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Background

Secondary hemophagocytic lymphohistiocytosis (sHLH) is a rare but fatal complication in idiopathic inflammatory myopathy (IIM) patients. The clinical value of radiological manifestations and serum cytokines remain unknown in this systemic crisis. This study aims to investigate the clinical value of PET/CT scan and cytokine profiles in predicting and understanding sHLH in IIM patients.



Methods

Adult IIM patients who were admitted to the four divisions of the First Affiliated Hospital, Zhejiang University School of Medicine (FAHZJU) from January 1, 2017 to December 31, 2020 were reviewed. PET/CT scan, cytokine profiles, and other factors of patients who met the inclusion and exclusion criteria were collected and analyzed.



Results

Sixty-nine out of 352 IIM patients were finally enrolled into the study. Ten patients developed sHLH and 70.0% of them died within 6 months. After false discovery rate (FDR) correction and multivariate logistic regression analysis, increased serum interferon (IFN)-γ level (p = 0.017), higher spleen mean standard uptake value (SUVmean, p = 0.035), and positivity of anti-MDA5 antibody (p = 0.049) were found to be significantly correlated with development of sHLH in IIM patients. The combination of serum IFN-γ, spleen SUVmean, and anti-MDA5 antibody found a balanced and satisfying predictor with a cutoff value of 0.047 and AUC of 0.946. A moderate correlation was identified between ferritin and spleen SUVmean (p = 0.001, r = 0.380) as well as serum IFN-γ(p = 0.001, r = 0.398). Before FDR correction, higher bilateral lung SUVmean (p = 0.034) and higher colon/rectum SUVmean (p = 0.013) were also observed in IIM patients who developed sHLH. By narrowing down to IIM patients with sHLH, anti-MDA5-antibody-positive DM patients tended to suffer from unfavorable outcome (p = 0.004) in Kaplan–Meier survival analysis.



Conclusion

Increased serum level of IFN-γ, elevated splenic FDG uptake, and positivity of anti-MDA5 antibody were significantly correlated with development of sHLH in IIM patients. Lung and lower digestive tract might also be affected due to systemic immune activation in IIM patients with sHLH. In addition, splenic FDG uptake, in combination with serum IFN-γand anti-MDA5 antibody, was found valuable in predicting development of sHLH in IIM patients. Among IIM patients with sHLH, anti-MDA5-antibody-positive DM patients showed higher tendency for unfavorable outcome.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare but life-threatening disorder featuring multiple clinical manifestations including continuous fever, cytopenia, excessive cytokine production, splenomegaly, hyperferritinemia, coagulopathy, and multiorgan failure (1, 2), with an estimated annual incidence of 1 per 800,000 adults and 1 to 10 per 1 million children in western Europe and the USA (2). In terms of pathophysiological mechanism, HLH can find its root in cytokine storm, hyperactivation of tissue-infiltrating macrophage and T cell, as well as acquired defects in cytotoxicity (3, 4). Familial HLH frequently happens within the first year of life and is taken as a genetic disease of impaired perforin­dependent cytotoxic function (5). Meanwhile secondary HLH (sHLH) can present at any age and is usually triggered by infection (i.e., viruses, bacteria, parasites, and fungi), malignancy (hematological malignancy in particular), autoimmune disorders, and hematological and solid organ transplantation (6). Autoimmune-related sHLH, or macrophage activation syndrome (MAS), is most commonly seen in adult-onset Still’s disease (AOSD), systemic juvenile idiopathic arthritis (sJIA), systemic lupus erythematosus (SLE) and Kawasaki disease (KD) (7, 8).

Idiopathic inflammatory myopathy (IIM) is a group of autoimmune disorders characterized by impairment of skin and bilateral proximal skeletal muscle (9, 10). Multiple extracutaneous and extramuscular complications encompassing interstitial lung disease, infection, carcinoma, etc. contributed to low quality of life, increased medical expense, and unfavorable outcome of IIM patients (11). In terms of sHLH in IIM patients, published literatures were mostly case reports or systemic review (12). In our previous work (13), the incidence of sHLH in adult IIM patients was merely 4.2%. However, the short-term mortality rate in IIM patients with sHLH was 77.8%, and missed diagnosis was quite common in clinical practice. With much remains unknown in these patients, it is thus necessary to continuously dig into the rare but fatal complication to figure out biomarkers and tools for early identification as well as impairment beyond bone marrow since IIM and sHLH were both systemic crises.

Recent years have seen cytokines and PET/CT scan as effective tools in prediction and evaluation of sHLH (14, 15). Since 18F-fluorodeoxyglucose (FDG) uptake in PET/CT scan can, to some extent, reflect focal inflammation and immune activation, the clinical value of PET/CT scan has been evaluated in familial and secondary HLH patients (16). Published literatures about PET/CT scan in IIM patients, nevertheless, mostly focused on its value in cancer screening, measurement of muscular impairment, and differentiation of myositis phenotypes (17). The clinical value of PET/CT scan in development of sHLH in IIM patients remains unknown. Meanwhile, the clinical value of cytokines like interleukin (IL)-6, IL-10, IL-18, and interferon (IFN)-γ have been revealed in MAS secondary to sJIA or KD (15, 18). In IIM patients with sHLH, however, the role and clinical value of cytokine profiles were still enigmas.

To fill in the gap in the field of IIM and sHLH, we sought to clarify the potential value of PET/CT scan and cytokine profiles in prediction and early identification of sHLH in IIM patients, as well as the distinctive radiological manifestations and the regarding pathophysiological alterations hidden in these patients.



Patients and Methods


Patients

To construct a retrospective cohort, we retrieved medical records and follow-up documents of adult patients who were hospitalized at Qingchun, Zhijiang, Yuhang, and Chengzhan divisions of FAHZJU with discharge diagnosis of dermatomyositis (DM), polymyositis (PM), and amyopathic dermatomyositis (ADM) from January 1, 2017 to December 31, 2020. The inclusion criteria of this study were as follows: (1) age over 18 years old; (2) the definite/probable diagnosis of DM, PM, or ADM satisfied the 2017 ACR/EULAR classification criteria, as certified by two experienced rheumatologists (Heng Cao and Bei Xu) (19); and (3) PET/CT scan performed during hospitalization. Exclusion criteria were as follows: (1) confirmed overlap syndromes with other connective tissue diseases (CTDs); (2) myopathy related to strenuous exercise, thyroid dysfunction, drug-induced myositis (i.e., statins, lamivudine, and Chinese herbal medicine), inherited metabolic disorders, etc.; (3) newly identified or unresolved malignancies; (4) hospitalization for reasons unrelated to myositis and its complications such as fracture, pregnancy, acquired immunodeficiency syndrome, and cataract, due to insufficient medical records for this study; and (5) loss to follow-up without death from any cause within 6 months after hospitalization. The research protocol was approved by the Institutional Review Board (IRB) of FAHZJU (Reference Number: 2021-194) and was implemented in accordance with the Declaration of Helsinki. Written informed consent to utilize and publish clinical data was acquired from all the patients involved at hospitalization.



Clinical Assessments

Clinical records of all the enrolled patients were retrospectively screened and collected utilizing the electronic medical record (EMR) system of FAHZJU. Data including demographic information, disease activity assessment, complications, immunosuppressive regimens, and radiological/laboratory findings were acquired and analyzed. Survival data were extracted from the follow-up records. To be exact, IIM patients were followed from the date of hospitalization until the end of follow-up. For patients who died during hospitalization, their dates of death were accurately documented in the EMR system. For patients who were discharged, a routine return visit was arranged 2 weeks after discharge. In addition to the regular inpatient or outpatient visits, a concise telephone interview was carried out 3 months after discharge, and at an annual frequency afterwards. The end of follow-up could be owing to death from any cause, loss to follow-up, or closure of follow-up for the purpose of this study (June 30, 2021).

Baseline disease activity assessment, lung function testing, and laboratory and radiological detections were performed in the first week of hospitalization. On-admission IIM disease activity was routinely measured using the Myositis Disease Activity Assessment Visual Analogue Scales (MYOACT) (13). ILD and its rapid progression were checked and confirmed by an experienced radiologist and a respiratory specialist (YL and BY) using lung HRCTs. A subset of RP-ILD patients was defined as those presenting with progressive dyspnea and progressive hypoxemia, acute worsening of interstitial alteration on the lung radiograph within 1 month after hospitalization, or onset of respiratory symptoms (20–22). Diagnosis of sHLH was made according to the criteria proposed by the Histiocyte Society in 2004 (HLH-2004, Supplementary Table 1) (13, 23) and was confirmed by a hematologist (BW). The included IIM patients were hereby divided into an HLH group and a non-HLH group (control group). Since pulmonary infection was easily confused with interstitial lung disease, identification of bacterial, fungal, or tuberculosis infection was a careful and comprehensive decision based on the essential microbiological findings in sputum or blood, clinical manifestations, and radiographic and laboratory abnormalities. Besides, diagnosis of Epstein–Barr virus (EBV) and cytomegalovirus (CMV) infection relied on the detection of serum antibody and DNA. All of the included patients received potent immunosuppressive therapies: (1) systemic prednisolone (PSL) or methylprednisolone (mPSL) with a maximum dosage ≥ 1 mg/kg/day (calculated by prednisolone); (2) combined therapy of PSL/mPSL, disease-modifying anti-rheumatic drugs (DMARDs), or Janus kinase (JAK) inhibitors, with or without intravenous immunoglobulin (IVIG). The DMARDs used in these patients encompassed Mycophenolate, Tacrolimus, Cyclosporine, Methotrexate, Cyclophosphamide, Thalidomide, and Hydroxychloroquine. Meanwhile the JAK inhibitors used in these patients included Tofacitinib and Baricitinib.



Laboratory Detections

To acquire the profiles of myositis-specific antibodies (MSAs) and myositis-associated antibodies (MAAs) as well as peripheral lymphocyte subsets and cytokines, serum samples were routinely acquired and detected within the first week of hospitalization. The 12 MSAs (anti-MDA5, anti-TIF1γ, anti-Jo-1, anti-EJ, anti-OJ, anti-PL-7, anti-PL-12, anti-Mi-2α, anti-Mi-2β, anti-SAE1, anti-SRP, and anti-NXP2) and 4 MAAs (anti-Ro-52, anti-PM-Scl75, anti-PM-Scl100, anti-Ku) were assessed by an immunoblotting assay utilizing the EUROLINE Autoimmune Inflammatory Myopathies 16 Ag (IgG) commercial line blot assay (Euroimmun, Lübeck, Germany) including a membrane strip with the 16 autoantigens as per the manufacturer’s instructions. Peripheral lymphocyte subsets and cytokine profiles were detected by the Department of Clinical Laboratory (FAHZJU) and uploaded onto the EMR system (detected values). Specifically, peripheral lymphocyte subsets were determined as percentages of CD3+CD4+, CD3+CD8+, CD3-CD16+CD56+, and CD3- CD19+ cells using CD45-PE, CD3-PC5, CD4-FITC, CD8-PE, CD3-FITC-CD(16 + 56)-PE, and CD19-FITC mouse anti-human fluorescence monoclonal antibodies (BD Bioscience) and the BD FACScanto™ II flow cytometer (Becton Dickinson, San Jose, CA, USA). Meanwhile serum levels of IL-2, IL-4, IL-6, IL-10, IL-17A, tumor necrosis factor (TNF)-α, and IFN-γ were quantified utilizing the cytometric bead array (CBA) kit BD™ CBA Human Th1/Th2/TH17 Cytokine Kit (BD Biosciences, San Jose, CA, USA) and the flow cytometer (described above). Measurement of cytokine was implemented as per the manufacturer’s instructions. The lower and upper limits of cytokine detection were 0.10 pg/ml and 5,000.00 pg/ml, respectively. The data were engendered in graphical and tabular format utilizing FCAP Array™ software (BD Biosciences, San Jose, CA, USA).



PET/CT Scan

Whole-body detection of CT and PET, which was performed with a combined PET/CT scanner (Biograph, Sensation 16, Siemens systems), covered a wide range from the meatus of the ear to the mid-thigh. Patients fasted overnight or for at least 6 h prior to the PET/CT detection. Blood glucose levels were confirmed to be within normal limits before the injection of 4.0 MBq/kg of [18F] FDG. Patients rested for 30 min so that non-specific FDG uptake in muscles was minimized. Imaging acquisition was systematically performed at 60 min after injection. SUV (standard uptake value) was calculated by the following formula: SUV (g/ml) = regional radioactivity concentration (Bq/ml)/[injected dose (Bq)/body weight (g)]. Region of interest (ROI, 20 mm diameter) was manually placed by a single trained radiologist (YL) at the region with the highest FDG uptake in the following organs: liver, spleen, bone marrow (thoracic, T10–T12, lumbar, L2–L4) (24), bilateral lung, esophagus, stomach, small intestine, colon/rectum, bilateral cerebellum, and bilateral proximal muscles (namely, trapezius, deltoid, biceps, iliopsoas, gluteus medius, gluteus maximus, and quadriceps) (25), excluding the region markedly influenced by FDG uptake in adjacent anatomical structures. In order to avoid noise and acquire the value representing a certain volume of targeted organs, SUV was calculated as the mean value of ROI (SUVmean) rather than the maximum value at a single pixel (25). For bilaterally distributed organs, the SUVmean was counted as the maximum SUVmean value of the symmetrical sides. The radiologist was blinded to the diagnostic subtypes, complications, and outcome of the included patients when assessing the SUVmean value of each and every targeted organ.



Statistical Analysis

Statistical analysis was performed using SPSS 22.0 (Chicago, IL, USA), R 3.6.1, and GraphPad Prism 8.0. In comparison between HLH and non-HLH patients, independent sample t-test was utilized to compare normally distributed continuous variables; meanwhile Mann–Whitney U test was used to compare skewed continuous variables or ordinal categorical variables. Chi-square test and Fisher’s exact test were utilized to compare unordered categorical variables. p-values in comparisons and univariate analyses were adjusted by false discovery rate (FDR) correction, using p.adjust function in R.3.6.1, to acquire adjusted p-values and minimize type I error. The univariate and the following multivariate logistic regression analyses were used to identify significant factors associated with development of sHLH in IIM patients. Factors with p < 0.05 in univariate analyses or comparisons were entered into the multivariate analysis. Binary logistic regression was also used to evaluate the contributary roles of statistically significant factors to development of sHLH. Receiver operating characteristic (ROC) curve analysis was applied to quantify the predictive value of continuous variables. The correlation between two continuous variables was measured by the Pearson linear analysis. Survival in different groups was evaluated by the Kaplan–Meier method with log-rank test. All tests were two-sided, and p <  0.05 was considered statistically significant.




Results


Patient Characteristics

A total of 352 adult IIM patients, including 11 patients who developed sHLH (3.1%), were hospitalized at the Qingchun, Zhijiang, Yuhang, and Chengzhan divisions of FAHZJU from January 1, 2017 to December 31, 2020. Among them, 69 patients who satisfied the inclusion/exclusion criteria were finally included into the study (Supplementary Figure 1), encompassing 45 with DM, 12 with PM, and 12 with ADM. Twenty-eight (40.6%) were males, and the mean age of all the patients included was 56.52 ± 11.71 years old. Thirty-one patients (44.9%) died in follow-up and the medium follow-up time was 13.33 (4.70, 26.45) months. Among the 69 patients, 10 patients developed sHLH (Figure 1 and Supplementary Tables 2 and 3), and the 59 patients without sHLH constituted the control group. Eight of the 10 sHLH patients were anti-MDA5 antibody positive, while the remaining two patients were both complicated with bacterial infection beforehand and were anti-PL-7 antibody positive and anti-SRP antibody positive, respectively. Besides, all of the sHLH events were identified after performance of PET/CT scan. IIM patients complicated with sHLH were found to suffer from worse survival (p = 0.005, Figure 2) with seven patients (70.0%) perished within 6 months. In patients who developed sHLH, infection (50.0%) was the most common contributor to death. Meanwhile exacerbation of ILD (including RP-ILD, 39.1%) was identified as the most frequent cause for death in the non-HLH group, followed by carcinoma (21.7%) (Supplementary Table 4). Three of the IIM patients with sHLH received etoposide therapy; however, none of them survived beyond 3 months (Supplementary Table 5). Apart from the conventional therapy of steroid, DMARDs, and IVIG, four patients received combined therapy of steroid and JAK inhibitors (two with Tofacitinib and two with Baricitinib). None of the four patients under the medication of steroid and JAK inhibitors developed sHLH.




Figure 1 | Abnormal FDG uptake in one IIM patient who was later diagnosed with sHLH. (A, B) Whole-body PET/CT scan showing abnormal FDG uptake in multiple organs. (C) Elevated splenic FDG uptake in PET/CT scan (where the arrow pointed). (D) Elevated colon FDG uptake in PET/CT scan (where the arrow pointed). (E) Elevated pulmonary FDG uptake in PET/CT scan (where the arrow pointed). FDG, Fluorodeoxyglucose; IIM,diopathic inflammatory myopathy; sHLH, Secondary hemophagocytic lymphohistiocytosis.






Figure 2 | Survival of IIM patients with or without sHLH. IIM, Idiopathic inflammatory myopathy; sHLH, Secondary hemophagocytic lymphohistiocytosis.





Clinical Factors Correlated with sHLH

To acquire an initial understanding on clinical factors related to sHLH in IIM patients, a comparison between IIM patients with or without sHLH was carried out and identified that patients who developed sHLH had a female dominance (p = 0.041); more complication of pulmonary bacterial infection (p = 0.011); higher disease activity (p = 0.016); lower percentage of peripheral CD3-CD16+CD56+ lymphocytes (p = 0.024); higher serum levels of IL-4 (p = 0.004, Figure 3A), IL-6 (p = 0.004, Figure 3B), IL-10 (p < 0.001, Figure 3C), TNF-α (p = 0.002, Figure 3D), and IFN-γ (p < 0.001, Figure 3E); higher serum levels of alanine transaminase (ALT, p = 0.023) and aspartate transaminase (AST, p = 0.010); higher levels of spleen SUVmean (p < 0.001, Figure 4A), bilateral lung SUVmean (p = 0.034, Figure 4B), colon and rectum SUVmean (p = 0.013, Figure 4C); as well as positivity of anti-MDA5 antibody (p = 0.005). After FDR correction, nevertheless, only a few remained statistically significant, including higher spleen SUVmean (p < 0.001) and positivity of anti-MDA5 antibody (p = 0.049), as well as higher serum levels of IL-4 (p = 0.045), IL-6 (p = 0.045), IL-10 (p < 0.001), TNF-α (p = 0.034), and IFN-γ (p < 0.001) (Table 1).




Figure 3 | Comparisons of cytokines in HLH and non-HLH groups. (A) Comparison of serum IL-4 between HLH and non-HLH groups. (B) Comparison of serum IL-6 between HLH and non-HLH groups. (C) Comparison of serum IL-10 between HLH and non-HLH groups. (D) Comparison of serum TNF-α between HLH and non-HLH groups. (E) Comparison of serum IFN-γ between HLH and non-HLH groups. HLH, Hemophagocytic lymphohistiocytosis; IL, Interleukin; TNF,Tumor necrosis factor; IFN, Interferon.






Figure 4 | Evaluation of 18F-FDG uptake in IIM patients with or without sHLH. (A) Comparison of spleen SUVmean between HLH and non-HLH groups. (B) Comparison of bilateral lung SUVmean between HLH and non-HLH groups. (C) Comparison of colon/rectum SUVmean between HLH and non-HLH groups. (D) ROC curve analysis of spleen SUVmean and IFN-γ in predicting sHLH. (E) ROC curve analysis of combination of two or three statistically significant parameters in predicting sHLH. (F) Correlation of spleen SUVmean and serum ferritin. (G) Correlation of spleen SUVmean and serum IFN-γ. 18F-FDG, 18F-fluorodeoxyglucose; IIM, Idiopathic inflammatory myopathy; sHLH, Secondary hemophagocytic lymphohistiocytosis; SUVmean, mean standard uptake value; ROC, Receiver operating characteristic; IFN, Interferon.




Table 1 | Comparisons of multiple factors between HLH and non-HLH groups.



The univariate logistic regression analyses for sHLH revealed that pulmonary bacterial infection (p = 0.007), disease activity (p = 0.012), percentage of peripheral CD3-CD16+CD56+ lymphocytes (p = 0.040), IL-4 (p = 0.002), IL-6 (p = 0.007), IL-10 (p = 0.049), TNF-α (p = 0.003), IFN-γ (p = 0.001), AST (p = 0.011), spleen SUVmean (p = 0.001), bilateral lung SUVmean (p = 0.045), colon/rectum SUVmean (p = 0.042), anti-MDA5 antibody (p = 0.008), and use of PSL/mPSL+IVIG (p = 0.040) were associated with development of sHLH in IIM patients (Supplementary Table 6). The following multivariate logistic regression analysis identified IFN-γ (p = 0.017), spleen SUVmean (p = 0.035), and anti-MDA5 antibody (p = 0.049) as clinical factors that were significantly correlated with development of sHLH in IIM patients (Supplementary Table 7).



Predictors for sHLH

Utilizing ROC curve analyses, the optimal cutoff value of IFN-γ for sHLH was >4.68 pg/ml, with a sensitivity of 80.0%, a specificity of 83.1%, and an AUC of 0.840 (Figure 4D). Meanwhile the optimal cutoff value of spleen SUVmean for sHLH was >2.029, with a sensitivity of 100.0%, a specificity of 79.7%, and an AUC of 0.910 (Figure 4D). To establish a more efficient and balanced predictor for development of sHLH, a series of models were constructed using logistic regression analysis about IFN-γ, spleen SUVmean, and anti-MDA5 antibody (two or three factors). In the present study, the coefficients were as follows: −10.274 + 0.343 * IFN-γ + 3.226 * spleen SUVmean for IFN-γ and spleen SUVmean (optimal cutoff value of −1.586, sensitivity of 90.0%, specificity of 89.8%, and AUC of 0.937); −5.890 + 0.511 * IFN-γ + 3.222 * anti-MDA5 antibody for IFN-γ and anti-MDA5 antibody (optimal cutoff value of −0.468, sensitivity of 80.0%, specificity of 100.0%, and AUC of 0.899); −11.182 + 3.952 * spleen SUVmean + 1.982 * anti-MDA5 antibody for spleen SUVmean and anti-MDA5 antibody (optimal cutoff value of −1.888, sensitivity of 90.0%, specificity of 81.4%, and AUC of 0.912); −12.453 + 0.492 * IFN-γ + 3.154 * spleen SUVmean and 2.943 * anti-MDA5 antibody for combination of the three factors (optimal cutoff value of 0.047, sensitivity of 90.0%, specificity of 100.0%, and AUC of 0.946) (Figure 4E). Through Pearson linear analysis, a moderate correlation was identified between ferritin and spleen SUVmean (p = 0.001, r = 0.380, Figure 4F) as well as IFN-γand spleen SUVmean (p = 0.001, r = 0.398, Figure 4G).



Identification of Survival-Related Factors

To probe into the predictive value of PET/CT scan in survival, the 10 IIM patients with sHLH were further divided into two groups depending on whether he or she died within 3 months (six patients) or survived beyond this threshold (four patients). Only age (p = 0.019), higher level of serum creatine kinase (CK, p = 0.038), and DM subtype (p = 0.005) exhibited statistical significance. However, the significance vanished after FDR correction (Supplementary Table 8). In the six patients who perished within 3 months, all of them were anti-MDA5-antibody-positive DM patients. Due to the limitation of sample size, we failed to identify significant difference in anti-MDA5-antibody-positive/negative IIM patients who developed sHLH (p = 0.149, Figure 5A). By narrowing down to anti-MDA5-antibody-positive DM patients (vs. other patients), a significant difference was identified in survival (p = 0.004, Figure 5B).




Figure 5 | Survival analyses in IIM patients with sHLH. (A) Survival of sHLH patients with or without positivity of anti-MDA5 antibody. (B) Survival of anti-MDA5-positive DM patients and the other patients. IIM, Idiopathic inflammatory myopathy; sHLH, Secondary hemophagocytic lymphohistiocytosis; DM, dermatomyositis.






Discussion

To date, this is the first cohort study to systemically investigate the clinical value of whole-body PET/CT scan in sHLH among adult IIM patients. Based on data from four centers, the incidence of sHLH was 3.1% in adult IIM patients, which was similar to the preceding finding (4.2%) but much lower compared with those in AOSD (approximately 15.0%) and sJIA (10.0%–30.0%) (7, 13). Rare as it is, the 6-month mortality of IIM patients with sHLH was 70.0%, indicating a higher mortality than those in other rheumatic diseases (7, 12).

Preceding studies on PET/CT scan of acute-myelocytic-leukemia-related HLH patients revealed elevated FDG uptakes in spleen and bone marrow (14). In IIM patients who developed sHLH, only spleen SUVmean was prominently elevated and significantly associated with development of sHLH. The hemophagocytosis by activated macrophages occurs in both bone marrows and spleen (26). Increased splenic FDG uptake could be taken as a manifestation of immune cell (macrophage and T cell included) activation in sHLH (27). Meanwhile, the moderate correlation between splenic FDG uptake and serum ferritin level as well as serum IFN-γconstituted a further demonstration for immune activation. The role of aggravated splenic immune activation in development of sHLH in IIM patients was hereby revealed. In contrast, the elevated bone marrow FDG uptake could contribute to the active proliferation of hematopoietic cells (28). The different disease background and different causes for altered FDG uptake in spleen and bone marrow might explain the insignificant difference of bone marrow SUVmean between the two groups of IIM patients. Additionally, in the IIM cohort, spleen SUVmean was found to work as a more satisfying predictor for sHLH than serum IFN-γlevel with larger AUC and better sensitivity. A more efficient and balanced predicting tool was initially developed when combining serum IFN-γ, spleen SUVmean, and anti-MDA5 antibody. Despite the cost and the radiation exposure of PET/CT scan, the clinical value of splenic FDG uptake deserved further exploration since sHLH was frequently omitted in IIM patients. Nevertheless, splenic FDG uptake was not found effective in predicting outcome of IIM patients with sHLH.

Apart from the elevation of spleen SUVmean, increased FDG uptakes of lung and colon/rectum were also recognized in IIM patients with sHLH before FDR correction. It is known that sHLH is a systemic inflammatory disorder featuring macrophage and T-cell activation, cytokine storm, as well as a consequent hemophagocytosis (29). Extra-hematological involvements have thus drawn attention from physicians and researchers. Frequent interstitial infiltrates (54.0%) have already been identified in a large sHLH cohort, and was found to contribute to MAS development by excessively amplifying the pathogenic proinflammatory response (30, 31). The significantly elevated pulmonary FDG uptake, which indicated focal immune activation, might work as an additional demonstration for aggravated pulmonary involvement in IIM patients with sHLH. In addition to sHLH and autoimmune-related ILD, activation of T cells and macrophages was also identified to play a key pathogenic role in the development of inflammatory bowel disease (IBD) (32–34). Elevated colon/rectum FDG uptake might therefore suggest exacerbated gastrointestinal involvement in IIM patients with sHLH.

Abundant secretion of various cytokines has been recognized as a typical manifestation in HLH patients. Serum IFN-γ, TNF-α, IL-4, IL-6, IL-10, and IL-18 were found to be valuable in early identification, disease progression, and outcome prediction of HLH, especially in pediatric patients, EBV-related HLH, and MAS associated with sJIA or KD (8, 15, 18, 35–38). IFN-γ, in particular, was identified as a major macrophage-activating signal that would initiate a robust release of cytokines and chemokines (8). Meanwhile therapeutic regimen targeting IFN-γ has been testified effective in optimal control of HLH (39). In this study, serum levels of IL-4, IL-6, IL-10, TNF-α, as well as IFN-γ were observed elevated in IIM patients who were later diagnosed with sHLH. However, we cannot ignore that IIM patients had a profound immunological abnormality background and were frequently complicated with infection, ILD, and RP-ILD (40–43). Serum cytokines included in this study could also be affected by IIM itself as well as its complications. After adjusting for disease activity, infection, and RP-ILD, only IFN-γ was found significantly correlated with development of sHLH in IIM patients, which was consistent with preceding findings in sJIA (8, 15, 38, 44). However, the clinical value of IFN-γ in predicting sHLH in IIM patients was inferior to spleen SUVmean and demanded further verification in the future.

Anti-MDA5 antibody was comparably more often seen in Asian DM or ADM patients (45, 46). The positivity of anti-MDA5 antibody heralds complication of early and rapidly progressive ILD, and usually leads to unfavorable outcome (47). Its association with sHLH, however, has never been elaborated. In this study, the positivity of anti-MDA5 antibody was found significantly correlated with sHLH after FDR correction as well as multivariate analysis. This is the first clinical study that directly linked anti-MDA5 antibody with sHLH in IIM patients. RP-ILD, which is frequent in patients with positivity of anti-MDA5 antibody, have been found to be correlated with macrophage activation in IIM-ILD patients (48, 49). It is thus not surprising that recent studies initially unveiled the role of macrophage activation in anti-MDA5-antibody-positive DM or ADM patients, through miRNA–mRNA association analysis and detection of macrophage activation biomarkers (50, 51). The underlying pathophysiology of macrophage activation might explain the association between anti-MDA5 antibody and development of sHLH. Besides, anti-MDA5-antibody-positive patients with sHLH also tended to have unfavorable outcome. Due to limited sample size, however, statistical significance only arose when narrowing down to anti-MDA5-antibody-positive DM patients (vs. the others).

Most IIM patients with sHLH were refractory to conventional treatment like steroid, DMARDs, IVIG, plasma exchange, and etoposide. The administration of rituximab (RTX) might result in rapid clinical relief and steroid reduction (12). Recent years have seen several reports on the satisfying response to the JAK inhibitor Ruxolitinib in HLH patients, which might indicate the potent effect of JAK inhibitor on suppressing cytokine cascade (1, 4). In our cohort, four patients received a combined therapy of steroid and JAK inhibitor (Tofacitinib or Baricitinib); none of them developed sHLH in follow-up. The role and mechanism of JAK inhibitor in preventing and curing sHLH in CTD patients demand further exploration.

The retrospective nature, the small sample size, and the selection bias (more severe patients) constituted the major limitations of this study. Generally speaking, patients with higher disease activity, dyspnea, complication of fever, and signs of cytopenia tended to receive whole-body PET/CT scan to exclude malignancy or relapse of malignancy. Lack of detection of soluble CD25 and natural killer cell activity in most cases might lead to underestimation of sHLH in IIM patients. The retrospective nature made it impossible to assess more cytokines like IL-18 and soluble TNF receptor. The scarcity of healthy people receiving PET/CT scan made it impossible to construct a healthy control group. Last but not least, we failed to provide valid suggestions for prevention and treatment of sHLH in IIM patients owing to the serious heterogeneity of therapeutic regimens as well as the rarity of sHLH in this cohort.



Conclusion

sHLH is a fatal complication in adult IIM patients. Increased serum level of IFN-γ, elevated splenic FDG uptake, and positivity of anti-MDA5 antibody were found to be significantly correlated with development of sHLH in IIM patients. Lung and lower digestive tract might also be affected due to systemic immune activation in these patients. In addition, the combination of splenic FDG uptake, serum IFN-γ, and anti-MDA5 antibody was found valuable in predicting development of sHLH in IIM patients. Among IIM patients with sHLH, anti-MDA5-antibody-positive DM patients showed higher tendency for unfavorable outcome.



Data Availability Statement

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



Ethics Statement

The studies involving human participants were reviewed and approved by The Institutional Review Board of the First Affiliated Hospital, Zhejiang University School of Medicine. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

JYL contributed to the study design, data collection, statistical analysis, writing, and proofreading of this work. HC contributed to the study design, verification of IIM diagnosis, and proofreading of this study. BW contributed to verification of sHLH and data collection. YL contributed to reevaluation of FDG uptake in multiple organs as well as identification of ILD and RP-ILD. BX contributed to verification of IIM diagnosis. YH and YS contributed to data collection, while BY contributed to identification of ILD and RP-ILD. JL contributed to the study design and proofreading of this study. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by grants from the National Natural Science Foundation of China (81701602).



Acknowledgments

We appreciate the work of the Department of Clinical Laboratory (FAHZJU) in detecting and uploading peripheral lymphocyte subsets and cytokine profiles.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.745211/full#supplementary-material



References

1. Albeituni, S, Verbist, KC, Tedrick, PE, Tillman, H, Picarsic, J, Bassett, R, et al. Mechanisms of Action of Ruxolitinib in Murine Models of Hemophagocytic Lymphohistiocytosis. Blood (2019) 134(2):147–59. doi: 10.1182/blood.2019000761

2. Miller, PG, Sperling, AS, Gibson, CJ, Viswanathan, K, Castellano, C, McConkey, M, et al. Contribution of Clonal Hematopoiesis to Adult-Onset Hemophagocytic Lymphohistiocytosis. Blood (2020) 136(26):3051–5. doi: 10.1182/blood.2020008206

3. Kalinichenko, A, Perinetti Casoni, G, Dupre, L, Trotta, L, Huemer, J, Galgano, D, et al. RhoG Deficiency Abrogates Cytotoxicity of Human Lymphocytes and Causes Hemophagocytic Lymphohistiocytosis. Blood (2021) 137(15):2033–45. doi: 10.1182/blood.2020008738

4. Ahmed, A, Merrill, SA, Alsawah, F, Bockenstedt, P, Campagnaro, E, Devata, S, et al. Ruxolitinib in Adult Patients With Secondary Haemophagocytic Lymphohistiocytosis: An Open-Label, Single-Centre, Pilot Trial. Lancet Haematol (2019) 6(12):e630–e7. doi: 10.1016/S2352-3026(19)30156-5

5. Brito-Zeron, P, Bosch, X, Perez-de-Lis, M, Perez-Alvarez, R, Fraile, G, Gheitasi, H, et al. Infection is the Major Trigger of Hemophagocytic Syndrome in Adult Patients Treated With Biological Therapies. Semin Arthritis Rheum (2016) 45(4):391–9. doi: 10.1016/j.semarthrit.2015.07.004

6. Mehta, P, Cron, RQ, Hartwell, J, Manson, JJ, and Tattersall, RS. Silencing the Cytokine Storm: The Use of Intravenous Anakinra in Haemophagocytic Lymphohistiocytosis or Macrophage Activation Syndrome. Lancet Rheumatol (2020) 2(6):e358–e67. doi: 10.1016/S2665-9913(20)30096-5

7. Tang, S, Li, S, Zheng, S, Ding, Y, Zhu, D, Sun, C, et al. Understanding of Cytokines and Targeted Therapy in Macrophage Activation Syndrome. Semin Arthritis Rheum (2021) 51(1):198–210. doi: 10.1016/j.semarthrit.2020.12.007

8. Schulert, GS, Pickering, AV, Do, T, Dhakal, S, Fall, N, Schnell, D, et al. Monocyte and Bone Marrow Macrophage Transcriptional Phenotypes in Systemic Juvenile Idiopathic Arthritis Reveal TRIM8 as a Mediator of IFN-Gamma Hyper-Responsiveness and Risk for Macrophage Activation Syndrome. Ann Rheum Dis (2020) 80(5):617–25 doi: 10.1136/annrheumdis-2020-217470

9. Kostine, M, Finckh, A, Bingham, CO, Visser, K, Leipe, J, Schulze-Koops, H, et al. EULAR Points to Consider for the Diagnosis and Management of Rheumatic Immune-Related Adverse Events Due to Cancer Immunotherapy With Checkpoint Inhibitors. Ann Rheum Dis (2021) 80(1):36–48. doi: 10.1136/annrheumdis-2020-217139

10. Pinal-Fernandez, I, Casal-Dominguez, M, Derfoul, A, Pak, K, Miller, FW, Milisenda, JC, et al. Machine Learning Algorithms Reveal Unique Gene Expression Profiles in Muscle Biopsies From Patients With Different Types of Myositis. Ann Rheum Dis (2020) 79(9):1234–42. doi: 10.1136/annrheumdis-2019-216599

11. Mehta, P, Agarwal, V, and Gupta, L. High Early Mortality in Idiopathic Inflammatory Myopathies: Results From the Inception Cohort at a Tertiary Care Center in Northern India. Rheumatol (Oxford) (2021) 60(9):4281–90. doi: 10.1093/rheumatology/keab001

12. Kishida, D, Sakaguchi, N, Ueno, KI, Ushiyama, S, Ichikawa, T, Yoshinaga, T, et al. Macrophage Activation Syndrome in Adult Dermatomyositis: A Case-Based Review. Rheumatol Int (2020) 40(7):1151–62. doi: 10.1007/s00296-020-04590-9

13. Liang, J, Xu, D, Sun, C, Chen, W, Cao, H, and Lin, J. Hemophagocytic Lymphohistiocytosis: Prevalence, Risk Factors, Outcome, and Outcome-Related Factors in Adult Idiopathic Inflammatory Myopathies. J Rheumatol (2020) 47(10):1532–40. doi: 10.3899/jrheum.190542

14. Boddu, P, Oviedo, SP, Rausch, CR, Yam, C, Daver, N, Kantarjian, H, et al. PET-CT in AML-Related Hemophagocytic Lymphohistiocytosis. Leuk Lymphoma (2018) 59(6):1486–9. doi: 10.1080/10428194.2017.1379079

15. Guo, L, Xu, Y, Qian, X, Zou, L, Zheng, R, Teng, L, et al. Sudden Hypotension and Increased Serum Interferon-Gamma and Interleukin-10 Predict Early Macrophage Activation Syndrome in Patients With Systemic Juvenile Idiopathic Arthritis. J Pediatr (2021) 235:203–11.e3. doi: 10.1016/j.jpeds.2021.02.008

16. Banerjee, S, Quinn, KA, Gribbons, KB, Rosenblum, JS, Civelek, AC, Novakovich, E, et al. Effect of Treatment on Imaging, Clinical, and Serologic Assessments of Disease Activity in Large-Vessel Vasculitis. J Rheumatol (2020) 47(1):99–107. doi: 10.3899/jrheum.181222

17. Selva-O’Callaghan, A, Gil-Vila, A, Simo-Perdigo, M, Trallero-Araguas, E, Alvarado-Cardenas, M, and Pinal-Fernandez, I. PET Scan: Nuclear Medicine Imaging in Myositis. Curr Rheumatol Rep (2019) 21(11):64. doi: 10.1007/s11926-019-0864-3

18. Shimizu, M, Yokoyama, T, Yamada, K, Kaneda, H, Wada, H, Wada, T, et al. Distinct Cytokine Profiles of Systemic-Onset Juvenile Idiopathic Arthritis-Associated Macrophage Activation Syndrome With Particular Emphasis on the Role of Interleukin-18 in its Pathogenesis. Rheumatol (Oxford) (2010) 49(9):1645–53. doi: 10.1093/rheumatology/keq133

19. Hocevar, A, Rotar, Z, Krosel, M, Cucnik, S, and Tomsic, M. Performance of the 2017 European League Against Rheumatism/American College of Rheumatology Classification Criteria for Adult and Juvenile Idiopathic Inflammatory Myopathies in Clinical Practice. Ann Rheum Dis (2018) 77(12):e90. doi: 10.1136/annrheumdis-2017-212774

20. Horiike, Y, Suzuki, Y, Fujisawa, T, Yasui, H, Karayama, M, Hozumi, H, et al. Successful Classification of Macrophage-Mannose Receptor CD206 in Severity of Anti-MDA5 Antibody Positive Dermatomyositis Associated ILD. Rheumatol (Oxford) (2019) 58(12):2143–52. doi: 10.1093/rheumatology/kez185

21. Hozumi, H, Fujisawa, T, Nakashima, R, Johkoh, T, Sumikawa, H, Murakami, A, et al. Comprehensive Assessment of Myositis-Specific Autoantibodies in Polymyositis/Dermatomyositis-Associated Interstitial Lung Disease. Respir Med (2016) 121:91–9. doi: 10.1016/j.rmed.2016.10.019

22. Abe, Y, Matsushita, M, Tada, K, Yamaji, K, Takasaki, Y, and Tamura, N. Clinical Characteristics and Change in the Antibody Titres of Patients With Anti-MDA5 Antibody-Positive Inflammatory Myositis. Rheumatol (Oxford) (2017) 56(9):1492–7. doi: 10.1093/rheumatology/kex188

23. Horne, A, von Bahr Greenwood, T, Chiang, SCC, Meeths, M, Bjorklund, C, Ekelund, M, et al. Efficacy of Moderately Dosed Etoposide in Macrophage Activation Syndrome-Hemophagocytic Lymphohistiocytosis. J Rheumatol (2021) 48(10):1596–602. doi: 10.3899/jrheum.200941

24. Kim, J, Yoo, SW, Kang, SR, Bom, HS, Song, HC, and Min, JJ. Clinical Implication of F-18 FDG PET/CT in Patients With Secondary Hemophagocytic Lymphohistiocytosis. Ann Hematol (2014) 93(4):661–7. doi: 10.1007/s00277-013-1906-y

25. Tanaka, S, Ikeda, K, Uchiyama, K, Iwamoto, T, Sanayama, Y, Okubo, A, et al. [18f]FDG Uptake in Proximal Muscles Assessed by PET/CT Reflects Both Global and Local Muscular Inflammation and Provides Useful Information in the Management of Patients With Polymyositis/Dermatomyositis. Rheumatol (Oxford) (2013) 52(7):1271–8. doi: 10.1093/rheumatology/ket112

26. Ramos-Casals, M, Brito-Zeron, P, Lopez-Guillermo, A, Khamashta, MA, and Bosch, X. Adult Haemophagocytic Syndrome. Lancet (2014) 383(9927):1503–16. doi: 10.1016/S0140-6736(13)61048-X

27. Prigent, K, Lasnon, C, Ezine, E, Janson, M, Coudrais, N, Joly, E, et al. Assessing Immune Organs on (18)F-FDG PET/CT Imaging for Therapy Monitoring of Immune Checkpoint Inhibitors: Inter-Observer Variability, Prognostic Value and Evolution During the Treatment Course of Melanoma Patients. Eur J Nucl Med Mol Imaging (2021) 48(8):2573–85. doi: 10.1007/s00259-020-05103-3

28. Zhao, E, Xu, H, Wang, L, Kryczek, I, Wu, K, Hu, Y, et al. Bone Marrow and the Control of Immunity. Cell Mol Immunol (2012) 9(1):11–9. doi: 10.1038/cmi.2011.47

29. Crayne, CB, Albeituni, S, Nichols, KE, and Cron, RQ. The Immunology of Macrophage Activation Syndrome. Front Immunol (2019) 10:119. doi: 10.3389/fimmu.2019.00119

30. Seguin, A, Galicier, L, Boutboul, D, Lemiale, V, and Azoulay, E. Pulmonary Involvement in Patients With Hemophagocytic Lymphohistiocytosis. Chest (2016) 149(5):1294–301. doi: 10.1016/j.chest.2015.11.004

31. Ruscitti, P, Bruno, F, Berardicurti, O, Acanfora, C, Pavlych, V, Palumbo, P, et al. Lung Involvement in Macrophage Activation Syndrome and Severe COVID-19: Results From a Cross-Sectional Study to Assess Clinical, Laboratory and Artificial Intelligence-Radiological Differences. Ann Rheum Dis (2020) 79(9):1152–5. doi: 10.1136/annrheumdis-2020-218048

32. Galindo-Feria, AS, Albrecht, I, Fernandes-Cerqueira, C, Notarnicola, A, James, EA, Herrath, J, et al. Proinflammatory Histidyl-Transfer RNA Synthetase-Specific CD4+ T Cells in the Blood and Lungs of Patients With Idiopathic Inflammatory Myopathies. Arthritis Rheumatol (2020) 72(1):179–91. doi: 10.1002/art.41075

33. Jones, GR, Bain, CC, Fenton, TM, Kelly, A, Brown, SL, Ivens, AC, et al. Dynamics of Colon Monocyte and Macrophage Activation During Colitis. Front Immunol (2018) 9:2764. doi: 10.3389/fimmu.2018.02764

34. Neurath, MF. Targeting Immune Cell Circuits and Trafficking in Inflammatory Bowel Disease. Nat Immunol (2019) 20(8):970–9. doi: 10.1038/s41590-019-0415-0

35. Xu, XJ, and Tang, YM. Dilemmas in Diagnosis and Management of Hemophagocytic Lymphohistiocytosis in Children. World J Pediatr (2020) 16(4):333–40. doi: 10.1007/s12519-019-00299-3

36. Han, XC, Ye, Q, Zhang, WY, Tang, YM, Xu, XJ, and Zhang, T. Cytokine Profiles as Novel Diagnostic Markers of Epstein-Barr Virus-Associated Hemophagocytic Lymphohistiocytosis in Children. J Crit Care (2017) 39:72–7. doi: 10.1016/j.jcrc.2017.02.018

37. Li, Z, Liu, J, Man, Y, Liu, F, Gao, L, Hu, P, et al. Analysis of Cytokine Risk Factors in the Early Death of Patients With Secondary Phagocytic Lymphocytic Histiocytosis. Am J Transl Res (2021) 13(4):2388–98.

38. Vandenhaute, J, Wouters, CH, and Matthys, P. Natural Killer Cells in Systemic Autoinflammatory Diseases: A Focus on Systemic Juvenile Idiopathic Arthritis and Macrophage Activation Syndrome. Front Immunol (2019) 10:3089. doi: 10.3389/fimmu.2019.03089

39. Chaturvedi, V, Lakes, N, Tran, MH, Castillo, N, and Jordan, MB. JAK Inhibition for Murine HLH Requires Complete Blockade of IFNg Signaling and is Limited by Toxicity of JAK2 Inhibition. Blood (2021) 138(12):1034–9. doi: 10.1182/blood.2020007930

40. Lou, Y, Zheng, Y, Fan, B, Zhang, L, Zhu, F, Wang, X, et al. Serum Levels of Interleukins and S100A8/A9 Correlate With Clinical Severity in Patients With Dermatomyositis-Associated Interstitial Lung Disease. BMC Pulm Med (2020) 20(1):196. doi: 10.1186/s12890-020-01226-3

41. Matsuda, S, Kotani, T, Ishida, T, Fukui, K, Fujiki, Y, Suzuka, T, et al. Exploration of Pathomechanism Using Comprehensive Analysis of Serum Cytokines in Polymyositis/Dermatomyositis-Interstitial Lung Disease. Rheumatol (Oxford) (2020) 59(2):310–8. doi: 10.1093/rheumatology/kez301

42. Aleksza, M, Szegedi, A, Antal-Szalmas, P, Irinyi, B, Gergely, L, Ponyi, A, et al. Altered Cytokine Expression of Peripheral Blood Lymphocytes in Polymyositis and Dermatomyositis. Ann Rheum Dis (2005) 64(10):1485–9. doi: 10.1136/ard.2003.017715

43. Ishikawa, Y, Iwata, S, Hanami, K, Nawata, A, Zhang, M, Yamagata, K, et al. Relevance of Interferon-Gamma in Pathogenesis of Life-Threatening Rapidly Progressive Interstitial Lung Disease in Patients With Dermatomyositis. Arthritis Res Ther (2018) 20(1):240. doi: 10.1186/s13075-018-1737-2

44. Yasin, S, and Schulert, GS. Systemic Juvenile Idiopathic Arthritis and Macrophage Activation Syndrome: Update on Pathogenesis and Treatment. Curr Opin Rheumatol (2018) 30(5):514–20. doi: 10.1097/BOR.0000000000000526

45. Huang, K, Vinik, O, Shojania, K, Yeung, J, Shupak, R, Nimmo, M, et al. Clinical Spectrum and Therapeutics in Canadian Patients With Anti-Melanoma Differentiation-Associated Gene 5 (MDA5)-Positive Dermatomyositis: A Case-Based Review. Rheumatol Int (2019) 39(11):1971–81. doi: 10.1007/s00296-019-04398-2

46. Gupta, L, Naveen, R, Gaur, P, Agarwal, V, and Aggarwal, R. Myositis-Specific and Myositis-Associated Autoantibodies in a Large Indian Cohort of Inflammatory Myositis. Semin Arthritis Rheum (2021) 51(1):113–20. doi: 10.1016/j.semarthrit.2020.10.014

47. Romero-Bueno, F, Diaz Del Campo, P, Trallero-Araguas, E, Ruiz-Rodriguez, JC, Castellvi, I, Rodriguez-Nieto, MJ, et al. Recommendations for the Treatment of Anti-Melanoma Differentiation-Associated Gene 5-Positive Dermatomyositis-Associated Rapidly Progressive Interstitial Lung Disease. Semin Arthritis Rheum (2020) 50(4):776–90. doi: 10.1016/j.semarthrit.2020.03.007

48. Shen, YW, Zhang, YM, Huang, ZG, Wang, GC, and Peng, QL. Increased Levels of Soluble CD206 Associated With Rapidly Progressive Interstitial Lung Disease in Patients With Dermatomyositis. Mediators Inflammation (2020) 2020:7948095. doi: 10.1155/2020/7948095

49. Zuo, Y, Ye, L, Liu, M, Li, S, Liu, W, Chen, F, et al. Clinical Significance of Radiological Patterns of HRCT and Their Association With Macrophage Activation in Dermatomyositis. Rheumatol (Oxford) (2020) 59(10):2829–37. doi: 10.1093/rheumatology/keaa034

50. Gono, T, Okazaki, Y, and Kuwana, M. Antiviral Proinflammatory Phenotype of Monocytes in Anti-MDA5 Antibody-Associated Interstitial Lung Disease. Rheumatol (Oxford) (2021). doi: 10.1093/rheumatology/keab371

51. Fujisawa, T, Hozumi, H, Yasui, H, Suzuki, Y, Karayama, M, Furuhashi, K, et al. Clinical Significance of Serum Chitotriosidase Level in Anti-MDA5 Antibody-Positive Dermatomyositis-Associated Interstitial Lung Disease. J Rheumatol (2019) 46(8):935–42. doi: 10.3899/jrheum.180825




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


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

Copyright © 2021 Liang, Cao, Wu, Liu, He, Xu, Sun, Ye and Lin. 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-12-745211-g003.jpg
T4 (pgimil)

@

w

m

ANE-a (pg/ml)

E

. b
P00t Pe0.04 Peoont
- -
- ol
Z 150 & H o
I H . %o
i S 2 g
< = 100
Ia K
L& . 5
Py 0
o R W o
e
pasez o
»
"
i
1l |
o i
¢ 2 :
e N e o

LR, -~

" s

—





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Clinical Value of 18F-FDG PET/CT Scan and Cytokine Profiles in Secondary Hemophagocytic Lymphohistiocytosis in Idiopathic Inflammatory Myopathy Patients: A Pilot Study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Patients and Methods

        

          		

            Patients

          



          		

            Clinical Assessments

          



          		

            Laboratory Detections

          



          		

            PET/CT Scan

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient Characteristics

          



          		

            Clinical Factors Correlated with sHLH

          



          		

            Predictors for sHLH

          



          		

            Identification of Survival-Related Factors

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-745211-g004.jpg
L) P<0.001 » c

17 £ roms o e
e £ £,

H e H

H i :

Zr £ £

£ HE

3 £ !

" o .

W N W Newtin W Nentin

> e

w 0

" o] R S
: Z e
e a iy
o [P p— o
7 — PNy #

N 2

" .

IR R
00 Spesiin s 10

" e

e P00t 4

H | B4

H £

H ER

£ £

w0 a0 oo
st

s

oo

]
1PNy (p/ml)





OEBPS/Images/fimmu-12-745211-g002.jpg
100- P=0.005

— Non-HLH

Percent survival
Py
2

o
0 20 40 60
Months elapsed
HLH 10 2 1 0

Non-HLH 59 21 6 0





OEBPS/Images/fimmu.2021.745211_cover.jpg
’ frontiers
in Immunology

Clinical Value of ®F-FDG PET/CT
Scan and Cytokine Profiles in
Secondary Hemophagocytic

Lymphohistiocytosis in Idiopathic

Inflammatory Myopathy Patients:

A Pilot Study





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-745211-g001.jpg





OEBPS/Images/table1.jpg
Factors HLH (10) Non-HLH (59) p-value p-adjusted
Age (y) 55.90 + 9.39 56.63 + 12.12 0.857 1.000
Sex (male/female) 1/9 27/32 0.041 0.186
Clinical manifestations or complications
Pulmonary bacterial infection 5 (50.0%) 7 (11.9%) 0.011 0.083
Pulmonary fungal infection 2 (20.0%) 7 (11.9%) 0.674 0.977
Tuberculosis infection 0(0.0%) 1(1.7%) 1.000 1.000
EBV infection 1(10.0%) 3 (22.0%) 0.653 0.977
CMV infection 0 (0.0%) 3(6.1%) 1.000 1.000
RP-ILD 4 (40.0%) 7 (28.8%) 0.479 0.958
Carcinoma 0 (0.0%) 1(18.6%) 0.345 0.916
Disease activity
MYOACT score 14.50 (8.75, 16.25) 9.00(7.00, 12.00) 0.016 0.099
Laboratory findings
CD3*CD4* lymphocytes (%) 36.61 + 13.80 40.55 + 13.47 0.397 0.916
CD3*CD8" lymphocytes (%) 28.75 (19.88, 39.60) 20.50 (15.60, 30.10) 0.067 0.268
CD4*/CD8" Ratio 1.35(0.68, 2.14) 1.73 (1.29, 3.05) 0.147 0.476
CD3"CD16*CD56* lymphocytes (%) 7.90 (1.88,9.15) 11.00 (6.60, 20.00) 0.024 0.126
CD3°CD19* lymphocytes(%) 21.42 + 11.73 19.73 + 11.76 0.675 0977
IL-2 (pg/ml) 0.68 (0.10, 7.64) 0.22 0.10, 1.80) 0.473 0.958
IL-4 (pg/ml) 2.96 (0.27,4.18) 0.15 (0.10, 1.60) 0.004 0.045
IL-6 (pg/ml) 35.25 (16.10, 119.41) 6.62 (2.84, 14.66) 0.004 0.045
IL-10 (pg/ml) 19.32 (10.14, 47.29) 3.28 (1.72, 4.25) <0.001 <0.001
TNF-a. (pg/ml) 8.69 (1.26, 23.53) 0.65 (0.10, 2.23) 0.002 0.034
IFN-y (pg/ml) 8.51(4.00, 16.24) 0.70 (0.10, 2.54) <0.001 <0.001
IL-17A (pg/ml) 2.72(0.10, 15.30) 0.10 (0.10, 4.03) 0.208 0.643
CRP (mg/L) 3.70 (1.14, 7.66) 6.70 (3.10, 33.00) 0.102 0.383
ESR (mm/h) 28.00 (8.00, 62.50) 16.00 (9.00, 30.00) 0.418 0917
ALT (U/L) 134.00 (76.25, 335.00) 62.00 (25.00, 114.00) 0.023 0.126
AST (U/L) 190.50 (82.25, 908.00) 51.00 (32.00, 132.00) 0.010 0.083
LDH (U/L) 371.00 (290.25, 566.50) 329.00 (250.00, 508.00) 0.404 0.916
CK (U/L) 101.50 (48.00, 526.50) 106.00 (52.00, 457.00) 0.946 1.000
'8F_.FDG PET/CT scan findings
Bilateral lung SUVmean 0.58 + 0.21 0.47 £0.14 0.034 0.165
Liver SUVmean 1.59 + 0.31 1.78 £ 0.46 0.367 0.916
Spleen SUVmean 2.48 +0.49 1.77 £ 0.39 <0.001 <0.001
Bone marrow SUVmean 1.87 + 0.63 1.63 +0.42 0.128 0.435
Cardiac SUVmean 1.25(1.07, 1.70) 1.58 (1.07, 2.60) 0.310 0.916
Esophagus SUVmean 1.24 (1.07, 1.64) 1.39 (1.09, 1.77) 0.664 0977
Stomach SUVmean 0.79 (0.51, 1.30) 099 (0.78, 1.17) 0.331 0916
Small intestine SUVmean 1.06 +0.23 1.03 +0.33 0.798 1.000
Colon and rectum SUVmean 1.31(1.08, 1.61) 0.99 (0.78, 1.07) 0.013 0.088
Bilateral cerebellum SUVmean 519 +£1.74 515+ 1.52 0.943 1.000
Bilateral trapezius SUVmean 0.70 (0.64, 0.85) 0.84 (0.71,1.07) 0.107 0.383
lateral deltoid SUVmean 0.75 (0.65, 0.81) 0.79 (0.61, 1.10) 0.523 0.958
Bilateral biceps SUVmean 0.79 (0.66, 1.00) 0.79 (0.65, 1.15) 0.621 0.977
Bilateral ilioposas SUVmean 1.23 +0.37 1.15+0.38 0.529 0.958
Bilateral gluteus maximus SUVmean 0.79 (0.61, 1.06) 0.76 (0.57, 0.96) 0.506 0.958
Bilateral gluteus medius SUVmean 0.87 (0.75,0.97) 0.94 (0.73,1.21) 0.404 0916
lateral quadriceps SUVmean 0.78 (0.71, 1.02) 0.82 (0.69, 1.04) 0.772 1.000
Myositis-specific antibodies and myositis-associated antibodies
Anti-MDA5 8 (80.0%) 18 (30.5%) 0.005 0.049
Anti-PL-7 1(10.0%) 6 (10.2%) 1.000 1.000
Anti-PL-12 (0.0%) 2 (3.4%) 1.000 1.000
Anti-EJ 0(0.0%) 2 (3.4%) 1.000 1.000
Anti-OJ 0(0.0%) 1(1.7%) 1.000 1.000
Anti-Jo-1 0(0.0%) 7(11.9%) 0.582 0.958
Anti-TIF1y 0(0.0%) 6 (10.2%) 0.582 0.958
Anti-Mi-20, 0 (0.0%) 2 (3.4%) 1.000 1.000
Anti-Mi-2B 0(0.0%) 4(6.8%) 1.000 1.000
Anti-SAE1 0(0.0%) 6 (10.2%) 0.582 0.958
Anti-NXP2 0(0.0%) 8 (13.6%) 0.592 0.958
Anti-SRP 1(10.0%) 2 (3.4%) 0.380 0.916
0 (0.0%) 2 (3.4%) 1.000 1.000
0 (0.0%) 4 (6.8%) 1.000 1.000
0 (0.0%) 0 (0.0%) NA NA
Anti-Ro-52 6 (60.0%) 27 (45.8%) 0.502 0.958
Therapies
Steroid monotherapy 3 (30.0%) 20 (33.9%) 1.000 1.000
Steroid+DMARDs 4 (40.0%) 24 (40.7%) 1.000 1.000
Steroid+IVIG 3(30.0%) 4(6.8%) 0.057 0.242
Steroid+DMARDs+IVIG 0 (0.0%) 7 (11.9%) 0.582 0.958
Steroid+JAK inhibitor 0 (0.0%) 4 (6.8%) 1.000 1.000
IIM subtypes
DM 6 (60.0%) 39 (66.1%) 0.730 1.000
PM 2 (20.0%) 10 (16.9%) 1.000 1.000
ADM 2 (20.0%) 10 (16.9%) 1.000 1.000

HLH, Hemophagocytic lymphohistiocytosis; p-adjusted, Adjusted p-value after false discovery rate correction; y, years; EBV, Epstein-Barr virus; CMV, Cytomegalovirus; RP-ILD, Rapidly
progressive interstitial lung disease; MYOACT, Myositis Disease Activity Assessment Visual Analogue Scales; CD, Clusters of differentiation; IL, Interleukin; TNF, Tumor necrosis factor; IFN,
Interferon; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; ALT, Alanine transaminase; AST, Aspartate transaminase; LDH, Lactate dehydrogenase; CK, Creatine kinase;
FDG, Fluorodeoxyglucose; SUVmean, mean standard uptake value; NA, Not available; DMARDs, Disease-modifying anti-rheumatic drugs; IVIG, Intravenous immunoglobulin; JAK, Janus
kinase; lIM, Idiopathic inflammatory myopathy; DM, dermatomyositis; PM, Polymyositis; ADM, Amyopathic dermatomyositis.
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