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ABSTRACT

BACKGROUND: Liver cirrhosis represents the end-stage of chronic liver
disease, characterized by progressive fibrosis, architectural distortion, and
declining hepatic function. Traditional biomarkers primarily assess
synthetic capacity, but growing evidence underscores the pivotal role of
immune dysregulation in disease progression. Immunoglobulin free light
chains (FLCs), particularly kappa (k) chains, have gained attention as novel
biomarkers that reflect both systemic immune activation and impaired
hepatic clearance mechanisms. Elevated FLC levels correlate with
inflammatory pathways and endothelial dysfunction, offering insights into
cirrhosis pathophysiology beyond conventional liver function tests.
CONCLUSIONS: This review consolidates current evidence on FLCs in
cirrhosis, highlighting their strong diagnostic accuracy (AUC 0.82) and
prognostic utility, with significant associations to MELD/Child-Pugh scores
and complications like ascites and hepatic encephalopathy. We evaluate
their clinical potential for risk stratification and early decompensation
prediction, while addressing limitations such as renal confounding and
assay variability. Future research should explore standardized cutoffs,
longitudinal dynamics, and integration into multimodal prognostic models
to optimize cirrhosis management.
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INTRODUCTION

Liver cirrhosis affects approximately 1.5%

of the global population, with mortality
rates increasing by 50% since 1990 [1]. The
disease progresses through chronic
inflammation,  hepatocyte  injury, and
fibrogenesis mediated by hepatic stellate cell
activation [2]. Traditional diagnostic paradigms
rely on markers of hepatic synthetic
dysfunction (albumin, INR) and portal
hypertension (platelet count), which often
detect advanced disease.
The immune system undergoes profound
changes in cirrhosis, characterized by: Chronic
B-cell activation [3], polyclonal
immunoglobulin production [4] and impaired
clearance of immune complexes [5].
FLCs, the unbound components of
immunoglobulins, are emerging as sensitive
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indicators of this immune dysregulation. Their
small molecular size (25 kDa) enables easy
diffusion into circulation, while hepatic and
renal clearance mechanisms make them
dynamic markers of disease progression.
Physiology and Immunology of FLCs
Structure and Function

Immunoglobulins consist of two heavy and two
light chains (k or A). FLCs are produced during
normal antibody synthesis at a k:A ratio of 2:1
in healthy individuals [6]. Each « chain
contains: Variable region (antigen binding) and
Constant region (structural stability)
Metabolism

FLCs undergo Production: Plasma cells
synthesize ~500 mg/day [7],Clearance:80%
renal elimination (glomerular filtration) and
20% hepatic uptake via sinusoidal endothelial
cells [8].
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Pathophysiology of Liver Cirrhosis and
Immune Activation

Chronic Inflammation

Persistent liver injury from hepatitis viruses,
alcohol, or metabolic dysfunction triggers:
Kupffer cell activation which leads to IL-
6/TNF-a release [9]. and B-cell differentiation
into antibody-secreting plasma cells
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Altered Clearance

Cirrhosis impairs FLC metabolism through:
Sinusoidal capillarization: Loss of fenestrations
reduces  endothelial uptake [10] and
Portosystemic  shunting bypasses hepatic
filtration [11].

Evidence Linking FLCs to Liver Cirrhosis
Clinical Studies

Study Patients (n) Key findings
Zhao et al. (2023) [12] 150 cirrhotic 2.1x  higher «FLC vs controls
(p<0.001)

Wang et al. (2024) [13]

89 ACLF cases

kFLC >85 mg/L predicted 90-day
mortality (HR 3.2)

Disease Severity Correlations

-MELD score: r=0.63 (p<0.001) [14], Hepatic
encephalopathy: 68% higher kFLC in grade III-
IV vs I-11 [15].

Diagnostic and Prognostic Value

Diagnostic Performance

AUC: 0.82 (95% CI 0.75-0.89) at 61.5 mg/L
cutoff, Sensitivity/Specificity: 78%/83% for
early cirrhosis (F1-F2) [16].

Prognostic Utility

KFLC levels predict: Hepatic decompensation
(OR 24, 95% Cl 1.6-3.5) and HCC
development (HR 1.8 per 10 mg/L increase)
[17].

Integration with Other Biomarkers
Multi-marker Panels

Combining kFLC with: FIB-4: Increases AUC
from 0.72 to 0.85, Albumin: Improves mortality
prediction (C-statistic +0.09)

Advantages include Low cost ($15/test vs $250
for elastography) and Rapid turnaround (<2
hours)

Limitations include Renal function confounding
(eGFR <60 mL/min) and Limited data in
NAFLD cirrhosis

Mechanistic Insights

KFLC elevation results from: First,. Increased
Production: by TLR4 activation by bacterial
translocation [18] and BAFF/BLyS-mediated
plasma cell survival [3]. Second, Reduced
Clearance: by Hepatic endothelial dysfunction
[10] and Impaired proteasomal degradation
[19].

Clinical Implications and Future Directions
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Current Applications include Early cirrhosis
detection in viral hepatitis, and VACLF risk
stratification
Research Needs: Standardized assay protocols,
Longitudinal studies in NAFLD cohorts and.
Therapeutic monitoring (e.g., post-antiviral
therapy)
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CONCLUSIONS
KFLCs represent a novel class of biomarkers
bridging immune activation and hepatic
dysfunction in cirrhosis. Their clinical utility
extends beyond diagnosis to prognosis and
therapeutic monitoring, though renal function
must be accounted for in interpretation. Future
studies should focus on point-of-care testing
development and multi-omics integration.
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