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Abstract

Objective: To determine whether the free light chain (FLC) assay provides prognostic information relevant to the
general population.
Methods: After excluding persons with a known plasma cell disorder, we studied 15,859 Olmsted County, Minnesota,
residents 50 years or older in whom unmasked data and samples for FLC testing were available. Baseline information
was obtained between March 13, 1995, and November 21, 2003, and follow-up status and cause of death were
identified through June 30, 2009. The � and � FLC sum (� FLC) was evaluated for its ability to predict overall survival.
Specific causes of death were also investigated.
Results: In 158,003 person-years of follow-up, 4348 individuals died. A high � FLC was significantly predictive of
worse overall survival; the risk ratio for death for those with the highest decile of � FLC (ie, �4.72 mg/dL) was 4.4 (95%
confidence interval, 4.1-4.7) relative to the remaining study participants. Multivariate analyses demonstrated that this
excess risk of death was independent of age, sex, and renal insufficiency, with a corrected risk ratio of 2.1 (95%
confidence interval, 1.9-2.2). The increased mortality was not restricted to any particular cause of death because the
observed-to-expected risk of death from most causes was significantly higher among those individuals with an ante-
cedent � FLC of 4.72 mg/dL or higher, which is near the upper limit of normal for the test.
Conclusion: A nonclonal elevation of � FLC is a significant predictor of worse overall survival in the general population
of persons without plasma cell disorders.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(6):517-523
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T he serum immunoglobulin free light chain
(FLC) assay has been important in the man-
agement of plasma cell disorders, such as

monoclonal gammopathy of undetermined signifi-
cance (MGUS), multiple myeloma, and amyloidosis,
with respect to diagnosis, prognosis, and disease
measurement.1 Additional uses for the assay include
the identification of a premalignant condition called
light chain MGUS (LC-MGUS)2 and prognostica-
tion in other hematologic conditions, such as
chronic lymphocytic leukemia3,4 and non-Hodgkin
lymphoma.5 When screening for clonal disease, the
�-to-� FLC ratio (rFLC) is used to correct for both
impaired catabolism (renal function) and nonspe-
cific production (generalized immune overstimula-
tion). This adjustment makes it possible to identify
patients with a relative imbalance between � and �

concentrations, which typically qualifies for clonal
excess. Investigators have also used the absolute
value of an involved FLC for various end points.5,6

Presumably by acting as a global marker of immune

stimulation, nonclonal elevations of FLCs represent
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risk of developing non-Hodgkin lymphoma among
atients with human immunodeficiency virus in-

ection7 and of short event-free survival among
patients with diffuse large cell lymphoma.5 The

urpose of the present study was to test the hy-
othesis that nonclonal elevation of serum FLCs,
easured as the serum � and � FLC sum (� FLC),

is a significant predictor of overall survival in the
general population.

METHODS
This study was performed in accordance with the
Declaration of Helsinki and with approval of the
Mayo Clinic Institutional Review Board and the Olm-
sted Medical Group. The Olmsted County MGUS
prevalence cohort was composed of 21,462 of the
28,038 enumerated individuals 50 years and older
who were living in Olmsted County, Minnesota, be-
tween January 1, 1995, and November 21, 2003.8

Because it captured more than 75% of the resident
population in this age range, the cohort is consid-

ered to be representative of the general population
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living in a defined geographic area. Of the total
21,462 individuals in the cohort, we excluded 710
persons with known plasma cell disorders, includ-
ing those with MGUS and LC-MGUS, because they
represent conditions in which clonal elevations of
FLCs occur and in which the prognostic value of
increased FLCs is well established.2,9 A relatively
newly described entity, LC-MGUS is defined as the
presence of an abnormal rFLC with an elevation in
at least one of the FLCs.2 We also excluded 4096
individuals who declined to provide authorization
to participate in research,10 758 with an inadequate
sample to perform the FLC assay, and 39 whose
cause of death was recorded using a coding scheme
other than that in the International Classification of
Diseases, Ninth Revision (ICD-9) or International Sta-
tistical Classification of Diseases, 10th Revision (ICD-
10) format. Thus, the final study cohort for the pri-
mary analyses to determine the prognostic value of
nonclonal FLC elevation on overall survival com-
prised 15,859 individuals. Baseline information was
obtained for these individuals between March 13,
1995, and November 21, 2003, and follow-up sta-
tus and cause of death information were identified
through June 30, 2009. For the multivariate analy-
ses, 2772 additional individuals were excluded be-
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between the � and � free light chain sum (�
chain ratio (rFLC). Most study participants had

rFLC (section v, 86.3%). By definition of light
pathy of undetermined significance,2 no partic-

FLC and an abnormal rFLC (low [section iii] or
tribution of the remaining participants by section
0.4%; iv, 1.2%; vi, 11.2%; vii, 0.1%; and viii, 0.8%.
ence range for � FLC (0.95-4.35 mg/dL), yellow

range for rFLC (0.26-1.65), and green repre-
ants in whom both the � FLC and rFLC were
Mayo Clin Proc. � June 2012;8
ause of lack of a coincident serum creatinine mea-
urement. Individuals were followed up using the
ata resources of the Rochester Epidemiology Proj-
ct.11,12 Deaths and causes of death were ascer-
ained using death certificate ICD-9 and ICD-10

codes. All codes were converted to ICD-10 (http://
www.cdc.gov/nchs/icd/icd10cm.htm) and analyzed
at the chapter level.9

Measurements were performed using the FLC as-
ay (Binding Site, Birmingham, England). The refer-
nce ranges for � FLCs and � FLCs are 0.33 to 1.94
g/dL and 0.57 to 2.63 mg/dL (to convert to mg/L,
ultiply by 10), respectively, and the reference range

or the rFLC is 0.26 to 1.65.13 To calculate the refer-
nce range for the � FLC, we used � FLC and � FLC
oncentrations from the original reference range
tudy13 and estimated standard errors of the quantile

regression parameters using a bootstrap resampling
procedure with replacement in 10,000 replicates.14

The resulting overall 95% reference range was 0.93 to
4.33 mg/dL. The � FLC was significantly associated
with age at the 95th percentile (P�.001) but not at the
5th percentile. The association of � FLC with age

disappeared when the FLC concentrations were nor-
malized by cystatin C concentrations.13 Because the
� FLC increased at 65 years of age, the age-spe-
cific reference ranges were 0.72 to 3.55 mg/dL
among individuals 65 years or younger and 1.35
to 5.95 mg/dL among individuals older than 65
years (J.A.K., personal communication).

Survival time was calculated from the time of sam-
ple ascertainment using the method of Kaplan and
Meier, and differences in survival were assessed using
log-rank tests. The adjusted curves are based on a di-
rect adjusted survival estimate.15 The risk of death
risk ratio) associated with � FLC, creatinine, age, and
ex was estimated using both univariate and multivar-
ate Cox proportional hazards models. In these mod-
ls, age (per 10 years) and serum creatinine (per
-mg/dL unit) were incorporated as continuous vari-
bles. The individuals in the Olmsted research cohort
ere further classified according to whether they had a
FLC in the top decile (�4.72 mg/dL) or not, and the

isk of death was calculated as a standardized mortality
atio (observed number of deaths divided by the ex-
ected number of deaths). The expected deaths were
ased on the white population of Minnesota from
979 to 2002, recorded by calendar year, sex, age
roup, and ICD-9– or ICD-10–coded cause of
eath.14,16 The P values to determine differences be-
ween time to death among patients in the first 9 de-
iles compared with the 10th decile were calculated
sing the test of Gray.17

RESULTS
At baseline, the median age of the community sam-
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109 years), and 55.3% (n�8753) were women. As
of June 2009, median follow-up was 12.7 years
(range, 1 day to 14.3 years per person) from sample
acquisition, and 4348 individuals (27.4%) had died
and had an ICD-coded cause of death. For the pur-
poses of the multivariate analyses, 13,087 individu-
als (82.5%) had a known creatinine value at the time
of their FLC sampling.
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TABLE 1. Characteristics of Olmsted County, Minneso

Characteristic
All resid
(N�15,8

Age (y) 63 (50-10

Male, No. (%) 7106 (44.8)

Creatinine (mg/dL)b 1.0 (0.4-1

No. (%) of individuals by creatinine level

�1.5 mg/dL 597 (4.5)

�2.0 mg/dL 173 (1.3)

� FLC (mg/dL) 2.8 (0.1-4

� FLC (mg/dL) 1.3 (0.01-

� FLC (mg/dL) 1.5 (0.04-

rFLC 0.8 (0.01-

a Data are presented as median (range) unless otherwise specified
� to � free light chain ratio.
b
 Data available for only 13,087 patients. (To convert to �mol/L, mul
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Prognostic Effect of � FLC
The � FLC was used to study the effect of FLC ele-
vation on survival in persons without evidence of a
plasma cell disorder. The relationship between �
FLC and rFLC is shown in Figure 1; no individual
with a high � FLC had an abnormal rFLC because
hese patients were excluded from the study because
hey were deemed to have LC-MGUS. When � FLC
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um (� FLC) decile. The higher the � FLC, the
scertainment. A, All patients, crude data. B, A
on the overall distribution in the study.

esidents by Decile of � FLCa

Top decile
(n�1581)

Lower 9 deciles
(n�14,278) P value

73 (50-109) 62 (50-101) �.001

782 (49.5) 6324 (44.3) �.001

1.2 (0.4-14.2) 1.0 (0.4-10.8) �.001

355 (25.4) 232 (2.0) �.001

141 (10.1) 32 (0.3) �.001

5.8 (4.7-48.2) 2.7 (0.1-4.7) �.001

2.8 (1.1-20.5) 1.2 (0.01-2.8) �.001

3.11 (1.8-28.2) 1.4 (0.04-3.6) �.001

0.9 (0.3-1.6) 0.8 (0.01-40.9) �.001

C � � and � free light chain sum; FLC � free light chain; rFLC �
ain s
le a
sed
ta, R
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Corrected for age, sex, and serum creatinine level.
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was separated into deciles (Figure 2), there was pro-
gressively worse survival with increasing values of �
FLC (P�.001). Because the range of � FLC was rel-
atively small—0.09 to 48.2 mg/dL—and because
the 10th decile (highest � FLC) was near the sum of
he upper reference ranges for � FLC and � FLC,
ubsequent analyses were collapsed into 2 groups:
0th decile (� FLC �4.72 mg/L) vs deciles 1
hrough 9 (� FLC �4.72 mg/L). As indicated in
able 1, significant differences were found between

hese 2 groups in terms of mean age (72 vs 62 years;
�.001), sex (49.5% [n�782] vs 44.3% [n�6324]
ale; P�.001), and mean serum creatinine level

1.2 vs 1.0 mg/dL; P�.001).
On univariate analysis, a � FLC result near the

pper limit of normal was significantly predictive
or worse overall survival (Table 2). The risk ratio for
eath for those with the highest decile of � FLC
elative to the other 90% of residents was 4.4 (95%
onfidence interval, 4.1-4.7). Multivariate analyses,
lso detailed in Table 2, were performed to exclude
he possibility that � FLC was merely a surrogate for
ge, sex, and/or renal insufficiency. With these other
ariables included, � FLC remained a significant
ndependent predictor of worse survival, with a rel-
tive risk for death with the highest � FLC of 2.1
95% confidence interval, 1.9-2.2).

elationship Between � FLC and Cause of Death
e next focused on whether � FLC predicted par-

icular causes of death. A total of 4348 Olmsted
ounty residents had an informative death. Table 3
ives the distribution of deaths by cause at the
CD-10 chapter level, with the leading cause of death
eing circulatory disease (n�363) followed by neo-
lasms (n�197).

Also indicated in Table 3, the increased mortality
in patients with a top decile � FLC was not restricted to
any specific cause of death. Almost universally, chapter
by chapter, those with a higher � FLC had a higher risk
of death with the exceptions of “blood,” “musculoskel-
etal/connective tissue,” “genitourinary,” “congenital,”
and “ill-defined” conditions. The time from FLC ascer-
tainment to death was also calculated and plotted ac-
cording to � FLC decile (Figure 3). The causes of death
most proximal to FLC ascertainment were musculo-
skeletal, circulatory, neoplasm, respiratory, mental,
and digestive disorders.

DISCUSSION
In this study, we found that a nonclonal elevation of
� FLC is a significant predictor of worse overall sur-
vival in persons without plasma cell disorders. This
is a remarkable finding in a general population of
individuals 50 years or older who do not have
TABLE 2. Risk of Death Among Olmsted County, Minnesota, Residents:
Univariate and Multivariate Modelsa

Term
Risk ratio

(95% confidence interval) P value

Univariate model

� FLC, top decile 4.38 (4.08-4.70) �.001

Creatinineb 1.44 (1.40-1.48) �.001

Male 1.07 (1.01-1.14) .02

Age (10-y increase) 3.02 (2.93-3.11) �.001

Multivariate model

2 Variables

� FLC, top decile 3.88 (3.59-4.19) �.001

Creatinineb 1.25 (1.21-1.29) �.001

3 Variables

� FLC, top decile 2.12 (1.96-2.29) �.001

Creatinineb 1.30 (1.25-1.35) �.001

Age (10-y increase) 2.77 (2.68-2.86) �.001

4 Variables

� FLC, top decile 2.07 (1.91-2.24) �.001

Creatinineb 1.26 (1.20-1.31) �.001

Age (10-y increase) 2.85 (2.76-2.95) �.001

Male sex 1.34 (1.25-1.43) �.001

a � FLC � � and � free light chain sum.
b

TABLE 3. Observed-to-Expected Risk of Death Among Olmsted County,
Minnesota, Residents for Participants With Top Decile � FLCa,b

Cause of death by ICD-10 chapter Observed, No. Expected, No. RR P value

Circulatory 363 168.5 1.9 �.001

Neoplasms 197 96.8 2.0 �.001

Respiratory 80 47.2 1.7 �.001

Mental 68 20.9 3.3 �.001

Nervous system 42 25.6 1.7 �.001

Endocrine 34 18.4 1.6 .02

Genitourinary 31 11.4 2.1 �.001

Digestive 41 13.0 3.0 �.001

External causes 22 11.0 2.1 .001

Injury or poisoning 18 3.4 6.4 �.001

Infectious 16 4.4 3.9 �.001

Skin 3 0.6 5.3 .004

Ill-defined 8 13.7 0.6 .13

Musculoskeletal and connective tissue 7 3.8 1.8 .11

Congenital 2 0.4 5.2 .02

Blood 0 2.1 0.0 .99

Total 932 441.2 2.0 �.001

a � FLC � � and � free light chain sum; ICD-10 � International Statistical Classification of Diseases,
10th Revision (ICD-10); RR � risk ratio.
b

MGUS or LC-MGUS or any other known plasma cell
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disorder. The increased risk of death was indepen-
dent of renal function, sex, and age. However, the
increased risk of death was not restricted to any par-
ticular cause of death; the observed-to-expected risk
of death from most causes, including cardiac and
neoplastic conditions, was significantly higher
among individuals with an antecedent � FLC equal
to or greater than 4.72 mg/dL.

Polyclonal increases in FLC are seen with renal
dysfunction; are elevated in diseases such as rheu-
matoid arthritis, Sjögren syndrome, and systemic
lupus erythematosus18; and have been shown to be
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ymphoma among patients with human immunode-
ciency virus infection.7 However, the mechanism

by which � FLC predicts survival in this large pop-
ulation-based cohort is uncertain. Conditions re-
sulting in overactivation of the immune system may
have contributed to the excess risk of death, but
inflammatory rheumatologic deaths accounted for
less than 1% of all deaths observed in this cohort.
However, the observation of a 2-fold risk of cardio-
vascular death compared with those with lower �
FLC fits nicely with the emerging connections be-
tween inflammation and atherosclerosis.19 Another
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of immunosenescence, which results in increased
susceptibility to infection, malignant neoplasms,
and autoimmunity.20,21

Our data add to the growing body of literature
that connects inflammation, aging, and chronic dis-
ease,21 but they do not provide insight into whether
inflammation served as a surrogate for an underly-
ing life-threatening disease entity or whether the un-
derlying inflammation predisposes individuals for
conditions such as cancer through free radical–in-
duced injury. Because approximately 20% of all
cancers in adults result from chronic inflammatory
states or have an inflammatory origin,22,23 it is not
surprising that there was a nearly 2-fold higher ob-
served-to-expected rate of deaths from malignant
neoplasms among the patients with high � FLC in
our cohort. It is intriguing, however, that a � FLC
measurement taken 3 to 4 years before death has the
power to portend a worse outcome for nearly all
cause-of-death categories.

Limitations of this study include a lack of other
inflammatory markers with which to compare our �
FLC results and the fact that causes of death were
ascertained retrospectively by death certificates.
These potential shortcomings are outweighed by the
size of the study cohort and its population-based
structure, as well as by the simplicity and availability
of the FLC assay. Although the FLC assay is able to
predict for worse overall survival in an unselected
general population, it is not yet clear whether the �
FLC adds above and beyond other conventional,
nonspecific inflammatory markers, such as erythro-
cyte sedimentation rate or C-reactive protein. How-
ever, erythrocyte sedimentation rate and C-reactive
protein are acute and chronic inflammatory mark-
ers, respectively, rather than markers of the adaptive
immune system, which includes highly specialized
immune responses. To date, no study has shown
such a significant influence with respect to such a
breadth of causes of death based on any one assay.
Until additional studies are performed on other co-
horts with a more expansive inflammatory marker
panel, these data are not strong enough to support a
recommendation of routine FLC measurement as
part of day-to-day clinical practice. Short of that,
however, this assay could serve as a means of nor-
malizing the expected risk of death among large pa-
tient populations and as a hypothesis-generating
tool to study culprits believed to contribute to in-
flammation, cancer, and aging.

CONCLUSION
A nonclonal elevation of � FLC predicts inferior
overall survival in a general population that has been
depleted of patients with plasma cell disorders. The
observed increased risk of death introduced by a

nonclonal elevation of � FLC was independent of

Mayo Clin Proc. � June 2012;8
renal function, sex, and age and maintained its pre-
dictive value regardless of the eventual cause of
death.
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