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Multiple Myeloma?

Multiple Myeloma is a malignant neoplasm of plasma cells
that accumulate in bone marrow, leading to bone
destruction and marrow failure.

Healthy Bone Marrow Bone Marrow in Multiple Myeloma
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Crude Incidence of MM and AML
recent 10 years in SK
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Relative Incidence of Hematologic
Malignancy in SK and US
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Signs and symptoms

CHEE &89 ity 34

Calcium elevated
Renal failure
Anemia

Bone pain
Infection




Diagnostic criteria

NAME DEFINITION
» Monoclonal protein present but usually < 3.0 g/dL

Monoclonal Gammopathy of Undetermined Significance « No CRAB features or other indicators of active myeloma
(MGUS) » Bone marrow monoclonal plasma cells <10%

» Higher level of disease than MGUS: serum M-component can be » 3.0 g/dL and/or bone
marrow plasma cells » 10%, but

Asymptomatlc or Sm0|der|ng MU|t|p|e Mya|0ma (SMM] a Mn TDAR fanturac nr nthar indicatnre af activa mualnma
» Monoclonal protein present, and
Active or Symptomatic Myeloma * One or more " CRAB " features and/or indicators of organ damage®

*Organ damage classified as "CRAB" or any other significant clinical problem linked to myeloma progression such as recurrent infections or neoropathy
unrelated to treatment

C - Calcium elevation (>10mg/dL)

R - renal dysfunction (creatinine >2mg/dl or creatinine clearance (<40ml/min)

A - anemia (hemoglobin <10g/dL or >2g/dL decrease from patient's normal)

B - hone disease (one or more oteolvtic lesions detected on skeletal radioaranhv. WBLC CT or PET/CT)

One or more "CRAB" features or other significant problem required for diagnosis of Symptomatic Myeloma

Serum Protein Electrophoresis (SPEP) Urine Protein Electrophoresis (UPE)
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Pathogenesis

Increased DNA labelling index

Bone destruction

Angiogenesis

Germinal- -centre
Boell 9925

a Karyotypic instability

4—»} ---------
b Primary Ig ¢ Secondary (lg) translocations (c-MYC, others)
translocations
.................. 13Qq14 deletion/monosomy d
e Activating mutations
’,}.’GRQ% KRAS f 7P53 mutations

NaturgRoviows | Cancer



Diagnostic workup

CBC, diff-count/ blood cell morphology,
BUN/creatinine / albumin/ electolyte with calcium,

Serum light chain assay/Serum quantitative Ig,
Serum LDH/ B2-microglobulin

Bone marrow aspirate and

biopsy
Immunohistochemistry(BM bx.) CD138, kappa/lambda
Immunophenotyping CD19,CD38,CD45,CD56,CD138

Cytogenetic analysis

FISH 1q gain, CDKN2A deletion,
RB1 deletion, p53, IGH, t(4;14),
t(14;16)
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Chromosome :

nucleus . .

* DNA stud y
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Work flow

[ Sample J

3

5 days culture
with mitogen
(IL4, interleukin 4)

1Da 24hr. Culture
| without mitogen

Abnormal

Harvest

Chromosome

3 Day analysis

Chromosome
Analysis(IL4)
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of cytogenetics & FISH

Chromosome analysis

Long culture period(2~7 day)

Low proliferation rate of plasma cells in vitro

Abnormal clone is not detected until disease has
reached an advanced stage

Poor chromosome banding quality

Sensitivity N/20 metaphase

FISH

Circumvents the need for cell division(1~2 day)

Abnormalities by artifact

Available for the detection of submicroscopic
alterations

for the clarification of complex alterations and also
for MRD purposes

Sensitivity N/200~300 interphase
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Complementary
G-banding vs. FISH
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Chromosome aberrations in MM

« Marked karyotypic instability(significant molecular
heterogeneity )

Nonhyperdiploidy | ~half
Recurrent translocations with 11q13(CCND1) 16%
IGH gene(14q32) 4pl6(FGFR3)  15%
16g23(MAF) 5%
6p21(CCND3) 3%
20q12(MAFB) 2%

Hyperdiploidy ~remaining half

Multiple trisomies Odd no. chromosome 3, 5, 7,
usually do not have 9,11, 15, 19, 21

coexistent 14q32

translocations.
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Chromosome aberrations in
MM

Hypodiploidy (<46)

Loss of 13, specifically 13g14.3 and/or

Loss of 17, specifically 17p13.1(7P53)

Includes structural abnormalities chr. 1,4,6,14,16,20
Loss of 8, 17, Y, X

1p loss, 1g gain, 4q loss, 69 loss, 20 loss
Rearrangement 14932, 169

70~90 chromosome, double content

Adverse prognosis
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Chromosome aberrations in MM

Hyperdiploidy

« Gainof 3,5 7,9 11, 15, 19, 21

« standard risk category as long as no deletion
13g or 17p

 the most common translocation: t(11;14)
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Chromosome aberrations in MM

Deletion of 13qg/loss of 13

Most frequent(~50% of abnormal karyotype)

 Interstitial deletion of 13q involving

13914.2(RB1) or 139q14.3(D13S319);

cryptic, only FISH
Deletion with conventional cytogenetics(10~20%)
Poor outcome, high relapse rate

CId L
-13 del(13)(ql4q22)
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Cancer GENETics
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Centromere 13q14.3 region Telomere

RB-1 D135319 D19525
= I I

e— 220k — [+130kb —160kb —

All regions deleted (57%)
o RB + $319 deleted (9%)
$319 + 525 deleted (10%)
B deleted (7%) | 5319 deleted (10%) 525 deleted (7%)

Fig. 2. The sensitivity of three different probes for 13q deletion. A total of 58 patients had at least one locus deleted on 13q. Among them, 33 patients (57%)
proved to be deleted at all three loci. Six patients lost D13S25 plus D13S319 (10%), and five patients lost RB plus D13S319 (9%). Six patients lost only
D13S319 (10%), and four patients each lost RB (7%) or D13S25 (7%).
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Chromosome aberrations in MM

Deletion of 17p

* Deletion of TP53 (~10%)
* Tumor suppressor gene
« Adverse prognostic outcome

« Occur as secondary events during disease
progression.

21
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Chromosome aberrations in MM

Deletion of CDKN2A

"Il

« Deletions of 9p13 or methylation
e If cryptic deletion, only FISH
« Tumor suppressor gene
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Chromosome aberrations in MM

Chromosome 1 Abnormalities

« Deletions of 1p: 1p12~1p31
« Gains of 1g: 1921,
the second most frequent(40%~70%)
 Translocations involving either arm:
t(1;15)(q10;q10),der(1;16)(q10;p10),
der(1;19)(q10;p10), i(1)(ql0)
« Unfavorable prognosis
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Chromosome 1 Abnormalities

(? .'_ >¢, ‘ -

A Der(1;15)(q10;910)

| | |
der(8)t(1;8)(ql0;p23) der(16)t(1;16)(ql0;p10) der(5)t(1;5)(q10;915) D der(16)t(1;16)(ql0;p13)

!’ ?«v“ 5— )!! .....L

|
der(5)t(1,5)(q21,q31) E der(17)t(1,17)(q10,q25) F der(19)t(1:19)(q10;p13)
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Chromosome aberrations in MM

AN

IGH @ Rearrangement

« ~40% of patients with MM.

 Translocation of oncogenes into this region may lead to_
their increased expression, contributing to disease initiatior
disease progression and therapeutic resistance.

«  t(11;14): 20~25%, transforms to an aggressive phenotype g
after acquiring a secondary genetic
"hit,’ CDKNZ2A inactivation by promoter methylation.

«  1(4;,14): 15%, cryptic, tend to be very frequent in -
hypodiploid karyotype, high-risk prognostic category

«  1(14;16): 5~7%, cryptic, tend to be very frequent in
hypodiploid karyotype

14932.3
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IGH @ Rearrangement

T 4 S
1B 14 1680
X t(14:16)

11 t{11;14) 14

i s

6 der6) der(14) 14

t(11;14) (6:14)
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Cytogenetic prognostic group in M.M

Unfavorable risk

t(4;14) or t(14;16)
Deletion 17p13 (p53)

13q deletion or aneuploidy

Hypodiploidy
complex abnormalities

Favorable risk
t(11;14)

Absence of unfavorable risk genetics

Hyperdiploidy
27
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MM EXHEA S S=
(2017.1&~5% SNUH)
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30%
verdiploidy 7%
42~4¢ 8

t(14,@) 18%
-14 20%

20%
45X, -Y
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M.M panel-A(Diagnosis); 7 item
M.M panel-B(IMWG risk); 4 item

PROBE | D13S319 | CDKN2A
A

Locus A )
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t(4;14)(p16;q32)

Cryptic translocation
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Secondary immunohistochemical stain
(rabit to human kappa & lambda antibody—FITC)

overnight Washing &
FISH staining drying. "\ Anti light chain

A
éﬁ;}; for 1 hours
at 37 C
in moisture

.....

Reading

200 BM nucleated cells
100 plasma cells stained
with anti-light chain ab.

Washing &
drying.

7 'w / 2 x SSC / PBS
A

Counter stain & Mounting
DAPI
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17p13

17p11.1-q11.1

Plasma cell sorting;
Immunomagnetic bead or
FICTION (Fluorescence
Immunophenotyping and
Interphase Cytogenetics as a Tool
for the Investigation Of
Neoplasms)



Treatment

Chemotheraphy--7| &
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Prognosis
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