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Free light chains (FLCs) are the most
commonly detected paraproteins in
chronic lymphocytic leukemia (CLL).
We examined the types of FLC abnor-
malities and prognostic utility of the
FLC assay compared with standard
prognostic biomarkers in a prospective
cohort of 339 patients with newly diag-
nosed CLL. Three types of FLC abnor-
malities were identified: monoclonal
elevated FLC (elevated � and/or � with
abnormal FLC ratio), polyclonal elevated
FLC (elevated � and/or � with normal

FLC ratio), and ratio-only FLC abnormal-
ity (normal range � and � with abnormal
FLC ratio). One hundred sixty-five pa-
tients (49%) had a FLC abnormality
with approximately equal distribution
among monoclonal elevation, polyclonal
elevation, and ratio-only abnormality.
All FLC abnormalities were associated
with poor time to first treatment: mono-
clonal FLC (hazard ratio [HR], 4.99;
95% confidence interval [CI], 2.94-8.48),
polyclonal FLC (HR, 2.40; 95% CI, 1.24-
4.64), ratio-only FLC (HR, 2.57; 95% CI,

1.40-4.69). Monoclonal FLC and poly-
clonal FLC were associated with poor
overall survival compared with patients
with normal FLC. Results remained
significant after adjusting for Rai stage.
The FLC assay is a simple, widely avail-
able clinical test with similar prognostic
utility as routinely used prognostic bio-
markers for CLL. Among persons with
FLC abnormalities, the type of abnormal-
ity affects prognostic significance. (Blood.
2011;118(10):2821-2826)

Introduction

A clonal lymphoid cell can differentiate to the point where it
secretes paraproteins. This can occur in a variety of lymphoid
conditions, including multiple myeloma, monoclonal gammapathy
of undetermined significance, and lymphoplasmacytic lymphoma
(Waldenström macroglobulinemia). Paraproteins are usually
measured with assays that detect intact antibodies. However,
assays are now available that can measure free light chains
(FLCs, � and �) in serum.1 Quantitation of the serum FLC
paraprotein has been shown to have prognostic value in
monoclonal gammapathy of undetermined significance,2 mul-
tiple myeloma,3 solitary plasmacytoma,4 and light chain amy-
loidosis.5 In addition to clonal FLC elevations, polyclonal
increases in serum FLCs have been identified in a number of
patient populations with malignant and nonmalignant diseases.
These polyclonal increases in serum FLCs are not associated
with an abnormal FLC ratio and may be indicative of renal
dysfunction,6 older age,7 autoimmune disease,8 chronic inflam-
mation,9 or general immune stimulation.

FLCs are also the most commonly detected paraproteins in
chronic lymphocytic leukemia (CLL).10-13 Our initial report on the
prevalence of FLC abnormalities detected with the FLC assay in
CLL samples from the Mayo Clinic Lymphoma Specialized
Program of Research Excellence (SPORE) serum bank reported a
monoclonal protein in 44% of 18 patients with CLL with 39%

detected by FLC and 11% detected by protein electrophoresis and
immunofixation (IF).14 Notably, in 6 of the 8 patients with CLL
with a paraprotein, the M protein was only detectable by the FLC
method.

Two subsequent retrospective studies, including both treated
and untreated patients, reported abnormal FLC ratios in 30%-40%
of patients with CLL.15,16 In both those series, patients with an
abnormal FLC ratio had shorter time to treatment and overall
survival (OS), findings that persisted on multivariable analysis
adjusting for immunoglobulin heavy chain variable region gene
(IGHV) mutation status, �-2 microglobulin (B2M) levels, and
�-associated protein 70 (ZAP-70) expression.15 However, neither
study used the FLC ratio to distinguish monoclonal from poly-
clonal elevations of FLC.

The FLC assay is clinically available, simple, and relatively
inexpensive; thus, it has the potential to be a valuable prog-
nostic biomarker for patients with CLL. Here, we report the
first study on the prognostic implications of analysis of serum FLC
in a prospectively enrolled cohort of newly diagnosed, untreated
patients with CLL. The analysis is the first to examine prevalence
and outcome association for both monoclonal and polyclonal FLC
abnormalities and to perform comparative analysis assessing the
prognostic value of the FLC assay relative to that of the other
well-established prognostic biomarkers for CLL.
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Methods

Patients with CLL seen within 9 months of diagnosis were prospectively
enrolled in the University of Iowa/Mayo Clinic SPORE Molecular Epidemi-
ology Resource (MER) from September 2002 through February 2008.
Enrollment to the SPORE MER is offered to consecutive patients with
newly diagnosed CLL who were evaluated at Mayo Clinic Rochester or the
University of Iowa within 9 months of diagnosis, were age 18 years and
older, and were a US resident at diagnosis. The SPORE MER collects
clinical, pathologic, demographic, and epidemiologic data along with blood
and tumor samples from the patients at enrollment. Patients are systemati-
cally followed every 6 months for the first 3 years and then annually
thereafter. This study was reviewed and approved by the Human Subjects
Institutional Review Board at the Mayo Clinic and the University of Iowa,
and written informed consent was obtained from all participants in
accordance with the Declaration of Helsinki. The clinical characteristics of
this cohort have been previously reported.17 All leukemia cell immunophe-
notype and pathology analyses were reviewed to confirm each case met the
criteria for a diagnosis of CLL. All patients either had an absolute
lymphocyte count � 5.0 � 109/L and fulfilled the 1996 criteria for CLL18

or fulfilled the World Health Organization criteria for the small lymphocytic
lymphoma variant of CLL.19 Baseline clinical, laboratory, and treatment
data were abstracted from medical records with the use of a standardized
protocol. Prognostic testing (IGHV gene mutation analysis, ZAP-70 status,
CD38 status, CD49d status, and cytogenetic abnormalities assessed by
interphase FISH testing) was performed as part of clinical or research
studies with the use of methods previously described by our group.20-22

Because treatment of lymphoid malignancies decreases the serum FLC,23

analyses were limited to the subset of patients with research serum draws
collected before any treatment.

The Freelite assay (The Binding Site Ltd) was used to determine serum
� and � FLC concentrations on stored research serum samples. All assays
were performed at the Mayo Clinic Clinical Immunology Laboratory with
the use of reagent sets provided courtesy of The Binding Site. Mayo Clinic
reference ranges were used to define the normal range for � and � light
chain levels and the FLC ratio.7 Elevated FLC was defined as a � or � level
above the reference range (� � 19.4 mg/L, � � 26.3 mg/L). An elevated
FLC was considered monoclonal if the FLC �/� ratio was outside of the
normal range of 0.26-1.65 for patients with normal creatinine and
0.37-3.1 for patients with elevated creatinine.6 All elevated FLC levels
with normal �/� ratios were considered polyclonal. Patients with normal
FLC levels but an abnormal �/� ratio were considered to have ratio-only
FLC abnormalities.

Time to first treatment (TTFT) was defined as the time from diagnosis to
disease progression requiring treatment. OS was defined as time from
diagnosis to death because of any cause. Patients without an event were
censored at time of last known follow-up. Chi-square tests and the Fisher
exact test, when appropriate, were used to assess the association of FLC
with clinical, prognostic, and demographic factors. Cox proportional
hazards models and Kaplan-Meier curves were used to assess associations
of FLC abnormalities with time-to-event outcomes. Cox models were
performed unadjusted as well as adjusted for Rai stage. The prognostic
capability of biomarkers was assessed with time-dependent receiver
operator curves (ROCs)24; the area under the curve (AUC) with bootstrap
confidence intervals was used to assess the significance of differences.
Standard CLL biomarkers were assessed as used clinically or previously
published for prognostication.20-22,25 Lack of a sufficient number of events
precluded multivariable modeling of FLC with the full set of other CLL
prognostic markers. Thus, to explore the independent prognostic value of
the FLC assay while accounting for known risk from these markers, we
created a 1 degree of freedom risk score to use as an adjustment variable in
multivariable models. The following risk factors were used as covariates:
age, sex, Rai stage, CD38, ZAP-70, IGHV, CD49d, and FISH. The risk
score was generated by the linear combination of the factor variables
multiplied by their regression coefficients (ie, ��) from Cox models for OS

and TTFT. All statistical analyses were performed with SAS Version 9.1.3
(SAS Institute) and R Version 2.11.0 (R Project).

Results

We studied 339 patients with newly diagnosed CLL who had
pretreatment serum collected for research purposes. Median age at
diagnosis was 63 years (range, 37-91 years), and 67% of patients
were men. At a median follow-up of 47 months (range,
1-92 months), 89 patients (26%) had been treated and 34 patients
(10%) had died. Median �, �, and total (� � �) light chain levels
were 1.3 mg/dL (range, 0.02-73.2 mg/dL), 1.2 mg/dL (range,
0.01-17.4 mg/dL), and 2.6 mg/dL (range, 0.4-74.4 mg/dL), respec-
tively. Collectively, 163 patients (48%) had a FLC abnormality.
Among the 109 patients with an elevated FLC level, 57 (52%) had
an abnormal FLC ratio (monoclonal) and 52 (48%) had a normal
FLC ratio (polyclonal). An additional 54 patients (17%) patients
had an abnormal FLC ratio without an elevation of either � or �
light chain (ratio-only abnormality). Among the 111 patients with
an abnormal FLC ratio, 83 (75%) had excess �. Paraproteins were
also evaluated by serum protein electrophoresis (SPEP) with IF as
part of routine clinical management in 243 of these patients
(71.6%). Of these, only 54 patients (22%) had a detectable
abnormality on SPEP/IF, with 40 clonal and 14 polyclonal abnor-
malities. Although 37 of 243 patients (15%) had a paraprotein
abnormality detected by both the FLC and SPEP/IF assays, 85 of
243 patients (35%) had abnormalities detected only by FLC
analysis, and 17 of 243 patients (7%) had abnormalities detected
only by SPEP/IF.

Compared with patients with normal FLC, patients with mono-
clonal elevated FLC were more likely to have elevated creatinine
levels; to have a higher absolute lymphocyte count; to be � light
chain restricted; to have CLL cells that were CD38�, CD49d�,
ZAP-70�, and IGHV unmutated; and to have high-risk FISH and
higher serum B2M values (Table 1). Patients with polyclonal
elevated FLC were older; had higher creatinine levels, PS, and
B2M levels; and more high-risk FISH abnormalities than patients
with normal FLC. Patients with ratio-only FLC abnormalities were
more likely to be � light chain restricted and were more often
CD49d�. Patients with all types of FLC abnormalities had higher
Rai stage than patients with normal FLC.

FLC and tumor cell light chain restriction

In patients with both an elevated FLC and an abnormal FLC
ratio (eg, patients with monoclonal FLC elevations) the domi-
nant serum FLC matched the CLL B-cell light chain restriction
in 96% of cases. Among patients with an abnormal FLC ratio
but no elevation in absolute FLC level (eg, patients with
ratio-only abnormalities), the dominant light chain in the
serum matched the CLL B-cell light chain restriction in 92% of
cases, suggesting this abnormality was disease related in most
patients. In patients with increased FLC level but a normal ratio
(eg, patients with polyclonal elevation), the more abundant
serum FLC matched the CLL B-cell light chain restriction in
75% of cases.

FLC and clinical outcome

FLC abnormalities were associated with both TTFT (Figure 1A)
and OS (Figure 1B). All FLC abnormalities were associated with
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shorter time to treatment (monoclonal FLC: hazard ratio [HR],
5.57, 95% confidence interval [CI], 3.29-9.44; polyclonal FLC: HR,
2.12; 95% CI, 1.08-4.17; and ratio-only FLC: HR, 2.58; 95% CI,
1.51-5.03). For OS, shorter survival was observed for patients with
monoclonal and polyclonal FLC elevations relative to patients with
normal FLC results (monoclonal FLC: HR, 5.38; 95% CI, 2.23-12.98;
polyclonal FLC: HR, 5.37; 95% CI, 2.19-13.17). Ratio-only FLC
abnormalities were not associated with inferior OS (HR, 0.38; 95% CI,
0.05-3.03). Stage-adjusted HRs and HRs for patients with Rai stage 0
are shown in Table 2. In addition, we assessed the prognostic value of
FLC in a multivariable Cox model after adjusting for a risk score
accounting for age, sex, Rai stage, CD38, ZAP-70, IGHV, CD49d, and
FISH. Monoclonal FLC remained a strong predictor of TTFT (HR,
2.97; 95% CI, 1.75-5.06; P � .001) in the adjusted model. Elevated
FLC (either monoclonal or polyclonal) remained prognostic for OS
(HR, 2.25; 95% CI, 1.04-4.86; P 	 .039) in the adjusted OS model.
Cause of death was reviewed in all cases; the most common cause of
death in the monoclonal FLC group was progressive CLL, whereas
most deaths in the polyclonal FLC group were because of other causes
(data not shown).

Prognostic utility of FLC relative to other prognostic biomarkers

Finally, time-dependent ROCs were used to assess the prognostic
utility of FLC relative to other CLL prognostic biomarkers. On the
basis of the observed outcome results (Figure 1), the FLC grouping
used for ROC analysis were as follows: normal FLC versus
polyclonal or ratio-only FLC versus monoclonal FLC for TTFT

and normal or ratio-only FLC versus monoclonal or polyclonal
FLC for OS. The prognostic ability of FLC compared favorably
with the established CLL prognostic parameters, with AUCs
� 0.67 for TFTT and � 0.70 for OS (Figure 2).

Discussion

This is the first prospective study reporting the prognostic value of
the FLC assay in a cohort of patients with newly diagnosed CLL.
Approximately one-half of the patients with CLL had FLC
abnormalities, and these abnormalities were strongly associated
with clinical outcome. Notably, among patients with FLC
abnormalities, the type of abnormality determines its prognostic
implications. Our study is the first to perform detailed assess-
ment of the clinical implications of the various types of FLC
abnormalities (eg, clonal vs polyclonal abnormalities) and to
compare the prognostic value of the FLC assay, as measured by
ROC analysis, with other CLL biomarkers. We show that serum
FLC measurements compare favorably with other CLL prognos-
tic biomarkers. This is an important finding because the FLC
assay is a robust assay that is simple to perform, widely
available, has a well-established interlaboratory reference
range,7 and is relatively inexpensive.

The 50% of patients with CLL with FLC abnormalities were
distributed into 3 approximately equal-sized groups comprising

Table 1. Clinical characteristics by FLC abnormality in 339 patients

Normal FLC
(n � 176; 51%)

Polyclonal FLC
elevation (n � 52; 15%)

Monoclonal FLC
elevation (n � 57; 17%)

Ratio-only FLC
abnormality (n � 54; 17%)

Median �, mg/dL (range) 1.0 (0.2-1.9) 2.5 (1.1-5.6) 3.0 (0.2-73.2) 1.2 (0.02-1.9)

Median �, mg/dL (range) 1.1 (0.2-2.4) 2.5 (1.0-7.0) 1.1 (0.2-17.4) 0.8 (0.01-2.1)

Median � � �, mg/dL (range) 2.3 (0.4-4.1) 5.0 (3.1-11.7) 4.9 (2.4-74.4) 1.7 (0.7-2.9)

Age � 60 y, n (%) 101 (58) 41 (80)† 39 (67) 28 (50)

Male, n (%) 113 (64) 36 (69) 44 (77) 33 (61)

� tumor light chain, n (%) 76 (52) 21 (53) 38 (79)‡ 34 (69)*

PS � 0, n (%) 14 (8) 13 (25)† 8 (14) 2 (4)

Elevated creatinine level, n (%) 11 (6) 13 (25)‡ 7 (12) 1 (2)

Rai stage

0, n (%) 103 (59) 23 (45)* 17 (30)§ 25 (46)*

1, n (%) 69 (39) 23 (45) 27 (47) 23 (43)

2-4, n (%) 4 (2) 5 (10) 13 (23) 6 (11)

ALC

� 20 � 109/L, n (%) 143 (82) 40 (77) 28 (49)§ 37 (70)*

20-50 � 109/L, n (%) 25 (14) 9 (17) 15 (26) 9 (17)

� 50 � 109/L, n (%) 7 (4) 3 (6) 14 (25) 7 (13)

B2M level

� ULN, n (%) 36 (23) 3 (7)§ 1 (2)§ 14 (27)

1-2 times ULN, n (%) 115 (72) 19 (42) 29 (57) 34 (67)

� 2 times ULN, n (%) 8 (5) 23 (51) 21 (42) 3 (6)

CD38�, n (%) 27 (18) 13 (30) 24 (49)§ 14 (29)

CD49d�, n (%) 15 (19) 7 (28) 18 (49)‡ 11 (41)*

ZAP-70�, n (%) 31 (22) 8 (20) 23 (49)‡ 14 (32)

IGHV unmutated, n (%) 29 (24) 13 (37) 26 (55)§ 15 (33)

High-risk FISH, n (%) 8 (6) 8 (22)† 10 (22)‡ 5 (11)

PS indicates Eastern Cooperative Oncology Group performance score; ALC, absolute lymphocyte count; ULN, upper limit of normal; and IGHV unmutated includes
VH-321 for risk assessment, High-risk FISH, 17p
, 11q
.

*P � .05 compared with the normal FLC group.
†P � .01 compared with the normal FLC group.
‡P � .001 compared with the normal FLC group.
§P � .0001 when compared with the normal FLC group.
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patients with monoclonal elevations (an elevated FLC with abnor-
mal ratio), polyclonal elevations (elevated FLC without abnormal
FLC ratio), and ratio-only abnormalities (abnormal ratio without
elevated FLC). Each of these groups appears to have distinct
clinical characteristics and outcomes.

An elevated FLC with an abnormal �/� ratio is probably caused
by secretion of clonal FLC from the tumor cells. This proposed
mechanism is supported by 96% concordance between the light
chain restriction of the CLL cell and the predominant serum light
chain in these patients. This group of patients with monoclonal
FLC elevations appears to have a higher prevalence of high-risk
biologic characteristics (CD38, CD49d, ZAP-70, IGHV, FISH) and
to have the poorest prognosis as measured by TTFT and OS,

suggesting that increased light chain secretion is associated with
more aggressive CLL cell biology. Although the majority of
patients with monoclonal FLC elevations (71%) in our series were
Rai stage I or higher, patients with Rai stage 0 with monoclonal
FLC elevations also had a shorter time to treatment. Cause of death
for deceased patients in this group was primarily because of
progressive CLL, further supporting the hypothesis of an aggres-
sive CLL cell biology.

Patients with polyclonal FLC elevations tended to be older,
have higher PS, and have elevated creatinine levels, suggesting
multiple possible causes for the FLC abnormality and indicating

Table 2. Cox proportional hazards model for association of FLC abnormalities with clinical outcome: unadjusted in all patients, adjusted
for Rai stage in all patients, and unadjusted in patients with Rai stage 0

All patients, unadjusted All patients, adjusted for Rai stage Rai stage 0 only

HR 95% CI P HR 95% CI P HR 95% CI P

TTFT

Normal FLC 1.00 Ref — 1.00 Ref — 1.00 Ref —

Monoclonal FLC elevation 5.57 3.29-9.44 � .001 4.23 2.47-7.25 � .001 7.49 1.77-31.6 .0062

Polyclonal FLC elevation 2.12 1.08-4.17 .029 1.52 1.06-4.12 .25 2.73 0.46-16.7 .27

Ratio-only FLC abnormality 2.75 1.51-5.03 .0010 2.19 1.20-4.02 .011 9.08 2.27-36.4 .0018

OS

Normal FLC 1.00 Ref — 1.00 Ref — 1.00 Ref —

Monoclonal FLC elevation 5.38 2.23-12.98 .001 4.89 2.00-11.92 .001 10.50 2.49-44.26 .0014

Polyclonal FLC elevation 5.37 2.19-13.17 .001 4.76 1.90-11.89 .001 5.00 1.00-24.92 .050

Ratio-only FLC abnormality 0.38 0.05-3.03 .36 0.34 0.04-2.67 .30 NA

Ref indicates reference group; and NA, not applicable because of limited number of patients or events in the subgroup.

Figure 1. TTFT and OS by FLC abnormality. (A) TTFT by FLC abnormality. (B) OS
by FLC abnormality.

Figure 2. Comparison of prognostic biomarkers and OS by time-dependent
AUC for TTFT. (A) Comparison of prognostic biomarkers by time-dependent AUC for
TTFT. An AUC of 0.5 signifies no prognostic utility; AUC of 1.0 signifies a perfect predictor.
The FLC assay has comparable-to-superior AUC to other CLL prognostic biomarkers. (B)
Comparison of prognostic biomarkers for OS by time-dependentAUC.
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that this finding could be a marker of host “fitness.”26 Prevalence of
high-risk CLL biologic characteristics were similar to patients
without FLC abnormalities, except for high-risk FISH. Cause of
death in these patients was primarily because of non-CLL causes,
again supporting an association of elevated polyclonal FLC with
poor host fitness. However, because polyclonal FLC elevations
were associated not only with shorter OS but also modestly
associated with a shorter TTFT, it is also possible that polyclonal
FLC may nonetheless be a marker of poorer disease-specific
outcomes.

In patients with an abnormal FLC ratio and nonelevated levels
(eg ratio-only abnormalities), there was concordance of the predomi-
nant serum light chain and CLL light chain restriction in 92% of
cases, suggesting that the abnormal FLC ratio was because of CLL
cell light chain secretion. However, compared with patients with
monoclonal elevated FLC, patients with ratio-only abnormalities
were more similar to patients with normal FLC assay in terms of
Rai stage and other prognostic factors. As a group, ratio-only FLC
is associated with shorter TTFT. Although OS is similar to patients
with normal FLC in our study, this observation should be inter-
preted with caution until longer follow-up is available.

Strengths of our study include its prospective design, inclusion
of only patients with newly diagnosed disease all of whom
provided samples before receiving any treatment, systematic
follow-up, use of a single reference laboratory for FLC assays, and
the ability to correlate the FLC measurements to multiple other
CLL prognostic biomarkers. To the best of our knowledge, this
study is also the largest to evaluate the prognostic importance of
FLC in CLL and the first to assess how the type of FLC abnormality
relates to outcome. The main limitation of this study is the
relatively short follow-up and limited number of events for a
disease that has a relatively indolent course.

In summary, � 50% of patients with CLL have serum FLC
abnormalities when evaluated by routine, clinically available FLC
assays. When serum FLC abnormalities are detected, it is important

to distinguish the type of FLC abnormality (monoclonal elevation,
polyclonal elevation, ratio-only abnormality) because these sub-
types have distinct clinical implications. FLC abnormalities are
associated with inferior TTFT and OS, and the prognostic value of
the FLC assay appears equivalent or superior to that of other
routinely used CLL biomarkers. Further research into the role of
serum FLC as a prognostic marker and the biologic characteristics
related to FLC secretion by CLL B cells is warranted.
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