram.


Table 2 | Multivariate Cox regression analysis for the association of clinical parameters with overall survival in AAV patients.






Figure 4 | The nomogram for 3-year and 5-year survival rates in patients with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis. NLR, neutrophil-to-lymphocyte ratio; GFR, glomerular filtration rate; CRP, C-reactive protein; ASO, anti-streptolysin O; ANA, antinuclear antibody; ANCA ELISA only, serum ANCA types (negative or positive for MPO and/or PR3) only classified using ELISA. MPO, myeloperoxidase; PR3, proteinase 3; UK, unknown, meaning that a clinical parameter was assigned to a score corresponding to “UK” when the clinical parameter was not detected.





Predictive Model Evaluation

The calibration curves and DCA of the nomogram were used to evaluate the predictive model. The calibration curve analysis was performed through bootstrap sampling 1,000 times. The calibration curves for 3-year and 5-year survival rates had no significant deviation from the corresponding reference lines, indicating that the predicted values by the nomogram for 3-year and 5-year survival rates of AAV patients were generally consistent with the actual observed values (Figures 5A, B). The bias-corrected C-index was 0.684. DCA for 3-year and 5-year survival rates showed that high overall net benefits were observed within a wide range of thresholds (Figures 5C, D), indicating that the nomogram had good accuracy and applicability in the prediction of 3-year and 5-year survival rates for AAV patients.




Figure 5 | The calibration curves and decision curve analysis (DAC) of the nomogram in AAV. (A) The nomogram calibration curve for the 3-year survival rate in AAV patients. (B) The nomogram calibration curve for the 5-year survival rate in AAV patients. (C) Nomogram decision curve analysis (DCA) for the 3-year survival rate in AAV patients. (D) Nomogram DCA for the 5-year survival rate in AAV patients. AAV, antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis. In panels (A, B), the dashed lines serve as the reference lines. In panels (C, D), the horizontal black line and green oblique line refer to no AAV patient and all AAV patients, respectively.






Discussion

As far as we know, the present study was the first to find that negative p-ANCA and c-ANCA types, RBC, TP, A/G, UA, ANA, and ASO were related to long-term survival in AAV. In particular with ASO, this study revealed that ASO was an independent prognostic factor and that positive ASO type was associated with shorter OS as well as lower 3-year and 5-year survival rates. In fact, the published studies on ASO were not many. The ASO antibody increases when the body frequently encounters beta-hemolytic streptococci and is easily quantified by a laboratory test (25). It has been reported that glomerulonephritis, tonsillitis/pharyngitis, and rheumatic fever, rather than streptococcus infection diseases, were leading diseases related to increased ASO titers (26). Behcet’s disease (BD) is a systemic immune disease and also a form of vasculitis. It was found that BD patients with high ASO titers were more likely to undergo tonsillitis and erythema nodosum (EN)-like lesions compared to BD patients with normal ASO titers (27). Moreover, the ASO test is a crucial micromethod for the serodiagnosis of rheumatic fever (28, 29), and patients with recurrent tonsillitis episodes and high ASO titers have a high prevalence of rheumatic heart disease (30). This suggests ASO plays a crucial role in rheumatic diseases. In our hospitals, ASO titers of 0~200 IU/ml were deemed as normal levels, namely, negative. For the current study, we illustrated that ASO had high predictive value for long-term prognosis in AAV. Regrettably, only 93 (22.9%) patients underwent ASO tests, as the ASO test is not an essential test in several hospitals.

ANA has been used for a central diagnostic principle of systemic lupus erythematosus (SLE) since 1975 and was first included as an important disease marker in the 1982 revised criteria for SLE, owing to ANA-induced renal damage through various mechanisms including receptor binding, cytokine stimulation, and immune complex deposition (31–36). It was reported that ANA was common in AAV and occurred in 19% of GPA patients, 47% of MPA patients, and 44% of AAV patients without renal involvement (37). Recently, Zhao et al. (21) found that AAV patients with positive ANA type had severer kidney impairment as well as worse renal clinical manifestations and pathological characteristics as compared with AAV patients with negative ANA type. In this study, ANA was first identified to be an independent predictive factor for long-term survival in AAV, indicating that the ANA test is useful and promising in AAV patients. In the nomogram, the missing values in ANA were replaced with the UK, meaning that a score was estimated through the “UK” point when the ANA test was not performed.

In the study, increased NLR was associated with a worse prognosis, while increased lymphocytes were associated with a better prognosis. Recently, Wacrenier et al. (38) demonstrated that lymphopenia was correlated with lower GFR, higher probability of kidney replacement therapy, severer glomerular lesions, and renal survival. It has been reported that higher NLR was correlated with a worse renal prognosis (17). Moreover, we illustrated that increasing GFR was related to better long-term prognosis while increasing Scr was related to worse long-term prognosis in AAV. Taken together, these implied a potential positive correlation between renal prognosis and long-term survival. With respect to RBC and Hb, previous studies found that lower Hb was associated with worse long-term survival (9, 39), and Hb is derived from erythrocytes and is primarily responsible for the transportation of oxygen and carbon dioxide (40, 41). In fact, RBC had a strong positive correlation with Hb in this study (r = 0.914, p = 9.05e−161). Both RBC and Hb were positively correlated with OS as well as 3-year and 5-year survival rates, indicating that anemia is a risk prognostic factor in AAV.

TP consisted of albumin and globulin, and A/G was the ratio of albumin to globulin. TP, albumin, and A/G were all associated with better prognosis, whereas globulin had no association with prognosis; it seemed that albumin played a core prognostic role. In fact, TP was positively correlated with albumin (r = 0.532, p = 3.74e−31), and A/G was strongly correlated with albumin (r = 0.708, p = 4.78e−63). With respect to the role of albumin in AAV, it has been reported that nephrotic hypoalbuminemia was associated with elevated all-cause mortality and reduced OS in AAV (42), and this finding was consistent with our result.

There were some limitations in the present study. For instance, the study lacks a validation cohort to validate the predictive ability of the nomogram; whether the prediction model is applicable to other populations is obscure. On the other hand, the nomogram contained several clinical parameters, including age, pathological categories, serum ANCA types (negative or positive for MPO and/or PR3), ANA, GFR, lymphocyte, NLR, and CRP. The prediction model is hard to be applied to AAV patients when some clinical parameters are not detected in a hospital. With regard to the clinical parameters used to construct the nomogram, age was negatively correlated with GFR (r = −0.234, p = 2 × 10−6), and NLR was negatively correlated with lymphocytes (r = −0.716, p = 2.77e−65), in spite of the fact that these clinical parameters were all significant independent prognostic factors.



Conclusions

In summary, the clinical parameters influencing the long-term prognosis in AAV patients included age, pathological categories (MPA, GPA, and other types), ANCA IIF staining patterns (negative or positive for p-ANCA and/or c-ANCA), serum ANCA types (negative or positive for MPO and/or PR3), BVAS, Scr, GFR, NLR, RBC, Hb, lymphocyte, TP, albumin, A/G, UA, CRP, ESR, and C3. Among these clinical parameters, age, pathological categories, serum ANCA types, ANA, ASO, GFR, lymphocyte, NLR, and CRP were independent prognostic factors, and these clinical parameters except for ASO were used to establish a nomogram. The nomogram has a high predictive value for 3-year and 5-year survival rates. Our study revealed that laboratory examinations at diagnosis had great significance for predicting long-term prognosis in AAV patients.
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Characteristics Total, n (%) Median (25th-75th percentile)

Age at diagnosis 407 (100.0%) 60 (51-68) years
Gender

Male 198 (48.6%)

Female 209 (51.4%)
BVAS

<10 123 (30.2%)

>10 284 (69.8%)
Clinicopathology

MPA 336 (82.6%)

GPA 46 (11.3%)

Other types 25 (6.1%)
ANCA ELISA only
MPO 286 (70.3%)
PR3 40 (9.8%)
Double positive 6 (1.5%)
Negative 75 (18.4%)
ANCA IIF only

p-ANCA 317 (77.9%)

Cc-ANCA 43 (10.6%)

Double positive 3(0.7%)

Negative 44 (10.8%)
Scr 407 (100.0%) 237.2 (87.9-509.0) pmol/L.
GFR 407 (100.0%) 22.93 (9.94-65.33) ml/min
ESR 387 (95.1%) 74 (44-116) mm/h
CRP 372 (92.6%) 24.20 (7.05-84.55) mg/L
WBC 407 (100.0%) 8.60 (6.52-11.80), x10%/L
RBC 407 (100.0%) 2.96 (2.40-3.72), x10'?/L
Hb 407 (100.0%) 84 (70-106), g/L
Platelet 407 (100.0%) 255 (181-332), x10%/L
Neutrophil 407 (100.0%) 6.50 (4.60-9.33), x10%/L
Monocyte 407 (100.0%) 0.49 (0.34-0.71), x10%L
Lymphocyte 407 (100.0%) 1.14 (0.80-1.70), x10%/L
Eosinophil 407 (100.0%) 0.10 (0.01-0.26), x10%/L
Basophil 407 (100.0%) 0.02 (0.01-0.04), x10%/L
PLR 407 (100.0%) 222.00 (137.83-312.96)
NLR 407 (100.0%) 5.54 (3.33-9.53)
MLR 407 (100.0%) 0.38 (0.25-0.59)
P 407 (100.0%) 62.7 (65.9-68.4), g/L
Prealbumin 407 (100.0%) 770 (515-1,020), mg/L
Albumin 407 (100.0%) 29.9 (26.1-35.2), g/L
Globulin 407 (100.0%) 32.3 (26.5-37.6), g/L
AG 407 (100.0%) 0.958 (0.744-1.219)
ALT 407 (100.0%) 13.3 (8.25-25.5), UL
AST 407 (100.0%) 18.7 (14.5-29.7), UL
TBIL 407 (100.0%) 6.4 (4.6-8.9), umol/L
DBIL 407 (100.0%) 2.9 (1.9-3.9), umol/L
IBIL 407 (100.0%) 4.6 (2.7-6.5), umol/L.
Total cholesterol 407 (100.0%) 4.30 (3.25-5.28), mmol/L
Triglyceride 407 (100.0%) 1.20 (0.86-1.63), mmol/L.
BUN 407 (100.0%) 12.25 (6.01-20.7), mmol/L
UA 407 (100.0%) 383.3 (269.0-488.7), umol/L
c3 359 (88.2%) 0.863 (0.711-1.073), g/L
c4 359 (88.2%) 0.231 (0.184-0.296), g/L
IgA 359 (88.2%) 2.26 (1.52-3.00), g/L
19G 359 (88.2%) 13.68 (9.84-17.06), g/l
IgM 359 (88.2%) 0.96 (0.71-1.59), g/L.
Urine protein

Positive 282 (69.3%)

Negative 108 (26.5%)

Not detected 17 (4.2%)
ASO

Positive 39 (9.6%)

Negative 54 (13.3%)

Not detected 314 (77.1%)
ANA

Positive 102 (25.1%)

Negative 207 (50.9%)

Not detected 98 (24.1%)
RF

Positive 93 (22.9%)

Negative 201 (49.4%)

Not detected 113 (27.8%)
ENA

Positive 48 (11.8%)

Negative 168 (41.3%)

Not detected 191 (46.9%)
Lupus

Positive 105 (25.8%)

Negative 136 (33.4%)

Not detected 166 (40.8%)
Death

Yes 153 (37.6%)

No 254 (62.4%)

ANCA, antineutrophil cytoplasmic antibody; BVAS, Birmingham vasculitis activity score; MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis; MPO, myeloperoxidase;
PR3, proteinase 3; lIF, indirect immunofiuorescence; c-ANCA, cytoplasm-ANCA; p-ANCA, peripheral-ANCA; Scr, serum creatinine; GFR, glomerular filtration rate; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; WBC, white blood cell; RBC, red blood cellt; Hb, hemoglobin; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR,
monocyte-to-lymphocyte ratio; TP, total protein; A/G, albumin-to-globulin ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubir
IBIL, indirect bilirubin; BUN, blood urea nitrogen; UA, uric acid; C3, complement 3; C4, complement 4; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; ASO, anti-
streptolysin O; ANA, antinuclear antibody; RF, rheumatoid factor: ENA, extractable nuclear antigen.






