

[image: Using two-step cluster analysis to classify inpatients with primary biliary cholangitis based on autoantibodies: A real-world retrospective study of 537 patients in China]
Using two-step cluster analysis to classify inpatients with primary biliary cholangitis based on autoantibodies: A real-world retrospective study of 537 patients in China





ORIGINAL RESEARCH

published: 04 January 2023

doi: 10.3389/fimmu.2022.1098076

[image: image2]


Using two-step cluster analysis to classify inpatients with primary biliary cholangitis based on autoantibodies: A real-world retrospective study of 537 patients in China


Dan-Tong Zhao 1*, Hui-Ping Yan 1,2, Hui-Yu Liao 2, Yan-Min Liu 2, Ying Han 2, Hai-Ping Zhang 1, Wei-Ming Zhang 3, Chun-Yang Huang 2, Xiu-Hong Liu 1, Jin-Li Lou 1 and Yan Zhao 1,4*


1 Clinical Laboratory Center and Clinical Research Center for Autoimmune Liver Disease, Beijing You’An Hospital, Capital Medical University, Beijing, China, 2 Second Department of Liver Disease Center, Beijing You’An Hospital, Capital Medical University, Beijing, China, 3 Department of Clinical Laboratory Diagnosis, Beijing You’An Hospital, Capital Medical University, Beijing, China, 4 Clinical Laboratory Center, Beijing Chest Hospital, Capital Medical University, Beijing, China




Edited by: 

Hani S. Mousa, University of Cambridge, United Kingdom

Reviewed by: 

Edward Needham, University of Cambridge, United Kingdom

Koshy Nithin Thomas, Sanjay Gandhi Post Graduate Institute of Medical Sciences (SGPGI), India

*Correspondence: 

Dan-Tong Zhao
 zhaodt@ccmu.edu.cn
 zhaodt2007@126.com 

Yan Zhao
 zhaoyan@ccmu.edu.cn

Specialty section: 
 This article was submitted to Autoimmune and Autoinflammatory Disorders : Autoimmune Disorders, a section of the journal Frontiers in Immunology


Received: 14 November 2022

Accepted: 14 December 2022

Published: 04 January 2023

Citation:
Zhao D-T, Yan H-P, Liao H-Y, Liu Y-M, Han Y, Zhang H-P, Zhang W-M, Huang C-Y, Liu X-H, Lou J-L and Zhao Y (2023) Using two-step cluster analysis to classify inpatients with primary biliary cholangitis based on autoantibodies: A real-world retrospective study of 537 patients in China. Front. Immunol. 13:1098076. doi: 10.3389/fimmu.2022.1098076




Background

A variety of autoantibodies have been detected in primary biliary cholangitis (PBC), while the presence of autoantibody clusters and their clinical significance have not been fully understood. We aimed at defining autoantibody clusters and to better understand the clinical features and prognosis of PBC patients based on autoantibody clusters under real-world conditions.



Methods

We retrospectively analyzed 788 inpatients with PBC evaluated between October 2008 and July 2019, and included 537 patients. Nineteen autoantibodies which were measured routinely were investigated for cluster analysis. Two-step clustering, Kaplan-Meier survival, and Cox regression analyses were used.



Results

Five clusters were defined. A cluster of antinuclear antibodies (ANA) and anti-gp210 positive patients were identified with a high rate of cirrhosis at baseline and low survival rate; a cluster of ANA, anti-centromere antibodies (ACA) and/or anti-CENP-B female dominant patients with older disease onset, low level of platelet count at baseline, high rate of hepatic decompensation, and low survival rate was also characterized; and another cluster of anti-mitochondrial antibodies (AMA) and/or AMA-M2, anti-Ro52 and a high rate of anti-gp210 positive patients were identified with a high proportion of male patients and low survival rate. A subgroup of patients with anti-SSA and/or anti-SSB coexists with SjS was also identified; patients with only AMA and/or AMA-M2-positive with a benign clinical outcome and relatively high complication of non-alcoholic fatty liver disease (NAFLD) were also identified. Only anti-gp210 was considered as a significant predictor for poor outcomes especially in patients with cirrhosis.



Conclusion

Clustering methods allow the identification of distinct autoantibody profiles of PBC that form clinical subsets and can be useful for personalized approaches to diagnosis, clinical management, and the prediction of clinical outcomes. Anti-gp210 was the strongest predictive factor for poor outcomes especially in PBC patients with cirrhosis under real-world conditions.
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Introduction

Primary biliary cholangitis (PBC) is a chronic inflammatory autoimmune cholestatic liver disease with a progressive course that may extend over several decades. If left untreated, the disease will develop into end-stage biliary cirrhosis (1, 2). It is most commonly recognized in women in their 5th or 6th decade of life and is characterized by cholestasis in the presence of radiologically normal bile ducts and serological reactivity to anti-mitochondrial antibodies (AMA) or PBC-specific antinuclear antibodies (ANA) (2, 3). Due to its heterogeneous course and outcome, the rate of disease progression varies greatly among individual patients (4).

Serum autoantibodies are crucial tools for the differential diagnosis of PBC and more than 60 autoantibodies have been detected in PBC patients, of which some have been considered to be PBC-specific and have been examined for their diagnostic utility and prognostic values, such as antiglycoprotein (anti-gp) 210, anti-sp100, and anti-centromere antibodies (ACA) (5–7). However, the clustering based on autoantibody profiles and the clinical significance of autoantibody clusters has not been fully understood.

Real-world data are crucial for understanding not only the treatment effectiveness and safety but also disease diagnosis and progression in everyday clinical practice, particularly in patient populations with PBC that may be underrepresented or excluded from clinical trials, such as those with cirrhosis and mixed phenotypes [e.g. overlap autoimmune hepatitis(AIH)] (8, 9). The present study aimed to define the autoantibody clusters and to analyze their correlations with clinical features based on readily available routine measured autoantibodies; moreover, to better understand the prognosis of PBC patients based on autoantibody clusters in a large retrospective cohort under real-world conditions.



Methods


Study population

We performed a retrospective cohort analysis of inpatients with discharge diagnosis of PBC who had immune serological investigations of autoantibodies and attended or were followed up at Beijing You’an hospital between October 2008 and July 2019. The follow-up data were collected until September 2019. The diagnosis of PBC was referred to the Chinese clinical practice guidelines (10), the American Association for the Study of Liver Diseases and the European Association for the Study of the Liver practice guidelines for PBC (2, 4). The main criteria consisted of biochemical evidence of cholestasis with an elevation of alkaline phosphatase (ALP) activity; presence of AMA and/or AMA-M2, or other PBC-specific autoantibodies, including sp100 or gp210, if AMA is negative; histopathological evidence of non-suppurative cholangitis, and destruction of small or medium-sized bile ducts (if a biopsy was performed). A liver biopsy was performed only if the patient met liver biopsy recommendations for the diagnosis of PBC, had no liver decompensation and was at low risk of liver biopsy. The histological stages were determined according to Ludwig’s classification (11). Briefly, stage 1 was characterized by inflammatory destruction of intrahepatic small bile ducts, stage 2 by proliferation of bile ductules and/or piecemeal necrosis, stage 3 by fibrosis and/or bridging necrosis, and stage 4 by cirrhosis. Ursodeoxycholic acid (UDCA) therapy was initiated once the diagnosis was made and maintained at a dose of 13-15 mg/kg during follow-up. The patients with concomitant features of AIH, as defined by the current PBC treatment guidelines fulfilled the Paris criteria for PBC-AIH overlap (10, 12). Patients with present chronic hepatitis B, hepatitis A, hepatitis C, and hepatitis E were not included.



Study design

Baseline demographic and clinical factors (sex, age, disease duration, signs and symptoms, history of comorbidities, physical examination, biochemical, and serological features) were documented on initial presentation. The nature of co-existent diseases affecting the liver and several other autoimmune disorders were recorded. Cirrhosis was assessed by computed tomography, magnetic resonance imaging or ultrasound examinations, and was diagnosed histologically (if available) or clinically in accordance with Chinese guidelines on the management of liver cirrhosis (13). Hepatic decompensation was defined as the occurrence of variceal bleeding, hepatic encephalopathy, or ascites, whichever occurred first. Past hepatitis B virus (HBV) infection was defined as positive antibody to hepatitis B core antigen (anti-HBc) plus negative hepatitis B surface antigen (HBsAg) (14). Inactive HBV carriers were defined by persistent HBsAg, antibody to hepatitis B e antigen (anti-HBe), low-serum HBV DNA, and normal alanine transaminase (ALT) levels (15). The duration of the disease was defined as the time of history from the diagnosis of PBC to the end of the last follow-up. The duration of follow-up was defined as the time from the first visit to the end of the last follow-up prior to analysis of the data, or the date of transplantation or date of death (event) (7, 16). The patients were classified as lost to follow-up if they could not be contacted or no information was available on their medical condition for more than 6 months. The following clinical outcome measures were considered to be of major interest: death (from any cause and liver-related causes), liver transplantation, hepatic decompensation (variceal bleeding, hepatic encephalopathy, or ascites, whichever occurred first), and hepatocellular carcinoma (HCC). The poor outcomes included liver transplantation and/or death, HCC, and hepatic decompensation. Transplant-free survival was defined as survival free of liver-related death, or liver transplantation (17). Adverse outcome-free survival was defined as survival free of poor outcomes.



Parameters

A total of 19 autoantibodies were investigated for cluster analysis to identify subsets of patients with PBC. All of these antibodies were measured routinely at the Clinical Laboratory Center and Clinical Research Center for Autoimmune Liver Disease of Beijing You’An Hospital using standard procedures. Autoantibodies tests were prescribed on a fixed basis for patients with autoimmune liver disease (AILD), and the kinds of autoantibodies depended on the kit tests panel. ANA, AMA, and ACA which were common found in PBC patients were determined by indirect immunofluorescence (IIF) using Liver Mosaic test kit (EUROIMMUN, Lübeck, Germany), and a titer ≥1:100 was interpreted as positive. AMA-M2 was detected by enzyme-linked immunosorbent assay (ELISA) using AMA-M2 detection kit (Kexin, Shanghai, China), and the results more than 25RU/mL was interpreted as positive. Anti-extractable nuclear antigens (ENAs) including anti-centromere protein B (CENP B), anti-Ro52, anti-SSA, anti-SSB, anti-Sm, anti-nRNP, anti-dsDNA, anti-Rib, anti-His, anti-Nuk, anti-Scl70, and anti-Jo1 were assessed by immunoblot assays using EUROLine ANA Profile test kit (EUROIMMUN, Lübeck, Germany). The AILD-related autoantibodies including anti-gp210, anti-sp100, anti-SLA, anti-LKM1, and anti-LC1 were assessed by line immunoassay (LIA) using Antibody Profile in Autoimmune Liver Diseases test kit (YHLO, Shenzhen, China).

The associations between autoantibody clusters and baseline data of recognized adverse presenting phenotypes were assessed. The parameters included serum hepatic aminotransferases [aspartate aminotransferase (AST) or ALT] above the clinical laboratory upper limit of normal (ULN) [AST ULN=35U/L (women) or 40U/L (men); ALT ULN= 40 U/L (women) or 50U/L (men)], ALP above 1.5×ULN [ALP ULN=135 U/L (women) or 125U/L(men)], serum bilirubin above ULN (=21 µmol/L), serum albumin below the clinical laboratory lower limit of normal (LLN)(=40g/L), serum immunoglobulin (Ig)G/IgA/IgM above ULN (7, 18) (IgG ULN=16.0g/L, IgA ULN=4.0g/L, IgM ULN=2.3g/L), and platelet counts. The associations between individual autoantibodies and clinical features and outcomes of patients with PBC were assessed and the probabilities of transplant-free survivals and adverse outcome-free survivals among autoantibody clusters were compared prior to and following adjustment for age-onset and sex. Furthermore, the prognostic value of autoantibodies associated with clinical outcomes was finally conducted to elucidate the kind of autoantibody, which played a crucial part in the clusters.



Statistical analysis

All statistical analyses were performed using the statistical package of IBM SPSS Statistics for Windows version 23 (IBM Corporation, Armonk, NY, USA). Due to the large sample size of the present study, a two-step cluster analysis procedure was conducted over the 19 antibodies (16). To assess the quality of the clustering, the silhouette measure of cluster cohesion and separation is used. Silhouette measure utilizes values between –1 ≤ 0 ≤ 1. Higher values indicate a better clustering structure. Since all the antibody variables examined were categorical variables, the log-likelihood distance was selected for the distance measure and Schwarz’s Bayesian Information Criterion (BIC) was used for the clustering criterion in our cohort. Continuous variables were expressed as mean ± s.d., and categorical variables were presented as the number (or percentage) of the subjects.

In order to compare the trends of prevalence of the autoantibodies among different clusters, a Z score transformation of the autoantibody frequencies was performed (19). The Z scores simplify the clinical interpretation due to the mean of 0 and the normal range of -2.0 to +2.0. A Z-score higher than the population mean will exhibit a positive value, whereas a Z-score below the population mean will exhibit a negative value. The higher the deviation of the Z-score from zero (in a positive or negative direction), the greater the magnitude of the deviation from the mean (20). A value that is 2 standard deviations above the mean (the 97.7th percentile) will exhibit a Z-score of +2.0. To determine the presence of significant differences between the clusters, the Kruskal-Wallis H test was used for the assessment of continuous variables with skewness distribution, and the chi-square test was used for the assessment of categorical variables. Binary logistic regression was performed and the odds ratios (ORs) with 95% CIs were used to quantify the relationship between individual autoantibodies and clinical manifestations and outcomes. The probability of survivals of the five clusters of patients was calculated by Kaplan-Meier plots and compared using log-rank tests and Cox regression. Univariate and multivariate analyses of autoantibody clusters and individual autoantibodies were used to determine the association with survival by the stepwise Cox model. The hazard ratio (HR) was calculated by the Cox regression model in both univariate and multivariate analyses. All analyses were two-sided, with P values < 0.05 being considered statistically significant. To control for multiple testing, P values were corrected (Pc) by the number of comparisons, according to the Bonferroni’s inequality method.




Results


Description of the cohort

A total of 788 patients were investigated within the study period and 537 patients with PBC were identified (Figure 1A). The percentages of the predominant autoantibody profiles (more than 10%) in patients with PBC were as follows: AMA and/or AMA-M2 (95.0%), ANA (88.1%), anti-Ro52 (39.5%), anti-gp210 (37.4%), ACA and/or anti-CENP-B (24.4%), anti-sp100 (16.6%), and anti-SSA (14.5%). Moreover, anti-LKM1 was not found in the study population (Table 1). For the 27 AMA-negative patients, 26 patients were positive for anti-gp210 and/or anti-sp100, only 1 patient was positive for ACA and/or anti-CENP-B with histological diagnosis of PBC (stage 2).




Figure 1 | (A) Flowchart for selection of patients with PBC and follow-up of the study cohort stratified by autoantibody clusters. (B) Main characteristics of the five clusters (clusters 1-5) of patients with PBC.




Table 1 | Comparision and Z Score transformation of autoantibody frequencies in patients with PBC by clusters.



The median age at the time of diagnosis was 55 years (range: 25-87), and 470 (87.5%) patients were women. Serum AST or ALT activities were elevated in 62.1% of the patients (329/530), and 48.0% of the patients (251/523) demonstrated biochemical evidence of cholestasis with serum ALP levels higher than 1.5×ULN. Moreover, 62.4% of the patients (328/526) exhibited serum bilirubin levels higher than ULN. Low serum albumin was found in 73.2% of the patients (385/526). The median platelet counts at baseline were 136×109/L. The percentages of patients who exhibited elevated serum IgM, IgG and IgA levels were 70.2% (327/466), 54.1% (252/466), and 35.0% (163/466) respectively. It is worth noting that 295 (54.9%) of patients presented with cirrhosis at baseline. A total of 173 out of 456 patients (37.9%) exhibited past HBV infection and 2 (0.4%) were inactive HBV carriers. Fatigue, pruritus, and dryness were identified in 44.8% (223/498), 15.5% (77/498), and 8.6% (43/498) of the patients who were enrolled in the present study. The most common comorbidities were hypertension 14.7% (73/498) and diabetes mellitus 12.2% (61/498). The following extrahepatic autoimmune diseases (EHAIDs) were reported: Sjögren’s syndrome (SjS) in 7.2% patients (36/498), rheumatoid arthritis (RA) in 1.8% of patients (9/498), and autoimmune thyroid disease in 0.8% of patients (4/498). A total of 99 (18.4%) patients presented with coexistent diagnoses affecting the liver, 38 (7.1%) of whom had features of clinically classified PBC-AIH overlap; the remaining 61 had coexistent non-autoimmune liver disease [34 presented with drug-induced liver injury, 15 with alcohol-related liver disease, 10 with non-alcoholic fatty liver disease (NAFLD), and 2 with NAFLD and drug-induced liver injury] (Table 2).


Table 2 | Baseline parameters and clinical outcomes of patients with PBC among autoantibody clusters.





Autoantibody clusters and their baseline clinical features

The results that emerged from the two-step cluster analysis revealed that the best fit was noted for the five major autoantibody clusters corresponding to the 537 patients. The average silhouette of the model was 0.4. The largest cluster was 125 patients (23.2%), and the smallest cluster was 84 patients (15.6%). The ratio of the cluster sizes (largest cluster to smallest cluster) was 1.49. The autoantibody frequencies and the Z score transformation are shown in Table 1 and Figure 2. Significant differences were noted in the frequencies of 15 autoantibodies, with the exception of anti-Rib, anti-His, and anti-Scl70. Only autoantibodies that were present in at least 50% of patients in a cluster were considered to be a strong characteristic of the cluster (21). Low prevalence (less than 10%) autoantibodies were not considered an important characteristic of this or any other cluster.




Figure 2 | (A) Autoantibody clusters of patients with PBC in the study. Heatmap shows the Z Scores of the frequencies for each autoantibody by cluster. The scale on the right denotes Z Scores of antibody frequencies from grey (-2.0, low) to red (+2.0, high). Heatmap rows corresponding to clusters 1, 2, 3, 4 and 5 are indicated. (B) Radar plots shows the Z Scores of the frequencies for each autoantibody by cluster. For a given circle each radius represents Z Scores of each autoantibody frequency. Points at the center represent -2.0, whereas points at the perimeter represent +2.0.



Cluster 1 (n=107, 19.9%). The patients were all positive for both ANA and anti-gp210 and exhibited the highest prevalence with regard to biochemical markers of the adverse presenting phenotypes-AST or ALT >ULN (69.2%, P=0.034) and ALP >1.5×ULN (60.2%, P=0.039) among the five clusters. The percentage of serum bilirubin >ULN [68.3% vs. 47.9% (cluster 4, Pc=0.04)], serum albumin <LLN [84.6% vs. 65.6% (cluster 3, Pc=0.01)] and cirrhosis [69.2% vs. 38.4% (cluster 3, Pc<0.0001)] were higher compared with those noted in the other clusters (Tables 1, 2; Figure 1B).

Cluster 2 (n=120, 22.3%). The patients were characterized by the highest prevalence of anti-SSA (47.5%), anti-SSB (14.2%), and anti-sp100 (51.7%) compared with those of the other clusters (the overall P values and Pc values were all <0.05). The main distinctive baseline clinical feature of this cluster was the lowest median age compared with other clusters (P=0.012), notably compared with cluster 4 (Pc=0.02). The percentage of IgG >ULN (65.3%) was the highest among the five clusters examined (P=0.002). The most common associated condition of cluster 2 was the high prevalence of SjS compared with other clusters (14.2%, P=0.002) (Tables 1, 2; Figure 1B).

Cluster 3 (n=125, 23.3%). The patients were all positive for AMA and/or AMA-M2 with the lowest frequency of ANA (64.0%) compared with other clusters (overall P values and Pc values were all <0.0001). In addition to the dominant antibodies, the prevalence of anti-gp210 (7.2%) in cluster 3 was less than 10% and other antibodies were negative. The percentage of serum albumin <LLN (65.6%) was the lowest among the five clusters (P=0.024). The baseline median levels of the platelet count in cluster 3 were higher than those noted in the other clusters (P=0.001) and was significantly higher than that of cluster 4 (Pc<0.0001). Moreover, the percentage of cirrhosis of cluster 3 (38.4%) was the lowest among the five clusters (P<0.0001) and the prevalence of SjS in this cluster was significantly lower than that noted in the other clusters (P=0.002). However, the prevalence of NAFLD (5.6%) in cluster 3 was the greatest among the five clusters (P=0.039) (Tables 1, 2; Figure 1B).

Cluster 4 (n=101, 18.8%). All patients in this cluster were positive for ANA and were characterized by the highest prevalence of ACA and/or anti-CENP-B (98.0%) compared with that of other clusters (overall P values and Pc values were all <0.0001). The main distinctive baseline clinical feature of this cluster was the highest median age compared with that of other clusters (P=0.012). The proportion of females was higher than that noted in other clusters (P=0.035). The patients in this cluster exhibited significantly lowest prevalence of serum bilirubin >ULN compared with that of other clusters (P=0.012). However, cluster 4 exhibited the lowest baseline median levels of the platelet count among the five clusters (P=0.001) (Tables 1, 2; Figure 1B).

Cluster 5 (n=84, 15.6%). The patients were all positive for both AMA and/or M2 and anti-Ro52. The frequency of anti-gp210 was lower than that noted in cluster 1 (47.6% vs. 100.0%, Pc<0.0001) and significantly higher than that noted in cluster 3 (47.6% vs. 7.2%, Pc<0.0001) and cluster 4 (47.6% vs. 4.0%, Pc<0.0001). The proportion of male patients was the highest in cluster 5 compared with that of other clusters (P=0.035), notably cluster 4 (19.0% vs. 5.0%, Pc=0.040). The percentage of cirrhosis of this cluster was higher than that of cluster 3 (61.9% vs. 38.4%, Pc=0.001). (Tables 1, 2; Figure 1B).



Associations between individual autoantibodies and clinical features and outcomes

Predominant autoantibodies or over-represented clinical features and outcomes of each clusters as identified by cluster analysis were listed together for easier visualization (Tables 1, 2; Figure 1B). The findings were highlighted in bold font in tables which indicated they were with the greatest prevalence among clusters and/or overall P value <0.05. This analysis was performed without prior clustering. The separate association analysis between individual autoantibodies and clinical features was partly consistent with the previous observations derived from the cluster analysis (Table 3).


Table 3 | Associations between individual autoantibodies, clinical features and outcomes of patients with PBC .



ANA was the predominant autoantibody of each cluster, and was marginally associated with patients combined with NAFLD (OR: 0.233, 95% CI: 0.059-0.913, P=0.037). AMA and/or AMA-M2 were not associated with all over-represented clinical manifestations and outcomes of each cluster as identified by cluster analysis. This was consistent with the observations from previous cluster analysis since AMA and/or AMA-M2 were the predominant autoantibodies of all clusters, even in cluster 1 with the lowest prevalence of 84.1% compared with cluster 2 (96.7%, Pc=0.01), cluster 3 (100.0%, Pc<0.0001), and cluster 5 (100.0%, Pc<0.0001).

ACA and/or anti-CENP-B were the predominant autoantibodies of cluster 4 and were associated with lower serum bilirubin (OR: 0.463, 95% CI: 0.250-0.856, P=0.014), lower platelet count (OR: 0.995,95% CI: 0.991-0.999, P=0.021), lower levels of IgG (OR: 0.086, 95% CI: 0.033-0.221, P<0.0001). Notably, lower platelet count was the representative clinical manifestation of the same cluster during cluster analysis. Anti-Ro52 was associated with lower platelet count (OR: 0.997, 95% CI: 0.994-1.000, P=0.036), and lower platelet count was the over-representative clinical manifestations of cluster 4.

Anti-SSA and anti-SSB were the predominant autoantibodies of cluster 2 and were associated with SjS [anti-SSA (OR: 6.501, 95% CI: 2.600-16.253, P<0.0001), anti-SSB (OR: 27.958, 95% CI: 4.954-157.777, P=0.0002)]. These were the representative clinical manifestations of the same cluster during cluster analysis. Furthermore, anti-SSA was associated with lower levels of AST or ALT (OR: 0.436, 95% CI: 0.207-0.916, P=0.028), and higher levels of IgG (OR: 4.542, 95% CI: 2.162-9.545, P<0.0001). Similarly, anti-gp210 which was the characteristic autoantibody of cluster 1 was associated with higher levels of ALP (OR: 1.750, 95% CI: 1.096-2.796, P=0.019), one of the representative clinical manifestations of that cluster. Although anti-sp100 was one of the over-representative autoantibodies of cluster 2, it was not significantly associated with the presence of predominant clinical features of the same cluster.



Prognostic significance of the clusters

In this study cohort, the median duration of the disease was 92 months, and the median duration of the follow-up period was 60 months. During the follow-up period, 59 patients (11.0%) were lost to follow-up, 41.8% of the patients (200/478) developed adverse outcomes, including 130 patients (27.2%) died due to liver-related causes or other causes. A total of 17 patients (3.6%) underwent liver transplantation at the end of the follow-up period or prior to death, whereas 45 patients (9.4%) presented with hepatic decompensation, and 8 patients (1.7%) with hepatocellular carcinoma. The remaining 278 patients (58.2%) were still alive at the end of the follow-up period. Cluster 3 exhibited the highest survival rate (73.8%, P<0.0001), which was notably higher than that of cluster 1 (46.8%, Pc=0.0005), cluster 4 (47.6%, Pc=0.001), and cluster 5 (50.0%, Pc=0.010). Similarly, the mortality rate in cluster 1 was the highest compared with that of other clusters (41.5%, P=0.0003), notably compared with that of cluster 2 (41.5% vs. 20.0%, Pc=0.010) and cluster 3 (41.5% vs. 17.2%, Pc=0.0008). The rate of hepatic decompensation was the highest in cluster 4 (19.0%, P=0.007) among the five clusters, notably compared with that of cluster 3 (4.9%, Pc=0.010). Finally, no differences were noted in the liver transplantation rate as well as the incidence of hepatocellular carcinoma among the five clusters (Table 2).

Kaplan-Meier analyses indicated that patients in cluster 1 exhibited a higher risk of liver-related death or liver transplantation compared with those in the other four clusters (all log-rank P=0.002). The log-rank test indicated an increased risk of liver-related death or liver transplantation in cluster 1 compared with that of cluster 2 (HR 1.959, 95% CI 1.220-3.146, Pc=0.040), cluster 3 (HR 2.344, 95% CI 1.446-3.800, Pc=0.003), and cluster 4 (HR 2.015, 95% CI 1.258-3.233, Pc=0.020), respectively (Figure 3A). Cox regression analyses following adjustment for age-onset and sex indicated a reduced risk of liver-related death or liver transplantation in cluster 2 (HR 0.589, 95% CI 0.359-0.966, P=0.036), cluster 3 (HR 0.465, 95% CI 0.281-0.768, P=0.003) and cluster 4 (HR 0.485, 95% CI 0.298-0.789, P=0.004) compared with that of cluster 1 (Table 4; Figures 3A, B).




Figure 3 | (A) Kaplan-Meier survival curves for the comparisons of transplant-free survival rates among the five clusters of patients with PBC. (B) Forest plot showing hazard ratios of liver-related death or liver transplantation rates and 95% confidence intervals for the five clusters of patients with PBC. Black line perpendicular to the horizontal axis shows the hazard ratio for the reference group of cluster 1. The horizontal broken line indicates the diving line for hazard ratios of liver-related death or liver transplantation rates before and after adjusted for age and sex. Colors represent the different clusters as indicated in (A, C) Kaplan-Meier survival curves for the comparisons of adverse outcome-free survival rates among the five clusters of patients with PBC. (D) Forest plot showing hazard ratios of adverse outcome rates and 95% confidence intervals for the five clusters of patients with PBC. Black line perpendicular to the horizontal axis shows the hazard ratio for the reference group of cluster 1. The horizontal broken line indicates the diving line for hazard ratios of adverse outcome rates before and after adjusted for age and sex. Colors represent the different clusters as indicated in (A).




Table 4 | Cox regression analyses of liver-related death or liver transplantation, and adverse outcome between autoantibody clusters of patients with PBC.



The risk of adverse outcome was increased for patients in cluster 1 compared with that in the other four clusters (all log-rank P=0.016), notably in cluster 3 as determined by the log-rank test (HR 1.504, 95% CI 0.990-2.283, P=0.010). Cox regression analysis following adjustment for age-onset and sex indicated a reduced risk of adverse outcomes in cluster 3 (HR 0.509, 95% CI 0.325-0.797, P=0.003) and cluster 4 (HR 0.645, 95% CI 0.427-0.973, P=0.037) compared with that of cluster 1 (Table 4; Figures 3C, D).



Univariate and multivariate risk factor analysis of autoantibodies in patients with PBC

By using univariate analysis, anti-SSB (P=0.016), anti-Rib (P=0.002), anti-His (P=0.030), anti-Jo1 (P=0.043), anti-gp210 (P=0.001), and anti-sp100 (P=0.021) were shown to be significant risk factors for liver transplantation and/or liver-related death; however, anti-gp210 (P=0.0004) was the only significant risk factor for the incidence of adverse outcomes. Multivariate analysis was performed by including all the autoantibodies, which were assessed by the stepwise Cox model. The results indicated that only anti-gp210 was considered to be a significant predictor for both liver transplantation and/or liver-related death (HR 1.964, 95% CI 1.421-2.715, P<0.0001), and for adverse outcomes (HR 1.680, 95% CI 1.272-2.218, P=0.0003) (Table 5). PBC patients with or without anti-gp210 exhibited significant differences in the long-term prognosis. The cumulative 5-year transplant-free survival rates of patients with anti-gp210 were 76.6% compared with 84.8% for anti-gp210 negative cases (P<0.0001) (Figure 4A). Similarly, the cumulative 5-year adverse outcome-free survivals rates of patients with anti-gp210 were 76.6% compared with 84.8% for anti-gp210 negative cases (P=0.0002) (Figure 4B). The differences of transplant-free survival rates, as well as adverse outcome-free survival rates between anti-gp210 positive PBC patients with cirrhosis and anti-gp210 negative PBC patients with cirrhosis at baseline were statistically significant (P values were all <0.05) (Figures 4C, D). However, for PBC patients without cirrhosis, there was no significant difference in transplant-free survival rates and adverse outcome-free survival rates between anti-gp210 positive patients and anti-gp210 negative patients (P values were all >0.05) (Figures 4E, F).


Table 5 | Risk of of autoantibodies associated with liver-related death or liver transplantation, and adverse outcome in patients with PBC.






Figure 4 | (A) Kaplan-Meier survival curves for the comparison of transplant-free survival rates between anti-gp210 positive PBC patients and anti-gp210 negative PBC patients. (B) Kaplan-Meier survival curves for the comparison of adverse outcome-free survival rates between anti-gp210 positive PBC patients and anti-gp210 negative PBC patients. (C) Kaplan-Meier survival curves for the comparison of transplant-free survival rates between anti-gp210 positive PBC patients with cirrhosis and anti-gp210 negative PBC patients with cirrhosis at baseline. (D) Kaplan-Meier survival curves for the comparison of adverse outcome-free survival rates between anti-gp210 positive PBC patients with cirrhosis and anti-gp210 negative PBC patients with cirrhosis at baseline. (E) Kaplan-Meier survival curves for the comparison of transplant-free survival rates between anti-gp210 positive PBC patients without cirrhosis and anti-gp210 negative PBC patients without cirrhosis at baseline. (F) Kaplan-Meier survival curves for the comparison of adverse outcome-free survival rates between anti-gp210 positive PBC patients without cirrhosis and anti-gp210 negative PBC patients without cirrhosis at baseline.






Discussion

PBC is a chronic, cholestatic, autoimmune disease with a variable presentation. Patient presentation and clinical course can be diverse, and one or more autoantibodies may be detected in each patient. However, the presence of specific clusters of autoantibodies and their associations with clinical features have not been investigated. Furthermore, an increasing demand exists for a future classification that combines these different patterns, in order to personalize approaches to diagnosis and clinical management (17, 22). This is the first study, which used an unsupervised clustering technique to evaluate the autoantibody profiles associated with PBC in a large cohort of Chinese patients from a single center under real-world conditions. All autoantibodies investigated in this study were readily available and were measured routinely in the majority of medical centers found in China.

In addition to AMA and PBC-specific ANA, including anti-gp210 and anti-sp100, other ANAs, such as anti-Ro52, ACA and/or anti-CENP-B, and anti-SSA were also commonly present in PBC patients. With the exception of very few autoantibodies, the pathogenic roles of autoantibodies in PBC are not clear (6, 23, 24). In this exploratory cluster analysis, the present study revealed five different clusters according to the 19 autoantibodies. The five clusters were characterized by peculiar clinical features which could be distinguished from each other. Anti-gp210 and a high proportion of cirrhosis were the over-represented clinical features in cluster 1, which could explain the poor prognosis of cluster 1. Indeed, liver cirrhosis is a well-known predictor of worse prognosis in PBC (25). To investigate the prognostic value of anti-gp210, we performed Kaplan-Meier survival analysis by risk stratification based on cirrhosis at baseline. We confirmed and extended the observation by demonstrating that anti-gp210 antibody was the strongest predictive factor among autoantibodies for both liver-related death or liver transplantation as well as adverse outcome by multivariate analysis (6, 7). We confirmed the finding that anti-gp210 positive PBC patients had significantly worse outcomes than anti-gp210 negative PBC patients only in the group of patients with cirrhosis at baseline (18). Anti-gp210 indeed could predict a worse prognosis, especially when combined with portal hypertension-related risk factors, such as the presence of cirrhosis at baseline (18). However, for PBC patients without cirrhosis at baseline, the prognostic value of anti-gp210 was not outstanding.

Although ACA and/or anti-CENP-B were not found to be significant predictive factors in the progression to develop a complication of portal hypertension in this analysis, they were associated with lower levels of baseline serum bilirubin, platelet count, and IgG, which was in accordance with the main characteristics of cluster 4. Cluster 4 with the over representative antibody of ACA and/or anti-CENP-B was characterized by a high rate of hepatic decompensation during the follow-up period, which verified the prognostic value of ACA from another perspective (6). Anti-Ro/SSA antibodies are among the most commonly detected autoantibodies in routine screening for autoimmune diseases (26). Granito et al. (27) demonstrated that anti-SS-A/Ro-52kD positive PBC patients exhibited a more advanced histological stage and higher serum levels of bilirubin and IgM at the time of diagnosis compared with negative patients and suggested that further studies with adequate follow-up time periods should be performed. Herein, anti-Ro52 with the overall prevalence of 39.5% was not the predictor of any adverse outcomes, however, it was associated with lower levels of baseline platelet count. Nevertheless, cluster 5 with completely positive for anti-Ro52 and a high rate of anti-gp210 was characterized by a high proportion of male patients and a low survival rate. It can be argued that cluster 5 represents a subgroup of patients of the pathological process underlying cluster 1, in which poor outcome had been proven for both clusters with a dominant anti-gp210 coincidentally.

In the present study, anti-SSA and anti-SSB was associated with PBC combined with SjS, while only anti-SSA correlated with low levels of baseline AST or ALT as well as high levels of IgG. High serum IgG levels are considered to be one of the serological manifestations of primary Sjögren’s syndrome (pSS) (28). Cluster 2 with the predominant antibody of anti-SSA and anti-SSB was characterized by a high proportion of SjS, a high rate of IgG >ULN, and a low mortality rate during the follow-up period, which could explain the ability of anti-SSA to play a major role in this cluster. PBC is known to have both hepatic and extrahepatic manifestations, and several other autoimmune disorders can coexist in patients with PBC (29). Herein, SjS was the most common extrahepatic autoimmune condition in 7.2% (n=36) of patients with PBC, while 16 patients were distributed in cluster 2. Surprisingly, previous studies have shown that when extrahepatic autoimmune diseases co-occur with PBC, the cases tend to be less severe; PBC is usually milder and occurs at an early stage (stage I-II at liver histology) in the presence of SjS (30, 31). The findings would explain the low mortality rate noted in cluster 2 until the date of the last follow-up.

It should be noted that the majority of the observational studies and randomized controlled trials (RCTs) have excluded PBC patients with co-existent diseases affecting the liver (18, 32). Although several studies have reported data on the real-world clinical management of patients with PBC (9, 33), similar data on the immune-serological research of PBC are few to date (7). The present study provides important novel evidence regarding the autoantibody profiles of patients with PBC, and PBC with coexistent diagnosis of disease affecting the liver, such as PBC-AIH overlap, as well as patients with PBC combined with several other extrahepatic autoimmune disorders. PBC-AIH overlap was found in 38 patients (7.1%) of the study cohort, and 4 of them were found in cluster 4, however, PBC-AIH overlap was not the over-represented clinical feature of any clusters.

Currently, NAFLD is the most common liver disease, which is mainly associated with the incidence of metabolic syndrome. During the development of inflammation, NAFLD may evolve to non-alcoholic steatohepatitis (NASH) and eventually to cirrhosis and its complications; however, the involvement of the biliary ducts is rare (34). Hindi et al. (35) indicated that NASH and body mass index (BMI) ≥25 were associated with severe biliary duct damage and fibrosis in patients with PBC. NAFLD was mainly found in the patients of cluster 3, who exhibited better disease prognosis. Although UDCA may be effective on both of the diseases (36), the results are somewhat counter-intuitive. Because the co-existence of two chronic liver diseases, particularly those that predominantly affect different regions of the liver lobule, would be expected to result in more severe and progressive liver disease than when only one disorder is present (37). The effects of NAFLD on the prognosis of PBC require further assessment.

The present study has several limitations. Firstly, it is retrospective and subject to limitations in the relevant study design. Secondly, the medical records of inpatients with PBC were reviewed at a single hospital in northern China. Due to incomplete clinical data of outpatient with PBC, asymptomatic patients who would subsequently develop PBC-related symptoms were not investigated in the present study. Thirdly, patients with co-existent diseases affecting the liver and several other autoimmune disorders were included which may result in bias of the subjects. Finally, the final classification scheme needs to be combined with clinical experience and practice. Based on the known link with clinical factors reported in the literature and the clinical experience regarding the cognitive heterogeneity of the disease, such differentiation could be informative but need to be verified in the future for the clinical practice in terms of both prognosis and treatment planning.



Conclusions

By using a data-driven statistical approach in a relatively large PBC cohort from a single center in China, five subsets of patients with PBC were characterized by different autoantibody profiles, clinical features, and prognosis. More critically, we confirmed the prognostic value of anti-gp210 for both liver-related death or liver transplantation, as well as adverse outcome especially in patients with cirrhosis by multivariate analysis under real-world conditions. It is evident that autoantibodies are widely available and autoantibody profiles of autoimmune diseases can still be useful for classification and predicting outcomes in the clinic.
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(n=537) (n=107) (n=120) (n=125) (n=101) (n=84) P value

Baseline parameters

Age onset (years) 56+ 11 57+13 54+ 11 55+ 12 59 +10° 5411 0.012
Sex
Female 470/537 (87.5) 92/107 (86.0) 108/120 (90.0) 106/125 (84.8) 96/101 (95.0)°  68/84 (81.0) 0.035
Male 67/537 (12.5) 15/107 (14.0) 12/120 (10.0) 19/125 (15.2) 5/101 (5.0) 16/84 (19.0)" 0.035
AST or ALT>ULN 329/530 (62.1)  72/104 (69.2) 72/119 (60.5) 85/125 (68.0) 49/98 (50.0) 51/84 (60.7) 0.034
ALP>1.5xULN 251/523 (48.0)  62/103 (60.2) 50/117 (42.7) 52/123 (42.3) 43/96 (44.8) 44/84 (52.4) 0.039
Serum bilirubin>ULN 328/526 (624)  71/104 (68.3)°  79/117 (67.5) 75/125 (60.0) 46/96 (47.9) 57/84 (67.9) 0.012
Serum albumin<LLN 385/526 (73.2)  88/104 (84.6)°  82/117 (70.1) 82/125 (65.6) 71/96 (74.0) 62/84 (73.8) 0.024
Platelet countx10°/L 154 + 94 150 + 92 152 + 91 184 + 108 127 £ 75° 147 + 86 0.001
IgM>ULN 327/466 (70.2) 71/93 (76.3) 66/101 (65.3) 76/113 (67.3) 54/85 (63.5) 60/74 (81.1) 0.055
IgG>ULN 252/466 (54.1) 50/93 (53.8) 66/101 (65.3) 56/113 (49.6) 33/85 (38.8) 47/74 (63.5) 0.002
IgA>ULN 163/466 (35.0) 33/93 (35.5) 45/101 (44.6) 32/113 (28.3) 29/85 (34.1) 24/74 (32.4) 0.163
Cirrhosis 295/537 (54.9)  74/107 (69.2)*  63/120 (52.5) 48/125 (38.4) 58/101 (57.4) 52/84 (61.9)" <0.0001
Past HBV infection 173/456 (37.9) 41/92 (44.6) 43/103 (41.7) 37/104 (35.6) 29/85 (34.1) 23/72 (31.9) 0.377
Inactive HBV carriers 2/456 (0.4) 0/92 (0.0) 1/103 (1.0) 0/104 (0.0) 1/85 (1.2) 0/72 (0.0) 0.537

Clinical manifestations

Fatigue 223/498 (44.8) | 41/101 (40.6) 56/113 (49.6) 58/117 (49.6) 37/94 (39.4) 31/73 (42.5) 0390
Pruritus 77/498 (15.5) 20/101 (19.8) 18/113 (15.9) 15/117 (12.8) 11/94 (11.7) 13/73 (17.8) 0.490
Dryness 43/498 (8.6) 10/101 (9.9) 13/113 (11.5) 5/117 (4.3) 11/94 (11.7) 4/73 (5.5) 0.181

Comorbidities

Hypertension 73/498 (14.7) 16/101 (15.8) 16/113 (14.2) 21/117 (17.9) 11/94 (11.7) 9/73 (12.3) 0.713
Diabetes mellitus 61/498 (12.2) 14/101 (13.9) 12/113 (10.6) 14/117 (12.0) 12/94 (12.8) 9/73 (12.3) 0.968
Sjogren’s syndrome 36/498 (7.2) 5/101 (5.0) 16/113 (14.2)% 3/117 (2.6) 10/94 (10.6) 2/73 (2.7) 0.002
Rheumatoid arthritis 9/498 (1.8) 1/101 (1.0) 4/113 (3.5) 3/117 (2.6) 0/94 (0.0) 1/73 (1.4) 0.345
Autoimmune thyroid disease 4/498 (0.8) 1/101 (1.0) 1/113 (0.9) 0/117 (0.0) 1/94 (1.1) 1/73 (1.4) 0.848
PBC-AIH overlap 38/537 (7.1) 6/107 (5.6) 10/120 (8.3) 8/125 (6.4) 10/101 (9.9) 4/84 (4.8) 0.620
Drug induced liver injury 36/537 (6.7) 5/107 (4.7) 8/120 (6.7) 14/125 (11.2) 3/101 (3.0) 6/84 (7.1) 0.135
Alcohol-related liver 15/537 (2.8) 4/107 (3.7) 2/120 (1.7) 5/125 (4.0) 1/101 (1.0) 3/84 (3.6) 0.561
Non-alcoholic fatty liver disease 12/537 (2.2) 1/107 (0.9) 3/120 (2.5) 7/125 (5.6) 0/101 (0.0) 1/84 (1.2) 0.039
Disease duration 98 + 54 89 £42 99 £ 58 99:3 55 106 + 49 96 + 62 0.121
Duration of follow-up 59 +31 52 +33 59 +29 63 +28 60 + 29 59 +33 0.182
Lost to follow-up 59/537 (11.0) 13/107 (12.1) 10/120 (8.3) 3/125 (24)* 17/101 (16.8)° 16/84 (19.0)° 0.0003

Clinical outcomes

Survival 278/478 (58.2) 44/94 (46.8) 70/110 (63.6) 90/122 (73.8)%" 40/84 (47.6) 34/68 (50.0) <0.0001
Death 130/478 (27.2) 39/94 (41.5)" 22/110 (20.0) 21/122 (17.2) 24/84 (28.6) 24/68 (35.3) 0.0003
Liver transplantation 17/478 (3.6) 5/94 (5.3) 4/110 (3.6) 3/122 (2.5) 3/84 (3.6) 2/68 (2.9) 0.852
Hepatic decompensation 45/478 (9.4) 5/94 (5.3) 12/110 (10.9) 6/122 (4.9) 16/84 (19.0)° 6/68 (8.8) 0.007
Hepatocellular carcinoma 8/478 (1.7) 1/94 (1.1) 2/110 (1.8) 2/122 (1.6) 1/84 (1.2) 2/68 (2.9) 0.908

AST, aspartate aminotransferase; ALT, alanine transaminase; ULN, upper limit of normal; ALP, alkaline phosphatase; LLN, lower limit of normal; IgM, immunoglobulin M; IgG,
immunoglobulin M; IgA, immunoglobulin A; HBV, hepatitis B virus; AIH, autoimmune hepatitis. *Values significantly different between cluster 2 and cluster 4, Pc valuse=0.020;
“Values significantly different between cluster 4 and cluster 5, all Pc valuses=0.040; “Values significantly different between cluster 1 and cluster 4, Pc valuse=0.040; *Values significantly
different between cluster 1 and cluster 3, all Pc valuses<0.05; “Values significantly different between cluster 3 and cluster 4, all Pc valuses<0.05; ‘Values significantly different between
cluster 3 and cluster 5, all Pc valuses<0.05; #Values significantly different between cluster 2 and cluster 3, Pc valuse=0.010; "Values significantly different between cluster 1 and cluster 2,
Pc valuse=0.010. Bold indicates clusters with the greatest prevalence and/or overall P value<0.05.
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Adjusted for age onset Adjusted for age onset and sex
95%Cl HR 95%Cl 2 HR 95%Cl P

Liver-related death or liver transplantation

Clusterl Reference Reference Reference

Cluster2 0.471 0.290-0.767 0.002 0.581 0.358-0.962 0.035 0.589 0.359-0.966 0.036
Cluster3 0.419 0.255-0.690 0.001 0.466 0.282-0.770 0.003 0.465 0.281-0.768 0.003
Cluster4 0.523 0.323-0.847 0.008 0.481 0.297-0.779 0.003 0.485 0.298-0.789 0.004
Cluster5 0.687 0.421-1.120 0.132 0.839 0.512-1.377 0.488 0.835 0.508-1.372 0.477

Adverse outcome

Clusterl Reference Reference Reference

Cluster2 I 0.617 I 0.406-0.936 0.023 0.721 0.472-1.101 0.130 0.718 0.470-1.096 0.125
Cluster3 0.475 0.305-0.742 0.001 0.505 0.323-0.789 0.003 0.509 0.325-0.797 | 0.003
Clusterd 0.713 0.474-1.071 0.103 0.654 0.435-0.984 0.042 0.645 0.427-0.973 0.037
Cluster5 0.763 0.492-1.184 0.227 0.885 0.568-1.380 0.590 0.894 0.573-1.396 0.624

HR, hazard ratio; CI, confidence interval.
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AST, aspartate aminotransferase; ALT, alanine transaminase; ULN, upper limit of normal; ALP, alkaline phosphatase; LLN, lower limit of normal; I¢G, immunoglobulin M;SS, Sjogren's syndrome; NAFLD, nonalcoholic fatty liver disease; OR, odds
ratios; Cl, confidence interval; ANA, antinuclear antibodies; AMA, anti-mitochondrial autoantibodies; ACAs, anti-centromere antibodies; Anti-CENP B, anti-centromere protein B; Anti-Ro52, anti-Ro52 antibody; Anti-SSA, anti-SSA antibody; Anti-
$SB, anti-SSB antibody; Anti-gp210, anti-gp210 antibody; Anti-sp100, anti-sp100 antibody. Bold text denotes associations between the over-represented clinical manifestations of the same cluster from cluster analysis (Tables 1 and 2)






OEBPS/Images/fimmu-13-1098076-g001.jpg
A

Admitted subjects
n=788

v

Included subjects
=537

19 Autoantibody
variables selected

l

Excluded subjects: n=251

.

201 without tests of AMA-M2/anti-ENAs/AILD-related
autoantibodies

47 without record of anti-Ro52

3 Co-existent viral hepatitis : 1 with hepatitis B,1 with
hepatitis C,1 with hepatitis E

Cluster 1: n=107 [—¥

13 (12.1%) Lost to follow-up
50 (53.2%) With adverse events
44 (46.8%) Survival

.

.

10 (8.3%) Lost to follow-up
40 (36.4%) With adverse events
70 (63.6%) Survival

Cluster 2: n=12

4

Cluster analysis

Cluster 3: n=125 —»|

3 (2.4%) Lost to follow-up
32 (26.2%) With adverse events
90 (73.8%) Survival

Cluster 4: n=101 [—¥

Cluster 5: n=84

17 (16.8%) Lost to follow-up
44 (52.4%) With adverse events
40 (37.6%)Survival

16(19.0%) Lost to follow-up
34 (50.0%) With adverse events
34 (50.0%) Survival

|

Completely positive for ANA and anti-gp210

High rate of AST or ALT>ULN.ALP>1.5xULN,

Ch_'_Ste‘; 1 serum bilirubin>ULN,and serum albumin<LLN
(@=107) High proportion of cirrhosis
Clinical outcome: high mortality rate, low survival rate
High rate of anti-SSA, anti-SSB and anti-sp100
Cluster 2 High rate of IgG>ULN
(n=120) High proportion of SjS
Clinical outcome: low mortality rate
Completely positive for AMA and/or AMA-M2
Cluster 3 Relatively high proportion of NAFLD
(n=125) Clinical outcome: high survival rate, low mortality rate,
low hepatic decompensation rate
Almost completely positive for ANA, ACA and/or
anti-CENP-B
Older onset
Chl_sltgrl 5 High proportion of female
@=10) Low level of platelet count
Clinical outcome: high hepatic decompensation rate,
low survival rate
Completely positive for AMA and/or AMA-M2,
Cluster 5 anti-Ro52, high rate of anti-gp210
(n=84) High proportion of male

Clinical outcome: low survival rate






OEBPS/Images/fimmu-13-1098076-g003.jpg
100
HR 95%CI Pc
90 lvs2 1959 1220-3.146 0.040
—_ 1vs3 2344 1.446-3.800 0.003
& 80 1vs4 2015 1.258-3.233 0.020
3
S 70
s
e 8 Log rank P=0.002
-1
» 50—
o
o
g
5 %0
§
| == Cluster1
s ® Cluster2
—— Cluster3
10+ — Clusterd
~ Clusters
ST T T 1T T T T T T T " T T "1
0 50 100 150 200 250 300 350 400 450 500
Disease duration(months
Patients at risk ( )
Clusterl 107 103 71 51 45 44 o 0 o 0o o
Cluster2 120 118 69 39 32 28 28 27 27 26 o
Cluster3 125 123 62 37 26 25 25 25 25 25 24
Cluster4 101 100 70 36 28 28 27 0 o [ o
Cluster5 84 81 57 34 30 29 27 27 26 0 0
100
c HR 95%CI Pc
< 80— 1vs3 1504 0.990-2.283 0.010
<
£ s0-
% Log rank P=0.016
S 70
2
B 60—
o
2 50
¢
40|
8
'§ 30
@
I — Cluster1
5 0 Cluster2
3 ——  Cluster3
< 10 — Clusterd
~ Clusters
o T =7 LT | T T — X T T T T =¥
0 50 100 150 200 250 300 350 400 450 500
Patients at risk Disease duration(months)
Clusterl 107 104 75 57 51 50 0 0 0 0 0
Cluster2 120 118 75 51 45 42 42 41 41 40 0
Cluster3 125 123 64 43 34 33 33 33 33 33 32
Cluster4 101 101 77 51 45 45 44 o 0o o 0
Cluster5 84 83 63 41 37 36 35 35 34 0 1]

Unadjusted
hazard ratio

Adjusted
hazard ratio
for age and sex

Unadjusted
hazard ratio

Adjusted
hazard ratio
for age and sex

*
—————
T
e
—e————i
L]
L —
[
e
—_—

0.0

0.2 04 0.6 0.8 1.0 1.2 14

0.0

0.2 0.4 0.6 0.8 1.0 1.2 14





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/table1.jpg
All patients Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Overall

Autoantibody 5 07 z z z 84 zZ pal
(=R (sl 120) score | (n=125) score = (n=101) score =84 | core Ll
113 80 101 72
ANA, n (%) 473 (88.1) 107 (100.0) 0.75 (942) 0.36 (64.0)° -1.65 (100.0) 0.75 (85.7)b -0.20 <0.0001
AMA and/or
c 116 125 95 84
g_:;lA M2, n 510 (95.0) 90 (84.1) 1.66 96.7) 0.26 (100.0) 0.76 (©04.1) 0.13 (100.0) 0.76 <0.0001
ACA and/or %
anti-CENP-B, 131 (24.4) 30 (28.0)* 0.06 2(17) -0.56 0(0.0) -0.60 (98.0)* 1.72 0 (0.0) -0.60 <0.0001
n (%) B
Anti-Ro52, n . 57 . 55 84
(%) 212 (39.5) 16 (15.0) -0.73 (475) 0.11 0 (0.0) -1.12 (545) 0.29 (100.0)* 1.46 <0.0001
Anti-SSA, n 57 19
%) 78 (14.5) 1(0.9) -0.62 7.5 1.65 0(0.0) -0.67 (18.8)" 0.25 1(1.2) -0.61 <0.0001
Anti-SSB, n 17
(%) 19 (3.5) 0 (0.0) -0.52 (14.2)* 177 0 (0.0) -0.52 2(2.0) -0.20 0 (0.0) -0.52 <0.0001
Anti-Sm, n
(%) 9(1.7) 0 (0.0) -0.53 8(6.7) 177 0(0.0) -0.53 1(1.0) -0.19 0 (0.0) -0.53 <0.0001
(A‘}:)WHRNP’ - 12 (22) 0 (0.0) -0.51 11 (9.2) 1.78 0(0.0) -0.51 1(1.0) -0.26 0 (0.0) -0.51 <0.0001
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ANA, antinuclear antibodies; AMA, anti-mitochondrial autoantibodies; ACAs, anti-centromere antibodies; Anti-CENP B, anti-centromere protein B; Anti-Ro52, anti-Ro52 antibody;
Anti-SSA, anti-SSA antibody; Anti-SSB, anti-SSB antibody; Anti-Sm, anti-Sm antibody; Anti-nRNP, anti-nuclear ribonucleoproteins; Anti-dsDNA, anti-double stranded DNA
antibody;Anti-Rib, anti-ribosomal P proteins antibody; Anti-His, anti-histone antibody; Anti-Nuk, anti-Nuk antibody; Anti-Scl70, anti-Scl70 antibody; Anti-Jo1, anti-Jo1 antibody;
Anti-gp210, anti-gp210 antibody; Anti-sp100, anti-sp100 antibody; Anti-SLA, anti-soluble liver antigen antibody; Anti-LKM1, anti-liver kidney microsomal type 1 antibody; Anti-LC1,
anti-liver cytosol antigen type 1 antibody. *Values significantly different from the other four clusters, all Pc valuses<0.05; *Values significantly different from cluster 1and cluster 4, all Pc
valuses<0.0001; “Values significantly different from cluster 2,cluster 3, and cluster 5; all Pe valuses<0.05; Values significantly different from cluster 3 and cluster 4, all Pe valuses<0.0001.
Bold indicates clusters with the greatest prevalence.
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ANA, antinuclear antibodies; AMA, anti-mitochondrial autoantibodies; ACAs, anti-centromere antibodies; Anti-CENP B, anti-centromere protein B; Anti-Ro52, anti-Ro52 antibody;
Anti-SSA, anti-SSA antibody; Anti-SSB, anti-SSB antibody; Anti-Sm, anti-Sm antibody; Anti-nRNP, anti-nuclear ribonucleoproteins; Anti-dsDNA, anti-double stranded DNA
antibody;Anti-Rib, anti-ribosomal P proteins antibody; Anti-His, anti-histone antibody; Anti-Nuk, anti-Nuk antibody; Anti-Scl70, anti-Scl70 antibody; Anti-Jol, anti-Jol antibody;
Anti-gp210, ant-gp210 antibody; Anti-sp100, anti-sp100 antibody; Anti-SLA, anti-soluble liver antigen antibody; Anti-LCl, anti-liver cytosol antigen type 1 antibody; HR, hazard ratio;
CI, confidence interval.





