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Abstract Innate immunity is a critical partner in the regula-
tion of inflammation and some mutations in genes implied in
innate immunity pathways can cause genetic disorders char-
acterized by seemingly unprovoked self-limited inflammatory
attacks. These rare conditions are collectively named
Bhereditary periodic fever syndromes^ (HPFS), and protean
pathogenetic mechanisms combined with several clinical phe-
notypes characterize at least four distinct conditions: (1) fa-
milial Mediterranean fever, which is the prototype and the
most widely recognized among HPFS, inherited as an autoso-
mal recessive disorder showing recurrent dysregulated inflam-
matory processes, caused by an abnormal interaction between
cytoskeleton and inflammasome, a key-signaling platform
that releases interleukin-1β (IL-1β); (2) the group of
cryopyrin-associated periodic syndrome, which upsets direct-
ly the production of IL-1β, with a dominant pattern of inher-
itance; (3) tumor necrosis factor receptor-associated periodic
syndrome, which is an autosomal dominant disorder
subverting the functions and traffic of a cell membrane pro-
tein; and (4) mevalonate kinase deficiency, which is an auto-
somal recessive metabolic disorder halting the biosynthesis of
cholesterol. MEFV, NLRP3, TNFRSF1A, and MVK are

respectively the four causing genes of these conditions, all
resulting in excessive IL-1β signaling, though the encoded
proteins act at different levels in cytoskeletal filament organi-
zation, apoptosis, and activation of the IL-1β-structured
inflammasome. The differential diagnosis of HPFS can be
challenging, as there are no universally accepted diagnostic
algorithms, and near half of patients may have a specific dis-
ease without any genetic pathogenetic variant identified.
Herein, we outline the most relevant aspects of HPFS at the
crossroads between clinical medicine and immunology and all
the most recent advances in their treatment, as the increasing
use of IL-1 antagonists has achieved unexpected clinical re-
sults in a large number of patients.
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Introduction

Since the appearance of the first eukaryotic cells, different host
responses have evolved in order to secure cellular integrity,
homeostasis, and survival against invading pathogens. The ba-
sic physiological reactions in virtually all animals are carried
out by innate immunity cells: their crucial importance is
highlighted by the fact that greater than 95 % of the animal
kingdom does not have T or B cells and yet displays potent
resistance to pathogens [1]. Even when T and B cells appeared
in vertebrates, their adaptive responses remained dependant on
macrophage-like cells, which enhanced their ability to recog-
nize pathogens through different kinds of receptors, and finally
act as specialized killers [2, 3]. The complex circuitry of im-
mune cells, like macrophages, dendritic cells, natural killer
cells, and neutrophils, can promote inflammation that is funda-
mental for protection against pathogens, but in parallel it has
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also been implicated in the pathogenesis of rare disorders char-
acterized by seemingly unprovoked and self-limited bouts of
inflammation, called hereditary periodic fever syndromes
(HPFS): the regulatory mechanisms of innate immunity are
subverted in this family of diseases, all characterized by the
huge release of proinflammatory signaling proteins, such as
interleukin-1β (IL-1β) [4]. The term Bautoinflammatory^ was
coined to underscore the absence of pathogens, circulating au-
toantibodies, or self-reactive T cells in HPFS [5]. To date, near-
ly all mutations that have been linked to HPFS disrupt inflam-
matory signaling pathways within the innate immune system:
this disruption generates a vast spectrum of systemic inflam-
matory signs affecting multiple organs, which derive by the
activation of the inflammasome, a multimeric cytosolic protein
complex regulating the proteolytic processing of proIL-1β into
the biologically active IL-1β [6]. Figure 1 reveals that the
inflammasome is vital in the innate immunity, showing its ac-
tivation in macrophages and dendritic cells: the oversecretion

of IL-1β by the inflammasome plays a role in all HPFS. IL-1β,
secreted by stimulated monocytes, macrophages, and dendritic
cells, and to a lesser degree by several other cell types, includ-
ing neutrophils, keratinocytes, epithelial or endothelial cells,
smooth muscle cells, and fibroblasts, is considered the eldest
multi-functional proinflammatory cytokine with protean effects
in nearly all body organs, either alone or in combination with
other chemokines [7]. Since its cloning in the early 1980s [8],
the discovery of IL-1β heterogeneous biological activities has
significantly increased our understanding of the inner mecha-
nism of many diseases, including HPFS. ProIL-1β is biologi-
cally inactive and must be converted to the 17-kDa IL-1β in
order to function, under a specific inflammasome-mediated
mechanism involving caspase 1 and a tight feedback-control
operated by several naturally occurring inhibitors, such as IL-1
receptor antagonist (IL-1Ra) and other soluble receptors [9].
The most appropriate treatment for HPFS must be tailored to
the single patient, based on the severity of clinical phenotypes,

Fig. 1 The inflammasome is a vital player in the innate immunity, and
the activation of NLRP3-inflammasome in macrophages and dendritic
cells has been extensively studied. The NLRP3 protein belongs to the
family of nucleotide-binding and oligomerization domain-like receptors
(NLRs) and is unique among the NLR familymembers, as it contains a C-
terminal extension composed of two distinct domains: a FIIND domain
and a caspase activation/recruitment domain (CARD). All the NLR
family members have similar structures with a pyrin domain (PYD) and
a CARD, combined with a C-terminal ligand binding leucine-rich repeat
domain (LRR) and a central nucleotide-binding and oligomerization
domain (NACHT). Caspase-1, formerly called interleukin-1β (IL-1β)
converting enzyme, is synthesized as an inactive zymogen (pro-
caspase-1) that undergoes autocatalytic processing after an appropriate
trigger, such as different pathogen-associated molecular patterns

(PAMPs), i.e., liposaccharides, peptidoglycans, bacterial nucleic acids,
or damage-associated molecular pattern molecules (DAMPs), i.e.,
crystals of monosodium urate, mitochondrial DNA, S100 proteins, etc.
In the absence of immune activators, an internal interaction occurs
between the NACHT domain and LRRs, suppressing the interplay
between NLRP3 and ASC (apoptosis-associated speck-like protein
containing a C-terminal CARD), and preventing the inflammasome
assembly. The second step of inflammasome activation is the
oligomerization and subsequent assembly of NLRP3, its interaction
with ASC and Cardinal protein (CARD inhibitor of NFκB-activating
ligands), and recruitment/activation of pro-caspase-1 into this protein
complex. The final result of NLRP3 activation is the secretion of
mature and active IL-1β after direct cleavage operated by caspase-1 of
proIL-1β
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which can vary greatly, and during the last two decades several
IL-1-targeting agents have been developed. Nevertheless, or-
gan damage in terms of hearing loss, blindness, kidney failure,
joint restriction, osteoporosis, infertility, growth failure, puber-
tal delay, cognitive impairment, or serosal scarringmay occur if
treatment is not provided in due time [10].

This review depicts four HPFS, in which a genetically me-
diated excessive production of IL-1β is variably linked to their
pathogenesis, explaining why the use of IL-1 blockade is con-
sistently associated with the resolution of their heterogeneous
inflammatory manifestations. Table 1 provides a general over-
view of these disorders.

Familial Mediterranean Fever

Familial Mediterranean fever (FMF) is the most common
among HPFS worldwide, an autosomal recessive inherited
disease caused by loss-of-function mutations in the MEFV
gene, which mostly affects Eastern Mediterranean popula-
tions, i.e. Turkish, Armenian, Arabian, and Sephardic
Jewish people [11]. Pyrin is the protein of 781 amino acids

encoded by the MEFV gene, expressed primarily in the my-
eloid cell lineage, which modulates cell susceptibility to ap-
optosis through the regulation of inflammation and specifi-
cally IL-1β production [12]. How the mutated variants of
pyrin affect apoptotic processes and lead to an inappropriate
or prolonged inflammatory response are still incompletely
understood. More than 300 variants throughout the MEFV
gene have been identified, with M694V, M680I, and E148Q
as the most common [13]. The membranous synovial and
serosal linings are primary targets of the inflammatory cas-
cade in FMF and explain articular, thoracic, and abdominal
pain displayed by the majority of patients: children and
adults usually experience self-limited attacks characterized
by 1-to-3-days’ duration episodes of fever with joint or se-
rosal inflammation, which recur approximately every month.
Severe abdominal and chest pain are the most typical symp-
toms occurring in more than 90 and 40 % of patients, re-
spectively. Suggestive for FMF diagnosis is the presence of
recurrent erysipelas-like rash on the skin of inferior limbs
[14]. Patients with a classic phenotype who have also been
genetically confirmed to have MEFV mutations are defined

Table 1 Brief summary of the genetic and clinical features of hereditary periodic fever syndromes

Disorder
(OMIM)

Gene
Locus

Inheritance
pattern

Protein involved Major clinical findings of inflammatory
flares and potential complications

Treatment

FMF (249100) MEFV
16p13.3

AR Pyrin Fever, polyserositis, arthralgias or transient
arthritides, erysipelas-like rash in the
lower extremities, recurrent acute orchitis,
risk of amyloidosis in noncompliant
patients

Colchicine, interleukin-1
antagonists

TRAPS (142680) TNFRSF1A
12p13

AD Tumor necrosis
factor receptor type 1

Fever, migratory inflammatory signs in
muscle, skin and joints, abdominal pain,
serositis (pleuritis, pericarditis), conjunctivitis,
periorbital edema, risk of amyloidosis

Corticosteroids, etanercept,
interleukin-1 antagonists
(canakinumab, anakinra)

FCAS (120100) NLRP3
1q44

AD Cryopyrin Fever, cold-sensitivity, cold-induced
urticaria-like rash, headache, conjunctivitis,
arthralgias

Interleukin-1 antagonists
(canakinumab, anakinra)

MWS (191900) Fever, neutrophilic urticaria-like rash,
conjunctivitis, arthralgias, neurosensorial
deafness, risk of amyloidosis

NOMID (607115) Migratory and refractory neutrophilic urticaria
rash (usually present at birth), aseptic chronic
meningitis, chronically raised intracranial
pressure, papilledema, optic nerve atrophy,
chronic inflammation with bilateral deafness,
deforming osteo-arthropathy of large joints,
abnormal bony-like overgrowth, dysmorphic
changes, growth retardation, mental retardation
in 50 % of patients, risk of amyloidosis

MKD (260920) MVK
12q24

AR Mevalonate kinase Fever, heterogeneous skin rashes (from nonspecific
erythematous rash to erythema elevatum diutinum
and disseminated superficial actinic porokeratosis),
diffuse arthralgias, abdominal distress, early-
onset colitis, diarrhea, vomiting, lymph node
enlargement, oral aphthosis, splenomegaly,
retinitis pigmentosa

Non-steroidal anti-inflammatory
drugs, corticosteroids
interleukin-1 antagonists
(canakinumab, anakinra)

AR autosomic recessive, AD autosomic dominant, FMF familial Mediterranean fever, TRAPS tumor necrosis factor receptor-associated periodic
syndrome, FCAS familial cold autoinflammatory syndrome,MWSMuckle-Wells syndrome, NOMID neonatal onset multisystem inflammatory disease,
MKD mevalonate kinase deficiency
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as phenotype I, and those who have no clinical signs but the
required genotype are referred to as phenotype III patients,
while phenotype II is when patients develop AA amyloid-
osis without any previous attacks typical of FMF [15]. The
development of systemic amyloidosis, due to the deposition
of a cleavage product, serum amyloid A (SAA), one of the
acute reactants produced during disease flares, is the omi-
nous long-term complication of FMF: the products of
amyloidogenesis can be stored in different organs, mostly
in kidney, and symptomatic amyloidosis clinically affecting
one or more organs, confirmed by examination of tissue
sections by Congo red dye, is still observed in a relevant
subset of patients [16]. Diagnosis of FMF remains clinical
and requires information about family history and response
to colchicine, an alkaloid derived from several members of
the lily plant family, including meadow saffron, since spe-
cific laboratory tests of confirmation are not available [17].
According to the so-called Tel Hashomer criteria, a defini-
tive diagnosis of FMF requires the presence of two major
criteria (recurrent febrile episodes accompanied by serositis,
presence of AA amyloidosis, or favorable response to col-
chicine) or one major and two minor criteria (recurrent fe-
brile episodes, erysipelas-like skin rash, and FMF in a first-
degree relative); genetic diagnosis can be confirmed by the
presence of two mutations in the MEFV gene, but also het-
erozygous carriers can show an incomplete and even typical
FMF expression [18]. In fact, FMF has been traditionally
considered an autosomal recessive disease, but many hetero-
zygous patients were noted to display recurrent subclinical
inflammatory processes, and some reports of families with
seemingly dominant inheritance have been published, evok-
ing the hypothesis that FMF is not fully recessive [19]. The
detection of a single heterozygous mutation, in the presence
of clear FMF symptoms, may be a sufficient prerequisite for
a colchicine trial, as a full response to colchicine is a diag-
nostic requisite [20].

Tumor Necrosis Factor Receptor-Associated Periodic
Syndrome

Tumor necrosis factor receptor-associated periodic syndrome
(TRAPS) was originally described in a family of Irish and
Scottish pedigree in which longlasting fevers, skin rashes,
and muscular and abdominal pain recurred: it was initially
thought to be a tumor necrosis factor (TNF) receptor-
mediated disease, resulting from the failure of the TNF re-
ceptor to insert itself into cell membranes [21]. The genetic
basis of this autosomal dominant condition was discovered
later and associated with the TNF receptor 1, encoded by the
TNFRSF1A gene [22]. TRAPS is caused by TNFRSF1A
missense mutations, which generate dysfunctional proteins
and numerous subsequent pathogenetic mechanisms, such
as impaired TNF receptor shedding, defective intracellular

TNF receptor trafficking to the cell surface, and subverted
TNF-independent cell activation with increased production
of IL-1 and reactive oxygen species [23, 24]. The molecular
link between TRAPS and IL-1 is not yet clear: the patho-
genesis of clinical pictures may vary with each mutation, but
it is possible that IL-1 might act as a TNF-downstream pro-
inflammatory cytokine, or that aggregates of misfolded TNF
receptors stimulate intracellular signals resulting in enhanced
production of IL-1 and other chemokines [25]. TRAPS phe-
notype is characterized by week-long febrile episodes, dif-
ferently from the other HPFS, combined with skin, muscu-
lar, joint, abdominal, and ocular manifestations, which occur
spontaneously or after trivial triggers [26]. Molecular analy-
sis is required for diagnosis of TRAPS and prognosis is
related to the risk of renal amyloidosis, which can be ob-
served in 25 % of patients carrying specific TNFRSF1A
mutations [27]. A positive family history for recurrent peri-
carditis and a poor response to colchicine may represent
striking clues suggesting the presence of a TNFRSF1A mu-
tation in patients with idiopathic recurrent acute pericarditis
[28]. More than 140 TNFRSF1A variants have been recog-
nized and associated with protean TRAPS clinical pheno-
types, while low penetrance variants, as P46L and R92Q,
are characterized by lower risk of amyloidosis and milder
symptoms or shorter duration of attacks [29].

Cryopyrin-Associated Periodic Syndrome

The cryopyrin-associated periodic syndrome (CAPS) is a het-
erogeneous group of diseases characterized by excessive IL-
1β release, resulting in severe systemic and organ inflamma-
tion, including familial cold autoinflammatory syndrome,
Muckle-Wells syndrome, and neonatal onset multisystem in-
flammatory disorder (NOMID, also called chronic infantile
neurologic cutaneous articular syndrome or CINCA syn-
drome), which are inherited as autosomal dominant condi-
tions. These diseases usually start in childhood and were orig-
inally thought to be distinct clinical entities, but they are actu-
ally part of a spectrum of symptoms with increasing severity
[30]. In general terms, CAPS is caused by at least 170 gain-of-
function mutations in the NLRP3 gene, which encodes a key
component of the inflammasome (see Fig. 1) that regulates the
secretion of IL-1β, called cryopyrin (or NLRP3) [31]: all three
conditions are caused by mutations in the same gene, though
certain mutations result in a specific clinical syndrome, and
others have been identified in more than one clinical picture,
even within the same family, suggesting the existence of ad-
ditional influences, either genetic or environmental, that might
affect clinical presentations, probably through the loss of a
regulatory step in the NLRP3 inflammasome activation with
increased caspase-1 activation and excessive release of IL-1β.
Moreover, somatic mutations, occurring during fetal develop-
ment, can be found in a relevant number of apparently
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mutation-negative cases of CAPS patients [32]. The pheno-
type is clinically easy to recognize, including inflammation of
the skin, joints, eyes, bones, and meninges, in combination
with persistent elevation of acute phase reactants and in-
creased white blood cell count. Common for the three condi-
tions are recurrent outbreaks of systemic inflammation with
fever, urticaria-like rashes a few hours after generalized cold
exposure, joint pains, and fatigue. At the more severe point of
the spectrum of CAPS, there are further symptoms and signs,
such as hearing loss, hypertrophic arthropathy with typical
bony overgrowth of the epiphysis of long bones and patella,
aseptic chronic meningitis, elevated intracranial pressure with
ventriculomegaly, mental and growth retardation [33–35].
The most evident findings in NOMID are cartilage abnormal-
ities with epiphyseal modifications: synovial fluid in the joints
of NOMID patients is sterile and contains predominantly
polymorphonuclear cells. These patients also display dysmor-
phic features, such as prominent forehead, large head,
saddleback nose, and midface hypoplasia, which cause a
sibling-like resemblance among patients [36].

Mevalonate Kinase Deficiency

Mevalonate kinase deficiency (MKD) is a rare autosomal
recessive metabolic disease caused by mutations in the
MVK gene, leading to subverted enzymatic activity of
mevalonate kinase, occurring worldwide, though most re-
ported patients were born in Netherlands and Italy [37]:
the disease originates from disrupted cholesterol biosynthe-
sis and decreased production of unsaturated lipid chains,
known as nonsterol isoprenoids, in particular geranylgeranyl
groups, which have been shown to increase the release of
IL-1β [38].

Most MVK mutations impair the stability of the
mevalonate kinase enzyme, but not its catalytic activity, jus-
tifying the role that environmental factors might exert on the
disease expression, which ranges from the so-called hyper-
IgD syndrome, distinguished by monthly inflammatory at-
tacks, to Bmevalonic aciduria^, which in addition to inflam-
matory symptoms is characterized by psychomotor retarda-
tion, dysmorphic features, cerebellar ataxia, cataracts,
hyperbilirubinaemia, and failure to thrive [39]. The classic
MKD phenotype appears when the residual enzymatic activ-
ity is less than 10 % of normal, while neurological signs
occur when enzymatic activity is nearly absent [40]. As
many physicians are still not familiar with this disease, the
diagnostic delay in MKD is currently more than 7 years
[41]. The disease starts inevitably in the first months of life
with febrile attacks every month, lasting 4–7 days, combined
with heterogeneous skin signs, joint pain, and severe gastro-
intestinal complaint, sometimes provoked by childhood vac-
cinations or common infections: a typical febrile attack
might also mimic many infectious and rheumatologic

disorders of childhood [42]. Highly characteristic of MKD
is the recurring course of febrile episodes which are associ-
ated with increased urinary excretion of mevalonic acid (on-
ly during fever spikes), while serum IgD elevation can be
observed in any phase of the disease. However, the measure-
ment of IgD is not a reliable method to diagnose MKD, as
28 % of patients do not have elevated IgD levels [43]. In
most patients, the clinical expression of MKD tends to
change with increasing age, and a decrease in attack fre-
quency is often observed over time. Macrophage activation
syndrome related to upregulated proinflammatory cytokine
production and requiring intensive care support has been
also reported during the disease course [44]. Due to the lack
of clinical criteria, diagnosis of MKD is based on the iden-
tification of two pathogenic MVK mutations or by detection
of decreased enzyme activity combined with increased ex-
cretion of mevalonic acid in urine collected during a febrile
attack. In addition, the combination of early age of clinical
onset, severity of abdominal complaint, presence of diarrhea,
enlarged lymph nodes, and splenomegaly during febrile
flares is openly contributive for a definite diagnosis [45].

Clues for the Management of Hereditary Periodic
Fever Syndromes

Daily colchicine is the standard therapy for the prevention of
acute FMF attacks and also amyloid A-associated amyloid-
osis: colchicine reduces FMF attack frequency, decreases at-
tack severity, and shortens the overall duration of febrile at-
tacks in most patients; it can also prevent, halt, and even re-
verse amyloidosis, which has been associated with the
M694V MEFV mutation and SAA1.1/SAA1.1 genotype [46].
Treatment should not be aimed at the prevention of attacks,
but to decrease chronic subclinical inflammation and its com-
plications: therefore, annual physical examination with the
periodic dosage of SAA is highly recommended in all FMF
patients [47]. The optimal colchicine dosing regimens and
time of introduction remain less clear: dosage ranges up from
0.05 mg/kg/body weight/day to a maximum of 3 mg/day and
must be taken regularly on a life-long basis. A favorable re-
sponse to colchicine is one of the Tel Hashomer major criteria
that supports the diagnosis of FMF: nonresponders to colchi-
cine are rare and should be distinguished from patients treated
with insufficient dosages or those with poor compliance.
Resistance to colchicine, defined by the lack of clinical and
laboratory response, is observed in only 5–10 % of patients,
being revealed by high SAA levels in attack-free periods [48].
Colchicine prophylactic role on the recurrence of FMF attacks
was discovered serendipitously; however, alternative medica-
tions, such as IL-1 blockers, have now shown to be highly
effective in colchicine-poor responders after the discovery that
mutated pyrin leads to an increase in caspase-1 activity and
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subsequent increased IL-1 release [49]. Many reports have
shown the brilliant efficacy in terms of reduction of attack
frequency and SAA normalization of both competitive recom-
binant IL-1Ra anakinra (1–2 mg/kg/day for pediatric patients
and 100 mg/day for adults) and the fully human anti-IL-1β
monoclonal antibody canakinumab (150 mg in patients with a
weight over 40 kg or 2 mg/kg in those less than 15–40 kg
every 8 weeks) in patients with colchicine-resistant FMF.
However, colchicine administration should be continued also
during anti-IL-1 treatment to help in prevention of amyloid-
osis [50].

Management of TRAPS is more challenging than in other
HPFS due to the considerable genetic heterogeneity and var-
iable clinical spectrum of the disease. Inflammatory attacks
are often responsive to the administration of corticosteroids,
but patients may need increasing doses if frequent relapses
occur or even long-time administration of steroids in order
to prevent flares, with subsequent risk of important side ef-
fects. The anti-TNF inhibitor etanercept has been shown to
prevent inflammatory attacks in a dose-dependent manner,
allow the reduction of steroid dosage, and even work on
TRAPS-related reactive amyloidosis as well [51]. Other
TNF-neutralizing agents, such as infliximab and adalimumab,
may cause paradoxical inflammatory attacks in TRAPS pa-
tients for different mechanisms, and caution should be used if
administered [52]. IL-1 inhibitors, such as anakinra and
canakinumab, have recently been shown to induce a stable
and longer-lasting effect in controlling TRAPS clinical mani-
festations, and anakinra has been also successfully used as on-
demand treatment [53].

The use of TNF-inhibitors is non-effective in determining
the resolution of the whole clinical scenery of CAPS [54],
differently from IL-1 blockade which is brilliantly successful
in nearly all patients: anakinra has been the first biologic de-
signed for the selective blockade of IL-1 in CAPS, given at a
starting dose of 1 mg/kg per day by subcutaneous injection,
and proving a sustained efficacy also on the stabilization of
NOMID neurological manifestations [55, 56]. The efficacy of
IL-1 blockade with anakinra is countered by its short half-life
and day-by-day variations in activity; therefore, the develop-
ment of IL-1 antagonists with higher affinity and longer half-
life has facilitated patients’ compliance and management.
Canakinumab targets IL-1β and is approved at standard doses
for children and adults with all CAPS phenotypes [57]. While
canakinumab is known to neutralize IL-1β by competing for
binding to IL-1 receptor, which blocks signaling by the
antigen-antibody complex, gevokizumab, another recombi-
nant humanized anti-IL-1β monoclonal antibody, should act
as a regulatory antibody by altering the electrostatic surface of
IL-1β itself [58]. Canakinumab displays the advantage of bi-
monthly administration and is also approved for children,
while gevokizumab has not yet been used in CAPS, but only
in other autoinflammatory conditions, such as type 2 diabetes

mellitus, Behçet’s disease-related uveitis, and generalized pus-
tular psoriasis. Among HPFS, CAPS is the only condition for
which there are different randomized controlled trials to sup-
port therapeutic suggestions: patients receiving canakinumab
(at a dose of 2 mg/kg every 8 weeks) in a 48-week double-
blind placebo-controlled randomized withdrawal study
remained in remission, and this result was maintained in a
24-month continuation phase III study, although with a mod-
ified treatment schedule for NOMID patients (i.e., increased
dosage until 5 mg/kg and/or increased frequency of adminis-
tration) [59, 60]. Different clinical experiences have also
proved that canakinumab given every 8 weeks (at a dose of
150 mg in adults and 2 mg/kg in children) provides rapid
remission of most clinical and biochemical abnormalities of
CAPS, though with limited efficacy in the structural bone
lesions, and that dose adjustments are probably necessary for
those patients with the most severe phenotype, without any
substantial risk of adverse effects [61].

Therapeutic options in MKD encompass nonspecific anti-
inflammatory approaches, such as non-steroidal anti-inflam-
matory drugs or corticosteroids, and biological agents that
target specific cytokine pathways. Indeed, consistent with
the involvement of IL-1β in MKD, anakinra administration
has shown to relieve symptoms in various patients, even when
administered on-demand [62]. Canakinumab injections every
4–8 weeks have been associated with both complete and par-
tial remission of disease [63], while hematopoietic stem cell
transplantation has been used in the very severely affected
patients with MKD or in those with an established diagnosis
of mevalonic aciduria [64].

Conclusive Thoughts

In conclusion, we made an overview on four classic hereditary
causes of recurrent fever in children and adults, understanding
how different misrupted innate immunity pathways can give
heterogeneous patterns of disease. As we have seen, in HPFS
we find the recurrence of episodic sterile inflammation, which
is followed by symptom-free periods of variable duration,
though recurrent inflammation over time might also lead to
potentially irreversible chronic damages. Therefore, HPFS
need to be considered and attentively managed to avoid the
long-term complications of an overlooked systemic disorder:
the chance to use biologics requires that diagnostic times of
HPFS should be anticipated in order to suppress many com-
plex clinical phenotypes and avoid the occurrence of second-
ary amyloidosis. In these last years, we have also witnessed a
reconsideration of many multifactorial diseases, which have
been linked to the inflammasome and IL-1β overactivity, as
demonstrated by the dramatic response to specific IL-1 block-
ade. Obviously, the more we know about the molecular mech-
anisms of a disease, the better therapeutic approaches we can
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design to treat and potentially cure it: many IL-1-targeting
agents have been developed, and findings regarding the regu-
lation of IL-1 production in HPFS have paved the way to
different clinical trials, which have been performed and are
ongoing. In the future, empirical algorithms for diagnosis
and treatment will be developed, and until then we hope that
this comprehensive description might serve as a template for a
proper evaluation of patients with HPFS.
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