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WHAT THIS PAPER ADDS

This study shows the importance of adaptive immunity in human abdominal aortic aneurysm (AAA) by the
release of combined free light chains (cFLCs) which could mediate some pathogenic mechanisms in the
adventitial layer of AAA, rich in B cells. Increased plasma cFLC levels at baseline were associated with AAA
presence, death, and cardiovascular events independently of other confounders. The data support the role of
cFLCs as a pathogenic and/or prognostic marker of clinical outcomes in patients with AAA.

Objective: Abdominal aortic aneurysm (AAA) is characterised by the presence of B cells and immunoglobulins in
the aortic wall, mainly in the adventitia. Kappa (k) and lambda () free light chains (FLCs) are produced from B
cells during immunoglobulin synthesis. This study investigated the presence and prognostic value of combined
FLCs (cFLCs or summed K and ) in patients with AAA.

Methods: cFLCs were analysed by a turbidimetric specific assay in tissue conditioned media from AAA samples
(n = 34) compared with healthy aortas (n = 34) from France and in plasma samples from patients with AAA (n =
434) and age matched controls (n = 104) selected from the Viborg Vascular (VIVA) AAA screening trial in
Denmark. t test, logistic regression, and Cox regression were used to test whether plasma cFLCs serve as a
marker for AAA presence and whether cFLCs were predictive of death, major adverse cardiovascular events
(MACE), or major adverse lower limb events (MALE).

Results: Increased cFLC levels were detected in the AAA adventitial layer compared with the AAA medial layer
and healthy media layer (13.65 + 3.17 vs. 6.57 & 1.01 vs. 0.49 &+ 0.09 mg/L, respectively, p < .050). The upper
tertile of plasma cFLCs was independently associated with AAA presence after correcting for confounders (odds
ratio [OR] 7.596, 95% confidence intervals [CI] 3.117 — 18.513; p < .001). Of 434 patients with AAA, 89 (20.5%)
died, 104 (24.0%) suffered MACE, and 63 (14.5%) suffered MALE, during a five year follow up. In univariable
analysis, the cFLC upper tertile was associated with a higher risk of death, MACE, and MALE (p < .001 for
all). After adjustment for confounders, cFLCs remained an independent predictor of all cause mortality
(hazard ratio [HR] 4.310, 95% CI 2.157 — 8.609; p < .001), MACE (HR 2.153, 95% ClI 1.218 — 3.804; p =
.008), or MALE (HR 3.442, 95% Cl 1.548 — 7.652; p = .002) for those in the upper tertile.

Conclusion: Increased cFLCs are observed in adventitial tissue of patients with AAA, indicating local activation of
B cells. Plasma cFLC levels are an independent predictor of death, MACE, and MALE in patients with AAA.
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INTRODUCTION
Abdominal aortic aneurysm (AAA) is defined as a progres-
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a higher risk of death mainly as a result of cardiovascular
diseases (CVD).? In this respect, AAA and infrarenal aortic
diameter are independent predictors of all cause cardio-
vascular death, and CV events.”® The identification of novel
determinants of AAA progression and cardiovascular events
in patients with AAA is an unmet need.

On the other hand, efforts are being made to understand
the pathological mechanisms underlying AAA to provide
novel therapeutic targets. Dilatation in AAA is a consequence
of extensive proteolysis, a main pathological mechanism of
AAA.® Additionally, oxidative stress mainly because of red
blood cell haemolysis’ and adaptive® immune responses,
along with vascular smooth muscle cell (VSMC) loss in the
media layer, characterise the evolution of AAA. The presence
of B and T cells in the adventitial layer was demonstrated
more than three decades ago.® Moreover, these B cells are
organised in ectopic lymphoid structures called tertiary
lymphoid organs, able to mount an immune response against
different antigens by releasing immunoglobulins (Igs).
Increased amounts of Igs have been observed in AAA tissue,
specifically in the adventitial layer.'®

Igs are composed of two heavy chains and two light
chains, among them kappa (k) and lambda (1A). B cells along
with plasmablasts produce excess light chains; those not
bound to heavy chains are secreted into the circulation as
polyclonal free light chains (FLCs)."" Increased FLC levels
have been observed as a result of excess antibody pro-
duction by B cells in different autoimmune diseases or
diminished renal clearance in chronic renal failure."”
Furthermore, elevated combined FLCs (cFLCs, the sum of
K and A levels) have been associated with increased all
cause and CVD mortality.*>**

As the AAA wall is characterised by the presence of
functional B cells able to produce Igs,*> we hypothesised
that under chronic immune conditions present in the AAA
wall, an excess of FLCs could be synthesised and released.
Thus, the presence and distribution of cFLCs in AAA tissue
compared with healthy aortic tissue was analysed.
Measuring polyclonal cFLCs as a marker of B cell activation
can give new insight into the activity of the adaptive im-
mune system in a variety of autoimmune diseases.'? As AAA
shares features of autoimmunity,16 the concentration of
cFLCs in plasma from patients with AAA was analysed, as
well as the potential association between cFLCs levels and
all cause mortality and CV events in the VIVA cohort
(ClinicalTrials.gov NCT00662480)."”

METHODS

To test the hypothesis, two different parallel studies were
followed: one focusing on the tissue (Study 1) and the other
focusing on the plasma (including Study 2A case/control
and Study 2B prospective analysis of cases).

Study 1: Tissue conditioned media

Tissue conditioned media was obtained as described pre-
viously.”® In brief, tissue samples were collected during
surgical repair from consecutive patients with an AAA of
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aortic diameter > 55 mm and dissected into luminal
thrombus (n = 17) and wall (media and adventitial layer,
n = 34). Healthy abdominal aortas (n = 34) were sampled
from brain deceased organ donors and histologically ana-
lysed by a trained vascular surgeon (JBM) to ensure that
these samples were not pathological (neither aneurysm nor
atherosclerosis). All samples were obtained from 2006 to
2019 in France. The aortic tissue was washed and preserved
in Ringer’s lactate solution at 4°C until use, with a time
frame between sampling and freezing always less than six
hours. Then, tissue sections were cut into small pieces (5
mm?) and incubated in RPMI 1640 medium free of proteins
containing antibiotics/antimycotic (Gibco) for 24 hours at
37°C (6 mL/g of wet tissue). The conditioned media (su-
pernatants containing proteins released by the tissue sam-
ples) was obtained after centrifugation (3000 g for 10
minutes at 20°C) and kept at —80°C until further process-
ing. Ethical committee advice and patient informed consent
were obtained (RESAA and AMETHYST studies, CPP Paris-
Cochin n°® 2095, 1930 and 1931, INSERM Institutional Re-
view Board, IRBO000388). Healthy abdominal aortas were
obtained with the authorisation of the French Biomedicine
Agency (PFS 09—007, BBMRI network, BB-0033—00029).

Study 2: Plasma

This observational study was conducted in the frame of a
population based image screening trial for AAA in Danish
men aged 65—74 years between October 2008 and October
2010 (VIVA, ClinicalTrials.gov NCT00662480). The protocol
design has been reported in detail elsewhere. Briefly, the
VIVA AAA cohort included cases of AAA diagnosed by
population based screening in the VIVA trial, which rando-
mised more than 50,000 men aged 65—74 1:1 to vascular
screening for AAA, peripheral arterial disease (PAD) and
hypertension, or control. Cases with AAA (n = 615) were
recommended 40 mg simvastatin and low dose aspirin and
offered AAA repair (n = 102) if their AAA was 55 mm or
more in diameter, and annual follow up if smaller. Blood
samples were taken when the patient attended a study
consultation for information and initiation of CVD preven-
tion. For this study, 434 (71%) men with AAA had blood
samples available. No other exclusion criteria were used
apart from cases in which blood sampling could not be
performed for logistic reasons at some trial consultations,
blood sampling failure or samples which were incorrectly
labelled making the merge with other data impossible, or
when samples were exhausted. The study was conducted
and reported in adherence to the STROBE recommenda-
tions. All subjects gave informed consent, and the local
ethics committee of the Viborg Hospital approved the study,
which was performed in accordance with the Helsinki
Declaration.

Designs and outcome measures

Study 2A. A sex and age case control design using cases of
AAA (aortic diameter > 30 mm) and healthy controls (aortic
diameter < 30 mm) was used to evaluate the association
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between plasma levels of cFLCs and AAA. Fasting blood
samples were obtained at diagnosis from 434 patients with
AAA and 104 age matched controls free of AAA who were
recruited from the original cohort at baseline after the
screening tests. Ankle systolic blood pressure (ABI) was
calculated as the mean of two recorded ankle arterial blood
pressure measurements divided by the brachial systolic
blood pressure. The ABI of the limb with the lowest
measured ABI was used for analysis. Glomerular filtration
rate was estimated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) cystatin C equation,*®
and classified into estimated glomerular filtration rate
(eGFR) above and below 90 mL/min. CVD included hospital
recorded stroke or transient ischaemic event, acute
myocardial infarction, angina pectoris, and PAD.

Study 2B. Additionally, a prospective cohort design was
used to investigate the potential association between cFLCs
levels and death and CV events in the patients with AAA
included in Study 2A. The potential association between
cFLCs and AAA rupture could not be tested because of the
low number of events (n = 2). Patients with AAA were
followed by annual follow up scans to check for progression
to operation threshold sise, and by nationwide registers
regarding death, MACE (including percutaneous coronary
intervention, stroke, acute myocardial infarction, angina,
and coronary revascularisation), and MALE (including acute
lower limb ischaemia, revascularisation because of inter-
mittent claudication or critical chronical lower limb
ischaemia or major amputation). MACE and MALE were
defined based on previously defined ICD codes
(Supplementary material). Beside an annual follow up scan
by the study nurses of 30—50 mm AAAs, five year follow up
on all randomised men was performed by retrieving data
from nationwide registries for the publication of the main
results of the trial,"” consisting among others of the Central
Personal Registry in which vital status is recorded, the Na-
tional Patient Registry in which it is mandatory to record all
admissions to hospital and attendance at outpatient clinics
to obtain reimbursement, and the Danish Vascular Registry,
a national quality database in which all vascular procedures
are recorded including indication. All data are linked
together at individual level by a unique personal number
given to each inhabitant and required to live in Denmark.
Consequently, follow up was 100%. Validation studies of the
registries have shown high internal validity.*®

Biochemical analysis

k and A light chains, as well as cystatin C, were measured
with commercial assays (LK016.OPT and LK018.0OPT, and
LKO48.0PT, The Binding Site) on the OPTILITE turbidimeter
(The Binding Site) following the manufacturer’s recom-
mendations. Intra- and interprecision coefficients of varia-
tion were 2.8% and 2.1% and 4.1% and 3.7% for K and A,
respectively, and 1.6% and 3.2% for cystatin C. Data are
presented as the sum of K and A levels (cFLCs). High
sensitivity CRP (hs-CRP), as a general marker of inflamma-
tion and one of the most studied markers of cardiovascular

risk, was measured at the same time as FLCs analysis, on an
Architect c8000 analyser according to the manufacturer’s
instruction (Abbott Laboratories). Samples were coded and
analysts did not have access to the identity of the samples.

Statistics

Normality was tested using Shapiro-Wilk test, g-q plots, and
histograms. Missing data were not replaced by artificial
interpolated or imputed data. Differences between AAA
tissues and healthy aortas were assessed by ANOVA fol-
lowed by Tukey multiple comparison test. Differences in
CFLCs between cases with AAA and controls were assessed
by the chi square and t tests. When the sampling occurred,
the hypothesis about an association between AAA and FLCs
had not yet been formulated. A paper reported data on
FLCs in healthy controls.?! Therefore, it was assumed that if
the mean of FLC is 28 and standard deviation is 4+ 10, the
smallest detectable difference between AAA and healthy
controls with the available sample size is 10% at 5% sig-
nificance level and 80% power, suggesting a robust study
concerning the comparison between controls and AAAs.

Potential confounders were identified in univariable an-
alyses by a p value < .10. Logistic regression analysis was
used to analyse whether cFLCs were independently asso-
ciated with AAA. Receiver operating characteristic (ROC)
curve analysis was performed to discriminate between pa-
tients with AAA and control subjects, and the predictive
potential was compared with the ROC curve analysis of C
reactive protein by R statistics. Finally, multivariable Cox
proportional hazard models were constructed to study
whether patients with AAA at the upper tertile of cFLCs at
baseline had an increased risk of death, MACE, and MALE.
SPSS 21.0 and STATA/SE 13.1 for Windows were used as
statistical packages.

RESULTS

Free light chains in abdominal aortic aneurysm tissue
conditioned media

Levels of cFLCs in the conditioned media of different layers
of AAA wall (media and adventitia) and healthy aortic wall
were analysed using a turbidimetric assay specific for light
chains not bound to heavy chains.?”> Tissue conditioned
media from the adventitial AAA displayed an increase of
cFLCs compared with the medial AAA (13.65 =& 3.17 vs. 6.57
=+ 1.01 mg/L, p < .05) or the healthy wall (0.49 + 0.09 mg/L,
p < .0001). In addition, cFLCs were also detected in AAA
luminal thrombus conditioned media (7.27 &+ 1.5 mg/L).

Free light chains in plasma of patients with abdominal
aortic aneurysm

Systemic cFLCs concentrations in plasma of patients with
AAA and controls were measured (Table 1). An increase in
CFLCs levels was observed in the plasma of patients with
AAA compared with controls (45.8 + 1.5 vs. 33.2 £+ 2.0
mg/L, p < .001, Fig. 1A). The upper tertile of cFLCs was
independently associated with AAA presence after
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Table 1. Clinical characteristics of 434 patients with abdominal aortic aneurysm (AAA) and 104 healthy controls with aortic
diameter < 30 mm
All —n Controls (n = 104) AAA (n = 434) p value

Age —y 538 69.9 + 2.8 69.9 + 2.7 .94
Diastolic blood pressure — mmHg 535 81.9 +£9.9 87.4 £12.2 <.001
Systolic blood pressure — mmHg 535 147.3 + 18.2 155.1 £ 21.7 <.001
Body mass index — kg/m?> 529 25.9 £+ 3.0 27.3 £ 3.5 <.001
Ankle brachial index 535 1.1 £ 0.1 0.9 + 0.2 <.001
Aortic diameter — mm 538 18.2 £ 29 40.6 + 11.7 <.001
Familial predisposition 535 7 (6.9) 13 (2.9) 13
Diabetes mellitus 538 14 (13.5) 45 (10.4) .36
Smoking 538 13 (12.5) 178 (41) <.001
Previous cardiovascular disease — % 538 9 (8.7) 92 (21.2) .003
Previous stroke or TIA 538 2 (1.9 17 (3.9) .33
Previous acute myocardial infarction 538 1@1.0) 27 (6.2) .030
Previous angina pectoris 538 3 (2.9 42 (9.7) .025
Previous peripheral arterial disease 538 1(1.0) 6 (1.4) .73
Statins 533 38 (35.6) 222 (51.5) .004
Low dose aspirin 533 27 (26) 200 (46.3) <.001
Beta blockers 535 22 (21.2) 128 (29.6) .087
ACE inhibitors 535 20 (19.2) 113 (26.1) .14
eGFR < 90 mL/min 538 26 (24.0) 151 (34.9) .024
Serological parameters

Median Hs-CRP (IQR) — mg/L 538 1.60 (0.70, 3.67) 3.00 (1.5, 6.43) <.001

Cholesterol — mmol/L 529 4.8 +£1.2 49 + 0.9 .68

Data are presented as n (%) or mean + standard deviation, unless stated otherwise. TIA = transient ischaemic attack; ACE = angiotensin
converting enzyme; eGFR = estimated glomerular filtration rate; Hs-CRP = high sensitive C reactive protein; IQR = interquartile range.

correcting for potential confounders (OR 7.596, 95% ClI
3.117 — 18.513; p < .001, Table 2). As expected, smoking,
diastolic blood pressure, body mass index, and ABI (OR
3.334, 95% Cl 1.594—6.970; OR 1.047, 95% CI 1.020 —
1.075; OR 1.203, 95% ClI 1.090 — 1.328; OR 0.003, 95% Cl
0.000 — 0.034, respectively; p < .001 for all) were also
independently associated with AAA presence. ROC curve
analyses showed that cFLCs levels were statistically signifi-
cantly better predictors of AAA presence (AUC 0.771, 95% ClI
0.719 — 0.822; p < .001; Fig. 1B) than hs-CRP levels (AUC
0.640, 95% Cl 0.576 — 0.704; difference in area
0.131;0.0427, Z = 3.0676, p = .002).

As cFLCs have been previously associated with mortality
and have been suggested as a marker of CV risk,”” it was
tested whether cFLCs were predictive of death, MACE, or
MALE in this AAA cohort. In patients with AAA followed for
five years, 89 (20.5%) died, 22 after AAA repair; 104 (24.0%)
suffered from MACE, 14 after AAA repair; and 63 (14.5%)
suffered from MALE, six after AAA repair. Interestingly,
crude analysis showed that the upper tertile of cFLCs was
associated with both total mortality and CV events (MACE
and/or MALE) (Fig. 2). After multivariable analysis, cFLCs in
the upper tertile remained an independent predictor of all
cause mortality (HR 4.310, 95% Cl 2.157 — 8.609; p < .001),
MACE (HR 2.153, 95% ClI 1.218 — 3.804; p = .008), or MALE
(HR 3.442, 95% Cl 1.548 — 7.652; p = .002) independently
of confounding factors (Table 3). As expected, age and
diabetes were associated with mortality, MACE and MALE
(age HR 1.126, 95% Cl 1.035 — 1.225, p = .006; HR 1.066,
95% Cl 0.991 — 1.148, p = .086; HR 1.139, 95% ClI

1.035 — 1.254, p = .008; diabetes HR 2.294, 95% Cl 1.205 —
4.366, p = .011; HR 1.817, 95% Cl 1.039 — 3.177, p = .036;
HR 1.900, 95% CI 0.905 — 3.989, p = .090), while higher ABI
values were inversely associated with mortality and MACE
and MALE (ABI HR 0.246, 95% CI 0.068 — 0.887, p = .032;
HR 0.099, 95% Cl 0.033 — 0.295, p < .001; HR 0.190, 95% ClI
0.044 — 0.816, p = .025). In contrast, previous CV disease
was also inversely associated with MACE and MALE (HR
0.454, 95% CI 0.264 — 0.783, p = .004; HR 0.474, 95% CI
0.229 — 0.979, p = .044), probably because of therapeutic
intervention.

DISCUSSION

AAA is a pathological and degenerative process of the aortic
wall involving mediators of both systemic and local origin.
This interrelationship between these compartments is
supported by the retention of blood cells (e.g., neutrophils,
platelets), blood borne proteases (e.g., plasmin[ogen]), and
high abundant plasma proteins (complement €3, Igs*®) in
the intraluminal thrombus of AAA. In this work, high cFLCs
levels were detected in luminal thrombus tissue condi-
tioned media, probably associated with retention by intra-
luminal thrombus from the circulation (because of the
scarce presence of B cells in the intraluminal thrombus). In
contrast, B lymphocytes and Igs are abundantly present in
tertiary lymphoid organs of AAA wall, mainly in the
adventitial layer. In this study, the highest levels of cFLCs
were observed in AAA adventitial tissue conditioned media,
suggesting local production of FLCs and further supporting
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Figure 1. (A) Combined kappa and lambda free light chains (cFLCs) concentration in plasma of 434 patients with
abdominal aortic aneurysm (AAA) and 104 controls and (B) receiver operating characteristic (ROC) curve of cFLCs
and high sensitive C reactive protein (hs-CRP) to discriminate patients with AAA (n = 434) from control subjects

that B cells are activated in the AAA wall. The functional
consequences of B cell activation in AAA have been
demonstrated previously in experimental AAA models. In
this respect, mature B cell deficient mice were protected
from AAA’* while reconstitution with IgG antibodies
restored susceptibility to AAA in those mice.”> Similarly,
depletion of B cells with an anti-CD20 antibody prevented
the development of elastase induced AAA.?® FLCs have
demonstrated pathogenic effects on immune cells.””-*®

However, the receptor(s) or effector pathways involved in
FLCs actions, as well as the potential antigens, remain to be
determined. FLCs could be an attractive target for novel
therapies®® in different diseases where immune inflamma-
tory responses play a key pathogenic role. Further studies
should test the impact of FLCs modulation on the patho-
genesis of AAA.

The non-clonal/polyclonal increase of cFLCs in plasma has
been observed in different immune diseases where B cell

Table 2. Multivariable logistic regression analysis of the tertiles of combined kappa and lambda free light chains (cFLCs) as
categorical independent risk factor for abdominal aortic aneurysm (AAA) presence in 434 patients with AAA and 104 controls
using the lowest tertile as reference. Potential confounders were identified in univariable analyses by a p value < .10
Adjusted OR (95% CI) p value
Univariable model
Lowest cFLCs tertile, ref. <.001
Medium cFLCs tertile 3.834 (2.329-6.310) <.001
Upper cFLCs tertile 6.460 (3.661—11.400) <.001
Multivariable model
Lowest cFLCs tertile, ref. <.001
Medium cFLCs tertile 3.492 (1.851—6.589) <.001
Upper cFLCs tertile 7.596 (3.117—18.513) <.001
Current smoking 3.334 (1.594—6.970) .001
Previous CVD 1.503 (0.569—3.969) 41
Use of beta blockers 0.749 (0.363—1.545) 43
Use of low dose aspirin 1.657 (0.806—3.405) 17
Use of statins 1.207 (0.610—2.388) .59
Diastolic blood pressure — mmHg 1.047 (1.020—1.075) .001
Body mass index — kg/m2 1.203 (1.090—1.328) <.001
ABI 0.003 (0.000—0.034) <.001
eGFR < 90 mL/min 0.962 (0.473—1.956) 91
Hs-CRP — mg/L 0.997 (0.979—-1.015) 72

OR = odds ratio; CI = confidence interval; ref. = reference; CVD = cardiovascular disease; ABI = ankle brachial index; eGFR = estimated

glomerular filtration rate; Hs-CRP = high sensitive C reactive protein.
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Figure 2. Cumulative Kaplan—Meier estimates with 95% confi-
dence intervals of (A) total mortality, (B) major adverse cardio-
vascular events (MACE), and (C) major adverse limb events
(MALE) according to tertiles of combined kappa and lambda free
light chains (cFLCs) in patients with abdominal aortic aneurysm
(AAA).

activation is pathophysiologically involved, ranging from
inflammatory bowel disease to rheumatoid arthritis or
heart failure (HF).>° Accordingly, it has been shown that
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high cFLCs levels are observed in patients with AAA when
compared with controls. The potential cause/source of high
CFLCs in AAA is unknown. Different CV risk factors and
comorbidities have also been associated with high cFLCs. In
the present study, the association between cFLCs and AAA
presence remained statistically significant after correcting
for different potential confounding factors. The increase of
CFLCs in AAA plasma could be linked to a global inflam-
matory burden but as its association with AAA is indepen-
dent of CRP, it could be related to a potential B cell adaptive
immune response. However, as paired cFLCs data from
tissue and plasma of the same patients were not available,
the potential mechanism(s)/sources behind the observed
association between cFLCs and AAA presence cannot be
ascertained in this observational study. In this sense, several
biomarkers have been associated with AAA presence
(including CRP),** although at present, none is used for AAA
diagnosis. It was shown that cFLCs were superior in terms of
sensitivity in detecting AAA compared with CRP. However,
the AUC of cFLCs (0.77) remains far from that required for
clinical use, so these data should not be interpreted in
terms of clinical applicability but rather in terms of cFLCs as
a new potential pathogenic marker of AAA.

Previously, high cFLCs concentrations have been related
to total mortality in the general population.”® cFLCs were an
independent predictor of death in patients recently hospi-
talised with decompensated HF.?? Moreover, the upper
quartile of cFLCs was associated with a composite endpoint
of re-hospitalisation or death in patients with acute HF.>* In
agreement, in this work, it has been shown that patients
with AAA in the upper tertile of cFLCs have a higher all
cause mortality risk, independent of different risk factors
and comorbidities. Unfortunately, in this analysis HF could
not be included as a covariable as it covers a composite of
several heart diseases, with poor validity in the registries.
cFLCs were also correlated with disease activity in various
autoimmune disorders including systemic lupus erythema-
tosus and RA,***> and were predictive of future need for
percutaneous coronary intervention in patients with
STEMI.>® Moreover, the association between high cFLC
levels and MACE and/or MALE in patients with high CVD
risk such as AAA was demonstrated. The potential causes of
these associations are unknown but were independent of
other CV risk factors, renal function, and/or CRP. Impor-
tantly, the association between cFLCs and CV events was
also independent of aortic diameter, suggesting an un-
known specific role of cFLCs in AAA progression to clinical
events. Whether or not cFLCs could be included as a risk
stratification tool in patients with AAA deserves further
study.

Strengths and limitations

Regarding the analysis of cFLCs in plasma of patients with
AAA, the strength of this study lies in the population based
design in the VIVA trial, which has a high attendance rate
yielding a very small risk of selection bias; however, for
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Table 3. Multivariable Cox regression analysis of the upper combined kappa and lambda free light chains (cFLCs) tertile as
independent risk factor for overall mortality, major adverse cardiovascular event (MACE), or major adverse limb effect (MALE)
in abdominal aortic aneurysm (AAA) disease in 434 patients with AAA and 104 controls using the lower tertiles as reference

Overall mortality

MACE MALE

HR (95% CI)

p value

HR (95% CI) p value HR (95% CI) p value

Univariable analysis
Lowest cFLCs tertile, ref.
Medium cFLCs tertile

<.001
1.647 (0.874—3.102) .12

Upper cFLCs tertile 3.684 (2.089—6.495) <.001
Multivariable analysis
Lowest cFLCs tertile, ref. <.001

Medium cFLCs tertile
Upper cFLCs tertile
Age —y

Family predisposition
Diabetes mellitus
Hypertension

Previous cardiovascular disease
Use of low dose aspirin
Use of ACE inhibitors
Use of beta blockers
Ankle brachial index
AAA diameter — mm
eGFR < 90 mL/min
Hs-CRP — mg/L

2.106 (1.004—4.418) .050
4.310 (2.157—-8.609) <.001
1.126 (1.035—1.225) .006
0.733 (0.227—-2.367) .60
2.294 (1.205—4.366) .011
0.706 (0.431-1.157) .17
0.776 (0.425—-1.418) .41
0.711 (0.414—-1.220) .22
1.417 (0.823—2.440) .21
1.457 (0.830—2.556) .19
0.246 (0.068—0.887) .032
1.000 (0.980—1.020) .99
1.015 (0.613—1.681) .95
1.010 (1.000—1.020) .049

<.001
1.368 (0.791—-2.365) .26
2.730 (1.670—4.465) <.001

<.001
1.898 (0.838—4.295) .12
4.831 (2.334—9.997) <.001

.014 .003
1.257 (0.695—2.272) .45 1.586 (0.670—3.758) .29
2.153 (1.218—3.804) .008 3.442 (1.548—7.652) .002
1.066 (0.991-1.148) .086 1.139 (1.035—1.254) .008
1.149 (0.493—-2.682) .75 0.770 (0.183—3.234) .72
1.817 (1.039-3.177) .036 1.900 (0.905—3.989) .090
0.926 (0.591-1.450) .74 0.606 (0.342—1.072) .085
0.454 (0.264—0.783) .004 0.474 (0.229-0.979)  .044
1.021 (0.638—1.634) .93 0.782 (0.420—1.454) .44
1.359 (0.843—2.191) .21 2.165 (1.176—3.986) .013
1.918 (1.196—3.076) .007 1.761 (0.945—-3.282) .075
0.099 (0.033—-0.295) <.001 0.190 (0.044—-0.816) .025
0.986 (0.966—1.005) .15 0.994 (0.970-1.017) .59
1.359 (0.864—2.135) .18 1.306 (0.736—2.317) .36
1.006 (0.994—-1.018) .34 1.008 (0.997—-1.020) .16

MACE = major adverse cardiovascular events; MALE = major adverse lower limb events; ref. = reference; HR = hazard ratio; CI = confidence
interval; eGFR = estimated glomerular filtration rate; Hs-CRP = high sensitive C reactive protein.

practical reasons, not all diagnosed cases had samples
taken, leaving a risk of selection bias. These were mainly
cases referred for surgical evaluation before blood sampling
in the trial could be arranged, and cases with large AAA
associated with higher mortality and CVD morbidity
compared with smaller AAA. However, this potential bias
most probably shifts the reported associations towards the
null hypothesis, implying an underestimation of the asso-
ciations, consequently information bias is unlikely. In addi-
tion, a systematic approach was used to identify
confounders, but in the end, residual confounding by nature
is always a risk in observational studies. Finally, the present
study was performed in a single plasma cohort and further
validation in additional cohorts is needed to confirm the
results.

In conclusion, increased cFLCs have been observed in
AAA tissue, mainly in the adventitial layer, indicating
participation of local activated B cells. High plasma cFLCs
levels are independently associated with AAA presence and
all cause mortality, MACE, and MALE, suggesting the po-
tential prognostic value of cFLCs in the clinical outcomes of
patients with AAA.
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