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Mevalonate kinase deficiency (MKD), a rare auto-inflammatory disorder, arises from mutations in the MVK gene, disrupting isoprenoid biosynthesis, and affecting cellular processes. This comprehensive review provides an updated perspective on MKD, including its aetiology, pathogenesis, diagnostic modalities, and therapeutic strategies. Based on recent research and clinical advances, our objective is to bridge the knowledge gaps in the 2015 SHARE guidelines. By describing molecular mechanisms, diagnostic dilemmas, and emerging therapies, this article should serve as a resource for clinicians and researchers, promoting a deeper understanding of MKD and guiding optimal patient care.
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Introduction

Mevalonate kinase deficiency (MKD) is a rare auto-inflammatory disorder (AID) characterized by a spectrum of clinical presentations that often intersect with other conditions and present diagnostic challenges. A timely and precise diagnosis of MKD is essential not only to initiate appropriate therapeutic interventions, but also to avoid the potential risks associated with misdiagnosis. The repertoire of therapeutic strategies for MKD is evolving rapidly. An updated and comprehensive review of these modalities is imperative to provide clinicians with a refined framework to improve patient outcomes and overall quality of life for those affected.

The true prevalence of MKD is unknown, while registries reported around 300 cases worldwide by 2013, the actual numbers are likely under-represented due to possible misdiagnosis or under-reporting, given the overlap of MKD symptoms with other inflammatory disorders (1). The prevalence was reported to be 0.39 per 1,000,000 person years in Germany in children ≤16 years by 2012, 1.3 per 1,000,000 for MKD in Eastern and Central European countries in children <19 years by 2010 and 5 per 1,000,000 of the general population in the Netherlands to 6.2 per 1,000,000 in Germany in children ≤16 years (2–4).

Although MKD has been recognized in all populations around the world, it appears to occur more frequently in individuals of Northern European heritage and only a few cases of MKD have been reported in Asian countries (5). The observed variance in geographic incidence suggests a genetic founder effect. Unique variants were identified in a Japanese cohort, which differed from those found in European patients, however, overall clinical presentations were similar in both groups (6). Additional cases have been reported from various ethnicities and regions around the world, indicating that the condition is not restricted to a specific geographic area. The broader distribution also emphasizes the importance of awareness and diagnostic capabilities across different regions to ensure the timely identification and management of MKD.

MKD arises from pathogenic variants of the mevalonate kinase gene (MVK) (7, 8). Although rare, this spectrum of diseases presents several clinical manifestations, from systemic disorders to localized skin pathologies. The pathophysiology of MKD is complex and rooted in genetic variations that disrupt critical biochemical pathways. Therefore, it is a metabolic autoinflammatory disorder (1). The MVK gene is central to the biosynthesis of isoprenoids, a class of lipids that play a variety of roles in cellular functions. Pathogenic variants in this gene lead to a deficiency of mevalonate kinase, which is the enzyme responsible for converting mevalonic acid to 5-phosphomevalonate. This disruption is the primary biochemical event that triggers the cascade of symptoms observed in MKD.

MVK is located on the long arm of chromosome 12 and encompasses 11 (10 coding) exons. Within these exons, various types of loss-of-function recessive variants are associated with MKD, e.g. missense single nucleotide variants leading to amino acid change, frameshifts leading to premature termination, intergenic deletions, etc. Specific variations are of such magnitude that they inhibit the formation of any functionally active enzyme. Interestingly, these null variants are not found in a homozygous form but are always paired in compound heterozygosity with less severe alterations. This pattern implies that a minimal degree of enzyme activity, however slight, is crucial for survival in utero (9).

More than 300 distinct MVK variants have been documented, and p.(V377I) and p.(I268T) mutations are notably prevalent among European populations (10). It is estimated that 1 in 65 people in the Dutch population carry a heterozygous pathogenic variant in the MVK gene. Among Dutch patients diagnosed with this disease, the frequency of the p.(V377I) allele is 42% (11).

Variants in the MVK gene can subtly alter the structure and stability of the mevalonate kinase enzyme, thus affecting its activity. The severity of the disease is correlated with a decrease in enzyme activity, often due to improper protein folding. Variants that affect highly conserved residues, especially within identified “hotspot” regions of the protein sequence (around residues 8–35 and 234–338), are more likely to cause significant structural changes, leading to more severe phenotypes. This insight suggests that pharmacological interventions aimed at stabilizing the MVK protein could offer potential therapeutic avenues for the treatment of MKD, especially for patients with severe forms such as mevalonic aciduria (MA) (12). Furthermore, the mevalonate kinase enzyme itself is thermolabile, and its activity decreases with increasing temperature. This attribute makes any febrile illness a potential trigger for autoinflammatory disease flares (13, 14).

The genotype-phenotype relationship in MKD is complex. Although the disorder is rooted in MVK variations, clinical manifestations can vary widely (15). This variability is not solely attributed to the type of variant; even individuals with identical genotypes can exhibit different clinical symptoms. The spectrum of MKD ranges from mild to severe autoinflammatory disease. The mild form is typically associated with variants that retain some residual enzyme activity (varies from 1.8% to 28%), leading to periodic episodes of fever and systemic inflammation. On the contrary, the severe form is often associated with alterations that result in little or undetectable enzyme activity (less than 0.5%), manifesting more pronounced neurological symptoms and developmental challenges (16).

The results of the Eurofever cohort confirm significant differences in the distribution of neurosensory defects between genotypic groups (17, 18). Severe gastrointestinal and musculoskeletal symptoms were found to be more prevalent in patients with genotypes excluding p.(Val377Ile) (10). On the other hand, the presence of the mild p.(Val377Ile) allele in a compound heterozygous or homozygous has been observed in ‘severe’ MKD, although anecdotally (19–21). Furthermore, a strong association was observed between severe neurological and ocular manifestations, particularly cataracts, and genotypes, including variants p.(Ala334Thr) and p.(Leu264Phe). An association between amyloidosis and compound heterozygosity for p.(Ile268Thr) and p.(Val377Ile) has also been also described (22).

Genetic testing, although instrumental, presents interpretative challenges. The Eurofever cohort, for example, may not comprehensively represent the larger MKD population. Acknowledging that such cohorts might encompass only a specific subset of individuals carrying particular genetic variants is imperative. Therefore, extrapolating phenotypic descriptions based on these selected cohorts to the broader population undergoing genetic testing could be erroneous. Taking into account these intricacies, a judicious approach to the interpretation of genetic data is advocated, ensuring that conclusions are drawn in accordance with the broader clinical and genetic context of MKD (10).

In rare cases where only one variant is detected, it is essential to consider the possibility of an undetected second variation; or the individual merely being a heterozygous carrier and the observed genotype not being the cause of the phenotype being investigated. Some individuals with a single detected variant may still have symptoms. However, in the context of MKD, this is rare (10).

A distinct disorder caused by MVK variants is diffuse superficial actinic porokeratosis (DSAP). In this rare skin disorder, dominant germline or somatic MVK variants have been identified (23, 24). Second-hit somatic variants were recently described in DSAP lesions and are a likely explanation for the acquisition of these skin lesions in areas exposed to the sun (20, 23). As DSAP is clinically distinct from systemic MKD, it will not be further discussed in this article.

Environmental factors, such as infections, vaccinations or stress, can also influence the onset and severity of symptoms of MKD. Additionally, other genetic factors or modifier genes can play a role in determining the phenotype, adding another layer of complexity to the genotype-phenotype correlation (25, 26). Interestingly, the MVK gene shares a conserved promoter region with the MMAB gene, suggesting potential epistatic interactions. Recent studies have highlighted the importance of considering both the MVK and MMAB genes in the molecular diagnosis of MKD. A specific genetic variation (rs1450500) in GRID2 in the 4q22.2 chromosome region was found to associate with MKD, possibly as a phenotype modifier (15, 27).

In patients with very early-onset severe inflammatory bowel disease (IBD), particularly those with a history of recurrent or chronic fever, peritoneal adhesions, and atypical pathology of IBD, MKD should be a differential consideration (28). A recent study highlighted a shared genetic background between early-onset IBD and MKD. Children who develop intestinal inflammation at an early age may have different phenotypes and genetic architectures. Although some of these children align with the classical categorization of IBD, others fit the profile of monogenic diseases such as MKD. This overlapping genetic foundation could explain the shared clinical and phenotypic characteristics observed in both conditions (29).




Clinical spectrum of mevalonate pathway disorders

Genetic mutations that disrupt the mevalonate pathway can result in a variety of metabolic and inflammatory disorders (Table 1). MKD is the primary example, manifesting a spectrum of clinical presentations ranging from mild forms, formerly known as hyper IgD syndrome (HIDS), to severe forms such as mevalonic aciduria (MA). (We will use the taxonomy of the consensus proposal for autoinflammatory diseases, which suggests using ‘mild’ MKD for HIDS and ‘severe’ MKD for MA (30)). In this paper, we will focus on MKD, but it is important to note that conditions such as porokeratosis, phosphomevalonate kinase deficiency (PMKD), and macrophage activation syndrome (MAS) are also related to abnormalities in the mevalonate pathway.


Table 1 | Clinical spectrum of mevalonate pathway disorders.







Update on the 2015 SHARE guidelines

The 2015 SHARE initiative provided a detailed overview of AIDs, synthesizing the data available up to 2013 (31). (For the purposes of citation and clarity, this resource is henceforth referred to as the “2015 SHARE guideline”). A decade later, the MKD research landscape has seen significant advances that call for an updated and evidence-based perspective on MKD. In particular, advancements in genetic databases like Infevers have enriched the understanding of pathogenic variants, improving diagnostic accuracy. The increasing accessibility and precision of next-generation sequencing (NGS) has enabled earlier and more reliable diagnosis, while novel diagnostic tools, such as mevalonate kinase enzyme activity assays, are now available. These tools are especially impactful in cases with severe phenotypes, where they can influence critical clinical decisions, such as the need for bone marrow transplantation.

The updated recommendations address these diagnostic challenges by emphasizing the integration of genetic and biochemical testing for greater diagnostic confidence. In terms of therapy, recent studies on the long-term outcomes of biologic therapies, especially IL-1 inhibitors, have informed this revised guideline. Additionally, the updated recommendations incorporate new evidence on the safety and efficacy of vaccinations for MKD patients receiving treatment, thereby offering a more comprehensive approach to patient care.






Methods

Our objective was to review the literature to update the findings of the 2015 SHARE expert group review of MKD (31).




Search strategy

A comprehensive search was conducted on PubMed to identify relevant articles published after the last SHARE review. To maintain consistency in the type of articles retrieved, the search terms were derived from the original SHARE review. Additionally, index terms, PICOs, and other relevant search parameters were applied to ensure an inclusive approach, capturing all potentially relevant studies related to MKD. The detailed search strategy, including the specific terms and PICOs used, is provided in the Supplementary Materials.





Study selection

The titles and abstracts of recovered articles were initially selected by AP and TC to identify potentially relevant studies. TC and ZSH conducted subsequent full-text evaluations to determine eligibility. Any uncertainties or disagreements about the inclusion of the study were resolved by discussion and consensus. The initial search yielded 407 publications. Title and abstract screening excluded 279 papers. Based on full-text analysis, an additional 68 publications were excluded. Papers were excluded if they were case reports with fewer than three patients, were not original articles, or contained irrelevant information.





Data extraction

Once the studies were selected for inclusion, AN and LL performed data extraction using a standardized data extraction form. This form captured the essential details of the study design, population, interventions, outcomes, and critical findings. The collaborative approach ensured the consistency and comprehensiveness of the information collected.





Quality assessment

To evaluate the risk of bias in the included studies, we conducted a thorough risk analysis using the ROBINS-I (Risk Of Bias In Non-randomized Studies - of Interventions) tool. This tool allowed for a structured assessment of bias across seven domains: confounding, selection of participants, classification of interventions, deviations from intended interventions, missing data, measurement of outcomes, and selection of reported results. Each domain was carefully examined to ensure a comprehensive evaluation. Two independent reviewers, LL and KT, assessed the risk of bias. The reviewers discussed any disagreements until a consensus was reached. The detailed results of the risk of bias assessment are provided in the Supplementary Materials.





Validity assessment

We adopted the Levels of Evidence and grading recommendations described by Burns et al. (32). Each study was classified according to a hierarchical system of levels of evidence, ranging from Level I (high-quality randomized controlled trials) to Level IV (expert opinion and case reports). The strength of recommendations was graded based on the quality of evidence, with strong recommendations (Grade A) supported by Level I evidence or consistent findings from multiple studies of levels II, III, or IV, while weaker recommendations (Grade C) were based on inconsistent or lower-level evidence (KT, LL, MSZ). The results of this assessment are provided in the Supplementary Materials.





Data synthesis

A select working group (TC, PB, SO, MG, JF) developed a set of proposed recommendations based on the available evidence. Subsequently, these recommendations were submitted to the authors of the original SHARE manuscript for their evaluation and online voting on the level of agreement. A consensus was deemed to be reached if the level of agreement exceeded 7/9 points, obviating the need for further consultation. The table of recommendations includes the degree of supporting evidence and the level of agreement for each recommendation.






Recommendations

Management of MKD requires a comprehensive and multidisciplinary approach to ensure optimal patient outcomes (Table 2). To facilitate this, several overarching statements have been developed to guide clinicians in the diagnosis and management of MKD. These statements emphasize the importance of managing patients within a multidisciplinary team led by experts in hereditary autoinflammatory disorders. Such teams should ideally include rheumatologists, immunologists, geneticists, and nurse specialists to provide a holistic approach to care. Integrating genetic counselling within this framework is also crucial. Furthermore, educating patients and caregivers about targeted therapies, lifestyle changes, and the importance of regular follow-up is essential for effective disease management. Empowering patients through resources and support networks is recommended to improve self-management capabilities. Lastly, encouraging patient participation in clinical studies or registries is vital to advance understanding and treatment of MKD.


Table 2 | Overarching Statements.







Diagnosis




Laboratory investigations

Currently, there is no single laboratory test that provides a definitive diagnosis (Table 3). Markers of inflammation are commonly assessed in clinical settings, especially during flare-ups. Serum levels of C-reactive protein (CRP) and serum amyloid A (SAA) increase during inflammatory flare-ups in MKD. However, SAA may offer a more sensitive measure of inflammation in MKD. In some cases, SAA remains elevated even when CRP levels normalize, suggesting ongoing inflammation that may not be captured by CRP alone. SAA levels can be used to monitor the efficacy of MKD treatments. Although amyloidosis is a rare complication in MKD, patients with chronically elevated SAA levels may be at risk for amyloidosis (4, 33); therefore, regular monitoring of the SAA level can help identify at-risk patients and initiate early interventions.


Table 3 | Recommendations for the diagnosis of MKD.



While serum immunoglobulin evaluation, focusing primarily on IgD and IgA, can aid in suspecting MKD, caution is advised. Elevated IgD levels can support a provisional diagnosis when aligned with clinical manifestations, but they are frequently elevated in other autoimmune diseases such as SLE (34). Additionally, relying solely on clinical symptoms and IgD levels for diagnosing MKD has notable pitfalls (17). IgD levels do not consistently correlate with disease activity, enzyme functionality, or genotype in MKD (35–37). Given that some patients exhibit normal IgD levels, the diagnostic sensitivity is limited (36, 38). More than two-thirds of patients show elevated IgA levels (39).

The detection of mevalonic acid in urine samples may be of great importance for diagnosis. Urinary mevalonic acid levels are highly informative during symptomatic periods of MKD, with high sensitivity and specificity (16). Although patients with severe phenotypes consistently show high levels, those with the milder phenotype typically exhibit elevated levels only during flare-ups. Therefore, the urine sample must be taken during fever if this laboratory test is available. This test, especially when using advanced techniques such as gas chromatography and mass spectrometry, can provide a more specific indication of MKD (40). While normal mevalonic acid excretion significantly reduces the likelihood of MKD, indicated by a 98% negative predictive value, it does not completely eliminate the possibility. Consequently, it is an effective screening tool when genetic testing is unavailable. However, elevated urinary mevalonic acid levels warrant further confirmatory testing through MVK gene analysis, given their 71% positive predictive value, which requires additional diagnostic steps. In summary, even when urinary mevalonic acid excretion is positive, analysis of the MVK gene remains essential to confirm the diagnosis of MKD diagnosis (16).

Although less routinely assessed than the above markers, emerging evidence suggests that impaired protein prenylation has potential diagnostic value. Assessing prenylation defects in PBMC lysates can offer additional information, especially when genetic tests are inconclusive (41–43).

Enzyme activity measurements are the gold standard for diagnosing MKD. In cases where the genotype is known to be pathogenic, genetic testing is equally reliable. However, when one or both alleles of MVK have variants of unknown significance, functional tests are essential to determine their pathogenicity. Urinary mevalonic acid levels can be informative in such cases, although enzyme activity measurements are superior. However, the latter requires shipping samples to specialized laboratories.





Clinical classification and guiding genetic investigations (clinical parameters as predictors)

Determining which patients deserve genetic testing based on clinical presentation remains vital in hereditary autoinflammatory syndromes. Gattorno et al. identified clinical parameters that predict gene mutations associated with these syndromes. The derived diagnostic score, based on indicators such as age of onset, familial history of periodic fever, thoracic pain, abdominal discomfort, diarrhoea, and oral aphthosis, showed strong sensitivity and specificity to guide genetic testing decisions (44). However, the authors of the SHARE recommendation felt it essential to emphasize that this score can help select children for further diagnostic tests, but that a negative score should not exclude (genetic) testing (31, 45).

In 2015, as part of the Eurofever project (utilizing patient data from the Eurofever database), the first set of international classification criteria for MKD was published. These criteria marked a significant milestone in the field, providing a standardized framework for identifying and classifying this condition. This scoring system is based on the clinical manifestations observed during typical inflammatory episodes, excluding the influence of intercurrent infections or other comorbidities. For MKD, the criteria included: onset age less than 2 years (awarded 10 points), presence of aphthous stomatitis (11 points), generalised lymph node enlargement or splenomegaly (8 points), painful lymph nodes (13 points), occasional or frequent diarrhoea (20 points), persistent diarrhoea (37 points), and absence of chest pain (11 points). A cumulative score of 42 points or higher yielded a sensitivity of 93% and a specificity of 89% in the validation cohort. Understanding that these criteria are intended to guide further diagnostic tests in patients suspected of having an autoinflammatory disease is crucial. However, they should only be used after ruling out other possible causes of fever and inflammation, such as infections, immunodeficiencies, malignancies, or other immunological conditions (46). Patients with MKD typically show symptoms in the first year of life. The German and international (EULAR/ACR) guidelines emphasise this crucial time frame. In particular, the suspicious age of onset was reduced to 1 year, facilitating early diagnosis and treatment. This proactive measure ensures timely intervention for these young patients, optimising their chances of better outcomes (47, 48).

However, these criteria do not consider the results of genetic analyses, which are now an essential tool to accurately diagnose and classify hereditary recurrent fevers (HRF). In a small cohort, the Eurofever classification criteria (from 2015) were not correlated with the final clinical diagnosis of patients diagnosed with MKD; however, they were associated with CAPS and TRAPS (49).

Gattorno et al. conducted a comprehensive study to develop and validate new classification criteria for HRF and periodic fever, aphthosis, pharyngitis, and adenitis (PFAPA). Using a multistep approach, the team incorporated clinical, laboratory, and genetic variables from the Eurofever Registry. Specifically, a random sample of 360 patients was selected, with 60 patients representing each disease category: FMF, TRAPS, MKD, CAPS, PFAPA, and undefined recurrent fever (uRF). This methodology was further refined through consensus conferences and rigorous statistical analysis. The culmination of this effort produced criteria that exhibited high sensitivity and specificity for HRF and PFAPA. In the context of MKD, the diagnosis is anchored primarily in identifying biallelic mutations of MVK gene mutations. The expert panel proposed a classification system for patients with MKD based on the number of MVK mutations identified. Patients with two identified MVK mutations were classified as ‘biallelic MKD’, while those with a single mutation were termed “mono-allelic MKD” (50).

The criteria were validated on real-life data by two working groups. The first study, using data from 455 patients from France and Switzerland, confirmed the high precision of the new classification criteria, especially for patients with a confirmatory genotype. However, the clinical criteria designed for patients without genetic test results or those without genetic abnormalities showed limitations in performance. This validation underscores the importance of combining clinical and genetic data to accurately classify hereditary auto-inflammatory diseases. Note that the classification criteria had excellent specificity for CAPS and TRAPS (98% specificity each), fair specificity for FMF (88%), but poor specificity for MKD (58%) (51). A Turkey-based working group has revealed that the genetic variations prevalent in specific populations can affect the observable traits of some patients. This challenges the accurate classification of such individuals using current criteria. As a result, in populations with common genetic variations, the classification criteria should be adjusted to better describe the clinical characteristics (52).

It is important to note that while these classification criteria are necessary for patients to be included in research studies, they are not meant to be used as standalone diagnostic criteria.





Genetic tests

Molecular genetic tests are recommended for all patients. The importance and feasibility of genetic testing in diagnosis has increased because of advancements in genetic analysis systems. Distinct disparities can exist between the AID phenotype and genotype, with not all genetic alterations being pathogenic (10). The ‘infevers’ database serves as a resource to determine the current pathogenicity of the genetic variant (53). The identification of the pathogenic variant supports the clinical diagnosis (47).

Experts from the SHARE initiative have indicated that interpreting the results of genetic tests can present difficulties. In the field of hereditary recurrent fevers (HRF), it is crucial to recognise that classic clinical symptoms do not always align with typical genetic mutations. A recent cohort underscored this discrepancy: Of 15 genetically confirmed cases, only one exhibited both a classical clinical presentation and the expected MVK gene mutation indicative of MKD (54). Furthermore, HRF can manifest even when genetic tests yield negative results. This highlights the complexity of HRF diagnosis and the potential challenges in correlating clinical presentations with genetic findings.

Therefore, the interpretation of certain genetic variants should be made in the context of the inflammatory phenotype, preferably by an expert in the field (48). The guidelines for the genetic diagnosis of AID offer direction for both doctors and geneticists (55). The SHARE group advocated for the application of such guidelines during the diagnostic procedure (31).

According to the best-practice guidelines of ISSAID/EMBQN, when there is a clear clinical suspicion of MKD, it is advisable to initiate the diagnostic process by sequencing all exons of the MVK gene using Sanger or NGS techniques. Should these sequencing efforts yield no definitive results, the next step involves the advancement of CNV detection. Array comparative genomic hybridization (array-CGH) is recommended to identify large-scale genomic alterations, while for small variants, alternative genetic testing approaches such as multiplex ligation-dependent probe amplification (MLPA) are recommended, although these specialised tests are typically available only in specialised centres (56).

The SHARE article explored next-generation sequencing (NGS) as a potential tool for diagnosing atypical autoinflammatory syndrome in children. Although there was not enough evidence to recommend NGS, the authors suggest that it may become valuable in the future. Furthermore, the article emphasised the importance of establishing clear diagnostic criteria and definitions for atypical autoinflammatory syndrome. Diagnosing autoinflammatory diseases can be challenging because the clinical findings of some patients may indicate a specific disease, but overlapping symptoms make it difficult to confirm. Furthermore, a minimum of 40% of people who are likely to experience an autoinflammatory condition do not align with any recognised disease (57). In these cases, it is recommended to use panel tests consisting of at least eight genes (56).

In a scenario where strong clinical suspicion of autoinflammatory disease (AID) prevails, but symptoms do not clearly correlate with any of the known autoinflammatory diseases, it is recommended to perform an NGS panel test. This step is particularly crucial to broaden the diagnostic lens and potentially identify new or less common genetic variants associated with autoinflammatory conditions (56).






Patients with symptoms suggestive of MKD but negative genetic testing

Patients with symptoms of MKD but negative genetic testing should only be classified as having undifferentiated auto-inflammatory disease (uAID) (58) after alternative monogenetic or complex (i.e. non-genetic diseases such as Behcet’s) autoinflammatory diseases have been excluded. The term uAID can be useful in clinical practice, as it allows clinicians to define cases with vague and overlapping features that may have an autoinflammatory aetiology. This diagnosis implies that the patient’s condition must be regularly reviewed for any evolution into a more defined clinical entity. With advances in genetic testing and ongoing research, there is hope that more precise diagnoses and treatments will be found for these patients (59).

There is evidence that targeted therapy may still be effective for patients with uAID. For example, a study evaluating the safety and efficacy of canakinumab, an anti-IL-1β agent, in patients with uAID showed that the patients had positive responses to treatment (60). In addition, anakinra, an IL-1 receptor antagonist, has been shown to be effective in patients with uAID. It was used both as a diagnostic challenge and as a treatment, indicating that IL-1 dysregulation may play a role in the pathogenesis of the disease of these patients (61, 62).

Integrating the patient into a registry of complex or undiagnosed autoinflammatory conditions is also recommended, which can provide information for future research and possible treatment pathways (63).





Treatment




Anti-inflammatory treatment

The treatment of MKD is multifaceted, as highlighted by several guidelines, including SHARE, EULAR/ACR, and the German guidelines (31, 47, 48) (Table 4). The primary objective of treatment is to alleviate acute symptoms during inflammatory episodes and to reduce the frequency and severity of these episodes.


Table 4 | Recommendations for the management and treatment strategies of MKD.



Non-steroidal anti-inflammatory drugs (NSAIDs) are often the first line of treatment for acute inflammatory episodes in patients with MKD. Both the SHARE and German guidelines recommend NSAIDs as the initial intervention for acute episodes, and EULAR/ACR echo this sentiment. However, in practice NSAIDs alone usually do not provide adequate relief for inflammatory attacks.

For those who exhibit limited response to NSAIDs or experience more pronounced symptoms, corticosteroids are an alternative. Administering short-term corticosteroids promptly after the onset of inflammatory symptoms can effectively mitigate these manifestations. This strategy is supported by the three guidelines, including the German guidelines that highlight the possible side effects of prolonged use of corticosteroids and the need for vigilant monitoring (31, 47, 48).

Biological agents, particularly those targeting interleukin-1, have become crucial in the treatment of MKD. Anakinra, an interleukin-1 receptor antagonist, is approved for CAPS, FMF, and DIRA; however, for MKD, it is still off-label. According to a recent review of 21 patients, the response rate to anakinra in paediatric patients with HIDS was 90%, while that of etanercept was 50% (64). In its retrospective analysis, the Eurofever Registry observed 19 patients receiving continuous anakinra treatment. Of these, 13 showed a partial response, three had a complete response, and treatment was ineffective for three others. Furthermore, eight patients used anakinra exclusively during flare-ups, resulting in complete relief for three and partial relief for five (22). The sustained prophylaxis and on-demand treatment is promoted by SHARE, EULAR/ACR, and the German guidelines (31, 47, 48). For on-demand use, it is crucial to initiate anakinra at the first signs of an episode, which can reduce its duration. However, without robust evidence, on-demand anakinra is best reserved for patients with sporadic episodes (65), with clear documentation of absence of acute phase response in between attacks. This study also showed that although treatment resulted in a decrease in CRP levels, the duration of the fever, and the severity of symptoms, it did not reduce the frequency of fever episodes. Therefore, for patients who experience episodes more frequently than once every 4-6 weeks, the transition to continuous treatment is advised (66). Anakinra is administered daily subcutaneous injections, sometimes more often; however, some patients may perceive this frequent regimen as challenging due to the pain associated with both the injection and the medication itself. The main adverse events associated with anakinra treatment are reactions at the injection site, particularly in children (67). These reactions are mostly considered mild medically; some can resolve over time, but they are potentially concerning for the family. Therefore, engaging in a comprehensive dialogue with the patient, considering their fears and preferences, is crucial to optimise adherence to treatment.

Canakinumab (CAN), a neutralizing monoclonal antibody against interleukin-1β, offers the advantage of less frequent dosing because of its longer half-life, which can improve patient compliance and overall quality of life. It has shown efficacy in HIDS by decreasing both the frequency and intensity of inflammatory episodes and has obtained EMA and FDA approval for MKD.

CAN treatment has shown promising results in several international observational registries/studies (66–70). Two clinical investigations were conducted to assess the effectiveness and safety of CAN in patients with active MKD. The initial study, an open-label Phase II trial, was led by Arostegui et al. Their findings indicated that canakinumab was both useful in the management of active MKD and successful in inhibiting inflammation-associated transcriptional reactions.

The CLUSTER study by Benedetti et al. represents a pivotal randomised controlled trial (RCT) in the field of MKD research. In this study, the efficacy of CAN was rigorously evaluated in patients with MKD. Participants with genetically confirmed MKD were randomised to receive 150 or 300 mg of canakinumab subcutaneously or a placebo every 4 weeks. The primary endpoint was a complete response by week 16, which was characterised by the resolution of the flare without recurrence. The results were promising for patients with MKD receiving canakinumab. At week 16, 35% of the MKD patients treated with CAN achieved a complete response, in stark contrast to the 6% response rate observed in the placebo group. This significant difference underscores the potential of canakinumab as an effective therapeutic intervention for MKD. In particular, although infections were the most frequently reported adverse events among CAN recipients, the study findings suggest a favourable risk-benefit profile for the drug in the context of MKD management.

The extended open-label phase 3 CLUSTER trial provided a comprehensive evaluation of canakinumab efficacy and safety over a 72-week period in patients with MKD. Administered at doses of 150 or 300 mg at 4- or 8-week intervals, CAN resulted in a significant reduction in disease flare-ups. 64% of the participants did not experience flares during the study duration, a substantial improvement from their baseline median of 12 annual flares. At the end of the study, more than 90% of the subjects exhibited minimal or absent disease activity and consistent reductions in inflammatory markers, such as CRP, were observed. The adverse events matched expectations, strengthening the potential of CAN as a viable long-term therapeutic option for the management of MKD (71).

In a subsequent analysis of the CLUSTER trial, Lachmann et al. investigated the health-related quality of life (HRQoL) of patients with MKD treated with CAN. The study underscored the profound burden of uncontrolled MKD, with patients who had previously experienced a median of 60 days a year with active disease symptoms. Using tools such as CHQ-PF50 for paediatric patients and SF-12 for adults, the study revealed marked improvements in HRQoL during CAN treatment. This improvement in well-being, both physically and psychosocially, further solidifies the potential of canakinumab as a crucial therapeutic option for patients with MKD/HIDS (72).

In a study by Balci et al., the impact of CAN treatment on growth parameters was examined in children with autoinflammatory diseases. Their research included 24 patients, of whom 9 were diagnosed with MKD. The research highlighted that after CAN treatment, there was a significant increase in the mean height, weight and BMI SD scores of the patients. This improvement in growth parameters was attributed to the suppression of ongoing inflammation due to the efficacy of the drug in controlling disease activity. In particular, growth parameters after treatment did not show significant differences based on sex, age at diagnosis, or duration of diagnostic delay. This study underscores the potential benefits of CAN in improving growth outcomes in children with autoinflammatory conditions, including MKD (73).

In an observational study by Hosono et al., the safety and efficacy of CAN for the treatment of MKD were explored. The study highlighted that in patients with MKD, the incidence of adverse drug reactions (ADR) was 42.86%, with pyrexia being the most common ADR. Other ADRs included oropharyngeal pain and inflammation of the upper respiratory tract. Importantly, no serious adverse reactions, deaths, or new safety concerns were identified in patients with MKD during the study period. Furthermore, a case of isolated hyperbilirubinemia was reported in a patient with MKD after initial treatment, which was not serious and was reported as ‘recovered.’ This study also highlights the potential of canakinumab as a treatment option for MKD, while also highlighting the need to carefully monitor potential ADRs (68).

Currently, there is no consensus on the most effective canakinumab dosage regimen for patients with MKD. Certain patients appear to require higher doses or more frequent dose intervals to achieve and maintain a complete response. Additional research is necessary to determine the optimal dose for MKD patients and identify factors for personalised treatment.

There has been no direct comparison between anakinra and CAN. Researchers conducted a retrospective study on 13 adult patients with MKD who had received interleukin 1 (IL-1) blockade treatment. The study found that anakinra resulted in complete or partial remission in some patients, while CAN resulted in a better overall response. The study suggests that the patient’s genotype can influence therapeutic results, and more research is needed to personalise treatment for patients with MKD (66).

Without strong evidence, some experts use a combination therapy of canakinumab and on-demand anakinra for MKD patients who show an insufficient response to canakinumab alone.

For patients who do not respond adequately to interleukin-1 inhibitors, tumour necrosis factor (TNF) blockers have emerged as potential second-line agents. Their role in modulating inflammation suggests that they may be beneficial in the management of symptoms of MKD, although more extensive clinical data are needed (22, 64, 74).

Tocilizumab, an IL-6 receptor antagonist, has potential as a therapeutic option for MKD. However, evidence is limited to case reports. Caution should be exercised in its application until further research validates its efficacy and safety for this patient population (75, 76).

Statins, especially simvastatin, have been identified for their potential to curtail MKD attacks (77). Statins inhibit HMG-CoA reductase, an enzyme that functions upstream of mevalonate kinase in the mevalonate pathway. By inhibiting this enzyme, statins reduce mevalonate production. In the context of MKD, where there is accumulation of mevalonate due to the deficiency of mevalonate kinase, statins could reduce this accumulation, thus decreasing the toxicity associated with elevated mevalonate levels.

However, the reduction in statin mevalonate production also decreases downstream isoprenoids. Since isoprenoid deficiency is believed to be a significant factor in the inflammatory symptoms seen in MKD, the use of statins could exacerbate this deficiency. Interestingly, in a single patient exhibiting the MA phenotype, administration of a statin appeared to trigger a severe attack (78). The SHARE guideline does not recommend the use of statins in the treatment of MKD, likely due to the potential complications arising from further isoprenoid depletion (31). Interestingly, neither the EULAR/ACR nor the German guidelines discuss the role of statins in the treatment of MKD, suggesting a consensus on the limited therapeutic potential of statins in this context (47, 48).

Colchicine is occasionally used by some experts in mild cases of MKD and in patients with VUS, based on limited case reports, including one involving an 8-month-old infant with an atypical MKD presentation who responded well to colchicine treatment over 8 months without further fever episodes (79).

A case report highlighted the use of bisphosphonates, specifically alendronate, in a patient with MKD. Bisphosphonates, which typically prevent bone resorption by inhibiting farnesyl diphosphate synthase, act downstream in the mevalonate pathway compared to mevalonate kinase. Theoretically, alendronate should exacerbate biochemical abnormalities in MKD, making it seem contraindicated. However, treatment was initiated to counteract a severe reduction in bone mineral density (BMD) due to glucocorticoids, despite in vitro studies suggesting that bisphosphonates could intensify fever attacks in MKD by further disrupting an already compromised metabolic pathway. Contrary to expectations, the patient experienced complete remission of symptoms of MKD and laboratory abnormalities after alendronate treatment (80). Despite the promising results reported by Cantarini et al. in their case study, recent research could not replicate the anti-inflammatory benefits of alendronate in vitro using both a murine cell line and monocytes extracted from two patients with MKD (81).

Beneficial inhibition of Janus kinase by tofacitinib has been reported in a few patients with familial mediterranean fever patients (82–84). However, there are no substantial data on JAK inhibition in MKD to inform guidance.

For patients with severe and refractory MKD, haematopoietic stem cell transplantation (HSCT) has been considered a ‘last resort’ option. It offers the potential for a definitive cure by replacing the defective immune system. However, HSCT is associated with significant risks and is reserved for the most severe cases where other treatments have failed (85–89). In a multicentre retrospective analysis by Jeyaratnam et al., allogeneic haematopoietic stem cell transplantation (HSCT) results were evaluated in patients with MKD (90). Of the nine patients analysed, seven achieved complete remission and were symptom-free during follow-up. However, two patients experienced transplant-related complications that resulted in death. The study underscores that while HSCT may be effective in patients with severely affected MKD, there is notable treatment-related morbidity and mortality. The authors advocate for the consideration of transplantation in patients who do not respond to conservative therapy, given the course of the severe disease.

Supportive measures also play a crucial role in the overall management of MKD. The guidelines focus on addressing potential triggers, patient education, monitoring, and lifestyle modifications. The 2013 SHARE guideline, in particular, underscores the importance of patient education and addressing potential triggers (31).





Treat-to-target strategies

The primary objective of MKD treatment, as highlighted in both the German and EULAR/ACR guidelines, is to achieve sustained remission or, at a minimum, a significant decrease in the frequency and severity of inflammatory episodes (47, 48). This approach provides immediate symptomatic relief and prevents long-term complications, thus improving the patient’s overall quality of life (Table 3). The German PRO-KIND consensus statements and the resulting clinical treatment pathways (CTP) represent a significant evolution that transcends the disease classification-centric recommendations of the 2013 SHARE guideline (Table 4). This advancement underscores the dynamic understanding and approach to effectively managing MKD (47).

Routine evaluations, including clinical examinations and laboratory diagnostics, are crucial. These evaluations, together with patient and physician reports, provide a holistic view of therapeutic efficacy, facilitating timely treatment adjustments. To gauge disease activity, tools such as daily symptoms diary scores, the Autoinflammatory Disease Activity Index (AIDAI), the Physician’s Global Assessment (PGA), and the Patient-Parent Global Assessment (PPGA) should be followed (91). In a study by Koné-Paut et al., the feasibility of AIDAI was specifically evaluated for patients with MKD who underwent CAN treatment. Patients were required to complete the AIDAI questionnaire daily. The findings highlighted that AIDAI effectively distinguished between active and inactive states of MKD, underscoring its potential as a valuable tool in clinical settings to monitor disease activity and therapeutic outcomes in patients with MKD (92).

Similarly, ter Haar et al. developed the Autoinflammatory Disease Damage Index (ADDI) to assess persistent or irreversible changes in structure or function present for at least 6 months not attributable to ongoing disease activity in FMF, CAPS, TRAPS, and MKD (93). Based on a consensus, 18 preliminary items were chosen in eight organ systems and scored. ADDI was later validated using 110 clinical cases on paper by 37 experts and was found to be a reliable and valid instrument to quantify damage, thus contributing to the measurement of standardised disease outcome measurement (94).

If the ideal state of remission remains unattainable, achieving minimal disease activity is an alternative therapeutic target. The precise definitions of remission and minimal disease activity, along with their validation, are currently key research areas in the field of autoinflammatory diseases. In the absence of a definitive mathematical formula to seamlessly integrate various outcome parameters, consistent estimates of disease activity undeniably support decisions to modify therapies. However, inconsistent estimates have the same significance, necessitating further in-depth evaluations.

If therapeutic goals are not achieved within a specified time frame or adverse events emerge, it becomes essential to re-evaluate and potentially alter the treatment approach. Both guidelines advocate a stepwise strategy in which the intensity of the treatment increases if the initial interventions prove to be insufficient.

Biologic agents, especially IL-1 inhibitors such as anakinra and canakinumab, are recommended for the introduction or escalation of therapy when conventional treatments are inadequate. A combination of clinical insights, patient preferences, and disease severity influences the decision to increase treatment.

On the contrary, when a patient exhibits prolonged remission, there may be a window to decrease the intensity of treatment. However, such de-escalation should be cautiously approached, ensuring vigilant monitoring to swiftly detect and manage potential flare-ups.

A comprehensive treatment perspective is a central theme in both guidelines. This includes meticulous consideration of associated conditions and possible disease triggers and a pronounced emphasis on patient education and active participation in treatment decisions.






Vaccination

Vaccination in patients with MKD is a delicate balance between mitigating flare risks and preventing infectious diseases. Despite the lack of clear evidence, it is crucial to maintain vaccination schedules, with adjustments guided by immunomodulatory treatments and expert consultation. An important question is whether patients on maintenance biological therapy can continue treatment while receiving live vaccines and how to manage vaccine-induced shubs. In a case report in which anakinra was used 72 hours after a vaccine-induced febrile episode, adequate seroconversion was observed (95). A recent paper focused on evaluating the immune response after COVID-19 vaccination in patients with systemic autoinflammatory diseases receiving IL-1 inhibitors (IL-1i) and comparing it with the response in healthy, vaccinated individuals. The results indicated that the immune response in patients treated with IL-1i was similar to that of healthy controls. Furthermore, no adverse effects were reported after vaccination, and IL-1i administration was maintained before and after the vaccine to prevent any exacerbation of symptoms (96). In the context of patients with MKD who are being vaccinated, the expert panel recommends that IL-1 inhibitors (IL-1i) should be continued throughout the vaccination process. We believe that the risk of live vaccine-mediated disease in patients on IL-1 blockade is largely theoretical. Anakinra, a specific IL-1 receptor antagonist, has been shown to not alter vaccination responses and can be administered safely around the time of vaccination. Furthermore, we suggest that using anakinra on demand to facilitate vaccination is an effective strategy to manage and prevent potential flare-ups, ensuring that patients receive the full benefit of immunisation without disrupting their ongoing treatment.
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Overarching statements: LoA (1-9)

mean + SD

1. Patients diagnosed with MKD should be managed within a multidisciplinary team framework led by clinicians with expertise A 8,2+2,0
in hereditary autoinflammatory disorders.

a. This specialised care team should ideally include, but not be limited to, rheumatologists, immunologists, geneticists, and nurse =~ A 74%22
specialists who can offer a multidisciplinary approach to diagnosis, treatment, and long-term management.

b. Integrating genetic counselling into this care model is imperative. A 79+18
2. Provide comprehensive education to patients and caregivers: A -
a. Patients and caregivers should be well informed about the role of targeted therapies, the importance of lifestyle adjustments to =~ A 8,1+16

manage disease triggers, and the necessity of regular medical follow-up to monitor disease progression and response
to treatment.

b. Providing resources and support networks can also empower patients in self-management of their condition. A 83+ 1,1

3. Encourage patients to participate in clinical studies or registries to advance understanding of MKD and future treatments. B 8,7+ 0,5

Level of evidence (LoE): A: Level I evidence or consistent findings from multiple studies of levels 11, I11, or IV; B: Levels I1, I11, or IV evidence and findings are generally consistent; C: Levels I1, I11,
or IV evidence, but findings are inconsistent; D: Level V evidence: little or no systematic empirical evidence; Level of agreement (LoA).
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Treatment: LoA (1-9)

mean + SD

Anti-inflammatory treatment

1. The mainstay of treatments is with inhibitors of the interleukin-1 (IL-1) pathway, such as canakinumab (registered) or A 83+ 15
anakinra (off label), to treat and prevent inflammatory episodes.

2. Compared with other autoinflammatory diseases, higher doses of canakinumab may be required to control MKD flares. A 85+0,7
3. On-demand IL-1 blockade with anakinra may be considered on a case-by-case basis. B 8,2+£0,9
4. NSAIDs may be used to for symptomatic relief of mild disease flares. B 8,2£0,9
5. Short-term glucorticoids can be used to treat disease flares. B 8,1£0,9
6. Consider TNF or IL-6 blockade as potential second-line biologic agents for patients who do not respond adequately to B 7,9+ 1,0

interleukin-1 inhibitors.
7. Statins or bisphosphonates for MKD treatment are not recommended. € 87105

8. Allogeneic hematopoietic stem cell transplantation for severe refractory cases of MKD remains a viable therapeutic option but A 8,5+ 0,6
should be balanced against the risks involved.

Treat-to-target strategies: LoA (1-9)

mean + SD

1. Treat to the following targets: reduced frequency and severity of disease flares; normalization of acute phase reactants; A 83+0,9
limitation of glucocorticoid toxicity. Growth and patient quality of life are usually optimized if these are achieved.

2. Consider using evaluations and tools such as the autoinflammatory disease activity index (AIDAI), the physician’s global A 8,409
assessment and the patient’s parent global assessment to monitor clinical disease activity, ensuring timely treatment adjustments
based on therapeutic efficacy.

3. Regular serological tests (every 3 months as a minimum) of acute phase markers (WCC, CRP, and SAA) should be used to A 79+ 12
monitor serological disease activity to detect subclinical inflammation.

4. Regular monitoring of urinalysis for microalbuminuria or protein to creatinine ratio is recommended. A 79+ 1,4
5. Monitor growth regularly (every 3-6 months). A 82+ 1,1
6. Consider the escalation of therapy if these targets are not being met. A 8,1+1,1

Vaccination: LoA (1-9)

mean + SD

1. Patients with MKD should adhere to their vaccination schedule where possible, as the potential risk of a disease flare is A 8,5+0,7
outweighed by the serious consequences of vaccine-preventable infections.

2. The vaccination strategy is dictated primarily by the immunomodulatory treatments used, rather than by the disease itself. It A 7,9 +21
is recommended to consult international and national guidelines, specifically in relation to the receipt of live vaccines while on
biologic treatment.

3. Before receiving vaccines, patients with MKD should consult with their healthcare provider, ideally a specialist familiar with = A 82+ 138
autoinflammatory diseases, to discuss the benefits and risks associated with vaccination in the context of their condition.

4. In managing flares for MKD patients around vaccination times, NSAIDs rather than glucocorticoids can be specifically D 79+ 1,7
suggested for symptomatic relief to avoid significantly dampening the response to vaccines.

Level of evidence (LoE): A: Level I evidence or consistent findings from multiple studies of levels I1, 11, or IV B: Levels I1, I1I, or IV evidence and findings are generally consistent; C: Levels I1, I1I,
or IV evidence, but findings are inconsistent; D: Level V evidence: little or no systematic empirical evidence; Level of agreement (LoA).
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Diagnosis: LoA (1-9)

mean + SD

Laboratory investigations:

1. Prioritize MVK gene testing for its crucial role in establishing a definitive diagnosis of MKD, as it significantly contributes to B 82+1,6
confirming the condition.

2. However, other laboratory findings should also be considered together with clinical observations, especially in patients with B 7,7 2,2
negative results of genetic tests due to potentially yet unrecognised mutations.

3. Verify inflammation through laboratory tests, for example total WCC, ESR, CRP, SAA during attacks. These are not A 813+ 14
diagnostic of MKD but will confirm systemic inflammation; note that these usually vary (and may normalize) between flares.

4. IgD-level testing is not recommended due to its negligible diagnostic value. B 8,67 £ 0,6
5. Urinary mevalonic acid levels are usually the highest during flares. Nevertheless, normal urinary mevalonic acid level alone B 7,47 £ 2,1

has a low negative predictive value and does not negate the possibility of MKD and, therefore, is not mandatory before
advancing to genetic testing.

6. It is recommended that enzyme activity assays be reserved for cases involving patients with particularly severe phenotypes, B 7,53 £ 1,5
where the results may significantly influence the clinical decision, particularly in evaluating the need for bone marrow

transplantation.

This assay is conducted only in a limited number of specialised laboratories, thus limiting its availability as a routine

diagnostic test.

Clinical classification and guiding genetic investigations (clinical parameters LoA (1-9)

as predictors): mean + SD

1. Clinical diagnostic scores and classification criteria can be used as supportive tools to evaluate patients with suspected A 7,9 £ 1,1
hereditary autoinflammatory syndromes, such as MKD.

2. However, genetic tests are now much more widely available and should be performed if the clinical diagnosis s suspected, B 84%13
regardless of a clinical predictive score/classification result.

2a. Consider genetic testing regardless of scores: even if diagnostic scores are negative, consider genetic testing when clinical A 74121
suspicion persists.

2b. Maintain a holistic approach to patient evaluation. Consider all clinical presentations and history fully, as these syndromes A 84+1,3
often present with a range of symptoms that may not be fully captured by diagnostic scores.

Genetic testing LoA (1-9)
mean + SD

1. Conduct genetic testing for all suspected cases of MKD to confirm/refute the diagnosis. B 7,9+ 1,4

2. Consult “The Registry of Hereditary Auto-inflammatory Disorder Mutations” database to assess the pathogenicity of A 83+0,7

identified genetic variants (https://infevers.umai-montpellier.fr/web/).

3. Ensure that genetic results are interpreted in the context of patient inflammatory symptoms, engaging an auto-inflammatory B 8,6 + 0,5
expert for an accurate assessment.

4. Provide genetic counselling to patients and their families. A 8,5+ 1,1

5. For patients with clinical signs of MKD but with negative or inconclusive genetic testing, consider additional genetic tests, B 7,8+ 1,9
including searches for deletions or duplications in the MVK gene.

6. Patients with negative results of genetic tests should be classified as having an undifferentiated or unclassified A 7,6 £ 1,9
autoinflammatory disorder (uAID), and their treatment should follow the best practices established for uAID.

7. For patients with negative genetic results, consider consulting other specialist centres to ensure the most informed approach A 7,7+ 1,7
to further investigation and treatment.

Level of evidence (LoE): A: Level I evidence or consistent findings from multiple studies of levels I, I11, or IV; B: Levels 11, 111, or IV evidence and findings are generally consistent; C: Levels I, 111,
or IV evidence, but findings are inconsistent; D: Level V evidence: little or no systematic empirical evidence; Level of agreement (LoA).
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Mevalonic aciduria (MA) Mutations in the MVK gene
leading to deficiency in cholesterol

and isoprenoid biosynthesis

Mutations in the MVK gene
leading to recurrent but less
intense inflammatory episodes

Hyperimmunoglobulinemia D
syndrome (HIDS)

Phosphomevalonate kinase
deficiency (PMKD)

Mutations in PMVK gene, systemic
symptoms similar to HIDS

Porokeratosis Associated with MKD, benign but

risk of malignant transformation

Excessive activation and
proliferation of specific
immune cells

Macrophage activation
syndrome (MAS)

Clinical Manifestations

Developmental delays, hypotonia,
cerebellar ataxia, peripheral
neuropathy, systemic
inflammation,

neurological complications

Recurrent fever, lymphadenopathy,
gastrointestinal disturbances, skin
rash, joint involvement

Recurrent fevers, arthritis, rash,
abdominal pain, diarrhoea,
increased IL-1p secretion

Small, slowly enlarging plaques
with a raised border, various
skin manifestations

Widespread inflammation,
multiorgan dysfunction

Prognosis

Potentially fatal, early diagnosis
and comprehensive
management essential

Generally favourable, normal life
expectancy with medical treatment
and support

Emerging condition, need for
further evaluation in patients with
HIDS symptoms

Regular dermatological evaluations
necessary, monitor for changes

Life-threatening, awareness and
prompt recognition crucial
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