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Criteria for diagnosis, staging, risk stratification and response assessment of multiple
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New systems have emerged for diagnosis, staging and
response assessment in multiple myeloma (MM). The diagnos-
tic and response criteria recommended are primarily derived
from the International Myeloma Working Group, with certain
updates and clarifications. The International Staging System is
the current standard for staging of myeloma. A new risk
stratification model is provided to specifically define high-risk
patients who may benefit from novel therapeutic strategies.
This paper provides the current criteria for diagnosis, staging,
risk stratification and response assessment of MM.
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Introduction

Multiple myeloma (MM) is a malignant disorder characterized
by the proliferation of a single clone of plasma cells derived
from B cells in the bone marrow. Frequently, there is invasion of
the adjacent bone, which destroys skeletal structures and results
in bone pain and fractures. Occasionally, plasma cells infiltrate
multiple organs and produce a variety of symptoms. The plasma
cell clone produces a monoclonal (M) protein that can lead to
renal failure caused by light chains (Bence Jones protein) or
hyperviscosity from excessive amounts of M protein in the
blood. The diagnosis depends on the identification of abnormal
monoclonal plasma cells in the bone marrow, M protein in the
serum or urine, evidence of end-organ damage and a clinical
picture consistent with MM. The key clinical and laboratory
features are summarized in Table 1." This paper summarizes the
current international consensus criteria for diagnosis, staging,
risk stratification and response assessment of MM.

Recommended laboratory tests for diagnosis, prognosis and
risk stratification

Standard laboratory and imaging modalities

A complete blood count, peripheral blood smear, chemistry
screen including calcium and creatinine determinations,
Bo-microglobulin  (B,M), lactate dehydrogenase and routine
urinalysis are essential. In addition, serum protein electrophoresis,
immunofixation, nephelometric quantitation of immunoglobulins
and measurement of free light chains (FLCs) are needed. A bone
marrow aspiration and biopsy with immunophenotyping,
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conventional cytogenetics, and fluorescence in situ hybridiza-
tion (FISH) are required in all patients for diagnosis and risk
stratification; bone marrow plasma cell labeling index, if
available may be of additional value. A radiological skeletal
bone survey, including spine, pelvis, skull, humeri and femurs is
necessary. A magnetic resonance imaging (MRI) or computer-
ized tomography (CT) scan may be needed to evaluate
symptomatic bony sites, even if the skeletal survey is negative.
In addition, either is essential if spinal cord compression is
suspected.

Role of the serum FLC assay

The serum FLC assay has three main uses. First, it has prognostic
value in MM, monoclonal gammopathy of undetermined
significance (MGUS),®> smoldering MM (SMM)* and solitary
plasmacytoma of bone.> Second, it can be used in conjunction
with serum protein electrophoresis and immunofixation when
screening for the presence or absence of a monoclonal plasma
cell disorder such as myeloma in place of a 24-h urine protein
study. However, if a plasma cell proliferative disorder is
diagnosed, then a 24-h urine protein electrophoresis and
immunofixation are needed, and the serum FLC assay cannot
be used in place of urine studies. Finally, the serum FLC test is
useful in monitoring disease course and response to therapy in
patients who do not have measurable disease on serum and
protein electrophoresis (including non-secretory myeloma).
Measurable disease is defined as serum monoclonal (M) protein
>1g/100ml or urine M protein >200mg per 24 h. In patients
without measurable disease, there are few options available to
monitor disease and the FLC levels will be useful as described in
the section below on response criteria.

Diagnostic criteria

Standard diagnostic criteria

The International Myeloma Working Group (IMWG) and Mayo
Clinic have established almost identical criteria for the diagnosis
of the plasma cell proliferative disorders.® Table 2 lists the
current IMWG diagnostic criteria for MM with minor clarifica-
tions (as referenced); it also lists the diagnostic criteria for related
plasma cell disorders that need to be differentiated from MM.
MGUS is defined by an intact immunoglobulin <3 g/100 ml and
<10% bone marrow plasma cells and absence of end-organ
damage. End-organ damage includes hypercalcemia, renal
failure, anemia and bone (CRAB) lesions that are felt related to
a plasma cell proliferative disorder and not explained by another
unrelated disease or disorder. Patients with only free serum k
and A light chains (idiopathic Bence Jones proteinuria) should be
excluded. Symptomatic MM is differentiated from MGUS and
SMM (asymptomatic) based on the presence or absence of end-
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Table 1 Clinical and laboratory abnormalities in myeloma'

Clinical/laboratory features Proportion of

patients with

abnormality (%)

Anemia <12g/100ml 72
Bone lesions (lytic lesions, pathologic fractures or 80
severe osteopenia)
Renal failure (serum creatinine =2 mg/100 ml) 19
Hypercalcemia (=11 mg/100ml) 13
Monoclonal protein on serum protein 82
electrophoresis
Monoclonal protein on serum protein 93
immunofixation
Monoclonal protein on serum plus urine protein 97
immunofixation (or serum immunofixation plus
serum free light chain assay)
Type of M protein

[el€; 52

IgA 21

Light chain only 16
Increased >10% clonal bone marrow plasma cells 96

organ damage attributable to the underlying plasma cell
proliferative process. Note that although a bone marrow biopsy
is indicated at diagnosis in all patients with myeloma, in patients
with clinical MGUS with a small monoclonal protein (less than
1.5g/100ml) and no end-organ damage it can be deferred.
Conventional radiographs showing lytic lesions, osteoporosis or
pathologic fractures are used to detect the presence of bone
lesions.

Role of additional imaging procedures

Skeletal lesions may also be detected by MRI, fluoro-deoxyglu-
cose positron emission tomography (PET) or CT. CT and MRI
scans are more sensitive than conventional radiography in
detecting bone and bone marrow involvement. Among asymp-
tomatic MM patients with normal roentgenograms, up to 50%
may have tumor-related abnormalities on MRI of the lower
spine. One or more of these studies are indicated when
symptomatic areas show no abnormality on routine radiographs.
However, the routine use in assessing the extent of bone disease
in addition to skeletal radiographs is unclear, and is not
recommended on a routine basis in most patients except those
with apparent solitary plasmacytoma. The specific role of new
imaging modalities in management needs further investigation.
The role of bone mineral density studies in myeloma and the use
of these studies in identifying patients at risk for pathologic
fractures and prophylactic bisphosphonate therapy also remain
unresolved. We do not believe that asymptomatic skeletal
lesions detected only by MRI, CT or PET scanning are routine
indications for therapy, but should be evaluated in the clinical
context and followed closely. Therapeutic decisions must be
based on a case-by-case basis.

Staging

Durie-Salmon staging system

The Durie-Salmon clinical staging system was developed over
30 years ago to provide a practical way to measure MM tumor
burden.'” Knowing the immunoglobulin production by each
plasma cell and the half-life of the circulating immunoglobulin,
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it was possible to mathematically derive the total myeloma cell
number and tumor burden. The tumor burden was then
correlated with individual clinical, laboratory and X-ray
features, including the levels of hemoglobin, serum calcium
and creatinine, serum and urine M protein levels and the
number and size of bone lesions to define the clinical staging
system. This provided a simple and practical estimate of tumor
burden. Patients were categorized as stage I, Il or lll, depending
on the degree of anemia, hypercalcemia, levels of M protein in
the serum and urine or bone lesions. In addition, patients with or
without serum creatinine of 2mg/100ml or more were
designated A or B.

International staging system

The Durie-Salmon staging was widely adopted as the standard
staging system in MM. However, there are significant short-
comings with this system. The number of lytic lesions on routine
radiographs, an important element of the Durie-Salmon system,
is unfortunately observer dependent. In an effort to develop a
more objective staging system, other features were proposed.
Serum B,M (SB,M) is an easily reproducible readily available
laboratory test. It has proven to be an important prognostic
factor since its introduction more than 25 years ago.'® More
recently, the IMWG has reported using only the albumin level
and B,M (Table 3). Clinical and laboratory data were obtained
on 10750 previously untreated symptomatic MM patients from
17 worldwide institutions. The International Staging System (ISS)
system consists of stage I: foM <3.5mg/l and serum albumin
>3.5g/100ml (median survival 62 months); stage Il, neither
stage | nor stage Ill (median survival 44 months) and stage IlI
(BoM =5.5mg/l (median survival 29 months)."?

Limitations of the ISS

The ISS has many advantages. It allows outcome in clinical trials
to be compared with each other and is more reproducible than the
Durie-Salmon system. However, the ISS also has many limita-
tions. It is not useful unless the diagnosis of myeloma has already
been made. The ISS has no role in MGUS, SMM or other related
plasma cell disorders. It cannot be used to distinguish MGUS and
SMM from myeloma. Stage I ISS is a composite group comprised
of patients in whom the B,M is elevated because of tumor burden
as well as patients in whom the elevation is due to renal failure.
Thus, the ISS cannot be used for therapeutic risk stratification, and
does not provide a good estimate of tumor burden. Finally, the
prognostic role of the ISS in the era of new drugs is not established.
It is possible that the ISS may not retain prognostic significance in
the era of new drugs.

Recommendations regarding staging

We recommend that both the Durie-Salmon staging and the
ISS be reported in clinical trials. Although the Durie-Salmon
Staging System has several shortcomings, we believe that it
remains useful in comparing patients in clinical trials and allows
a better assessment of the disease burden of patients in a given
study.

Risk stratification

Conventional cytogenetic studies show an abnormal karyotype
in only one-third of patients with MM.?° However, the presence
of hypodiploidy®' or the deletion of chromosome 13 predicts a
significantly reduced survival.?? FISH reveals abnormalities in
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Table 2 Diagnostic criteria for plasma cell disorders

Disorder Disease definition References
Monoclonal All three criteria must be met: 6
gammopathy of Serum monoclonal protein <3g/100 ml

undetermined Clonal bone marrow plasma cells <10% and

significance (MGUS) Absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia and bone lesions (CRAB)

that can be attributed to the plasma cell proliferative disorder

Smoldering multiple Both criteria must be met:

myeloma (also Serum monoclonal protein (IgG or IgA) >3 g/100 ml and/or clonal bone marrow plasma cells >10% and
referred to as Absence of end-organ damage such as lytic bone lesions, anemia, hypercalcemia or renal failure that can be
asymptomatic attributed to a plasma cell proliferative disorder
multiple myeloma)
Multiple myeloma All three criteria must be met except as noted: &7
Clonal bone marrow plasma cells >10%
Presence of serum and/or urinary monoclonal protein (except in patients with true non-secretory multiple
myeloma) and
Evidence of end-organ damage that can be attributed to the underlying plasma cell proliferative disorder,
specifically
Hypercalcemia: serum calcium >11.5mg/100 ml or
Renal insufficiency: serum creatinine >1.73 mmol/l)
Anemia: normochromic, normocytic with a hemoglobin value of >2 g/100ml below the lower limit of
normal or a hemoglobin value <10g/100ml
Bone lesions: Iytic lesions, severe osteopenia or pathologic fractures
Waldenstrém’s Both criteria must be met: &-12
macroglobulinemia IgM monoclonal gammopathy (regardless of the size of the M protein) and
>10% bone marrow lymphoplasmacytic infiltration (usually intertrabecular) by small lymphocytes that exhibit
plasmacytoid or plasma cell differentiation and a typical immunophenotype (e.g. surface IgM+, CD5+/—,
CD10—, CD19+, CD20+, CD23-) that satisfactorily excludes other lymphoproliferative disorders, including
chronic lymphocytic leukemia and mantle cell lymphoma.
Note: IgM MGUS is defined as
Serum IgM monoclonal protein < 3g/100ml, and bone marrow lymphoplasmacytic infiltration <10% and
No evidence of anemia, constitutional symptoms, hyperviscosity, lymphadenopathy or hepatosplenomegaly
Smoldering Waldenstrém’s macroglobulinemia (also referred to as indolent or asymptomatic Waldenstrém’s
macroglobulinemia) is defined as:
Serum IgM monoclonal protein >3 g/100 ml and/or bone marrow lymphoplasmacytic infiltration >10%, and
No evidence of end-organ damage such as anemia, constitutional symptoms, hyperviscosity,
lymphadenopathy or hepatosplenomegaly that can be attributed to a lymphoplasma cell proliferative
disorder
Solitary All four criteria must be met: 13,14
plasmacytoma Biopsy-proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells

Normal bone marrow with no evidence of clonal plasma cells

Normal skeletal survey and MRI of spine and pelvis (except for the primary solitary lesion)

Absence of end-organ damage such as CRAB lesions that can be attributed to a lymphoplasma cell
proliferative disorder

Systemic AL Al four criteria must be met:
amyloidosis Presence of an amyloid-related systemic syndrome (such as renal, liver, heart, gastrointestinal tract or
peripheral nerve involvement)
Positive amyloid staining by Congo red in any tissue (e.g. fat aspirate, bone marrow or organ biopsy)
Evidence that amyloid is light chain-related established by direct examination of the amyloid
(immunohistochemical staining, direct sequencing, and so on) and
Evidence of a monoclonal plasma cell proliferative disorder (serum or urine M protein, abnormal free light chain
ratio or clonal plasma cells in the bone marrow).
Note: Approximately 2-3% of patients with AL amyloidosis will not meet the requirement for evidence of a
monoclonal plasma cell disorder listed above; the diagnosis of AL amyloidosis must be made with caution in
these patients

POEMS syndrome All three criteria must be met:
Presence of a monoclonal plasma cell disorder
Peripheral neuropathy and
At least one of the following seven features: osteosclerotic bone lesions, Castleman’s disease, organomegaly,
endocrinopathy (excluding diabetes mellitus or hypothyroidism), edema, typical skin changes and papilledema.
Note: Not every patient meeting the above criteria will have POEMS syndrome; the features should have
a temporal relationship with each other and no other attributable cause. The absence of osteosclerotic
lesions should make the diagnosis suspect. Elevations in plasma or serum levels of vascular endothelial
growth factor and thrombocytosis are common features of the syndrome and are helpful when the diagnosis
is difficult.

Abbreviations: AL, amyloid light chain; MRI, magnetic resonance imaging.
Modified and reproduced with permission from Rajkumar et al.'® ®Mayo Clinic Proceedings
PDEMS (Polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, skin changes).

Leukemia
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Table 3 International staging system

Stage |
Serum Bo-microglobulin <3.5mg/l and
Albumin >3.5g/100ml

Stage Il
Not fitting stage | or Il

Stage Il
Serum B,-microglobulin >5.5mg/|

Table 4

7Mayo risk stratification for myeloma: definition of high-
risk disease

High-risk characteristic Percentage of newly
diagnosed patients with

the abnormality (%)'%223

Conventional cytogenetics

Deletion of chromosome 13 14

(monosomy)

Hypodiploidy 9

Either hypodiploidy or deletion 13 17
Fluorescent in situ hybridization (FISH)

t(4;14) 15

t(14:16) 5

17p— 10
Plasma cell labeling index (PCLI) studies: 6
PCLI =3%

Any one of the above high-risk 25-30

abnormalities

Reproduced with permission from Rajkumar and Kyle.2* ®Mayo Clinic
Proceedings.

more than 90% of patients with MM (Table 4).%° In an Fastern
Cooperative Oncology Group (ECOG) clinical trial of 351
patients, the presence of t4;14, t(14;16) or 17p— was associated
with poor prognosis (median survival 25 months).””> The
combination of monosomy and/or deletion of chromosome 13
by FISH and a SB,M level greater than 2.5 mg/l resulted in
shorter survival.”® An elevated plasma cell labeling index also
confers a significantly adverse prognosis.”” Gene expression
profiling has been utilized to aid in the differentiation between
normal plasma cells and those in MGUS, MM, amyloid light-
chain amyloidosis, and extramedullary plasmacytomas. It has
also been used to identify high risk patients with MM, and to
further classify risk in poor prognosis MM patients such as those
with t(4;14).

Recommendations on risk stratification

As discussed earlier, the Durie-Salmon Staging System and the
ISS are important for prognosis, but are not useful for therapeutic
risk stratification. Independent prognostic markers discussed
above provide a better estimate of differences in underlying
myeloma biology. Either FISH or conventional cytogenetics, or
preferably both, should be done at diagnosis in all patients.
However, modifying therapy based on underlying risk factors
remains controversial and needs further study. Gene expression
profiling is also useful in risk stratification, but is limited by the
lack of a uniform platform across many centers in the world and
widespread availability.
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Response criteria

The European Group for Blood and Bone Marrow Transplant/
International Bone Marrow Transplant Registry/American Bone
Marrow Transplant Registry (EBMT/IBMTR/ABMTR) published
criteria for the response and progression of MM treated by stem
cell transplantation, commonly referred to as the Blade criteria
or the EBMT criteria.®® In addition, other commonly used
response criteria were those developed by the Chronic
Leukemia-Myeloma Task Force, Southwest Oncology Group
(SWOQ) and the ECOG. All these have been largely abandoned.
In 2006, the IMWG recognized the need for uniformity and
published uniform response criteria that are to be used in future
clinical trials.”®

The IMWG uniform response criteria were developed
similarly to the EBMT criteria with several major exceptions:
addition of FLC response and progression criteria for patients
without measurable disease, modification of the definition for
disease progression for patients in complete response (CR),
addition of very good partial response (VGPR) and stringent
response categories, elimination of the minor response category,
elimination of the mandatory 6-week wait time to confirm
response, and some additional clarifications and correction of
errors. The IMWG criteria for response and progression are
listed in Table 5.

Recommendations on response criteria

We believe that the IMWG supplements and clarifies some
of the problems with the EBMT criteria, and is now the
standard criteria that should be used in future clinical trials.
It overcomes some significant limitations of the EBMT criteria
that have become a significant issue recently such as the
definition of progressive disease in patients achieving CR.
However, we also recommend that for patients with relapsed
refractory myeloma, the minor response category be reported
(see below) in addition. Some of the main points pertaining to
the assessment of response in myeloma are further discussed
below.

VGPR

The VGPR category is a useful measure of depth of response.
It identifies patients with a better outcome who have achieved
excellent response but are not yet in CR. VGPR has gained
additional clinical significance by the finding that patients who
obtained at least a VGPR with the first autologous stem cell
transplant do not benefit from a second (tandem) transplant.
It distinguishes patients who have had near disappearance in
their M-spike but are still immunofixation positive from those
patients who merely have a 50% reduction in their serum
M-spike. The VGPR or better rate should be reported in clinical
trials to enable comparison of regimens.

Response assessment using the serum FLC assay

The serum FLC assay criteria come into play only in patients
who do not have evidence of measurable disease. As discussed
earlier, measurable disease is defined as serum M protein
>1g/100ml or urine M protein >200mg per 24 h. The FLC
assay is not to be used for response assessment in patients
who have evidence of measurable disease in the serum or urine.
In addition, the baseline level of the involved FLC should be at
least =100mg/l and the FLC assay should have an abnormal
ratio (clonal).
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Table 5 International Myeloma Working Group uniform response criteria for multiple myeloma®®

Response subcategory  Response criteria

Complete response®
(CR)

Negative immunofixation of serum and urine and
Disappearance of any soft tissue plasmacytomas, and
<5% plasma cells in bone marrow
CR as defined above plus
Normal FLC ratio and
Absence of clonal cells in bone marrow by immunohistochemistry or immunofluorescence

Stringent complete
response (sCR)

Very good partial
response (VGPR)?

Partial response (PR)

Serum and urine M-component detectable by immunofixation but not on electrophoresis or
>90% or greater reduction in serum M-component plus urine M-component <100mg per 24 h

>50% reduction of serum M protein and reduction in 24-h urinary M protein by >90% or to <200mg per 24 h

If the serum and urine M protein are unmeasurable, a >50% decrease in the difference between involved and uninvolved
FLC levels is required in place of the M protein criteria

If serum and urine M protein are unmeasurable, and serum free light assay is also unmeasurable, >50% reduction in
bone marrow plasma cells is required in place of M protein, provided baseline percentage was >30%

In addition to the above criteria, if present at baseline, >50% reduction in the size of soft tissue plasmacytomas is also
required

Stable disease (SD)

Progressive disease
(PD®

Not meeting criteria for CR, VGPR, PR or progressive disease

Increase of 25% from lowest response value in any one or more of the following:
Serum M-component (absolute increase must be >0.5g/100ml)° and/or
Urine M-component (absolute increase must be >200mg per 24 h) and/or
Only in patients without measurable serum and urine M-protein levels: the difference between involved and uninvolved
FLC levels (absolute increase must be >100mg/l)
Bone marrow plasma cell percentage (absolute % must be >10%)
Definite development of new bone lesions or soft tissue plasmacytomas or definite increase in the size of existing bone
lesions or soft tissue plasmacytomas
Development of hypercalcemia (corrected serum calcium > 11.5mg/100 ml) that can be attributed solely to the
plasma cell proliferative disorder

®Note clarification to IMWG criteria for coding CR and VGPR in patients in whom the only measurable disease is by serum FLC levels: CR in such
patients is defined as a normal FLC ratio of 0.26-1.65 in addition to CR criteria listed above. VGPR in such patients is defined as a >90% decrease
in the difference between involved and uninvolved free light chain (FLC) levels.

All response categories (CR, sCR, VGPR and PR) require two consecutive assessments made at any time before the institution of any new therapy;
complete, PR and SD categories also require no known evidence of progressive or new bone lesions if radiographic studies were performed.
Radiographic studies are not required to satisfy these response requirements. Bone marrow assessments need not be confirmed.

Adapted with permission from Durie et al. 2°

c for progressive disease, serum M-component increases of >1gm/100 ml are sufficient to define relapse if starting M-component is >5 gm/100 ml.

Table 6  Additional response criteria for specific disease stages®°

Category Criteria

Definition of relapsed myeloma and
relapsed and refractory myeloma

Relapsed myeloma: at least one prior regimen, and not meeting criteria for relapsed and refractory
myeloma

Relapsed and refractory myeloma: relapse of disease while on salvage therapy, or progression within 60
days of most recent therapy

Minor response (MR) in
patients with relapsed
refractory myeloma

>25% but <49% reduction of serum M protein and reduction in 24 h urine M protein by 50-89%, which
still exceeds 200mg per 24 h

In addition to the above criteria, if present at baseline, 25-49% reduction in the size of soft tissue
plasmacytomas is also required

No increase in size or number of lytic bone lesions (development of compression fracture does not exclude
response)

Progression to active
myeloma in patients with smoldering
myeloma

Evidence of progression based on the IMWG criteria for progressive disease in myeloma (Table 5) and
Any one or more of the following felt related to the underlying clonal plasma cell proliferative disorder
Development of new soft tissue plasmacytomas or bone lesions
Hypercalcemia (> 11 mg/100ml)
Decrease in hemoglobin of >2g/100ml
Serum creatinine level =2 mg/100ml

Abbreviation: IMWG, International Myeloma Working Group.
Adapted with permission from Anderson et a/l.*°

The serum FLC assay consists of two separate assays, one to
detect free-k (normal range, 3.3-19.4mg/l) and the other to
detect free-A (normal range, 5.7-26.3 mg/l) light chains. The test
assesses clonality based on the ratio of /A light chain levels
(normal reference range, 0.26-1.65). Patients with /A FLC ratio
<0.26 are defined as having monoclonal A FLC and those with

ratios >1.65 are defined as having a monoclonal k¥ FLC. The
monoclonal light chain isotype is referred to as the ‘involved’
FLC isotype, and the opposite light chain type is the ‘uninvolved’
FLC type.

FLC levels vary considerably with changes in renal function
and do not solely represent monoclonal elevations. Thus, both

Leukemia
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Table 7

Definitions of time to event end points®°

End point

Definition

Comment

Time to progression

(TTP)

Progression-free survival
(PFS)

Event-free survival (EFS)

Disease-free survival
(DFS)

Duration of response
(DOR)

Duration from start of treatment to disease
progression, with deaths due to causes other than
progression censored

Duration from start of the treatment to disease
progression or death (regardless of cause of death),
whichever comes first

The definition for EFS depends on how ‘event’ is
defined. In many studies, the definition of EFS used
is the same as PFS. EFS may include additional
‘events’ that are considered to be of importance
besides death and progression, including serious
drug toxicity

Duration from the start of CR to the time of relapse
from CR. DFS applies only to patients in complete
response

Duration from first observation of partial response to
the time of disease progression, with deaths due to
causes other than progression censored. Duration of

TTP is useful in assessing the activity of a drug and
the durability of treatment benefit, but does not take
into account the fact that a treatment may be
associated with increased treatment-related deaths
and hence should be assessed in conjunction with
progression-free survival

Should be reported in conjunction with TTP

In general in myeloma, most studies reporting EFS
are in fact referring to PFS. PFS is a more specific
term and is the preferred term to be used, unless the
definition of EFS includes additional ‘events’ besides
progression or death that are considered important
to take into account

Unlike TTP and PFS, the end point of DFS applies
only to the subset of patients in complete response,
and as such has limited value in myeloma at present

Unlike TTP and PFS, the end point of DOR applies
only to a subset of patients in the study who achieve
at least partial response. It expresses the durability of

CR and PR should each be reported

response

Reproduced with permission from Anderson et al.*°

the level of the involved and the uninvolved FLC isotypes (that
is, the involved-uninvolved difference) are considered in
assessing response.

Definition of disease progression in patients with CR
The IMWG uniform response criteria have clarified that
patients in CR need to meet the same criteria for disease
progression as other patients not in CR for purposes of
calculating progression-free survival and time to progression.*’
The relapse from CR definition should not be used to define
progression in these patients as had been done earlier in the
EBMT criteria. The immunofixation results used to define CR can
vary significantly due to laboratory variation. Thus, using relapse
from CR criteria would erroneously result in shorter time to
progression and progression-free survival for CR patients as
compared to those not in CR with regimens that produce high
CR rates.

Definition of disease progression in SMM

The criteria used for MM cannot be used to determine disease
progression in SMM. A recent American Society of Hematology/
Food and Drug Administration (ASH-FDA) panel has defined
specific criteria for disease progression in SMM (Table 5).

Minor response

The IMWG response criteria deleted the category of minor
response, as it was not felt to be reliable. However, a recent
ASH-FDA panel proposed that the category of minor response as
defined in the EBMT criteria (Table 6) be used in patients with
relapsed refractory myeloma to obtain a signal of activity in
phase I/l trials of novel agents. Table 5 also defines relapsed
myeloma and relapsed and refractory myeloma recommended
by the ASH-FDA panel.

Leukemia

Survival estimates

Several estimates of survival such as overall survival, disease-
free survival, progression-free survival, time to progression and
event-free survival are used to describe outcome in myeloma.
The specific definitions of these terms and their respective role
in myeloma are listed in Table 7.

Summary

We provide a summary of current criteria and definitions that
are used in diagnosis, prognosis, risk stratification and response
assessment in myeloma. We have highlighted the limitations of
current criteria, and corrected any inadvertent errors that have
been identified in the various published criteria over time. The
paper also provides input in areas where there is controversy or
lack of clarity.

Acknowledgements

This study was supported by Grants CA62242 and CA107476
from the National Cancer Institute.

References

1 Kyle RA, Gertz MA, Witzig TE, Lust JA, Lacy MQ, Dispenzieri A
et al. Review of 1027 patients with newly diagnosed multiple
myeloma. Mayo Clinic Proc 2003; 78: 21-33.

2 Snozek CLH, Katzmann JA, Kyle RA, Dispenzieri A, Larson D,
Therneau TM et al. Prognostic value of the serum free light chain
ratio in newly diagnosed myeloma: proposed incorporation into
the International Staging System. Leukemia 2008; 22: 1933-1937.

3 Rajkumar SV, Kyle RA, Therneau TM, Melton IlI L), Bradwell AR,
Clark RJ et al. Serum free light chain ratio is an independent risk
factor for progression in monoclonal gammopathy of undeter-
mined significance (MGUS). Blood 2005; 106: 812-817.

4 Dispenzieri A, Kyle RA, Katzmann JA, Therneau TM, Larson D,
Benson ] et al. Immunoglobulin free light chain ratio is an



(S2]

_
—_

independent risk factor for progression of smoldering (asympto-
matic) multiple myeloma. Blood 2008; 111: 785-789.

Dingli D, Kyle RA, Rajkumar SV, Nowakowski GS, Larson DR,
Bida JP et al. Immunoglobulin free light chains and solitary
plasmacytoma of bone. Blood 2006; 108: 1979-1983.

The International Myeloma Working Group. Criteria for the
classification of monoclonal gammopathies, multiple myeloma
and related disorders: a report of the International Myeloma
Working Group. Br /] Haematol 2003; 121: 749-757.

Rajkumar SV, Kyle RA. Multiple myeloma: diagnosis and
treatment.[see comment]. Mayo Clinic Proc 2005; 80: 1371-1382.
Kyle RA, Therneau TM, Rajkumar SV, Remstein ED, Offord JR,
Larson DR et al. Long-term follow-up of IgM monoclonal
gammopathy of undetermined significance. Blood 2003; 102:
3759-3764.

Gobbi PG, Baldini L, Broglia C, Goldaniga M, Comelli M, Morel P
et al. Prognostic validation of the international classification
of immunoglobulin M gammopathies: a survival advantage
for patients with immunoglobulin M monoclonal gammopathy
of undetermined significance? Clin Cancer Res 2005; 11:
1786-1790.

Kyle RA, Therneau TM, Rajkumar SV, Offord JR, Larson DR, Plevak
MF et al. Long-term follow-up of IgM monoclonal gammopathy of
undetermined significance. Semin Oncol 2003; 30: 169-171.
Baldini L, Goldaniga M, Guffanti A, Broglia C, Cortelazzo S, Rossi
A et al. Immunoglobulin M monoclonal gammopathies of
undetermined significance and indolent Waldenstrom’s macro-
globulinemia recognize the same determinants of evolution into
symptomatic lymphoid disorders: proposal for a common prog-
nostic scoring system. J Clin Oncol 2005; 23: 4662-4668.

Owen RG, Treon SP, Al-Katib A, Fonseca R, Greipp PR, McMaster
ML et al. Clinicopathological definition of Waldenstrom’s macro-
globulinemia: consensus panel recommendations from the Second
International Workshop on Waldenstrom’s Macroglobulinemia.
Semin Oncol 2003; 30: 110-115.

Dimopoulos MA, Moulopoulos LA, Maniatis A, Alexanian R.
Solitary plasmacytoma of bone and asymptomatic multiple
myeloma. Blood 2000; 96: 2037-2044.

Dimopoulos MA, Kiamouris C, Moulopoulos LA. Solitary plasma-
cytoma of bone and extramedullary plasmacytoma. Hematol
Oncol Clin North Am 1999; 13: 1249-1257.

Rajkumar SV, Dispenzieri A, Kyle RA. Monoclonal gammopathy of
undetermined significance, Waldenstrom macroglobulinemia, AL
amyloidosis, and related plasma cell disorders: diagnosis and
treatment. Mayo Clin Proc 2006; 81: 693-703.

Dispenzieri A, Kyle RA, Lacy MQ, Rajkumar SV, Therneau TM,
Larson DR et al. POEMS syndrome: definitions and long-term
outcome. Blood 2003; 101: 2496-2506.

Durie BG, Salmon SE. A clinical staging system for multiple
myeloma. Correlation of measured myeloma cell mass with

Criteria for assessment of multiple myeloma
RA Kyle and SV Rajkumar

18

19

20

21

22

23

24

25

26

27

28

29

30

presenting clinical features, response to treatment, and survival.
Cancer 1975; 36: 842-854.

Bataille R, Durie BG, Grenier J. Serum beta2 microglobulin and
survival duration in multiple myeloma: a simple reliable marker for
staging. Br J Haematol 1983; 55: 439-447.

Greipp PR, San Miguel JF, Durie BG, Crowley JJ, Barlogie B, Blade
) et al. International Staging System for multiple myeloma. J Clin
Oncol 2005; 23: 3412-3420.

Tricot G, Barlogie B, Jagannath S, Bracy D, Mattox S, Vesole DH
et al. Poor prognosis in multiple myeloma is associated only with
partial or complete deletions of chromosome 13 or abnormalities
involving 11q and not with other karyotype abnormalities. Blood
1995; 86: 4250-4256.

Smadja NV, Bastard C, Brigaudeau C, Leroux D, Fruchart C, Groupe
Francais de Cytogenetique H. Hypodiploidy is a major prognostic
factor in multiple myeloma. Blood 2001; 98: 2229-2238.

Fonseca R, Barlogie B, Bataille R, Bastard C, Bergsagel PL, Chesi M
et al. Genetics and cytogenetics of multiple myeloma: a workshop
report. Cancer Res 2004; 64: 1546-1558.

Fassas AB, Spencer T, Sawyer ], Zangari M, Lee CK, Anaissie E
et al. Both hypodiploidy and deletion of chromosome 13
independently confer poor prognosis in multiple myeloma.
Br ] Haematol 2002; 118: 1041-1047.

Rajkumar SV, Kyle RA. Multiple myeloma: diagnosis and treat-
ment. Mayo Clin Proc 2005; 80: 1371-1382.

Fonseca R, Blood E, Rue M, Harrington D, Oken MM, Kyle RA
et al. Clinical and biologic implications of recurrent genomic
aberrations in myeloma. Blood 2003; 101: 4569-4575.

Facon T, Avet-Loiseau H, Guillerm G, Moreau P, Genevieve F,
Zandecki M et al. Chromosome 13 abnormalities identified by
FISH analysis and serum beta2-microglobulin produce a powerful
myeloma staging system for patients receiving high-dose therapy.
Blood 2001; 97: 1566-1571.

Greipp PR, Lust JA, WM OF, Katzmann JA, Witzig TE, Kyle RA.
Plasma cell labeling index and beta 2-microglobulin
predict survival independent of thymidine kinase and C-reactive
protein in multiple myeloma [see comments]. Blood 1993; 81:
3382-3387.

Blade J, Samson D, Reece D, Apperley J, Bjorkstrand B, Gahrton G
et al. Criteria for evaluating disease response and progression in
patients with multiple myeloma treated by high-dose therapy and
haemopoietic stem cell transplantation. Myeloma Subcommittee
of the EBMT. European Group for Blood and Marrow Transplant.
Br ] Haematol 1998; 102: 1115-1123.

Durie BGM, Harousseau J-L, Miguel JS, Blade J, Barlogie B,
Anderson K et al. International uniform response criteria for
multiple myeloma. Leukemia 2006; 20: 1467-1473.

Anderson KC, Kyle RA, Rajkumar SV, Stewart AK, Weber D,
Richardson P. Clinically relevant end points and new drug
approvals for myeloma. Leukemia 2008; 22: 231-239.

@

Leukemia



	Criteria for diagnosis, staging, risk stratification and response assessment of multiple myeloma
	Main
	Recommended laboratory tests for diagnosis, prognosis and risk stratification
	Standard laboratory and imaging modalities
	Role of the serum FLC assay

	Diagnostic criteria
	Standard diagnostic criteria
	Role of additional imaging procedures

	Staging
	Durie–Salmon staging system
	International staging system
	Limitations of the ISS
	Recommendations regarding staging

	Risk stratification
	Recommendations on risk stratification

	Response criteria
	Recommendations on response criteria
	VGPR
	Response assessment using the serum FLC assay
	Definition of disease progression in patients with CR
	Definition of disease progression in SMM
	Minor response
	Survival estimates

	Summary
	Acknowledgements
	References


