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Introduction

Mevalonate kinase deficiency (MKD) is a rare monogenic autosomal recessive autoinflammatory disease [START_REF] Schulert | Mevalonate kinase deficiency: current perspectives[END_REF] caused mutations in MVK, the gene for coding the mevalonate kinase protein. The disease typically starts during the first months of life. The common features include recurrent fever associated with one or more of the following features: lymphadenopathy, mouth ulcers, arthralgia, headache, vomiting, abdominal pain, vaccine reaction and rash. In absence of accurate diagnosis and persistence of systemic chronic inflammation, MKD may be complicated by inflammatory A amyloidosis (AA) that can result in kidney failure and death.

To study the occurrence and prognosis of AA in MKD patients we performed a literature review of all published cases from 1947 to 2019 and a retrospective study of all French cases collected through the national referral center for inflammatory amyloidosis and hereditary recurrent fevers.

Methods

Pubmed and Medline databases were searched from 1947 to May 20th, 2019 for relevant articles using the keywords "amyloidosis" "mevalonate kinase deficiency" and "hyper IgD syndrome". All relevant articles were retrieved, and additional references quoted in these articles were checked by manual research. Abstracts from the congress of Familial Mediterranean Fever and Systemic Auto-inflammatory Diseases (ISSAID) and from the congress of Pediatric Rhumatology European Society were searched on titles from 2001 to 2019 and 1994 to 2019, respectively, for relevant articles.

Case reports

A 62-year old female patient of Spanish origin suffered since the age of 18 months from bouts of fever, abdominal pain, vomiting, arthromyalgias, cervical lymphadenopathy and oral ulcers, lasting one week and occurring twice monthly. She was referred to a nephrology clinic with proteinuria and AA was diagnosed by renal biopsy. Nephrotic syndrome and end stage renal failure requiring hemodialysis occurred respectively four and seven years later. At the age of 71 she presented to the emergency department for abdominal pain and constipation. CT scan showed a colic occlusion with sigmoid stenosis caused by an endoluminal mass.

Duodenal and sigmoid biopsies were positive for AA (figure 1). She refused any intervention and died two months later. Next-generation sequencing of a panel of 62 genes linked to autoinflammatory syndromes revealed two heterozygous mutations (I268T and V377I) in the MVK gene.

A 33-year old male of North African origin was referred to our reference center for exploration of renal and digestive AA amyloidosis. His parents were consanguineous. One brother and one sister had died at the ages of 8 and 5 respectively and had both been suffering from unexplained recurring fever since the first months of life. The patient suffered from fever, abdominal pain, vomiting, otitis and odynophagia episodes since the age of one. He displayed a growth delay and proteinuria since childhood. AA amyloid deposits were demonstrated on renal, duodenal and rectal biopsies at the age of 13 (figure 2). He went on to develop end-stage renal disease requiring hemodialysis at the age of 20. At that time he was not eligible for renal transplantation because of severe cachexia and malabsorption due to AA amyloidosis. Colchicine had been given since childhood with no effect. At the age of 28 years he started monthly injections with tocilizumab, which resulted in marked diminution of febrile episodes, diarrhea and weight gain. One year later the patient underwent renal transplantation.

To date, he continues the treatment with tocilizumab. Targeted Sanger sequencing of MEFV, MVK, NLRP3, TNFRSF11A revealed two heterozygous variants (N205D and G336S) in MVK gene.

Results

Our keyword research found 44 references, of which 7 were relevant [START_REF] Obici | First report of systemic reactive (AA) amyloidosis in a patient with the hyperimmunoglobulinemia D with periodic fever syndrome[END_REF][START_REF] Cavoli | Renal amyloidosis due to hyper-IgD syndrome[END_REF][START_REF] Lane | AA amyloidosis complicating the hereditary periodic fever syndromes[END_REF][START_REF] Kolsky | P02-015 -A novel MVK mutation in a child with AA amyloid[END_REF][START_REF] Kallianidis | Amyloid A amyloidosis secondary to hyper IgD syndrome and response to IL-1 blockage therapy[END_REF][START_REF] Lachmann | AA amyloidosis complicating hyperimmunoglobulinemia D with periodic fever syndrome: A report of two cases[END_REF][START_REF] Rowczenio | Two cases of AA amyloidosis complication Hyper-IgD and periodic fever syndrome (HIDS) diagnosed at the UK national amyloidosis centre[END_REF] . Manual research allowed five additional references to be added [START_REF] Ostuni | Atypical hypergammaglobulinaemia D syndrome with amyloidosis: an overlap with familial Mediterranean fever?[END_REF][START_REF] Siewert | Hereditary Periodic Fever With Systemic Amyloidosis: Is Hyper-IgD Syndrome Really a Benign Disease?[END_REF][START_REF] Dusunsel | Amyloidosis in a child with Hyperimmunoglobulin D syndrome[END_REF][START_REF] Ter Haar | The Phenotype and Genotype of Mevalonate Kinase Deficiency: A Series of 114 Cases From the Eurofever Registry: PHENOTYPE AND GENOTYPE OF MKD[END_REF] . Nineteen patients suffering from both MKD and AA amyloidosis were described in the literature, and we retained MKD diagnosis in eighteen of them. The excluded patient was clinically asymptomatic at the age of 47, carried two nonpathogenic MVK variants (S52N a likely benign variant and D386N a variant of unknown significance) and no measurement of mevalonate kinase enzymatic activity was available [START_REF] Lane | AA amyloidosis complicating the hereditary periodic fever syndromes[END_REF] .

A total of 20 cases were studied, two novel French patients and eighteen cases from literature described in eleven articles from 1996 to 2017 (table 1). Given a current estimate of 300 patients suffering from MKD worldwide [START_REF] Ter Haar | Recommendations for the management of autoinflammatory diseases[END_REF] , the prevalence of AA is thus roughly estimated at about 6% of all MKD cases. Among the 20 patients with AA and MKD, 13 were men and 7 women with a median age of 26.5 years at AA diagnosis (extremes 4-62 years). The origin of the patients was varied: Northern Europe (n = 7), Italy (n = 3), Eastern Europe (n = 3), Great Britain (n = 3), Germany (n = 1), Spain (n = 1), Algeria (n=1) and Turkey (n = 1). With the exception of one patient [START_REF] Ter Haar | The Phenotype and Genotype of Mevalonate Kinase Deficiency: A Series of 114 Cases From the Eurofever Registry: PHENOTYPE AND GENOTYPE OF MKD[END_REF] , the diagnosis of MKD was always made after that of AA in this series. MKD clinical signs had always started in the first 4 years of life. The median delay between the first symptoms and MKD diagnosis was 24 years ranging from 4 to 70 years.

MVK gene sequencing was performed in all but one patient and systematically revealed two pathogenic heterozygous mutations. The most common genotype was V377I/I268T (n=9).

The main clinical signs of amyloidosis were nephrotic syndrome (n=15), isolated end stage renal disease (n=5) or nephrotic syndrome with end stage renal disease (n=8) and, less frequently, intestinal occlusion (n=1) or malabsorption (n=1). AA was histologically proven on kidney biopsy (n=18), digestive tract biopsy (n=5), as well as thyroid (n=1) and bronchial (n=1) tissue samples. The youngest patient was a 4 years girl, who was misdiagnosed with PFAPA syndrome [START_REF] Kolsky | P02-015 -A novel MVK mutation in a child with AA amyloid[END_REF] . Interestingly, two patients from Turkey and Algeria were wrongly diagnosed with familial Mediterranean fever because the prevalence of this autoinflammatory disease is particularly high in this regions [START_REF] Dusunsel | Amyloidosis in a child with Hyperimmunoglobulin D syndrome[END_REF] .

Five patients died including two before the era of biotherapy; nine underwent a kidney transplant. Colchicine was tried in 7 patients, in the hypothesis of familial Mediterranean fever or PFAPA syndrome but was never effective. Several biotherapies have been used effectively: anti interleukine-1 type anakinra (n = 8, one success, five partial responses, two failures); anti-TNF alpha fusion protein etanercept (n = 7, four successes, one partial response, two failures); anti-interleukin 6 tocilizumab (n = 5, four successes, one partial response). AA amyloidosis relapsed on three kidney grafts.

Discussion

This study describes clinical, biological and genetic characteristics of 20 patients with mevalonate kinase deficiency and AA amyloidosis. Diagnosis of MKD can be made late in life, secondary to the diagnosis of AA amyloidosis. To date we estimate that around 6% of all patients with MKD, in whom the diagnosis was missed, develop AA amyloidosis with a mortality rate of 25%. This estimation must be met with caution, since the actual prevalence of MKD is unknown and since our analysis of case reports is subject to selection and publication bias. Our results are congruent with those of Ter Haar et al [START_REF] Ter Haar | The Phenotype and Genotype of Mevalonate Kinase Deficiency: A Series of 114 Cases From the Eurofever Registry: PHENOTYPE AND GENOTYPE OF MKD[END_REF] , who described 5 patients with amyloidosis among a cohort of 114 MKD patients belonging to the Eurofever registry. In Ter Haar's series, rough prevalence estimate was of 4.3%, two patients out of five died of amyloidosis, and four patients out of five were diagnosed MKD after AA amyloidosis.

In our series, all reported cases but one [START_REF] Ter Haar | The Phenotype and Genotype of Mevalonate Kinase Deficiency: A Series of 114 Cases From the Eurofever Registry: PHENOTYPE AND GENOTYPE OF MKD[END_REF] received the MKD diagnosis after AA amyloidosis discovery, underscoring that this autoinflammatory disorder is still underdiagnosed. We highlight the importance of an early targeted gene sequencing to begin treatment and prevent the onset of AA, especially as the clinical presentation of MKD can mimic other autoinflammatory disease such as PFAPA and familial Mediterranean fever. Misdiagnosis is therapeutically relevant since colchicine is inefficient in mevalonate kinase deficiency in contrast to the two former autoinflammatory conditions [START_REF] Schulert | Mevalonate kinase deficiency: current perspectives[END_REF][START_REF] Ter Haar | Recommendations for the management of autoinflammatory diseases[END_REF] . Patients with AA complicating MKD can benefit from a kidney transplant. Nevertheless, all MKD patients with AA should receive biotherapy targeting proinflammatory cytokines including anti-IL-1, anti-TNF or anti-IL6 receptor. Indeed, this data show that AA amyloidosis can relapse on the grafted kidney if the disease is not controlled after transplantation.

Regarding genotypes, 83% (15/18) of patients had variants located between the 205 to 268 aminoacids and 50% (9/18) of patients harbored the V3771/I268T genotype, which is fairly common in MKD.

In conclusion, early diagnosis of MKD is essential to start an effective treatment, such as a biotherapy targeting interleukins 1 or 6, in order to avoid systemic inflammation and thus to prevent AA occurrence. 
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 1 Figure 1. Rectal mucosa biopsies of patient 19 showing amorphous eosinophilic amyloid deposits green-apple birefringence in polarized light. A: rectal mucosa, HES. B: zoom on vascular deposits, HES. C: Red Sirius without polarization microscopy. D: Red Sirius applegreen refringence with polarization microscopy. E: thioflavin-T staining with fluorescent microscopy. Staining was positive with anti-AA antibody and negative with anti-kappa and anti-lambda antibodies (not shown).
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	Patient	Se	Age on	Age on	Age on	Diagno	MVK mutation Origin	Death Treatme
	number	x	AA	MKD	first	sis				nt by a
	[and		diagno	diagno	MKD	delay				biologic
	referen		sis	sis	sympto	(years)				agent
	ce]		(years)	(years)	ms					
					(years)					
	1 9	M 28	33	1	33	NA	Italian		No
	2 2	M 27	27	1	27	V377I/L265R	Italian		No
	3 7	M 19	19	1	19	V377I/I268T	British		Anti IL1
	4 12	M 37	27	3	24	V377I/I268T	British		Anti IL1
	5 7	M 22	22	1	22	V377I/L234P	Germa		Anti TNF
								n		
	6 10	M 22	22	1	22	H20P/V250I	Wester	yes	Anti TNF
								n		
								Europe		
								an		
	7 3	M 29	29	1	29	NA	Italian		Anti IL1
	8 11	M 7	7	1	7	G326R/V377I	Turkish		Anti TNF
	9 4	M 23	23	NA	23	V377I/L234P	Northe		Anti IL1
								rn		Anti IL6
								Europe		
								an		
	10 4	M 15	15	1	15	V377I/I268T	Northe	yes	Anti IL1
								rn		
								Europe		
								an		
	11 4	F	26	26	1	26	V377I/I268T	Northe		Anti TNF
								rn		
								Europe		
								an		
	12 6	F	62	62	NA	62	V377I/I268T	Europe	yes	Anti IL1
								an		
	13 12	M 39	43	2	41	V377I/L234P	Europe		Anti IL1
								an		Anti IL6
										Anti TNF
	14 12	F	27	27	4	23	V377I/I268T	Europe	yes	No
								an		
	15 12	F	8	18	0.1	18	V377I/I268T	Europe	yes	No
								an		
	16 5	F	4	4	2	4	V377I/C152W Europe		Anti IL1
								an		
	17 8	F	32	32	1	31	V377I/I268T	Europe	no	No
								an		
	18 8	M 42	42	3	39	G336S/V377I/	Europe	no	No
							S52N	an