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In monoclonal gammopathies or plasma 
cell disorder; the clonal expansion of 
plasma cells takes place accompanied 
with excessive secretion of 
immunoglobilins both intact and light 
chains

Monoclonal Gammopathies1,2
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1Katzmann JA. Clin Lab News. June 2006.
2Katzmann et al. Clin Chem. 2005;51:878-81.

N = 29,528
Mayo Clinic Database 1960–2002
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*Monoclonal gammopathy of uncertain significance.
Adapted from International Myeloma Foundation. Concise review of the disease and treatment options. 2006. 
http://www.myeloma.org/pdfs/ConciseReview2006.pdf. Accessed April 30, 2007.

Epidemiology

• MM 2nd most common hematological malignancy (#1 NHL)

• 15,000 newly diagnosed patient’s annually in the U. S.

• Chronic disease: 50,000 pts in U.S.

• Mean age at diagnosis: 71 years

• Risk factors
• Unknown

• Male
• African-American
• Toxins: agricultural chemicals, Agent Orange

Monoclonal Plasma Cells in Bone 
Marrow
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Free Light Chain Production by 
Plasma Cells

Kappa Lambda

Structure and Types of Antibodies 
(Immunoglobulins)

• IgG
• IgA
• IgM

• IgD
• IgE

• Kappa
• Lambda
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Up to 30 g/day re-
absorption and 
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5 – 10 mg/day 
in urine
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Evaluation of Monoclonal Protein

• Serum protein electrophoresis

• Immunofixation electrophoresis

• UPEP or uIFE on 24-h urine

• Serum free light chain assays

Traditional Diagnostic Workup

• Profile
– Complete blood counts
– Chemistry profile

• Monoclonal gammopathy screening
– SPEP – most common
– Other screening tests

• Immunofixation electrophoresis
• Capillary zone electrophoresis
• UPEP on 24-hour urine

Serum Protein Electrophoresis

• Advantages
– Simple manual/semi-automated method
– Inexpensive 
– Quantitative: bands are scanned and 

measured by densitometry

• Disadvantages
– Insensitive

• Lower limit of measuring range is 500–2,000 mg/L

• Cannot detect mildly elevated levels of M-protein

– Subjective interpretation
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Normal Serum Protein Electrophoresis

� 1-antitrypsin, 
thyroid-binding
globulin, and 
transcortin Ceruloplasmin,   

� 2-macroglobulin, 
haptoglobin

� 1: transferrin. 
� 2: � -lipoprotein.  
� 2 microglobulin. 
IgA, IgM, and 
sometimes IgG, 
and complement 
can be identified.

Immunoglobulins.
C-reactive protein (IL-6)
is located in the area 
between the beta
and gamma regions.
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M-Spike on Serum Protein Electrophoresis
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Insensitivity of Serum Protein Electrophoresis
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Insensitivity of Serum Protein Electrophoresis
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Sensitivity of SPEP  

�7�7�7�725%

LCDD4

50%

AL Amy 3

45%

LCMM2

0%82%
SPEP 
alone

NSMMMyeloma 1

1Kyel et al. Mayo Clin Proc. 2003; 78:21-33.
2Bradwell et al. Lancet. 2003; 361:489–491.
3Lachmann et al. Br J Haematol. 2003;122:78-84.
4Lin et al. JASN. 2001;12:1482-1492.

Immunofixation Electrophoresis

• Primarily ordered 
– After an SPEP indicates an elevation of a monoclonal 

protein to identify the M-protein subtype

– To confirm complete response

• Advantage: good sensitivity in serum (~150 mg/L) and         
urine (2–5 mg/L)

• Disadvantages

– Not quantitative 
– Not sensitive enough to detect low concentrations of 

elevated free light chains

– Relies on the quality and specificity of the antisera

IFE (Immunofixation electrophoresis)
IgGl

Results qualitative – not quantitative
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Urine Protein Electrophoresis

• Advantages
– Simple manual/semi-automated method
– Sensitive in concentrated urine (100x) to 20 mg/L
– Quantitative results with scanning

• Disadvantages
– Urine requires concentration with possible protein loss 
– Cumbersome 24-hour urine collection: 
{ patient 

compliance, difficult to handle
– Labor intensive
– Subjective interpretation

UPEP results
N = 972 pts with myeloma

Serum Free Light Chains Assays

• Highly sensitive automated assays for free light chains

• Normal reference intervals in serum1

– Kappa: 3.3–19.4 mg/L (0.33–1.94 mg/dL)

– Lambda: 5.7–26.3 mg/L (0.57–2.62 mg/dL)

– Kappa/Lambda ratio: 0.26–1.65

• “Measurable disease”: proposed as an abnormal ratio 
with a difference of 50 mg/L between involved and 
uninvolved free light chain2

1Katzmann et al. Clin Chem. 2002;48:1437–1444.
2Dispenzieri et al. Blood. 2008;111:4908-4915.
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Serum Free Light Chain Assay: Polyclonal Antibodies 
to Free Light Chains
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• FLCs in serum = production by tumor 

• FLCs in urine = dept on renal function

• Serum and urine free light chain levels 
NOT similar during evolution and 
treatment of MM

• Serum is generally the more sensitive 
biosample for free light chains

Renal Handling of Free Light Chains
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FLC in the Serum and Urine

• Free light chains are normally found in the serum and 
the urine.

• When light chains are overproduced by plasma cells the 
serum levels increase first.

• When the kidneys ability to reabsorb the light chains 
becomes overwhelmed, the light chains spill over into 
the urine.

• High levels of light chains passing through the kidney 
causes kidney damage and eventually renal impairment.

• Changes in the production of FLC can be measured 
in the serum before changes are observable in the 
urine.

Immunoglobulin Half-Life

Protein Half Life

IgG 20–25 days

IgA 6 days

IgM 6-8 days

Free Kappa         2–4 hours

Free Lambda 3–6 hours

• Short half-life of FLCs compared to intact immunoglobulins, more 
closely reflect tumor burden than levels of total light chain, IgG or 
total M-protein

Free k and l Light Chain Concentrations in 
282 Normal Sera

Katzmann et al. Clin Chem.2002;1437–1444.
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Serum Free Light Chains – Normal 
Ranges

• Normal k

– 95% reference interval: 3.3–19.4 mg/L

• Normal l

– 95% reference interval: 5.7–26.3 mg/L

• Normal k/l ratio

– 95% reference interval: 0.3–1.2

– Normal range: 0.26–1.65

– Median 0.59

Katzmann et al. Clin Chem. 2002;1437–1444.

Sensitivity of Assays for
Light Chains
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Adapted from Bradwell et al. Serum Free Light 
Chain Analysis. 3rd ed. 2005. The Binding Site, Ltd.

The sFLC Assay Can Detect
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1. Lachman BJH 2003

2. Mead BJH 2004

3. Abraham AJClinPath 2003

4. Bradwell Lancet 2003

��� Drayson Blood 2001
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Sensitivity Comparison

1.71.2sFLC assay3
2020Urine IFE 2

3030UPEP2

100150Serum IFE1

5002,000SPE1

lll l , mg/Lkkkk, mg/LSensitivity

1 Katzmann et al. Clin Chem.2002;1437–1444.
2 Beetham et al.  Ann Clin Biochem2000;37:581–587.
3 Bradwell et al. Serum Free Light Chain Analysis. 3rd ed.

What is the Freelite Test?

• Measures kappa and lambda immunoglobulin 
free light chains in serum. (1)

• Both the absolute values and k:l ratio are useful 
in patient diagnosis and management. (1)

• Can discriminate between monoclonal and 
polyclonal gammopathy. (1)

• More sensitive than SPEP or IFE (1)

• Eliminates the need for 24 hour urine collection 
for screening of monoclonal gammopathy. (2)
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�� ����

sFLC Sensitivity in Myeloma, AL, LCDD

Abraham et al. 200210028Light chain myeloma

Bradwell et al. 2003100224Light chain myeloma

Abraham et al. 20039195AL amyloidosis

Katzmann et al. 20051007Light chain deposition ds

Katzmann et al. 20028919Light chain deposition ds

Lachmann et al. 200398262AL amyloidosis

Katzmann et al. 200591110AL amyloidosis

Drayson et al. 20016828Nonsecretory myeloma

Katzmann et al. 20051005Nonsecretory myeloma

Mead et al. 200496488Multiple myeloma, NOS

Reference
Abnormal FLC, 

%nDiagnosis
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International Guidelines for Diagnosis of 
Multiple Myeloma

1. M-protein in the serum and/or urine* by SPEP, 24-h 
UPEP, immunofixation, or an abnormal serum free light 
chain ratio

2. �810% monoclonal plasma cells in the bone marrow 
[and/or presence of a biopsy-proven plasmacytoma]

3. Myeloma-related organ dysfunction (CRAB)
• Hypercalcemia
• Renal insufficiency
• Anemia
• Bone lesions (osteolytic lesions) or osteoporosis

*If none identified, need � 30% PC in BM or bx-proven plasmacytoma

Durie et al. Leukemia. 2006;20:1467-73.

Myeloma

Diagnostic Panels

Myeloma
AL 

Amyloidosis LCMM NSMM

SPEP alone ~90% 50% 45% 0%

SPEP and serum IFE 95% 70% 75% 0%

SPEP and UPEP 95% 75% 90% 0%

sFLC alone 96% 98% 99% 68%

SPEP and sFLC 99% 98% 99% 68%

SPEP, serum IFE, 
and sFLC

99% 98% 99% 68%

1. Mead et  al. British Journal of Haematology 2004;126:348-354
2. Drayson et  al. Blood 2001:97:2900-2902
3. Bradwell et al. Lancet 2003;361:489-491
4. Lachmann et al. British Journal of Haematology 2003;122:78-84
5. Serum Free Light Chain Analysis.  A.R. Bradwell 2005
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Can the sFLC assay replace urine tests?

“…inclusion of serum FLC significantly enhances the 
sensitivity of serum PEL and IFE and should be part of a 
diagnostic screening algorithm for monoclonal 
gammopathies.”

“ the sensitivity of the serum FLC assay is such that urine 
PEL and IFE are no longer necessary for the diagnosis 
of monoclonal disorders.”

Katzmann et al. Mayo Clinic Symposium on Hematologic Malignancies, 
Wellington, 2007

Optimal Serum Panel to 
Eliminate Urine Testing -
Mayo Clinic
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sFLC abnormal in:

19 AL amyloidosis
3 plasmacytoma
2 myeloma
1 smoldering myeloma

Snyder et al. AMLI 2006.
Katzmann et al. Mayo Clin Proc. 2006; 81:1575-8.

N = 428 abnormal uIFE

Proposed Screening Algorithms
• Mayo Clinic • Under Investigation

�����������

			��� !�
"
�
�#
�
�$�#
��!�� %!� &��'!��

(��

�)��!
��
���
�����*�(��

�
���+����!���#�,!�-�./

("�����
��01�!����

("�01�!����



15

International Staging System in MM

Serum �ß�ß�ß�ß2 microglobulin > 5.5 mg/dL 

Neither 1 nor 3

Serum �ß�ß�ß�ß2 microglobulin < 3.5 mg/dL 

Serum albumin �8�8�8�83.5 g/dL

Criteria

293

442

621

Median 
survival (mo)Stage

Greipp PR, et al. J Clin Oncol. 2005;23:3412-20.

N = 10,750 previously untreated symptomatic patients with myeloma

Multiple Myeloma Therapies Are  Continuously 
Evolving

1990s
2000 -

Present
1970s
1980s

1960s

Melphalan

Glucocorticoids

High-dose 
chemotherapy

Bisphosphonates

Thalidomide

Bortezomib

Stem-cell transplantation

Combination 
chemotherapy: 

vincristine, 
doxorubicin, 

dexamethasone (VAD)

Lenalidomide

Categories of MM1

Observation

Management

• Serum M protein <3 g/dL
• Bone marrow plasma cells 

<10% 
• Absence of anemia, renal failure, 

hypercalcemia, and lytic bone lesions

CharacteristicsClassification

MGUS
(Rule of 1/3’s)

1. Multiple Myeloma Research Foundation. Diagnosis and staging. http://www.multiplemyeloma.org/about_myeloma/2.05.html.
Accessed April 30, 2007; 2. Rajkumar SV. Hematology Am Soc Hematol Educ Program. 2005:340-345.
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MGUS Prevalence and 
Risk of Progression  

• Among 21,463 residents of Olmsted County, MN, MGUS 
was identified in

– 3.2 % of persons �850 years of age 

– 5.3 % of persons �870 years of age1

• Prevalence of MGUS: 3-fold higher in African Americans2

• Rate of progression: 1% per year3

• Rate unchanged with time 
z indefinite follow-up

• Risk assessment strategies desirable

1Kyle et al. N Engl J Med. 2006;354:1362-9.
2Landgren et al. Blood. 2006;107:904–906.
3Kyle et al. N Engl J Med. 2002;346:564-9.

Prevalence of MGUS with Increasing Age
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Kyle N. Eng J Med 2006
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MGUS Risk Stratification 
Incorporating All 3 Factors

Risk
No. of 

Patients
Relative Risk 

(95% CI)
Absolute Risk 

at 20 yrs

Low
M-spike < 1.5 g/dL

IgG subtype
Normal FLC ratio

449 1 5%

Low-intermediate
Any 1 factor abnormal

420 5.4 21%

High-intermediate
Any 2 factors abnormal

226 10.1 37%

High
All 3 factors abnormal

53 20.8 58%

N = 1148 Rajkumar et al. Blood. 2005;106;812-817.

Rajkumar Blood 2005

�
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MGUS Monitoring

• SPEP, sIFE and sFLC assays performed routinely at baseline

• More frequent monitoring warranted in patients with 

– Abnormal serum free light chain ratio

– Non-IgG subtype

– �81.5 g/dL M-protein

• Algorithm clinically recommended but not FDA-cleared

Rajkumar et al. Blood. 2005;106;812-817.

Bradwell et al.Lancet.2003; 361:489–491.

Sensitivity of SPEPSensitivity of IFE

N = 224 with LCMM

FREELITE ™: What is gained

AL Amyloidosis
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Monitoring Therapy with 
Freelite™

Immunoglobulin Half-Life

Protein Half Life
IgG 20–25 days
IgA 6 days
IgM 6–8 days
Free Kappa 2–4 hours
Free Lambda 3–6 hours

0

50

100

150

200

250

300

0 200 400 600 800 1000 1200 1400
Time from Presentation (days)

sF
LC

�
C

on
ce

nt
ra

tio
n,

 
m

g/
L

0

10

20

30

40

50

60

70

M
on

oc
lo

na
l I

gG
, g

/L

Kappa FLC Monoclonal IgG

CVAMP

HDM/PBSCT Dex

0.1% Plasma 
cells

IgG � Multiple Myeloma

Mead et al  BJH  2004  126:348

Patient 2:  sFLC and IgG Levels During Treatment
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sFLC Ratio as a Predictor of Response to Therapy

• “ Normalization 
of the FLC ratio 
after one or two 
cycles of 
treatment was 
highly 
predictive of 
achievement of 
CR or nCR. 

• (p= 0.003)”
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Early Normalization of sFLC Ratio Associated 
with Improved TTP

224

225

325

345

0 50 100 150 200 250 300 350 400

Cycle 2

Cycle 1

Time to progression, days

Not normalized Normalized

Orlowski et al. Blood 2008;110:803a.
ASH 2007.

n = 54 normalized sFLC ratio after 1 cycle

n = 72 normalized sFLC ration after 2 cycles

n = 348 not normalized

n = 395 not normalized
P = .0005

P � .001

• Analysis of RCT of bortezomib �sPLD in R/R MM
• 458/487 (94%) had abnormal �ç/�èratio at baseline

Baseline Involved Free Light Chain �8750 mg/L: 
A Poor Prognostic Sign for OS and EFS in TT3

van Rhee et al. Blood. 2007; 110:827-832.

Serum Free Light Chain Testing Provided 
Prognostic Data Independent of Stage
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�  750 mg/L > 750 mg/L (top tertile)
n = 201            n = 99

n = 27 n = 29 n = 43n = 113 n = 68 n = 20

van Rhee et al. Blood. 2007; 110:827-832.

P < 0.001 
(chi square for trend)
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LCDD Case Study
• 59-year-old man with nephrotic syndrome
• SPEP and UPEP negative, serum and urine IFE negative
• Renal bx: granular electron-dense material along tubular BM 
z

LCDD
• Serum free light chain assays provided the only serologic 

evidence of LCDD and served as a marker during treatment

Brockhurst et al. Nephrol Dial Transplant. 2005;20:1251-53.

Early Immunoglobulin FLC response post autologous PBSCT predicts for 
hematologic complete response in patients with Multiple Myeloma

• MM pts n = 45  abnormal FLC ratio undergoing PBSCT

• 2 types of Immunoglobulin FLC response were studied:

50% reduction in FLC and 90% reduction in FLC of the difference 
between involved and uninvolved

• 2 time periods of FLC response were analyzed:

Day 7 (early) and Day 19 (delayed)

• 49% had early and 58% had delayed response of 90% FLC 
reduction

• A 90% FLC reduction within the first seven days predicted 
complete response (p<0.001) post high dose chemotherapy with 
PBSCT

Gertz M et al, ASH abst # 326-III, 2006

Advantages of Monitoring Response Using 
sFLC

• Rapid indication of response to treatment1,2

• May allow for lower dose to minimize AE2

• Incorporated into response criteria 
guidelines

• Provides earlier marker of relapse than IFE3

• May provide prognostic information as a 
surrogate marker2,4

1Mead et al. Br J Haematol. 2004;126:348-54.
2Lachmann et al. Br J Haematol. 2003;122:78-84.
3Moesbauer et al. Blood. 2005; 106:572a.
4Dispenzieri et al. Blood. 2005; 106:127a.
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Response Criteria in Myeloma1

1Durie et al. Leukemia. 2006; in press.

• Complete response (CR)
– Serum and urine IFE negative
– BM bx �75% PC
– Disappearance of soft tissue p-cytoma

• Stringent CR: all of the above criteria plus
– Normal free light chain ratio
– Absence of clonal PC in BM by IHC or IF

• VGPR
– IF positive but SPEP negative    – or –
– �890% 
{ in serum M-protein, and urine M-protein < 100 mg/24 h

• Partial response (PR)
– 
{ in serum M-protein by �850% and
– 
{ in urine M-protein by �890% or to < 200 mg/24 h and
– 
{ in plasmacytoma size by �850% (if present)
– Non-secretory MM: �850% 
{ in BM PC
– �850% 
{ in difference between involved and uninvolved [sFLC]

• Stable disease: not meeting criteria for CR, sCR, PR or PD

Uses of Serum Immunoglobulin 
Free Light Chains

• Screening

• Prognosis

• �sDisease monitoring



23

Use serum FLC along 
with serum PEL and IFE 
to screen for all plasma 
cell disorders*

*Exception is AL amyloidosis 
(and LCDD)—do urine IFE as 
well.

*Not yet validated

IMWG SUMMARY: 
How to Use Serum FLC Assay
• SCREENING IN COMBINATION WITH IMMUNOFIXATION 

ELECTROPHORESIS

• BASELINE VALUES PROGNOSTIC
– Monoclonal gammopathy of undermined significance
– Smoldering myeloma
– Symptomatic myeloma
– Plasmacytoma
– AL amyloidosis

• HEMATOLOGIC RESPONSE
– AL amyloidosis
– “Non-secretory” myeloma*
– Stringent complete response in multiple myeloma*
– Light chain deposition disease* 

sFLC Assay Summary

• Excess monoclonal free light chains are found in 
the serum of  > 90% of cases of B-cell Dyscrasia 

• Normal ranges identified in general population
• Ratio  remains 

– Normal in control (general population)
– Normal in patients with polyclonal gammopathy
– Normal in patients with impaired renal function
– Abnormal in most cases of B-cell dyscrasia at 

presentation
• Sensitive and Specific quantitatve assays now 

available.
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SUMMARY

Serum free light chain assays improve the diagnosis and 
monitoring of

• MULTIPLE MYELOMA

• LIGHT CHAIN MULTIPLE MYELOMA 

• LIGHT CHAIN DEPOSITION DISEASE

• NONSECRETORY MULTIPLE MYELOMA

• AL AMYLOIDOSIS

• MGUS

Replace Urine BJP tests as part of screening


