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“The right dose differentiates a poison from a remedy”
Paracelsus

F hereditary autoinflammatory disorders, is characterized by
amilial Mediterranean fever, the most common form of

After the initial favorable observations [2,3], the important role of colchicine in the treatment of FMF was documented by clinical trials showing its efficacy in the prevention
of recurrent inflammatory episodes and development of secondary amyloidosis [4,5,8]. Since then, colchicine has been
accepted as the standard treatment for both pediatric and
adult FMF. Following its success as a prophylactic therapy,
mounting information has been collected through clinical
practice, which provided reliable safety data for continuous
daily use of colchicine in patients with FMF, including pediatric, pregnant and nursing patients [9-12].

recurrent episodes of fever and sterile inflammation resulting
Clinical pharmacology
in peritonitis, pleuritis, arthritis, and/or erysipelas-like eryDespite its established success, colchicine has limitations,
thema. In addition to these self-limited inflammatory episodes
mainly the result of its narrow therapeutic index due to its
that last 1–3 days and mainly affect serosal membranes, FMF
pharmacokinetic and pharmacodynamics properties. The
has also been associated with an increased risk for reactive (AA
historical legacy of colchicine as a natural and safe remedy for
type) amyloidosis [1].
inflammation lies in its dose-dependent adverse effects, especially those on the gastrointestinal system (i.e., increased motilFMF is considerably common in eastern Mediterranean
ity, diarrhea, abdominal pain, vomiting), which limit its oral
countries and exerts a significant disease burden. Colchicine has
use at toxic doses. However, in view of its widespread use in
been accepted as the standard of care for prophylactic treatment
patients from all age groups with possible risks associated with
of inflammatory episodes and prevention of reactive amyloidosis
co-morbidities and concomitant medications, it has become
in FMF patients long before the elucidation of the genetic basis of
necessary to reevaluate all available safety data.
FMF [2-5]. Identification of the pathogenic mechanisms of FMF,
after the MEFV gene variations were found to be the cause of the
Colchicine is mainly absorbed from jejunal and ileal mucosa,
autosomal recessively inherited disease, enables the optimum
and its oral bioavailability may show individual differences ranguse of colchicine as well as the development of more targeted
ing from 24% to 88% (mean 45%) in healthy volunteers [6].
therapies for patients with inadequate Colchicine provides an effective Mucosal injury, associated with longresponse to colchicine.
term colchicine use, was reported in the
and safe treatment option in
jejunum of patients, possibly related to
This review updates the treatment
FMF patients, but it has a
high drug concentrations in the main
options for patients with FMF by sumnarrow therapeutic margin
absorption site [13]. P-glycoprotein mulmarizing the available data on colchitidrug transporter (ABCB1) and cytochrome P450 (CYP3A4)
cine and its current alternatives.
proteins are important in its transport and metabolism, respectively [Figure 1]. Colchicine reaches the peak plasma concenColchicine
tration about 1 hour after administration of a single oral dose,
while its accumulation within the cells, such as granulocytes or
Colchicine is an alkaloid extracted from Colchicum autumnale
mononuclear leukocytes, may take 2 days [14].
(also known as autumn crocus or meadow saffron). Colchicum
Colchicine is mainly eliminated by biliary excretion, along
extracts have been used successfully for ages as an anti-inflammawith 10%–20% contribution by the kidneys [7], and both
tory medication primarily in the treatment of gout but for other
CYP3A4 and ABCB1 proteins play an important role. Plasma
inflammatory and non-inflammatory conditions as well [6,7].
drug levels may reach toxic levels in patients with liver or
FMF = familial Mediterranean fever
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Figure 1. Proteins involved in the transport and metabolism of colchicine
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ng/ml [6]. Recent studies show that colchicine concentration
renal dysfunction. Similarly, drugs interacting with ABCB1 or
> 7.5 ng/ml in medium is required to disrupt microtubules in
CYP3A4 proteins may also affect its elimination and result in
different cell lines, and changes in the actin cytoskeleton are
toxicity [7,15]. Fatalities were reported due to concomitant use
observed at concentrations of 250 ng/ml [21]. Although there
of macrolide antibiotics, such as clarithromycin, a frequently
may be a difference between effective serum and intracellular
used strong CYP3A4 inhibitor in pediatric and adult patients
colchicine concentrations, the dissociation between clinically
[16]. Also, in FMF patients with renal transplantation, administration of cyclosporine may cause Inadequate response to colchicine effective and microtubular disruptive
severe toxicity. Since cyclosporine and could be observed in FMF patients serum levels suggests that colchicine’s
effects on microtubules may not be
other ABCB1 transporter inhibitors
due to an imbalance resulting
the sole explanation for its mode of
may interfere with intestinal excretion
from a higher inflammatory
action. Peak serum concentration
of the drug, there may be an increased
activity, which exceeds the antibecomes particularly important if coltoxicity risk due to masking of gastroinflammatory capacity of colchicine chicine’s relatively specific efficacy in
intestinal adverse effects and delay of
inflammasome-related inflammatory conditions, such as FMF
colchicine-induced diarrhea, a manifestation that usually serves
and gout, is taken into account. Further studies are therefore
as a warning sign for impending colchicine toxicity [7].
required to identify other possible targets of colchicine, which
Colchicine has a stable pharmacokinetic pattern in chilmay have a putative role in the inflammasome complex.
dren and adults [17]; at the suggested daily oral doses of not
more than 2 mg in children and 3 mg in adults, serious or fatal
adverse events are rare [18]. On the other hand, toxic serum
Inadequate response to colchicine
levels can easily be reached before appearance of gastrointesColchicine is effective in most patients with FMF. However,
tinal toxicity signs, when colchicine is used intravenously [19].
about 30% may experience a partial response, and nearly 5%
of FMF patients are considered resistant to colchicine despite
full compliance [18].
Mechanism of action
Colchicine is known to prevent microtubule elongation by bindInadequate response to colchicine may be due to an imbaling to tubulin monomers and inhibiting polymer formation
ance between the disease-associated inflammatory activity and
[20]. Colchicine and derivatives are used in the laboratory to
anti-inflammatory capacity of colchicine that could be achieved
arrest mitosis at metaphase due to their effects on cytoskeletal
with tolerable doses [Figure 2]. FMF-related MEFV variations
microtubules. Its efficacy has traditionally been associated with
are responsible for increased activation of interleukin-1β pathdisruption of microtubule structure, affecting migration, signal
way, and a higher inflammatory activity may be associated
transduction, or secretory functions of inflammatory cells [7].
with particular MEFV variations such as homozygous M694V
However, within the narrow therapeutic window of colchicine,
genotype [22]. Also, variations in yet unknown modifier genes,
a clinical response is already observed with a blood level of less
environmental factors (such as infections, stress or diet) or
than 7 ng/ml. Usually, much higher serum levels of colchicine
accompanying inflammatory conditions (spondyloarthritis,
are required for the disruption of microtubules, and these levels
vasculitis) may also contribute to the development of a stronger
are achieved only in toxic conditions. Serious toxicities and fatal
inflammatory response, which may exceed colchicine’s antioutcomes due to multi-organ failure and cardiovascular collapse
inflammatory effects [23-25]. On the other hand, colchicine has
are associated with high serum levels of colchicine, usually > 10
a daily dose limit of up to 3 mg for an adult patient to achieve
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ease [27]. However, after identification of MEFV variations
as the cause of autosomal recessively inherited FMF and its
inflammasome-related pathogenesis, IL-1 blockade has become
the first choice in FMF patients with inadequate response to
colchicine [18]. FMF has been classified among the inflamInflammatory Activity
Colchicine
masomopathies [1]. MEFV variations have been associated
Genes
Dosage
MEFV variations (M694V/M694V, others)
Maximum tolerable doses (1.5–3 mg)
with increased activation of IL-1β pathway due to either gainModifier genes (yet unknown)
Gastrointestinal adverse effects
of-function or loss-of-function mutations [28,29]. In parallel
Other limitations
Environmental factors
with the genetic background, a favorable clinical response was
Microbiome
Drug metabolism and interactions
reported in colchicine-resistant FMF patients with IL-1 inhiInfections
Pharmaceutical forms
Stress, diet and others
Absorption
bition by anakinra (a recombinant IL-1 receptor antagonist),
Intracellular metabolism
canakinumab (a monoclonal anti-IL-1β antibody), or rilonacept
Accompanying disorders
Spondyoarthritis, vasculitis
Compliance
(a receptor fusion protein acting as IL-1 decoy receptor), but
Others
none of these agents has yet been licensed for FMF patients.
Efficacy of anakinra was observed both in patients with
inadequate response to colchicine [30-35] and in patients with
reactive amyloidosis, renal failure and transplantation [35-38].
Similarly, a favorable response to canakinumab was reported in
a patient with destructive arthritis [39]. The only randomized
Continuous or Temporary
placebo-controlled trial conducted involved rilonacept given
to pediatric FMF patients resistant to or intolerant of colchicine [40]. Rilonacept was shown to reduce the frequency of
the highest anti-inflammatory capacity without experiencing a
FMF attacks, and patients experiencing no attacks were more
serious adverse event [6,7,18,25]. In addition to the colchicine
common in the rilonacept group. However, no difference was
dosage, variability in its metabolism and transport as well as its
observed in the duration of inflammatory attacks between
interactions with other drugs may also affect its concentration
patients receiving placebo and rilonacept [40].
in serum and different cells [25,26]. Another important aspect
of inadequate response to colchicine is its temporary nature in
These observations and the results of two yet unpubat least a subgroup of FMF patients.
lished open-label pilot studies with
IL-1 blockade may provide an
Some FMF patients with a strong
canakinumab* in adult and pediatric
effective and safe alternative
genetic impact may consistently show
patients with colchicine-resistant and/
for patients with an inadequate
an incomplete response to colchicine.
or intolerant FMF warrant further
response to colchicine, but
However, a subset of FMF patients
investigations. Randomized conrandomized trials are needed
experience temporary periods of
trolled trials are needed to document
higher disease activity that cannot be controlled by colchicine,
the efficacy and safety of IL-1 inhibitors as well as determine
and they may become colchicine-responsive later in their life.
their ideal dose, injection intervals and duration of treatment
Therefore, an unmet need exists for a subset of FMF patients
in FMF patients. IL-1 inhibitors are already licensed for the
who continue to experience acute attacks (six or more typical
treatment of CAPS patients. However, there may be differattacks in a year or three in 4–6 months), with an elevated acuteences in the requirement for IL-1 inhibition between FMF
phase response between attacks, despite being fully compliant
and CAPS patients. Gain-of-function mutations in the NLRP3
with colchicine therapy at the highest tolerable doses [18]. Also,
gene in CAPS patients are associated with continuous overFMF patients with secondary amyloidosis, chronic renal failure,
production of IL-1β, and these patients need lifelong use of IL-1
systemic vasculitis and chronic arthritis are considered difficult
blocking drugs. On the other hand, IL-1 activation dynamics
cases for management and may require additional or alternative
are different in FMF, and colchicine would still be the mainstay
treatments.
treatment for FMF patients, considering the safety and pharmacoeconomic profiles of available treatment options. However,
temporary or continuous blockade of IL-1 may also be needed
Targeted therapies
in at least a subset of FMF patients with inadequate response
In patients with inadequate response to colchicine, different
to colchicine.
treatments such as azathioprine, thalidomide or interferonalpha were tried to control disease activity. Anti-tumor necrosis
Acknowledgments
factor biologic agents were also used in such instances, mainly
*Novartis provided support for these trials.
in patients with chronic arthritis, amyloidosis, or Crohn’s disFigure 2. Factors contributing to inadequate response to
colchicine

IL = interleukin

CAPS = cryopyrin-associated periodic syndrome
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“Three grand essentials to happiness in this life are something to do,
something to love, and something to hope for”
Joseph Addison (1672-1719), English essayist, poet, playwright and politician
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