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Abstract

Familial Mediterranean Fever (FMF) is a hereditary auto inflammatory disease. The most common symptoms are high fever, abdominal pain and
arthralgia. An inflammatory condition occurs in the body due to a gene disorder called MEFV and thus the immune system cannot overcome the
situation.

FMF is a disease requiring life-long treatment in which medicine called Colchicine is commonly used. Regular use of Colchicine also prevents the
development of kidney failure due to the accumulation of amyloid, a harmful protein. The most common primary etiological cause in the diagnosis
of AA amyloidosis is found to be FMF (57%).

In FMF patients, M694V mutation in which the disease onsets at an earlier age, the severity is higher and amyloidosis is more commonly seen.

In this study, an evaluation of the articles published on FMF from past to present has been made. A total of 16,927 people were included in the study.
Of these, 2,421 were females and 1,708 were males. A total of 625 pregnant women diagnosed with FMF were included in three studies conducted
on FMF and pregnancy.

In other studies, other diseases such as Polyarteritis Nodosa (PAN), Celiac Disease, Immunoglobulin A Vasculitis /Henoch-Schénlein Purpura (IgAV/
HSP), Protracted Fibromyalgia Syndrome (PFMS) and Hidradenitis Supportive (HS) can be observed together with FMF.

Although FMF has existed in Anatolia, Caucasia and the Middle East for several thousand years, it was not recognized as a clinical entity up until
1945. The disease was first published in the Turkish medical literature in 1946, but its relationship with FMF type “secondary” amyloidosis was
documented in 1950’s and colchicine was discovered to treat FMF in 1972. FMF became an even more interesting disease as its gene MEFV and the
protein encoded by this gene (pyrin/marenostrin) were discovered in 1997 simultaneously by two independent groups. It was soon found out that
pyrin had some structural similarities to death domains of certain proteins taking part in apoptosis, and FMF was included in a new group of diseases

which somewhat resembled each other with recurrent inflammatory attacks: the auto inflammatory diseases.

Introduction

FMF is a hereditary autoinflammatory disease characterized by
recurrent fever and synovial inflammation in the form of peritonitis,
pleuritis and/or localized inflammatory attacks on the skin in the
form of Erysipelas-Like Erythema [1].

FMEF is defined as the disease of the Mediterranean Basin, first
observed in Jewish and Armenian patients, and was later identified
among Turks and Arabs [2]. The Jews, who migrated from Spain
in 1492, later entered the Ottoman Empire, spreading the disease
through migration [3] (Figure 1).

Janeway and Rosenthal reported on a 16 year-old patient with
recurrent fever, abdominal pain, leukocytosis which was accepted
as the first FMF case reported in the world. In 1945, American
researcher Siegel described a clinical picture with similar complaints
called “Benign Paroxysmal Peritonitis” [4-6,8] (Figure 2).

In 1948, Reiman used the term “Periodic Disease” In 1951, Catton
and Mamoru first discovered FMF was familial and highlighted
its genetic transition with amyloidosis in 1956. The definition
of FMF was used in 1958 by Heller and Sohar as Mediterranean
origin. In 1997, International FMF Consortium and French FMF
Consortium identified the MEFV gene responsible for the disease
(Figure 3).

In Turkey, Abravaya Marmarali identified FMF in an adult
as “Strange Abdominal Pain Syndrome” in 1946. The benefits of
Colchicine in FMF treatment were first demonstrated by Emir Ozkan
and Goldfinger in 1972.

In the study by Ozdemir AL and S6kmen C between 1958-1968,
the rate of FMF was 0.3% [9]. In the study by Ozen S et al., in 1998,
the rate of FMF patients was 2.3/10,000, and that of potential FMF
patients was 9.3/10,000 [10].
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In Turkey, in 1989, Ilhan I, et al., described the association between
FMF and Polyarteritis Nodosa (PAN) [11-15]. Moreover, Henoch-
Schonlein Purpura (HSP) was identified in children with FMF [16].

150 patients (96M, 54F) with FMF were included in the study
by Karakayali A, et al., [17] the most common clinical finding was
abdominal pain. In the study by Yavuz S, et al.,, [18] with 53 FMF
patients (27F, 27M); the most common complaints were fever,
abdominal pain and arthralgia. In the study by Caglar A, et al,, [19],
with 81 children with FME the most common complaints were
abdominal pain (98.8%) and arthralgia (80.2%).

Approximately 90% of FMF patients experience disease flares [20].
Most patients are diagnosed before the age of 20 [21]. The onset of
symptoms of FMF is usually between 5 and 15 years of age [22]. In
a study with 1,633 patients with early onset (< 20 age), 613 patients
with later onset (>20 age), a total of 2,246 patients from 15 adult
Rheumatology Clinics [20].

The most frequently seen mutation among the FMF patients is
M694V, which starts at an early age, continues with severe attacks and
if not diagnosed or treated early leads to amyloidosis. Colchicine is
used regularly after diagnosis which prevents amyloidosis [23]. It was
determined by Istanbul Medeniyet University Hospital that the most
frequent primary etiological reason for 63 patients diagnosed with AA
amyloidosis is FMF (57%) [24,25].

Colchicine treatment can ensure complete remission among 60-
75% of patients, but 5-10% of them are resistant to colchicines and the
drug is safe to use during pregnancy [26,27]. Drugs used in FMF may
be effective on the reproductive system and pregnancy [22].

The most important factor which affects prognosis of FMF patients
is whether there are any complications or not, including amyloidosis
[28]. In the study by Karakayali A, et al., 146 of 150 patients responded

well to colchicine treatment. Amyloidosis was detected in 3 male
patients [17].

In cases where the patient is resistant to colchicine, anti-tumor
necrosis factor (TNF), anti-interleukin 1(IL-1), IL-6 inhibitor and
tocilizumab (TCZ) treatments were safe [29,30].

FMF is mostly seen in regions of Central Anatolia, Western and
Eastern Black Sea, Eastern, and Southern-Eastern Anatolia [31]. One
out of every four or five people carries the FMF mutation in Turkey [23].

In a study with 704 FMF patients, the illness is widespread in Black
Sea and Central Anatolia Regions, especially in Kastamonu, Sivas and
Tokat [32] (Figure 4). In another study with 81 FMF children, most
incidences were in Sivas, Kastamonu and Ordu [19] (Figure 5).

In a study on 2,838 patients by the TR-FMF study group, the
presence of mutations in 1,090 patients, the three most frequent
mutation analyses were: M694V (51.4%), M680I (14.4%) and V726A
(8.6%) [33]. According to the mutations they carry, patients were
divided into four groups (homozygous for M694V, homozygous for
M6801, compound heterozygotes, and patients without the M694V
mutation), and the phenotype-genotype relationship was analyzed.
Consequently, homozygous for M694V the patient became ill at an
earlier age and arthritis and arthralgia were observed at a higher rate
[34].

In a study by Coskunpimnar E, et al.,, [34] including 1,840 pre-
diagnosed cases (1059F, 781M) between 2014-2016, 1,180 of the cases
had no family history, and 200 of them had mutations in their first
degree relatives. The total number of cases with a mutation was 609. The
most common mutations were M694V (48.3%), E148Q (24%), M680L
(8.7%) and V726A (5.9%). No mutation with FMF was detected in 547
of 866 patients in the age group <18. No mutation with FMF was found
in 477 of 974 patients in the > 18 age group. In this study, 44 cases were
homozygous for M694V. The fact that 23 of the cases were <18 years

Algeria

== ME54V via sailors and land migration
- during Muslem conquest of Spain

A: Turkey

A: The rate of FMF in Turkey is about 0.1 % [4].
B: Approximately 20 % of the Arabic is an FMF gene carrier [4].
C: The rate of FMF in Armenia is about 0.17 % [4].

Figure 1: Migration map of Familial Mediterranean fever disease.

B: Arab Countries

C: Armenia
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Figure 2: The figure highlights common Pirina mutations in several Mediterranean populations with different types of mutation. The blue and
red lines indicate the migration of populations carrying the M649V and V726A mutations respectively, while the purple line shows the E148Q
mutation along the medieval Silk Road route. The pie charts indicate the carrier frequencies of selected mutations [7].

Figure 3: Countries where FMF is common. Circle size is proportional to that of the FMF community in that country. Arrows show spreading of
the disease. Red arrows show the migration of the MEFV.
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Figure 4: Cities in Turkey FMF is seen [19].
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Figure 5: Regions with FMF and juvenile idiopathic arthritis [32].

old and 21 cases >18 years old age also corresponds to the results of the
TR-FMF study group in terms of the age.

In a study by Karakayali A, et al., [17] on 150 FMF patients,
mutation analysis was M694V (51%), M68QI (18%), E148Q (7.3%),
V726A (4%). Moreover, the frequency of amyloidosis and abdominal
pain was higher in patients with M694V mutation.

In the study by Yavuz S, et al., [18] the most common mutation
among 53 FMF patients was M694V (54.6%). Also, the disease severity
score was higher in patients with M694V homozygous compared with
others.

In a study by Caglar A, et al., [19] the frequency of amyloidosis and
the severity of the disease was higher in FMF patients with M694V
homozygous mutation.

As a result of the study by Cilingir O, et al., [35] at the Faculty of
Medicine of Osmangazi University between 2011-2017, mutations
were detected in 2,774 of 5,836 patients. The three most detected
mutations in 5,836 cases were M694V (18.59%), E148Q (12.15%),
V726A (7.4%).

In the cases of FMF, a study by Bayrak M, et al., [36] between 2011
and 2015 with 212 patients (116F, 96M) with the MEFV mutation
to determine types and frequency of MEFV mutations showed that
the most common MEFV mutations were M694V (34.9%), E148Q
(26%), V726 A (16%) and M68OI (8.3%). Moreover, the distribution of
mutations according to gender of FMF patients was as follows: M694V,
E148Q, V726A, M680I and P369S were more frequent in women and
M694V, E148Q, V726A, M68OI and R761H mutations were more
common in men.

Moreover, the study by Yasar Bilge NS, et al,, states that the M694V
mutation was higher and the E148Q mutation was lower in FMF
patients [20].

A study by Demir AK, et al., between 2015 and 2018 showed that the
mutation exists in 161 of 277 FMF patients. The most common were
M694V (58.2%), R202Q (27.6%), V726A (18.2%), M68QI (15.3%),
E148Q (10%) [37] (Figure 6).

In the study including 132 FMF patients in Diskapi Hospital
between 2011-2015, anterior uveitis was seen among 3 patients and
posterior uveitis in 1. The risk of uveitis was higher in FMF patients
with M694V mutation. None of the patients with FMF without MEFV
gene mutation had uveitis detected [38,39]. To evaluate macular
and choroid thicknesses in children with MEFV gene mutation, 35
children with MEFV gene mutation and 40 healthy children as the

Israel
North African Jews: p.M694V, p.E14g()
Iraqi Jews: p.V726A, p.MG94V, p.E148Q, p.MGa0]
Ashkenazi Jews: p.E1480), p.V726A

Middle East

Arabs: pV726A. p.MG80L, p.MG694V, p.M694L, p.E148Q
Turkey

Turks: p.M694V, p.MB80L, p.V726A, p.E148Q
Armenia

Armenians: p.MB94V, p.M6B0L, p.V726A, p.E148Q
Japan
Japanese: p.M6941, p.[L110P; E148Q). p.R761H, p.E84

Figure 6: Most frequent mutations according to various ethnic
groups and countries [38].

control group were included, and children with MEFV gene mutations
had narrowing of the retinal arterioles, retinal venules, and macular
and choroidal thinning [40].

In the evaluation of 9 FMF patients, 5 adults and 4 children, who
applied to the cardiology outpatient clinic with chest pain complaints
with the K447M mutation carrier, had no cardiovascular involvement,
while patients with the M6694V and R202Q composite mutation
carrier were at risk of cardiovascular involvement. Therefore, the
importance of regular follow-up of FMF patients with mutation
carriers in terms of a cardiovascular risk factor was emphasized [41].
FMF was detected in 1.4% of the patients in the evaluation made on
134 patients (56F78M) who had complaints of chest pain at Dicle
University in 2017 [42].

In another study with 98 children with FMF and 49 healthy children
who received colchicine treatment, no significant difference was found
between the two groups in terms of vitamin B12 levels. Vitamin B12
levels of patients taking colchicine at a dose of >1 mg/day were lower
than those taking colchicine at a dose of < 1 mg/day [43].

As a result of the study involving 60 patients and 60 healthy
individuals who applied to Sivas Cumhuriyet University in 2017,
serum prolidase enzyme levels were significantly higher in FMF
patients compared to the healthy group. 45 Serum Calprotectin (CLP)
levels were significantly higher in FMF patients compared to the
healthy group. CLP was an important biomarker in FMF [44].
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A study by Dogruel D, et al., [45] at Cukurova Medical School
with 110 children (58F, 52M) with FMF received colchicine treatment
between 2008-2017. In this study, changes in the mean platelet volume
(MPV) during the episodes of FMF with and without attack were
investigated. While MPV was 9.61 + 1.18 fL in the attack-free period, it
was 8.55 * 1.51 fL in the attack period. That is, MPV decreased during
the attack period of patients. Moreover, 92.7% of patients had fever,
90% abdominal pain, 76.4% joint pain, 10.9% erysipelas and 9.1%
appendectomy.

In the study by Ozisler C, et al., [46] including 97 FMF patients and
a healthy control group of 60 individuals, the neutrophil/lymphocyte
ratio (NLR) was higher in FMF patients than those in the control
group. There was also a significant correlation between NLR and
C-reactive protein during the attack period. The NLR value in the
non-ataxia period was higher in patients with M694V homozygous
mutation. While MPV was lower in FMF patients compared to the
attack-free period, there was no difference between the two groups.
During the attack periods of FMF patients, an increase in NLR levels
and a decrease in MPV values were observed.

According to the study by Bodur H, et al.,, [47] consisting of 979
FMF patients (643F, 336M) in 22 centers, patients with homozygous
gene mutations had the disease earlier with higher severity as well as
the presence of sacroiliitis and amyloidosis. Patients with compound
heterozygous genotypes exhibited serious disease activity very similar
to patients with homozygous mutations. Besides, they had prolonged
febrile myalgia rates and high fibrinogen levels. While 63.9% of
the compound heterozygous patients were at the age of <20, there
was high disease severity and attack frequency as well as colchicine
resistance. Also, 7% of 585 pregnancies resulted in preterm labor and
18.1% abortion, and 61.4% of patients did not have FMF attack during
pregnancy.

As a result of a study by Yagar Bilge N§, et al., [48] with 150 FMF
patients (87F, 63M) to examine the relationship between gender and
clinical findings, disease severity, and treatment compliance in FMF
patients. The rate of erysipelas-like erythema was 31% and 36.50%,
p=0.015 among men with myalgia while 51.70% and 19%, p=0.03
among women with myalgia. Also, ISSF scores, clinical findings and
treatment compliance did not differ between genders, and gender did
not affect prognosis in FMF patients.

In the evaluation of red cell distribution width levels performed by
Demir AD, et al.,, on the control group consisting of 56 FMF patients
(35F 21M) and 30 healthy individuals (19F, 11M) between 2016-2017,
no statistical significance was observed between healthy individuals
and FMF patients [49].

In the study by Caliskan Z, et al., [50] to investigate a possible
relationship between atherosclerosis and monocyte/ high density
lipoprotein (HDL) ratio in FMF patients between 2006 -2018, 40 FMF
patients (21 F, 19 M) and 35 healthy people (21 E 19M) were included.
Monocyte count/HDL ratio and high sensitivity C reactive protein
levels were higher in FMF patients.

The study by Cakirca G, et al,, [51] included 63 patients with
FMF and 51 healthy individuals; atherogenic index of plasma (AIP),
atherogenic (AC), coeflicient (CRI-I) and II levels (Castelli’s risk
indices) were higher in FMF patients, whereas cholesterol level was
observed. In addition, AIP, AK, CRI-I and II levels were higher in
male patients with FMF than female patients, whereas platelet, ESR
and HDL cholesterol levels were lower.

Diseases Accompanying FMF

In the study by Demir AK, et al., [37] including 277 FMF patients
(176F, 101M) who applied to Tokat Gaziosmanpaga University
between 2015-2018 an accompanying systemic disease was detected in
36 of the patients, while Ankylosing spondylitis was the most common
in 7 patients.

In a study by Sénmez HE, et al, [52] to compare the clinical,
laboratory and treatment features of Immunoglobulin A Vasculitis /
Henoch-Schonlein Purpura (IgAV/HSP) and FMF disease, 114 patients
with IgAV/HSP and MEFV analyses were included. CRP value, non-
steroidal anti-inflammatory drug (NSAID) and colchicine treatment
rates were higher in IgAV/HSP and FMF patients. In children with
IgAV/HSP, the presence of FMF was more common. In an evaluation
by Davutoglu EA, et al., [53] between 2013 and 2017 in Istanbul
University in which 40 FMF patients’ pregnancies were followed
up; 90% of the patients received medical treatment, 7 patients had
attacks during pregnancy, the average birth week was 37.3 + 4.5 and
the average birth weight was 3,115 + 547 grams. Preterm delivery was
10%, fetal growth restriction was 5%, and the number of preeclampsia
incidences was 10%. Fetal and neonatal loss or congenital anomaly
delivery was not observed.

A study by Atilgan KG, et al., [54] between 2005 and 2007 to
investigate the clinical and laboratory findings of 23 patients with
FMF-associated AA-amyloidosis (Group 1) and 36 patients with AA-
amyloidosis (Group 2) without FMF association. Renal replacement
therapy (RRT) requirement were similar in both groups for 5 patients
in Group 1 and for 11 patients in Group 2 receiving RRT.

In the study by Kostek O, et al., [55] including 33 FMF patients,
33 secondary amyloid patients and 65 healthy individuals to evaluate
amyloid cases with FME, the carotid intima-media thickness of FMF
patients was higher. A subclinical myocardial involvement may have
occurred among patients with amyloid secondary to FMF.

Celiac disease is an immune-mediated systemic disease
characterized by intestinal villi damage, triggered by gluten intake in
genetically susceptible individuals, with different clinical symptoms
[56]. Some findings such as diarrhea, abdominal pain, arthralgia and
arthritis during the course of celiac disease can also be seen in cases
with FMF [57]. Due to this similarity in clinical findings, it is difficult
to detect Celiac disease in FMF patients. Therefore, Celiac disease
should be taken into consideration among FMF patients if there is a

family history [58].

In the study by Zarif NO, et al,, [59] a 16-year-old female patient
with symptoms of recurrent fever, left flank pain, shortness of breath
and exudate pleural fluid (PF) samples was diagnosed as M680I (G/C)
heterogeneous carrier and oral colchicine treatment was applied to the
patient. After the treatment, the patient’s clinical condition improved
and PF accumulation decreased. The main complaint in 95% of FMF
patients was abdominal pain. Pleural pain was rare without abdominal
pain. PF accumulation was even rarer. However, FMF may be the
cause of PF accumulation. In patients with PF accumulation with chest
pain and fever, FMF should be taken into consideration among the
differential diagnoses, especially when there is no response to routine
nonspecific treatment.

In a study by Yorulmaz A, et al., [60] on protracted febrile myalgia
syndrome (PFMS) in 9 patients (7F, 2M) with FME between 2016 and
2018, 2 out of the 9 patients had been diagnosed before at the Selguk
University and were receiving colchicine treatment. The first sign of
FMF in 7 of the patients was PEMS. Considering the genetic analysis
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of the patients, M694V homozygous was detected in 4 patients. Acute
phase reactants were high in all patients. Creatine kinase levels were
within normal limits in all patients. Pulse corticosteroid therapy was
applied at a dose of 10 mg/kg. All patients completely recovered after
the treatment. Thus, PEMS should be taken into consideration in the
presence of protracted myalgia and high levels of acute phase reactant
with high fever that does not meet FMF criteria.

In the study by Tezcan D, et al., at the Department of Rheumatology
between 2017-2018, in which 11 patients (10M, 1F) over 18 years of age
were diagnosed with Hidradenitis Suppurativa (HS), there were four
seronegative spondyloarthropathies, three Behget’s disease, a FMEF, a
rheumatoid arthritis, a gout, and a SAPHO syndrome (synovitis-acne-
pustulosis-hyperostosis-osteitis). HSP was associated with rheumatic
diseases; therefore, in patients followed up with HSP, there should
be a differential diagnosis by examining in case of rheumatological
complaints [61]. There is an increase in frequency of vasculitic diseases
such as PAN and HSP in patients with FMF. In the FMF gene analysis,
homozygous MEFV mutation (M694V/M694V) was detected in a
9-year-old male patient admitted to the hospital with severe abdominal
pain and fever. Due to fever, very severe abdominal pain, weakness,
and erysipelas-like rash starting around colchicine treatment but not
controlled, vasculitic disease in the FMF was evaluated and a positive
response was obtained by evaluating the diagnosis of possible PAN
[62].

There were 25 FMF cases with Henoch-Schonlein, 25 with genetic,
29 with PAN, 5 undergone transplantation, 1 undergoing dialysis and
25 cases were in the transplantation waiting list in 64 screened articles
of San A [63].

The First Drug in FMF Therapy: RPH104

Ege University developed, “RPH-104" molecular with a TR-PHARM
cooperation, Turkey’s first biological drug candidate, has successfully
completed the “The first human use” clinical phase of the phase-1 drug
research. After comprehensive positive animal studies, clinical trials
were started with healthy volunteers, and in these studies, 5 different
doses tested the beneficial effect in humans and when reaching the
expected level it was interrupted as safe. Some results of the research
were presented as a poster at the 9" International FMF and Systemic
Auto-Inflammatory Diseases Congress held in the Turkish Republic of
Northern Cyprus-Girne on May 4-7, 2017 [64].

Conclusion

In conclusion, it can be clearly seen that although the name suggests
FME, referring to Mediterranean region, it has been seen more in
places other than Mediterranean, in regions of the Black Sea (48.9%),
Central Anatolia (23.1%), Eastern Anatolia (16.6%), Southeast (4.3%),
Marmara (3.95%), Mediterranean (2.2%) and Aegean (0.9%) as can be
seen in figure 4, which may be considered surprising.

There was once no cure for FMF and lots of patients suffered from
lack of treatment. However, the development of “RPH-104" by Ege
University, and a molecule with a TR-PHARM cooperation, Turkey’s
first biological drug candidate, is definitely considered of utmost
importance, enabling many patients to lead healthy lives.
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