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Abstract
Serum Free Light Chains (FLC) have prognostic significance in diverse plasma cell dyscrasias. Although
monoclonal protein secretion is a typical feature of these diseases, it can also be detected in other B cell malignancies
including chronic lymphocytic leukemia. Recent data suggests a significant correlation between abnormal ratio of
FLC and outcome. Therefore, we investigated the role of FLC in a large cohort of 135 patients and the correlation to
immunofixation (IF) and flow cytometry. Abnormal FLC ratios were found in 78 patients (58%) whereas the IF was
positive in only 32 cases (24%). In 55 cases the FLC ratio was positive while IF was negative and in only 9 cases
IF was positive while the FLC ratio was normal. In 52 of 98 patients (53%) light chain restriction determined by flow
cytometry was concordant with the monoclonal FLC whereas in 5 patients they did not agree. In 41 of 98 patients
(42%) a normal ratio of FLC was observed while the immunophenotype was positive for lambda or kappa.
Patients with an abnormal FLC ratio for lambda had a significantly shorter time to first therapy (TFT) than patients
with an abnormal ratio for kappa FLC or with a normal FLC ratio (median TFT: 34 versus 76 versus 88 months, p for
trend=0.039). Additionally, monoclonal FLC had a significantly shorter time to first treatment compared to polyclonal
normal and abnormal FLC ratios (p for trend=0.0489). As expected, polyclonal sFLC correlated significantly with
normal and abnormal serum-creatinine (p<0.0001). Future studies are warranted to elucidate the role of FLC as
biomarkers of disease and as a prognostic factor for response.
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Introduction
Chronic Lymphocytic Leukemia (CLL) has a variable clinical
course. Some patients have an excellent prognosis never requiring
treatment, whereas in others survival is short despite early initiation of
therapy. Staging systems devised by [1] and [2] are useful for predicting
survival and treatment requirements in patients with CLL. However,
these staging systems are of limited prognostic value in early stages of
the disease (Binet A or Rai stage 0 to II) which today applies to most
of the patients at first diagnosis. During the last few years there has
been a continuous effort to identify novel prognostic factors in B-CLL
which may help define patient subgroups that may benefit from early
therapeutic intervention.
Molecular markers like IGVH mutation status, CD38 or ZAP70
expression are able to provide this information. However, the limitations
of these new molecular markers are the cost and complexity of the
technical procedures, the limitation in clinical use and the necessity for
further standardization. Due to these limitations the focus of research
has recently changed to new simple prognostic markers allowing widespread clinical practice. Currently, the prognostic influence of the
number of smudge cells in CLL has been demonstrated [3,4].
Although secretion of monoclonal immunoglobulins is a typical
feature of plasma cell dyscrasias, it can also be detected in other B cell
malignancies including CLL [5]. Serum Free Light Chains (FLC) have
prognostic significance in monoclonal gammopathy of undetermined
significance, solitary plasmocytoma of bone, smouldering myeloma,
multiple myeloma, Waldenstroms macroglobulinaemia and AL
amyloidosis [5-8]. Thus, we were intrigued by three recent studies
showing a significant correlation between abnormal ratio of FLC or
sFLC levels and outcome in patients with CLL [9-12]. In this study
we investigated the role of abnormal ratio of FLC in a large, well
characterized cohort of 135 CLL patients. Moreover, we investigated the
correlation of FLC ratio to immunofixation and flow cytometry.
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Patients and Methods
Study population and CLL patients
Between 1999 and 2011, 135 patients with B-CLL were enrolled
in this retrospective analysis and analyzed with regard to several
biological and clinical characteristics: Binet stage, age, gender, CD38
and ZAP-70 status, IGHV status, β2-microglobulin, time from
diagnosis to first treatment and overall survival. The diagnosis of B-CLL
required a persistent B cell lymphocytosis of more than 5.0×109/l and
a typical CD19+, CD20+ CD5+, CD23+, Ig light chain (κ or λ light
chain) restricted immunophenotype as revealed by flow cytometry of
peripheral blood cells. Comprehensive clinical information including
treatment histories was available for all patients. Patient selection was
based on the availability of cryopreserved plasma samples in our CLL
cell bank collected at the time before the initiation of therapy or six
months after finishing therapy.
Standard clinical criteria were used for the initiation of
chemotherapy [13]. CD38 and ZAP-70 expression were determined by
flow cytometry as recently described [14,15]. In Table 1 the clinical and
laboratory data are shown.
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All patients
no. (%), n=135

Normal FLC ratio
no. (%), n=57

Abnormal FLC-ratio (involving
kappa) no. (%), n=60

Abnormal FLC-ratio
(involving lambda ) no.
(%), n=18

Age at diagnosis years
(median), range

60

(30-84)

61

(43-84)

61

(36-80)

56

(30-84)

Sex (M/F ratio)

135

(100)

57

(42.2)

60

(44.4)

18

(13.3)

M

94

(69.6)

41

(72.0)

40

(66.7)

13

(72.2)

F

41

(30.4)

16

(28.0)

20

(33.3)

5

(27.8)

Binet stage

124

(100)

52

(41.9)

54

(43.6)

18

(14.5)

A

77

(62.1)

33

(63.5)

36

(66.7)

8

(44.4)

B

31

(25.0)

14

(26.9)

13

(24.1)

4

(22.2)

C

16

(12.9)

5

(9.6)

5

(9.3)

6

(33.3)

IGVH status

63

(100)

24

(38.1)

29

(46.0)

10

(15.9)

Unmutated

30

(47.6)

10

(41.7)

14

(48.3)

6

(60.0)

Mutated

33

(52.4)

14

(58.3)

15

(51.7)

4

(40.0)

ZAP-70

75

(100)

30

(40.0)

33

(44.0)

12

(16.0)
(33.3)

Positive

39

(52.0)

18

(60,0)

17

(51.5)

4

Negative

36

(48.0)

12

(40.0)

16

(48.5)

8

(66.6)

CD38

125

(100)

54

(43.2)

54

(43.2)

17

(13.6)

Positive

73

(58.4)

33

(61.1)

35

(64.8)

5

(29.4)

Negative

52

(41.6)

21

(38.9)

19

(35.2)

12

(70.6)

ß2M

124

(100)

55

(44.4)

55

(44.4)

14

(11.3)

Normal

27

(21.8)

20

(36.4)

6

(10.9)

1

(7.2)

Abnormal

97

(78.2)

35

(63.6)

49

(89.1)

13

(92.9)

Immunofixation

133

(100)

56

(42.1)

60

(45.1)

17

(12.8)

Positive

32

(24.1)

9

(16.0)

18

(30.0)

5

(29.4)

Negative

101

(75.9)

47

(84)

42

(70.)

12

(70.6)

Creatinine

123

(100)

56

(45.5)

54

(43.9)

13

(10.6)

Normal

60

(48.9)

24

(42.9)

26

(48.2)

10

(77.0)

Abnormal

63

(51.2)

32

(57.1)

28

(51.8)

3

(23.0)

p-value
0.027*

0.8

0.09

0.62

0.29

0.03

0.002

0.18

0.09

*Kruskal Wallis Test
Table 1: Patient characteristics. All three groups have been statistically analyzed and compared with each other

The levels of serum FLC were assessed using commercially available
immunoassays (FREELITE, The Binding Site, UK) and quantified
nephelometrically with the BNII analyzer (Siemens, Germany). These
tests detect κ or λ FLC at a low concentration of 3 to 4 mg/L. An
abnormal κ:λ ratio was defined as <0.26 or >1.65 [16]. Moreover, in
all cases we evaluated the M band on Immunofixation (IF) using an
approach combining standard serum electrophoresis with screening
immunofixation (Hydragel 12IF, Sebia, Fulda, Germany). The
screening IF uses a pentavalent antiserum that is electrophoresed in
parallel to the standard electrophoresis on the same gel. Whenever a
monoclonal protein was detected, confirmatory IF with classification
of the monoclonal protein followed. A normal serum-creatinine was
defined for women 0.6 to 1.1 mg/dl and men 0.6 to 1.3 mg/dl, as well
as β2-microglobulin 0.8 to 2.4 mg/l. In Table 1 the characteristics of all
treated and untreated patients are shown. The samples of 88 patients
were taken before treatment, 42 samples were taken after treatment (at
least 6 months interval from last therapy). In 5 samples therapy status
was unknown.

Statistical analysis
The primary endpoint of this analysis was time to first treatment
(TFT). TFT was calculated from the date of first diagnosis until first
therapy. Times of patients who never got treated were censored. We
used Kaplan-Meier survival analysis, the log-rank test and the logrank test for trend to investigate the prognostic importance of FLC.
Prognostic factors for TFT were analyzed using Cox’s proportional
hazards regression. Comparison of clinical or laboratory parameters
between patient subgroups was performed using the non-parametric
Mann-Whitney-U test for continuous variables, the Kruskal-Wallis
J Leuk
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test and the χ2 test for categorical data. An effect was considered as
statistically significant if the p-value of its corresponding test statistic
was not larger than <0.05. All statistical computations were done using
GraphPad Prism 3.0 (GraphPad Software, San Diego, CA, USA) or
SPSS version 17 (SPSS, Chicago, IL, USA).

Results
Correlation of tumor cell immunophenotype, abnormal FLC
ratio and immunofixation
First we correlated the clonal light chain of the CLL cells according
to tumor cell immunophenotype with the ratio of the free light chains
and IF. In 98 patients all parameters were available. In 52 of 57 patients
(91%), excluding those patients with normal FLC ratio (41 patients), we
observed the same clonal light chain in tumor cell immunophenotype
as well as in the ratio of FLC whereas in 5 patients the clonal light chain
did not agree. There was an association between light chain restriction
determined by flow cytometry and serum FLC ratio (p<0.0001).
However, a significant correlation between FLC ratio and tumor cell
immunophenotype was not evident (p=0,18). Only 27 of 98 patients
(28%) were positive in IF (Table 2).

Correlation between abnormal FLC ratio and immunofixation
Abnormal FLC ratios were found in 78 of 135 patients (58%)
(Figure 1) whereas the IF was positive in only 32 cases (24%). In 54
cases the FLC ratio was abnormal while IF was negative and in 9 cases
the IF was positive while the FLC ratio was normal. In total, 23 patients
had both a positive IF and an abnormal FLC ratio (Table 3).
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Light chain
restriction
by flow cytometry

Normal Abnormal FLC-ratio
FLC-ratio (involving kappa)

Abnormal
FLC-ratio
(involving
lambda)

IF
positive

Kappa

19

42

2

20

Lambda

22

3

10

7

Table 2: Association between light-chain restriction by flow cytometry and serum
FLC ratio Correlation of the light chain restriction determined by flow cytometry
with the ratio of the free light chains and immunofixation. In 98 patients the results
of the clonal light chain in CLL patients were evaluable. There was an association
between light chain restriction determined by flow cytometry and serum FLC-ratio
(p<0.0001).

according to Binet (HR 3.1; CI 1.7-5.5; p=0.0001) had independent
power predicting an unfavorable prognosis.

Association of abnormal FLC ratio and established prognostic
markers
As shown in Table 1 we could find an association of abnormal
sFLC ratios and the established markers CD38 (p=0.03) and β2microglobulin (p=0.002). However, there was no association between
ZAP-70 (p=0.29) and IGHV (p=0.62).
Moreover, we analyzed the correlation between sFLC and serumcreatinine. In this CLL-cohort, in 13 of 123 patients (11%) we found
both an abnormal FLC-ratio and renal dysfunction. A significant
correlation between abnormal sFLC and renal damage was not evident
(p=0.58) (data not shown). However, for polyclonal FLC´s a significant
higher serum-creatinine was demonstrated (p<0.0001) (data not
shown).

Combined analysis of abnormal FLC ratio with CD38 and
ZAP-70
By summing the number of risk factors defined as abnormal FLC
ratio, ZAP-70 and CD38 we separated the cohort into four subgroups
(Figure 3). For those patients with no risk factor the TFT was not
reached, for patients with one of the three markers the median TFT was
119 months, with two prognostic factors markers 43 months, and with
all three markers 26 months (p<0.0001, Figure 3).
Figure 1: A scatterplot showing serum free kappa and lambda levels for 135
CLL patients In 42% of cases a normal FLC ratio (between the dashed lines)
was demonstrated.

All patients
no. (%)

Normal FLC-ratio, Abnormal FLC-ratio,
no. (%)
no. (%)

Immunofixation

133

(100)

56

(42.1)

77

(57.9)

Positive

32

(24.1)

9

(28.2)

23

(71.9)

Negative

101

(75.1)

47

(46.5)

54

(53.5)

Table 3: Association between immunofixation and FLC ratio.

Association of abnormal FLC ratio and treatment free
survival
Patients with an abnormal FLC ratio involving λ FLC had a
significantly shorter Time To First Treatment (TFT) than patients with
an abnormal ratio for κ and those with a normal FLC ratio (median
TFT: 34 versus 76 versus 88 months, p for trend=0.039) (Figure 2a).
Additionally, monoclonal FLC ratios had a significantly shorter time to
first treatment compared to polyclonal normal and abnormal FLC ratios
(p for trend=0.0489) (Figure 2b). Additionally, the trend in untreated
(88 patients) and treated patients (42 patients) was nearly identical, but
the p value was not significant due the small patient number. Therefore,
we analyzed both patient groups together.

Multivariate analysis
Using multivariate Cox regression analysis, we compared the
abnormal ratio of FLC with other prognostic factors - namely, age,
gender, early and advanced clinical stage (Binet stage A vs. B/C),
CD38 (cut off 30%) and ZAP-70 expression (cut off 20%) and genomic
aberrations (deletion 17p and 11q). High risk cytogenetics (Hazard
ratio (HR) 3.2; 95% Confidence interval (CI) 1.8-5.6; p=0.0001),
positive CD38 status (HR 3.5; CI 1.7-7.3; p=0.001) and advanced stage
J Leuk
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Figure 2: Association of Time to first treatment (TFT) and sFLC ratio
Patients with an abnormal FLC ratio involving l FLC had a significantly shorter
TFT than patients with an abnormal ratio for k and those with a normal FLC
ratio (median TFT: 34 versus 76 versus 88 months, p for trend=0.039) (a).
Monoclonal FLC had a significantly shorter time to first treatment compared
to polyclonal elevated FLC and normal polyclonal FLC (p for trend=0.0489)
(b). Differences in survival times were compared with the log-rank test and the
log-rank test for trend.
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Figure 3: Time to first Treatment (TFT) survival curves in relation to combined
analysis of abnormal FLC ratio with CD38 and ZAP-70
Kaplan Meier curves for TFT survival: median time to first treatment not
reached (RF=0), 119 months (RF=1), 43 months (RF=2), 26 months (RF=3).
Statistical analysis was performed using the log-rank test. RF=risk factor.

Discussion
So far, analyses of abnormal free light chain ratios were
explored in multiple myeloma, monoclonal gammopathy of
undetermined significance, solitary plasmocytoma, Waldenstrom´s
macroglobulinemia and AL amyloidosis [5-8,17]. However, sFLC can be
also detected in a substantial fraction of patients with CLL in about 3040%. Recently, the first evaluation of non-plasma cell B-cell lymphoid
malignancies using sFLC assays was reported from the Mayo Clinic.
They demonstrated an abnormal sFLC ratio in 44% of a low number of
18 CLL patients [18]. However, [9] could show an abnormal sFLC ratio
in 100 out of 259 CLL patients (39%). Moreover, they demonstrated
a poor overall survival for patients with an abnormal sFLC ratio.
Furthermore, Perdigao presented a correlation between an abnormal
sFLC ratio, time to first treatment, IGHV status and overall survival in
84 patients with CLL [19,20]. Studied 34 CLL patients at various disease
stages and found an abnormal sFLC ratio in 18 out of 34 patients (53%).
Recently, [10] also showed an abnormal ratio in 30 patients out of
101 CLL patients (30%) with shorter overall survival. Actually, Maurer
et al. demonstrated an association of monoclonal FLC and polyclonal
FLC with poor overall survival compared to patients with normal FLC
[11].
Therefore, we investigated the role of an abnormal ratio of FLC
in a large, well characterized cohort of 135 patients and also analyzed
the association with immunofixation and light-chain restriction
determined by immunophenotyping.
Firstly, we were able to confirm an abnormal FLC ratio in 78 of 135
CLL patients (58%), but interestingly, in only 53% of patients we found
both the same clonal B-cell light chain restriction by flow cytometry
and the involved FLC of an abnormal ratio. The IF was positive in
only 32 of 134 patients and among the 32 patients 23 (17%) patients
had both an abnormal FLC-ratio and a positive IF. One reason for the
discrepancy can be explained by the fact that some M-proteins could
not be detected despite existing FLC`s in the serum. Tsai et al. found a
similar result [21]. The other reason is the higher sensitivity of the FLC
assay compared to immunofixation. CLL patients with an abnormal
FLC-ratio had a detectable M-protein in 15% of cases.
In 5 of 98 patients (5%) we observed a disagreement of the clonal
light chain in tumor cell immunophenotype and the abnormal ratio
of FLC. A similar result was specified by [23]. (8%) and Ruchlemer et
al. (15%) [20]. However, monoclonal gammopathy of undetermined
J Leuk
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significance (MGUS) is expected in 3-5% of the normal population
over 50 years [22] suggesting that the differences in tumor cell
immunophenotype and abnormal FLC ratio could be explained by an
underlying MGUS in these patients in addition to the CLL. Moreover,
the differences could be produced by false positive FLC results.
Secondly, in this retrospective study we observed that patients
with an abnormal FLC ratio involving lambda FLC are significantly
associated with a worse TFT than kappa and normal ratio (median TFT
for abnormal lambda: 34 months; for abnormal kappa 76 months and
for normal ratio 88 months; p=0.039) confirming the results of [23].
Concerning high FLC serum-concentrations, it has been shown
in Multiple Myeloma that a reduced renal function causes a higher
serum FLC [24]. It has also been shown that in chronic kidney disease
increasing levels of polyclonal κ and λ sFLC correlate with declining
kidney function. Further, studies revealed an extended FLC ratio of
0.37 to 3.1 in patients with renal dysfunction [16,25]. We therefore
analyzed the correlation between FLC and serum-creatinine. 13 of
123 patients had renal dysfunction and an abnormal FLC-ratio. 4
patients had abnormal FLC ratio for lambda and a renal dysfunction.
A significant correlation between high sFLC and renal damage was
not found (p=0.332) and polyclonal sFLC correlated significantly with
normal and abnormal serum-creatinine (p=<0.0001), as expected (data
not shown).
Following the aforementioned analysis we investigated the
influence of abnormal sFLC ratio in the different risk groups like ZAP70 status, CD38, and IGVH status. We could partly find a correlation
between FLCs and these CLL prognostic factors. However, there was an
association between CD38 and β2-microglobulin.
Furthermore, we could not confirm abnormal sFLC ratio as an
independent prognostic factor in multivariate analysis [23]. And also
Maurer [11] describe the abnormal sFLC ratio as an independent
prognostic factor analyzed by Cox regression analysis. However, the
correlation of CD38 and abnormal FLC (Table 1) and the strong impact
of CD38 on TFT could explain this fact in our cohort.
Finally, we investigated whether combining information on the
expression of CD38, ZAP-70 and abnormal FLC could help refine the
prognostic information provided by any of the three factors alone.
By summing the number of risk factors, this approach allowed for
separation of our patient cohort into four subgroups which differed
significantly with regard to their clinical outcome. Summarized, our
results confirm the results of the other studies and demonstrate the
pivotal role of abnormal FLC in CLL prognosis. Furthermore, we
demonstrate for the first time the correlation of FLC and IF in CLL.
Follow-up studies are warranted to elucidate the role of FLC as
biomarkers of disease and as a predictive factor for response.
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