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Background: Despite significant advances in therapeutic management of atypical hemolytic uremic syndrome (aHUS), guidelines are not timely updated and achieving a consensus on management recommendations remains a topic of ongoing discussion.

Methods: A Scientific Committee with five experts was set up. A literature review was conducted and publications addressing the classification of aHUS, patient profiles and therapeutic approach were selected. Recommendations were proposed at an initial meeting, evaluated through an online questionnaire and validated during a second meeting.

Results: Patients with confirmed or clear suspicion of aHUS should be treated with C5 inhibitors within 24 h of the diagnosis or suspicion of aHUS. Treatment monitoring and the decision to interrupt treatment should be individualised according to the risk of relapse and each patient’s evolution. aHUS with a genetic variant or associated with pregnancy should be treated for at least 6–12 months; de novo aHUS associated with kidney transplant until renal function is recovered and genetic variants are ruled out; aHUS associated with malignant hypertension until genetic variants are ruled out; aHUS associated with non-kidney transplant, autoimmune diseases, infection-or drug-induced until the thrombotic microangiopathy is resolved. Patients with a high risk of relapse should be treated for longer than 6–12 months.

Conclusion: These recommendations provides physicians who are not familiar with the disease with recommendations for the management of aHUS in adults. The experts who participated advocate early treatment, maintenance for at least 6–12 months and treatment interruption guided by genetic background, trigger factors, risk of relapse and evolution.
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Highlights

• Atypical hemolytic uremic syndrome (aHUS) is an ultrarare disease for which there is no clearly defined therapeutic approach in the current guidelines.

• This publication provides a set of recommendations for physicians involved in the clinical management of aHUS.

• aHUS should be treated with C5 inhibitors within 24 h of clinical suspicion, and treatment should be maintained for at least 6–12 months in specific patient profiles. Patients with a high risk of relapse might need longer treatment.

• Treatment interruption is feasible in selected patients with a low risk of relapse, as long as close follow-up is possible and C5 inhibitors are accessible in case of relapse.

• The therapeutic management of aHUS (duration of treatment, monitoring, interruption and follow-up) needs to be individualised according to the patient profiles presented in this publication.



1 Introduction

Atypical hemolytic uremic syndrome (aHUS) is an ultrarare complement-mediated thrombotic microangiopathy (TMA) characterised by nonimmune haemolytic anaemia, thrombocytopenia and acute kidney failure (1). aHUS is mainly caused by dysregulation of the alternative complement pathway (2, 3), resulting in inflammation, activation and damage to endothelial cells due to membrane-attack complex assembly (3). Mutations in complement pathway genes or the appearance of complement factor H (CFH) autoantibodies have been identified in 60–70% of patients (4, 5).

The signs and symptoms of aHUS are heterogeneous and complicate the diagnosis. Given its severity and rapid evolution, a differential diagnosis for other TMA causes is required. Determining ADAMTS13 activity and Shiga toxin testing are crucial to rule out thrombotic thrombocytopenic purpura (TTP) and Shiga toxin E. coli HUS (STEC-HUS), respectively. In adults, ADAMTS13 determination is particularly relevant for initiating complement component 5 (C5) inhibitors therapy and avoiding plasmapheresis. When immediate ADAMTS13 testing is unavailable, PLASMIC Score can help exclude TTP (a score > 6 is highly suggestive of TTP) (6, 7). Non-TTP or STEC-HUS cases should be diagnostically oriented towards aHUS (8, 9).

aHUS has historically been classified as primary when underlying abnormalities of the alternative complement pathway exist or when other causes traditionally linked to secondary aHUS are excluded. Secondary aHUS has been considered when it is precipitated by any of the well-known heterogeneous conditions or aetiological triggers, such as autoimmune diseases, malignancies, transplant, pregnancy, administration of certain drugs, or infections (8, 9). However, there is substantial overlap between these situations, and genetic defects in the alternative complement pathway can predispose to abnormal complement activation, while a secondary hit may propagate complement amplification (10). Additionally, genetic abnormalities may remain unidentified in carriers; indeed mutations go undetected in approximately 26% of familial aHUS cases (4). Therefore, there is an unmet need to identify patient profiles whose management can be more individualised.

aHUS was formerly associated with a poor prognosis in terms of mortality and renal function recovery after a first episode (4, 11, 12). The introduction of C5 inhibitors (eculizumab and ravulizumab) improved aHUS prognosis, leading to significant renal function recovery and TMA remission when administered during the acute phase (13–16).

Despite considerable progress in aHUS therapeutic management, guidelines are not timely updated, as C5 inhibitors are not universally considered first-line treatment (8, 9). Additionally, there is no consensus regarding which recommendations should be followed. Unequal access to diagnostic tests and to C5 inhibitors in many centres further complicates the development of clear and standardized recommendations. The START-aHUS (STrategy for monitoring and disease Risk-adapted Treatment of aHUS) consensus has been developed to address these gaps in aHUS therapeutic management, both generally and for specific patient profiles defined by expert consensus. This paper provides general and patient-specific recommendations regarding the initiation, duration and monitoring of discontinuation of aHUS treatment in adults.



2 Materials and methods

This study aimed to establish consensus recommendations for therapeutic management of aHUS patients by a group of highly experienced physicians in the field. A Scientific Committee comprising five nephrologists, all of whom were experts in aHUS management, was formed.

To gather relevant information, a literature review was conducted on the PubMed database1 within the predefined time period (2012–2022). The following keywords were used in the search: atypical hemolytic uremic syndrome, aHUS, thrombotic microangiopathy, TMA, complement, anti-complement therapies, eculizumab, and kidney disease. Selected publications addressing aHUS classification, including different patient profiles and dealing with its therapeutic approach were reviewed (Supplementary Table 1).

In March 2022, an online meeting involving all members of the Scientific Committee was convened to discuss recommendations to be issued to improve therapeutic management of aHUS patients throughout their journey: treatment initiation, monitoring, interruption, and post-interruption follow-up.

The recommendations were compiled in a questionnaire organised in two sections. The first section focused on the general recommendations, with participants providing their responses, personal comments and supporting bibliography. The second section covered recommendations on six specific patient profiles. The Scientific Committee completed the questionnaire in April 2022.

A second online meeting was held in May 2022 to reach consensus on the developed recommendations. This publication summarizes the recommendations discussed and agreed during this final meeting (Supplementary Figure 1).



3 Results


3.1 General recommendations on the therapeutic management of aHUS

Eculizumab and ravulizumab are anti-C5 monoclonal antibodies, and their efficacy and safety in patients with aHUS have stablished them as the first line therapies. However, their use continues to entail several challenges in terms of treatment initiation, duration, monitoring and interruption. In this regard, a set of recommendations are suggested and an algorithm summarising the general recommendations for the management of aHUS is shown (Figure 1).

[image: Figure 1]

FIGURE 1
 Diagram of the general treatment recommendations based on clinical evolution of adult patients with aHUS. aHUS, Atypical haemolytic uremic syndrome; C3, complement component 3; CFB, complement factor B; CFH, complement factor H; CFI, complement factor I; MCP, membrane-cofactor protein; MHT, Malignant hypertension; TMA, Thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura; STEC-HUS, Shiga toxin E. coli HUS. *Including the mutations identified, trigger, risk and evolution (see specific recommendations in Table 1).




TABLE 1 Recommendations for the management of the different aHUS patient profiles.
[image: Table1]


3.1.1 Early initiation of treatment

• C5 inhibitors should be the first-line treatment of aHUS, particularly to reduce the need for dialysis and ICU admission time.

• Patients with a confirmed diagnosis (patients with relapsing aHUS or a confirmed family history of aHUS) must be treated within 24 h of the clinical suspicion.

• In the presence of a clear clinical suspicion of aHUS diagnosis, early initiation of treatment with a C5 inhibitor is recommended (as soon as possible and ideally within 24 h of clinical suspicion). In centres with limited C5 inhibitors access, initiate plasmapheresis until obtaining the complement inhibitor.



3.1.2 Duration of treatment

• Overall, C5 inhibitor treatment should be maintained for at least 6 to 12 months.

• The minimum 6-month period must include at least 3 months of treatment after the normalisation of serum creatinine or the stabilisation of renal function (18).

• The duration of treatment with C5 inhibitors, as well as when it should be interrupted, depends on the mutation and the trigger factors of aHUS and must be individualised according to each patient’s risk and evolution.

• Treatment interruption should be considered in specific patient profiles before they have completed 6 months of treatment:

‒ In patients with de novo TMA after kidney transplant, maintain C5 inhibitor treatment at least until recovery of renal function and, in case of suspected mutation, at least until the results of the genetic study are available. In some cases, recovery of renal function may be rapid and require few treatment doses.

‒ Development of severe encapsulated infections.

‒ Allergy to any component of the drug.

‒ Lack of treatment benefit.

‒ Dialysis (renal replacement therapy) without worsening of subclinical manifestations of aHUS or without improvement in TMA parameters during the last 3 months of treatment or more.

‒ No pathogenic complement variants or benign variants of the membrane-cofactor protein (MCP) type, provided that:

• A complete recovery of renal function and stability over the last 3 months is achieved, or

• No severe extrarenal manifestations are observed.



3.1.3 Treatment monitoring

• A renal biopsy should be performed as soon as possible to confirm the diagnosis (rule out other causes such as IgA-associated TMA or C3 glomerulopathy) in cases in which the risk is acceptable and in any aHUS profile.

• The identification of complement biomarkers by immunohistochemistry in a kidney biopsy can help to understand the pathogenesis of aHUS beyond the information provided by proteinuria, albuminuria, renal function and hypertension data.

• The use of biomarkers for monitoring is currently difficult. The combination of blood C5 inhibitor levels with a complement biomarker (C4d, C3a, C5a, and CH50) or plasma levels of sC5b-9 complex could provide relevant information (19).

• Despite not being specific biomarkers for aHUS, complement-specific urine levels, such as sC5-9 and factor Ba, are significantly associated with kidney disfunction, suggesting a potential prognostic utility in the management of complement-mediated TMA, including the assessment and prediction of response to anti-C5 therapy (20, 21). Also, the C5b-9 endothelial deposition assay enhance our ability to monitor disease activity and individualize therapy (22, 23).

• Biomarkers should be widely available in routine clinical practice in the future.

• Further research is needed to identify the optimal biomarkers for monitoring treatment with either eculizumab or ravulizumab.



3.1.4 Post-treatment interruption follow-up

• Treatment interruption requires close patient monitoring and immediate access to treatment in case of documented recurrence (18).

• Patients must be informed about and trained in the warning signs and symptoms:

‒ Periodic determination of blood pressure.

‒ Periodic examination of changes in urine colour and the use of urine strips.

‒ Signs and symptoms of infection.




3.2 Recommendations on the therapeutic management of specific profiles of patients with aHUS

Distinguishing primary from secondary aHUS is still a challenge in many cases, especially when genetic variants are not detected or when they overlap with one of the triggering conditions of secondary aHUS. A classification based on easily-defined patient profiles was an important objective and considered to be helpful throughout the START project.

Six patient profiles were defined:

• aHUS associated with genetic variant of complement.

• aHUS associated with malignant hypertension (MHT).

• aHUS associated with pregnancy (P-aHUS).

• aHUS associated with de novo TMA after kidney transplant.

• aHUS associated with solid-organ non-kidney transplant or drug-induced aHUS (after a non-kidney transplant, aHUS is generally induced by drugs such as mTOR inhibitors or calcineurin inhibitors).

• aHUS associated with autoimmune disease or with infection.

The corresponding recommendations regarding treatment duration, monitoring, interruption and post-interruption follow-up were agreed on by the experts (Table 1; Supplementary Figure 2).

TMA have been detected in patients with MHT-associated aHUS, in which MHT is more a clinical manifestation of aHUS than a trigger. Suspicion of TMA must be even greater in young patients with severe acute kidney injury, without apparent causes of hypertension and with renal function that does not improve despite blood pressure control (24). Similarly, the presence of pathogenic variants in complement genes has been reported in patients with hypertension-induced TMA (25). MHT is the most severe form of high blood pressure and may entail many complications and has a poor prognosis (26). Moreover, a significant number of patients with MHT-associated aHUS may present complement-related endothelium damage, although mutations are not always identified. Consequently, the recommendation is to give C5 inhibitors until the presence of a pathogenic genetic variant has been excluded.

P-aHUS reportedly affects in 1 in 25,000 pregnancies (27) and occurs in 20% of women with aHUS (28). P-aHUS is associated with high mortality, morbidity and several consequences beyond the initial presentation. The risk of developing TMA is specially high during postpartum (29). P-aHUS is also commonly linked to known complement pathogenic mutations (about 50%) (29), and even in cases not associated with any of them, there must be an unidentifiable genetic component. Therefore, a complete genetic and functional study of the complement is highly recommended. The functional study, such as CH50 test (also called CH100), measures the amount or activity of all major complement system proteins, being C3 and C4 the most commonly analysed. Low CH 50 means different things: an in vivo consumption of complement proteins due to hyperactivation, deficiency of complement components or treatment with a complement inhibitor. A test showing abnormal levels or reduced/absent activity of those complement proteins, should raise suspicion of autoimmune disease or another serious health problem. Since both patients with P-aHUS receiving eculizumab (29–31) and those receiving ravulizumab (32) show excellent renal response, regardless of the presence of inherited complement abnormalities, they are all candidates for treatment with C5 inhibitors.

Kidney transplant is also a strong trigger for new-onset or recurrent aHUS (33). Mortality and recurrence rates range from 60 to 90% within the first year of onset (34, 35). To prevent recurrence after a kidney transplant, the use of prophylactic measures is recommended, except in patients considered to have a low risk of recurrence. Prophylaxis with C5 inhibitors should be started on the day of transplantation in patients with moderate-high recurrence risk due to potential for limited recovery of function in renal grafts (9).

Other profiles for which recommendations throughout the patient journey have been addressed in this work include: patients with aHUS associated with non-kidney transplant (mostly linked to immunosuppressive treatment); and patients with aHUS triggered by an autoimmune disease or an infection (see Table 1).

Early initiation of treatment with C5 inhibitors leads to improved renal and extrarenal outcomes. It also leads to less time in the ICU, less dialysis, fewer kidney transplants and lower hospitalisation costs (36, 37). Although it is currently difficult to confirm the diagnosis in advance and to begin treatment with certainty, early initiation is always recommended in case of clinical suspicion of aHUS. In this regard, there is currently a gap in the complete and rapid determination of genetic variants to initiate treatment with a clear diagnosis, which is also hampered by a lack of resources in certain centres and hospitals. Future investment of resources in this field must therefore be prioritised.

The need for continued eculizumab treatment has been a matter of debate. The available evidence supports continued treatment with C5 inhibitors for at least 6 months. A clinical benefit in TMA-defining parameters is still obtained beyond 6 months of treatment with C5 inhibitors. After 6 months, they also continue to prevent kidney disease progression (15, 38, 39). Additionally, extrarenal symptoms can persist for 6 months after the diagnosis of aHUS (8, 40–42). Some authors, such as the Dutch group that conducted the CUREiHUS study, emphasized the feasibility of interrupting eculizumab after 3 months in well-defined pediatric and adult patients with aHUS in native kidneys (43). Nevertheless, the safety of eculizumab interruption has been questioned in another study, which reported a 50% resumption of treatment after eculizumab interruption and a decline kidney function over time after discontinuation (44). Therefore, treatment duration must be individualised according to patient’s risk and evolution.

The interruption of C5 inhibitor treatment is feasible, although there are several considerations. First, relapses occur in 20–35% of patients at a median of 3 months after treatment cessation, and 90% of all relapses occur within 1 year of discontinuation (18). The presence of extrarenal manifestations prior to treatment, pathogenic variants or a family history of aHUS have been described as risk factors for TMA relapse (43). Other factors include CFH autoantibodies, paediatric onset, multiple TMA episodes, pregnancy, kidney transplant or impaired renal function (4, 18, 44–47). Mutations in CFH, C3, CFB, and CFI are also associated with risk of recurrence (18). Consequently, thorough risk assessment is crucial, and interruption should be avoided in patients presenting such characteristics. Second, interruption should be discussed extensively with each patient, who must be informed about the potential benefits and risks. Both physician and patient should be aware of a potential aHUS relapse (patient education for early detection of TMA symptoms), especially in the first year after treatment interruption, potentially triggering events (mainly infections), clinically relevant increases in serum creatinine and/or hematuria and/or proteinuria. Lastly, C5 inhibitors should always be available to immediately resume treatment in case of relapse.

Present recommendations are centred on aHUS management in adults, and do not address paediatric profiles such as diacylglycerol kinase-ε (DGKε) deficiency. As for aHUS associated with DGKε, which occurs in children under 1 year old, the mechanism behind endothelial damage remains unknown, it has been suggested that TMA in these patients may occur independently of complement dysregulation (48, 49). Anti-CFH autoantibodies have been described in sporadic forms of aHUS. These patients may respond to plasmapheresis and also benefit from immunosuppressive treatment. Until recovery of the antibody titers below 250 AU/ml, complement blockade treatment effectively halts TMA damaged and injury to target organs (50, 51).




4 Discussion

The START consensus provides expert-based recommendations which is intended to serve as a guide for other physicians with less experience in managing suspected aHUS cases, covering the entire patients journey from clinical suspicion through post-treatment interruption follow-up. Nevertheless, effective aHUS patient care relies on individualisation and adaptation of these general recommendations to specific patient profiles.

A correct and rapid identification of the specific profiles of aHUS patients would facilitate a more individualised therapeutic management, and thus help to avoid the progression of TMA. This consensus presents six patient profiles in accordance with their triggers, suggesting a differential approach for each one. Nevertheless, the presence of a pathogenic variant yet to be identified or defined in patients who meet these profiles should never be ruled out, particularly in aHUS associated with MHT or P-aHUS. Some biomarkers that may show utility in the prognosis of complement-mediated TMA, including their potential for measuring and predicting response to anti-C5 therapy, have been described (20). The identification of low levels of C3, CH50, AH50 and complement factor B along with increased levels of C5a, C5b-9 and factor Bb, could be indicative of aHUS; although the data available is unconclusive (52). Future research into the classification of patient profiles is relevant to improve the individualisation of therapeutic management and clinical response.

Hitherto, the different profiles of patients with aHUS were poorly defined and still conformed to the primary and secondary aHUS classification. The appearance of pathogenic variants or, in their absence, the factors that trigger TMA, were the prevailing defining variables. However, genetic or acquired defects in complement regulation and trigger factors seem to converge in most cases. Complement-related genetic mutations have been found in at least 50% of patients with aHUS (4, 8, 53). Similarly, the penetrance of aHUS in complement mutation carriers is approximately 50% (8). In some cases, mutations not related to the complement pathway, such as DGKε, have been described (49, 54).

Access to diagnostic tests for aHUS and C5 inhibitors treatment still are unequal and faces challenges. In general, ready access to C5 inhibitors should be available to avoid plasmapheresis after a suspected diagnosis of aHUS. Other complement-inhibiting therapies are currently under development, more data are needed, but in the future, they may emerge as an intriguing alternative in the treatment of aHUS. Similarly, treatment monitoring tools are not universally accessible in all hospitals. Thus, the implementation of the standardised recommendations offered in this document is crucial if the prognosis of all patients with aHUS is to be improved, regardless of the hospital or region where they are treated.



5 Conclusion

The START consensus provides a set of recommendations for the management of patients with aHUS based on the early initiation of C5 inhibitors, a minimum duration of 6–12 months and an evaluation of the suitability of interruption depending on genetic background, trigger factors and the evolution of each patient.
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