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Abstract

Purpose Management of children with MEFV variants who do not fulfil clinical criteria for
familial Mediterranean fever (FMF) at presentation is controversial. We described their clinical
course and baseline factors associated with later treatment initiation.

Methods This retrospective cohort study included 116 children (<18 years) with at least one
MEFV variant who did not fulfil the Eurofever/PRINTO criteria for FMF at first evaluation
between 2015 and 2024. Children were classified as treated (n = 61) or followed without
treatment (n = 55). Time to treatment initiation was analysed with the Kaplan—-Meier method.
Groups were compared with non-parametric, Fisher's exact and log-rank tests.

Results The median age at first visit was 8.0 [4.8—11.2] years, and the median follow-up was 2.5
[1.2-5.1] years. Treatment was started in 61 children (52.6%) at a median of 0.6 [0.3—1.1] years
after the first evaluation. Among the 104 children carrying a single variant, 52 (50.0%) were
treated. Their cumulative probability of treatment initiation was 37.4%, 49.1% and 57.0% at 1, 2
and 5 years. All six children with M694V/E148Q were treated (P = 0.028), compared with 5/17
(29.4%) children with isolated E148Q (P = 0.064). Baseline CRP was modestly higher in treated
children (4.8 vs 3.0 mg/L, P = 0.014), whereas ESR and family history were not.

Conclusion Half of the children with a single MEFV variant who did not meet FMF criteria at
presentation were started on treatment, mostly within the first year. These children warrant
structured longitudinal follow-up. Genotype-specific findings involved small subgroups and
require prospective validation.

Keywords Familial Mediterranean fever - MEFV - Heterozygous carrier - Colchicine -

Autoinflammation - Children
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What is Known:
* Many children with MEFV variants do not fulfil FMF classification criteria at first evaluation,
and their management is uncertain.

* [solated E148Q heterozygosity rarely causes clinically significant FMF.

What is New:

* Half of clinically unclassified children with a single MEFV variant were started on colchicine,
mostly within the first year.

* Baseline acute-phase reactants and family history did not reliably identify children who later

required treatment.

Abbreviations

CI Confidence interval

CRP C-reactive protein

ESR Erythrocyte sedimentation rate

EULAR European Alliance of Associations for Rheumatology

FMF Familial Mediterranean fever

IL-1 Interleukin-1

INSAID International Study Group for Systemic Autoinflammatory Diseases
IQR Interquartile range

PReS Paediatric Rheumatology European Society

PRINTO Paediatric Rheumatology International Trials Organisation

Introduction
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Familial Mediterranean fever (FMF) is the most common monogenic autoinflammatory disease.
It is caused by variants in the MEFV gene, which encodes pyrin, and is characterised by
recurrent, self-limiting attacks of fever with serositis or arthritis. AA amyloidosis is its most
serious complication [1-3]. FMF is classically an autosomal recessive disease. However, a
substantial proportion of symptomatic patients carry only a single detectable MEFV variant.
Incomplete penetrance, variable expressivity and an apparent dominant pattern of inheritance are
now well recognised [2, 4]. The pathogenicity of several common variants also remains
uncertain. Nearly a third are classified as variants of uncertain significance by
INSAID/INFEVERS, and E148Q has long been debated as either a benign polymorphism or a
low-penetrance disease-causing allele [5, 6]. The 2019 Eurofever/PRINTO classification criteria
were an important step towards standardisation [7]. In real-world practice, however, a sizeable
group of genetically positive patients still cannot be classified [8].

Widespread genetic testing has produced a growing population of children who carry an MEFV
variant but do not fulfil clinical FMF criteria at evaluation. In these children, complaints may be
non-specific, attacks may be infrequent or afebrile, or testing may have been prompted by family
history [9, 10]. The clinical significance of this finding remains uncertain. The 2024
EULAR/PReS recommendations aim for complete control of clinical and subclinical
inflammation with lifelong colchicine in established FMF [1, 11]. However, they do not address
asymptomatic or oligosymptomatic carriers, and there is no consensus on how these children
should be monitored or treated [1, 4].

This uncertainty has practical consequences. Over-treatment exposes children to lifelong
colchicine without clear benefit. Under-recognition, in contrast, may delay the control of
subclinical inflammation and, rarely, lead to amyloidosis [3]. We therefore reviewed a single-

centre paediatric cohort of children with MEFV variants who did not meet clinical FMF criteria at
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presentation. We aimed to determine the proportion of children subsequently started on
treatment, the time to treatment initiation and the baseline features associated with this outcome.
We focused particularly on children carrying a single variant, the group in whom management is

least clear.

Materials and methods

Study population

We performed a retrospective cohort study at the paediatric theumatology clinic of Gazi
University Faculty of Medicine. We identified all children (<18 years at first visit) evaluated
between 2015 and 2024 in whom MEFV sequencing showed at least one variant. Children were
eligible if they did not fulfil the Eurofever/PRINTO classification criteria for FMF at first
evaluation [7]. Eurofever/PRINTO criteria were considered unmet at first evaluation when
complaints had not yet shown a recurrent, stereotyped episodic pattern and when joint complaints
consisted of arthralgia without objective arthritis. Children meeting clinical FMF criteria at
presentation were excluded. Children with an alternative autoinflammatory or rheumatic
diagnosis explaining their symptoms were also excluded. In total, 116 children were included.
The index date was the first paediatric rheumatology visit at which the MEFV result was
available. The reason for referral was classified as symptomatic (non-specific complaints) or
family screening.

MEFYV analysis was performed by Sanger sequencing of exons 2, 3, 5 and 10, which contain the
great majority of known MEFV variants. Variants are described using conventional protein-level
abbreviations (e.g. M694V, E148Q). Variant phase (cis/trans) was not determined by parental
testing. Genotypes with two variants are therefore described as 'dual-variant' rather than

'‘compound heterozygous' or 'biallelic' throughout this manuscript.
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Data collection and outcome

From electronic and paper records, we extracted demographic data, presenting complaints, family
history of rheumatic or autoinflammatory disease, MEF'V genotype and laboratory parameters at
presentation and at the last visit. Laboratory parameters included haemoglobin, white-cell and
platelet counts, ESR and CRP. Genotypes were grouped as single-variant (heterozygous) or dual-
variant. We also examined four overlapping groups. These were M694V carriers (heterozygous
or dual-variant), exon-10 variant carriers (M694V, M680I, V726A, K695R, R761H or A744S),
the M694V/E148Q dual-variant genotype and isolated E148Q heterozygosity.

The primary outcome was treatment initiation during follow-up. Treatment decisions were made
by the treating paediatric rheumatologist. Colchicine was initiated when a child developed
recurrent, stereotyped, self-limiting FMF-compatible attacks (fever, abdominal, chest or joint
involvement lasting 12—72 h) and/or persistent elevation of acute-phase reactants between attacks
after exclusion of alternative causes. Time to treatment initiation was defined as the interval, in
years, between the index date and the start of treatment. For treated children, we recorded the
clinical features at treatment initiation, the number of attacks in the preceding 6 months and the
attack duration. Attack duration was recorded in calendar days. An attack lasting up to 72 h may
therefore span four calendar days. Children were classified as treated (n = 61) or followed
without treatment (n = 55). Of the treated children, 60 received colchicine alone. One child also

received an IL-1 inhibitor because of an incomplete response to colchicine.

Statistical analysis
Continuous variables were tested for normality with the Shapiro—Wilk test. As they were not
normally distributed, they are presented as median [IQR] and compared with the Mann—Whitney

U test. Categorical variables are presented as counts (%) and compared with Fisher's exact test.
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Exact (Clopper—Pearson) 95% Cls were calculated for treatment proportions. Time to treatment
initiation was analysed with the Kaplan—Meier method, and untreated children were censored at
their last visit. One treated child with a missing treatment date was excluded from the time-to-
event analyses (n = 115). Treatment-free survival was compared between genotype groups with
the log-rank test. Two sensitivity analyses were performed. The first excluded children referred
for family screening, and the second excluded children followed for less than 1 year. Genotype
subgroup analyses were exploratory, and P-values are reported without correction for multiple
comparisons. A two-sided P < 0.05 was considered significant. Analyses were performed with

SPSS version 21.0 (IBM Corp., Armonk, NY, USA).

Results

The cohort comprised 116 children. The median age at analysis was 12.7 [9.7-17.4] years, and
the median age at first visit was 8.0 [4.8—11.2] years. The median follow-up was 2.5 [1.2-5.1]
years, with a range of 0.1 to 7.6 years (Table 1). The most frequent presenting complaints were
abdominal pain (56.9%), fever (36.2%), and joint complaints (20.7%); 8.6% were referred for
family history alone. A family history of rheumatic or autoinflammatory disease was present in
74 children (63.8%), most commonly FMF. Five families (4.3%) reported FMF with amyloidosis.
A single variant was detected in 104 children (89.7%) and two variants in 12 (10.3%). M694V/—
was the most frequent genotype (47.4%), followed by V726A/— (15.5%) and E148Q/— (14.7%).
During follow-up, treatment was initiated in 61 children (52.6%). The remaining 55 children
(47.4%) were followed without treatment. Their median follow-up was 2.3 [0.9-4.5] years, and
29 of them were followed for at least 2 years. All untreated children were asymptomatic at the

last visit.
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Among treated children, the median time from the first evaluation to treatment initiation was 0.6
[0.3—1.1] years. Treatment was usually started after the first or second attack observed after the
index visit (median 1 [1-2]). Clinical features at treatment initiation are shown in Table 3. Fever
was present in 34 children (56.7%), abdominal pain in 35 (58.3%), joint involvement in 14
(23.3%) and chest pain in 4 (6.7%). Three children (5.0%) were treated for persistently elevated
acute-phase reactants alone. The median number of attacks was 3 [2—6] per 6 months. The
median attack duration was 3 [2—4] days, and attacks lasted 3 days or less in 44/60 children
(73.3%).

Treatment initiation by genotype group is shown in Figure 1. Among the 104 single-variant
carriers, 52 (50.0%, 95% CI 40.0-60.0%) were treated. The treatment rate was 29/55 (52.7%) in
children with M694V/—. Among the 12 dual-variant carriers, 9 (75.0%) were treated (P = 0.131).
All six children with M694V/E148Q were treated (100%, 95% CI 54.1-100%, P = 0.028).
Isolated E148Q heterozygosity showed a numerically lower treatment rate (5/17, 29.4%, P =
0.064). Treatment initiation was not associated with carriage of an exon-10 variant (54/97,
55.7%, P =0.208) or of M694V (36/63, 57.1%, P = 0.351).

In the time-to-event analysis, the cumulative probability of treatment initiation for the whole
cohort was 40.8% at 1 year, 52.6% at 2 years and 59.9% at 5 years. The corresponding estimates
for single-variant carriers were 37.4%, 49.1% and 57.0% (Figure 2A). Treatment-free survival
was longer in single-variant than in dual-variant carriers (log-rank P = 0.010). In the exploratory
comparison, treatment-free survival was shorter in children with M694V/E148Q than in the rest
of the cohort (log-rank P = 0.001) (Figure 2B).

The results were similar in both sensitivity analyses (Online Resource 1). Of the 10 children
referred for family screening, 3 were treated. After their exclusion, 58/106 children (54.7%) were

treated. Among the 96 children followed for at least 1 year, 56 (58.3%) were treated. In this
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group, the cumulative probability of treatment initiation was 41.1%, 52.8% and 60.1% at 1, 2 and
5 years.

Baseline CRP was higher in the treated group (4.8 [2.8—17.5] vs 3.0 [1.9—6.6] mg/L, P =0.014).
Baseline ESR did not differ significantly between groups (14.0 [9.0-36.0] vs 13.0 [8.5-21.0]
mm/h, P =0.123) (Table 2). At the last visit, ESR and CRP were comparable between groups and
within the normal range. Baseline haematological indices, age at presentation and follow-up
duration did not differ between groups. A positive family history was not associated with

treatment initiation (P = 0.334).

Discussion

In this cohort, half of the children who carried a single MEFV variant and did not meet FMF
criteria at presentation were subsequently started on treatment. Overall, 52.6% of the cohort was
treated, at a median of 0.6 years after the first evaluation. These findings indicate that a single
MEFV variant can be associated with a clinically relevant phenotype that emerges after the initial
assessment. This is consistent with previous reports of symptomatic heterozygous carriers [4, 5,
12]. In practice, these children should not be discharged after a single evaluation. Structured
longitudinal follow-up appears warranted, particularly when complaints recur or evolve towards
an FMF-compatible pattern.

The high treatment rate among single-variant carriers is the main finding of this study. FMF is
classically considered an autosomal recessive disease, and heterozygous carriers are often
regarded as unaffected. In our cohort, however, the treatment rate in children with M694V/—
(52.7%) was similar to that of the whole cohort. This is consistent with the view that
heterozygosity for a pathogenic exon-10 variant may contribute to a clinically relevant phenotype

in some children [2, 4, 5]. Most treatment decisions were made within the first year. The
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cumulative probability curves showed that new treatment decisions continued beyond this point,
although at a slower rate. A single early assessment may therefore not be sufficient.

As expected, treatment rates were higher in dual-variant carriers. All six children with
M694V/E148Q were treated. M694YV is associated with the most severe disease course, including
earlier onset, more frequent attacks and a higher risk of amyloidosis and colchicine resistance [3,
13]. E148Q is thought to modify the phenotype when combined with a more pathogenic variant
[14, 15]. In contrast, only 5 of 17 children with isolated E148Q were treated. This difference did
not reach statistical significance and was based on a small group. It is nevertheless consistent
with paediatric data indicating that E148Q alone rarely causes clinically significant FMF [14-17].
The genotype-specific comparisons involved small subgroups. Treating physicians were also
aware of each child's genotype, which may have influenced their decisions. These results should
therefore be regarded as exploratory.

Two features that are often used in clinical practice were weak predictors of treatment in this
cohort. Baseline CRP was only modestly higher in treated children, and ESR did not differ
between groups. At the last visit, both markers were similar in the two groups. Because
laboratory sampling was not standardised, these data do not allow firm conclusions about
intermittent or subclinical inflammation. More sensitive markers, such as SI00A12, may be
useful in this population [18]. Family history was present in 63.8% of the cohort but was not
associated with treatment initiation. Family history remains important for identifying at-risk
families and the risk of amyloidosis. However, it does not appear to justify pre-emptive treatment
on its own. Taken together, these findings suggest that treatment decisions should be based on
genotype combined with clinical follow-up rather than on family history or isolated laboratory

markers [1, 4, 7].
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This cohort also illustrates the diagnostic difficulty in this group. Many children presented with
vague or afebrile symptoms. This is consistent with the recognition that FMF does not always
present classically. Even useful classification criteria leave a group of genetically positive
children who cannot be classified [7-9, 19-21]. Colchicine is well tolerated across paediatric age
groups, including young children. IL-1 inhibitors are generally reserved for colchicine resistance
or intolerance [22—-26]. The main disadvantage of pre-emptive treatment is therefore the burden
of unnecessary lifelong therapy rather than toxicity. Recent evidence shows that colchicine can
be safely withdrawn in some carriers [12]. This further underlines the need to identify

prospectively which children require treatment.

Limitations

This study has several limitations. It was a retrospective, single-centre study without a fixed
schedule for laboratory testing. The sample size limited the statistical power for less common
genotypes and precluded multivariable modelling. Genotype subgroup comparisons were
exploratory and were not corrected for multiple testing. Treatment criteria were applied by the
treating physicians and were not prospectively standardised. Physicians were also aware of each
child's genotype, which may have influenced treatment decisions. Treatment initiation should
therefore not be regarded as a purely objective marker of disease progression. Time to treatment
was reconstructed from records and depended on visit frequency and documentation. Follow-up
was short relative to the latency of amyloidosis. Finally, as this was a referral cohort, our findings
may not be generalisable to other settings. Prospective multicentre studies with predefined

treatment criteria and longer follow-up are needed to confirm these findings.

Conclusion

11



262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

Half of the children with a single MEFV variant who did not meet clinical FMF criteria at
presentation were started on treatment during follow-up, mostly within the first year. These
children therefore require structured longitudinal follow-up rather than discharge after a single
assessment. In exploratory analyses, all children with M694V/E148Q were treated, whereas
isolated E148Q heterozygosity showed a lower treatment rate. Family history and baseline acute-
phase reactants were not consistently associated with treatment initiation. These findings require

validation in prospective cohorts with predefined diagnostic and treatment criteria.
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Figure legends

Fig. 1 Treatment initiation by MEFV genotype group. Bars show the proportion of children in
each genotype group who were started on treatment during follow-up, with exact (Clopper—
Pearson) 95% Cls. Numbers to the right of each bar show treated/total (%) and the Fisher's exact
P-value for that group compared with the remainder of the cohort. Genotype groups are not

mutually exclusive. P-values are uncorrected
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Treatment initiation by MEFV genotype group
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376  Fig. 2 Treatment-free survival by MEFV genotype. Kaplan—Meier estimates of the probability of
377  remaining without treatment after the first evaluation (n = 115). (A) Single-variant (n = 103) vs
378  dual-variant (n = 12) carriers, log-rank P = 0.010. (B) M694V/E148Q (n = 6) vs all other

379  genotypes (n = 109), log-rank P = 0.001 (exploratory comparison). Numbers of patients at risk

380  are shown below each panel
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