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ABSTRACT

Multiple myeloma is a neoplasm of plasma cells that in most cases is associated with the secretion of monoclonal immunoglobulins and can involve
multiple organs. Its timely diagnosis is essential to limit or avoid irreversible damage and dysfunction of target organs. Appropriate initial stratification of
patients allows for optimization in the selection and sequence of therapy, as well as proper follow-up during treatment and monitoring, impacting survival.
These laboratory guidelines from the Portuguese Multiple Myeloma Group provide recommendations for the diagnosis and laboratory follow-up of pa-
tients with multiple myeloma. The follow-up and diagnosis of patients with other clinically significant monoclonal gammopathies were not included in this
text. This article was based on international guidelines, scientific publications, and the experience of a panel of specialists in clinical and laboratory fields
dedicated to the study and treatment of multiple myeloma.
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RESUMO

O mieloma multiplo € uma neoplasia de plasmdcitos que, na maioria dos casos, se associa a secre¢cdo de imunoglobulinas monoclonais e que pode
cursar com um atingimento multiorganico. O diagnéstico atempado do mieloma multiplo é essencial para evitar ou limitar danos irreversiveis e disfun-
cao dos orgdos-alvo. A apropriada estratificagao inicial dos doentes permite otimizar a selegdo e a sequéncia da terapéutica, assim como o correto
seguimento durante o tratamento, com impacto na sobrevivéncia. As presentes recomendagdes laboratoriais do Grupo Portugués do Mieloma Multiplo
oferecem orientagdes para o diagnéstico e seguimento laboratorial dos doentes com mieloma multiplo. O seguimento e diagnéstico de doentes com
outras gamapatias monoclonais de significado clinico ndo foram incluidos neste texto. A sua elaboragdo tem por base orientagdes internacionais,
publicagdes cientificas e experiéncia de um painel de especialistas nacionais das areas clinicas e laboratoriais dedicados ao estudo e tratamento do

mieloma multiplo.

Palavras-chave: Guias de Pratica Clinica; Mieloma Multiplo/diagnéstico; Mieloma Multiplo/sangue; Portugal; Técnicas de Laboratério Clinico

INTRODUCTION

Multiple myeloma (MM) is a hematologic neoplasm
characterized by the proliferation of clonal plasma cells in
the bone marrow (BM). It is often associated with the pro-
duction of large quantities of monoclonal immunoglobulin
(Ig), commonly referred to as monoclonal protein (MP), M-
protein, or paraprotein. The MP can consist of intact Ig (the
pair composed of both light and heavy chains) or, in some
cases, only the Ig light chain. In rare cases (3% - 5%), MM
may be non-secretory or oligo-secretory (it either does not
produce, does not secrete, or secretes minimal amounts
of MP). The diagnostic criteria for plasma cell dyscrasias
are based on the guidelines from the International Myeloma
Working Group (IMWG) (Table 1)."

Multiple myeloma is typically preceded by a pre-malig-
nant stage called monoclonal gammopathy of undetermined
significance (MGUS), followed by an intermediate, still as-
ymptomatic stage known as smoldering MM (SMM), which
is associated with a higher risk of progressing to symptom-
atic MM.** The term “monoclonal gammopathy of clinical
significance” was introduced to describe monoclonal gam-
mopathies with target organ involvement that do not meet
MM or AL amyloidosis criteria. Its designation specifies the
target organ affected, such as renal, cutaneous, or neuro-
logical monoclonal gammopathy.® Other plasma cell dyscra-
sias include solitary bone or extramedullary plasmacytoma,
heavy or light chain deposition diseases, and POEMS syn-
drome (polyneuropathy, organomegaly, endocrinopathy, M-
protein, and skin changes), which are not covered in these
recommendations. These guidelines specifically focus on
the diagnosis and laboratory follow-up of MM.

The diagnosis of MM can be a lengthy and complex
process, requiring the presence of clonal plasma cells in
the bone marrow (= 10%) and the identification of disease
markers that define myeloma-defining events (Table 1)."
However, clinical symptoms often appear late and overlap
with those of more common conditions, particularly in the
elderly, such as bone pain, which can hinder early diagnosis
and delay the start of MM treatment, negatively impacting
prognosis and patient quality of life. Therefore, a well-tar-
geted laboratory investigation is essential for an early and
differential diagnosis of MM.
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Due to the heterogeneous clinical course of MM, it is cru-
cial to establish an algorithm for its diagnosis and staging,
identify biomarkers for proper risk stratification, evaluate
treatment response during different phases of the disease,
and manage potential toxicities during or after treatment.
While the laboratory plays a significant role in this process,
the clinical information provided is equally important for se-
lecting and optimizing the tests performed at each stage of
disease evaluation.

Higher sensitivity and specificity may lead to quicker
and more precise recognition of the disease, as well as to
more individualized treatments regarding the patient and
the MM subtype, while maximizing efficacy and minimizing
adverse effects.

Despite the extensive information available on labora-
tory methods for the diagnosis and follow-up of MM, there
is a lack of harmonization in the methodologies used, their
interpretation, and the presentation of results.

In this article, the Portuguese Multiple Myeloma Group
(PMMG) offers its recommendations for the laboratory di-
agnosis and follow-up of MM patients, providing a valuable
tool to support timely and informed decision-making. These
recommendations are based on international guidelines,
scientific publications, and the expertise of clinical and lab-
oratory specialists dedicated to the study and treatment of
MM.

Most of the recommendations presented are grade C,
based on level 4 evidence (evidence from expert committee
reports and/or clinical experiences of respected authorities).
When possible, level 1 - 3 evidence (based on randomized
controlled trials, or well conducted non-randomized studies)
was sought, with supporting references provided.

LABORATORY DIAGNOSIS

Significant advances in the understanding of MM biol-
ogy have led to the development of various innovative ther-
apies. Additionally, recently introduced methodologies en-
able more accurate evaluations, including the identification
of prognostic factors that help recognize high-risk patients.

Clinical suspicion of MM serves as the starting point
for its diagnostic algorithm (Fig. 1). This suspicion may be
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Table 1 — Diagnostic criteria according to the International Myeloma Working Group (IMWG), adapted from Rajkumar et al, 2014."

A

Disorder

Diagnostic criteria

Monoclonal gammopathy of

undetermined significance (MGUS)?

Smoldering multiple myeloma (SMM)

Multiple myeloma (MM)

Solitary plasmacytoma (SP)

SP with minimal marrow involvement

Non-secretory MM

Plasma cell leukemia (PCL)

All criteria must be met:

Non-lgM MGUS

- Serum MP (non-IgM) < 30 g/L

- Clonal BM plasma cells < 10%

- Absence of myeloma defining events (MDE)

Light chain MGUS

- No Ig heavy chain expression on SIF
- Abnormal FLC ratio (< 0.26 or > 1.65)
- Urinary MP < 500 mg/24 hours

- Clonal BM plasma cells < 10%

- Absence of MDE

lgM MGUS
- Serum IgM MP < 30 g/L

- BM lymphoplasmacytic infiltration < 10%
- No evidence of LPD, AL amyloidosis or other lesions associated with light chains, heavy
chains, or Ig

Both criteria:
- Serum MP 2 30 g/L or urinary MP = 500 mg/24 hours and/or clonal BM plasma cells 10% - 60%
- Absence of MDE or amyloidosis

Both criteria:
- Clonal BM plasma cells = 10% or BMB-proven bony or extramedullary plasmacytoma
- Any of the MDE

All criteria must be met:

- Biopsy-proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells
- Absence of clonal BM plasma cells

- No osteolytic lesions on skeletal radiography, CT or PET-CT

- Absence of CRAB or amyloidosis

Same as SP except:
- BM clonal plasma cells < 10%

- BM plasma cells = 10% or biopsy-proven bone lesion
- CRAB
- Absence of serum or urinary MP

Diagnosis of MM and PB plasma cells = 5%"

B

Myeloma defining events (MDE)

SLiM

CRAB

(S) Clonal BM plasma cells = 60%°
(Li) Involved/ uninvolved serum FLC ratio = 100¢
(M) > 1 focal lesion in MRI®

(C) Hypercalcemia

(R) Renal failure
(A) Anemia
(B) Bone lesions

Serum calcium > 0.25 mmol/L (> 1 mg/dL) higher than the upper limit of normal or > 2.75 mmol/L
(> 11 mg/dL)

eGFR < 40 ml/min/1.73 m? or serum creatinin > 177 pmol/L (> 2 mg/dL)
Hb < 10 g/dL or > 2 g/dL below the lower limit of normal
One or more osteolytic lesions on skeletal radiography, CT or PET-CT

b: Fernandez de Larrea et al, 2021.

a: MGUS comprises three variants: non-IgM, Light chain, IgM.

c: Clonality established by light chain k/A restriction using flow cytometry, immunohistochemistry or immunofluorescence.
d: Involved FLC must be = 100 mg/L.
e: Each focal lesion must be = 5 mm. If BM clonal plasma cell < 10%, more than one lesion is necessary to distinguish solitary plasmacytoma from minimal marrow involvement.

BM: bone marrow; BMB: bone marrow biopsy; CT: computed tomography; eGFR: estimated glomerular filtration rate; FLC: free light chain; Hg: hemoglobin; Ig: immunoglobulin; LPD:
lymphoproliferative disorders; MM: multiple myeloma; MP: M-protein; MRI: magnetic resonance imaging; PB: peripheral blood; PET-CT: positron emission tomography-computed

tomography; SIF: serum immunofixation.
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0 Signs/ Symptoms suggestive of Multiple Myeloma
» Bone pain/ Fracture * Recurrent infections
« Fatigue * Bleeding/ Hematomas
* Neuropathy * Hyperviscosity

Initial
evaluation

without alterations

Blood count
Biochemistry

> Consider other diagnosis

SPE
sFLC

with alterations

* Anemia « |g alterations (immunoparesis)
» Elevated creatinin + SPE alterations (spikes/peak)
* Hypercalcemia * Altered rFLC

l

~
——— | Other plasma cell dyscrasia

Confirmatory

Medular

evaluation evaluation
SIFE/ ISUB 4+ Cytomorphology no MDE _ @
BMB and IHC i
ulFE
LDH FC
B2-micro
Albumin
. a
| with MDE | Multiple Myeloma
e Stage Diagnosis Follow-up® CETEED Relapse
Tests 9 P evaluation P
SPE X X X X
sFLC X X X X
sIFE X X
ulFE X°© X X©
Morphology study (BM) X xd X xd
BMB X
Cytogenetic X X
FC X xd X xd
LDH X X
B2-micro X X

Figure 1 — Diagnostic algorithm for patients with suspected multiple myeloma (A) and summary table of tests/parameters to be conducted

at different stages of patient evaluation (B)

a: Light chain MM and AL amyloidosis.

b: Any analysis that is not informative in the evaluation of MP can be excluded from the follow-up panel for that patient (example: SPE in the follow-up of a patient with light chain MM).
c: In the presence of proteinuria, confirmation of clonality may be necessary in light chain MM.

d: In patients with non-quantifiable MP, non-secretory/oligo-secretory MM.

BM: bone marrow; BMB: bone marrow biopsy; FC: flow cytometry; FISH: fluorescence in situ hybridization; Ig: immunoglobulins; IHC: immunohistochemistry; LDH: lactate dehydroge-
nase; MDE: myeloma-defining events; MGUS: monoclonal gammopathy of undetermined significance; MM: multiple myeloma; sFLC: serum free light chain; sIFE: serum immunofixa-
tion; SMM: smoldering MM; SPE: serum protein electrophoresis; rFLC: free light chain ratio; ISUB: immunosubtraction; ulFE: urine immunofixation
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triggered by findings from ‘routine’ analytical studies (e.g.,
presence of MP, anemia, hypercalcemia, or renal dysfunc-
tion) and/or nonspecific but compatible clinical signs and
symptoms (e.g., asthenia, recurrent infections, or back
pain). The initial assessment includes identifying parame-
ters to determine which patients need to begin therapy. This
decision is guided by the presence of myeloma-defining
events, known as the SLiM-CRAB criteria, as outlined in
section B of Table 1.

Monoclonal protein is a highly specific and sensitive se-
rum tumor marker for MM, offering a key advantage in dif-
ferential diagnosis and patient follow-up. However, there are
several forms of disease presentation, as well as different
types and concentrations of MP, making its accurate identi-
fication challenging. Proper identification of MP depends on
the sample quality, the clinical information provided, and the
chosen analytical methods.

When MP is detected, either through changes in the se-
rum protein electrophoresis (SPE) spectrum or an abnormal
free light chain (FLC) ratio (which indicates an excess of
one light chain type (k or A) versus the other), it is mandato-
ry to characterize the Ig to confirm monoclonality by serum
immunofixation (sIFE) or immunosubtraction. Immunosub-
traction, a laboratory technique performed by capillary zone
electrophoresis, may be used whenever sensitive. How-
ever, when in doubt, the reference method (sIFE) should
be used.®* Serum immunofixation screening is typically per-
formed using antisera for IgG, IgA, IgM, k, and A. In cases
where only a light chain is detected, testing with IgD and IgE
antisera is recommended to exclude the rarer forms of IgD
and IgE MM. If no changes are observed in the SPE spec-
trum but clinical suspicion of MM remains, sIFE should still
be performed. This technique is more sensitive than SPE
and can detect smaller amounts of MP.%'° Simultaneous as-
sessment of SPE and FLC quantification (amount of free
light chains produced by plasma cells) ensures effective
screening for serum MP."" Moreover, FLC quantification is
valuable in cases of suspected non-secretory/oligo-secre-
tory MM and AL amyloidosis.

Testing for MP in a 24-hour urine sample (U24h) has
traditionally been used for the characterization and follow-
up of light chain MM and AL amyloidosis. However, recent
studies suggest that serum FLC quantification can effective-
ly replace U24h evaluation in most patients.''* While renal
function affects serum FLC concentration, there are adjust-
ed reference intervals for the FLC ratio based on estimated
glomerular filtration rate, which can be useful when applying
this test to chronic kidney disease cases.'>'® It is important
to note that these intervals are assay-specific, and the pa-
tient’s clinical status should be considered in each evalua-
tion. As a result, U24h collection may be used more selec-
tively. Although still referenced in IMWG recommendations,

urine protein electrophoresis is a less sensitive method for
detecting low MP concentrations, making it redundant in fol-
low-up. In cases of discrepancies or diagnostic uncertainty,
urine immunofixation (ulFE) is recommended.

Total Ig quantification includes both monoclonal and
polyclonal Ig and is therefore not recommended for identify-
ing and quantifying MP.° Nevertheless, total Ig quantification
can indicate which Ig is increased and provide insights into
the patient’'s immunoparesis status (suppression of normal
Ig production), which is important in MM patient evalua-
tion. Quantifying Ig based on the heavy/light chain pair of
Ig has become possible with the recent development of a
specific immunoassay (Hevylite®) for the IgGk/IgGA, IgAk/
IgAA, or IgMk/IgMA chain pairs. This tool offers advantages
over traditional techniques by detecting MP that migrates in
the beta fractions or several peaks of the same MP result-
ing from polymerization."” This tool also helps in assess-
ing specific immunoparesis for specific Ig heavy/light chain
pairs. &

Bone marrow morphological assessment, performed via
bone marrow aspirate (BMA) and/or core needle bone mar-
row biopsy (BMB), allows for the identification and quanti-
fication of plasma cell infiltration. Simultaneous BMA and
BMB are recommended at diagnosis,?*** and when there is
a discrepancy in plasma cell counts between the two, the
higher value should be considered.” Plasma cell clonality
can be determined through immunophenotyping by flow cy-
tometry (FC) on the BMA sample or by immunohistochem-
istry in the case of BMB.? In the minority of patients with
non-secretory MM (with negative MP by SPE/sIFE, UPE/
ulFE and sFLC), medullary plasmacytosis is the only mea-
surable marker both at diagnosis and follow-up.

If the BMA is hemodiluted, unrepresentative, or shows
plasma cell counts below 10%, but there is still a strong sus-
picion of MM, additional BM samples should be obtained
from a different anatomical site, or a biopsy guided by imag-
ing studies should be performed.?*?4?> For a more compre-
hensive assessment and to resolve potential discrepancies,
it is beneficial to integrate BMA and BMB results into a sin-
gle report.?* However, this is challenging due to differences
in turnaround times, their execution in separate laborato-
ries, and the involvement of different specialties.

The cell morphology findings in BMA, observed in at
least 200 cells, range from morphologically normal plasma
cells to those with varying degrees of cellular maturation
or nuclear (sometimes multinucleated) and cytoplasmic
alterations. The most common morphology findings in ab-
normal plasma cells include hyperbasophilic cytoplasm
and a rounded nucleus with ‘clock-face’ or ‘spoked-wheel’
chromatin, eccentrically located, accompanied by marked
perinuclear clearing.?>+27

In peripheral blood smears, characteristic features of
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MM can also be observed, such as erythrocyte stacking
due to paraproteinemia (unbalanced production of a single
type of MP), and the presence of abnormal plasma cells
in circulation. If these plasma cells exceed 5% of the total
leukocytes, it may indicate plasma cell leukemia, a rare and
very aggressive entity.?-*°

Flow cytometry plays a role in diagnosing MM by identi-
fying and quantifying neoplastic plasma cells using specific
antibodies (CD138, CD38), assessing phenotypic abnor-
malities (CD19, CD56, CD27, CD28, CD45, CD117, CD81,
Beta2-microglobulin), and confirming clonality through in-
tracellular k and A light chain restriction. Widely validated
FC procedures and antibody panels, such as those devel-
oped by the Euroflow cooperative group, are widely used in
clinical practice.*

It is worth noting that the quality of the BM sample can
affect FC results, often leading to discrepancies with BMA
findings due to sample hemodilution. Despite this limitation,
FC remains an effective method for assessing plasma cell
clonality and identifying phenotypic alterations associated
with MM.*

Although cytogenetic abnormalities (CA) are not part of
MM diagnostic criteria, their identification by fluorescence
in situ hybridization (FISH) should be performed at diag-
nosis, given its prognostic impact, discussed later in these
guidelines. This assessment should be conducted on BM
samples with = 10% plasma cells and/or whenever MM di-
agnosis is confirmed. To accurately detect CA, an analysis
of at least 100 plasma cell nuclei is recommended, and for
this, it is crucial first to isolate plasma cells using magnetic
bead separation (antibody-coated magnetic beads specifi-
cally bind to plasma cells; by applying a magnetic field to
the sample the magnetically labeled cells are retained while
unlabeled cells are removed) or fluorescence-activated cell
sorting (FACS) (a subtype of flow cytometry that allows
plasma cells present in the sample to be separated by label-
ing them with specific fluorescence-conjugated antibodies;
when passing through a laser beam the fluorochromes emit
light captured by detectors; post-detection, the identified
plasma cells are electronically charged and pass through
an electromagnetic field that diverts them). This approach
significantly increases sensitivity and ensures the identifica-
tion of only MM-specific CA.*

Table 2 outlines the recommended tests and laboratory
parameters to be evaluated at different stages for patients
with suspected or confirmed MM.

STAGING AND RISK STRATIFICATION

The course of MM is highly heterogeneous among pa-
tients. Thus, it is essential to identify prognostic factors that
can stratify patients into different risk groups, guiding thera-
peutic decisions. These factors should be evaluated during
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the initial process. The most used models in clinical practice
are the International Staging System for Multiple Myeloma
(ISS) and the Revised ISS (R-ISS) (Table 3). The R-ISS
incorporates the traditional ISS markers (serum beta2-mi-
croglobulin and albumin), along with serum lactate dehydro-
genase levels and CA with adverse prognostic value. The
presence of these CA is associated with reduced overall
survival (OS), with significantly lower survival rates in pa-
tients harboring two or more high-risk CA. These patients
are classified as ultra-high-risk (= 2 high-risk CA), with a
median OS of only nine months.**

While certain genetic mutations have been associated
with poorer outcomes, routine screening for these muta-
tions is not currently recommended in clinical practice.*"*
Similarly, recent studies suggest that quantifying circulating
tumor plasma cells in peripheral blood using Next Genera-
tion Flow (NGF) may also indicate a worse prognosis, but
this method is not yet recommended for routine clinical as-
sessment.*

FOLLOW-UP AND RESPONSE EVALUATION

The follow-up and evaluation of treatment response in
patients with MM have evolved alongside significant ad-
vances in available therapeutic options.**¢ After each treat-
ment cycle, the patient’s response should be assessed,
considering both the diagnostic test results and current
disease status, to ensure an accurate evaluation of the re-
sponse (Table 2).%

The definition of treatment response includes the as-
sessment of MP, BMA/BMB, and imaging studies (outside
the scope of these recommendations), as well as param-
eters related to myeloma-defining events and potential
treatment-related complications (Table 4).

Serum MP quantification remains a critical tool for moni-
toring changes in tumor burden during treatment. It is im-
portant to choose the biomarkers that best detect MP to
ensure an accurate interpretation of the patient’s condition.
Serum immunofixation should only be performed when MP
is not measurable and/or when new suspicious changes in
the electrophoretic pattern emerge. Similarly, ulFE should
only be performed if MP becomes undetectable or if there
are doubts regarding clonality. Tests that do not add value
to the known information, such as U24h, should be avoided
to prevent unnecessary patient discomfort.

Bone marrow studies are valuable for confirming com-
plete remission (following negative sIFE results), assess-
ing measurable residual disease (MRD) in these patients,
evaluating response in non-secretory MM, and investigating
unexplained cytopenias.

In relapse/progression, a new BM evaluation may be
beneficial for assessing CA via FISH, particularly if a com-
plete cytogenetic study was not performed at diagnosis, or
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to detect newly emerging CA with therapeutic rel-
evance.*

With the advent of more effective therapies
that achieve deeper responses, the response cri-
teria have been updated to include assessment
of MRD (number of myeloma cells remaining af-
ter treatment) in the BM of patients in complete
remission.”” New-generation methodologies,
such as NGF and next-generation sequencing
(NGS), are now the reference methods due to
their higher sensitivity (< 10°). The NGF ap-
proach is validated and accessible in most clini-
cal FC laboratories. The first BM aspirate sample
(first pull) should be used [low sample quality
and quantity (examples: coagulated, collected
more than 48h, or hemodiluted) can lead to false
negative results], specific populations whose ab-
sence/decreased values indicate hemodilution
(mast cells, erythroblasts, myeloid and B lym-
phoid precursors) should be identified and com-
parison with reference values should be done
(Table 4). Automated analysis with reference
databases accelerates the process and avoids
operator bias. Next-generation sequencing is
more time-consuming, has a lower applicability
rate than NGF, and is not widely available in most
clinical laboratories. This methodology involves
studying the specific rearrangement pattern of
the IgH gene (VDJ, DJ, Igk, and IgA) present in
each patient at diagnosis, although it can be per-
formed on cryopreserved samples (Table 4).

Achieving MRD negativity is associated with
improved overall survival (OS),*" making this lev-
el of depth of response an important treatment
goal. Correct identification of patients achieving
MRD negativity is essential, as their responses
are both deeper and more durable.*? In addition
to being a surrogate marker for OS, MRD nega-
tivity has also been approved by the Food and
Drug Administration as a valid endpoint in MM
clinical trials, further emphasizing its significance
in patient management.*®

Greipp et al, 2005

References

I: serum B2m < 3.5 mg/L, serum albumin = 3.5 g/dL

II: neither | nor lll

Stages

PRESENTATION OF RESULTS/REPORT

Harmonizing laboratory activities is essential
to ensure that each patient receives the maxi-
mum benefit from the information provided. Re-
sults generated by different laboratories must
be comparable in terms of terminology, units of
measurement, reference ranges, decision limits,
and report formats, in addition to the accuracy of
analytical results.*

Laboratory parameters

Serum 32m

Table 3 — Recommended laboratory evaluation for risk stratification in multiple myeloma

Variables
ISS
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Fonseca et al, 2009
Palumbo et al, 2015
D’Agostino et al, 2022

Terpos et al, 2010

1p32/1921 alterations (1921 amp/gain: MCL1, CKS1B, ANP32E, BCL9;

del(1p): CDKN2C, MTF2, FAM46C)

t(4;14)(p16;932) (IGH::FGFR3/NSD2), t(14;16)(q32;923) (IGH::MAF),
High:

I: ISS | and no high-risk CA and normal LDH

II: neither I nor Il
1I: 1SS Il and high-risk CA or abnormal LDH

Low: R2-ISS | (0 points)
High-intermediate: R2-ISS Il (1.5 - 2.5 points)

Low-intermediate: R2-ISS 1l (0.5 - 1 points)
High: R2-ISS IV (3 - 5 points)

Ill: serum B2m > 5.5 mg/L
del 17p13 (TP53),
Serum LDH > upper normal limit

Adverse risk:

1(14;16)(q32;923) (IGH::MAF) t(11;14)(q13;932) (IGH::CCND1)
1p32/1921 alterations (1g21 amp/gain: MCL1, CKS1B,
ANP32E, BCL9"; del(1p): CDKN2C, MTF2, FAM46C)

LDH levels
In risk stratification, the three previous prognostic factors are

t(4;14)(p16;932) (IGH::FGFR3/NSD2)
included (ISS stage, CA, and LDH)

Abnormal LDH (1 point)

t(4;14) (1 point)
a: Cytogenetic study performed in purified plasma cells from bone marrow aspirate [CD38+ cells magnetically separated (beads) or by FACS].

Serum albumin
del 17p13 (TP53)
1g+ (0.5 points)
ISS 1l (1 points)
ISS Il (1.5 points)
del(17p) (1 points)

‘ NORMAS ORIENTAGAO

1g+: 1q gain/amplification; 2m: beta2 microglobulin; CA: cytogenetic abnormalities; del: deletion; FACS: fluorescence-activated cell sorting; FISH: fluorescence in situ hybridization; ISS: international staging system; LDH: lactate dehydro-

c: Additional CA that can be identified are t(14;20)(q32;q12) (IGH::MAFB) (present in 2% - 3%; adverse risk) and t(6;14)(p21;132) (IGH::CCND3) (present in 5%; adverse risk) (Sonneveld et al, 2016; Walker et al, 2019).%%°
genase; R-ISS: 1%t revision of ISS; R2-ISS: 2™ revision of ISS; t: translocation.

b: Gain of 1q represents an extra copy of the long arm of chromosome 1 (three copies of 1q), while amplification of 1q is defined as the presence of two or more additional copies (= 4 copies of 1q).

CA®
LDH
R-ISS
R2-ISS
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Table 4 — Response criteria in multiple myeloma, adapted from Kumar et al, 2016'° (section 1 of 2)

Response

Criteria

Additional recommendations

Sustained MRD negative

Imaging MRD negative®
Sequencing MRD negative

Flow MRD negative

Stringent complete Response (sCR)

Complete response (CR)

Very good partial response (VGPR)

Partial response (PR)

Minimal response

Stable disease

MRD negativity in bone marrow (by NGF,
NGS, or both) and by imaging confirmed
with @ minimum of one year between
assessments (subsequent evaluations can
be used to define the duration of response
negativity)

Absence of bone lesions by PET-CT

Absence of clonal plasma cells by NGS in
BM aspirates using a validated methodology
with a sensitivity of = 10°

Absence of phenotypically aberrant clonal
plasma cells by NGF in BM aspirates
following the EuroFlow methodology (or
equivalent validated methodology) with a
sensitivity of =2 10°

CR, normal FLC ratio, absence of clonal
plasma cells in BM

Negative immunofixation on the serum and
urine and disappearance of any soft tissue
plasmacytomas and < 5% plasma cells in
bone marrow (non-secretary MM)

Serum and urine MP detectable by
immunofixation but not on electrophoresis or
> 90% reduction in serum MP plus urine MP
level < 100 mg/24h

2 50% reduction in serum MP, > 90%
reduction in urine < 200 mg/24h

2 25% but < 49% reduction in serum MP,
50% - 89% reduction in urinary MP (24h)

Not meeting criteria for CR, VGPR, PR, or

The method used to define the response
(sustained MRD negativity by NGF; sustained
MRD negativity by NGS) must be specified

The presence of a clone is defined as < 2 identical
DNA sequences

The reference NGF method consists of 2 tubes
of 8 colors with the evaluation of at least 5 million
cells®'

Presence/absence of clonal plasma cells on BM
based on a count of = 100 plasma cells (k/A ratio <
4:1 or 2 1:2 for k and A patients respectively)

In patients without detectable MP in serum or
urine, a normal FLC ratio is required

In patients without quantifiable MP in serum or
urine, 2 50% reduction in the difference between
involved FLC and uninvolved FLC is required.

In patients without quantifiable MP in serum or
urine and not evaluable by sFLC, but with > 30%
clonal plasma cells in BM at diagnosis, a = 50%
reduction in plasma cells in BM is required.

In patients with plasmacytomas at diagnosis, a
reduction of =2 50% in size is also necessary.

In patients with plasmacytomas at diagnosis, a
reduction of = 50% in size is also necessary

progressive disease

a: Outside the scope of these recommendations.

BM: bone marrow; CRAB: hypercalcemia, renal insufficiency, anemia, bone lesions; CR: complete response; DNA: deoxyribonucleic acid; FLC: free light chain(s); IHC: immunohisto-
chemistry; MP: M-protein; MRD: measurable residual disease; NGF: next generation flow; NGS: next generation sequencing; PET-TC: positron emission tomography-computerized

tomography.

While the IMWG has developed recommendations for
classification, diagnosis, and response evaluation, it does
not provide guidance on standardizing reporting in this
area. However, some groups have been working towards
this goal.*>-®

Diagnosis and response evaluations for patients in fol-
low-up should be conducted in the same laboratory using
the same methodology. Additionally, reports should con-
tain the same amount of information and be presented in
a uniform format, regardless of who produces them. Speci-
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fying the methodologies used is crucial, given the variety
of available options and the inherent sensitivity differences
between them.

Given the potential severity of MM, especially in the di-
agnostic context, it is vital to ensure the timely delivery of
samples to the laboratory, their rapid processing, and ac-
ceptable turnaround times tailored to each laboratory meth-
odologies used.

Table 5 compiles suggestions for the presentation of re-
sults/report.



Table 4 — Response criteria in multiple myeloma, adapted from Kumar

et al, 2016'° (section 2 of 2)

Response Criteria

Progressive disease

Additional recommendations

Increase of > 25% from the lowest response

value in any one or more of the following:

- Serum MP (absolute increase

- Urinary MP (absolute increase = 200

mg/24h)

- Difference between involved and
uninvolved FLC levels (absolute increase

> 10 mg/dL)

- BM plasma cell percentage (absolute

percentage > 10%)

>20.5g/dL) Serum MP increases of > 1 gm/dL are sufficient to

define relapse if starting MP is > 5 g/dL.

Only in patients without measurable serum and
urine MP levels

In patients without quantifiable serum or urinary
MP and not evaluable by FLC

Definite development of new bone lesions

or soft tissue plasmacytomas o

r definite

increase in the size of existing bone lesions
or soft tissue plasmacytomas (= 50% in size

of > 1 lesion or in the diameter

of a pre-

existing lesion with > 1cm of smaller axis

Increase of 2 50% of circulating plasma

cells (= 200/uL)

Development of hypercalcemia

calcium > 11.5 mg/dL or 2.65 mmol/L)

Requires = 1:
- Direct indicators of increasing

Relapse

When this is the only way to assess tumor burden

(corrected Attributed solely to the plasma cell proliferative

disorder

disease and/

or end organ dysfunction (CRAB features)
- New soft tissue plasmacytomas or bone

lesions

- Definite increase in the size of existing

plasmacytomas or bone lesio
and = 1 cm, respectively)

ns (= 50%

- Hypercalcemia (corrected calcium > 11.5

mg/dL or 2.65 mmol/L)

- Decrease in haemoglobin of > 2 g/dL or
1.25 mmol/L) attributed to the disease

- Rise in serum creatinine by 2
177 mmol/L

2 mg/dL or =

- Hyperviscosity symptoms secundary to MP

a: Outside the scope of these recommendations.

BM: bone marrow; CRAB: hypercalcemia, renal insufficiency, anemia, bone lesions; CR: complete response; DNA: deoxyribonucleic acid; FLC: free light chain(s); IHC: immunohisto-
chemistry; MP: M-protein; MRD: measurable residual disease; NGF: next generation flow; NGS: next generation sequencing; PET-TC: positron emission tomography-computerized

tomography.

FINAL REMARKS

Recent advancements in the treatment and manage-
ment of MM have led to the development of more precise
and specific laboratory tests, requiring careful consideration
regarding their integration into routine diagnostic process-
es. In addition to the methodologies currently available,
others such as the detection and characterization of mono-
clonal proteins using matrix-assisted laser desorption/ion-
ization time-of-flight mass spectrometry (MALDI-TOF-MS)
and liquid chromatography mass spectrometry (LC-MS), as
well as the identification of circulating tumor components
through liquid biopsy techniques, such as the detection of
circulating pathological plasma cells, nucleic acids (circu-
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lating tumor DNA or microRNA), and extracellular vesicles
may have the potential to become part of standard labora-
tory testing in the future.

It is important to note that diagnosing MM requires ad-
ditional diagnostic tests, including imaging studies, which
fall outside the scope of these laboratory recommendations.
Given that this diagnosis involves various clinical and labo-
ratory areas, it should be reviewed and discussed in a mul-
tidisciplinary meeting.

These recommendations from the PMMG provide key
guidance for the diagnosis and follow-up of patients with
MM, emphasizing the importance of using the most appro-
priate laboratory tests at each stage of evaluation.

‘ NORMAS ORIENTAGAO
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