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Normocytic normochromic anemia-at diagnosis, 60-70% of patients

Leukopenia

Thrombocytopenia

Rouleaux formation in MM

DD infections and inflammatory disorders

High creatinine
High BUN
High uric acid
Low GFR
Hypercalcemia
Increased LDH
Increased B2MG
High total protein
High globulin
Low albumin

Routine Laboratory Testing



Increased ESR and hyperviscosity





•Serum protein electrophoresis, immunofixation
•quantitation of immunoglobulins
•Free light chains

Specific tests for multiple myeloma:

•24h urine collection for proteinuria, 
electrophoresis, and immunofixation
•Quantification of both urine M-component 
level and albuminuria

Serum Urine



• The structure of all immunoglobulins consists of four 
chains: two identical light chains and two identical 
heavy chains make up the recognizable Y shape of the 
antibody.

•  The chains are held together by inter-chain disulfide 
bonds and by non-covalent interactions which vary 
between the different immunoglobulin isotypes.

•  Intra-chain disulfide bonds within each of the 
polypeptide chains are responsible for the folded 
nature of the light and heavy chains. 

• These make up the discrete regions called the variable 
and constant domains.

Immunoglobulins and free light chains:



Serum protein 
electrophoresis-SPEP

• Electrophoresis is a broad term that 
refers to the separation of charged 
particles in a liquid medium under the 
influence of an electric field

• Electrophoretic migration is 
dependent on the net size, shape and 
charge of the molecule, as well as the 
strength of the electric field, the 
properties of the supporting medium 
which provides resistance to 
migration and the temperature under 
which the system operates.



• Albumin: the most abundant protein component
• Alfa-1: α1-antitrypsisn, α1-acid glycoprotein, α1-antichymotrypsin, lipoprotein
• Alfa 2: α2 –macroglobulin, haptoglobin, ceruloplasmin
• Beta 1: Transferrin, β-lipoprotein, C4
• Gamma: Immunoglobulins, CRP

SPEPGel electrophoresis Capillary zone electrophoresis

Normal 
SPEP



IgA MCP quantification 
is unreliable due to 
beta-migration of IgA 
MCPs on serum protein 
electrophoresis (SPEP).



Identification of 
monoclonal band-
Immunofixation

• SIFE is required for confirmation of abnormalities detected by SPEP and to improve 
detection of monoclonal immunoglobulin not detected by SPEP alone.

• The sample is applied to a total of six lanes on the gel. Following electrophoretic 
separation, antisera specific to immunoglobulin heavy and light chains are applied. For 
control purposes, one lane, typically the first, is stained for total protein stain. The next 
five lanes are overlaid with antisera to human IgG, IgA, IgM, kappa and lambda.

• Periodically, the pattern seen on IFE will be missing a corresponding heavy chain. In this 
case, testing using anti-sera for a specific free light chain, IgD or IgE can be used to 
determine the identity of the monoclonal protein . In extremely rare conditions, a 
monoclonal heavy chain may be identified with no corresponding light chain, i.e., heavy 
chain disease

IgD or IgE plasma cell dyscrasias are rarely seen and represent 
10% and 1% of all neoplasms



Immunoglobulins

IgD or IgE plasma cell dyscrasias are rarely seen and 
represent 10% and 1% of all neoplasms, respectively

Methods:
Turbidimetric
 nephelometric 
Enzymatic methods

Nephelometric and turbidimetric methods are frequently used to quantitate IgG, 
IgA and IgM. Although highly reliable, these approaches are susceptible to 
prozone or hook effect in the presence of high immunoglobulin concentration as 
in myeloma. Under these circumstances, specimen dilution may be necessary to 
obtain an accurate result

Despite their rarity, IgD and IgE may be measured by 
nephelometry. Due to its very low concentration, the latter may 
be detected via a sandwich biotin-streptavidin immunoassay

Immunoparesis!!!



• During the synthesis of all immunoglobulins, normal 
plasma cells produce a slight excess of kappa (κ) and 
lambda (λ) light chains over heavy chains. 

• These small amounts are released into the serum as 
free kappa or lambda light chains (FLCs) (3.3–19.4 and 
5.7–26.6 mg/L, respectively).

• Kappa:Lambda producrion is 2:1
• Kappa is monomeric and lambda dimeric
• Monomeric kappa are filtered faster than dimeric 

lambda FLCs
• Because κ chains have a monomeric form, their renal 

clearance is faster than that of dimeric λ. 
• As a result of filtration in the glomeruli, FLCs enter the 

proximal tubules, where they are reabsorbed and 
metabolized.

• .To overload tubular reabsorption, production must 
overcome the kidney’s metabolism of FLC (10–30 
g/24h); therefore increases in FLC are seen first in 
serum, rather than urine. 

•  In physiological conditions, the ratio of κ and λ free light 
chains in serum equals 0.26–1.65

Gudowska-Sawczuk, M.; Mroczko, B. Free Light Chains κ and λ as New Biomarkers of 

Selected Diseases. Int. J. Mol. Sci. 2023, 24, 9531. 
https://doi.org/10.3390/ijms24119531

FLC clearance and metabolism



FLC definition:

Example:
Kappa FLC-5 mg/L(3.3-19..4)
Lambda FLC-250 mg/L(5.7-26.3)
K/L ratio-0.02( 0.26-1.65)

FLC ratio-5/250=0.02
Involved FLC (iFLC):Lambda
Uninvolved FLC(uFLC): Kappa
Involved/uninvolved sFLC ratio=(250/5=50)
Difference(dFLC)=(iFLC-uFLC)=250-5=245 mg/L



FLC clinical application:

DIAGNOSIS MONITORING RESPONSE CRITERIA



New Diagnostic Criteria
• CRAB

• 60% or greater clonal plasma cells on bone marrow 
examination

• Serum involved / uninvolved free light chain ratio of 
100 or greater, provided the absolute level of the involved 
light chain is at least 100mg/L (a patient's involved free 
light chain either kappa or lambda is the one that is above 
the normal reference range; the uninvolved free light 
chain is the one that is typically in, or below, the normal 
range)

• More than one focal lesion on MRI that is at least 5mm 
or greater in size

Multiple myeloma
MGUS-Mayo

BMPC% > 20%, M-
protein > 2 g/dL, and 
FLCr > 20

SMM



SFLC measurement

Immunoassay
Anti-FLC antibodies:

• Do not react with epitopes hidden 
when bound to H-chain  

• React when epitope is exposed at the 
FLC

Dispenzieri A, Kyle R, Merlini G, Miguel JS, Ludwig H, Hajek R, Palumbo A, Jagannath S, Blade J, Lonial S, Dimopoulos M, Comenzo R, Einsele H, Barlogie B, Anderson K, 
Gertz M, Harousseau JL, Attal M, Tosi P, Sonneveld P, Boccadoro M, Morgan G, Richardson P, Sezer O, Mateos MV, Cavo M, Joshua D, Turesson I, Chen W, Shimizu K, 
Powles R, Rajkumar SV, Durie BG; International Myeloma Working Group. International Myeloma Working Group guidelines for serum-free light chain analysis in 
multiple myeloma and related disorders. Leukemia. 2009 Feb;23(2):215-24. doi: 10.1038/leu.2008.307. Epub 2008 Nov 20. PMID: 19020545.



Fleming, Chérina K.A., Swarttouw, Tim, de Kat Angelino, Corrie M., Jacobs, Joannes F.M. and Russcher, Henk. "Method 
comparison of four clinically available assays for serum free light chain analysis" Clinical Chemistry and Laboratory 
Medicine (CCLM), vol. 58, no. 1, 2020, pp. 85-94. https://doi.org/10.1515/cclm-2019-0533

https://doi.org/10.1515/cclm-2019-0533
https://doi.org/10.1515/cclm-2019-0533
https://doi.org/10.1515/cclm-2019-0533
https://doi.org/10.1515/cclm-2019-0533
https://doi.org/10.1515/cclm-2019-0533
https://doi.org/10.1515/cclm-2019-0533
https://doi.org/10.1515/cclm-2019-0533


24-hour urine 
collection for 

proteinuria and 
UPEP+UIEF



Bence Jones protein (BJP) was first described in 1845 in a patient admitted to St. George’s Hospital in London with 

vague continuous pain in the chest, back, and pelvis. Dr. Henry Bence Jones tested the patient's urine and found a 

substance precipitated by adding nitric acid.

The term Bence Jones protein was first used in 1880 by Dr. Fleischer. Its peculiar characteristics on heating first 

characterized BJP: precipitation of the urine at 40 to 60 ℃ and re-dissolving of the precipitate at 100 ℃.

Bence Jones protein refers to a urinary protein that leaves the solution at approximately 56 ℃ under particular 

conditions of ionic strength and pH and returns to the solution on further heating to 100 ℃. It represents a 

homogeneous population of kappa or lambda-type light chains.



• The principle of electrophoretic separation for urine is the same as serum

• Electrophoresis of urine from a healthy individual generally shows no protein or very 
small amount of albumin. Low urine protein content may be mitigated by concentrating 
the urine specimen prior to electrophoretic analysis.

• Gel electrophoresis can be performed using standard 5- or 6-band serum agarose 
gels or high-resolution gels that produce up to 15 protein bands. Alternatively, 
urine specific gels can be used without the need to concentrate the urine.

• Concentrated healthy urine (50–100 × by volume) shows very low amount 
albumin and globulin following electrophoresis.

• .

UPEP



UPEP



Unique to UIFE is the antisera applied to the gel. Because free light chains are filtered through the 
renal glomerulus, they can be detected by UIFE if present in sufficient quantity. The goal of UIFE is 
detection of monoclonal free light chain.

To maximize sensitivity, various antisera combinations may be used including: antisera to individual 
heavy chains IgG, IgA and IgM; antisera to combined IgG/A/M; antisera to bound and free kappa or 
lambda; and antisera to free kappa or lambda only. Common findings in UIFE include detection of a 
monoclonal free kappa or lambda light chain protein  and detection of intact heavy and light chain 
monoclonal protein

UIFE



Mass spectrometry



MASS-FIX

Conclusion

Overall, MASS-FIX was successful in maintaining 
validation characteristics. MASS-FIX was more 
sensitive in confirming SPEP abnormalities when 
compared with IFE. Ability to detect therapeutic 
monoclonal antibodies and glycosylated light 
chains was distinctly advantageous



BMB and BMA

(a-c) Slide showing (a) CD138(+), (b) 
kappa-ISH (+), and (c) lambda-ISH (-) 
myeloma cells. (d-f) Slide showing 
the abnormal expression of (d) 
CD56, (e) cyclin D1, and (f) CD117 in 
myeloma cells. (a, d-f) 
Immunohistochemical staining. 
(b, c) ISH



Flow cytometry

• The Spanish PETHEMA group a 
risk stratification system for MGUS 
and SMM: based on 
immunophenotyping of PCs, the 
presence of aneuploidy and 
immunoparesis (suppression of 
uninvolved immunoglobulins).

• The PCs with atypical phenotype 
were defined as CD138+ PCs, which 
do not express CD19 and or CD45, 
weakly express CD38 and highly 
express CD56. 

• For MRD



• The FISH panel includes testing for the 
following abnormalities using the FISH 
probes listed:

• 17p-del

• Del (1p)/dup (1q)

• 14q32 rearrangement, IGH break-apart

• Del13q)

•

• Based on the results from the initial 
panel :

• t(11;14)(q13;q32), CCND1/IGH fusion

• t(14;16)(q32;q23), IGH/MAF fusion

• t(4;14)(p16.3;q32), FGFR3/IGH fusion

• t(14;20)(q32;q12), IGH/MAFB fusion





FLC R ≥ 𝟏𝟎𝟎 𝐚nd 
iFLC >10 mg/dl





MRD-measurable residual disease 
means using our most sensitive 
technique to determine whether any 
MM cells are detectable.  



MRD:

• Depth of remission predicts 
duration

• MRD is an important tool that 
correlates with long-term outcomes

• MRD negatively correlates with 
longer remissions and survival

• Clinical trials are increasingly MRD 
as primary/secondary outcomes.



• Circulating plasma cells

• Circulating cell-free DNA for minimal residual disease 

assessment

• Single-cell RNA sequencing

• Mass spectrometry methods

Methods:

• NGFC
• NGS

Bone marrow
Peripheral blood





• One of the more commonly used MCF protocols for plasma cell disorders is the EuroFlow panel (next-
generation flow, NGF) which has been extensively validated to overcome many of the former limitations 
associated with MCF

• EuroFlow is based on an 8-color 2-tube panel (10 colors in total, as well as software tools for 
automated plasma cell detection. With this approach, MRD with sensitivity to 2 × 10−6 can be detected in 
a majority of samples



Next-Generation Sequencing

Next-generation sequencing (NGS) takes advantage of the unique V(D)J sequences created during B-

cell development

As there are ~1011 possible variations of IGH rearrangements, the likelihood that there would be 

an identical V(D)J sequence independently in the malignant cell clone and any normal plasma 

cell in the same bone marrow sample is extremely low . The V(D)J sequence is preserved 

throughout the disease course and clonal evolution, making it optimal for MRD tracking over 

time



A large meta-analysis establishes the role of MRD negativity in long-term survival 

outcomes in patients with multiple myeloma

Nikhil C. Munshi,Herve Avet-Loiseau,Kenneth C. Anderson,Paola Neri,Bruno Paiva,Mehmet Samur,Meletios 

Dimopoulos,Margarita Kulakova,Annette Lam,Mahmoud Hashim,Jianming He,Bart Heeg,Jon Ukropec,Jessica 

Vermeulen,Sarah Cote,Nizar Bahlis, A large meta-analysis establishes the role of MRD negativity in long-term survival 

outcomes in patients with multiple myeloma, Blood Adv, 2020, 

Copyright © 2023 American Society of Hematology 
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Presented by P Rodriguez-Otero at the American Society of Clinical Oncology (ASCO) Annual Meeting; May 31-June 4, 2024; Chicago, IL, USA

Rodriguez-Otero P et al. ASCO 2024 O7502

PERSEUS: Study Design

ECOG PS, Eastern Cooperative Oncology Group performance status; V, bortezomib; SC, subcutaneous; PO, oral; d, dexamethasone; IV, intravenous; QW, weekly; Q2W, every 2 weeks; PD, progressive disease; Q4W, every 4 
weeks; ISS, International Staging System; rHuPH20, recombinant human hyaluronidase PH20; IMWG, International Myeloma Working Group; VGPR, very good partial response. aStratified by ISS stage and cytogenetic risk. 
bDARA 1,800 mg co-formulated with rHuPH20 (2,000 U/mL; ENHANZE drug delivery technology, Halozyme, Inc., San Diego, CA, USA). cResponse and disease progression were assessed using a computerized algorithm 
based on IMWG response criteria. dMRD was assessed using the clonoSEQ assay (v.2.0; Adaptive Biotechnologies, Seattle, WA, USA) 
in patients with ≥VGPR post-consolidation and at the time of suspected ≥CR. Overall, the MRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity (10–5 threshold) and ≥CR at any 
time.

Primary endpoint: PFSc

Key secondary endpoints: Overall ≥CR rate,c overall MRD-negativity rate,d OS 

VRd 

V: 1.3 mg/m2 SC 
Days 1, 4, 8, 11

R: 25 mg PO Days 1-21
d: 40 mg PO/IV Days 1-4, 9-12

D-VRd 
DARA: 1,800 mg SCb Q2W

VRd administered as in 
the VRd group

R
R: 10 mg PO Days 1-28 until PD

MRD 
positive

MRD
negative

Continue 
D-R 

until PD

Stop DARA and 
continue R

D-R
DARA: 1,800 mg 

SCb Q4W
R: 10 mg PO Days 

1-28

Key eligibility 
criteria

• Transplant-eligible 
NDMM

• Age 18-70 years
• ECOG PS ≤2
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Maintenance

28-day cycles2 cycles of 28 days

Consolidation

4 cycles of 28 days

D-VRd 
DARA: 1,800 mg SCb 

QW Cycles 1-2
Q2W Cycles 3-4

VRd administered as in 
the VRd group
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VRd 

V: 1.3 mg/m2 SC 
Days 1, 4, 8, 11

R: 25 mg PO Days 1-21
d: 40 mg PO/IV Days 1-4, 9-12

Stop DARA therapy
after ≥24 months of D-R maintenance for 

patients with ≥CR and 12 months of  
sustained MRD negativity (10–5)

Restart 
DARA 

per criteriaMinimum 2 y

Restart DARA therapy upon 
confirmed loss of CR  without 

PD or 
recurrence of MRD

Decision making



Imaging in multiple myeloma

















Updates to Response Categories



•Sensitivity levels: Standard MRD negativity is defined at 
1 in 10⁵ cells. Advanced assays capable of detecting 1 in 
10⁶ cells may better predict long-term outcomes.
•Reporting requirement: The sensitivity level used in 
MRD testing must always be specified to allow for 
consistent interpretation.
•Sustained MRD negativity: Previously defined as 12 
months, it is now set at 24 months, reflecting the 
importance of durable responses.
•Deep MRD negativity: A conceptual new category 
requiring MRD negativity at 10⁻⁶ sensitivity, no detectable 
protein by mass spectrometry, no circulating tumor cells, 
and negative functional imaging

Key Updates in MRD Assessment



Using Imaging-Based Response Assessment

Functional imaging-PET-CT and 
diffusion-weighted MRI



!בהצלחה
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