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Background: Familial Mediterranean Fever (FMF) is a hereditary autoinflammatory syndrome charac-
terized by recurrent serositis or arthritis attacks and, in some patients, chronic subclinical inflammation
that predisposes to secondary amyloidosis. Colchicine is the gold standard of treatment, which reduces
attack frequency and amyloidosis risk. However, up to 5% of patients are considered resistant or
inadequately respond to colchicine, and some others cannot tolerate the side effects of effective doses of
colchicine (colchicine intolerant).
Methods: We examine how the definition of colchicine resistance has evolved along with various
characteristics of colchicine that may help explain unresponsiveness to the drug.
Results: Key factors in assessing colchicine resistance include attack frequency and severity, levels of
acute phase reactants, colchicine dosage and composition, and treatment compliance. Promising clinical
results have been obtained with biologics targeting interleukin-1 in colchicine-resistant or -intolerant
patients with FMF.
Conclusions: These results underscore the need to identify patients who are not optimally managed with
colchicine and who might therefore benefit from additional biologic therapies.
& 2017 The Authors. Published by Elsevier HS Journals, Inc. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Familial Mediterranean fever (FMF) is a monogenic autoinflam-
matory hereditary disease characterized by recurrent episodes of
fever with sterile peritonitis, pleural inflammation, arthritis, and/
or erysipelas-like rash [1,2]. Although these clinical episodes are
self-limited, typically lasting 1–3 days, patients are at risk of poor
quality of life, sequelae of chronic inflammation, and developing
secondary amyloidosis, which can lead to renal failure and early
death [3]. In managing FMF, the goals are to prevent clinical
attacks and to suppress chronic subclinical inflammation and its
sequelae, most importantly secondary amyloidosis [3]. Colchicine
is the mainstay of treatment, which has been shown to be effective
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in preventing clinical attacks of FMF and secondary amyloidosis in
studies dating back over 40 years [4–7]. When used at appropriate
doses, colchicine is safe and effective in the treatment of FMF.
However, some patients do not tolerate colchicine at therapeutic
doses or may be intolerant to colchicine because of interactions
with other drugs [8]. In addition, up to 5% do not respond
adequately to the highest tolerable doses [2].

Over the years, colchicine resistance has been defined in differ-
ent ways. Herein, we examine how the definition of colchicine
resistance has evolved along with various characteristics of colchi-
cine that may help explain unresponsiveness to the drug. It is
hoped that by improving our understanding of the multiple factors
that can influence patient response to colchicine—including col-
chicine mechanisms of action, metabolism, potential drug–drug
interactions, and patient compliance with treatment—it may be
possible to better identify those patients who are truly resistant to
colchicine and would benefit from alternative therapies such as
biologics earlier in the FMF disease process.
Efficacy and safety of colchicine in FMF

Three seminal studies in 1974 established the efficacy of colchi-
cine for the treatment of FMF [4–6]. Zemer et al. [4] identified the
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ability of colchicine to prevent clinical attacks of FMF in a 4-month,
double-blind, crossover study of 22 patients. At a dose of 0.5 mg
twice daily, colchicine significantly reduced the frequency of clinical
attacks compared with placebo (5.25 vs. 1.15 attacks per patient over
2 months; P o 0.01). In the study by Dinarello et al. [5], 11 patients
with long-standing FMF received randomized courses of 0.6 mg of
colchicine or placebo three times daily over 28 days; if no attacks
occurred, another 28-day course was initiated. Over a study period of
11 months, 60 courses of placebo treatment were associated with 38
FMF attacks, compared with only 7 attacks per 60 courses of
colchicine treatment (P o 0.001). Goldstein and Schwabe [6] also
showed that prophylactic colchicine therapy administered over a
period of 3 months was associated with significantly fewer attacks
compared with placebo (P o 0.002).

Subsequent studies confirmed the efficacy of colchicine in FMF.
Notable among these studies was an investigation of 350 children
who were treated with colchicine at doses of 1–2 mg/day for 6–13
years [9]. Colchicine provided complete remission of febrile attacks
in 64% of the cohort, and partial remission in 31%. In this study,
partial remission was defined as either a significant decrease in the
frequency and severity of all forms of attacks (abdominal, articular,
pleuritic, and fever alone) or remission of one form of attack but
not another. Importantly, none of the children developed secon-
dary amyloidosis while receiving colchicine treatment. Growth,
development, and subsequent fertility were judged to be normal.
The efficacy of colchicine at the recommended dose of 1.0–1.5 mg/
day in adults was confirmed in a recent systematic review,
although colchicine clinical trials were suggested to have some
quality problems in comparison to current trial approaches [10].
Intravenous colchicine has also shown efficacy in some patients
who do not respond to oral colchicine [11,12]. In one study of
5 patients who had frequent FMF attacks despite maximal oral
colchicine therapy (2–3 mg/day), treatment with adjunctive
weekly IV infusions of 1 mg colchicine for 6 months was associated
with a 50% reduction in frequency of febrile abdominal and chest
attacks [11]. However, early warnings signs of toxic doses in the
gastrointestinal system induced by oral administration could not
be seen when colchicine is used intravenously. Considering the
substantial risk of toxicity associated with overdoses, intravenous
colchicine should not be recommended as an alternative treatment
for patients not responsive to standard oral use [3].

Oral colchicine appears safe and generally well-tolerated when
used at recommended doses. Gastrointestinal side effects includ-
ing diarrhea, cramps, and abdominal pain are seen in up to 20% of
FMF patients at therapeutic doses [13], but are generally mild and
transient. To reduce side effects, the daily dose of colchicine can be
divided, but it carries the risk of potentially reducing treatment
compliance, which in turn can negatively affect the response to the
drug [3]. Other options for minimizing the gastrointestinal effects
of colchicine include reducing the dose, modifying the patient's
diet to reduce dairy intake, and adding antidiarrheal and spasmo-
lytic agents to the treatment regimen [3]. In some cases, it may be
beneficial for a patient to switch to another formula of colchicine,
which may or may not be combined with an anticholinergic agent
to reduce diarrhea (Colchimax).

Of particular note, colchicine has been shown to be a safe
medication in children, even during infancy, and in pregnant women.
In a study of pediatric FMF patients, colchicine treatment resulted in
diarrhea in a small percent of patients (14%), which was controlled by
reducing colchicine dose, and only a mild transitory increase in
transaminase levels [14]. Several studies have also demonstrated the
safety of colchicine treatment during pregnancy [15,16]. In a study of
238 colchicine-exposed pregnancies and 964 pregnancies with non-
teratogenic exposure, no significant differences in major congenital
anomalies was observed between the 2 groups, nor were any
cytogenetic anomalies reported in the colchicine group [16].
Colchicine also has a relatively narrow therapeutic window,
and therefore patients should not receive more than the maximum
dose they can tolerate, which is less than 3 mg/day in adults and
less than 2 mg/day in prepubescent children [2]. One interdiscipli-
nary group has recommended a starting dose of r0.5 mg/day for
children who are younger than 5 years, 1.0 mg/day for children
ages 5–10, and 1.5 mg/day for children over 10, which can be
increased to no more than 2.0 mg/day if needed [17]. More
recently, a study of steady-state pharmacokinetics in pediatric
and adult patients with FMF resulted in the following recommen-
dations for starting doses in children: 0.6 mg/day for patients 2–4
years and 4–6 years of age (half the US adult dose), and 0.9 mg/day
for patients aged from 6 to less than 12 years (three-quarters of the
US adult dose) [18]. However, this dosing regimen is not applicable
in the EU, as colchicine is available only in 0.5 and 1 mg tablets.

Moreover, colchicine is a substrate for the cytochrome P450
(CYP) 3A4 isoenzyme and the P-glycoprotein-1 (P-gp) efflux trans-
porter [19–21]. Concomitant administration of CYP3A4 or P-gp
inhibitors can limit the safety and tolerability of colchicine, and
accordingly require reduction of the maximum colchicine dose [2].
Drug–drug interactions as well as neuromuscular, hepatic, and
hematological toxicities, including rhabdomyolysis, leukopenia,
granulocytopenia, thrombocytopenia, and aplastic anemia may
also limit colchicine use [13]. It should be emphasized that
toxicities associated with colchicine treatment remain relatively
rare and preventable following recommendations of use, and
colchicine has an excellent long-term safety profile [3].
Definitions of colchicine resistance

As noted above, up to 5% of patients do not respond to
colchicine even when used at the highest tolerable dose [2,9,22].
The meaning of “colchicine resistance” has evolved over the past
decade, although a consensus definition remains elusive (Table).
Early definitions were based on the frequency of clinical attacks;
for example, non-responders were defined as patients with more
than 1 clinical attack every 3 months despite treatment with
colchicine 2 mg/day [23]. Unfortunately, this definition cannot be
applied universally since some patients cannot be treated with a
2 mg/day dose. Moreover, it does not consider the severity of FMF
manifestations, including symptoms occurring outside of febrile
attacks, such as myalgia and vasculitis.

Ben-Chetrit and Ozdogan [24] attempted to create FMF response
criteria by using an approach with indexes similar to the American
College of Rheumatology (ACR) response criteria in rheumatoid
arthritis. They suggested that FMF response can be defined based on
the percentage reduction in attack frequency (e.g., FMF-50 would
represent a 50% reduction in attack frequency). This paradigm allowed
comparisons before and after colchicine treatment; those not reaching
an FMF-50 response would be classified as non-responders. However,
before the patient could be classified as a non-responder, it would be
necessary to ensure that he or she was fully compliant with colchicine
therapy, which is hard to estimate by measuring plasma colchicine
levels because of lack of reliable detection methods and absence of a
correlation between plasma and intracellular concentrations.

An interdisciplinary group of French and Israeli physicians and
geneticists recognized that an FMF-50 response does not provide
information about remaining symptoms [2]. They considered
patients with mild and severe FMF; the former may have few
remaining symptoms whereas the latter may still suffer from very
frequent attacks that predispose to secondary amyloidosis. To
address this issue, the group recognized that both attack frequency
and severity should be considered, even though it would compli-
cate the scoring system and make it difficult to use in daily clinical
practice. Their consensus recommendation indicated that fully



Table
Different approaches for assessing colchicine response

Reference Main criteria Additional considerations

Lidar et al. (2004) [23] Non-responders defined as patients with 41 clinical attack every
3 months despite treatment with colchicine 2 mg/day

Some patients cannot be treated with a 2-mg/day dose; definition
does not account for the severity of symptoms

Ben-Chetrit et al. (2008)
[24]

FMF response defined based on the % reduction in attack frequency;
patients not reaching an FMF-50 response would be classified as
non-responders

FMF-50 response does not provide information about remaining
symptoms

Hentgen et al. (2013) [2] Fully compliant patients considered colchicine resistant if they have
46 typical FMF attacks per year or 43 attacks over 4–6 months

If attacks are incomplete, an increase in at least 2 of 3 acute phase
reactants is also necessary to define resistance

Ozen et al. [25] Beyond attack frequency, FMF-50 now also requires Z50%
improvement in 5 of 6 criteria; patients not achieving FMF-50
response considered to be colchicine resistance

6 criteria include: % change in frequency of attacks, % change in
duration of attacks, patient/parent global assessment of disease
severity, physician global assessment of disease severity, % change
in arthritis attacks, and % change in acute phase reactants

Ozen et al. (2016) [3] Colchicine resistance defined by Z1 attacks per month in compliant
patients receiving the maximally tolerated dose for Z6 months

Some patients receiving colchicine may not tolerate infrequent
attacks or may have heightened risk of secondary amyloidosis;
additional or alternative therapy may be warranted
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compliant patients should be considered colchicine-resistant if
they have more than 6 typical FMF attacks per year or more than
3 typical attacks over a 4–6-month period. In cases where attacks
are incomplete, then increases in at least 2 of 3 acute phase
reactants (C-reactive protein [CRP], erythrocyte sedimentation rate
[ESR], and serum amyloid A [SAA]) between attacks would identify
the patient as colchicine-resistant.

The FMF Arthritis Vasculitis and Orphan Disease Research in
Pediatric Rheumatology (FAVOR) and Turkish FMF study group
revisited the concept of an FMF-50 response for assessing outcome
in FMF [25]. Instead of looking solely at attack frequency as with
the FMF response criteria of Ben-Chetrit and Ozdogan, the revised
FMF-50 required at least 50% improvement in 5 of 6 criteria with
treatment without worsening in any single criterion: percent
change in frequency of attacks, percentage change in duration of
attacks, patient/parent global assessment of disease severity
(scored on a 10-cm visual analog scale [VAS]), physician global
assessment of disease severity (10-cm VAS), percentage change in
arthritis attacks, and percentage change in CRP, ESR, or SAA.
Compliant patients not achieving a FMF-50 response were con-
sidered to be colchicine resistant.

The European League Against Rheumatism (EULAR) recently
published recommendations for management of FMF, in which
colchicine resistance was defined by 1 or more attacks per month
in compliant patients who had been receiving the maximally
tolerated dose for at least 6 months [3]. The guidelines also
recognize that some patients receiving colchicine may not tolerate
even infrequent attacks or may have evidence of significant
subclinical inflammation that places them at heightened risk of
secondary amyloidosis, and thereby would warrant additional or
alternative therapies. We believe that the EULAR definition of a
colchicine-resistant patient is inadequate for several reasons,
particularly its definition of colchicine resistance as “one or more
attacks per month.” This definition implies that a treatment
response has been achieved even in a patient, for example, who
has had 11 attacks during a year of treatment. We also believe that
a more substantial and data-driven definition that can be validated
in different ethnic groups is needed.
Colchicine mechanism of action

To better understand why some patients are resistant to or
intolerant of colchicine, it is important to consider its mechanisms
of action. Colchicine is well recognized to inhibit microtubule
assembly in in vitro conditions [26]. Microtubules are filamentous
structures that are involved in maintaining the structure of cells and
allowing cell movement for functions such as cell and nuclear
division, cytokine secretion, and regulation of ion channels [27].
Microtubules are also necessary for activation of the NLRP3 inflam-
masome, a complex that converts pro-IL-1β to active IL-1β and is
associated with inflammatory diseases such as FMF [28,29]. The anti-
inflammatory effect of colchicine in FMF has traditionally been
thought to result from microtubule disruption in neutrophils, which
prevents their migration in response to chemotactic factors [30].
Another line of evidence suggests that colchicine has a beneficial
effect in FMF through activation of the GTPase RhoA and subsequent
phosphorylation of the 14-3-3 protein and inhibition of pyrin-
induced inflammasome formation; recently Park et al. [31] have
found that colchicine resistance may also arise when certain muta-
tions in pyrin prevent binding to the 14-3-3 protein.

Additionally, colchicine has been shown to alter the distribution
of cell adhesion molecules on neutrophils and endothelial cells,
thereby reducing neutrophil transmigration [32]. Interestingly, low
concentrations of colchicine altered the distribution of E-selectin
molecules on the endothelium, whereas higher therapeutic concen-
trations reduced the number of L-selectin molecules on neutrophils.
Recently, colchicine was found to alter the deformability of neutro-
phils, with the reduction in cytoplasmatic elasticity correlated with a
decreased number of cytoplasmatic microtubules [33]. This resulted
in a decrease in neutrophil migration through small pores, which is
considered critical for neutrophil extravasation to inflammatory sites.
Despite the known effects of colchicine on microtubules and benefits
in FMF and gout, it has not shown efficacy in other inflammasome-
associated hereditary fever disorders such as mevalonate kinase
deficiency, familial cold autoinflammatory syndrome (FCAS),
Muckle–Wells syndrome (MWS), and severe neonatal onset multi-
system inflammatory disorder (NOMID).

Increasing evidence suggests that the effects of colchicine in
FMF may be due to additional mechanisms beyond those affecting
microtubules in neutrophils. For example, Ben-Chetrit et al. [30]
found that incubation of human vascular endothelial cells with
colchicine for short periods (30 or 120 minutes) affected expres-
sion of genes involved in the cell cycle and its regulation, whereas
longer incubation periods (12–24 hours) were needed before
colchicine regulated the expression of genes involved in neutrophil
migration or other inflammatory processes. These temporal differ-
ences may possibly help explain why colchicine is not effective
when administered at the time of an acute attack in FMF patients.

The underlying genetic defect in FMF is a mutation in MEFV, the
gene that encodes pyrin, a protein expressed in neutrophils, eosino-
phils, monocytes, dendritic cells, and synovial fibroblasts and thought
to be an important regulator of inflammation and innate immunity
[34]. Pyrin is found predominantly in the nucleus, but also in
association with the cytoskeleton in the cytoplasm. The N-terminal
of pyrin contains a domain found in several regulators of apoptosis
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and inflammation. Pyrin interacts with the adapter protein ASC, which
promotes formation of large perinuclear structures (known as specks)
and modulates inflammasome activity including activation of caspase-
1 and IL-1β, and nuclear factor-kappa B (NF-κB) [34]. Colchicine has
been shown to down-regulate pyrin expression, reduce ASC speck
formation in cells expressing mutant pyrin, and induce reorganization
of the actin cytoskeleton in the human monocytic cell line THP-1 at
high doses [35].

Multiple mutations have been identified in MEFV, the most
severe ones being those in exon 10, mainly M694V, M694I, and
M680I. It appears that the penetrance of the mutations may
influence response to colchicine. For example, Lidar et al. [36]
found that patients homozygous for the most penetrant M694V
exhibited more severe disease and required higher doses of
colchicine compared with M694V/V726A compound heterozy-
gotes and V726A homozygotes (average dose/day: 1.98, 1.47, and
1.13 mg, respectively) Clinical attack rates were higher among the
M694V homozygotes compared with the other 2 groups. Another
genetic factor that may underlie colchicine resistance is drug
transporter gene ABCB1 (MDR1) 3435 C to T polymorphism [37].
This drug transporter extrudes colchicine out of cells, and patients
with the C genotype have been shown to be more resistant to
colchicine that patients with the TT allele.

Taken together, available evidence suggests that colchicine has
multiple mechanisms of action in FMF [38]. Importantly, variations in
any of these pathways may influence the efficacy of colchicine, and
thereby contribute to colchicine resistance, at least in some patients.
Colchicine metabolism and potential drug–drug interactions

As noted previously, colchicine is a substrate for CYP3A4 and P-
gp, and therefore concomitant administration of drugs that inhibit
these enzymes may increase plasma colchicine concentrations. In
2009, when a single-ingredient oral dose of colchicine (Colcrys)
was first approved by the US Food and Drug Administration (FDA)
for the treatment of FMF and acute gout flares, 117 deaths had been
reported at therapeutic doses (i.e., not counting potential over-
doses), and of these, about half occurred in patients who were also
taking clarithromycin [39,40]. Terkeltaub et al. [41] looked specif-
ically at colchicine interactions with seven known inhibitors of
CYP3A4 and P-gp [cyclosporine, ketoconazole, ritonavir, clarithro-
mycin, azithromycin, verapamil extended release (ER), and diltia-
zem ER], and concluded that the colchicine dose needs to be
reduced when used concomitantly with each of these agents
except for azithromycin. Other drug–drug interactions and adverse
outcomes have been observed with colchicine, including myopa-
thy or rhabdomyolysis with digoxin, statins, and gemfibrozil
[13,42,43], and thrombocytopenia with the anti-PD-1 inhibitor
nivolumab [44].

Colchicine is clinically effective in most FMF patients at blood
concentrations o7 ng/mL, but can cause serious toxicities, multi-
ple organ failure, and death at concentrations 410 ng/mL [45,46].
Accordingly, care is needed to ensure that patients are not exposed
to excessive colchicine concentrations, particularly those who are
treated with concomitant CYP3A4 or P-gp inhibitors. The max-
imum dose of colchicine should be reduced to 0.6 mg/day in
patients treated with strong CYP3A4 and P-gp inhibitors. Unless
blood levels of colchicine are verified, these reductions, in theory,
may result in subtherapeutic exposure in some patients and
possibly contribute to apparent colchicine resistance.

Colchicine compliance

Several studies have shown that full compliance with colchi-
cine treatment may not be particularly common in FMF patients.
In a cohort of 38 FMF patients (aged 7–57 years) seen at a
Jerusalem clinic, only 5 (13%) filled all colchicine prescriptions that
they received from their physician [22]. In total, 13 patients (34%)
filled less than 50% of their prescriptions and 3 (8%) did not fill any
of the prescriptions, suggesting that approximately 40% had poor
compliance with colchicine. Similar results were reported in a
cohort of 96 consecutive FMF patients seen at a Turkish clinic:
35.5% of the patients did not use colchicine regularly [47]. Poor
compliance with colchicine therapy may contribute to inadequate
responses, thereby hindering the assessment of true “colchicine
resistance.” Accordingly, expert opinion and management guide-
lines recognize that patients can be classified as colchicine-resist-
ant only if they have been shown to be fully compliant with the
treatment regimen and are still not responding to therapy [2,3,25].
Patients cite a range of reasons for poor compliance, including side
effects such as diarrhea, worries about using a drug for a lifetime,
and concerns about sexual fertility or effects on the fetus [3].
Because there are no accessible assays for measuring colchicine in
the blood and definitively establishing compliance, EULAR guide-
lines note that lack of compliance should be considered in all
patients who do not respond adequately to colchicine [3].
Looking forward

Overall, we see that many factors can contribute to inadequate
response to colchicine, including lack of compliance, adverse
events, potential drug interactions, and genetic background (Fig.).
Clinicians are thus confronted with multiple pathways that com-
plicate an assessment of true colchicine resistance in their
patients. The situation is further complicated by two issues: first,
a consensus definition of colchicine resistance has not yet been
reached, and second, our definition of patient response must also
include an assessment of compliance, which is often problematic.
Having rigorous criteria for defining patient response to treatment
and potential colchicine resistance is particularly important now
that new biologics are available for patients who do not respond to
or are intolerant of colchicine. These biologics target IL-1, and
include the recombinant IL-1 receptor antagonist, anakinra; the
IL-1 fusion decoy receptor, rilonacept; and the anti-IL-1β mono-
clonal antibody, canakinumab.

Several case studies suggest that anakinra may be effective in
patients with colchicine-resistant FMF [48–54]. In one report,
anakinra successfully reduced attack frequency and levels of acute
phase reactants in 6 patients who had experienced at least 2
attacks per month and had elevated CRP despite regular colchicine
therapy [51]. Notably, the TNF inhibitor etanercept was ineffective
in these patients, leading the investigators to speculate that the
relative superiority of blocking IL-1β over TNFα may reflect effects
on pyrin and the IL-1β inflammatory pathway. In other case
reports, anakinra reduced attack frequency and normalized acute
phase reactants in patients with colchicine-resistant FMF with
secondary amyloidosis; however, follow-up was not sufficient to
evaluate the impact of anakinra on amyloidosis [53,54]. In a 4-
month double-blind, randomized, placebo-controlled trial in 25
colchicine-resistant FMF patients, 12 patients receiving anakinra
had an attack rate of 1.7/month, compared with 3.5/month for the
13 patients receiving placebo (P = 0.037) [55]. Quality of life was
also found to be better in the anakinra group (P = 0.045). The rate
of adverse events was comparable between the two groups, and
the only patients who prematurely discontinued the study were in
the placebo group.

Rilonacept reduced the frequency of FMF attacks in a random-
ized, double-blind, alternating-treatment study of 14 patients with
colchicine-resistant or -intolerant FMF [56]. In the study, patients
were randomized to treatment sequence, consisting of two



Fig. Factors contributing to inadequate response to colchicine. Multiple factors are
associated with inadequate response to colchicine, including lack of compliance,
genetic factors (e.g., FMF-related MEFV variations), environmental factors (e.g., diet
and stress), colchicine dosage and interaction with other drugs. The imbalances
may be due either to temporary factors such as diet, stress, infections, or other
accompanying inflammatory conditions that can be controlled by a short-term
intervention with biologic agents, or due to permanent factors such as genetics
requiring a continuous need for additional treatment [45]. (Adapted with permis-
sion from Gül [45]).
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3-month courses of rilonacept 2.2 mg/kg SC weekly and two
3-month courses of placebo. Rilonacept significantly reduced the
median number of attacks per month compared with placebo
(0.77 vs. 2.00; P = 0.027), and produced more treatment courses
without attacks (29% vs. 0%; P = 0.004) and with 50% or greater
reductions in attack frequency (75% vs. 35%; P = 0.006). However,
rilonacept did not alter the duration of attacks. Health-related
quality of life (HRQOL) was assessed as part of this study;
rilonacept significantly improved the physical summary score
(P = 0.025), but not the psychosocial summary score (P = 0.55),
compared with placebo in these patients [57].

Canakinumab has been assessed in retrospective reviews and
two open-label phase II studies of colchicine-resistant patients
[52,58–61], and it is the only biologic agent approved by the U.S.
FDA for the treatment of FMF based on data from a pivotal phase III
clinical trial [62,63]. Both phase II studies, 1 in 9 patients aged 12–
34 years and 1 in 7 children aged 7–15 years with colchicine-
resistant FMF, established the efficacy of canakinumab in reducing
the frequency of FMF attacks and maintaining low levels of acute
phase reactants, with no unexpected adverse events [59,61]. In the
ongoing phase III study, 63 patients with colchicine-resistant or
-intolerant FMF were randomized to receive canakinumab 150 mg
SC or placebo every 4 weeks [62]. At week 16, canakinumab
compared with placebo produced a significantly higher responder
rate (i.e., resolution of the index attack by day 15 and no new
disease attacks: 61.3% vs 6.3%), and higher rates of physician global
assessment of disease activity o2 (i.e., minimal/none: 64.5% vs.
9.4%), CRP ≤ 10 mg/L (67.7% vs. 6.3%), and SAA (≤10 mg/L (64.5 vs.
9.4%) at week 16 (all P o 0.001). Adverse event rates with
canakinumab were generally comparable to placebo and consis-
tent with previous clinical experience with the drug.

Recent guidelines from EULAR and a French/Israeli consortium
recognize that IL-1 blockade may be a promising second-line
approach for colchicine-resistant or -intolerant patients [2,3]. These
guidelines recommend that colchicine should be co-administered
with the IL-1 inhibitor, as it may reduce the risk of amyloidosis when
the inflammation cannot be controlled with colchicine alone. For
patients with amyloidosis, FMF treatment needs to be intensified
using the maximum tolerated dose of colchicine and supplemented
with the biologic as needed. The optimal use of these agents in
colchicine-resistant FMF, whether temporarily, periodically, or con-
tinuously, requires further clinical investigation.
In addition, clinicians will need to consider other factors
influencing the optimal use of biologics, particularly their cost
and the need, in some cases, of daily injections. Biologic agents are
derived from manipulation of living organisms and cells, and are
typically more expensive than conventional drugs [64]. Moreover,
not only can the frequency of injection can be inconvenient for
many patients, but the cost of these drugs may influence the
injection schedule, as clinicians attempt to tailor therapies for their
patients that balance safety, efficacy, quality of life, and cost [65].
Conclusion

Life-long daily colchicine is the gold standard of treatment for
FMF, but a significant proportion of patients may not respond
adequately or may be resistant, placing them at heightened risk of
complications, most importantly secondary amyloidosis. Multiple
definitions of colchicine resistance have been suggested, although a
consensus definition has not been reached. Identifying which
patients cannot be adequately treated with colchicine and which
may have inadequate response due to factors other than compliance
(e.g., genetics, intolerance, and drug interactions) is of increasing
importance, as new biologic therapies that could potentially improve
the care of colchicine-resistant patients continue to become available.
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