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Biological variation of free light chains in serum

To the Editor,

In 2009, the International Myeloma Working Group recommended
the measurement of serum immunoglobulin-free k and \ light chains
(FLC) and k/\ FLC ratio calculation for screening, prognostic evaluation,
and monitoring of multiple myeloma and related plasma cell disorders
(PCD) [1]. In spite of a well defined clinical role, no reliable data on bio-
logical variation (BV) of FLC have been published yet. The only two
studies available in literature evaluating FLC BV suffered indeed of im-
portant limitations, such as, e.g., analyses carried out in singlicate on
only two individual samples collected one week apart [2] or evaluation
of variability of monoclonal FLC in patients affected by PCD [3], a situa-
tion that markedly differ from the condition required by the theory of
BV, which aims to define the physiological fluctuation of analyte con-
centrations in a biological fluid around its homeostatic set point [4].
Here we report a definitive assessment of analytical and biological com-
ponents of the variation of k and N FLC and FLC ratio by an accurately
designed experimental and statistical protocol.

We collected five blood specimens from each of 21 healthy volun-
teers (9 men and 12 women; age range, 23-54 years) on the same
day, every two weeks for two months. Ostensibly healthy subjects
were studied to ensure that any FLC fluctuation in serum could truly re-
flect biology and not modifications due to pathological processes. In ac-
cordance with the Helsinki I Declaration, the design and execution of
the experiment were explained thoroughly to the subjects, and informed
consent was obtained. The inclusion criteria were that the subjects have
no evident hematological disorders, and none of the subjects took any
medication or consumed substantial (>10 g of ethanol/day) quantities
of alcohol. Venous blood was obtained at 0900 from the subjects who
had fasted for 12 h and had not smoked or exercised in that morning.
Samples were collected by the same phlebotomist with minimal stasis
using vacuum collection tubes with no anticoagulants or gel for serum
separation. Serum specimens, separated by centrifugation, were stored
at —80 °C until analysis. When all of the specimens were available,
they were thawed, mixed, centrifuged, and analyzed in a single run in du-
plicate in random order. FLC were determined using a SPApus
immunoturbidimetric platform and Freelite reagents both from The Bind-
ing Site. Cochran's test was performed for outlier identification among
observations and within-subject variances, whereas Reed's criterion
was used for identification of outliers among mean values of subjects
[4]. After outlier exclusion, Shapiro-Wilk test was applied separately to
the set of results from each individual to check data distribution. The an-
alytical, within-subject, and between-subjects components of variation
were calculated by nested ANOVA from replicate analyses [4]. Analytical
variance was estimated from the duplicate results for each specimen,
within-subject biological variance from the within-subject total vari-
ance (referred to as the variance of the mean of duplicate assays)
minus one-half of the analytical variance, and between-subjects
biological variance from the total variance of the data minus the
analytical and intra-individual components. All the components of
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variance were then transformed to the relevant CV using the overall
means. The index of individuality, yielding information about the utility
of conventional population-based reference intervals; the reference
change value (RCV), i.e., the minimal significant difference (P<0.05) be-
tween two consecutive FLC measurements in the same subject; and the
number of specimens that should be collected to estimate (P<0.05) the
homeostatic set point of an individual within + 10% were estimated [4].
Finally, optimal, desirable, and minimum analytical goals for impreci-
sion, bias, and total error for FLC and FLC ratio were obtained from BV
components [5].

Table 1 shows the obtained results after removing the outliers. For all
parameters Shapiro-Wilk test accepted the normality hypothesis in a
substantial proportion (>94%) of subjects. Serum N\ FLC concentrations
were significantly (P<0.01) higher for men than those for women,
whereas no difference was found for k FLC and FLC ratio. Intra-
individual variances were not different between genders, while the
inter-individual variance of N FLC was higher than that of « FLC. All pa-
rameters had a low index of individuality showing that classical reference
intervals have little use in the interpretation of FLC results. For PCD mon-
itoring, the knowledge of RCV is of pivotal importance for the critical eval-
uation of the significance of changes in the results obtained from analysis
of serial samples in the same individual. From our data, an average RCV of
~20% can be assumed as a figure to guide clinical decision making, even if
this information cannot be used by other laboratories working with dif-
ferent analytical imprecision. This RCV finding compares lower to a previ-
ously published RCV (54.5%) derived from the estimate of monoclonal FLC
variability in patients with PCD [3]. It has previously been demonstrated
that the presence of disease may significantly amplify the fluctuation of
analyte concentrations around its set point and this can therefore explain
this difference [6]. According to this ground, the smaller variability of FLC
ratio, when compared with the data in the referenced disease cohort, is
also better fitting with the reason of its clinical use directed to minimize
FLC variations due to hydration status and hematocrit value [7].
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Table 1

Mean values, estimated average analytical (CV,), intra-individual (CV,) and inter-individual (CV;) variations, and derived indices for serum free light chains (FLC) and «/\ FLC ratio.

Parameter Group (n) Mean® CVa, % CV, % CVg % 11

RCV,% n Analytical goals

Imprecision as CV, %

Bias, % Total error, %

Minimal Desirable Optimal Minimal Desirable Optimal Minimal Desirable Optimal
K FLC All (18) 7.96 1.2 8.1 141 033 226 2 <6.0 <40 <20 <+6.1 <441 <420 <4161 <4107 <454
Men (7) 7.96 9.8 13.2 0.55
Women (11) 7.96 6.7 153 0.20
N\ FLC All (19) 8.51 0.9 7.0 27.5 0.07 19.6 2 <53 <35 <17 <+106 =<+7.1 <435 <4193 <+£129 <+64
Men (8) 8.97 6.6 330 0.04
Women (11) 8.18 73 22.6 0.11
FLCratio  All (17) 0.98 1.7 4.5 153 0.09 134 1 <34 <23 <1.1 <+6.0 <+4.0 <+20 <4116 <477 =<+39
Men (8) 1.00 42 127 012
Women (9) 0.97 4.8 18.0 0.07
II, index of individuality; RCV, reference change value; n, number of blood specimens that should be collected to estimate the homeostatic set point of an individual.
@ Results of k and N\ FLC are in mg/L.
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