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ABSTRACT
The year 2012–2013 has been a fertile 
one in the area of FMF inquiry. Recent 
studies have led to further insight into 
the possible mechanisms whereby pyrin 
mutations might cause the auto-inflam-
matory phenotype that is characteris-
tic of FMF. Evidence-based guidelines 
for diagnosis of FMF, including the 
role of genetic testing, have become 
available. Risks for colchicine resist-
ance have been partially defined, and 
a randomised, controlled trial showing 
efficacy of an interleukin-1 antagonist 
for treatment of colchicine-resistant or 
intolerant FMF patients was reported. 
In this review, we summarise these and 
other salient findings from the recent 
FMF literature, and discuss their sig-
nificance for the clinician.

Introduction
Familial Mediterranean fever (FMF) 
is a hereditary auto-inflammatory syn-
drome, characterised by recurrent bouts 
of fever, arthritis, and serositis (1). Al-
though it is believed to be transmitted 
by autosomal recessive inheritance, 
FMF remains enigmatic in that ho-
mozygous or compound heterozygous 
MEFV mutations cannot be detected in 
many individuals with clear evidence 
of disease. Thus, clinical rather than 
genetic criteria have remained the ba-
sis for diagnosis of FMF (2), and the 
role of genetic testing for diagnosis of 
patients or for screening of clinically 
unaffected family members of patients 
with FMF is controversial. 
In this review we discuss develop-
ments concerning FMF pathophysiol-
ogy, clinical manifestations, diagnosis, 
and treatment that have appeared in the 
literature since our previous review 
(3). PubMed was searched using the 
terms familial Mediterranean fever in 
the topic field. An overview of major 
advances is presented.

Recent insights into the 
pathophysiology of FMF
It has been known for years that FMF 
occurs as a result of mutations in the 
MEFV gene, which results in an abnor-
mally functioning gene product, termed 
pyrin (4, 5). However, the biochemical 
mechanism by which these mutations 
cause disease is uncertain. Depending 
on the experimental system chosen, py-
rin has been shown to be either a posi-
tive or negative regulator of inflamma-
tion. Biochemical studies performed 
by two groups indicated that pyrin 
negatively regulates secretion of the 
pro-inflammatory cytokine by inhibit-
ing cleavage of pro-IL1β by caspase-1 
(6, 7). This interaction involves the c-
terminal B30.2 domain of pyrin, where 
most FMF-associated human muta-
tions are found. The concept of pyrin 
as a negative regulator of inflammation 
is consistent with the view of FMF as 
an autosomal recessive disease. 
However, other lines of evidence sup-
port an alternative view that patho-
genic gain-of-function pyrin mutations 
may result in an excessive inflamma-
tion. First, in cell line transfection stud-
ies, pyrin has been shown to associate 
with the intracellular molecules ASC 
(apoptosis associated speck like pro-
tein containing a CARD) and caspase 
1 (8). Under certain circumstances, this 
“pyrin inflammasome” may have an 
activating role in promoting IL-1β se-
cretion (9). Second, genetic “knock-in” 
mice carrying one or more copies of 
the human pyrin gene containing mu-
tations in the B30.2 domain have been 
shown to develop hepato-splenomega-
ly and bone marrow-dependent inflam-
mation. Two mutant pyrin alleles were 
necessary to produce the inflammatory 
phenotype, whereas pyrin knockout 
mice showed no signs of inflammation 
(10). These results suggest that pyrin 
mutations commonly associated with 
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human FMF produces inflammation 
by a gain-of-function, dose dependent 
mechanism in this model.  
During the past year, a report ap-
peared that supports the concept that 
gain-of-function pyrin mutations can 
result in inflammation. Yu et al. (11) 
presented further data supporting the 
pyrin inflammasome model. Cultured 
cell lines were transfected in vitro us-
ing the molecular components of the 
pyrin inflammasome. Upon ribotoxic  
cell stress, the inflammasome became 
activated, through a pathway involving 
p38 mitogen-activated protein kinase 
(MAPp38), and this MAPp38 medi-
ated activation could be inhibited by 
colchicine. If confirmed, these findings 
suggest the MAPp38 kinase pathway 
as a potential target for drugs other 
than colchicine to inhibit pyrin inflam-
masome inactivation, thereby possibly 
controlling FMF. 
Stoeffels et al. (12) reported a human 
autosomal dominant auto-inflammatory 
disease associated with pyrin muta-
tions affecting amino acid 577 in three 
families, each of different ethnic back-
ground. Clinical symptoms in individu-
als affected by this illness differed from 
FMF in that attacks were prolonged, 
lasting up to weeks, but were colchi-
cine responsive. Stimulation of pe-
ripheral blood mononuclear cells from 
these patients in cell culture resulted in 
over-secretion of IL-1β as compared to 
controls, supporting a possible gain-of-
function role for this mutation in regu-
lating inflammation. Aldea et al. previ-
ously reported a Spanish kindred with 
a colchicine-unresponsive, dominantly 
inherited auto-inflammatory syndrome 
associated with H478Y pyrin muta-
tions (13). Febrile attacks in this family 
were also more prolonged than those 
typical of FMF. Additional reports of 
dominantly inherited FMF have been 
published (14, 15). Moreover, inflam-
matory presentations atypical for FMF 
have been described in the context of 
common pyrin mutations, leading to 
the hypothesis that the MEFV gene 
might be associated with conditions 
other than FMF (16). It remains open 
to question whether the dominant auto-
inflammatory phenotypes seen in some 
families represents the severe end of 

the spectrum of conventional FMF, or 
alternatively, unique auto-inflammatory 
syndromes involving distinct molecular 
mechanisms. 
Since FMF is a disease of the innate 
immune system, adaptive immunity is 
not directly affected. However, in the 
presence of high concentrations of pro-
inflammatory cytokines such as IL-1β 
and IL-6, secondary changes may oc-
cur involving T cell mediated immu-
nity (17). To test whether such changes 
might occur in FMF, Ovadia et al. (18) 
studied T cell subsets in the peripheral 
blood of patient with FMF, and found 
increased numbers of Th17 cells. This 
T cell subset has been associated with 
secretion of pro-inflammatory cy-
tokines including IL-17A, and organ-
specific inflammation involving joints 
and other tissues (19). Thus, secondary 
expansion of Th17 cells may contribute 
indirectly to some of the inflammatory 
symptoms observed in FMF patients. 
In addition to genotype, it is well recog-
nised that other factors including eth-
nicity and geography greatly influence 
FMF disease penetration (20). To gain 
further insight into the effects of envi-
ronment on disease expression, Ozen 
et al. (21) used the Eurofever registry 
of auto-inflammatory diseases to iden-
tify and compare paediatric patients of 
Mediterranean origin living in Eastern 
Mediterranean countries, to children 
of the same ethnic origin but current-
ly living in Europe. They found FMF 
symptoms were less severe among the 
patients living in Europe, pointing to a 
clear effect of the environment on dis-
ease expression.
 
FMF, spondyloarthropathy, 
and extremity pain
A possible relationship between FMF 
and spondyloarthopathy has been ap-
preciated for several years. In a study 
from Israel, Langevitz et al. (22) origi-
nally noted that 11/160 FMF patients 
with chronic joint disease also had 
clinical findings consistent with an-
kylosing spondylitis, including sacro-
iliitis. Interestingly, all of the patients 
with ankylosing spondylitis in this 
study were negative for HLA-B27. Se-
ronegative spondyloarthropathy was 
subsequently described in FMF pa-

tients from other ethnic backgrounds 
(23-25). In a very recent study from 
Turkey, Akar et al. studied 157 con-
secutive FMF patients for ankylosing 
spondylitis. Using modified New York 
criteria, a 7.5% prevalence of AS was 
found. All FMF patients with AS were 
negative for the HLAB27 antigen. The 
prevalence of the M694V mutation 
was higher among patients with AS, 
suggesting this mutation is a risk fac-
tor for AS in these patients. In addition, 
this study also found the prevalence of 
AS and spondyloarthropathy was in-
creased among first degree relatives of 
FMF patients (relative risk 3.3 and 2.9, 
respectively) (26). 
Recently, studies into the cause of ex-
tremity pain in FMF patients have also 
produced findings supporting a pos-
sible relationship between FMF and 
spondyloarthropathy. Extremity pain in 
FMF is quite common. During febrile 
attacks, joint pain results from acute 
arthritis, which is typically asymmetri-
cally and involves large joints (1). Pro-
tracted febrile myalgia is another less 
common inflammatory manifestation 
of FMF, that often responds to treat-
ment with glucocorticoids (27, 28). 
However, some FMF patients com-
plain of extremity pain that is unrelated 
to disease exacerbations. 
Eshel et al. (29) used magnetic reso-
nance imaging (MRI) to examine 11 
FMF with exertional leg pain, and found 
10 to have findings compatible with en-
thesitis. Of them, nine also had evidence 
of sacroiliitis on pelvic radiographs. 
Interestingly, radiographic signs of in-
flammation were not present in base-
line studies, but appeared only after 
exercise challenge. Ozkam (30) stud-
ied 50 FMF patients for enthesopathy 
using ultrasound. Madrid Sonographic 
Enthesitis Index scores were markedly 
higher in FMF patients as compared to 
controls. Among FMF patients, men 
had higher scores than women. Two 
additional ultrasound based studies 
also found an increased prevalence of 
enthesitis (31, 32); in one, enthesitis 
was associated with M694V mutations 
(32). 
Taken together, these reports further 
strengthen the association between FMF 
and the spondyloarthropathies, and sug-
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gest a possible role of the M694V pyrin 
mutation as a risk factor for spondyloar-
thropathy in this population. 
Another MRI-based study suggested 
an additional possible mechanism for 
exertional leg pain in some FMF pa-
tients (33). MRI and 31P magnetic res-
onance spectroscopy (31PMRS) was 
used to evaluate calf muscles of eleven 
FMF patients with complaints of exer-
tional leg pain, and six healthy controls 
individuals. 31PMRS is a non-invasive 
way of measuring energy metabolism 
in muscle tissue. The authors of this 
study found that following a 30 min-
ute exercise challenge, FMF patients 
had significantly higher intra-cellular 
pH as compared to controls, indicating 
a possible metabolic defect. Based on 
similarity to findings in patients with 
glycogen storage diseases, they specu-
late that their findings may indicate 
impaired glycogen utilisation in mus-
cle of FMF patients. However, this hy-
pothesis remains to be confirmed.
 
Association between 
FMF and Behçet’s disease
A possible link between FMF and Be-
hçet’s disease has long been suspected, 
based on certain shared clinical fea-
tures, partial overlap in geographic 
distribution of disease, and colchicine 
responsiveness (34). Over the past 13 
years, several relatively small stud-
ies have examining the prevalence of 
mutant MEFV alleles among patients 
with Behçet’s disease from Behçet-
endemic regions as compared to eth-
nically matched controls (35-39), with 
conflicting results. A genome-wide as-
sociation study found no association 
between MEFV and Behçet’s disease. 
However, this study was methodologi-
cally limited in that it was not designed 
to detect an association between rela-
tively infrequent mutant MEFV alleles 
and disease. Recently, Kirono et al. re-
ported using deep exonic re-sequencing 
to examine the possible association be-
tween polymorphisms in pre-selected 
innate immune genes with Behçet’s 
disease. These investigators found that 
the MEFV M694V variant conferred 
increased risk for Behçet’s disease, 
with a 2.6 odds ratio (40). Variants in 
additional innate immune genes, in-

cluding IL23R and toll-like receptor 4, 
were also over-represented among Be-
hçet patients as compared to ethnically-
matched controls. The strength of this 
study is that it involved a very large 
sample size (2461 individuals with Be-
hçet’s disease and 2458 controls). How-
ever, it was limited to the Turkish popu-
lation. Thus, while it may be difficult to 
replicate a study of this size, it will be 
important to confirm these findings in 
other ethnic groups.
 
Increased risk for mortality 
due to FMF
The availability of colchicine has mark-
edly reduced the risk for early death 
due to renal amyloidosis among FMF 
patients. To evaluate the effects of FMF 
on longevity during the colchicine era, 
Twig et al. compared 1225 individuals 
found to have FMF by a rheumatologist 
during a screening medical examina-
tion prior to military conscription at age 
16–20 years, with controls. National 
databases were used to identify patients 
who died before 50 years of age. The 
mean follow-up period was 24 years. 
This study found that the Hazard Ratio 
(HR) for early death due to FMF was 
increased in both men (1.71) and wom-
en (2.48). Renal amyloidosis accounted 
for 35 and 60% of deaths in men and 
women, respectively. The authors point 
our that survival curves for men during 
the period 1973–1986 and 1987–1997 
were similar, arguing against the avail-
ability of colchicine as an important 
determinant of mortality. Rather, they 
attribute their findings to inadequate 
adherence to colchicine treatment, or 
colchicine unresponsiveness. These re-
sults emphasise the need for vigilance 
in following and effectively treating 
FMF patients, in particular those with 
evidence of persistent inflammation, in 
order to reduce their long-term risk for 
morbidity and mortality (41).

Advances in FMF treatment
Colchicine has been the mainstay of 
FMF treatment for over 40 years, having 
been convincingly shown to completely 
prevent attacks in 60–65% of patients, 
and induce a partial remission in an ad-
ditional 30–35% (42, 43). In addition, 
regular use of colchicine greatly reduc-

es the long-term risk for amyloidosis in 
affected individuals (44). Nevertheless, 
depending on the definition used, be-
tween 5–10% of patients may have in-
adequate symptom control despite good 
adherence to colchicine in maximally 
tolerated doses. Colchicine resistance 
occurs by several mechanisms includ-
ing polymorphisms involved in trans-
port of the drug to the intra-cellular 
compartment in some patients (45, 46). 
Recent studies have focused on defin-
ing how a specific homozygous MEFV 
mutation, already known to be associ-
ated with more severe FMF disease 
(47), might influence colchicine resist-
ance. Lidar et al. (48) used a telephone 
survey to compare adult FMF patients 
who were homozygotic for M694V mu-
tations, to patients with either M694V/
V726A or V726A/V726A genotypes. 
All patients reported regular colchicine 
use, but M694V/M694V patients re-
ported using higher doses, resulting in 
more side effects. Moreover, M694V/
M694V patients reported experiencing 
a significant number of attacks, 0.7 per 
month on average. Ten percent of these 
patients reported no improvement at all 
in their symptoms while taking colchi-
cine. These results are consistent with 
those reported in a previously study 
involving over 200 children with FMF 
from Turkey (49). Thus, the M694V/
M694V genotype identifies a subgroup 
of FMF patients who may be clinically 
unresponsive to colchicine. The appar-
ent lack or response of these patients to 
colchicine is likely to reflect the severe 
disease that is known to be associated 
with this pyrin mutation (50, 51). How-
ever, these patients may require sup-
plemental treatment to prevent frequent 
attacks. 
Based on the concept of FMF as an au-
to-inflammatory disease, and its asso-
ciation with hyper-secretion of the pro-
inflammatory cytokine IL-1β, IL-1 an-
tagonists have been proposed as a treat-
ment for colchicine resistant FMF. To 
date, there have been published reports 
concerning the use of the recombinant 
IL-1 receptor antagonist anakinra to 
control symptoms in at least 30 FMF 
patients, with nearly all experiencing at 
least partial improvement (reviewed in 
ref. 52). There is also limited evidence 
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that IL-1 antagonists may retard pro-
gression of FMF-related amyloidosis 
resistant to colchicine (53). Recently, a 
controlled trial involving treatment of 
a small number of colchicine-resistant 
or intolerant patients was reported. 
Rilonacept, an IL-1 decoy receptor, was 
used to treat 14 patients in a study us-
ing a randomised, double-blind, single 
participant alternating treatment design 
(54). In this study, the number of FMF 
attacks during rilonacept treatment was 
reduced significantly as compared to 
the period during which patients re-
ceived placebo. However, length of 
attacks, and acute phase reactant con-
centrations between attacks were not 
reduced significantly. 
The availability of category 1B evi-
dence of efficacy of an IL-1 antagonist 
to reduce the frequency of FMF attacks, 
albeit in only one small study, would 
appear to support more widespread 
use of IL-1 antagonists for colchicine-
resistant FMF. However, in interpreting 
this result, several caveats should be 
kept in mind. First, despite persistence 
of clinical and laboratory evidence of 
ongoing inflammation in a significant 
number of FMF patients, FMF-related 
amyloidosis has diminished markedly 
in the colchicine era, suggesting that 
the capacity of colchicine to prevent 
amyloidosis is likely to occur indepen-
dently of its ability prevent FMF symp-
toms. Thus, colchicine should always 
be continued in patients whenever sup-
plemental treatment with IL-1 antago-
nists is given. Second, IL-1 antagonists 
are expensive, may have side effects. 
Therefore, potential risks and benefits 
including quality of life issues should 
be carefully considered when deciding 
whether to add biologic therapy for pa-
tients with FMF.
 
Evidence-based recommendations 
for management of FMF 
From the perspective of the practicing 
rheumatologist, one of the most useful 
developments during the past year was 
publication of evidence-based guide-
lines for the practical management of 
FMF (55). A group of physician ex-
perts in FMF from France and Israel 
convened to develop guidelines for key 
issues, including colchicine dosing in 

children and adults, defining colchicine 
resistance, the use of IL-1 antagonists 
for colchicine-resistant patients. Based 
on a systematic literature review, level 
of evidence was provided for each rec-
ommendation. 
Of particular interest, the role of ge-
netic testing for asymptomatic screen-
ing of siblings of FMF patients was 
discussed. In retrospective reports from 
many years ago, clinically diagnosed 
patients are described who, despite re-
porting few symptoms, subsequently 
developed proteinuria due to amyloi-
dosis (56, 57). These reports have been 
the source of continuing concern that 
some FMF patients might be “missed”, 
only to be discovered later when they 
have irreversible complications of their 
disease. However, the existence of this 
putative “phenotype II FMF” was dis-
puted by the panel. Moreover, based on 
accumulated experience at centres that 
have provided care for large numbers of 
FMF patients for over 10 years, it is be-
lieved that individuals with two or more 
MEFV mutations with no clinical FMF 
symptoms (phenotype III FMF, ref. 58) 
and normal acute phase reactants are at 
very low risk for developing secondary 
amyloidosis. In the absence of predic-
tive value for identifying patients at long 
term risk for disease complications, the 
committee saw no advantage in genetic 
testing for MEFV mutations in asymp-
tomatic individuals, and therefore rec-
ommended against routine genetic test-
ing of asymptomatic siblings with nor-
mal acute phase reactants. The category 
of evidence that forms the basis for this 
recommendation is admittedly weak 
(Category 3 and 4). Furthermore, ex-
ceptions to this recommendation might 
be considered in families in which clini-
cal follow-up might be poor, because in 
these families, individuals with clinical 
or laboratory evidence of persistent in-
flammation might go undetected.

Summary
During the past year there have been 
significant advances in understanding 
of FMF disease mechanisms. The as-
sociation between FMF and Behçet’s 
disease and an HLA-B27 negative 
form of spondyloarthropathy have been 
strengthened in patients of Turkish ori-

gin, but these associations need to be 
further confirmed in different ethnic 
groups. Colchicine treatment along with 
careful clinical and laboratory monitor-
ing for ongoing inflammation remain 
the foundations of FMF diagnosis and 
management in 2013. For patients with 
uncontrolled disease despite excellent 
adherence to standard therapy, supple-
mental treatment using IL-1 antagonists 
seems to be an effective but expensive 
way to improve symptomatic control of 
disease.
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