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Case report: Thrombotic microangiopathy concomitant with macrophage activation syndrome in systemic lupus erythematosus refractory to conventional treatment successfully treated with eculizumab
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Thrombotic microangiopathy (TMA) is a rare but life-threatening complication of systemic lupus erythematosus (SLE). Macrophage activation syndrome (MAS) is also a rare, life-threatening hyperinflammatory condition that is comorbid with SLE. However, the association between TMA and MAS in patients with SLE has rarely been assessed, and the difficulty of diagnosing these conditions remains prevalent. The efficacy of eculizumab has been reported for SLE patients whose conditions are complicated with TMA. However, no study has investigated the therapeutic efficacy of eculizumab for TMA concomitant with SLE-associated MAS. Herein, we report the first case of TMA concomitant with SLE-associated MAS that was initially refractory to conventional immunosuppressive therapy but showed remarkable recovery after eculizumab treatment. Furthermore, we evaluated serum syndecan-1 and hyaluronan levels, which are biomarkers of endothelial damage. We found that these levels decreased after the administration of eculizumab, suggesting that TMA was the main pathology of the patient. This case illustrates that it is important to appropriately assess the possibility of TMA during the course of SLE-associated MAS and consider the use of eculizumab as necessary.
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1. Introduction

Thrombotic microangiopathy (TMA) is a rare but life-threatening condition characterized by microangiopathic hemolytic anemia (MAHA), thrombocytopenia, and varying degrees of organ damage, including renal failure and central nervous system (CNS) dysfunction. TMA is classified as primary TMA when genetic and acquired defects in complement proteins are its primary drivers [complement-mediated TMA or atypical hemolytic uremic syndrome (aHUS)] or secondary TMA when complement activation occurs in the context of other disease processes, such as infection, autoimmune disease, malignant hypertension, malignancy, transplantation, pregnancy, and drugs (1–6). Barring rare complications, a variety of autoimmune diseases have been associated with TMA (7), and systemic lupus erythematosus (SLE) is known to be one of the most commonly acquired causes of TMA (occurrence ranges from 3 to 9% in patients with SLE).

Macrophage activation syndrome (MAS) is also a life-threatening hyperinflammatory condition that rarely complicates autoimmune diseases and belongs to the spectrum of hemophagocytic lymphohistiocytosis (HLH) (8). The pathophysiological hallmark of MAS is a dysfunctional immune response, which leads to excessive activation and expansion of T lymphocytes and macrophages, resulting in the cytokine storm syndrome (9, 10). The main clinical features of MAS are unremitting fever, hepatosplenomegaly, generalized lymphadenopathy, CNS dysfunction, and hemorrhagic manifestations. MAS is a relatively uncommon complication of SLE in adults, with an occurrence reported to range from 0.9 to 4.6% (11). Although the mortality rate of SLE patients with MAS is high (12), early diagnosis of MAS in SLE is not easy since there are no uniform diagnostic criteria, and the clinical characteristics of MAS-associated SLE, as well as active SLE, are similar, making the diagnosis of MAS more difficult (12, 13).

Meanwhile, the association between TMA and MAS has rarely been assessed. Only a few case reports have previously described the coexistence of TMA and MAS as a complication of hematopoietic stem cell transplantation (13, 14), renal transplantation (15), autoimmune disease in children (mainly systemic juvenile idiopathic arthritis) (16), and complement-mediated TMA (17). Therefore, little is also known about the relationship between TMA and MAS in SLE patients, and it is challenging to recognize TMA in a timely manner in the diagnosis of MAS because the clinical characteristics of TMA are similar to those of MAS (18, 19). Therefore, the possible coexistence of TMA and MAS in SLE may be underrecognized (16).

Eculizumab is a humanized monoclonal antibody directed against complement C5. It blocks the terminal alternative complementary pathway by binding to the C5 convertase site, preventing the formation of C5b-9 (a membrane attacking complex) and C5a (a potent anaphylatoxin) (20). The efficacy of eculizumab has been reported for SLE with lupus nephritis complicated by TMA (21), leading to the recovery of renal function. However, no study has investigated the therapeutic efficacy of eculizumab for TMA concomitant with SLE-associated MAS.

To the best of our knowledge, this is the first report of a patient with TMA concomitant with SLE-associated MAS who was refractory to conventional therapy but showed a remarkable recovery after eculizumab therapy. Furthermore, we evaluated serum levels of syndecan-1 and hyaluronan, which are biomarkers of endothelial damage, to diagnose TMA and confirm that these levels decreased after the administration of eculizumab.



2. Case report

A 58-year-old Japanese man was admitted to a local hospital with a 14-day history of fever and skin rashes on the elbows and trunk for 1 week, followed by weakness and loss of consciousness. His blood pressure was 124/60 mmHg, and his mental status was assessed on the Glasgow Coma Scale (GCS) as eye-opening score (E) of 2, verbal response score (V) of 2 and motor response score (M) of 3. Laboratory tests showed leukopenia (white blood cell [WBC] count 2.02 × 109/L, lymphocyte count 0.70 × 109/L), increased C-reactive protein (CRP) (4.2 mg/dL), positive results for antinuclear (× 160 speckled) and anti-Smith antibodies (36.2 U/mL), and low levels of serum C3 (53, normal range, 86–160 mg/dL) and C4 (12, normal range, 17–45 mg/dL). No abnormal kidney and liver function findings were observed, and direct Coombs tests were negative. Skin biopsy findings on the trunk were compatible with cutaneous lupus erythematosus. Cerebrospinal fluid (CSF) analysis did not reveal any abnormalities, and no significant abnormal findings on head magnetic resonance imaging (MRI) were observed. The clinical and laboratory findings led to the diagnosis of SLE complicated by neuropsychiatric SLE (NPSLE) based on the European League Against Rheumatism/American College of Rheumatology 2019 classification criteria for SLE (22). The patient was administered methylprednisolone pulse therapy (1 g/day for 3 days), followed by prednisolone 40 mg/day, and his clinical symptoms improved. Six months later, after prednisolone was tapered to 5 mg/day without using any other immunosuppressant, the patient developed the same symptoms that were noted previously, including a history of fever, skin rashes on the elbows and trunk, and loss of consciousness, and was admitted to the same local hospital again. The patient was diagnosed with a relapse of SLE complicated by NPSLE and was started on methylprednisolone pulse therapy (1 g/day for 3 days), followed by prednisolone (60 mg/day); however, his condition did not improve, and he was transferred to our hospital 4 days after admission.

On admission to our hospital, the patient had a blood pressure of 136/68 mmHg, heart rate of 102 beats/min, oxygen saturation (SpO2) of 98% (room air), and body temperature of 39.2°C. The GCS score for his mental status was E2 V1 M2, and maculopapular rashes were observed on the trunk and extremities. Laboratory test results (Table 1) revealed an elevated leukocyte count at 14,000/μL; increased CRP level at 8.59 mg/dL; erythrocyte sedimentation rate of 79 mm/h (normal range, 0–15 mm/h); ferritin level of 11,460/μL; positive results for antinuclear (× 160 speckled) and anti-Smith antibodies (31.9 U/mL); normal levels of serum C3 and C4; elevated aspartate aminotransferase (118 U/L) and hypertriglyceridemia (262 mg/dL); and high level of D-dimer (9.0 mg/dL). Antiphospholipid antibody testing (lupus anticoagulant, and IgG antibodies to cardiolipin and beta2-glycoprotein I) was negative. His kidney functions were normal (urinary protein: 0.12 g/gCr and no hematuria). Bone marrow examination showed infiltration of the bone marrow by activated macrophages, compatible with the findings of MAS (Supplementary Figure 1). Lumbar puncture revealed elevated CSF protein levels at 119 mg/dL (normal range 10–40 mg/dL) and interleukin (IL)-6 levels at 17.3 pg/mL, without elevated WBC count. Tests for tumor cells and bacterial, viral, or fungal infections of the CSF were all negative. Other indicators were negative, including anti-aquaporin-4 antibodies, anti-ribosomal P protein antibodies, and oligoclonal bands. Diffusion-weighted imaging with MRI demonstrated isointensity (Figure 1A) with an increased signal of apparent diffusion coefficient map (Figure 1B) of the bilateral occipital cortex (Figure 1B), indicating vasogenic edema in these regions. Fluid-attenuated inversion recovery MRI showed an increased signal intensity in these regions (Figure 1C).


TABLE 1    Main laboratory data.
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FIGURE 1
Head magnetic resonance imaging. Diffusion-weighted imaging with MRI demonstrated isointensity (A) with an increased signal of apparent diffusion coefficient map (B) of the bilateral occipital cortex (B), indicating vasogenic edema in the regions. Fluid-attenuated inversion recovery MRI showed an increased signal intensity in the regions (C).


Based on the clinical features, SLE complicated by NPSLE, and SLE-associated MAS was diagnosed. With tachypnea at 40 breaths/min, the patient required mechanical ventilation. A second methylprednisolone pulse therapy (1 g/day for 3 days) was administered, with subsequent administration of 80 mg/day prednisolone, 1,000 mg intravenous cyclophosphamide (IVCY) once, and 0.4 g/kg/day intravenous immunoglobulin (IVIg) for 5 days (Figure 2). Two concomitant plasma exchanges (one per day) were performed with fresh-frozen plasma. Once the general condition and state of consciousness had improved gradually (but had not fully recovered), the patient was de-intubated 5 days after admission. However, his state of consciousness worsened with a high fever, and blood tests revealed elevated inflammation findings, such as higher levels of CRP (15.11 mg/dL) and ferritin (45,760/μL). Furthermore, hemolytic anemia (hemoglobin 7.3 g/dL) with a new appearance of peripheral schistocytes, and high lactate dehydrogenase levels (702 U/L) were found on day 15 after admission. Regarding kidney function, the patient had a normal creatinine level (0.58 mg/dL) but mild proteinuria (urinary protein: 0.74 g/gCr). The infection survey, including blood culture, cytomegalovirus-antigenemia, and computed tomography scan was negative, and no remarkable change was observed on the head MRI. According to the clinical diagnosis, TMA concomitant with MAS was suspected. Escherichia coli O157:H7 infection was excluded on stool examination. ADAMTS13 activity was normal (activity: 35%), eliminating thrombotic thrombocytopenic purpura (TTP). Subsequently, we performed a plasma exchange again on day 20 after admission; however, the patient’s condition worsened. On day 22 after admission, eculizumab treatment was initiated. One day after eculizumab administration, the patient’s mental status improved significantly, followed by an excellent hematological response. Urinary protein also decreased from 1.10 g/gCr at the first administration of eculizumab to 0.10 g/gCr after 7 days following the first administration of eculizumab, suggesting that the patient might have had mild renal involvement associated with TMA. In total, two doses of eculizumab were administered every week for 2 weeks, and steroid doses were decreased rapidly. Mycophenolate mofetil (2,000 mg/day) and hydroxychloroquine (300 mg/day) were administered 30 days after admission and the prednisolone dosage was tapered to 5 mg/day on day 102 after admission.
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FIGURE 2
Clinical course.


In the present case, we evaluated the changes in serum syndecan-1 and hyaluronan, which are components of vascular endothelial cells, and soluble C5b-9 (sC5b-9), which is a terminal product of the complement system and indicative of complement activation, before and after eculizumab administration (Table 2), as biomarkers for activating the complement system. In addition, we evaluated those of kidney donor candidates (n = 5) considered as healthy controls (Supplementary Table 1). Serum syndecan-1 and hyaluronan were measured using the Duoset ELISA kit [(Diaclone, France), and (PG research, Japan), respectively] and sC5b-9 levels were measured using the MicroVue SC5b-9 Plus ELISA kit (Quidel Corp., America).


TABLE 2    Changes in syndecan-1, hyaluronan, and sC5b-9 levels before and after eculizumab administration.
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As a result, serum syndecan-1, hyaluronan, and sC5b-9 levels before eculizumab administration were elevated above those of healthy controls (Table 2). However, after eculizumab administration, serum syndecan-1 and hyaluronan levels decreased rapidly to normal, with concomitant improvement in clinical symptoms (Table 2), suggesting that TMA was the primary pathogenesis of the patient. Meanwhile, sC5b-9 levels showed no remarkable change before and after eculizumab administration.

Genetic mutation analysis did not identify any known pathogenic mutation in complement regulatory genes associated with complement-mediated aHUS, which is now recognized. A follow-up MRI, one year after admission, showed persistent abnormal findings in the brain, indicating that damage due to vasogenic edema could ultimately result in permanent injury to the brain parenchyma. However, no abnormal neurological symptoms, subsequent relapse, or adverse events occurred during the follow-up.



3. Discussion

To the best of our knowledge, this is the first reported case of TMA concomitant with SLE-associated MAS that rapidly recovered after only two doses of eculizumab and was refractory to conventional treatment with high-dose steroids, IVCY, and plasma exchange. In the present case, we confirmed that serum syndecan-1 and hyaluronan levels, biomarkers of endothelial damage, decreased after eculizumab administration. This case illustrates that it is essential to appropriately assess the possibility of TMA in diagnosing SLE-associated MAS and consider the use of eculizumab as a therapeutic option.

The pathogenesis of TMA in SLE remains unclear and may be multifactorial (23, 24). Since SLE is an immune complex-mediated disease, it is suggested that activation of the classical pathway plays a key role in the development of TMA. However, some studies have shown that dysregulation of the alternative complement pathway may also be involved (25). There is a hypothesis that the activation of the alternative pathway may play a role in complement activation-induced self-injury and inflammatory response, leading to TMA in SLE (26). Several previous studies have reported that eculizumab is an effective treatment for complement-mediated TMA (18–20). Other reports have also revealed that in cases of lupus nephritis complicated by TMA refractory to conventional immunosuppressive treatment, eculizumab seems to be an efficacious therapy (21, 23, 25–27). It is believed that once complement overactivation occurs, especially activation of the alternative complement pathway, in endothelial cells and TMA develops, conventional immunosuppressive treatment may neither suppress the complement pathway nor stop TMA progression (23). Even in a healthy host, severe glomerular endothelial injuries may lead to exhausted complement activation, damage to the membrane complement regulators, and further tissue injuries, as described in our previous report (28). Therefore, although no previous reports have assessed the efficacy of eculizumab for refractory TMA concomitant with SLE-associated MAS, we reasoned that it might be a feasible strategy to use eculizumab treatment in such patients.

However, it is challenging to recognize TMA in a timely manner in the diagnosis of MAS because the clinical characteristics of TMA are similar to those of MAS (8). To identify TMA in the diagnosis of MAS, an accurate and sensitive assessment of endothelial damage should be made for each patient with SLE. However, this approach is not yet fully established. Hence, in the present case, we focused on serum syndecan-1 and hyaluronan, and sC5b-9, which is a terminal product of the complement system and indicative of complement activation, as biomarkers for detecting TMA and evaluated the changes in them before and after eculizumab administration (Table 2).

Levels of serum syndecan-1 and hyaluronan correlate or become elevated in various diseases, including sepsis, trauma, TTP, and SLE with and without lupus nephritis (29–33). We recently reported that serum levels of hyaluronan were useful in assessing vascular endothelial injuries, such as pre-eclampsia (34). This indicates that serum syndecan-1 and hyaluronan levels reflect the degree of endothelial cell damage. In the patient described in the present study, serum syndecan-1 and hyaluronan levels decreased rapidly to normal after eculizumab administration, with concomitant improvement in clinical symptoms. This result suggests that the patient’s condition was mainly due to vascular endothelial cell damage, namely TMA, and that eculizumab could contribute to suppressing the progression of endothelial cell damage by controlling the over-activation of the complement system.

sC5b-9 is also reported to be increased in various diseases where tissue damage subsequently activates the complement system. These include complement-mediated TMA, TTP, sepsis, lupus nephritis, and others (35, 36). However, other reports show that sC5b-9 does not always correlate with TMA disease activity because it does not necessarily represent the amount of C5b-9 formed on the tissue (37, 38). In our case, although the patient’s clinical symptoms improved rapidly after eculizumab administration, sC5b-9 remained at a high level for up to 50 days and there was a discrepancy between clinical symptoms and the sC5b-9 level (Table 2). Therefore, although sC5b-9 may not always correlate with TMA status in SLE patients, it is difficult to show any evidence at this moment. Further studies should be undertaken to clarify the mechanisms involved.

Regarding optimization of eculizumab usage for treating TMA in SLE, although the optimal dose and period of administration has not been determined by us, eculizumab was used only twice during the extreme phase of TMA in our case, after which the steroid dose could be reduced early, and remission was sustained by using only conventional immunosuppressive treatment. The patient might have been trapped in a vicious cycle of complement overactivation after developing TMA and when conventional immunosuppressive therapy failed to stop complement activation. Specifically, it was shown that eculizumab was significantly effective since the main cause of complement overactivation was considered endothelial damage. In addition, no genetic abnormality of the complement system was observed, suggesting that the patient achieved remission after only two doses of eculizumab, and remission was sustained using only conventional immunosuppressive treatment. Furthermore, serum syndecan-1 and hyaluronan levels decreased and remained at low levels after eculizumab administration. If serum syndecan-1 levels have decreased to normal levels and remain at decreased levels after eculizumab administration, then this may be a clinically appropriate time to decide whether eculizumab can be discontinued or not. Therefore, the utility of biomarkers, including serum syndecan-1 and hyaluronan levels, for managing TMA-related diseases should now be assessed to specify the optimal strategy of eculizumab for SLE-associated TMA.

As to whether our case was complement-mediated TMA or SLE-related TMA, it was difficult to differentiate between the two disorders because the symptoms of complement-mediated TMA and autoimmune disorders sometimes overlap (39), and the presence of underlying genetic variants in complement genes is rare in patients with SLE (40). Our patient had no disease-causing mutations in the genes of the complement components; however, their regulators have not been evaluated in approximately 50% of clinically suspected complement-mediated TMA cases (41, 42). Therefore, the presence of unscreened complement-related pathogenic genetic mutations cannot be ruled out. However, in complement-mediated TMA, patients may be treated for an extended period to suppress TMA (40), while autoimmune disease-related TMA appears as a non-relapsing form of TMA (38). In our case, the TMA improved after only two administrations of eculizumab, and subsequent remission was sustained. Therefore, considering our course of clinical treatment, we believe that overt complement activation was induced by SLE rather than by complement-mediated TMA.

Finally, the pathological cause of the co-occurring TMA and MAS was unclear in our case. It is possible that high levels of inflammatory cytokines (type I and II interferon) in MAS may have injured the endothelium directly, subsequently activating the complement system, and leading to the development of TMA (43–47). Further studies should be undertaken to clarify such possibilities.



4. Conclusion

We report the first case of TMA concomitant with SLE-associated MAS that was refractory to conventional immunosuppressive therapy but showed a remarkable recovery after eculizumab treatment. The present case suggests that conventional immunosuppressive treatment may not suppress vascular endothelial damage when TMA is complicated by complement activation in SLE. In such a situation, eculizumab may promptly stop the complement overactivation in vascular endothelial cells. Furthermore, there is a possibility of utilizing biomarkers of vascular endothelial damage, such as syndecan-1 and hyaluronan, to assess the efficacy of eculizumab treatment and set the treatment duration, and this prospect requires further validation.
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