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IL1-blocking therapy in colchicine-resistant familial 
Mediterranean fever

Introduction
Familial Mediterranean fever (FMF) is an autoinflammatory disorder that is more prevalent in individuals 
with an ancestry from the Mediterranean basin (1). FMF is characterized by recurrent attacks of fever with 
serosal and synovial inflammation lasting for 1272 h (2). Patients with FMF are at risk to develop amyloid 
A (AA) amyloidosis, which predominantly affects renal functions in patients with FMF (2, 3). Majority of 
patients with FMF have two homozygous or compound heterozygous mutations in the Mediterranean 
fever (MEFV) gene, which encodes the pyrin protein (4, 5). The standard of care for FMF is colchicine, and 
it has been considered a safe and effective prophylaxis in FMF attacks and in reducing the risk of amyloi-
dosis (6-9). Although colchicine prophylaxis is cost effective compared to the biological treatment, it is not 
approved for FMF in all European countries. Nevertheless, the current EULAR recommendations for the 
management of FMF recently confirmed colchicine as an anchor for treatment (9). Despite the efficacy 
of colchicine, some manifestations, such as arthritis, are less responsive to colchicine. Furthermore, ap-
proximately 5%10% of patients are considered non-responders to colchicine (colchicine-resistant FMF) or 
cannot tolerate colchicine (colchicine-intolerant FMF) of up to 2.0 mg per day (10, 11). These patients were 
considered inadequate responders to colchicine. Unfortunately, there is no generally accepted definition 
of colchicine resistance in the literature. EULAR defines colchicine resistance as having one or more attacks 
per month in compliant patients who had been receiving the maximally tolerated colchicine dose for at 
least 6 months (9). EULAR also stated that patients with FMF and AA amyloidosis should receive an intensi-
fied treatment with a maximal tolerable colchicine dose and biological treatment as required (9).

A case series and two trials have suggested that I L1-blocking therapy is efficient in preventing FMF attacks and 
progression of FMF-associated amyloidosis (9, 11-21). The objective of our study was to investigate the safety 
and efficacy of IL-1-blocking therapy in colchicine-resistant FMF and in patients with FMF and AA amyloidosis.

Birgit Maria Köhler , Hanns-Martin Lorenz , Norbert Blank 

Original Article

Abstract

Objective: Approximately 10%-20% of patients with familial Mediterranean fever (FMF) show an 
inadequate response to colchicine. In our cohort study, patients with FMF with or without amyloi-
dosis and with an inadequate response to colchicine were treated with anakinra or canakinumab.
Methods: Clinical and laboratory parameters, Mediterranean fever (MEFV) mutations, and pa-
tient-reported outcomes were analyzed in 31 patients treated with anakinra or canakinumab.
Results: In a cohort of 250 adult patients with FMF, 31 patients were treated with anakinra (n=29) or 
canakinumab (n=2). The median Pras FMF severity score was 8 (range, 5-14) and correlated with the 
presence of high-penetrance MEFV mutations (p.Met-694-Val or p.Met-680-Ile). The FMF severity 
score was 11 in patients with two high-penetrance MEFV mutations (68%), 9 in those with a single 
high-penetrance MEFV mutation (19%), and 7.5 in those without high-penetrance MEFV mutations 
(13%, p=0.2). FMF-related amyloid A amyloidosis was diagnosed in 12 (39%) patients. Anakinra was 
used daily in 20 patients, thrice a week in 7, and upon demand during attacks in 2. Two patients 
were treated with canakinumab. IL-1-blocking treatment showed a rapid (2±3 days) and persistent 
suppression of FMF symptoms and inflammatory parameters. The frequency of FMF attacks was 
significantly reduced (p<0.003). Both patient- and physician-reported FMF activity significantly im-
proved (p<0.0001).
Conclusion: IL-1-blocking therapy was well tolerated over a median period of 2 years and reduced 
the frequency of FMF attacks in patients with colchicine-resistant FMF.
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Methods

FMF diagnosis, severity, and genetic analyses
The University Hospital of Heidelberg serves as 
a referral center for autoinflammatory diseases 
and amyloidosis. FMF diagnosis was estab-
lished according the Tel Hashomer criteria (22). 
Genetic tests for MEFV mutations were con-
ducted in all patients. In cases with less than 
two MEFV variants, a complete analysis of MEFV 
exons 1-10 was performed. The FMF severity 
score was determined according to method 
used by Pras et al. (23). The FMF severity score 
comprised age at FMF onset, frequency of at-
tacks, presence of arthritis, erysipelas-like ery-
thema, amyloidosis, and the required dose of 
colchicine prophylaxis that is necessary to con-
trol FMF symptoms. The FMF severity score in-
dicates mild (score, 1-5), moderate (score, 6-9), 
and severe (score, 10-19) FMF activity.

Screening and diagnosis of AA amyloidosis
All patients were screened for clinical and labo-
ratory signs of amyloidosis, such as proteinuria, 
edema, reduced creatinine clearance, and gas-
trointestinal or cardiac involvement. In patients 
with suspected amyloidosis due to, for exam-
ple, proteinuria, periumbilical fat aspiration bi-
opsy and biopsy of the involved organs (mainly 
the kidneys) were performed. Tissue staining 
with Congo red and immunohistochemistry 
were used to confirm AA amyloidosis and to 
exclude other forms of amyloidosis, particular-
ly light chain amyloidosis. In patients with no 
clinical or laboratory signs of amyloidosis, no 
routine biopsy of periumbilical fat or rectal bi-
opsy was performed.

Definition of colchicine-resistant FMF and FMF 
treatment in AA amyloidosis
The EULAR recommendations for the manage-
ment of FMF (9) define colchicine resistance as 
having one or more attacks per month in com-
pliant patients who had been receiving the 
maximally tolerated colchicine dose for at least 
6 months (9). EULAR also states that patients 
with FMF and AA amyloidosis should receive 
an intensified treatment with a maximal toler-
able colchicine dose and biological treatment 
as required (9). Both indications suggest FMF 
treatment with a maximal tolerable colchicine 
dose and supplemented with a biological 
treatment (9).

Study patients and study treatment
All FMF patients were aged at least 18 years and 
were eligible for providing informed consent. 
The maximum dose of colchicine was 2.0 mg 
per day. Patients were not encouraged to take 
>2.0 mg of colchicine to avoid toxic adverse 
events. Patients with an inadequate response 

to colchicines, which was defined as three or 
more FMF attacks per year, or those with per-
sistently elevated C-reactive protein (CRP) and 
serum amyloid A (SAA) serum levels were iden-
tified in patients with FMF and biopsy-proven 
AA amyloidosis. Between 2013 and 2017, a 
combination of colchicine and IL-1-blocking 
therapy (anakinra 100 mg subcutaneous [s.c.] 
daily) was provided to this consecutive cohort 
of patients to reduce FMF attacks. Two patients 
were on dialysis and received anakinra thrice a 
week to compensate the reduced renal clear-
ance of the drug. Two patients did not toler-
ate anakinra injections and were switched to 
canakinumab 150 mg s.c. every 8 weeks.

Clinical characteristics, laboratory parameters, 
and response to treatment were recorded. All 
patients continued the colchicine treatment. 
The response to treatment was evaluated us-
ing patients’ global and physicians’ global as-
sessment of disease severity on a visual analog 
scale (VAS) with a range of 0 to 100. High VAS 
scores indicate severe disease activity. Labora-
tory parameters (CRP, SAA, creatinine, and pro-
teinuria) were determined during each visit. 
The efficacy of anti-IL-1-treatment was quanti-
fied as ≥50% reduction of FMF attack frequen-
cy, patient and physician global assessment, 
and reduction of CRP and SAA levels, which 
has been used previously as the modified 
FMF50 score (24, 25).

After 3 months without FMF attacks and with 
normal range acute phase reactants, patients 
were offered to reduce anakinra to thrice a 
month or less to maintain remission. The fol-
low-up period was ≥6 months. Patients with 
FMF attacks under less than daily anakinra 
were supported to use anakinra daily again.

All patients agreed upon informed consent to 
participate in this study, which was approved 
by our local ethics committee (S-103/2013).

Statistical analysis
Unless otherwise stated, values were calculat-
ed as means and ranges (minimum-maximum) 
or percentage. Study parameters were not 
normally distributed. Therefore, the Wilcoxon’s 
signed rank test was used to compare repeat-
ed measurements, and p values of <0.05 were 
considered statistically significant. All statisti-
cal analyses were conducted using the Statisti-
cal Package for Social Sciences (SPSS) software 
version 25 (IBM Crop.; Armonk, NY, USA).

A power analysis for CRP, SAA, and FMF im-
provement revealed that if an alpha of 0.05 
and power of 0.8 were acceptable, then the 
required minimal sample size is 24 patients.

Results
Thirty-one patients with FMF (12.4%, 14 females 
and 17 males) and an inadequate response to 
colchicine were identified in a cohort of 261 
patients with FMF. Twenty-eight (90%) pa-
tients were of the Turkish-Armenian ancestry, 
one from Germany, one from Azerbaijan, and 
one from the Czech Republic. Genetic analyses 
revealed 58 MEFV variants in 31 patients with 
FMF. High-penetrance MEFV variants of p.Met-
694-Val or p.Met-680-Ile were detected in 48 of 
58 MEFV variants (83%). FMF-related symptoms 
were reported at baseline (Table 1). The medi-
an FMF severity score was 8 (range, 5-14).

Patients carrying 2, 1, and none of the 
high-penetrance MEFV mutations (p.Met-
694-Val or p.Met-680-Ile) had a severity score 
of 11.0 (n=21), 9.0 (n=6), and 7.5 (n=4; p=0.2; 
Table 2), respectively. AA amyloidosis was di-
agnosed in 12 (39%) patients with a median 
FMF severity score of 10.0 (severe FMF activ-
ity). The 19 patients without amyloidosis had 
an FMF severity score of 7.0 (moderate FMF 
activity, p=0.3).

Twenty-nine patients were treated with a com-
bination of colchicine (1.5±0.7 mg per day) 
and anakinra (94%). Two (6%) patients report-
ed non-tolerable side effects to anakinra with 
protracted severe painful skin swelling at the 
site of anakinra injections. These two patients 
received colchicine and canakinumab 150 mg 
s.c. every 8 weeks because of poor compliance 
with anakinra injections. Both patients did not 
have any FMF attack or subclinically elevat-
ed CRP during treatment with canakinumab. 
Anakinra was used once daily in 18 patients 
and twice daily in one patient. Seven patients 
used anakinra thrice a week, and two used it 
only during FMF attacks. All patients with IL-
1-blocking therapy showed a rapid improve-
ment of the global health and a persistent 
suppression of FMF attacks (Figure 1a, b) and 
inflammatory parameters (Figure 2a, b).

Table 1. FMF symptoms at baseline

	 Number of Patients  
FMF symptoms	 n=31 (%)

Abdominal pain 	 28 (90)

Fever	 25 (81)

Myalgia 	 8 (26)

Arthralgia 	 17 (55)

Chest Pain 	 16 (52)

Arthritis	 7 (23)

Amyloidosis	 12 (39)
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The number of FMF attacks was significantly re-
duced by anti-IL-1 treatment (Figure 1b; p<0.003). 
Both patient-reported (VAS 75±23 mm) and 
physician-reported (VAS 70±12 mm) FMF sever-
ity significantly improved (Figure 1a; p<0.0001). 

Consistent with the clinical improvement, the 
maximum serum CRP and SAA levels were also 
significantly decreased (Figure 2, p<0.0001). The 
modified FMF50 score showed an improvement 
in 28 of 31 patients (90%, Table 3).

Among the 12 patients with amyloidosis, three 
(25%) presented with nephrotic syndrome, five 
with chronic kidney disease, two with end-
stage renal disease, and two were in the fifth 
and seventh year after renal transplantation. 
The 24-h urine protein excretion was 5.0±3.5 
g (median±SD) at baseline and decreased to 
0.4±1.0 g with anakinra at the last visit after 
24±18 months. Patients with AA amyloidosis 
had baseline creatinine serum levels of 2.4±0.6 
mg/dL, which decreased in four patients to 
1.6±0.6 mg/dL and remained stable at 2.1±0.4 
mg/dL in eight.

Patients with AA amyloidosis reported high 
FMF disease activity at baseline (VAS 70±21 
mm) that improved with IL-1-blocking therapy 
(VAS 10±20 mm; p=0.001). The physician-re-
ported FMF disease activity was comparably 
high (VAS 80±16 mm) and significantly im-
proved (VAS 15±20 mm; p=0.0009) after 24 
months (±18 mm) of IL-1-blocking therapy.

At the end of this trial, anakinra was used 
once daily in 19 patients (Table 2). One pa-
tient used anakinra twice daily, seven used 
it thrice a week, and two used it only during 
attacks. The presence of two high-penetrance 
MEFV variants (n=20) required daily anakinra 
injections in 17 (75%) patients to maintain a 
good control of inflammation, whereas in the 
absence of two high-penetrance MEFV muta-
tions (n=9), less than daily anakinra injections 
were sufficient in six patients (67%, p=0.001, 
Table 2).

Patients in this cohort were treated with IL-1-
blocking therapy and followed over 24±12 
months. No secondary loss of efficacy was 
observed. Patients report mild infections of 
the upper respiratory tract (16%) and local re-
actions to anakinra (25%). No severe adverse 
events were noted during 58 patient-years 
with IL-1-blocking therapy.

Discussion
We reported about the open-label treatment of 
31 patients with colchicine-resistant FMF with 
a combination of colchicine and IL-1-blocking 
therapy. Our report is consistent with previous 
reports, which indicated a good safety and ef-
ficacy of IL-1-blocking therapy in patients with 
FMF (11-21, 25-29). None of the 12 patients 
with systemic AA progressed to organ failure, 
and 19 patients without AA showed significant 
improvement of global health, inflammatory 
parameters, and modified FMF50 score. This 
study substantiates previous anecdotal reports 
and small case series showing safety and effi-
cacy of IL-1-blocking therapy in patients with 
FMF with and without amyloidosis.

Table 2. Genotype-phenotype correlation

High penetrance MEFV mutations	 2	 1	 0

Number of patients (%)	 n=21 (68%)	 n=6 (19%)	 n=4 (13%)

Age at onset (years, median (range))	 8 (1-50)	 9 (2-21)	 41 (8-61)

Age at baseline (years)	 36 (19-54)	 44 (36-51)	 38 (21-64)

Maximum CRP (mg/l, median (range))	 143 (17-330)	 153 (48-350)	 90 (76-220)

Amyloidosis (%)	 n=9 (43%)	 n=3 (50%)	 0

FMF activity score (range 1-14)	 11 (5-14)	 9 (5-12)	 7.5 (5-10)

Attacks per year with colchicine	 12 (4-24)	 12 (5-24)	 7 (2-18)

Colchicine dose (mg/d)	 2 (0.5-3)	 1.5 (1-2)	 1.5 (0.5-2)

Anakinra daily (n=20)	 17 (81%)	 1 (17%)	 2 (50%)

Anakinra less than daily (n=9)	 3 (14%)	 4 (66%)	 2 (50%)

Canakinumab (n=2)	 1 (5%)	 1 (17%)	 0

Table 3. FMF 50 response to IL-1-blocking therapy

	 Number of Patients (%) 
50% reduction of	 total n=31

frequency of FMF attacks	 23 (74)

frequency of joint attacks	 4 (13)

CRP or normalization of CRP	 30 (97)

patient assessment of FMF disease activity	 30 (97)

physician assessment of FMF disease activity	 31 (100)

Figure 1. a, b. Patient and physician assessment of FMF disease activity at baseline and after 
IL-1 blocking therapy (a); frequency of FMF attacks at baseline and after IL-1 blocking therapy (b)

a b

Figure 2. a, b. Maximum CRP at baseline and after IL-1-blocking therapy (a); maximum SAA at 
baseline and after IL-1-blocking therapy (b)

a b
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Twenty-nine patients were treated with anak-
inra and two with canakinumab. Both drugs 
were safe and well tolerated by our patients. 
Local reactions at the anakinra injection site 
were reported from 25% of the patients, which 
is rather low compared with the 30%-70% of 
injection site reactions that has been observed 
in previous trials (27). However, the majority 
of injection site reactions were transient and 
tolerable. To increase the adherence to anak-
inra injections, the potential for injection site 
reactions and their management should be 
discussed with the patient prior to the initia-
tion of therapy. Some patients used anakinra 
every second or third day during the initial 6 
weeks to desensitize against injection site re-
actions in addition to the general anakinra ap-
plication advice (27). Two patients with a poor 
compliance for daily injections were treated 
with canakinumab with good comparable re-
sults. Mild infections of the upper respiratory 
tract were reported by 16% of the patients, 
and none of them discontinued anakinra. One 
patient reported a severe gastrointestinal in-
fection that remitted after hospitalization. Sys-
temic infections were not observed, and none 
of the patients discontinued therapy because 
of infections or injection site reactions.

A direct comparison of the quality of life in pa-
tients treated with anakinra and canakinumab 
might reveal a general preference of canaki-
numab by the patient. Although medical costs 
of canakinumab are much higher than those of 
anakinra, canakinumab can be used as a sec-
ond-line treatment for patients with compro-
mised compliance or side effects to anakinra 
injections. In addition, results of a clinical trial of 
canakinumab for patients with colchicine-re-
sistant FMF were recently published (28).

A limitation of our study was the observation-
al design and heterogeneity of patients with 
FMF with and without AA. However, our results 
are perfectly consistent with other reports 
of a good safety and efficacy of IL-1-blocking 
agents for the treatment of colchicine-resistant 
FMF.

After the patients attained clinical remission, 
nine reduced anakinra to less than daily injec-
tions to maintain remission. It seemed that in 
these patients, the biological effect of anakinra 
lasted longer than the pharmacological effects 
(29). Patients with FMF with two high-pene-
trance MEFV mutations are more likely to re-
quire daily anakinra to maintain their remission. 
This finding is consistent with a previous report 
of a correlation between high-penetrance 
MEFV mutations and the increased production 
of IL-1-beta (30). It is also consistent with the 

concept of a gene-dose effect on the clinical 
phenotype as recently discussed (31).

The predominance of high-penetrance MEFV 
mutations in our German cohort is consistent 
with previous reports on patients with FMF 
with the Turkish-Armenian ancestry. A recent 
report from south Italy has described an en-
demic area for a mild-to-moderate FMF variant 
with predominant E148Q and R761H MEFV 
mutations (32), which were not observed in 
our cohort.

The treatment of colchicine-resistant FMF with 
anakinra and canakinumab was safe and effi-
cient in patients with and without AA amyloi-
dosis.
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