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Objective

To identify the existence of a correlation among the various organs affected, focusing primarily on immuno-dermatological aspects, and to create a risk prediction model of organ-specific complications.



Material and Methods

Fifty-two patients with stable scleroderma, followed between 2015 and 2019, were investigated through an extensive multidisciplinary evaluation in the last year.



Results

Patients with lung involvement presented a worse degree of skin fibrosis than patients without it (p <0.001). No relationship was observed for the heart, kidney, and esophagus. Patients with pulmonary involvement had a lower pressure of the low esophagus sphincter and a higher Warrick score than patients without it (p <0.05). Age was significantly higher in patients with kidney involvement. Diffuse scleroderma patients had a worse pulmonary impairment than limited scleroderma patients (p <0.05). The manometric “sclerodermic” pattern was observed to be the most frequent (55.6%, p <0.05) in dcSSc patients while the sclerodermic and normal pattern were equally represented (41.2 and 32.4% respectively, p <0.05) in lcSSc patients. When compared to the negative serological groups, anti-Scl-70 positive patients presented a worse lung involvement while anti-centromere patients presented a better lung outcome (p <0.05). PM-Scl 100/75 positive patients presented mostly a pulmonary fibrotic pattern (p <0.05) and, also, heart complications were more likely associated with anti PM-Scl 100/75 positivity (p <0.05). The risk prediction model for organ-specific complications had an accuracy of 84.4% (95%CI 78, 89) in complication-site prediction, AUC of 0.871, 86% of sensitivity, and 83% of specificity, Cohen’s Kappa (k) of 0.68.



Conclusions

Out of all the organs studied, the skin is the one that correlates with the lung. Patients with a diffuse form of disease presented more frequently the anti Scl-70 antibody and had a worse lung and esophageal involvement (scleroderma pattern) than the negative group. Conversely, patients with limited disease presented all positive for the anti-centromere antibody with a better lung involvement than the negative group, without any difference among the esophageal manometric pattern. Anti PM-Scl 100/75 antibody patients were associated with pulmonary fibrosis and presented cardiac involvement. The model created has demonstrated excellent values of sensitivity, specificity, and accuracy, but further studies are needed for validation.
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Introduction

Systemic sclerosis (SSc) is an immune-mediated disease that affects, in various degrees of severity, the skin and organs such as the heart, kidney, lung, and esophagus. Over the years, the clinical manifestations, the severity with which the disease affects individual organs, and the course of complications have been studied and described in detail. Correlations between different organs have been reported through the most varied diagnostic methods, demonstrating, in several cases, the existence of progressive interconnected organ damage. Background of previous research: the association among the severity of different organs in scleroderma patients have been described in the literature: most of these concerns the relationship between two organs, especially the esophagus and lung. Moreover, the correlation between skin thickness score and quantitative measurements of each affected organ has also been described. This is the first study that directly proposes a correlation between the severity of skin involvement and quantitative measures of organ involvement. Our model is focused, using immediate parameters to obtain, the probability that a particular organ is affected at the time of the initial assessment. In this way, an individual risk rank of organ damage is profiled (for example lung > esophagus > kidney > heart) thus directing the patient to the reference specialist.

The aim of this study was (1) to identify possible cross-relationships between the various affected organs, and (2) develop a risk prediction model for organ-specific complications, based on clinical and dermato-immunological data, to identify prematurely those patients who may develop organ damage.



Material and Methods

Fifty-two patients with scleroderma followed in our Scleroderma Unit by Cardiologists, Dermatologists, Gastroenterologist, Immunologists, Pulmonologist, Nephrologist, between 2015 and 2019 were evaluated in the last year. The patients recruited had stable disease (at least 4 years from diagnosis) and underwent an extensive medical assessment, with standardized reporting of history, physical evaluation, and laboratory investigations. Thirty-five out of 52 patients were in therapy. Twenty-two were in monotherapy (eight patients with ACE-inhibitors, seven with mycophenolate mofetil, four with methotrexate and three with bosentan), and 13 in polytherapy (four patients with mycophenolate mofetil and bosentan, three patients with mycophenolate mofetil and ACE-inhibitors, two patients with mycophenolate mofetil, bosentan and ACE-inhibitors, two patients with methotrexate and bosentan, one patient with methotrexate and ACE-inhibitors, one patient with ACE-inhibitors and bosentan). Furthermore, all patients received therapy with prostanoids.

Demographic information regarding age and sex was collected. Disease duration was defined as the interval between the first manifestation of SSc (whether Raynaud’s phenomenon or other presentations) and the baseline study visit. Infusion delay was considered as the years from diagnosis to the start of prostaglandin infusions. All patients fulfilled the diagnostic criteria of the 2013 American College of Rheumatology/European League Against Rheumatism. Patients were divided into two groups according to the extent of skin involvement: limited (lcSSc) and diffuse scleroderma (dcSSc). In addition, the concomitant presence of overlapping diseases, including SLE, SS, rheumatoid arthritis, PM/DM, and/or mixed connective tissue disease was investigated and excluded. All subjects provided a written informed consent to participate in the data collection protocol. For each patient, the following investigations were performed:


Dermatologic Evaluation

The severity of skin involvement was assessed by using the modified Rodnan skin score (mRSS), a semi-quantitative test that assesses the plicability and thickening of the scleroderma skin. The “Representative area technique” was used for the evaluation of 17 body areas (hand, forearm, arm, foot, leg, thigh, abdomen, chest, and face) assessing the skin thickening with scores ranging from 0 (no involvement) to 3 (severe thickening) (total score range 0–51) (1).

Limited cutaneous SSc (lcSSc) was defined as a skin involvement distal to the elbows and knees, with or without facial involvement, while diffuse cutaneous SSc (dcSSc) was defined as a skin involvement proximal to the elbows and knees, with or without truncal involvement (2). Those with a clinical diagnosis of SSc but no skin involvement (i.e. systemic sclerosis sine scleroderma) were excluded.



Serology

Using a standardized operating protocol, serum for autoantibody analyses was collected. Anti-nuclear antibodies (ANA) positivity was detected by the indirect immunofluorescence test (IIF) performed on the HEp2 cell line (EUROIMMUN Lübeck, Germany) for dilutions above 1:80 (data not shown). Antibodies against extractable nuclear antigens (ENA) such as anti-Scl70, anti-RNP, anti-SSA/Ro, and specific scleroderma-associated antibodies such as anti-centromere, Anti-RNA polymerase III, Anti PM-Scl 100/75 were detected by ELISA enzyme immunoassay (Orgentec Mainz, Germany).



Gastroenterological Evaluation

Esophageal impairment has been evaluated by high-resolution esophageal manometry (HRM) according to Savarino et al. (3, 4). A solid-state manometry 32 solid-state sensors spaced at 1-cm intervals (O.D. 4.2 mm) was used (Sandhill Scientific Instruments Inc., Highlands Ranch, CO, USA). Studies were done in the supine position after at least a 6-h fast (4). Motor alterations of the esophagus body (BODY) were evaluated through various manometric parameters and the distal waves amplitude (normal range: 30–180 mmHg) is the main considered. Furthermore, we assessed the pressure at the lower esophageal sphincter (LES), dividing patients into two categories: physiological LES group (10–45 mmHg) and hypotonic LES group (<10 mmHg). The esophagus impairment was considered positive in the following cases: a) when LES was hypotonic (<10 mmHg); b) when BODY presented an ineffective peristalsis (<30 mmHg); c) when BODY presented an ineffective peristalsis (<30 mmHg) and a normotonic LES (10–45 mmHg), d) when LES was hypotonic (<10 mmHg) and BODY presented an ineffective peristalsis (<30 mmHg)



Pulmonary Evaluation

Functional lung involvement was assessed through the execution of Spirometry and alveolus capillary carbon monoxide diffusion (DLCO), using a large flowmeter (SensorMedics-Viasys, CareFusion; Höchberg, Germany). Single breath, alveolus capillary carbon monoxide diffusion (DLCO) values were measured and adapted to blood concentrations of hemoglobin and carbon monoxide (MasterScreen PFT System, Jaeger-Viasys, CareFusion) according to ATS/ERS guidelines (5). A DLCO cut-off <75% was chosen to distinguish patients with and without functional lung involvement. The forced expiratory volume in one second (FEV1), total lung capacity (TLC) and forced vital capacity (FVC) were also recorded and were considered abnormal if ≤80% of predicted values (6, 7). Possible anatomic involvement of the lung was assessed by performing a high-resolution CT (HRCT). Spirometry data were then compared with the Warrick’s score, a semi-quantitative score obtained from pulmonary CT scans, performed by the same radiologist. Elementary lesions considered in the score and rated from 1 to 5 according to severity were documented (8). The scores for lesion severity and extent were combined, to provide a total HRCT score that ranges between 0 and 30. A cut-off score of 7 was required to consider HRCT abnormalities in SSc as predictive of pulmonary involvement (HRCT score ≥7: positive; HRCT score 7 <: negative) (8).



Cardiological Assessment

Trans-thoracic echocardiography was performed focusing on the right heart (9). Right ventricular (RV) end-diastolic basal diameter, tricuspid annular plane systolic excursion (TAPSE), Tissue Doppler S’ peak velocity, and fractional area change, and tricuspid regurgitation (TR) was assessed in the apical four-chamber view. RV systolic pressure was calculated by TR peak velocity using the simplified Bernoulli equation. The TAPSE/PASP ratio, an index proposed as RV function evaluation, was calculated and a cut-off ≥0.64mm/mmHg was used to identify patients with or without initial heart involvement (10).



Kidney Evaluation

The Doppler-derived renal resistive index (R.R.I) was used to detect changes in intrarenal perfusion after echography excluded renal artery stenosis. A cut-off value of ≥0.70 mm/mmHg (as in, the highest between the two kidneys values) has been used to identify patients with possible perfusion impairment due to aging or secondary to renal vascular disease (11). In addition, it was reported how many patients were in therapy with ACE-inhibitors in the period studied.



Statistical Analysis

Mean, Median, Standard deviation (SD), and Inter Quartile Range (IQR) were used to summarize continuous variables; counts, and percentages to summarize categorical ones. T-test and Mann–Whitney test were used to detect differences in continuous variables between two groups, and the chi-squared test was used for categorical variables Multinomial logistic regression was used to estimate the risk to develop organ-specific complications. Cohen’s Kappa (k) was used to evaluate model performance, quantifying the association between the predictions and the observations, overall and within complication sites. For each organ, a 2 × 2 contingency table has been created to define the number of true positives (TP), false positives (FP), true negatives (TN), and false negatives (FN) predicted by the model. The results were also reported through ROC (Receiver operating characteristic) curves overall and for each organ. For each ROC, the area under the curve (AUC) has been calculated.

No train-validation model development was used because of the small sample size and the explorative nature of this study. P-values below 0.05 were considered significant. R software version 3.6.0 was used for all statistical analyses.



Predictive Model

Multinomial logistic regression was used to estimate the risk to develop organ-specific complications for each investigated complication (esophagus, heart, lung, and kidney). The multinomial logistic regression is a classification method that generalizes the binary logistic regression to multiclass problems (with more than two possible mutually exclusive discrete outcomes); it is used to predict the probabilities of the different possible outcomes.

We used the complication occurrence as a dependent variable (presence or absence of each complication) and the generic (age, disease duration, infusion delay) and immuno-dermatological (antibodies positivity, Rodnan score) characteristics, routinary available at the dermatologic visit, as independent variables (predictors).

Multinomial logistic regression allowed to simultaneously estimate the probability to occur of each outcome class (presence of esophagus, heart, lung, and kidney complication) based on the set of predictors, in a similar manner of the binomial logistic regression allowing to estimate the probability to occur of each one complication at a time.

The variable selection was performed manually based on clinical criteria: usual availability at the dermatologic visit. Thus, all the clinical information, specific to detect each organ-specific complication (such as Warrick’s score, TAPSE/PASP ratio, possible kidney perfusion impairment, manometric parameters of the esophagus) usually not available at the dermatologic visit, were not included in the predictive model.

The purpose of modelling was to demonstrate the feasibility of estimating the organ-specific complications more likely to occur with a specific set of patients ‘characteristics, using the output probability of having each outcome class (probability of esophagus, heart, lung, and kidney complication) estimated by the model. This is the first step to develop future tools for the tailored complication predictions for every single individual.

To simplify, we assumed that the most frequently observed complication was also the most likely to happen at any moment within the available follow-up (no time-dependent analysis), and we fitted the model using only the patients with all the predictors available (complete-case analysis).

The model was validated internally, and we reported the metrics of the goodness of fit, where for each patient we first estimated the most likely to occur complication and then compared these predictions with the observed complications (Cohen’s Kappa, FN, FP, TN, TP, ROC and AUC).

To describe and report the statistical modelling, we followed the transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD) (12).

Together with the code used for this study, the applied methodology is described and documented in a step-by-step procedure, available as open-source in a public repository [https://github.com/pqstri/SSc/blob/main/ssc.R], to extend the reproducibility and the generalizability of the methodology and to allow replication in other studies.




Results

The overall characteristics are summarized in Tables 1–3 and Figures 1, 2. In total, 52 patients were included in the study. Mean ( ± standard deviation) age was 62.02 ( ± 13.3) years, and most of the patients were women (75%, 39/52). A total of 86 complications were recognized in the four investigated sites (mean = 1.8 complications per patient; SD = 0.74).


Table 1 | Patient characteristics, overall and by organ involvement.




Table 2 | Correlation between overall characteristics, skin and organs involvement (instrumental values: mean +DS) in limited and diffuse cutaneous systemic sclerosis patients.




Table 3 | Overall characteristics, instrumental values and skin involvement based on the positivity of a specific antibody studied.






Figure 1 | Box plot of the distribution of instrumental parameters by the occurrence of heart, esophagus, kidney and pulmonary involvement. *p < 0.05.






Figure 2 | Venn diagram showing the distribution and overlap of organ involvement in the 52 scleroderma patients studied. In dark red color is represented the most common association. The color fades progressively as the association decreases. The majority of patients (27.08%) presented both esophageal and pulmonary involvement while only 1 patient presented all organ involvement. No patient showed only cardiac involvement or kidney–heart or kidney–esophagus involvement.



Mean age was significantly higher in patients with worse kidney perfusion, compared to the mean age of patients without kidney complications (71.85 vs 58.74, OR = 1.10; 95%CI = 1.04–1.19; p = 0.0051) and disease duration was slightly lower in patients with heart complications (10 years) compared to patients without (12 years). Eighteen patients (34.6%) were classified in the dcSSc group and 34 (65.5%) in the lcSSc group. The Rodnan score went from a minimum of 1 to a maximum of 44 (median 12.50, IQR 5.00, 20.50) with a median score of 21.0 and 9.50 for the dcSSc group and lcSSc group respectively (p <0.01). Forty-eight out of 52 patients had at least other organ involvement. Namely, 34 out of 52 (65%) patients presented a pulmonary involvement; 32 (61,5%) patients presented an esophageal impairment; 13 (25%) patients presented a kidney involvement; seven (13,4%) patients presented a cardiological involvement. The esophagus and lung were found to be the most associated organs (13 patients out 52, 27.08%) (Figure 1).

Patients with lung complications had significantly higher Rodnan score (mean 15) than patients without (mean 7.5) (OR = 1.09; 95%CI = 1.02–1.18; p = 0.0274). In particular 13 out of 18 dcSSc patients and 21 out of 34 lcSSc patients showed pulmonary abnormalities (DLCO <75%). DcSSc patients showed lower mean FEV1, FVC and TLC values than lcSSc patients [83.1% vs 99% (p <0.05)], 86.7% vs 107% (p <0.01), 78.4% vs 96.5% (p <0.01)], respectively. Median Warrick’s scores were 6.88 for lcSSc group and 11.39 for dcSSc group (p <0.05). Furthermore, patients with lung involvement had a lower mean LES pressure value compared to patients without lung impairment (13.01 mmHg vs 20.77 mmHg, p <0.01).

We found a correlation between skin and lung (functional and radiological) involvement. Those patients who presented a lung fibrotic pattern experienced an alteration of the pression of the lower esophageal sphincter.

Patients with esophagus involvement were 32 (61%) and we could not find any differences of mRSS value respect patient without (mRSS: 13.5 vs 11.5 respectively, p = 0.07). A mean distal amplitude wave was 34.6 mmHg among dcSSc patients and 45.21 mmHg among lcSSc patients (p = 0.2). The manometry pattern among SSc group was defined as follow: two dcSSc patients (11.1%) and nine lcSSc patients (26.5%) presented a hypokinetic pattern (p <0.05), 10 dcSSc (55.6%) and 14 (41.2%) lcSSc patients with a sclerodermic pattern (p <0.05), two (11.1%) dcSSc patients and 11 (32.4%) lcSSc patient with a normal pattern. One (5.6%) dcSSc patient showed a dermatomyositis pattern while 3 dcSSc (16.7%) patients with a hyperkinetic pattern. Of these patients, only 22 had a hypotonic LES: 11 dcSSc patients showed a mean pressure of 13.66 mmHg and 11 lcSSc patients had a mean pressure of 16.77 mmHg (p = 0.3). Finally, 28% out of our patients had both an esophagus and pulmonary complication with a mean Rodnan score of 21.15 (Figure 1). No differences in mean Warrick’s score value was recorded between patients with esophagus involvement and without (7.9 vs 9.2, p = 0.5). Furthermore, patients with a hypotonic LES presented the same mean Warrick’s score value than patients with a normotonic LES (9.1 vs 8.0, p = 0.6).

We did not found any specific correlation between skin and esophagus. The manometric ‘‘sclerodermic’’ pattern was observed to be the most representative in dcSSc patients while the “sclerodermic” and “normal pattern” were equally represented in lcSSc patients. Furthermore, we have not observed a correlation between motor alteration of the esophagus and lung.

Patients with cardiological involvement: seven (13%) patients (two dcSSc and five lcSSc) presented a cardiac involvement with a TAPSE/PASP ratio <0.64mm/mmHg. These patients presented a median mRSS value of 14.00 (IQR: 4.50, 21.00) without any significant difference compared to patients without cardiac involvement (12.00, IQR: 5.00, 20.00). We did not observe any significant difference between dcSSc and lcSSc forms.

No correlation has been found between the heart and skin and other organs studied.

Patients with kidney involvement: thirteen (25%) patients (four dcSSc and nine lcSSc) presented kidney perfusion alteration with a median R.R.I ≥0.70 mm/mmHg. No statistical difference was found between dcSSc and lcSSc groups (0.67 mm/mmHg v 0.67 mm/mmHg, p = 0.95). Patients who assume ACE-inhibitors presented a mean R.R.I value similar to the group which did not take ACE-inhibitors (0.68 mm/mmHg vs 0.62 mm/mmHg, p = 0.15). Patients with Kidney complications had slightly higher mean delay infusion treatments compared to patients without (5 years and 2 years, p <0.1), while for the other complications non-significant trends were in the opposite direction. Patients with renal impairment had a mean lower TAPSE/PASP ratio than the group without (R.R.I. 0.70 vs 0.84 respectively, p <0.05).

No correlation has been found between skin and kidney involvement. The renal perfusion has been found identical both in patients who were taking ACE-inhibitors and in those who were not taking them. The renal perfusion has been observed to be worse in those patients where infusion therapy has been delayed and with a decreased cardiac function.


Serology

ANA tested positive in all patients; 49 (94%) of them showed a positivity for ENA or scleroderma-associated antibodies. Twenty-two patients (42.3%) were found positive for anti-centromere antibodies, 18 (34.6%) for anti-Ro/SSa, 17 (32.7%) for anti-Scl70, six (11.5%) for anti-RNA polymerase-III, six (11.5%) for anti-PM-Scl 100/75 and three (5.8%) for anti-RNP antibody. Only three patients out of 52 (5,8%) were ENA negative. All patients who tested positive for anti-centromere belonged to the lcSSc group, while these antibodies were not observed in the dcSSc group (p <0.01). Out of 17 anti-Scl-70 positive patients, 15 were dcSSc and two lcSSc (p <0.01). Twelve lcSSc patients showed positivity for Ro/SSa antibodies; six patients tested positive in the dcSSc group (p = 0.8). The anti-RNP antibody positivity was observed in one dcSSc patient and two dcSSc patients (p = 0.9). In addition, the distribution of RNA polymerase III and PM-Scl 100/75 antibodies was the same for both dcSSc and lcSSc groups (three patients out of six for each group, p = 0.4 and p = 0.3 respectively). Concerning the relationship between antibody positivity and organ involvement, the following results were found. About pulmonary involvement, patients positive for anti-centromere have better median FEV1, CVF and CPT than the other group (102% vs 87%, p <0.01; 113% vs 91%, p <0.01; 101% vs 82%, p <0.01, respectively). Mean Warrick’s score was lower in anti-centromere positive patients than in the negative group (4 vs 11, p <0.01 respectively). Scl-70 positive patients had lower mean FEV1, CVF and CPT than negative patients (84.6% vs 97.9%, p <0.05, 89.6% vs 105.7%, p <0.05: 78.6% vs 95%, p <0.01 respectively). In both anti-Scl70 and PM-Scl100/75 positive patients, the mean Warrick’s score was higher than in negative patients (10.7 vs 6.8, p <0.05: 14.3 and 7.12, p <0.05 respectively). No differences in median DLCO were observed according to anti-centromere and Scl-70 status. No statistical differences related to the other antibodies were seen. About cardiac involvement, patients with hearth complications were more likely to show anti PM-Scl 100/75 positivity (OR = 10.5, 95%CI = 1.5–77.6, p = 0.0153). There were no statistically significant differences between heart severity and other autoimmunity findings. About esophageal and kidney involvement, no statistically significant differences were observed between positive or negative patients for all studied antibodies.

Anti-Scl-70 and anti-centromere antibodies were the most represented among those studied. The former has been observed to be more represented in patients with a diffuse form of the disease, associated with worsened lung function. On the other hand, the latter has been observed in all patients with a limited form of the disease and associated with better lung function. Anti PM-Scl 100/75 antibodies positivity has been found, in our study, to be associated with pulmonary fibrosis and cardiac involvement.

Results of the model system to value the entity of the risk to develop organ-specific complications.

The accordance between predictions and observation, stratified by site, is reported in Table 4. For each organ investigated (Esophagus, Heart, Lungs, Kidney) the model has shown the following results:

	Esophagus: TP value was found in 28 patients (60.4%), FP in seven patients (12.5%), TN in nine patients (20.8%) and FN in four patients (6.3%); k (95% CI): 0.46 (0.19, 0.73)

	Hearth: TP value was found in five patients (10.4%), FP in 0 patients (0%), TN in 41 patients (85.4%) and FN in two patients (4.2%); k (95% CI): 0.81 (0.56, 1.00)

	Lungs: TP value was found in 29 patients (60.4%), FP in five patients (12.5%), TN in nine patients (18.8%) and FN in five patients (10.4%); k (95% CI): 0.50 (0.23, 0.77)

	Kidney: TP value was found in nine patients (18.8%), FP in three patients (6.2%), TN in 32 patients (66.7%) and FN in four patients (8.3%); k (95% CI): 0.62 (0.37, 0.88).




Table 4 | 2 × 2 contingency table for each organ studied.



Four patients were not included in the evaluation for the absence of at least one organ complication.

The prediction capability of each organ-specific complication had been represented by the ROC curve (details in Figure 3). The area under the curve (AUC) of the esophagus, heart, lung, and kidney were 0.720, 0.838, 0.809, and 0.84 respectively (Figure 3). Combining the four site-specific probabilities, the final model had an accuracy of 84.4% (95%CI 78, 89) in complication-site prediction, AUC of 0.871, 86% of sensitivity, and 83% of specificity, Cohen’s Kappa (k) of 0.68. An overview of the prediction error was summarized in Figure 4.




Figure 3 | evaluation of the model’s predictive capacity: ROC curve of all the four organs investigated (left side) and overall (right side): for each organ investigated the AUC of esophagus, heart, lung, and kidney were 0.720, 0.838, 0.809 and 0.84 respectively. Combining the four site-specific probability, the final model presents an AUC of 0.871 with an accuracy of 84.4% (95%CI 78, 89), 86% of sensitivity and 83% of specificity. Cohen’s Kappa (k) of 0.68. Legend: AUC = 0.5: no discrimination; AUC: 0.7 to 0.8: acceptable accuracy; AUC: 0.8 to 0.9 excellent accuracy; AUC >0.9 outstanding.






Figure 4 | Overview of the prediction model goodness of fit by organ involvement. For each organ investigated are represented the correct (blue circle) and wrong predictions (red x). The data refer to those reported in Table 4. For the heart, the model correctly predicted the absence of involvement in all 41 patients and the presence of involvement in seven patients, failing only two cases. For the esophagus, the model predicted the absence of complication in 16 patients and was wrong in seven cases, while it predicted the absence of involvement in 32 cases but was wrong four times. For the lung, the model predicted the absence of involvement in 14 cases and was wrong five times while it predicted the presence of involvement in 34 patients and was wrong five times. Finally, for the kidney, the model predicted the absence of involvement in 35 patients and was wrong three times while it predicted the presence of involvement in 13 patients and was wrong four times.






Discussion

Our patients were mostly female (75%). The mean age was 62 years old. The lcSSc pattern was more represented compared to the dcSSc pattern. The onset of the disease begun later in patients with dcSSc form compared to patients with lcSSc (p <0.05) confirming the latter is an early-onset form with the slow development of the disease. All these findings were supported by the data from the literature (13–15). The relationship between cutaneous involvement (Rodnan score) and the organ complications was variable. The strongest correlation has been observed between the skin and lungs (p <0.001). Several studies support these findings (16–18): in particular, Matsuda et al. (18) described the relationship between skin and lung fibrosis along three aspects: chronological (both develop in the first few years of the natural course of SSc), pathohistological (both share some part of the mechanism that lead to the fibrosis), and therapeutic (B cell-targeting therapy improve skin fibrosis and lung functions). We did not found a correlation between the degree of skin and esophageal involvement. As reported in the literature, there is not a clear relationship: the majority of prior research reports an absence of correlation while few describe it (19). Instead, we found differences in manometric findings in SSc type. In fact, dcSSc presented motor alterations of the esophagus, mostly ineffective peristalsis, while lcSSc patients did not show a prevalent specific pattern. Regarding kidney/heart complications and skin, we did not find any statistically significant correlation. In our study, lcSSc patients, presenting an inflammatory pulmonary pattern, showed a better lung functionality than the dcSSc patients, who had the fibrotic pattern (p <0.01); these findings were provided by spirometer parameters and radiological data, while DLCO values appear to be influenced by both heart and lung function abnormalities and thus non sufficiently specific as an indicator for lung disease. Hence, we underline the importance to utilize all pulmonary diagnostic methods to investigate pulmonary involvement in systemic sclerosis. Furthermore, we think that Warrick’s score is a useful tool to assess the pulmonary severity in scleroderma patients. In fact, it not only describes the structural involvement of the lung but, as we expected, it inversely correlates with the main spirometry parameters and the DLCO. At this point, some considerations are necessary regarding the correlation between lung and esophagus. Our data found 28% of the studied patients had both pulmonary and esophageal complications. These patients showed the worst mean mRSS score (value of 21.5) among all the categories analyzed. This relationship could be explained considering the gastro-esophageal reflux, due to a hypotonic LES, to be responsible for the passage of acidic material in the respiratory tract, which contributes to pulmonary fibrosis (20). Most patients of our cohort who showed an alteration in the esophageal body motility also had an alteration of LES pressure. In addition, patients with pulmonary function impairment presented impaired LES pressure. Unexpectedly, we did not observe differences in the Warrick’s score values between patients with hypotonic and normotonic LES. Probably this result is due to the low number of patients studied and data should be analyzed and compared to a 24-hour pH-impedance study, as reported by Savarino et al. (21)

Interestingly, patients with renal impairment had a mean lower TAPSE/PASP ratio than the group without (p <0.05). We did not find in literature any kind of relationship between these and further investigations are needed. TAPSE/PASP ratio could then be used to assess the renal hemodynamics alterations and the risk of progression of kidney damage. About the relationship between ACE inhibitors and kidney involvement, the intake of ACE-inhibitors has been shown a positive influence on renal dynamics, reducing the cut-off value by 0.70 mm/mmHg in the group taking the drug, without significant differences with the group not taking the drug. The use of this class of drugs has proven effective in modifying renal dynamics by preventing progression to acute renal failure (22). In general, patients with renal involvement were older than the group without. This difference has been found only for this affected organ. It is known that age negatively affects renal perfusion (23) and, probably, in scleroderma patients this event is more pronounced.

Regarding serology, we did not find any correlation between skin involvement and antibody profile. Patients with anticentromere antibody profile, all belonging to the lcSSc group, had a lower degree of lung fibrosis and presented better spirometric values than the negative ones (p <0.01), as expected with data from the literature (24). Conversely, Scl-70 positive and PM-Scl 100/75 positive patients were those who presented the worst degree of lung fibrosis (Warrick’s score of 10.79 and 14.33 respectively). Furthermore, Scl-70 positive patients had a worse pulmonary function (lower FEV1, FVC, and TLC than the negative group). This data confirms what has been described in the literature, namely that positivity for the Scl-70 antibody is associated with a worse risk of pulmonary involvement while anti-centromeric antibody not (17, 25). Regarding PM-Scl 100/75, positive patients had a lower risk of peripheral vasculopathy, pulmonary hypertension, and esophageal involvement, higher risk of pulmonary fibrosis (26). Our study is partly in agreement with these results since we found an association with lung fibrosis (p <0,05) but no with esophageal involvement. In our study, 43% of patients with cardiac involvement tested also positive for PM-Scl 100/75. Although a limited number of patients tested positive for this antibody, we can consider this data significant. In fact, a higher incidence of the PM-Scl 100/75 antibody has been reported in the literature in scleroderma patients with cardiac involvement (27).

We want to emphasize that data from trans-thoracic echocardiography was used only to evaluate the RV function. In daily practice, this methodology is also performed to evaluate the risk of pulmonary hypertension (PH), one of the major complications in sclerodermic patients that lead to RV dysfunction. Right heart catheterization (RHC) is the gold standard for the diagnosis and classification of pulmonary hypertension (28) but only four out of 52 of our patients performed this due to its invasiveness and data were not included in this study.

Finally, our risk prediction model had an excellent accuracy for the identification of organ-specific complications (AUC of 0.871, sensitivity: 86%, specificity 83%, concordance Cohen’s Kappa 0.68). For each organ, accuracy in discriminating patients with and without disease involvement was good or excellent, with AUC ranging from 0.72 to 0.84 (Figure 3). These results encourage the feasibility of complication prediction in clinical practice and we believe that this model should be combined with the clinical evaluation of the patient, to identify prematurely those patients who may develop organ damage and this may have a large impact on how the care assistance could be tailored on each specific patients. In an ideal setting, the model could be distributed as a tool for physicians and updated as new evidence emerges to detect and possibly limit the development of organ complications by routing the patient toward the most appropriate specialist. Our results are encouraging, and the model will be further validated in the future based on data from new scleroderma patients to improve its reliability.

This study has some limitations, such as the retrospective data collection; the small sample size, and the missing validation of the predictive performance that should be tested on a different set of data, therefore the project has only an exploratory nature. The strengths of this study are the multi-disciplinary approach and the support to the personalized medicine, since the appropriate predictions may have several clinical practice implications, including resource optimization and early complication detection.



Conclusion

Retrospective observation of Italian SSc patients followed in our hospital revealed a significant correlation between skin thickness and pulmonary function/imaging. Several results will be the subject of further studies, in particular the cardiac involvement in SSc patients with PM-Scl 100/75 antibody positivity and the evaluation of renal function in SSc patients using the R.R.I. value. The predictive model has proved effective in predicting the risk of developing organ complications but more validations are necessary.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Comitato Etico Ospedale Policlinico San Martino. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

EC idealized and developed the project and writing and revision of the article. AM collected all the data, contributed to the conception and writing of the article, and contributed to the dermatological evaluation. GM contributed to the immunological evaluation and to the writing and revision of the article. MB contributed to the immunological evaluation, contributed to the design and writing of the project, and contributed to the collection of all data. SC contributed to the analysis of CT scans and to the writing of the specific part. PZ contributed to the gastroeneterological; gastroenterological evaluation and participated in the writing and revision of the article. PA contributed to the cardiological evaluation and participated in the writing and revision of the article. MG contributed to the pneumological evaluation and participated in the writing and revision of the article. RR contributed to the nephrological evaluation of and participated in the writing and review of the article. LC contributed to the statistical evaluation of the collected data, developed the predictive model, and contributed to the writing and review of the article. AP reviewed the project and contributed to the writing of the article. All authors contributed to the article and approved the submitted version.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.588753/full#supplementary-material



References

1. Khanna, D, Furst, DE, Clements, PJ, Allanore, Y, Baron, M, Czirjak, L, et al. Standardization of the Modified Rodnan Skin Score for Use in Clinical Trials of Systemic Sclerosis. J Scleroderma Relat Disord (2017) 2:11–8. doi: 10.5301/jsrd.5000231

2. LeRoy, EC, Black, C, Fleischmajer, R, Jablonska, S, Krieg, T, Medsger, TA, et al. Scleroderma (Systemic Sclerosis): Classification, Subsets and Pathogenesis. J Rheumatol (1988) 15:202–5.

3. Savarino, E, Zentilin, P, Tutuian, R, Pohl, D, Casa, DD, Frazzoni, M, et al. The Role of Nonacid Reflux in NERD: Lessons Learned From Impedance-Ph Monitoring in 150 Patients Off Therapy. Am J Gastroenterol (2008) 103:2685–93. doi: 10.1111/j.1572-0241.2008.02119

4. Savarino, E, de Bortoli, N, Bellini, M, Galeazzi, F, Ribolsi, M, Salvador, R, et al. Practice Guidelines on the Use of Esophageal Manometry - a GISMAD-SIGE-AIGO Medical Position Statement. Digest Liver Dis (2016) 48:1124–35. doi: 10.1016/j.dld.2016.06.021

5. Miller, MR, Hankinson, J, Brusasco, V, Burgos, F, Casaburi, R, Coates, A, et al. Standardisation of Spirometry. Eur Respir J (2005) 26:319–38. doi: 10.1183/09031936.05.00034805

6. Quanjer, PH, Tammeling, GJ, Cotes, JE, Pedersen, OF, Peslin, R, and Yernault, JC. Lung Volumes and Forced Ventilatory Flows. Report Working Party Standardization of Lung Function Tests, European Community for Steel and Coal. Official Statement of the European Respiratory Society. Eur Respir J Suppl (1993) 16:5–40. doi: 10.1183/09041950.005s1693

7. Cotes, JE, Chinn, DJ, Quanjer, PH, Roca, J, and Yernault, JC. Standardization of the Measurement of Transfer Factor (Diffusing Capacity). Eur Respir J (1993) 6(Suppl 16):41–52. doi: 10.1183/09041950.041s1693

8. Warrick, JH, Bhalla, M, Schabel, SI, and Silver, RM. High Resolution Computed Tomography in Early Scleroderma Lung Disease. J Rheumatol (1991) 18:1520–28.

9. Rudski, LG, Lai, WW, Afilalo, J, Hua, L, Handschumacher, MD, Chandrasekaran, K, et al. Guidelines for the Echocardiographic Assessment of the Right Heart in Adults: A Report From the American Society of Echocardiography Endorsed by the European Association of Echocardiography, a Registered Branch of the European Society of Cardiology, and the Canadian Society of Echocardiography. J Am Soc Echocardiogr (2010) 23:685–713. doi: 10.1016/j.echo.2010.05.010. quiz 786-8.

10. Guazzi, M, Bandera, F, Pelissero, G, Castelvecchio, S, Menicanti, L, Ghio, S, et al. Tricuspid Annular Plane Systolic Excursion and Pulmonary Arterial Systolic Pressure Relationship in Heart Failure: An Index of Right Ventricular Contractile Function and Prognosis. Am J Physiol Heart Circulatory Physiol (2013) 305:H1373–81. doi: 10.1152/ajpheart.00157.2013

11. Tublin, ME, Bude, RO, and Platt, JF. Review. The Resistive Index in Renal Doppler Sonography: Where do We Stand. Am J Roentgenol (2003) 180:885–92. doi: 10.2214/ajr.180.4.1800885

12. Collins, GS, Reitsma, JB, Altman, DG, and Moons, KG. Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis (TRIPOD): The TRIPOD Statement. BMJ (2015) 7:g7594. doi: 10.1136/bmj.g7594

13. Allanore, Y, Simms, R, Distler, O, Trojanowska, M, Pope, J, Denton, CP, et al. Systemic Sclerosis. Nature Reviews. Dis Primers (2015) 1:15002. doi: 10.1038/nrdp.2015.2

14. Chifflot, H, Fautrel, B, Sordet, C, Chatelus, E, and Sibilia, J. Incidence and Prevalence of Systemic Sclerosis: A Systematic Literature Review. Semin Arthritis Rheum (2008) 37:223–35. doi: 10.1016/j.semarthrit.2007.05.003

15. Ostojić, P, and Damjanov, N. Different Clinical Features in Patients With Limited and Diffuse Cutaneous Systemic Sclerosis. Clin Rheumatol (2006) 25:453–7. doi: 10.1007/s10067-005-0041-0

16. Morelli, S, Barbieri, C, Sgreccia, A, Ferrante, L, Pittoni, V, Conti, F, et al. Relationship Between Cutaneous and Pulmonary Involvement in Systemic Sclerosis. J Rheumatol (1997) 24:81–5.

17. Kane, GC, Varga, J, Conant, EF, Spirn, PW, Jimenez, S, and Fish, JE. Lung Involvement in Systemic Sclerosis (Scleroderma): Relation to Classification Based on Extent of Skin Involvement or Autoantibody Status. Respir Med (1996) 90:223–30. doi: 10.1016/s0954-6111(96)90291-7

18. Matsuda, KM, Yoshizaki, A, Kuzumi, A, Fukasawa, T, Ebata, S, Miura, S, et al. Skin Thickness Score as a Surrogate Marker of Organ Involvements in Systemic Sclerosis: A Retrospective Observational Study. Arthritis Res Ther (2019) 05 28:129. doi: 10.1186/s13075-019-1919-6

19. Arif, T, Adil, M, Singh Sodhi, J, and Hassan, I. Assessment of Modified Rodnan Skin Score and Esophageal Manometry in Systemic Sclerosis: A Study Correlating Severity of Skin and Esophageal Involvement by Objective Measures. Acta Dermatovenerol Alp Pannonica Adriat (2018) 12:169–73. doi: 10.15570/actaapa.2018.3

20. Savarino, E, Ghio, M, Marabotto, E, Zentilin, P, Sammito, G, Cittadini, G, et al. [Possible Connection Between Gastroesophageal Reflux and Interstitial Pulmonary Fibrosis in Patients With Systemic Sclerosis]. Recenti Prog Med (2009) 100:512–6.

21. Savarino, E, Bazzica, M, Zentilin, P, Pohl, D, Parodi, A, Cittadini, G, et al. Gastroesophageal Reflux and Pulmonary Fibrosis in Scleroderma: A Study Using pH-Impedance Monitoring. Am J Respir Crit Care Med (2009) 179:408–13. doi: 10.1164/rccm.200808-1359OC

22. Steen, VD, and Medsger, TA. Changes in Causes of Death in Systemic Sclerosis, 1972-2002. Ann Rheum Dis (2007) 66:940–4. doi: 10.1136/ard.2006.066068

23. Weinstein, JR, and Anderson, S. The Aging Kidney: Physiological Changes. Adv Chronic Kidney Dis (2010) 17:302–7. doi: 10.1053/j.ackd.2010.05.002

24. Liaskos, C, Marou, E, Simopoulou, T, Barmakoudi, M, Efthymiou, G, Scheper, T, et al. Disease-Related Autoantibody Profile in Patients With Systemic Sclerosis. Autoimmunity (2017) 50:414–21. doi: 10.1080/08916934.2017.1357699

25. Basu, D, and Reveille, JD. Anti-Scl-70. Autoimmunity (2005) 38:65–72. doi: 10.1080/08916930400022947

26. Koschik, RW, Fertig, N, Lucas, MR, Domsic, RT, and Medsger, TA. Anti-PM-Scl Antibody in Patients With Systemic Sclerosis. Clin Exp Rheumatol (2012) 30:S12–6.

27. D’Aoust, J, Hudson, M, Tatibouet, S, Wick, J, Mahler, M, Baron, M, et al. Clinical and Serologic Correlates of Anti-PM/Scl Antibodies in Systemic Sclerosis: A Multicenter Study of 763 Patients. Arthritis Rheumatol (Hoboken NJ) (2014) 66:1608–15. doi: 10.1002/art.38428

28. D’Alto, M, Dimopoulos, K, Coghlan, JG, Kovacs, G, Rosenkranz, S, and Naeije, R. Right Heart Catheterization for the Diagnosis of Pulmonary Hypertension: Controversies and Practical Issues. Heart Failure Clinics (2018) 14:467–77. doi: 10.1016/j.hfc.2018.03.011



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.

Copyright © 2021 Cozzani, Muracchioli, Murdaca, Beccalli, Caprioli, Zentilin, Ameri, Grosso, Russo, Carmisciano and Parodi. 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-12-588753-g002.jpg
Heart

Lungs

9
(18.75%)

Kidneys
0 1
%) (208%)

2 9 4
(4.17%) ©%) (©33%)
1 0
(208%) %)

1
(2.08%)

g 1
(E:25%) i 2 (208%)
(625%) gl (4.17%)

13

(27.08%)

Esophagus

8
(16.67%)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Correlation Between Skin and Affected Organs in 52 Sclerodermic Patients Followed in a Diseases Management Team: Development of a Risk Prediction Model of Organ-Specific Complications

      

        		

          Objective

        



        		

          Material and Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Material and Methods

        

          		

            Dermatologic Evaluation

          



          		

            Serology

          



          		

            Gastroenterological Evaluation

          



          		

            Pulmonary Evaluation

          



          		

            Cardiological Assessment

          



          		

            Kidney Evaluation

          



          		

            Statistical Analysis

          



          		

            Predictive Model

          



        



        



        		

          Results

        

          		

            Serology

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-12-588753-g004.jpg
Observed involvement

Yes

x
0%,

Esophagus

Lungs

Classification
© Correct
% Wrong





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Diffused Limited

N 18 34

Age (years), Mean (SD) 58.50 (12.90) 63.88 (13.30)
Sex (M;F), N 3,5 10;24
Disease duration (years), 8.00 [5.00, 12.75]  12.00 [9.00, 18.00]
Median [IQR]

Infusion delay (years), 2.50 [0.25, 6.50] 3.00 [1.00, 8.00]
Median [IQR]

Rodnan Score, 21.00 [9.75, 26.50]  9.50 [4.25, 15.00]
Median [IQR]

Hypotonic LES, N (%) 11 (61.1) 11 (32.4)
BODY (%)

Minimal hypokinetic alterations 2(11.1) 9 (26.5)
Dermatomyositis 1(5.6) 0 (0.0
Hyperkinetic 3(16.7) 0(0.0)
Normal 2(11.1) 11 (32.4)
Ineffective peristalsis 10 (65.6) 14 (41.2)
Warrick Score, Mean (SD) 11.39 (8.36) 6.88 (6.40)
FVC, Mean (SD) 86.78 (18.37) 107.71 (26.12)
FEV1 Mean (SD) 83.17 (17.32) 99.09 (23.89)
TLC Mean (SD) 78.44 (18.00) 96.59 (22.42)
DLCO Mean (SD) 70.50 (23.32) 68.71 (17.24)
TAPSE/PASP Mean (SD) 0.84 (0.18) 0.79 (0.19)
ACEi, N (%) 4(22.2) 11 (32.4)
R.R.l, Mean (SD) 0.67 (0.06) 0.67 (0.06)

0.167
0.312
0.108

0.56

0.012

0.089

0.021

0.08
0.004
0.016
0.005
0.754
0.388

0.957

LES, lower esophageal sphincter; FVC, forced vital capacity; FEV'1, Forced expiratory volume
in the 1st second; TLC, total lung capacity; DLCO, the carbon monoxide difiusing capacity;
PASP, pulmonary arterial systolic pressure; TAPSE, tricuspid annular plane systolic
excursion; ACEi, Angiotensin-converting enzyme (ACE) inhibitors; R.R.1., renalresistanceindex.





OEBPS/Images/table4.jpg
Model N.of N.of
Prediction  patients with patients with
no observed  observed
complication complication

Nocompicaton  9(208) 163
Esophagus
Compicaion  7(125)  28(60:4)
Nocomploaton 41854 2(42)
Heart
Compicaion 0] 50104
. Nocompicaton 9188 5(104)
o Compication 5104 29(60.4)
ey NoOCOTGEEN  2E6D 4@
Y Gompicaton 362 (188

Cohen's
Kappa (k)
(8% C1)

046
019,073
081
(056, 1.00)
050
023,077)
o062
037,088)

The columns: organ complcation prediced by the modsl, The rows: obsarved organ
compicaton. Tota number of palons: 48/52;four patents wero exckidod ue 1 the
absence ofatlast one organ compicaton, anecossary crteraor the dovslopmentof e
statisical mode. k <02 poor concordance; k befween 0.2 and 0.4: modest

concorgance; between 0.41 and 0.61: moderate concordance; betwoen 0.61 and

BL0: aorl COBOORON SIEAl Salint Saootnse.





OEBPS/Images/table3.jpg
Antibody

n
Age (years), Mean (SD)
Sex (M;F), N

SSc type, N (%)

Diffused

Limited

Disease duration (years),
Median [IQR]

Infusion delay (years),
Median [IQR]

Rodnan Score,

Median [IQR]

Hypotonic LES, N (%)
BODY, N (%)

Minimal hypokinetic alterations
Hyperkinetic

Normal pattern

Ineffective peristalsis
Warrick Score, Mean (SD)
FVC Mean (SD)

FEV1 Mean (SD)

TLC Mean (SD)

DLCO Mean (SD)
TAPSE/PASP Mean (SD)
ACEi, N (%)

R.R.l., Mean (SD)

anti-Scl-70

17
57.47 (12.25)
314

15 (88.2)"
2(11.8

10.00 [5.00, 4.00]
4.00 0.00, 7.00]

15.00 [9.00, 24.00]

8(47.1)

2(11.8)
3(17.6)
2(11.8
10 (58.8)

10.79 (8.68)"

89.65 (23.29)

84.65 (20.59)

78.65 (18.84

70.94 (23.86)

0.83(0.17)
4(235)
067 (0.06)

anti- centromere

22
67.09 (9.54)
517

0(0.0)
22 (100.0)

12,00 [9.50, 17.75]

3.00 [1.00, 8.00]

11.00[5.25, 17.25]

8(36.4)

7(31.8
0(0.0)
4(182)

1 (50.0)
4,00 (3.74)
113.36 3.39)"
102.23 (21.62)"
101.05 (20.95)"
71.45 (16.71)
0.82 (0.21)
5(22.7)
0.68 (0.06)

anti-RNA Polymerase Il

6
53.17 (9.20)
15

3(50.0)
3(50.0)
8.00 [5.50, 11.25]

2,00 [0.25, 7.50]
16.00 [10.25, 23.25]
3(50.0)

0(0.0)
0(0.0)
3(50.0)
3(50.0)
9.50 (6.47)
103.17 (23.92)
102.17 (21.09)
93.67 (25.48)
63.33 (24.62)
0.90 (0.23)
0(0.0)
0.63 (0.04)

anti-RNP

3
58.00 (7.21)
0;3

1(33.3)
2(66.7)

22,00 [15.00, 22.50]
5.00 (4.00, 8.50]

15.00 [15.00, 21.00]

2(66.7)

0(00)
0(00)
1(33.3)
2(66.7)
5.33(9.24)
83.67 (28.79
72.33 (25.48
86.67 (33.72
58.00 (18.36
0.66 (0.08)
2(66.7)
0.65 (0.05)

PM-Scl 100/75

6
50.50 (9.25)
2;4

3(50.0)
3(50.0)

5.50 [2.50, 7.75]
1.00 [0.00, 2.75]

10.00 [4.25, 18.00]

2(33.3)

0(0.0)
1(16.7)
3(50.0)
2(33.3)

14.33 (8.64)"
87.33 (26.14)
78.83 (19.00)
81.33 (22.29)
67.50 (8.48)
075 (0.21)
2(33.3)
065 (0.03)

anti-SSA/Ro

18
63.44 (16.71)
3,15

6(333)
12 (66.7)

11,50 [9.25, 18.00]
450 [1.00, 7.75]

9.50 [5.50, 14.75)

0(85.6)

4(222)
1(5.6)
4(222)

9 (50.0)
953 (9.39)
97.83 (28.85)
91.33 (26.61)
87.89 (26.89)
62.89 (20.02)
0.85 (0.19)
4(222)
067 (0.07)

The p values are related to the corresponding negativity groups of the antibody studied (not reported in the graph but available in the supplementary appendix).

*n <0.05.





OEBPS/Images/fimmu.2021.588753_cover.jpg
’ frontiers
in Immunology

Correlation Between Skin and
Affected Organsin 52 Sclerodermic
Patients Followed in a Diseases
Management Team: Development of
a Risk Prediction Model of
Organ-Specific Complications





OEBPS/Images/fimmu-12-588753-g003.jpg
Kianey, AUC =084

i-

G o o oo i o om0 o






OEBPS/Images/fimmu-12-588753-g001.jpg
i
.bmmmeMWM.m.w
e A e e
W HH D H R A
| HIHH | HHCH R
| I H HE | HH |
L H R H M H M HE R
LI | HIH | H
= HEHE ] S A
|






OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/table1.jpg
Overall

Esophagus involvement

Heart involvement

Lungs involvement

Kidney involvement

N (%)

Age (years), Mean (SD)

SSc Type, N (%)

Diffused

Limited

Disease duration (years),
Median [IQR]

Infusion delay (years),
Median [IQR]

Rodnan Score, Median [IQR]

ENA Antibodies, N (%)

Anti-Centromere

Anti-Scl70

Anti-RNA polymerase lll

Anti-RNP

Anti PM-Scl 100/75
Anti-SSA/Ro

52 (100)
62.02 (13.29)

18(34.6)
34 (65.4)
11.5(7, 8

31,8

12,50 [6.00, 20.50]

22 (42.3)
17 32.7)
6(11.5)
3(58)
6(11.5)
18 (34.6)

32 (61,5)
61.56 (13.13)

13 (40.6)
19 (69.4)
9.5[5, 18]

200 [1.00, 6.25]

13.50
6.75, 24.00]

14 (43.8)
12 (37.5)
4(12.5)
2(6.2)
3(9.4)
11 (34.4)

P < 0.05. ‘p <0.20 for comparisons between patients with or without each organ involvement.

Overall characteristics of the four organs studied. The p values are related to the corresponding negativity groups of the organ studied (not reported in the graph but available in the
supplementary appendix). SSc, systemic sclerosis.

7(14,2)
64.00 (17.30)

2(28.6)
5(71.4)
1016, 11.5]
0.00 [0.00, 3.50]

14.00 [4.50, 21.00]

34 (65,3
62.76 (13.31)

13(38.2)
21 (61.8)
12 [8.25, 18.75]'

3.00 [0.00, 7.00]

15.00 [8.25, 23.00]*

13(38.2)
12(35.3)
4(11.8)
3(8.8)
5(14.7)
12(35.3)

13 (25)
71.85 (11.01)

4(30.8)
9 (69.2)
1210, 18]

5.00 [3.00, 8.00)"

7.00 [4.00, 22.00]

6(46.2)
4(30.8)
0(0.0)
0(0.0)
0(0.0)
5(38.5)





