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ABSTRACT: Interleukin-18 (IL-18) is a pleiotropic IL-1-family cytokine whose clinical relevance depends strongly
on context. A central reason is that IL-18 activity is constrained by interleukin-18 binding protein (IL-18BP), a
high-affinity endogenous antagonist that limits the free, bioactive cytokine fraction. This review re-examines the
IL-18/IL-18BP axis across a clinical gradient from barrier dysfunction and allergic disease, through systemic autoim-
munity, to Still disease, macrophage activation syndrome, hemophagocytic lymphohistiocytosis, and monogenic
IL-18opathies. We emphasize that total IL-18 elevation does not necessarily imply pathogenic IL-18 activity; the key
translational question is whether IL-18BP-mediated restraint remains sufficient. In barrier disorders and systemic
autoimmunity, IL-18 often behaves as a contextual amplifier or biomarker-amplifier axis. In hyperinflammatory and
selected monogenic disorders, extreme IL-18 production may exceed endogenous antagonism, allowing free IL-18
to emerge and acquire diagnostic, mechanistic, and therapeutic relevance. Interpreting total IL-18, IL-18BP/free
IL-18, and downstream IFN-γ/CXCL9 signals together may improve biomarker interpretation and guide rational
targeting of the pathway.
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1 Introduction

Interleukins are a broad group of cytokines that coor-
dinate communication between leukocytes, epithelial
and stromal cells during immune surveillance, host
defense, tissue repair, and inflammation. Rather than
acting as isolated mediators, they function within
interconnected networks in which biological output
depends on receptor expression, accessory cytokines,
tissue compartment, and endogenous regulatory mech-
anisms. Interleukin-18 (IL-18) belongs to the IL-1
cytokine family and was originally identified as an
interferon-gamma (IFN-γ)-inducing factor, but it is
now recognized as a pleiotropic mediator capable of
shaping both innate and adaptive immunity [1,2]. Its
biological meaning is often less straightforward than
that of more lineage-restricted inflammatory media-
tors: depending on the surrounding cytokine milieu,
IL-18 can reinforce IFN-γ-dominated responses or
contribute to different immune outputs. This contex-
tual nature is one reason why the IL-18 literature has
often seemed heterogeneous.

A more important reason is that IL-18 cannot be
interpreted on its own. Unlike many cytokines, it cir-
culates in the presence of a high-affinity endogenous
inhibitor, interleukin-18 binding protein (IL-18BP), a

soluble IL-18-binding protein encoded by a separate
gene rather than the extracellular domain of the IL-18
receptor [3]. Under physiological conditions, IL-18BP
is present in marked molar excess and keeps bioactive
free IL-18 at very low levels [2,4,5]. IL-18BP is itself
induced by IFN-γ, creating a feedback loop in which
IL-18 promotes IFN-γ, IFN-γ induces IL-18BP, and
IL-18BP in turn restrains IL-18 activity [2,5]. This
means that measuring total IL-18 alone can be mislead-
ing: it reflects cytokine production, but not necessarily
cytokine bioactivity. The conceptual basis for this dis-
tinction emerged early, when the first IL-18BP ELISA
made it possible to estimate free IL-18 and showed that
total IL-18 and biologically available IL-18 were not
interchangeable quantities [4].

This has important translational consequences.
In many inflammatory diseases, total IL-18 is ele-
vated while free IL-18 remains low or only modestly
increased, suggesting that the pathway is engaged but
still contained. By contrast, in hyperinflammatory
syndromes such as Still disease, macrophage activa-
tion syndrome (MAS), and monogenic IL-18opathies,
buffering may fail and free IL-18 becomes detectable,
clinically informative, and in some cases therapeutically
actionable [5–7]. This contrast helps explain why IL-18
can behave as a contextual signal in some diseases, an
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amplifier in others, and a dominant pathogenic driver
only in a restricted set of conditions.

In this review, we re-examine IL-18 through the
lens of the IL-18/IL-18BP axis. We follow a clinical
gradient from barrier and allergic disease, through
systemic autoimmunity, to hyperinflammatory syn-
dromes and monogenic IL-18opathies. Our central
argument is that the key translational question is
not simply whether IL-18 is elevated, but when and
why high-affinity endogenous antagonism by IL-18BP
becomes insufficient. The distinctive contribution of
this review is therefore not to re-summarize IL-18
biology alone, but to interpret the transition from
total IL-18 to free, bioactive IL-18 as a clinically
meaningful shift across disease categories. We integrate
advances that have accumulated beyond earlier foun-
dational reviews, including recent structural insights
into IL-18 maturation and receptor competence, the
expanding recognition of monogenic IL-18-related dis-
orders, improved assessment of free versus total IL-18,
and the evolving clinical and therapeutic landscape
of IL-18- and IFN-γ-directed interventions. A recent
dyad-focused review has comprehensively summarized
IL-18 and IL-18BP in health and disease, including
therapeutic strategies aimed at either inhibiting or
enhancing IL-18 activity [6]. Building on that dyad
framework, the present review focuses on the clinical
and biomarker implications of when total IL-18 does,
or does not, translate into free bioactive IL-18 across
disease domains. The disease gradient that frames the
review is summarized in table 1.

As a narrative review, this article does not aim
to provide a systematic meta-analysis of all IL-18-
related literature. Instead, we prioritized studies that
directly inform the biology, measurement, and clinical
interpretation of the IL-18/IL-18BP/free IL-18 axis.
Emphasis was placed on foundational mechanistic
studies, recent translational biomarker data, genetic
disorders with clear pathway relevance, and clinical
or preclinical studies of IL-18-, IL-18BP-, IFN-γ-,
and Janus kinase (JAK)-directed interventions. Disease
areas were selected to illustrate a clinical gradient: bar-
rier and allergic diseases, in which IL-18 often acts as
a contextual local amplifier; systemic autoimmunity, in
which it more often behaves as a biomarker-amplifier
axis; and hyperinflammatory or monogenic disor-
ders, in which IL-18BP-mediated restraint may become
quantitatively insufficient and free IL-18 becomes more
directly actionable.

2 Biology of the IL-18/IL-18BP Axis

2.1 IL-18 Production, Processing, and Release

IL-18 was originally identified as an IFN-γ-inducing
factor, but its biology differs from that of IL-1β
in several important ways. Most notably, the IL-18
precursor is constitutively expressed in multiple cell
types, including monocytes, macrophages, endothe-
lial cells, keratinocytes, and epithelial cells at barrier
sites [2,5,24]. This preformed intracellular pool helps
explain why IL-18 can be mobilized rapidly once acti-
vating signals are present. It is also relevant that, even
after activation, most intracellular precursor remains

unprocessed, reinforcing the idea that the availabil-
ity of pro-IL-18 alone does not equate with bioactive
cytokine [2].

Biological activity depends on proteolytic
maturation. Pro-IL-18 is cleaved by caspase-1
at the Asp36-Tyr37 site, generating the mature
cytokine [25,26]. Recent structural work has clarified
why this step is indispensable: in its precursor form,
IL-18 adopts a compact conformation that masks the
surfaces required for binding both IL-18R and IL-18
binding protein (IL-18BP), whereas cleavage exposes
these interfaces and enables signaling [27]. In this sense,
processing is not merely a trimming step, but the event
that converts IL-18 into a receptor-competent cytokine.

Release of mature IL-18 is now thought to occur
mainly through gasdermin D (GSDMD) pores [28,29].
This may accompany pyroptotic cell death, but it can
also occur in hyperactivated myeloid cells that remain
viable while releasing inflammatory mediators [28].
Evidence that GSDMD pores can act as conduits for
the secretion of IL-1 family cytokines, including IL-18,
has strengthened this model and provides a plausible
mechanism linking inflammasome activation to extra-
cellular bioactive IL-18 [29].

At the same time, canonical caspase-1 processing
is not the only route by which IL-18 may become
active. Non-classical processing can occur through at
least two mechanistically distinct routes. First, caspase-
8-mediated cleavage downstream of death-receptor
signaling, including Fas/FasL-dependent pathways,
may link apoptotic or inflammatory receptor engage-
ment to IL-18 bioactivation. Second, extracellular
or granule-derived proteases, including proteinase-3,
chymase, meprin-β, and granzyme B, can process pro-
IL-18 outside the canonical inflammasome-caspase-1
module [2,5]. These routes are particularly plausible
in inflamed barrier tissues, where epithelial injury,
neutrophil and mast-cell activation, and cytotoxic-
cell infiltration can coexist. However, most evidence
for these pathways comes from biochemical, cellu-
lar, or tissue-specific experimental contexts, and their
quantitative contribution in human disease remains
less well established than that of canonical caspase-1-
dependent maturation.

2.2 Receptor Signaling and Context-Dependent Output

IL-18 signals through a heterodimeric receptor com-
posed of IL-18Rα, which binds the ligand, and
IL-18Rβ, which is required for signal transduction
[30–32]. Downstream signaling is MyD88-dependent
and proceeds through IRAK- and TRAF6-linked
pathways, ultimately activating NF-κB and MAP
kinases [33]. Mechanistically, IL-18 therefore belongs
firmly to the IL-1 receptor/Toll-like receptor signal-
ing family.

However, receptor expression does not automati-
cally translate into functional responsiveness. IL-18Rα
is relatively widespread, whereas IL-18Rβ is more selec-
tively expressed and can be upregulated by IL-12, a
feature that strongly influences cellular sensitivity to
IL-18 [31,34]. This helps explain the best-known func-
tional partnership of IL-18: in the presence of IL-12, it



The interleukin-18/Interleukin-18 binding protein axis across allergy, systemic autoimmunity, and hyperinflammation 153

Table 1
Clinical gradient of the IL-18/IL-18BP axis across disease domains

Disease
domain

Representative
conditions

Total IL-18 IL-18BP/
Buffering

Free IL-18 Interpretation
of IL-18

Clinical
implication

Key references

Barrier and
allergic disease

Severe asthma;
atopic

dermatitis

Usually modestly
increased, generally

in the tens to low
hundreds pg/mL
range; far below

hyperinflammatory
levels

Often
preserved;
IL-18BP
usually

remains in
excess

Limited data;
low or

modestly
increased in

most settings

Context-
dependent

local amplifier

Pathway
engagement

does not
necessarily

imply
IL-18-driven

disease

[8–11]

Systemic
autoimmunity

SLE; lupus
nephritis;

dermatomyositis-
associated

ILD

Increased, often
tracking activity;

usually in the tens to
hundreds pg/mL
range rather than
MAS-like levels

Usually partly
preserved;

relative
insufficiency

may occur but
is rarely
extreme

Low to
modestly

increased; may
rise with active

disease,
especially
nephritis

Biomarker-
amplifier

Useful for
activity and

organ
involvement,

especially
nephritis

[12–15]

Still’s
disease/MAS

AOSD; sJIA;
MAS

Very high to
extreme, often in the
thousands to tens of

thousands pg/mL
range

IL-18BP rises,
but buffering

becomes
insufficient

Clearly
elevated,

especially in
active disease

and MAS

Driver-
amplifier with
overt buffer

failure

Free IL-18
becomes

diagnostically
and

therapeutically
meaningful

[5,7,16,17]

HLH
spectrum

Secondary
HLH; infection-

associated
HLH; familial

HLH

Variable; often
increased from

hundreds to
thousands pg/mL,

occasionally higher,
but less consistently
extreme than MAS

IL-18BP also
increases;

imbalance is
clearer in
secondary

HLH

Variable; may
be increased,
especially in
secondary
HLH or

MAS-like
states

Variable
upstream

contributor;
downstream
IFN-γ axis
often more
dominant

Best read
together with
CXCL9 and

clinical context

[7,18–20]

Monogenic
IL-18opathies

NLRC4 GOF;
XIAP

deficiency;
CDC42/

NOCARH;
PSTPIP1-
associated

disease

Chronically high;
can reach extreme

tens-of-
thousands pg/mL
levels, especially in

NLRC4-like
phenotypes

Relative
buffering
failure is

strongest in
NLRC4-like

disease

Elevated in the
most severe
phenotypes

Causal driver
at the

strongest end
of the

spectrum

Strongest
rationale for

upstream
targeting

[7,21–23]

Note: This table is interpretive rather than exhaustive and summarizes the dominant pattern of the IL-18/IL-18BP axis across disease domains. Total IL-18 ranges
are approximate orders of magnitude across studies and assays, not diagnostic cutoffs; they may vary according to assay platform, cohort composition, disease
activity state, sampling time, age, and treatment exposure. For SLE and HLH, free IL-18 has often been calculated rather than directly measured; the table
therefore reports the estimated biological pattern rather than standardized absolute values. Abbreviations: AOSD, adult-onset Still’s disease; CDC42/NOCARH,
CDC42-related neonatal-onset cytopenia, autoinflammation, rash, and hemophagocytic lymphohistiocytosis; CXCL9, C-X-C motif chemokine ligand 9; GOF,
gain-of-function; HLH, hemophagocytic lymphohistiocytosis; ILD, interstitial lung disease; IL-18, interleukin-18; IL-18BP, interleukin-18 binding protein; MAS,
macrophage activation syndrome; NLRC4, NLR family CARD domain-containing protein 4; PSTPIP1, proline-serine-threonine phosphatase-interacting protein
1; sJIA, systemic juvenile idiopathic arthritis; SLE, systemic lupus erythematosus; XIAP, X-linked inhibitor of apoptosis protein.

potently enhances IFN-γ production by NK cells and
T cells and reinforces Th1-polarized responses [24,34].

Yet IL-18 does not have a single fixed immune
output. Its biological effect depends on the surrounding
cytokine milieu, the responding cell population, and
the tissue context. In settings dominated by IL-12,
IL-18 mainly amplifies IFN-γ-driven immunity. In
the absence of IL-12, by contrast, IL-18 can promote
IL-4- and IL-13-associated responses, including
basophil- and mast-cell-driven programs and forms
of innate-type allergy [8,35,36]. More controversially,
IL-18 has also been implicated in Th17-oriented
inflammation in the presence of IL-23, although this
appears more context-dependent and less consistently
established [5]. Overall, IL-18 is better understood as
a pleiotropic amplifier whose output is dictated by
context rather than as a cytokine with a single invariant
functional signature.

2.3 IL-18BP as a High-Affinity Endogenous
Antagonist

IL-18 binding protein (IL-18BP) is the main endoge-
nous regulator of IL-18. In its original description,
IL-18BP was identified as a distinct soluble inhibitor
rather than the shed extracellular domain of the
receptor, immediately setting it apart from more con-
ventional soluble cytokine receptors [3]. Among its
naturally occurring isoforms, IL-18BPa is the most
abundant and has the highest affinity for IL-18; IL-
18BPc retains weaker but still measurable neutralizing
activity, whereas isoforms b and d lack a complete
immunoglobulin domain and do not effectively bind
IL-18 [37].

The importance of IL-18BP lies in the strength of
this interaction. Initial studies estimated a dissociation
constant of about 400 pM for IL-18BPa [37], whereas
later work suggested a substantially tighter interaction,
with Biacore and titration-based approaches placing
the Kd in the 26–50 pM range [5,16]. This is not a trivial
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technical refinement. It implies that endogenous buffer-
ing of IL-18 is stronger than originally appreciated. In
healthy individuals, circulating IL-18BP is present in
marked molar excess relative to IL-18, so free IL-18
is expected to be very low or virtually absent under
physiological conditions [2,4,5].

IL-18BP is also embedded in a negative feedback
loop. IL-18 promotes IFN-γ production, whereas IFN-
γ induces IL-18BP expression through a promoter
region that includes GAS and IRF-responsive elements
and depends on IRF-1 and C/EBPβ for full activa-
tion [38]. In human PBMCs, monocytes are a major
source of IL-18BPa, while IFN-γ derived predomi-
nantly from NK cells mediates its induction in response
to IL-12 [39]. This circuitry helps explain why elevated
total IL-18 does not necessarily imply increased IL-18
bioactivity: in many inflammatory settings, the ligand
and its endogenous buffer rise in parallel.

A further nuance is that IL-18BP is not biologically
confined to IL-18 alone. At higher concentrations, it
can also bind IL-37, which adds a further layer of
complexity to the interpretation of elevated IL-18BP
in inflammatory settings [35]. This point is not cen-
tral to the present review, but it is worth keeping in
mind because it means that IL-18BP cannot always be
interpreted as a pure surrogate of anti-IL-18 buffering.

2.4 Translational Bridge: Total Versus Free IL-18

This is the main translational consequence of the IL-
18/IL-18BP axis. Standard assays measure total IL-18,
but they do not distinguish between IL-18 already
bound to IL-18BP and IL-18 that remains unbound
and biologically active [2,5,16]. As a result, total IL-18
alone can be misleading if interpreted as a direct read-
out of pathway activation.

That problem was already apparent in early studies
of adult-onset Still’s disease, where IL-18 bioactivity
was far lower than the concentration measured by

ELISA, indicating substantial circulating inhibitory
activity [40]. The distinction became clearer once free
IL-18 could be assessed more directly. In adult-onset
Still’s disease, free IL-18 is elevated even when other
inflammatory diseases also show high total IL-18, sug-
gesting that the clinically relevant question is not simply
how much IL-18 is produced, but whether IL-18BP
buffering has been overcome [16].

The added value of free IL-18 appears greatest
in Still’s disease, macrophage activation syndrome,
and monogenic IL-18opathies, where unbuffered IL-18
more closely reflects pathogenic activity [5,7,16].
Longitudinal observations are also informative: in
NLRC4-associated disease and MAS-like states, total
IL-18 may remain chronically elevated, whereas free
IL-18 falls with clinical improvement, underscoring
that total IL-18 and current inflammatory activity can
dissociate over time [7]. By contrast, in classic autoim-
mune disease and in barrier disorders, elevated total
IL-18 more often reflects inflammatory context than
unequivocal IL-18-driven pathology [2,5].

Methodological aspects of calculated and directly
measured free IL-18 are addressed in Section 6.2. The
biological point here is that IL-18 should not be inter-
preted in isolation: its clinical meaning depends on the
balance between cytokine production and high-affinity
antagonism by IL-18BP.

The mechanistic and translational framework of
the IL-18/IL-18BP/free IL-18 axis is summarized in
figure 1.

IL-18 is produced as an inactive precursor and can
be matured through canonical inflammasome-caspase-
1-dependent processing or through non-classical
routes involving caspase-8 or extracellular/granule-
derived proteases. Mature IL-18 is released, including
through GSDMD-mediated pathways, and may
then be neutralized by the high-affinity endogenous
antagonist IL-18BP or remain unbound as free

Figure 1: Mechanistic and translational framework of the IL-18/IL-18BP/free IL-18 axis. The schematic is organized into three linked
levels: upstream IL-18 production and maturation (A), IL-18BP-mediated restraint and free IL-18 generation (B), and signaling,
biomarkers, and therapeutic nodes (C).
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bioactive IL-18 when IL-18 production exceeds IL-
18BP-mediated restraint. Free IL-18 signals through
the IL-18Rα/IL-18Rβ receptor complex and promotes
context-dependent IFN-γ induction, followed by
downstream IFN-γR/JAK-STAT signaling and
CXCL9 production. IFN-γ also induces IL-18BP,
forming a negative feedback loop that limits IL-18
bioactivity. Potential therapeutic nodes include IL-18
neutralization, restoration of IL-18BP-mediated
antagonism with recombinant IL-18BP, IFN-γ
blockade, and broader JAK-mediated pathway
modulation. Abbreviations: CXCL9, C-X-C motif
chemokine ligand 9; GSDMD, gasdermin D;
IFN-γ, interferon-gamma; IL-18, interleukin-18;
IL-18BP, interleukin-18 binding protein; IL-18R,
interleukin-18 receptor; JAK, Janus kinase; MAPK,
mitogen-activated protein kinase; MyD88, myeloid
differentiation primary response 88; NF-κB, nuclear
factor kappa B.

3 Barrier and Allergic Disease

Barrier tissues are a natural home for IL-18 biology.
Unlike many inflammatory mediators that require de
novo induction, IL-18 is constitutively present as a pre-
formed precursor in epithelial compartments, including
keratinocytes and intestinal epithelial cells, and can
therefore be mobilized rapidly after tissue stress or
injury [8,9,41,42]. That arrangement makes biological
sense. At barrier surfaces, the host has to react quickly
to disruption, and IL-18 is unusually well positioned
to translate local damage into an immediate immune
signal.

What makes this especially relevant, however, is
that IL-18 does not carry a fixed functional mean-
ing. Its output is shaped by the surrounding cytokine
milieu, the responding cell population, and the tis-
sue in which it is released. In the presence of IL-12,
IL-18 strengthens IFN-γ-dominated immunity; in the
absence of IL-12, it can instead support allergic and
type 2-associated programs [8,9]. This flexibility is par-
ticularly important at barrier sites, where epithelial
cells, mast cells, resident lymphocytes, and recruited T
cells coexist in a highly contingent microenvironment.

Barrier tissues also appear to be enriched not only
for cells able to release IL-18, but for cells poised to
respond to it. A large population of memory CD4+ T
cells co-expressing IL-18Rα and DR3 has been iden-
tified at barrier surfaces, including skin and mucosal
tissues, with innate-like effector properties and antigen-
independent responsiveness to IL-18 [43]. In other
words, these tissues are primed at both ends of the
circuit: they are ready to produce IL-18 and ready to
interpret it.

This helps explain why IL-18 is so often implicated
in barrier disease and yet behaves differently from
the way it does in hyperinflammatory syndromes. In
Still disease, MAS, and monogenic IL-18opathies, the
crucial issue is often failure of IL-18BP buffering and
the emergence of biologically free IL-18. In barrier
disease, the main question is usually subtler: how IL-18
shapes local immune tone and whether it amplifies an
inflammatory program that is already underway.

3.1 Severe Asthma

The case for IL-18 in severe asthma is biologically
plausible, but still more suggestive than definitive.
Mechanistically, asthma provides several opportuni-
ties for IL-18 pathway engagement: epithelial injury
and inflammasome activation can promote IL-18 mat-
uration, IL-18 receptor expression can render local
immune and structural cells responsive to the cytokine,
and the final inflammatory output depends on the
surrounding cytokine milieu. Serum IL-18 is increased
in asthma and tends to track with severity, while
sputum transcriptomic studies in severe disease show
upregulation of IL-1 receptor family members and
inflammasome-associated genes, particularly in neu-
trophilic asthma [44–46]. More detailed translational
work has demonstrated increased IL-18 and IL-
18R1 in sputum and bronchial tissue, especially in
exacerbation-prone disease, providing direct evidence
of in situ airway pathway engagement rather than a
signal merely reflected in the circulation [45].

These observations refine, but do not overturn, the
need for caution. Severe asthma is heterogeneous, and
the available evidence does not support a simple model
in which IL-18 is a dominant upstream driver across
all phenotypes. Rather, IL-18 appears to behave as a
context-dependent amplifier. In type 2-skewed settings,
it may cooperate with epithelial and Th2-associated
cytokine programs, whereas in neutrophilic or mixed
inflammatory asthma it may align more closely with
inflammasome activation, IL-1-family signaling, and
IFN-γ-related immune activation [8,9,44–46]. This dual
capacity helps explain why IL-18 can be associated
with severe asthma without defining a single uniform
pathogenic endotype.

The behavior of IL-18BP is clinically revealing
here. In atopic asthma, both IL-18 and IL-18BP are
increased, but IL-18BP remains in clear molar excess,
with an IL-18:IL-18BP ratio of about 1:12.8 in one
study [10]. That suggests that much of the circulating
cytokine remains effectively neutralized, which may
explain why total IL-18 is easy to detect in asthma
while its clinical meaning remains difficult to define.
The limited available data on free IL-18 point in
the same direction. In a small prospective conference
report, higher baseline free IL-18 was associated with
a subgroup of severe asthmatics who experienced more
frequent exacerbations early during omalizumab treat-
ment, followed by more gradual improvement over
two years, together with a less eosinophilic and lower-
periostin profile [47]. At present, therefore, the most
realistic clinical application of IL-18 in asthma is not
immediate pathway-directed therapy, but biomarker
refinement: free IL-18, interpreted together with IL-
18BP and established type 2/non-type 2 markers, may
help identify exacerbation-prone or mixed inflamma-
tory phenotypes that require prospective validation.

Taken together, severe asthma supports the idea
that IL-18 matters at barrier sites, but usually as a
phenotype-modifying cytokine rather than a dominant
driver. The pathway is engaged, yet in most patients the
evidence still points to buffered, context-shaped ampli-
fication rather than overt loss of biological restraint.
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3.2 Atopic Dermatitis

The signal is stronger in atopic dermatitis (AD) than
in asthma. Serum IL-18 is elevated in patients with
atopic dermatitis, correlates with disease severity, and
tracks with established clinical and laboratory mark-
ers such as SCORAD, TARC, IgE, and LDH [48].
More recent syntheses of the field support the same
conclusion: IL-18 is not merely present in AD, but
plausibly involved in the architecture of disease, linking
barrier dysfunction, type 2 inflammation, and lesion
severity [49].

The skin is a particularly informative barrier com-
partment for IL-18 biology because keratinocytes
constitute a local reservoir of constitutive pro-IL-18.
Under conditions of epithelial stress, barrier injury,
or inflammasome activation, this preformed pool can
be processed and released as mature IL-18, providing
a rapid source of local inflammatory amplification
within lesional skin [49,50]. This local pathway acti-
vation has been shown not only in inflammatory skin
disease more broadly, but also in keratin-associated
disorders in which epidermal stress activates NLRP3
and drives IL-18 release from keratinocytes [50].
In murine AD-like inflammation, IL-18 deficiency
markedly attenuates disease, reduces Th2-associated
cytokines, and improves barrier injury [51]. These data
support local pathogenic relevance, while still falling
short of proving that IL-18 is a dominant therapeutic
driver in all human atopic dermatitis.

The regulatory side of the equation is also impor-
tant, although it is less completely mapped at tissue
level than IL-18 itself. IL-18BP-mediated antagonism
remains the main mechanism limiting bioactive IL-18,
but spatially resolved data on IL-18BP expression
within lesional skin are more limited than data on
keratinocyte IL-18 production. In eczema, both free
IL-18 and free IL-18BP are elevated, but the molar IL-
18BP:IL-18 ratio is reduced relative to healthy controls,
suggesting a relative deficit of restraint [11]. The clinical
population in that study was broader than classic atopic
dermatitis alone, so the finding should not be overex-
tended. Still, it illustrates a key interpretive point for
barrier disease: circulating total IL-18, free IL-18, and
IL-18BP may provide useful systemic clues, but they
are imperfect surrogates for the cutaneous microenvi-
ronment, where local epithelial injury, inflammasome
activation, and tissue-level antagonist availability may
determine the biological effect of IL-18.

Overall, the fairest interpretation is that IL-18
in atopic dermatitis behaves as a context-dependent
amplifier with plausible local pathogenic relevance. It
does not account for the whole disease, and current
human evidence does not establish IL-18 as a domi-
nant therapeutic driver. However, the convergence of
lesional expression, keratinocyte biology, biomarker
data, and experimental models supports the view that
IL-18 may contribute to lesion severity in selected
inflammatory contexts rather than merely mirroring
background inflammation.

3.3 Interim Synthesis

Barrier disease illustrates the contextual nature of
IL-18 particularly well. At epithelial surfaces, IL-18 is

poised for rapid activation, but its meaning depends
heavily on the tissue and the surrounding cytokine
environment. In severe asthma, the balance of evidence
still favors a role as a context-dependent amplifier, and
the available data suggest that circulating IL-18 often
remains substantially buffered. In atopic dermatitis,
the signal is more consistent, the mechanistic support
stronger, and the possibility of relative buffering insuf-
ficiency more plausible.

The contrast matters for the larger argument of
the review. Barrier disease shows that IL-18 can be
biologically important without becoming uniformly
dominant. This stands apart from the hyperinflam-
matory syndromes, where free IL-18 emerges more
clearly and the IL-18/IL-18BP balance becomes clini-
cally decisive.

The same barrier-centered logic may cautiously
extend beyond asthma and atopic dermatitis.
Eosinophilic esophagitis is an epithelial-driven allergic
disease in which IL-18 has been implicated, and
we mention it here only as an example of possible
barrier-centered IL-18 involvement rather than as
evidence for an established IL-18-driven endotype [49].
Current evidence is not sufficient to assign IL-18
the same pathogenic weight across all allergic barrier
diseases; rather, epithelial stress, local cytokine context,
and endogenous IL-18BP-mediated restraint may
together determine whether IL-18 remains a contextual
amplifier or becomes a more relevant contributor to
tissue inflammation.

4 Systemic Autoimmunity

Systemic autoimmunity poses a different problem from
hyperinflammation. Here, IL-18 is clearly involved,
often elevated, and repeatedly associated with disease
activity. The harder question is how to interpret that
signal. In most autoimmune settings, IL-18 does not
behave as it does in Still disease, MAS, or monogenic
IL-18opathies, where free IL-18 can become strikingly
elevated and the loss of buffering becomes part of the
clinical picture. Instead, the overall weight of evidence
suggests that, in systemic autoimmunity, IL-18 is usu-
ally best understood as a marker of active inflammation
and an amplifier of downstream immune programs
rather than as a dominant upstream driver in its own
right [12,13,52,53].

That distinction matters because the same cytokine
can play very different roles depending on context. In
autoimmunity, IL-18 often rises with disease activity
and organ involvement, especially where type 1 or
mixed inflammatory programs are prominent, yet the
magnitude of elevation is usually more modest than in
IL-18-driven hyperinflammation. That does not make
IL-18 unimportant. It means that, in this domain, the
central issue is less catastrophic failure of IL-18BP
buffering and more the contribution of IL-18 to an
already established autoimmune network.

4.1 SLE and Lupus Nephritis

Systemic lupus erythematosus (SLE) is the autoim-
mune disease in which IL-18 has been studied most
consistently. Across multiple cohorts, circulating IL-18
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is elevated compared with healthy controls and corre-
lates with disease activity, including SLEDAI [54,55].
This is one of the most reproducible findings in the
field and firmly establishes IL-18 as a disease-activity
biomarker in lupus.

The signal becomes more compelling in lupus
nephritis. Calvani and colleagues showed that IL-18 is
not only increased in serum but also expressed within
nephritic renal tissue, particularly in glomerular and
infiltrating cells, where it correlates positively with
IFN-γ and inversely with IL-4, supporting the view
that IL-18 helps sustain a Th1-skewed inflammatory
milieu in the lupus kidney [14]. Clinical studies have
confirmed that serum IL-18 is higher in patients with
lupus nephritis than in those without renal involvement
and increases with histologic severity, particularly in
proliferative classes [56]. Taken together, these observa-
tions suggest that IL-18 is more than a passive marker
in lupus nephritis, even if that still falls short of proving
a dominant pathogenic role in human disease.

The strongest mechanistic evidence comes from
experimental work. In MRL/lpr mice, exogenous IL-18
accelerates proteinuria, glomerulonephritis, vasculitis,
and skin disease, while the phenotype varies with
cytokine context: IL-18 alone favors a more Th2-
associated pattern, whereas IL-18 plus IL-12 drives
more severe nephritis [57]. More recent work has
extended this picture by showing that IL-18 can
also promote pathogenic Th17-associated responses
through a Bhlhe40-dependent program, and that anti-
IL-18 treatment improves disease in murine lupus
models [58]. These findings strongly support an ampli-
fying role for IL-18 in lupus pathogenesis, but they
remain preclinical.

The question of IL-18BP and free IL-18 is espe-
cially interesting in SLE because it shows that some
degree of buffering insufficiency can occur even outside
classic IL-18opathies. Novick and colleagues found
that patients with active SLE had increased total
IL-18, increased IL-18BP, and also increased calculated
free IL-18 compared with controls, with free IL-18
correlating with SLEDAI-2K [12]. Migliorini et al.
independently reported similar findings, including the
association of serum free IL-18 with ECLAM [53].
Italiani and colleagues later confirmed that total and
free IL-18 help distinguish active from inactive disease
and identified IL-18BP among the variables associated
with active nephritis in multivariable analysis [13].

Even so, these results need to be read carefully. A
key limitation is that, in SLE, free IL-18 has primarily
been calculated from total IL-18 and IL-18BP rather
than directly measured. This means that apparent
increases in free IL-18 depend on assumptions about
binding affinity and assay performance, and should
not be interpreted as equivalent to direct demonstra-
tion of excess bioactive cytokine. Consequently, the
value of free IL-18 in SLE remains more conceptual
than operational: it supports the idea that IL-18BP-
mediated restraint may become relatively insufficient,
but it does not redefine lupus in the way free IL-18 does
Still disease or MAS. The same applies clinically. IL-18
may outperform traditional serological markers such as
anti-dsDNA and C3 in some models of activity [55],
but no study has yet shown that calculated free IL-18

clearly outperforms total IL-18 for routine clinical use,
and there is still no human therapeutic evidence show-
ing that lupus behaves as an IL-18-dependent disease in
the way hyperinflammatory syndromes do.

Taken together, in SLE—and especially in lupus
nephritis—IL-18 is best interpreted as a biomarker-
amplifier axis. It reflects disease activity and associates
with renal inflammation, while tissue and transla-
tional data support a plausible contribution to local
inflammatory polarization and injury. However, cur-
rent human evidence does not establish IL-18 as a
dominant, therapeutically decisive driver in SLE or
lupus nephritis. This distinction is important because
it prevents biomarker association from being overinter-
preted as proof of IL-18 dependency.

4.2 Brief Bridge Examples Beyond SLE

A few other systemic autoimmune diseases help place
lupus in context. Dermatomyositis is probably the
most informative comparison. Here, IL-18 can also
become strikingly elevated, particularly in patients with
interstitial lung disease, and correlations with ferritin
and disease severity suggest a biology that begins
to approach the hyperinflammatory end of the spec-
trum [15,59]. This does not make dermatomyositis
an IL-18opathy, but it does show that the boundary
between autoimmunity and hyperinflammation is not
always sharp.

Beyond lupus and dermatomyositis, the picture
becomes thinner and less coherent. IL-18 often appears
as a relevant inflammatory signal, but far less often
as a clearly dominant one. That is the key point for
this review: systemic autoimmunity repeatedly places
IL-18 in the disease network, but usually in the posi-
tion of biomarker or amplifier rather than master
pathogenic node.

4.3 Interim Synthesis

Systemic autoimmunity shows a pattern distinct from
both barrier disease and hyperinflammatory syn-
dromes. The evidence is strongest in SLE, particularly
lupus nephritis, where IL-18 is consistently elevated,
correlates with disease activity, and likely amplifies
local renal and systemic immune injury. At the same
time, the human data do not support placing lupus in
the same category as Still disease, MAS, or monogenic
IL-18opathies. The elevations are real, and at times
substantial, but they are not usually extreme; buffering
may be relatively insufficient, but not catastrophically
so; and the clinical phenotype is not defined by free
IL-18 in the same way.

This is why IL-18 in systemic autoimmunity is
best framed as a biomarker-amplifier axis. It is clearly
relevant, probably pathogenic in part, and potentially
informative for organ-specific activity, especially in
lupus nephritis. But it does not yet meet the threshold
of evidence needed to define human systemic autoim-
munity as an IL-18-dominant disease.
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5 Hyperinflammation, HLH, and Monogenic
IL-18opathies

This is where the IL-18/IL-18BP axis becomes
most clinically informative. In barrier disease and
systemic autoimmunity, IL-18 usually behaves as a
contextual inflammatory signal. In hyperinflammatory
syndromes, the question changes: is buffering still
sufficient? Across Still disease, hemophagocytic
lymphohistiocytosis (HLH), and monogenic IL-
18opathies, the biology shifts from high total IL-18 to
insufficiently restrained, biologically relevant IL-18,
often with a strong downstream IFN-γ program.

5.1 Still Disease and Macrophage Activation Syndrome

Still disease—adult-onset Still’s disease (AOSD) and
systemic juvenile idiopathic arthritis (sJIA)—is the
clearest clinical setting in which the IL-18/IL-18BP
axis comes into focus. In both conditions, circulating
IL-18 reaches levels that dwarf those seen in most other
rheumatic and autoinflammatory disorders, often by
two to three orders of magnitude [17,40,60,61]. This is
not just a quantitative difference. It suggests that, in
Still disease, IL-18 is a central feature of disease biology
rather than a generic inflammatory bystander.

Early work already hinted that total IL-18 alone
did not tell the full story. In AOSD, Kawashima et al.
showed that IL-18 bioactivity was more than ten-fold
lower than the concentration measured by ELISA,
indicating that a substantial fraction of circulating
IL-18 was functionally inhibited [40]. That observation
became easier to interpret once free IL-18 could be
assessed more directly. In the study by Girard et al.,
free IL-18 was selectively elevated in active AOSD,
whereas rheumatoid arthritis, systemic lupus erythe-
matosus, ankylosing spondylitis, psoriatic arthritis,
and hidradenitis suppurativa showed no comparable
increase despite elevated total IL-18 levels in some
cases [16]. The European ImmunAID cohort extended
this point on a larger scale: total IL-18 discriminated
Still disease from most systemic autoinflammatory dis-
eases, while free IL-18 added specificity by remaining
selectively elevated in Still disease but not in familial
Mediterranean fever, where total IL-18 may also be
high [17]. Clinically, the relevant question is therefore
not simply how much IL-18 is present, but whether
IL-18BP buffering has been exceeded.

The same framework helps compare—but not
collapse—AOSD and sJIA. Both disorders show strik-
ing elevations of total IL-18, and in both, very high
IL-18 identifies a more hyperinflammatory pheno-
type [60–62]. However, their clinical contexts differ.
AOSD is an adult systemic autoinflammatory disease
in which IL-18 elevation accompanies systemic activity
and may identify patients closer to the Still/MAS end
of the spectrum. sJIA begins in childhood, overlaps
more directly with chronic arthritis, and carries a par-
ticularly well-recognized risk of MAS; in sJIA, total
IL-18 above 47,750 pg/mL was reported to predict
MAS development [61]. Direct comparison of AOSD
and sJIA showed similarly marked IL-18 elevations
during active disease [62], supporting shared pathway

biology, but not complete clinical equivalence. Diag-
nostically, IL-18 should therefore be interpreted as a
shared pathway marker rather than as a disease-specific
discriminator between AOSD and sJIA. Therapeuti-
cally, the relevant question in both disorders remains
whether extreme total IL-18 is accompanied by biolog-
ically meaningful free IL-18, especially during MAS or
MAS-prone states.

MAS is where this biology becomes most
consequential. Here, total IL-18 reaches extreme
concentrations and free IL-18 becomes far more
relevant, consistent with failure of endogenous
buffering [5,7,63]. The study by Weiss et al. is
central here. It showed that IL-18 distinguishes MAS
from familial HLH better than most conventional
inflammatory markers, and that chronic elevation of
free IL-18 is closely linked to the MAS-prone state [7].
Just as important, their longitudinal data introduced
the idea of an IL-18 “set-point”: in patients with
NLRC4-MAS and AOSD-MAS, total IL-18 stayed
high—sometimes for months to years—even after
CRP, ferritin, and free IL-18 had normalized [7].
Total IL-18 therefore reflects the scale of pathway
engagement, whereas free IL-18 tracks the fraction
that is biologically unrestrained.

Why the buffer fails in Still disease is still not
fully resolved. One plausible explanation is that IL-
18BP induction becomes inadequate relative to the
sheer size of the IL-18 burden. In the Girard cohort,
IFN-γ and IL-12 were largely undetectable even in
samples with high IL-18BP, suggesting that the classical
IL-18→IFN-γ→IL-18BP feedback loop may be only
partially operative in this setting [16]. Defective NK-
cell responses to IL-18 may further limit compensatory
IFN-γ and, in turn, IL-18BP production [63]. What-
ever the mechanism, the clinical consequence is clear:
MAS is not simply “more inflammation,” but a state in
which the balance between ligand and buffer has shifted
toward free, pathogenic IL-18.

Experimental work strengthens this interpretation.
In murine MAS, loss of IL-18BP aggravates disease,
whereas blockade of IL-18 or IFN-γ ameliorates the
phenotype [7,63]. Crucially, Weiss et al. showed that
only mice with chronic elevation of free IL-18, but not
mice with high total IL-18 alone, developed more severe
TLR9-induced MAS, providing direct evidence that
free IL-18 is the pathogenically relevant fraction [7].
In murine MAS models, IL-18 and IL-1β also make
distinct contributions: IL-18 mainly sustains the IFN-
γ/CXCL9 axis, whereas IL-1β contributes more to
weight loss, and both together are needed for the full
cytopenic phenotype [64].

Human biomarker studies point in the same
direction. In MAS, IL-18 belongs to the same inflam-
matory circuit as IFN-γ-related mediators, particularly
CXCL9. In Weiss et al., normalizing IL-18 by CXCL9
slightly improved discrimination of MAS from familial
HLH [7]. More recently, De Matteis et al. showed that
high IL-18 and CXCL9 at MAS onset identify patients
with a more severe and treatment-resistant course [65].

The therapeutic data are still limited, and the dis-
tinction between AOSD and sJIA is important here.
In adults, the phase II open-label trial of tadekinig
alfa in refractory AOSD provided the first formal
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proof-of-concept that restoring IL-18 buffering can
translate into clinical benefit [66]. Additional support
in AOSD comes from prolonged treatment in selected
cases [67]. In sJIA, evidence for IL-18BP-based therapy
is more limited and is mainly represented by recur-
rent sJIA-associated MAS responding to tadekinig
alfa with reduction of free IL-18 [68]. This pattern
supports a shared pathway but different evidentiary
strength: AOSD has formal trial-level proof of concept,
whereas sJIA currently has stronger biomarker/risk-
stratification data and case-level therapeutic support.
By contrast, earlier placebo-controlled phase Ib studies
in rheumatoid arthritis and psoriasis had not shown
efficacy, which fits with the absence of demonstrable
free IL-18 excess in those diseases [5,66]. For this rea-
son, the Still/MAS spectrum occupies a central place
in this review: it is the domain in which the distinction
between total and free IL-18 moves from biochemical
nuance to clinical meaning.

5.2 HLH and the IL-18/IFN-γ Axis

If Still disease and MAS define the setting of maximal
IL-18 excess, HLH helps clarify how that excess fits
within a broader hyperinflammatory circuit. The most
consistent pathogenic core of HLH is the IFN-γ axis,
whereas the contribution of IL-18 varies substantially
depending on the subtype. The key question is therefore
not whether IL-18 is involved in HLH, but in which
forms of HLH the IL-18→IFN-γ pathway acts as a
dominant upstream program rather than a secondary
inflammatory accompaniment.

The first indication that IL-18 might matter in HLH
came from Takada et al., who showed that circulat-
ing IL-18 was markedly increased during active HLH,
declined with disease control, and correlated with IFN-
γ levels [18]. That study established IL-18 as a marker of
hyperinflammatory activity, but it did not distinguish
total from bioactive cytokine. This became important
later, once it was clear that IL-18BP can buffer much of
the circulating IL-18.

The clearest early evidence for a clinically rele-
vant IL-18/IL-18BP imbalance in HLH came from
Mazodier et al., who studied adults with secondary
hemophagocytic syndrome [19]. In that cohort, total
IL-18 was markedly increased, whereas IL-18BP rose
less selectively, resulting in increased calculated free
IL-18. It was calculated free IL-18—not total IL-18
or IL-12—that correlated with the hallmark biological
features of hemophagocytic syndrome, including ane-
mia, hyperferritinemia, hypertriglyceridemia, IFN-γ,
and soluble markers of T-cell and macrophage activa-
tion [19]. Even though these data rely on calculated
rather than directly measured free IL-18, they remain
important because they show that, at least in some
forms of secondary HLH, IL-18 is not simply elevated
in parallel with inflammation but may contribute to
an upstream cytokine program feeding into IFN-γ-
driven disease.

The comparison with MAS remains especially
informative. Weiss et al. showed that total IL-18
is often far higher in MAS than in familial HLH,
whereas IL-18BP and CXCL9 are elevated across MAS,
infection-associated HLH, and familial HLH with less

dramatic separation [7]. Free IL-18 was much more
consistently elevated in MAS, while familial HLH more
often showed a comparable, and in some datasets
slightly higher, downstream CXCL9 signature without
the same degree of unbuffered IL-18 [7]. This argues
against the idea that all forms of HLH are equally
IL-18-driven. A more accurate reading is that MAS is
often both IL-18-high and IFN-γ-high, whereas pri-
mary/familial HLH is more often IFN-γ-dominant,
with IL-18 acting as a contextual amplifier rather than
the main driver.

That distinction should not be made too rigidly.
Weiss et al. also described a bimodal distribution of
IL-18 in infection-associated HLH, with some patients
showing very high levels and others much lower val-
ues [7]. This suggests that, even outside Still/MAS,
excess IL-18 may define a host susceptibility pattern
in a subset of HLH-like syndromes. So IL-18 is bet-
ter viewed as a variable upstream determinant whose
weight differs across the HLH spectrum, rather than as
a binary on/off feature.

The downstream IFN-γ arm remains essential to
this distinction, but is discussed in more detail as a
biomarker framework in Section 6.3. Briefly, human
MAS and adult HLH studies show that CXCL9 can
capture downstream IFN-γ pathway activation and
help distinguish inflammatory patterns across HLH
triggers [20,69,70]. For the purposes of this section,
the key point is that IL-18 and CXCL9 should not
be treated as competing markers: IL-18 is most infor-
mative about upstream cytokine burden and loss of
IL-18BP-mediated restraint, whereas CXCL9 reports
downstream IFN-γ activity.

The preclinical literature supports the same layered
model. In murine MAS, unopposed IL-18 signaling
leads to severe disease that can be attenuated by IL-
18R or IFN-γ blockade, directly demonstrating the
protective role of endogenous buffering [63]. Weiss
et al. refined this point further by showing that free
IL-18, rather than total IL-18 alone, was required
for aggravated disease in murine MAS [7]. Even
more directly, Tsoukas et al. showed that transgenic
overexpression of mature IL-18 caused virus-induced
hyperinflammation comparable to perforin deficiency
despite preserved viral control and intact cytotoxicity,
while the combination of IL-18 excess and perforin
deficiency produced spontaneous lethal hyperinflam-
mation [71]. These experiments make an important
point: IL-18 is not merely an incidental upstream sig-
nal. In the right setting, it can itself create susceptibility
to IFN-γ-driven immunopathology and can synergize
with cytotoxic dysfunction.

Therapeutic evidence fits the same logic. The
clearest formal proof of pathogenic relevance in pri-
mary HLH comes from IFN-γ blockade: emapalumab
induced clinical responses in children with primary
HLH and established IFN-γ as a valid downstream
therapeutic node [72]. In MAS-like disease, anti-IFN-γ
also reverses pathology in preclinical models [73]. This
does not make IL-18 irrelevant. It suggests, rather, that
in many HLH settings the most reliable final common
effector target lies downstream at the level of IFN-γ,
even when upstream cytokines such as IL-18 contribute
substantially to disease initiation or amplification.
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5.3 Monogenic IL-18opathies

Monogenic disorders provide a different kind of evi-
dence. They do not simply show association; they
hardwire excess IL-18 into the disease itself. For
that reason, monogenic IL-18opathies provide the
strongest human evidence that IL-18 can act as
more than a biomarker of inflammation. In these
conditions, chronically excessive IL-18 is built into
the disease architecture by the underlying genetic
lesion, and the clinical phenotype often includes recur-
rent hyperinflammation or a clear predisposition to
MAS-like episodes. Their value in this review is
mainly causal: they show that sustained IL-18 excess
can predispose the immune system to pathological
inflammation, particularly when endogenous buffering
becomes insufficient.

The clearest prototype is NLRC4 gain-of-function
disease. The original reports established a syndrome of
recurrent inflammation with enterocolitis and MAS,
characterized by strikingly elevated IL-18, often far
above the levels seen in most other autoinflammatory
conditions [21,74]. Subsequent work strengthened this
model considerably. In the translational study by Weiss
et al., patients with NLRC4-MAS showed extraor-
dinarily high total IL-18 together with persistently
elevated free IL-18, and the murine counterpart clari-
fied an important mechanistic point: the major source
of chronic IL-18 was non-hematopoietic, arising from
intestinal epithelium rather than from myeloid cells [7].
This moves NLRC4 disease beyond a generic “inflam-
masome disorder” label and suggests that the tissue
source matters for sustained systemic cytokine excess.

NLRC4 disease also shows very clearly why total
and free IL-18 should not be conflated. In the murine
T337S model, high total IL-18 alone was not suf-
ficient to aggravate TLR9-induced MAS unless free
IL-18 was also detectable, whereas mice with enforced
circulating free IL-18 developed much more severe
disease [7]. This model is strengthened further by the
observation that transgenic IL-18 overexpression alone
can drive virus-induced hyperinflammation compara-
ble to perforin deficiency, even when cytotoxic function
is preserved [71]. Together, these findings show that
chronic IL-18 excess is not simply a bystander of
inflammasome activation but can itself create suscepti-
bility to severe hyperinflammation.

The clinical spectrum of NLRC4 disease is broader
than recurrent MAS alone. Severe infantile enterocol-
itis with macrophage activation, milder cold-induced
urticarial or arthritic phenotypes, and intermediate pre-
sentations have all been described, yet IL-18 tends to
remain markedly elevated across this spectrum [75].
That suggests that extreme IL-18 excess is a stable
biological trait, whereas overt phenotype depends on
additional factors, including degree of buffering, trig-
ger exposure, and downstream immune responsiveness.
A recent knock-in murine model of NLRC4-V341A
reinforced this point by reproducing early enterocolitis,
hemophagocytosis, and neonatal lethality, while also
supporting IL-18-directed intervention as a biologi-
cally rational strategy [76].

XIAP deficiency occupies a different, but still very
relevant, position within the IL-18opathy spectrum.

Unlike NLRC4 gain-of-function, it does not provide
the same direct inflammasome-based proof of causal-
ity, yet it is characterized by chronically elevated IL-18
that persists beyond acute HLH episodes and rises
again with relapse [22]. This pattern suggests that IL-18
is not merely a consequence of cytokine storm in XIAP
deficiency but a constitutive part of disease predispo-
sition. The mechanistic link remains less well resolved
than in NLRC4 disease, and direct evidence for free
IL-18 is still limited [22,77]. Even so, the overall pheno-
type supports the idea of a chronic IL-18-high state that
lowers the threshold for HLH-like hyperinflammation.

CDC42 C-terminal disease, especially NOCARH
syndrome, adds another layer of complexity. Here,
IL-18 is clearly elevated and clinically relevant, but
the biology appears more mixed. C-terminal CDC42
variants can give rise to severe hematologic and
autoinflammatory disease with marked inflammatory
activation, including elevated IL-18 [78]. More recent
mechanistic work indicates that these variants may
activate not only inflammasome-associated pathways
but also STING/type I interferon signaling, making
NOCARH less purely IL-18-driven than NLRC4 dis-
ease [79]. For this review, CDC42 disease is best
understood as a mixed hyperinflammatory disorder in
which IL-18 is important, but not necessarily the sole
dominant driver.

A useful counterexample is provided by pathogenic
PSTPIP1-associated disease. In these patients, serum
IL-18 is chronically elevated and distinguishes
pathogenic variants from benign or uncertain ones, yet
overt MAS is not typically observed [23]. Importantly,
the available stoichiometric data do not support a
simple explanation in which preserved IL-18BP molar
excess keeps free IL-18 low despite extreme total IL-18.
Rather, IL-18BP was only modestly increased and
free IL-18 was detectable, while CXCL9, a marker
of downstream IFN-γ pathway activation, was rarely
elevated [23]. This makes PSTPIP1-associated disease
particularly informative: it shows that chronic total
IL-18 elevation, and even detectable free IL-18, may
be insufficient to produce MAS unless coupled to a
permissive downstream inflammatory program. The
missing step may therefore lie less in total cytokine
abundance alone than in the degree of IL-18BP
escape, tissue source, cytotoxic context, and especially
downstream IFN-γ/CXCL9 amplification.

Taken together, the monogenic disorders support
a graded rather than binary view. NLRC4 gain-of-
function sits at the strongest end of the spectrum,
where human genetics, translational work, and animal
models all converge to show that chronically exces-
sive and insufficiently buffered IL-18 can directly drive
MAS-like disease. XIAP deficiency supports a chronic
IL-18-high predisposition state, CDC42 disease points
to a mixed IL-18 plus innate signaling phenotype,
and PSTPIP1 shows that persistent IL-18 elevation
alone does not guarantee MAS. This hierarchy helps
explain why monogenic IL-18opathies matter so much
in this review: they turn the IL-18/IL-18BP axis from a
biomarker framework into a causal biological model.

Therapeutic observations, though still limited, rein-
force this reading. Recombinant IL-18BP has shown
striking benefit in selected severe NLRC4-MAS cases,
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with normalization of free IL-18 accompanying clin-
ical improvement [80]. These data do not yet define
a universal treatment algorithm for monogenic IL-
18opathies, but they do support one key conclusion:
in the right genetic and biological context, IL-18 is
not simply present at high levels—it is therapeuti-
cally actionable.

Overall, the hyperinflammatory spectrum can be
read in three layers. Still disease and MAS show where
IL-18 becomes clinically distinctive; HLH clarifies how
that signal feeds into a broader IFN-γ-centered inflam-
matory circuit; and monogenic IL-18opathies provide
the clearest proof that chronic, insufficiently buffered
IL-18 can be pathogenic in its own right. This is the
part of the review in which the distinction between total
and free IL-18 becomes not just conceptually useful,
but biologically decisive.

6 Biomarker Interpretation in Practice

6.1 Why Total IL-18 Is Often Insufficient

Total IL-18 is easy to measure and remains a useful
entry biomarker, but it does not tell us whether the
pathway is actually free to signal. What it captures is
the overall amount of cytokine in the sample, regard-
less of whether that cytokine is already neutralized by
IL-18 binding protein (IL-18BP) or remains biologi-
cally available. Put simply, total IL-18 reflects cytokine
burden, but not necessarily cytokine activity [2,5,7].

A useful nuance is that the relationship between
total IL-18 and IL-18BP is not static. In healthy indi-
viduals, total IL-18 is very low. As inflammation drives
IL-18 upward, IL-18BP usually rises in parallel, and
in many settings this proportional increase is sufficient
to keep a large fraction of IL-18 bound and biolog-
ically restrained [2,4,5]. Sepsis is a good example of
this pattern: both total IL-18 and IL-18BP increase,
yet most IL-18 remains bound despite residual free
cytokine being higher than in health [4].

For this reason, moderate or even marked eleva-
tions of total IL-18 can be seen across inflammatory
diseases without proving that IL-18 is acting as a
dominant driver. The Still disease/MAS spectrum is
different because the cytokine burden may become so
extreme that buffering is no longer enough [7,16,17].
In practice, total IL-18 is therefore best viewed as
a screening biomarker: it tells us that the pathway
deserves attention, but not whether IL-18 is truly bio-
logically unrestrained.

6.2 Free IL-18 and the IL-18BP Context

Free IL-18 is conceptually closer to pathway activity
because it represents the fraction that has escaped
endogenous buffering. For this reason, IL-18 should
ideally be interpreted together with IL-18BP, not
in isolation. The biological logic is straightforward:
IL-18 promotes IFN-γ production, IFN-γ induces
IL-18BP, and IL-18BP in turn restrains IL-18 activ-
ity [2,16]. Disease becomes particularly informative
when that feedback is no longer sufficient to contain
the cytokine load.

Two main strategies have been used to assess free
IL-18. The first is indirect calculation from total IL-18

and IL-18BP using the law of mass action. This
approach was introduced in 2001 together with the
first double-antibody sandwich ELISA for IL-18BP,
in which free IL-18 was conceptualized and calculated
from measured total IL-18 and IL-18BP using mass-
action principles [4].

This remains attractive because it is simple, but it
depends heavily on the assumed dissociation constant
of the IL-18/IL-18BP complex and on the reliability of
IL-18BP measurement. Early work used a Kd around
400 pM, whereas later measurements suggested a much
tighter interaction, in the 26–50 pM range, which sub-
stantially changes the calculated free fraction [5,16,37].
Importantly, the original IL-18BP ELISA study also
showed that very high IL-18 concentrations can inter-
fere with IL-18BP assays and lead to underestimation
of IL-18BP, thereby inflating calculated free IL-18; this
caveat was later re-emphasized in hyperinflammatory
samples [4,7].

The second approach is the direct measurement of
free IL-18. This is conceptually closer to the bioac-
tive unbound cytokine fraction and has provided
some of the strongest translational data in adult-onset
Still’s disease, where free IL-18 separates active disease
from remission and distinguishes Still disease from
other inflammatory conditions better than total IL-18
alone [16,17]. A recently developed NanoLuc-IL-18BP-
based ELISA in sJIA points in the same direction,
showing that directly measured free IL-18 outper-
formed IL-6 and ferritin for identifying MAS [81].

However, calculated and directly measured free
IL-18 should not be treated as interchangeable read-
outs. Calculated values are model-dependent, whereas
direct assays are platform-dependent and not yet stan-
dardized across centers. In practical terms, free IL-18
is often the more biologically meaningful readout, but
its absolute value should still be interpreted cautiously,
preferably in relation to total IL-18, IL-18BP, CXCL9,
disease context, and longitudinal change rather than as
a universal standalone cutoff.

6.3 CXCL9 and Downstream Surrogates

Free IL-18 and IL-18BP help define the upstream
status of the pathway. CXCL9 addresses a different
question: whether the downstream IFN-γ circuit is
actually engaged. This is clinically important because
serum IFN-γ is often harder to interpret as a routine
biomarker, whereas CXCL9 provides a more stable
peripheral readout of IFN-γ activity [20,69,70].

In MAS and HLH-like states, this downstream
perspective is particularly useful. IL-18 may be
very high, but CXCL9 helps show whether the IL-
18→IFN-γ axis is not only plausible but functionally
active. In sJIA-associated MAS, elevated CXCL9
and related IFN-γ-induced chemokines define a
recognizable inflammatory signature [69]. In critically
ill adults, IL-18 improved diagnostic discrimination
of HLH, while CXCL9 and IFN-γ were particularly
informative for distinguishing malignancy-triggered
from infection-triggered disease [20]. More recent work
suggests that CXCL9 also carries prognostic value
when combined with routine laboratory markers [65].
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Importantly, CXCL9 should not be mistaken for an
effector of disease. In murine primary and secondary
HLH models, genetic deficiency of CXCL9 did not
ameliorate disease, underscoring that its clinical value
lies in reporting IFN-γ activity rather than driving
pathology itself [82]. Used together, free IL-18 and
CXCL9 offer a clearer picture than either marker alone:
the former identifies upstream loss of buffering, the
latter confirms downstream IFN-γ activation.

6.4 A Pragmatic Reading across Disease Domains

Not all IL-18 elevations carry the same meaning.
In barrier and allergic disease, IL-18 is usually best
read as a context-dependent amplifier. In systemic
autoimmunity, it more often behaves as a biomarker
of inflammatory activity than as a dominant upstream
driver. It is in the Still disease/MAS/IL-18opathy spec-
trum that the distinction between total and free IL-18
most clearly changes clinical interpretation [7,16,17].

A practical three-tier approach follows from this.
Total IL-18 identifies the possibility of pathway engage-
ment. Free IL-18 identifies failure of buffering. CXCL9

shows whether the downstream IFN-γ loop is func-
tionally active. This is not yet a standardized clinical
algorithm, but it is the most biologically coherent
way to interpret the axis in practice. It is also the
framework on which emerging therapeutic strategies
are being built. A practical summary of how to read
these biomarkers is provided in table 2.

7 Therapeutic Targeting of the Axis

7.1 Restoring the Buffer: Recombinant IL-18BP

Among the therapeutic options currently available,
recombinant IL-18 binding protein (IL-18BP) has the
most straightforward biological rationale when dis-
ease is driven by genuinely elevated free IL-18. Rather
than imposing an artificial block on the pathway, it
restores a buffering mechanism that is already part
of normal IL-18 physiology. This makes it partic-
ularly appealing in conditions such as adult-onset
Still’s disease (AOSD), macrophage activation syn-
drome (MAS), and monogenic IL-18opathies, where
the problem appears to be not simply excess cytokine
production, but failure of endogenous restraint.

Table 2
Interpreting IL-18-axis biomarkers in practice

Biomarker What it mainly
reflects

Main strength Main limitation Most informative
settings

Practical reading Key references

Total IL-18 Overall cytokine
burden

Widely
measurable;

useful first-line
signal

Does not distinguish
buffered from

biologically available
cytokine

Broad inflammatory
disease; especially
Still disease and
lupus nephritis

Screening marker.
Tens–hundreds pg/mL:

nonspecific inflammation;
thousands–tens of

thousands pg/mL: Still/MAS
or IL-18opathy context;

>47,750 pg/mL reported to
predict MAS risk in sJIA.

[2,4,5,16]

IL-18BP Endogenous
buffering
capacity

Anchors
interpretation of
IL-18 within its

physiological
regulatory

system

Difficult to
interpret alone; assay
performance matters
when IL-18 is very

high

Any setting with
elevated total IL-18

Interpret with total/free
IL-18; key issue is whether

IL-18BP remains in sufficient
molar excess.

[3–5]

Free IL-18
(calculated)

Estimated
unbuffered IL-18
after accounting

for IL-18BP

Conceptually
strong; useful
where direct
assays are

unavailable

Depends on Kd
assumptions,

stoichiometry, and
IL-18BP assay

accuracy

Still disease, MAS,
SLE, secondary

HLH

Calculated bioactive fraction;
useful for trends, but

assay/model-dependent.

[4,7,12,19]

Free IL-18
(directly

measured)

Directly
measured
bioactive

unbound IL-18

Closest available
surrogate of

actual pathway
activity

Assays are not yet
standardized across

centers

Still disease, MAS,
sJIA-MAS, selected
translational studies

Most biologically meaningful
when available;

rising/detectable values
support IL-18 escape in

Still/MAS/IL-18opathies.

[16,81,83]

CXCL9 Downstream
IFN-γ activity

More stable
peripheral

readout than
serum IFN-γ

itself

Not IL-18-specific;
reflects downstream
amplification rather
than upstream cause

MAS, HLH, severe
hyperinflammation

Downstream IFN-γ readout;
in Still/MAS, CXCL9

>830 pg/mL with IL-18
>83,000 pg/mL at early

follow-up predicted delayed
remission.

[20,69,70]

IFN-γ Downstream
effector cytokine

Mechanistically
central in

HLH/MAS

Circulating levels
may be transient or

less informative than
downstream
surrogates

Primary HLH;
MAS; severe

hyperinflammation

Important mechanistically,
but less practical than CXCL9

as a routine biomarker

[7,72]

Note: Values are representative interpretive anchors from selected studies, not universal diagnostic cutoffs. Assay platform, sampling time, age, disease context,
and treatment exposure may substantially influence measured concentrations. Abbreviations: MAS, macrophage activation syndrome; HLH, hemophagocytic
lymphohistiocytosis; sJIA, systemic juvenile idiopathic arthritis.
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The phase II open-label study of tadekinig alfa,
a recombinant IL-18BP, in refractory AOSD pro-
vided the first formal clinical proof-of-concept for
this strategy [66]. Roughly half of treated patients
met early response criteria, and the overall safety
profile was acceptable. The study was small and uncon-
trolled, so it cannot be read as definitive efficacy
evidence. Even so, it established an important principle:
restoring IL-18 buffering can translate into measur-
able clinical improvement in an IL-18-high disease.
That point was reinforced by a particularly informa-
tive case of sJIA with recurrent MAS, in which free
IL-18 became undetectable within hours of the first
tadekinig dose, remained suppressed during remission,
and rose again after drug discontinuation in parallel
with relapse [68,84]. Few reports make the pharmaco-
dynamic logic of the pathway as clear as this one.

That selectivity is informative in itself. The clin-
ical signal of tadekinig has emerged most clearly in
disorders characterized by excess free IL-18, whereas
the rationale is much weaker in diseases where total
IL-18 may be increased but remains largely buffered.
In that sense, response to recombinant IL-18BP is
not only a therapeutic effect; it is also a kind of
biological validation of the buffering model. More
recently, the randomized-withdrawal phase III trial of
tadekinig alfa in NLRC4 gain-of-function and XIAP
deficiency has been listed as completed, extending
the clinical development of recombinant IL-18BP into
monogenic IL-18opathies (ClinicalTrials.gov identifier:
NCT03113760), although peer-reviewed efficacy data
remain limited [84].

7.2 Direct IL-18 Neutralization

Direct neutralization of IL-18 is conceptually attrac-
tive, but clinical evidence remains less developed than
for recombinant IL-18BP. The appeal is obvious: if
IL-18 is pathogenic, directly blocking the cytokine
should be effective. In practice, however, the strongest
human data so far have centered on restoring the
endogenous decoy rather than replacing it with a sepa-
rate neutralizing strategy.

That difference is probably not just a matter of
how far drug development has progressed. In dis-
eases defined by marked imbalance between IL-18
and IL-18BP, restoring the missing buffer may be
the most physiologically coherent intervention. At the
same time, direct anti-IL-18 strategies are now mov-
ing beyond a purely preclinical concept. Monoclonal
antibodies against IL-18, including neoepitope-specific
antibodies directed against the mature cleaved form,
are in early development, and anti-IL-18 mono-
clonal antibody programs have entered clinical testing
in inflammatory diseases such as atopic dermatitis.
However, published efficacy data in the hyperinflam-
matory conditions most relevant to this review remain
sparse [84,85]. At present, direct anti-IL-18 ther-
apy therefore remains clinically promising but less
established than recombinant IL-18BP or downstream
IFN-γ blockade in the disease settings discussed here.

7.3 Downstream Effector Blockade: IFN-γ

If IL-18BP is the clearest upstream strategy, IFN-γ
blockade is the strongest downstream one. The pivotal
study of emapalumab in children with primary HLH
showed that neutralizing IFN-γ can induce meaningful
clinical responses and allow bridging to hematopoietic
stem-cell transplantation [72]. This remains the most
rigorous prospective evidence currently available for
targeted intervention in severe hyperinflammation.

For this review, the biological message is important.
The success of anti-IFN-γ does not make IL-18 irrel-
evant. Rather, it shows that in many forms of HLH
the final common effector node lies downstream, at
the level of IFN-γ-mediated tissue damage. Upstream
and downstream targeting are therefore addressing dif-
ferent therapeutic problems. Blocking IL-18 is most
persuasive when the central abnormality is chronic
or disproportionate generation of free IL-18. Block-
ing IFN-γ becomes especially compelling when the
inflammatory circuit is already fully engaged and
organ-threatening macrophage activation is the imme-
diate concern.

This distinction is especially helpful when com-
paring primary HLH with MAS or monogenic
IL-18opathies. In the former, IFN-γ blockade has the
strongest clinical footing. In the latter, IL-18 often
remains the more proximal biological abnormality,
even if downstream IFN-γ neutralization may still be
clinically useful. That logic has now been extended to
Still/MAS itself: a prospective study in glucocorticoid-
refractory MAS secondary to sJIA or AOSD showed
that emapalumab can control disease in this setting
as well, reinforcing the view that IFN-γ is a mean-
ingful downstream node across hyperinflammatory
syndromes, not only in primary HLH [86].

7.4 JAK Inhibition as a Broader Downstream Strategy

JAK inhibition occupies a more pragmatic middle
ground. It is not specific for the IL-18/IL-18BP axis, but
it intercepts several cytokine-dependent inflammatory
circuits at once, including IFN-γ signaling. Preclinical
work with ruxolitinib in murine HLH showed improve-
ment in inflammation and survival, providing much
of the mechanistic basis for this approach [87]. Small
clinical series in difficult-to-treat Still disease suggest
that JAK inhibitors can be useful in selected refractory
patients, and systematic review data support a signal
of efficacy, although the available evidence remains
uncontrolled and heterogeneous [88,89].

For that reason, JAK inhibition is probably best
understood as a secondary downstream option rather
than a pathway-defining therapy. It may be particularly
useful when inflammation is clearly cytokine-driven
but the dominant node is uncertain, or when broader
suppression of the IFN-γ/JAK-STAT program is pre-
ferred to a more selective intervention. Its strength is
breadth; its limitation is lack of specificity. In that sense,
JAK inhibition complements rather than competes
with the more biologically explicit strategies repre-
sented by IL-18BP or IFN-γ blockade.

http://ClinicalTrials.gov
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Table 3
Therapeutic targeting of the IL-18/IL-18BP axis: upstream and downstream strategies

Therapeutic
strategy

Level of
intervention

Biological rationale Strongest clinical
settings

Current evidence Main caveat Key references

Recombinant
IL-18BP

(tadekinig alfa)

Upstream;
restores the
endogenous

buffer

Most coherent where
free IL-18 is

genuinely elevated
and buffering has

failed

AOSD; MAS-prone
Still disease;
monogenic

IL-18opathies

Human
proof-of-concept
exists; strongest

published data are in
AOSD and selected
severe monogenic

cases

Small studies; limited
controlled data;

benefit depends on
correct biological

selection

[66–68,84]

Direct anti-IL-18
approaches

Upstream;
neutralizes the

ligand itself

Potentially useful
where IL-18 is a true
driver rather than a
buffered bystander

Still
disease/IL-18opathies
are the most plausible

targets

Strong conceptual
rationale; limited

clinical evidence so
far

Human efficacy data
remain much less
mature than for

recombinant
IL-18BP

[84,85]

Anti-IFN-γ
(emapalumab)

Downstream
effector blockade

Best suited once
hyperinflammation
has converged on
IFN-γ-mediated

tissue injury

Primary HLH;
glucocorticoid-

refractory
MAS

Strongest formal
prospective evidence

among targeted
therapies in severe

hyperinflammation

Does not identify
whether IL-18 was

the dominant
upstream trigger

[72,86]

JAK inhibitors Broader
downstream

blockade

Intercept
IFN-γ/JAK-STAT
signaling and other
cytokine-dependent

circuits
simultaneously

Refractory Still
disease; HLH-like

hyperinflammation;
selected

difficult-to-treat
cases

Supportive
preclinical data and

growing uncontrolled
clinical experience

Less specific; benefit
may reflect broad

cytokine suppression
rather than
axis-focused

targeting

[87–89]

Decoy-resistant
IL-18/IL-18

enhancement
(oncology

perspective)

Reverse
manipulation of

the same axis

In tumors, excessive
IL-18BP may

suppress potentially
useful IL-18 activity

Oncology, not
inflammatory disease

Important
conceptual

counterpoint;
confirms the
centrality of

buffering

Peripheral to the
present review and

not directly
translatable to

inflammatory disease

[83]

Note: This table is organized by level of intervention rather than by disease, because the key translational question is whether the dominant therapeutic node lies
upstream, at the level of IL-18/free IL-18, or downstream, at the level of IFN-γ signaling. Abbreviations: AOSD, adult-onset Still’s disease; MAS, macrophage
activation syndrome; HLH, hemophagocytic lymphohistiocytosis.

7.5 A Brief Reverse Perspective: IL-18 in Oncology

Although oncology lies outside the main scope of
this review, it is mentioned only briefly as a reverse-
perspective counterpoint to the inflammatory diseases
discussed above. In hyperinflammation, the therapeu-
tic goal is to restrain excess free IL-18 or restore
IL-18BP-mediated neutralization. In cancer, by con-
trast, IL-18BP may limit potentially useful antitumor
IL-18 activity, and experimental strategies have there-
fore attempted to engineer IL-18 variants that evade
IL-18BP neutralization in the tumor microenviron-
ment [83]. This reverse perspective reinforces the
central message of the review: the clinical meaning of
IL-18 depends not only on total cytokine abundance,
but on whether IL-18 is neutralized, free, or therapeu-
tically redirected.

Taken together, the current therapeutic data sup-
port a layered model of intervention. In practical
terms, IL-18BP-based therapy is most rational when
the dominant abnormality is extreme total IL-18
together with measurable or rising free IL-18, rela-
tive insufficiency of IL-18BP-mediated restraint, and
a Still/MAS-prone or monogenic IL-18opathy pheno-
type. Anti-IFN-γ therapy is more compelling when
the clinical picture is dominated by organ-threatening
macrophage activation and a downstream IFN-γ sig-
nature, reflected by high CXCL9, marked ferritin
elevation, cytopenias, coagulopathy, liver involvement,

or primary HLH-like biology. JAK inhibition occu-
pies a broader downstream space and may be most
useful when inflammation is clearly cytokine-driven
but the dominant node is uncertain, when IFN-γ/JAK-
STAT activation overlaps with other cytokine circuits,
or when a less pathway-specific strategy is clinically
required. These are not yet validated treatment algo-
rithms, but provisional biological selection principles
for matching the right therapeutic node to the right
inflammatory context. This framework further illus-
trates that future treatment may involve matching
therapeutic nodes to biomarker patterns and clini-
cal phenotype rather than selecting a single universal
target. The main therapeutic nodes of the axis are
summarized in table 3.

8 Conclusions and Future Directions

Across the disease spectrum reviewed here, IL-18
emerges as a context-dependent cytokine whose clin-
ical meaning is determined less by total abundance
alone than by the balance between production,
IL-18BP-mediated neutralization, and downstream
inflammatory activation. This framework helps dis-
tinguish settings in which IL-18 behaves mainly as a
biomarker or local amplifier from those in which insuf-
ficient endogenous antagonism permits free IL-18 to
become diagnostically, mechanistically, and therapeuti-
cally relevant [5,7,84]. This interpretation complements
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recent dyad-focused syntheses of IL-18 and IL-18BP
while emphasizing free IL-18 as the key translational
discriminator across disease categories [6].

Several practical implications follow from this
framework. At present, free IL-18 should not be treated
as a stand-alone clinical decision threshold: assay
standardization, multicenter validation, and disease-
specific cutoffs are still needed, and the strongest
numerical thresholds currently relate mainly to total
IL-18, such as the >47,750 pg/mL value reported
for MAS risk in sJIA [61]. For clinical translation,
the more realistic near-term strategy is dynamic
monitoring rather than reliance on a single cutoff. Total
IL-18 may identify unusually high upstream cytokine
production; IL-18BP and free IL-18 may indicate
whether high-affinity endogenous antagonism has
become quantitatively insufficient; and CXCL9 may
capture downstream IFN-γ pathway activation [4,90].
In preliminary practical terms, a profile dominated
by extreme total IL-18 together with measurable or
rising free IL-18 would support consideration of IL-
18-directed strategies in appropriate clinical or trial
settings, whereas a CXCL9-dominant profile may
point more strongly toward downstream IFN-γ- or
JAK-directed approaches. Outside the Still/MAS/IL-
18opathy spectrum, these applications remain
investigational and require prospective validation. In
parallel, monoclonal antibodies targeting IL-18 are
entering early clinical development, adding a second
potential modality to IL-18BP-based inhibition [84,85].

Recent reviews and translational studies published
during the last five years further support the current
relevance of this framework across inflammatory dis-
ease, autoimmunity, and IL-18BP-based therapeutic
development [91–93].

The broader implication is that the transition from
total to free IL-18 is not simply a technical refinement.
It represents a shift in how IL-18 should be read bio-
logically and clinically. If there is a unifying message to
this review, it is that the relevance of IL-18 lies not in its
ubiquity, but in the conditions under which endogenous
buffering is no longer enough.
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