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Presentation Notes
Flame cells are plasma cells with a distinctive reddish hue which accumulates around the peripheral areas of the cell. The color is due to accumulation of immunoglobulin.
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This is a bone marrow aspirate from a patient with multiple myeloma showing the abnormal accumulation of malignan plasma cells.


Multiple Myeloma - 2.
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This is a bone marrow aspirate from a patient with multiple myeloma showing the abnormal accumulation of malignant plasma cells.


Relapsed multiple myeloma - 1.
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This bone marrow aspirate shows relapsing multiple myeloma in a patient previously treated for the disease. Although other hematopoietic elements are present, the increased plasma cells are easily identified. The pattern of involvement in the marrow by the disease may be "patchy" occurring in some areas but sparing others. Therefore, detection of disease in such instances requires scanning multiple microscopic fields.


Leukemic phase of multiple myeloma - 2.
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The plasma cells have an eccentric nucleus with the suggestion of a perinuclear hof. The clock-face nuclear chromatin pattern characteristic of plasma cells, however, is not evident. A nucleoulus can be seen in the plasma cell on the right side of the image. A lymphocyte is present in the upper left of the image.


Multistep pathogenesis of multiple myeloma

Multistep MGUS Intramedullary Extramedullary Plasma-
progressive multiple multiple cell

disease myeloma myeloma leukemia
| Hyperdiploidy =
(50% of patients) 5
Cytogenetic Secondary 5
abnormalities I translocations o
Non-hyperdiploidy &
I (50% of patients) 5

Increased
[— expression of cyclin >
D1, D2, and D3
Other molecular Oncogenic
alterations |- activation or mutation >
(RAS, FGFR3)

| MYC dysregulation, >

Bone marrow
microenvironment

TP53 mutation

Bone resorption

Palumbo A, Anderson K. N Engl J Med 2011;364:1046-1060.



Presenter
Presentation Notes
Figure 1. Multistep Pathogenesis of Multiple Myeloma. Early chromosomal abnormalities (immunoglobulin heavy chain translocations or trisomies) are shared by plasma cells in multiple myeloma and in monoclonal gammopathy of undetermined clinical significance (MGUS). Secondary translocations involving MYC (8q24), MAFB (20q12), and IRF4 (6p25) are common in multiple myeloma but quite rare in MGUS. Mutations of RAS or FGFR3, MYC dysregulation, deletion in p18, or loss of expression or mutation in TP53 are found only in multiple myeloma and play a key role in determining tumor progression and drug resistance. Also, changes in gene expression, in particular the up-regulation of transcription factors, have been reported in plasma cells from patients with MGUS but not in those from patients with multiple myeloma. Besides molecular alterations of plasma cells, abnormal interactions between plasma cells and bone marrow, as well as aberrant angiogenesis, are hallmarks of disease progression.


Cellular interactions in marrow in multiple myeloma
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Figure 2. Interaction between Plasma Cells and Bone Marrow in Multiple Myeloma. As part of the interaction between plasma cells and stromal cells, adhesion is mediated by cell-adhesion molecules, such as vascular-cell adhesion molecule 1 (VCAM1) and integrin alpha 4 (VLA-4). This interaction increases the production of growth factors, such as interleukin-6 and vascular endothelial growth factor (VEGF), which stimulates both plasma cells and angiogenesis. The increased osteoclast activity is due to an imbalance in the ratio between receptor activator of nuclear factor κB (RANK) and osteoprotegerin (OPG) as a result of enhanced production of RANK ligand (RANKL) and reduced production of OPG. Osteoblast activity is also suppressed by the production of dickkopf homolog 1 (DKK1) by plasma cells. Moreover, plasma cells can inhibit a key transcription factor for osteoblasts, runt-related transcription factor 2, causing a reduction in differentiation from precursors to mature osteoblasts. The adhesion of plasma cells to stromal cells up-regulates many cytokines with angiogenic activity, in particular interleukin-6 and VEGF. Osteoclasts that are activated by stromal cells can also sustain angiogenesis by secreting osteopontin. Chromosomal abnormalities can cause overproduction of receptors on myeloma cells. The 1q21 amplification causes an increase in interleukin-6 receptor and consequently an increase in growth mediated by interleukin-6. CCR1 denotes chemokine receptor 1, CD40L (or CD40LG) CD40 ligand, FGFR3 fibroblast growth factor receptor 3, HGF hepatocyte growth factor, ICAM1 intercellular adhesion molecule 1, IGF1 insulin-like growth factor 1, MIP1α macrophage inflammatory protein 1 α, MUC1 cell-surface–associated mucin 1, and NF-κB nuclear factor κB.


Table 1. Diagnostic Criteria, Diagnostic Evaluation, and Staging System
for Multiple Myeloma.

Diagnostic criteria
Diagnosis of myeloma
At least 10% clonal bone marrow plasma cells
Serum or urinary monoclonal protein
Myeloma-related organ dysfunction (CRAB criteria)
Hypercalcemia (serum calcium >11.5 mg/dl| [2.88 mmol/liter])
Renal insufficiency (serum creatinine >2 mg/dl [177 pmol/liter])

Anemia (hemoglobin <10 g/dl or >2 g/d| below the lower limit of the
normal range)

Bone disease (lytic lesions, severe osteopenia, or pathologic fracture)
Diagnostic evaluation
Diagnosis

Medical history and physical examination

Routine testing: complete blood count, chemical analysis with calcium
and creatinine, serum and urine protein electrophoresis with immu-
nofixation, quantification of serum and urine monoclonal protein,
measurement of free light chains

Bone marrow testing: trephine biopsy and aspirate of bone-marrow cells
for morphologic features; cytogenetic analysis and fluorescence in situ
hybridization for chromosomal abnormalities

Imaging: skeletal survey, magnetic resonance imaging if skeletal survey is
negative

Prognosis

Routine testing: serum albumin, 8,-microglobulin, lactate dehydrogenase
Staging
International Staging System

Stage |: serum B,-microglobulin <3.5 mg/liter, serum albumin =3.5 g/dlI

Stage Il: serum B,-microglobulin, <3.5mg/liter plus serum albumin
<3.5 g/dl; or serum B,-microglobulin 3.5 to <5.5 mg/liter regardless
of serum albumin level

Stage I11: serum B,-microglobulin =5.5 mg/liter
Chromosomal abnormalities

High-risk: presence of t(4;14) or deletion 17p13 detected by fluorescence
in situ hybridization

Standard-risk: t(11;14) detected by fluorescence in situ hybridization
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Table 2. Commonly Used Therapy Regimens in Newly Diagnosed Multiple Myeloma.
Complete
Response Serious Toxic Effects
Rate after  Progression-free Occurring in 210%
Regimen Schedule Induction Survival Overall Survival of Patients
%

Bortezomib—dexameth-  Bortezomib: 1.3 mg/m? given as bolus intravenous infusion on days 1, 4, 8, 21% Median, 36 mo At 3 yr, 81% Infection (10%)
asone 11 every 3 wk for a total of 4-8 cycles; dexamethasone: 40 mg/day

given orally on days 1-4 and 9-12 every 3 wk for a total of 4-8 cycles®?

Bortezomib—dexameth-  Bortezomib: 1.3 mg/m? given as bolus intravenous infusion on days 1, 4, 8, 46% Not reported Not reported ~ Thrombocytopenia (25%),
asone—cyclophos- 11 every 4 wk for a total of 4-12 cycles; dexamethasone: 40 mg/day giv- neutropenia (13%),
phamide en orally on days 1-4, 9-12, and 17-20 oron days 1, 2, 4, 5, 8,9, 11, 12 anemia (12%),

every 4 wk for a total of 4-12 cycles; cyclophosphamide: 300 mg/m? hyperglycemia (13%)
given orally on days 1, 8, 15, 22 every 4 wk for a total of 4-12 cycles®®

Bortezomib—dexameth-  Bortezomib: 1.3 mg/m? given as bolus intravenous infusion on days 1, 4, 8, 29 At 18 mo, 75% At 18 mo, 97% Lymphopenia (14%)
asone-lenalidomide 11 every 3 wk for a total of 4-8 cycles; dexamethasone: 20 mg/day given

orallyondays 1, 2, 4,5, 8,9, 11, 12 every 3 wk for a total of 4-8 cycles;
lenalidomide: 25 mg/day given orally on days 1-14 every 3 wk for a total
of 4-8 cycles®®

Lenalidomide—dexameth- Lenalidomide: 25 mg/day given orally on days 1-21 every 4 wk for a total of 247 Median, 25 mo At 1yr, 96% Neutropenia (20%),deep-
asone 4 cycles or until progression or intolerance; dexamethasone: 40 mg/day vein thrombosis (12%)

given orally on days 1, 8, 15, 22 every 4 wk for a total of 4 cycles or until
progression or intolerance’*

Melphalan—prednisone- Melphalan: 0.15 mg/kg given orally on days 1-7 every 4 wk for a total of 13-16  Median, 22-28 mo Median, 45-52 mo Neutropenia (16-50%),
thalidomide 6 cycles®® or 0.25 mg/kg on days 14 every 6 wk for a total of 12 cy- deep-vein thrombosis

cles®’; prednisone: 1.5 mg/kg given orally on days 1-7 every 4 wk for a (12%), peripheral
total of 6 cycles®® or 2 mg/kg on days 1-4 every 6 wk for a total of 12 cy- neuropathy (6-10%),
cles®?; thalidomide: 100 mg/day given orally continuously until progres- infection (10-13%)
sion or intolerance®® or 200 mg/day continuously for a total of 12 cycles

of 6wk®’

Melphalan—prednisone— Melphalan: 9 mg/m? given orally on days 1-4 every 5—6 wk for a total of 24-30  Median, 22-27 mo At 2yr, 85-87% Neutropenia (28-40%),
bortezomib 9 cycles”7¢, prednisone: 60 mg/m? given orally on days 1-4 every 5-6 thrombocytopenia

wk for a total of 9 cycles”7®; bortezomib: 1.3 mg/m? given as bolus in- (20-37%), anemia
travenous infusion on days 1, 4, 8, 11, 22, 25, 29, 32 (cycles 1-4) and on (10-19%), peripheral
days 1, 8, 22, 29 (cycles 5-9) every 6 wk for a total of 9 cycles” or 1.3 sensory neuropathy
mg/m? on days 1, 8, 15, 22 every 5 wk for a total of 9 cycles™® (5-14%)

Melphalan—prednisone— Melphalan: 0.18 mg/kg given orally on days 1-4 every 4 wk for a total of 16 At 2 yr, 55% At 2 yr, 82% Neutropenia (71%), anemia

lenalidomide 9 cycles; prednisone: 2 mg/kg given orally on days 1-4 every 4 wk for (24%), thrombocytope-
a total of 9 cycles; lenalidomide: 10 mg/day given orally on days 1-21 nia (38%), infection
every 4 wk for a total of 9 cycles; by the 10th cycle, maintenance with (10%)
lenalidomide at 10 mg/day on days 1-21 every 4 wk until progression
or intolerance®”

* In these trials, the response is reported as immunofixation-negative complete response plus immunofixation-positive complete response.
7 In this trial, the response is reported as immunofixation-negative complete response plus very good partial response.
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Patient with newly diagnosed multiple myeloma
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Figure 3. Suggested Approach to the Treatment of Newly Diagnosed Multiple Myeloma. Several of the listed drug regimens are currently being evaluated in investigational trials. These include combination induction therapy with bortezomib and dexamethasone plus cyclophosphamide or lenalidomide, maintenance therapy with thalidomide or lenalidomide in younger patients, and melphalan–prednisone–lenalidomide followed by maintenance therapy with lenalidomide in elderly patients. If autologous stem-cell transplantation is delayed until the time of relapse, bortezomib-based regimens should be continued for eight cycles, whereas lenalidomide-based regimens should be continued until disease progression or the development of intolerable side effects.
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