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Abstract

Background The objective of this initiative was to develop a treat-to-target (T2T) approach for the management
of patients with Familial Mediterranean Fever (FMF), including the definition of a complex treatment target, and
establish strategies that improve patient care and long-term outcome.

Methods An initial set of statements as well as a flow chart visualising the proposed concept was developed. To
adapt the preliminary statements to the current state of knowledge, a systematic literature search was performed
and the modified statements were subject to a Delphi approach. To ensure the applicability of the statements in daily
practice, an online survey was conducted among paediatric rheumatologists in Germany. In addition, data from the
national AID-NET registry were analysed with respect to therapeutic response.

Results This T2T initiative yielded a total of 26 statements guiding FMF management with respect to diagnosis,
treatment targets, treatment strategies and monitoring. The online survey identified cut-off values for inflammatory
markers indicating treatment intensification and appropriate measures in case of colchicine intolerance or non-
adherence. The analysis of data derived from the national AID-NET showed that colchicine therapy was successfully
terminated in 61% of patients (27 out of 44) with heterozygous MEFV mutations. Multidimensional treatment targets
incorporating objective and subjective reported outcome measures were developed. These provide the basis

for stratifying patients into the following treatment paths: continue colchicine, persisting attacks / inflammation,
colchicine intolerance, persisting arthritis, colchicine reduction and adjustment/reduction of biologics.

Conclusions The proposed consensus treatment plan for the management of FMF incorporates multidimensional
targets allowing transparent treatment decisions, which will promote personalised disease management and increase
adherence to therapy.
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Introduction

Familial Mediterranean Fever (FMF) is the most common
monogenic autoinflammatory disease [1]. It is character-
ised by recurrent short-lasting fever episodes accompa-
nied by serositis and elevated inflammatory parameters
[2]. Amyloidosis occurs as a long-term complication in
approximately 11% of patients and represents the main
cause of mortality [2, 3].

The disease is caused by mutations in the MEditer-
ranean FeVer (MEFV) gene encoding pyrin, a protein
involved in caspase-1 activation and interleukin (IL)-1
production [4—6]. In Germany, the incidence of FMF is
48 in 10° children [7]. In children of Eastern Mediterra-
nean origin, the prevalence is up to 18 times higher due
to the carrier frequency in this area [8, 9]. Disease onset
occurs during childhood in the majority of FMF patients.
Affected children differ from patients with adult-onset
FMF with respect to the clinical phenotype [10, 11].
Moreover, symptom severity varies with age of onset in
childhood [12, 13]. This warrants the development of
children-oriented treatment guidelines.

Colchicine represents the mainstay of FMF therapy
and its efficacy in preventing attacks and the occurrence
of amyloidosis has been shown in clinical trials and large
cohort studies [14]. The continuous life-long colchicine
application resolves symptoms in up to 2/3 of patients,
[15] in up to 1/3 of patients this therapy significantly
improves clinical symptoms and systemic inflamma-
tion [16]. In 5-10% of patients colchicine monotherapy
does not lead to satisfactory disease control [16]. These
patients continue to suffer from frequent severe attacks,
persistent inflammation with potential long-term con-
sequences of e.g. amyloidosis, growth retardation,
decreased quality of life or depression and/or persisting
arthritis [17].

The emergence of the newly approved IL-1 antagonists
canakinumab and anakinra as well as experience with
other drugs in specific treatment scenarios are expand-
ing the therapeutic options in FMF [18-22]. Together
with both the short-term and long-term consequences
of ongoing disease activity and the challenge of defining
disease activity in FMEF, this highlights the need for the
development of standardised and comprehensive treat-
ment recommendations to improve patient-oriented
therapy management.

The treat-to-target (T2T) concept introduces treatment
escalation and de-escalation depending on the achieve-
ment of numerical therapeutic targets [23, 24]. Recently,
a German multi-centre study confirmed superiority of
the T2T concept to achieve remission in polyarticular
juvenile idiopathic arthritis [25]. While there are existing
EULAR recommendations for the management of FMF,
[14] this article focuses on the establishment of a target-
oriented treatment strategy and aims to complement the
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existing guidelines. It comprises an easy-to-use work
flow to be implemented in routine clinical care.

The aim of this initiative was to develop a T2T
approach for the treatment of FMF that (i) unifies the
plethora of available disease activity scores in the form
of a multidimensional treatment target and (ii) takes
into account the recent emergence of novel therapeutic
agents. The development of these strategies serves the
overall purpose of improving patient care and long-term
outcome.

Methods

The compilation and adaptation of T2T strategies was
performed in a multi-step approach consulting the
expertise of a large group of specialists via online surveys
and project group meetings as well as in-depth verifica-
tion and modification in small working groups (Supple-
mentary Figure S1).

Steering group and statement development

The Protokolle in der Kinderrheumatologie (PRO-KIND)
initiative of the German Society for Paediatric Rheuma-
tology (GKJR) aims to develop consensus-based treat-
to-target (T2T) strategies for a variety of rheumatic,
autoimmune and autoinflammatory diseases in children.
In the FMF sub-committee, a steering group of four pae-
diatric rheumatologists (TK, VH, DF, HW) and one resi-
dent (LE) developed an initial set of statements as well as
a flow chart visualising the proposed concept. The state-
ments were adopted from existing recommendations
based on previous systematic literature reviews where
applicable.

Online survey

In order to ensure the applicability of the statements in
daily practice, an online survey was performed among
paediatric rheumatologists in Germany prior to the gen-
eration of the original statements. The survey consisting
of 21 clinical scenarios and a set of management-related
questions was sent out to 150 accredited paediatric
rheumatologists in Germany. The survey addressed the
following topics: diagnosis (6 scenarios), treatment ini-
tiation (2 scenarios), adjustment of the colchicine dose (3
scenarios), use of biologics (8 scenarios), and treatment
reduction (2 scenarios). In the survey, the level of inflam-
mation was defined as follows: low (SAA 10-50 mg/L
and/or CRP 5-20 mg/L), medium (SAA 50-100 mg/L
and/or CRP 20-40 mg/L), and high (SAA>100 mg/L
and/or CRP>40 mg/L). The following MEFV genotypes
were covered in the clinical scenarios: clear pathogenic
variants (homozygous or compound heterozygous vari-
ants [M680I, M6941, M694V, V726A]), heterozygous
pathogenic variants or homozygous variants of unknown
significance (E148Q).
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The results of this survey were considered during the
initial compilation of the draft statements and served as
orientation in the subsequent consensus process.

Literature review and statement adaptation

Twenty-seven statements were generated and modified
by the steering group as described above and presented
to the project group consisting of 18 paediatric rheuma-
tologists, two paediatric nephrologists, one resident and
one patient representative in May 2021. In order to adapt
the preliminary statements to the current state of knowl-
edge, search strategies for a literature review were agreed
upon for each statement. The responsibility for the indi-
vidual statements was assigned to members of the panel
of specialists. In case of pre-existing statements, the
search comprised the time period not yet covered by pre-
vious systematic literature reviews. For topics that were
not included in such prior works, the search was per-
formed without restrictions by publication date.

The MEDLINE literature database was searched
through PubMed in June 2021 according to the search
strategies provided in Supplementary Table S1. The state-
ments were adapted accordingly by the responsible spe-
cialists. Following these adjustments, an online poll was
conducted to collect proposals for modification to be
discussed during the subsequent meeting. In addition,
data from the national network for autoinflammatory
syndromes in children and adolescents (AID-NET) reg-
istry describing the use of colchicine in FMF were taken
into account when adjusting the statements [26]. A steer-
ing group of four paediatric rheumatologists from Ger-
many and France (DF, VH, HW, TK) established a set
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of treatment targets by unifying existing recommenda-
tions and disease activity scores [14, 26—31]. This process
yielded a set of target criteria (Fig. 1) that was not subject
to the consensus process following the Delphi method.
It was however discussed and approved by the project
group and found suitable as a foundation of the treat-to-
target approach.

Consensus conference

The consensus conference took place virtually on 1st
and 2nd July 2021. The participants included the project
group and one patient representative. The meeting was
moderated by an independent host who was not eligible
for voting. Consensus was achieved with the help of a
Delphi approach: All statements were presented to the
participants by the specialists who had conducted the
respective literature review. Each participant was then
given the opportunity to comment. This was followed by
an anonymous voting. If the agreement was <80%, the
statement was adjusted according to the comments until
a consensus of >80% was reached.

Analysis of the national AID-NET registry

Of 483 patients registered in the national AID-NET - a
clinical registry of children with autoinflammatory dis-
eases compiled in cooperation with the GKJR - 169
patients exhibited a heterozygous phenotype. Data were
analysed with respect to successful termination of colchi-
cine therapy.

Item

Remission or minimal disease activity

Mild disease activity

Moderate disease activity

Severe disease activity

Frequency of attacks <2/year 3-6/year 7-11/year 212/year
School/work days missed due to FMF < 5/year 6-10/year 11-20/year >20/year
Increased acute-phase reactants during

the attack-free period, 22 weeks after the |- CRP <2x UL - CRP >2 and =4x UL - CRP >4 and =8x UL - CRP>8xUL
last attack (at least two times 1 month - SAA <14 mg/L - SAA>14 and <50 mg/L - SAA>50 and £100 mg/L - SAA >100 mg/L

apart)

Chronic sequelae (including amyloidosis,
growth retardation, anaemia, symptomatic | improving/no worsening sequelae
splenomegaly, persisting arthritis)

no worsening sequelae

new or worsening sequelae

all must be fulfilled if any is fulfilled

if any is fulfilled if any is fulfilled

Evaluation
additional points to consider

Physician Global Assessment: Target
reached?

Are you satisfied with your current FMF-
related health status?

Are you satisfied with the current FMF- yes no yes no
related health status of your patient?
Patient Global Assessment: Target
reached?
yes no yes no

close observation
+ colchicine adjustment might be
considered

Consequences regular follow-up
- continue

treatment

close observation

colchicine adjustment has to be
considered

in case of maximally tolerated
colchicine dose biologics should be
considered

close observation

- colchicine adjustment should be considered

- in case of maximally tolerated colchicine dose biologics
should be considered

« in case of persisting arthritis, add NSAID / MTX / TNFa-inhibitor / i.a. glucocorticoids

Fig. 1 Composite score of multidimensional treatment targets to assess disease activity in patients with familial Mediterranean fever. Legend: CRP, C-
reactive protein; MTX, methotrexate; NSAID, non-steroidal anti-inflammatory drug; UL, upper limit; SAA, serum amyloid A
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Level of evidence and grades of recommendation

The levels of evidence and grades of recommendation
were determined according to the Oxford Centre for Evi-
dence-based Medicine and are provided in Table 1 [32].
All relevant articles were rated individually and the high-
est applicable rating was assigned to the corresponding
statement.

Results

Treatment targets and treatment decisions survey

The questionnaire was returned by 50% (70 out of 141)
of the questioned certified paediatric rheumatologists.
With respect to treatment targets, the survey addressed
the following critical situations: (i) persisting subclinical
inflammation in the setting of complete clinical remis-
sion, (ii) persisting attacks despite verified treatment with
the maximally tolerated colchicine dose, (iii) suspected
non-adherence to therapy, and (iv) colchicine intolerance.

Serum amyloid A (SAA) was rated as the most suitable
biomarker to evaluate inflammation in FMF (Supple-
mentary Figure S2A). In the case of clinical remission,
most participants decided to increase the colchicine
dose with persistent CRP levels of 220-30 mg/L (nor-
mal range: 0-5 mg/L) or SAA levels of >50-100 mg/L
(normal range: 0-6.4 mg/L). The majority of participants
regarded mean CRP levels of 230—40 mg/L or SAA levels
of 2100-200 mg/L as an indication to initiate biological
treatment (Supplementary Figure S2B).

In a colchicine-resistant patient, an attack frequency
of >4 attacks per year was most commonly regarded as
an indication for biological agents (Supplementary Fig-
ure S2C). However, a third of the participants stated that
a definite threshold for the tolerable number of attacks
could not be determined.

When suspecting non-adherence to colchicine therapy,
the following measures were considered most appropri-
ate: (i) serological drug monitoring, (ii) once daily intake
of the medication, and (iii) plausibility check of the
required vs. prescribed medication (Supplementary Fig-
ure S2D).

In a patient with clinical signs of colchicine intolerance
or toxicity, several parameters prompted most partici-
pants to reduce or terminate colchicine therapy and pos-
sibly start an IL-1 antagonist: persistent diarrhoea>2-3
times daily, leukocyte count<2.0-2.5/nL, aspartate ami-
notransferase>100-120 U/L, creatine kinase>221-240
U/L, myalgias, and proximal muscle weakness (Supple-
mentary Figure S2E).

Diagnosis of FMF and treatment decisions in different
clinical scenarios

In the aforementioned survey, we also asked for treat-
ment decisions (start, adjustment and termination of
colchicine, start of biological agents, other modalities)
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in different clinical scenarios. Thus, in a patient with
concomitant headache, dizziness and weakness (case
16), 44% of paediatric rheumatologists would offer psy-
chological support, while this number amounts to 56%
in case of clear FMF symptoms, high inflammation and
known non-adherence (case 17). In a patient with persis-
tent sacroiliitis with beginning destruction and otherwise
low clinical disease activity, 60% would start a TNF-«
inhibitor and 21% canakinumab (case 19). 53% consider
colchicine dose reduction in patients with an unclear
genetic diagnosis and a symptom-free interval of 6 years
(case 21).

Data on colchicine therapy derived from the national AID-
NET registry

Previously published data on colchicine dose accord-
ing to age, genotype and anthropometric measures as
well as the effect of dose escalation were presented dur-
ing the consensus conference and were incorporated
into the decision-making process [26]. Among 409 ana-
lysed patients, 3.7% (n=15) did not show an adequate
response despite the maximum tolerated dose of colchi-
cine (2-3 mg/day) [14, 33].

A new analysis using data derived from the national
AID-NET showed that colchicine therapy was termi-
nated in 44 patients with heterozygous MEFV mutations.
In 17 patients, colchicine was re-introduced due to recur-
rent symptoms. The other 27 patients (63% male, mean
age at disease onset 4.84+3.15 years, mean initial colchi-
cine dosages 0.7+0.32 mg/day) remained symptom-free
without medication (mean follow-up 2.04+1.55 years).

Development of multidimensional treatment targets

For the development of multidimensional treatment
targets, in addition to the attack frequency, the number
of school or work days missed due to FMF, the level of
inflammatory markers in the attack-free intervals, the
occurrence of chronic sequelae, as well as the subjective
patient and physician reported outcome measure of the
satisfaction with the current disease status were taken
into account. This grading leads to the following disease
severity categories: remission or minimal disease activ-
ity, mild/moderate/severe disease activity. Further man-
agement follows the assignment into the different levels
of severity (Fig. 1). A printable version of this composite
score for use in clinical practice is provided in the Sup-
plementary materials.

Literature review

The search strategies for the single statements are pro-
vided in Supplementary Table S1. The information
extracted from the relevant articles was incorporated into
the preliminary statements listed in Supplementary Table
S2. The online poll on these statements was completed
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Table 1 (continued)

LoE GR
4

LoA

15/15

Statements

When choosing IL-1 antagonists, efficacy, especially in children, frequency of injections and severity of local reactions should be considered. In addition, cost-effec-

tiveness and approval status should be taken into account.
7F  With respect to the treat-to-target strategy, the possibility of on-demand therapy and the possibility of dose reduction / increase in application intervals of biolog-

7E

4

15/15

ics can be considered.

4

14/14

In the case of persistent arthritis in patients with FMF, the additional administration of non-steroidal anti-inflammatory drugs (NSAIDs), local glucocorticoids and

methotrexate and, depending on disease activity, TNF inhibitors should be considered.

7G

(2023) 21:108
o o
Q QO
o on
< <
s 3

If a patient is stable with no attacks for more than 3 years and no elevated APR, dose reduction could be considered after expert consultation and with continued

8A
monitoring.

Colchicine

reduction /

termination

In the presence of a non-confirmatory genotype including heterozygous FMF, colchicine might be terminated in asymptomatic patients. These patients should be

followed up regularly.

8B
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by 17 participants and indicated sufficient agreement to
proceed with the consensus conference (Supplementary
Table S3).

Statements

The developed consensus statements together with the
level of agreement as well as the level of evidence and the
grade of recommendation are summarised in Table 1.

Statement 1 describes for which patients the treat-to-
target recommendations were developed. Patients with
a genetically confirmed diagnosis of FMF without clini-
cal symptoms and/or persistent inflammation should be
closely followed up to detect disease manifestations early.

The second statement (diagnosis) highlights the differ-
ent central aspects of the diagnosis, e.g. the presence of
febrile episodes and signs of peritonitis, pleuritis and/or
arthritis [2]. Pericarditis is a rare manifestation and might
be associated with secondary amyloidosis [34, 35]. While
different inflammation markers are frequently elevated,
[26, 36] the S100 molecules seem particularly sensitive
for the differentiation of FMF episodes from other febrile
conditions [37].

Genetic analysis can confirm FMF diagnosis in the case
of an unclear (oligosymptomatic) clinical presentation
and increase the specificity of the diagnosis in patients
presenting with symptoms typical of FMF.

A confirmatory genotype is defined by two bi-allelic
(likely) pathogenic variants and confirms the diagno-
sis of FMF [38]. A consistent genotype is characterised
by two (likely) pathogenic one-allelic variants or one
(likely) pathogenic and one variant of uncertain signifi-
cance (VUS) on two alleles, respectively. An inconclusive
genotype is present in case of one (likely) pathogenic or
two rare VUS. In the presence of a non-confirmatory
genotype, the diagnosis can only be made in case of a
clear clinical phenotype [39]. If no variant is found, the
diagnosis of FMF is not supported. Amongst 316 evalu-
ated MEFYV variants, five were classified as “pathogenic”
(c.2040G > A and ¢.2040G > C [p.Met680lle], c.2080 A>G
[p-Met694Val], ¢.2082G>A [p.Met694lle], ¢.2177T>C
[p-Val726Ala]) and 48 variants as ‘likely pathogenic” [40,
41].

The inclusion of the response to colchicine treatment
improves the sensitivity of well-established diagnostic
criteria and a positive treatment response is commonly
used to support the diagnosis of FMF in daily practice
[42, 43]. When using colchicine as a diagnostic param-
eter, the possible placebo effect should be considered and
the clinical course should be observed over a sufficiently
long observation period [44].

The clear familial clustering indicates that the occur-
rence of familial cases supports the diagnosis of FMF in
the index patient [2, 45-47].
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The literature search for statement 3 (differential diag-
nosis) revealed mostly narrative reviews which underline
the importance of considering PFAPA syndrome and
recurrent viral infections as the most frequently observed
differential diagnoses in this age-group [48-50].

The working group agreed that many other differen-
tial diagnoses, e.g. haemato-oncological diseases, other
monogenic autoinflammatory diseases, immunodefi-
ciencies and recurrent infections should be considered
especially in case of unclear presentation and non-confir-
matory genotype. Further examinations should be guided
by the accompanying symptoms.

Statement 4 (treatment targets) addresses the treatment
goals in FMF. Persistent (sub-)clinical inflammation is a
frequently observed phenomenon in FME, [51] with SAA
and the S100 molecules representing sensitive markers
to detect ongoing inflammation during the attack-free
intervals [52-54]. However, it is not possible to define
an evidence-based threshold value for any inflammation
parameter predicting the occurrence of damage during
follow-up [55]. Existing assessment tools for evaluation
of disease activity and severity cover different aspects,
e.g. PROMs, clinical manifestation, damage, quality of
life and inflammation markers (see also discussion) [29—
31, 56-58]. While these scores have been widely used
for assessment in both routine care and clinical trials,
the members of the working group agreed that none of
these instruments entirely fulfilled the requirements of a
thorough target definition to be used in a treatment con-
sensus plan. The proposed newly developed treatment
targets (Fig. 2) incorporate multidimensional aspects of
disease presentation including physician’s and patient’s
judgment as well as chronic sequelae and allow the defi-
nition of different disease activity stages.

Statement 5 (colchicine treatment) focuses on the man-
agement of colchicine therapy and is primarily based on
previously performed systematic literature searches [14,
27, 59, 60]. The previous recommendations are addition-
ally supported by a recent study that proved the efficacy
and safety of colchicine especially in children aged<4
years [61].

Splitting the daily colchicine doses might reduce side
effects like lactose intolerance, diarrhoea and abdominal
cramps. On the other hand, a single daily dose has the
same efficacy and can be helpful to increase compliance
[62]. It is currently a matter of debate whether the kind
of colchicine preparation, e.g. defined by the amount of
(minor) alkaloids, has an impact on its side effect profile
and efficacy [63].

The members of the working group agreed that lower
initial colchicine dosages might be considered in het-
erozygous mutation carriers with a mild phenotype.
However, due to the limited data available, [26, 64] no

Page 7 of 15

genotype-specific recommendation can be made at
present.

Aspects of monitoring disease activity and adverse
events are covered in statement 6 (monitoring). Accord-
ing to observational studies, side effects occur in up to
a fifth of patients, frequently preventing maintenance
of the effective colchicine dose [61, 65]. Therefore, non-
adherence always has to be considered in the evaluation
of colchicine resistance [66, 67]. The monitoring interval
of 3—6 months was adopted from the EULAR recommen-
dations [14]. In patients newly starting or escalating ther-
apy, an intensified monitoring frequency was considered
appropriate by the working group, involving the general
paediatrician where applicable. With respect to colchi-
cine toxicity, diarrhoea, leukopenia as well as liver and
muscle enzymes need to be assessed [14, 61, 68].

Besides treatment safety, monitoring acute phase reac-
tants including CRP, ESR and SAA, also in the symptom-
free period, will help detect subclinical inflammation [52,
69-71]. For this purpose, phagocyte-specific S100 pro-
tein concentrations (i.e. SI00A12 or the S1I00A8/A9 com-
plex, also known as MRP8/14 or serum-calprotectin) are
particularly specific in FMF patients [37, 54, 72].

Persistent elevations of inflammatory markers may
predict the development of amyloidosis and may there-
fore justify treatment escalation [73, 74]. Screening mea-
sures for renal amyloidosis include routine assessment of
blood pressure and proteinuria [75]. Detection of pro-
teinuria in consecutive samples requires further diag-
nostic measures to confirm the diagnosis of amyloidosis
or glomerulonephritis associated with IgA vasculitis and
polyarteritis nodosa [76, 77].

Statement 7 (colchicine intolerance / inadequate colchi-
cine response) addresses the issues of colchicine intoler-
ance and insufficient disease control despite application
of maximum tolerated colchicine dosages. In this con-
text, the working group highlighted the importance of
confirming adherence to therapy before initiating any
further steps. According to the survey, preferred mea-
sures in this scenario include close monitoring of acute
phase reactants as well as a thorough discussion about
the prognosis (Supplementary Figure S2D). In addition,
the Medication Adherence Scale for Familial Mediterra-
nean Fever (MASIF) questions from 4 categories on com-
pliance with colchicine can be addressed [78].

In patients presenting with diarrhoea, myalgia or
abnormal leukocyte counts or transaminases, further
diagnostic measures should be initiated to confirm col-
chicine intolerance and reduce the colchicine dose
accordingly (Supplementary Figure S2E). The literature
review did not yield a uniform definition of colchicine
resistance [79-81]. An overview of previously published
definitions is presented in Supplemental Table S4.
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Treatment Targets

> Ultimate goal (sttementas)

Complete control of unprovoked attacks, minimal subclinical inflammation, damage prevention

> Continuous evaluation of disease activity (saement4sic)
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Fig. 2 Consensus treat-to-target approach in the treatment of familial Mediterranean fever. Following diagnostic evaluation patients with clear or prob-
able FMF should be treated according to the designated treatment path. Evaluation of disease activity is to be performed every 3-6 months according
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An inadequate treatment response should be con-
firmed according to the multidimensional parameters in
Fig. 1 after a sufficiently long observation period (3-6
months). The efficacy of IL-1-blocking drugs in colchi-
cine-resistant FMF (crFMF) has recently been confirmed
in randomised controlled trials [18-20]. The working
group recommends accompanying this treatment by the
highest tolerable dose of colchicine although data on the
colchicine maintenance and dosage is scarce. While com-
parative trials between anakinra and canakinumab are
lacking, observational studies suggest comparable effi-
cacy of both agents [82]. Due to superior controllability,
anakinra was preferred in patients on haemodialysis [83—
85]. Injection reactions provoked a change from anakinra
to canakinumab in a number of patients [84, 85]. Several
studies showed successful dose reduction or increase of
application intervals of IL-1 antagonists in patients with
stably controlled disease [18, 86, 87]. In patients with
clear prodromes or triggers preceding their attacks, on-
demand application of anakinra can be feasible [79, 88].
FMF patients with persisting arthritis often require dif-
ferent therapeutic agents including non-steroidal anti-
inflammatory drugs, methotrexate and TNF-a inhibitors
[89, 90].

Statement 8 (colchicine reduction / termination) dis-
cusses long-term management of colchicine in patients
with well-controlled disease. Colchicine-free remission
is rare, especially in M694V homozygous patients [91].
On the other hand, uncontrolled studies showed that
patients with a non-confirmatory genotype or hetero-
zygotes are more likely to successfully terminate colchi-
cine treatment [48, 92, 93]. The working group agreed on
an interval of three years without clinical or subclinical
inflammation before considering colchicine reduction in
patients with adequate disease control.

Development of consensus treatment plans

Based on the derived data and literature search a con-
sensus treatment plan was developed for patients with a
definite diagnosis of FMF (Statement (S) 1 and 2). In case
of probable FMF the diagnosis should be re-evaluated,
other differential diagnosis considered (S 3) or a diagnos-
tic trial of colchicine performed (S 2).

In patients with clear FMF, colchicine should be started
at time of diagnosis (S 5) and achievement of the des-
ignated targets (Fig. 1) should be evaluated during fol-
low-up (S 4 and 6). In case of sufficient disease control,
patients remain in treatment path 1 (TP1, continue col-
chicine) and continue colchicine treatment. If treatment
targets are not achieved (physician s and patient s assess-
ment and/or persistent mild to severe disease activity, S
4 and 6), patients should be accurately re-evaluated (S 7)
before entering TP2 (persisting attacks / inflammation),
TP3 (colchicine intolerance) or TP4 (persisting arthritis;
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S 7). In patients successfully treated with biologics or col-
chicine, dose reduction, on-demand treatment (in case of
biological treatment only) or termination can be consid-
ered according to path 5 and 6 (colchicine reduction and
adjustment/reduction of biologics, S 7, S 8) after a suffi-
ciently long observation period.

Discussion

The ultimate goal in the management of FMF is the pre-
vention of attacks and long-term complications [14].
Continuous colchicine administration is the mainstay
of therapy [14, 27, 60]. However, in some patients this
treatment is not sufficient: recurrent attacks, continuous
arthritis and/or systemic inflammation persist, long-term
complications like amyloidosis develop or treatment is
not tolerated due to side effects. Since previous treat-
ment recommendations are limited by the lack of instru-
ments for a differentiated assessment of disease severity,
the developed consensus treatment plan provides multi-
dimensional targets in order to guide personalised treat-
ment decisions.

The treat-to-target principle pursues several overarch-
ing objectives: prevention of long-term damage, tai-
lored treatment adjustment (i.e. avoidance of over- and
undertreatment), and a target- and therefore patient-
centred approach. The strategy was initially introduced
in the management of hypertension and diabetes mellitus
where numerical targets were set [94, 95]. As discussed
above, the definition of a uniform treatment target com-
prehensively capturing disease activity of chronic inflam-
matory diseases is more challenging and discussions on
the most suitable set of parameters are ongoing [96]. The
lack of comparative studies evaluating the application of
different treatment targets with respect to patient satis-
faction and long-term outcomes represents an additional
challenge in this context. A prospective analysis of the
long-term impact of the T2T approach will be desirable
in the future.

The introduction of a T2T strategy in the treatment of
FMF is intended to benefit all patients. In patients unre-
sponsive to colchicine, especially, the T2T approach
will help swift and well-monitored treatment escalation
to prevent long-term damage. Currently, the estimated
number of colchicine-resistant patients amounts to
approximately 5% [16]. Fifteen (3.7%) out of 409 patients
extracted from the German AID-NET registry fulfilled
the definition of colchicine resistance [26]. Besides non-
responsive patients, the initiative aims to improve overall
patient care by providing a more comprehensive target
description that we consider superior and more patient-
focussed than the existing definitions of colchicine resis-
tance that currently guide the use of biological agents
[18, 97]. Finally, the T2T approach is designed to make
treatment decisions more transparent: By including the
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patient’s assessment and presenting the available treat-
ment paths, the strategy aims to be comprehensible to
the patient population and thereby promote adherence
to therapy [98]. The suggested treatment strategy is vastly
based on and in line with previously published recom-
mendations for the management of FMF (Supplemental
Table S1) [14, 27]. Compared to the EULAR recommen-
dations, this T2T approach was developed with a focus
on management in children. The core difference is the
central importance of the newly developed score of mul-
tidimensional treatment targets guiding therapeutic deci-
sions throughout.

Previously, different assessment tools have been pro-
posed to capture disease activity and degree of damage.
These tools are of great value to assess disease charac-
teristics they were designed to capture. However, several
aspects render them unsuitable for the application in the
context of a T2T approval: They (i) are rather oligodimen-
sional, [58] (ii) do not include the acute phase response
or PROM:s, [57] or (iii) capture primarily improvement
under treatment [57, 58, 99, 100]. Other scores focus on
the quality of life, chronic sequelae and response to treat-
ment [29, 30, 101].

The Autoinflammatory Disease Activity Index (AIDAI)
is based on dichotomous recording of individual dis-
ease parameters over one month [56]. Since the param-
eters are recorded by the patient and/or the parents, this
instrument particularly reflects the subjective assess-
ment. The International Severity Score for FMF (ISSF)
consists of ten items, three of which capture chronic
sequelae. Since the physician’s global assessment was
used to define a gold standard, this item - as well as other
PROMs - were not included in the score [31].

To overcome the limitations of previously proposed
assessment tools, different aspects of the published
instruments were combined in order to define user-
friendly multidimensional treatment targets (Fig. 1).
The validation of this novel composite in a large patient
cohort in comparison with other established assessment
tools would be desirable in the future.

The recently published definitions for colchicine resis-
tance were mainly developed to define the indication
for introducing an IL-1-targeting treatment approach.
They pay particular attention to the frequency of attacks
(between >4 and >24 attacks / year according to differ-
ent authors) as well as the presence of persisting (sub-)
inflammation [97, 102]. Since attacks can occur with
varying intensity and thus affect the quality of life to vari-
ous degrees in different individuals, we complemented
the frequency of attacks (item 1) with additional items.
We therefore propose a scoring system that captures dif-
ferent aspects reflecting disease activity.

A child’s involvement in daily activity allowing regular
physical, social and mental development is a prominent
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goal in the management of chronic conditions [103].
Since the number of missed school days is an easy param-
eter to collect, we have included this item as a measure
of social participation (item 2). Similarly, the number of
missed work days was included as a measure of social
participation in older adolescents and adults. While this
initiative was led by a group of paediatric rheumatolo-
gists, we believe that the score is equally suitable in the
adult patient population.

(Sub-)clinical inflammation (item 3) directly affects
patients’ well-being and is a prerequisite for many
chronic sequelae, e.g. amyloidosis and growth retarda-
tion [74, 104]. Since there is no published evidence on the
threshold values of inflammation that may be tolerated,
[102, 105] the ranges given in the table are based on the
results of the survey and the discussion within the work-
ing group (item 3). Ideally, complete control of inflamma-
tory parameters is sought, but potential therapeutic side
effects must be considered when intensifying treatment.

Although chronic sequelae (item 4) are the result of
persistent inflammation in the past and thus do not cap-
ture current disease activity, this element was included
in the multidimensional treatment goals since it corre-
lates with the individual predisposition for damage. Pro-
gression of sequelae must be avoided in already affected
patients. The occurrence of secondary damage is also
co-determined by known polymorphisms in other genes
(e.g. SAA) as well as unknown factors whose complexity
cannot be captured in a treatment plan [106, 107].

Due to the challenges in assessing disease activity and
the subjective perception of disease activity, a question
on satisfaction with the health status was included in the
list of target items (item 5). Of note, especially in case
of minimal and mild disease activity the judgement by
the physician and/or patient and caregiver may prompt
a change in management, e.g. increase of colchicine or
introduction of anti-cytokine treatment.

The proposed multidimensional target approach pro-
vides a system to categorise disease activity as follows:
remission/minimal, mild, moderate and severe. Accord-
ingly, a recommendation is made to adjust the patient’s
management as indicated in Figs. 1 and 2.

The majority of patients with an uncomplicated course
of FMF are well-controlled with colchicine therapy (TP1)
[14, 27, 60]. Based on recent data, reduction or discon-
tinuation of colchicine therapy can be successful, espe-
cially in the presence of a non-confirmatory phenotype;
[48,91-93, 108] such an approach is represented by TP5.
However, this approach should only be carried out under
careful clinical and laboratory examination.

In cases of persistent inflammation and/or attacks,
inflammation and adherence should be closely monitored
over an extended period of time before initiating therapy
with an IL-1-blocking drug (TP2) [18-20, 27, 109, 110].
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In the presence of side effects to colchicine, it is also
advisable to confirm intolerance by thorough evaluation
before initiating a change in the therapeutic regimen
(TP3) [27, 68, 80]. Persistent arthritis may result in the
need for a well-established antirheumatic therapy (TP4)
[89, 90, 111]. Recent studies also imply, that an anti-
IL1-directed therapy can be effective in FMF-associated
arthritis [112]. If treatment goals are achieved through
the introduction of an anti-cytokine approach, elonga-
tion of application intervals, dosage de-escalation or on-
demand treatment can be considered (TP6) [18, 79, 84,
86, 88, 113, 114]. In the latter case, short-acting drugs
(e.g. anakinra) can be applied at the onset of an attack
or long-acting drugs (e.g. canakinumab) at the return of
clinical signs or an increase in inflammatory parameters
after weeks to months.

For the development of the T2T treatment strategy,
we considered therapeutic agents for which sufficient
evidence is available. The drugs listed below have shown
efficacy in observational studies, but further controlled
studies are pending. Two retrospective cohort studies
described an improvement in pre-existing amyloidosis
and a reduction in attack frequency in patients with FMF
treated with tocilizumab [21, 115]. Efficacy of this drug
in FMF was also supported by a recent randomized pla-
cebo-controlled phase II study [116]. In case of persist-
ing symptoms despite orally applied maximal tolerated
colchicine dosages, patients might benefit from weekly
intravenous colchicine application [117-119]. However,
it must be taken into consideration that severe side effects
can occur, especially in the case of incorrect dosing [120].
Furthermore, single reports described the use of the JAK-
inhibitor tofacitinib in patients with inadequate response
to anti-cytokine treatment or co-existing rheumatoid
arthritis [121, 122]. It has yet to be seen whether the evi-
dence for the use of these drugs in FMF and their long-
term effects will improve in the future, allowing them to
be included in treatment recommendations.

Conclusion

The proposed consensus treatment plan for the man-
agement of FMF incorporates multidimensional targets
allowing transparent treatment decisions, which will pro-
mote personalised disease management and increases
adherence to therapy. The reliability of the proposed tar-
get definitions for the detection of disease severity will be
the subject of further studies.
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