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Increased ferritin, serum lactate dehydrogenase, and aspartate aminotransferase levels predict macrophage activation syndrome complicating systemic lupus erythematosus: a retrospective study
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Background: This study aimed to assess the diagnosis of macrophage activation syndrome (MAS) at the onset of active childhood-onset systemic lupus erythematosus (cSLE), which is under-researched, and to compare the characteristics of cSLE with and without MAS, hypothesizing the existence of possible predictors of MAS in active cSLE.



Methods: This study enrolled 157 patients diagnosed with cSLE, with or without MAS, from Nanjing Medical University between January 2018 and May 2023. Data analysis was performed using an independent samples t-test or the Mann–Whitney U-test, the χ2 test, the Youden index to determine the optimal cutoff values for diagnosis, and binary logistic regression analysis to determine the predicted probability.



Results: Fifteen patients (9%) had MAS in the active phase, with an SLE disease activity index of 16.6 (range, 6–32). Bone marrow aspirations revealed hemophagocytosis in 8/15 cases (53%). Fever was the most common feature of MAS patients. Lactate dehydrogenase (LDH) and ferritin levels were elevated in the patients. Lower leukocyte, neutrophil, and platelet counts, including serum sodium and fibrinogen, and increased alanine aminotransferase, aspartate aminotransferase (AST), lactate dehydrogenase (LDH), ferritin, triglyceride, and D-dimer levels occurred in MAS patients, unlike those without MAS. Optimal cutoff values for ferritin (≥607.35 ng/ml), LDH (≥424 U/L), and AST (≥61 U/L) were predictors of MAS occurrence in cSLE. No MAS patients experienced recurrence during an 18-month mean follow-up.



Conclusions: Despite the narrow scope of the study, elevated levels of ferritin, LDH, and AST may represent indicators of cSLE complicated by MAS. Early diagnosis and treatment may improve outcomes.
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1 Introduction

Macrophage activation syndrome (MAS), also known as hemophagocytic syndrome in the context of a rheumatologic disorder (1), is a life-threatening complication of rheumatic diseases. MAS results from the excessive activation and expansion of T lymphocytes and macrophages, leading to proinflammatory cytokine hyperproduction and a hyperinflammatory condition (2), with mortality rates ranging from 8% to 22% in pediatric rheumatic diseases (3, 4). Clinically, MAS is characterized by persistent hyperthermia, decreased whole blood cell counts, hepatosplenomegaly, hepatic dysfunction, hyperferritinemia, and coagulation abnormalities (5). MAS is most common in children with systemic juvenile idiopathic arthritis (sJIA) (4, 6), although there has been a recent increase in cases among those with childhood-onset systemic lupus erythematosus (cSLE) (7–9). The preliminary diagnostic guidelines for MAS in cSLE, developed by Parodi et al. in 2009 (9), are frequently ignored because of self-imposed limitations.

SLE is a highly heterogeneous autoimmune disease with multiorgan involvement and multiple autoantibody abnormalities. Compared with adult-onset SLE (aSLE), cSLE may be more aggressive, with higher disease activity, greater organ involvement, and higher morbidity and mortality (10). Differentiating MAS from active cSLE can be challenging because of their shared features (11, 12). Atypical symptoms of Mas in children may impede accurate diagnosis, delaying treatment and worsening prognosis.

This retrospective study aimed to identify clinical and laboratory predictors for the early identification and diagnosis of MAS at the onset of active cSLE. We evaluated the demographics, clinical and laboratory data, treatment, and outcomes of 157 patients with cSLE, with or without MAS.



2 Materials and methods


2.1 Patients

This retrospective cohort study enrolled newly diagnosed SLE patients admitted to the Children's Hospital of Nanjing Medical University between January 2018 and May 2023. SLE diagnosis was based on the 2019 classification criteria by the European League Against Rheumatism and the American College of Rheumatology (13) in Supplementary Table S1.



2.2 MAS diagnosis

MAS was primarily diagnosed based on the opinions of pediatric rheumatologists, as described in the preliminary diagnostic guidelines for MAS proposed by Parodi et al. in 2009 (9). According to these diagnostic guidelines, patients were considered to have MAS if they met at least one clinical criterion, including fever, hepatomegaly, splenomegaly, hemorrhagic manifestations, or central nervous system dysfunction, and at least two laboratory criteria, such as ferritin level ≥ 500 µg/L, cytopenia involving two or more cell lineages, aminotransferase (AST) level > 40 units/L, triglyceride (TG) level > 178 mg/dl, fibrinogen level ≤ 1.50 g/L, and lactate dehydrogenase (LDH) ≥ 567 units/L. Additionally, we checked whether our patients met the 2016 sJIA with MAS classification criteria (14). The items of these different criteria sets are presented in Supplementary Table S2.



2.3 Data analysis

Demographic data, including age, sex, disease duration of SLE at MAS onset, and triggers of MAS onset, as well as clinical features, including fever, hepatomegaly, splenomegaly, lymphadenopathy, neuropsychiatric symptoms, kidney involvement, cardiovascular involvement, gastrointestinal symptoms, and pulmonary lesions, were recorded. Laboratory data, including leukocyte and platelet counts, erythrocyte sedimentation rate (ESR), hemoglobin, serum liver transaminase, LDH, ferritin, TG, sodium, albumin, C-reactive protein (CRP), complement components (C3 and C4), plasma fibrinogen, and D-dimer levels, were also collected. Lupus disease activity was evaluated using the SLE disease activity index (SLEDAI) (15). Bone marrow aspirations were examined for hemophagocytosis. Finally, the specific treatment regimens and MAS outcomes were evaluated. The requirement for informed consent was waived for this retrospective study.



2.4 Statistical analysis

Statistical analyses were performed using SPSS IBM Statistics software version 23.0 (IBM Corp., Armonk, NY, USA). Quantitative variables were expressed as median and range or mean ± standard deviation (SD); qualitative variables were expressed as numbers and percentages. Quantitative data were compared between the two groups using an independent samples t-test or the Mann–Whitney U-test. Categorical data were compared using the χ2 test. Statistical significance was considered at P-value < 0.05. The ability of laboratory data to differentiate MAS onset from active cSLE was evaluated using the area under the receiver operating characteristic (ROC) curve analysis. The Youden index was applied to determine the optimal cutoff values for diagnosis. A binary logistic regression analysis was used to determine the predicted probability.




3 Results


3.1 Demographic, clinical, and laboratory features of MAS

The features of patients with MAS are described in Table 1. Fifteen (eleven females and four males) of the 157 in-hospital SLE patients met the criteria for juvenile SLE-associated MAS. The average age at MAS onset was 11.6 years (SD, 1.5 years). The mean SLE duration at MAS onset was 6 days [interquartile range (IQR) 1–42 days]. The MAS classification criteria (2016) (14) were sensitive (0.73) and specific (0.99) for children with sJIA. All but two patients with cSLE fulfilled these criteria, as shown in Table 2.


TABLE 1 Clinical information and laboratory data of macrophage activation syndrome (MAS).
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TABLE 2 Patients of macrophage activation syndrome (MAS) meeting the 2009 and 2016 classification criteria.
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In 8/15 (53%) patients, the SLE diagnosis was concomitant with the first MAS episode. All patients with MAS were in the active phase, and their SLEDAI scores ranged from 6 to 32 (mean, 16.6). Four patients had one or more associated autoimmune disorders at MAS onset, including antiphospholipid syndrome (one patient), secondary hypothyroidism (two patients), secondary Sjögren syndrome (one patient), and acute autoimmune pancreatitis (one patient). Persistent fever was the main clinical manifestation (14/15; 93%), and lymphadenopathy was the second most common (12/15; 80%).

Patients with MAS had significantly elevated LDH and ferritin levels compared to patients without MAS. Over 85% (13/15) of the children with MAS had elevated serum AST levels. Reduced hemoglobin and leukocyte levels were observed in 13/15 patients (87%). Only 53% (8/15) of patients who underwent bone marrow examination exhibited hemophagocytosis.



3.2 MAS trigger factors, treatment, and outcomes

All patients developed MAS during active underlying SLE. One-third (5/15; 33%) of the patients diagnosed with MAS had concomitant evidence of pathogenic infection [two cases of Epstein–Barr virus (EBV), one Mycoplasma pneumoniae, two adenovirus, one herpes virus, one influenza B virus, and one deep fungal infection]. Certain causative pathogens among the infected patients included Epstein–Barr virus and adenovirus. The remaining patients were diagnosed with MAS without signs of infection or other triggers during the active phase of underlying systemic autoimmune diseases. No cases of drug-induced MAS have been reported.

All patients received corticosteroid therapy, and most patients (73%) also received high-dose methylprednisolone pulse therapy, as shown in Table 3. Some patients (53%) received intravenous (IV) high-dose methylprednisolone therapy (15–30 mg/kg/day) combined with low-dose IV methylprednisolone or oral prednisone (1–2 mg/kg/day) and CsA (4–6 mg/kg/day). Two patients (patients 11 and 13) recovered without additional immunosuppressive therapy, and they achieved remission after receiving a lower dose of IV methylprednisolone and oral prednisone. Patient 8 experienced headache, vomiting, abdominal discomfort, convulsions, and persistent epilepsy in the evening, 3 days after the first high-dose methylprednisolone pulse combined with CsA therapy. Subsequently, owing to uncontrolled disease, the patient underwent a second pulse therapy with additional intravenous immunoglobulin (IVIG). Patient 15 received methylprednisolone pulse therapy during which abdominal pain occurred. Based on the results of an abdominal CT and B ultrasound, this was considered acute autoimmune pancreatitis. Methylprednisolone was reduced in dosage and pulse therapy for 2 days, with the addition of immunoglobulin and cyclosporine. Considering the ineffective control of amylase and other related indicators during re-examination, CsA was discontinued, and cyclophosphamide (CTX) pulse therapy was administered, with a significant improvement.


TABLE 3 Triggers, treatment, and outcome of macrophage activation syndrome (MAS).
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None of the patients died during hospitalization. The mean follow-up time was 18 months (range, 1–48 months). Patient 2 was lost to follow-up. None of the patients with MAS with available data experienced a relapse during outpatient or inpatient follow-ups.



3.3 Comparison of clinical and laboratory data between MAS and non-MAS cohorts

Fever, lymphadenopathy, hepatomegaly, and pulmonary involvement were more common and more significant in patients with MAS compared with non-MAS cSLE, as is shown in Table 4. Compared with patients with cSLE without MAS, those with MAS onset had lower white blood cell (WBC), neutrophil, and platelet counts, lower serum sodium and fibrinogen levels, and increased alanine transaminase (ALT), AST, LDH, ferritin, TG, and D-dimer levels. In addition, patients with MAS were more likely to have splenomegaly, hemorrhagic manifestations, and neurological involvement, and less likely to have arthritis; however, these differences were not significant.


TABLE 4 Comparison of clinical and laboratory data between active childhood-onset systemic lupus erythematosus (cSLE) with and without macrophage activation syndrome (MAS).
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ROC curve analysis identified LDH and ferritin levels as the best predictors of MAS diagnosis. More specifically, cutoff values of ≥607.35 ng/ml for ferritin and ≥424 U/L for LDH can improve the early diagnosis of MAS in cSLE, as is shown in Table 5. In addition, AST had an 80% sensitivity and 84.5% specificity, with a high AUC (>0.8). Combining these three variables for the ROC analysis, the AUC reached 0.983 which was statistically significant (Figure 1).


TABLE 5 The result of ROC curve analysis for laboratory features between active childhood-onset systemic lupus erythematosus (cSLE) with and without macrophage activation syndrome (MAS).
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FIGURE 1
Different areas under the receiver operating characteristics curve (AUC) for AST, LDH, ferritin, and combination.





4 Discussion

MAS is an underdiagnosed complication of cSLE because it is indistinguishable from some severe infections and SLE flare-ups. This study examined the clinical and laboratory features of patients with cSLE at the onset to facilitate early diagnosis and intervention. The prevalence of MAS in our cSLE cohort was 9%, similar to the 9% reported by Borgia et al. (7) and 7% reported by Aytaç et al. (16). Moreover, MAS was most likely to develop in conjunction with, or within 1 month of, SLE diagnosis. This is consistent with other cSLE-associated MAS reports (7, 17).

Although the etiology of MAS remains unclear, it is associated with a massive release of proinflammatory cytokines due to the excessive activation and proliferation of T lymphocytes as well as macrophages. Recent studies have reported that overproduction of type I IFN is involved in MAS development in aSLE (18). Usami et al. found that serum CXCL9 and sTNFR-II levels in SLE patients were significantly elevated during the MAS phase (19). Active disease is the main trigger factor for MAS, followed by infection, and certain medications. Here, all patients were diagnosed with MAS in the setting of active underlying SLE with a mean SLEDAI level of 16.6 (range, 6–32). An uncontrolled and high-activity SLE state may account for the increased risk of developing MAS. Pathogenic infection can be identified in some patients, and Epstein–Barr virus infection represented the most significant potential trigger for MAS. Furthermore, cytomegalovirus infection closely mimicked MAS; however, no cytomegalovirus infection was detected. Hence, patients suspected to have MAS should be screened for other infections.

Overlapping clinical and laboratory data, such as fever, organomegaly, and cytopenia, make it difficult to differentiate MAS. Fever was the most common clinical feature of patients with MAS in our cohort, as described in previous cSLE and aSLE cohorts (7, 8, 20), followed by lymphadenopathy. However, fever may not be an absolute indicator for every MAS case, as a patient in our cohort with ongoing immunosuppression and herpes virus infection did not present with fever at MAS onset. The absence of fever has also been reported in children treated with biologicals (21). The percentage of liver enlargement was significantly higher in patients with cSLE and MAS. Liver dysfunction helps in the further diagnosis of underlying MAS in patients with SLE.

Laboratory features are more sensitive than clinical manifestations for capturing the occurrence of MAS. Although cytopenia is also commonly seen in lupus, it may be a key to early diagnosis of MAS. Our patients showed a significant decrease in leukocytes and platelets, especially leukocytes, at the time of MAS onset. This result is difficult to understand in the context of underlying SLE, and MAS must be assessed. Hyperferritinemia is the strongest indicator for differentiating MAS from active SLE, with a sensitivity and specificity of almost 100% (22). Bennett et al. (23) concluded that high serum ferritin levels correlate with underlying disease severity; however, their relevance to disease activity remains disputable. In our cohort, laboratory variables were compared between cSLE patients with and without MAS onset. Obviously, ferritin and LDH were not high during active SLE. Ferritin and LDH were the strongest indicators for differentiating MAS with the highest AUC in the ROC analysis. Patients 3 and 13 did not meet the 2016 classification criteria (14) owing to the hyperferritinemia threshold (≥684 ng/ml); however, in our study, hyperferritinemia using the threshold of ≥607.35 ng/ml had the best sensitivity (100%) and specificity (91.2%). It is possible that different active disease backgrounds may lead to this variation. In addition, AST showed good discriminatory capacity sensitivity. Therefore, ferritin, LDH, and AST levels were the best predictors for distinguishing MAS from active cSLE, similar to previous studies (7, 9).

MAS is characterized by hemophagocytosis resulting from macrophage activation; increased hemophagocytic activity can be histopathologically demonstrated in the bone marrow, liver, and spleen (24). However, in our study, nearly half of SLE patients (47%) were diagnosed with MAS without apparent hemophagocytosis. Although hemophagocytosis may not be present in the initial stages and is not specific to MAS, bone marrow aspirates can help exclude other disease conditions, such as infections or malignancy. Hemophagocytosis in the bone marrow may be absent at disease onset, in which case MAS can be diagnosed based on typical clinical and laboratory evidence (9).

Timely intervention is important if patients are suspected of having a MAS infection. Currently, a standard treatment for this syndrome in rheumatologic diseases has yet to be established, and its management is based on experience generated from case series (25, 26). Intravenous pulse therapy with methylprednisolone (IVMP; 30 mg/kg/day, maximum 1 g/day for 3–5 days), followed by oral prednisolone, is the most commonly used first-line treatment (27). In our study, all patients achieved remission after receiving corticosteroids alone or combined with IVIG and immunosuppressant therapy. Over 70% of the patients with persistent high fever achieved remission with high-dose methylprednisolone pulse therapy. If adequate glucocorticoids are ineffective in SLE patients with persistently high fever, MAS may be a factor. If patients have SLE with MAS, especially with multisystem organ damage, pulsed methylprednisolone may be the preferred initial immunosuppressive agent (28).

The choice of immunosuppressants for SLE patients with MAS, with most rheumatologists preferring CsA to cyclophosphamide (CTX) due to bone marrow suppression induced by intravenous CTX, is controversial. CsA has been considered as a therapeutic option for refractory lupus nephritis with persistent severe proteinuria and hematological involvement (29). CsA, a calcineurin inhibitor, has been proven to be life-saving in steroid-resistant and refractory MAS (30), especially in MAS associated with sJIA. Up to 60% (9/15) of the patients in our cohort received additional CsA, with a prognosis.

IVIG is another therapeutic option for MAS that can be used as an adjuvant treatment to IVMP (31). Although IVIG can be the initial therapy if the clinically concomitant infection is clear, other immunosuppressive treatments, such as CTX and etoposide, are recommended as ineffective first-line treatments. Successful outcomes can be obtained with CTX in patients with MAS refractory to initial IVMP (32). As in our study, patient 5 first received IVMP pulse therapy (1,000 mg/day) for 3 days, followed by low-dose IV prednisolone (2 mg kg) and CsA treatment. After 10 days of MAS, the patient presented with kidney involvement and massive proteinuria. Therefore, CsA treatment was discontinued, and CTX shock therapy was initiated, with eventual clinical remission. Therefore, CTX should be a priority for patients presenting with refractory nephritis, especially proliferative nephritis, but it should be used with caution in patients with underlying immunosuppression due to bone marrow suppression.

Biological agents targeting cytokines are increasingly used for the treatment of MAS. Anakinra is used for MAS in the setting of an underlying rheumatic disease, especially sJIA unresponsive to corticosteroids and CsA, with remarkable efficacy (33, 34). However, the benefits of treating MAS secondary to SLE remain unclear and require further clinical trials. Other anti-cytokine therapeutic options, such as TNF, IL-6, and IL-18 blockers, have been applied to MAS, and IFN-γ is emerging as a new therapeutic target (25). In our study, rituximab, a monoclonal antibody against CD20, was used in one case of MAS with uncontrolled disease. Rituximab has been employed in MAS triggered by the Epstein–Barr virus with promising outcomes in a retrospective investigation (35).

None of our patients died during treatment, possibly due to early identification and prompt treatment, and none experienced a recurrence of MAS during a mean follow-up of 2 years, which agrees with previously reported studies (7, 17). Although MAS recurrence may be more frequently observed in sJIA and aSLE (36, 37), few cases have been reported in cSLE (11, 12, 22).

The limitations of this study include the retrospective, single-center, small-sample format and lack of cellular or molecular evaluation (sCD25, sCD163, and genetic assessment). Additionally, the short-term overall prognosis was good; however, we did not track and compare the long-term laboratory results and therapeutics of patients with SLE, with or without MAS. The validated MAS criteria in SLE are not available, using the Parodi criteria may lead to an inclusion bias in this study. The validation cohort cannot be conducted due to the limited number of cases. More cases will be acquired in the future to validate our results. More international multicenter studies on MAS in cSLE may further evaluate the risk factors, therapeutic strategies, and long-term prognoses.



5 Conclusions

In conclusion, our findings suggest that clinical and laboratory features aid in diagnosing MAS early in patients with active cSLE, and patients with active cSLE should be considered to have MAS if they present with persistent fever and elevated ferritin, LDH, and AST levels. These findings may contribute to the timely therapeutic management of MAS.
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