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MULTIPLE MYELOMA

e Estimated 24,050 cases and 11,090 deaths
in 2014111

« Median age at diagnosis: 69 yrs!?l

e 5-yr survival has improved substantially
(45% in 2004-2010 vs 28% in 1987-1989/°)
due to novel agents

e Sensitive to treatment, but not curable

1. American Cancer Society. Cancer facts & figures. 2014. 2. SEER stat fact sheet: myeloma. 2013."
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“Incidence over time of multiple myeloma vs
overall cancer incidence in the US
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Presenter�
Presentation Notes�
This slide shows the trends in MM incidence compared to that of overall cancer in the United States.



The SEER data shown here indicate that the overall incidence of all cancers has been decreasing since the mid-1990s; however, the incidence of new myeloma cases appears to be increasing.

The SEER 9 registries are Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, and Utah. Data are available for cases diagnosed from 1973 and later for these registries with the exception of Seattle-Puget Sound and Atlanta. The Seattle-Puget Sound and Atlanta registries joined the SEER program in 1974 and 1975, respectively.

The SEER 13 registries consist of the SEER 11 (SEER 9, as described above, plus Los Angeles and San Jose-Monterey. Los Angeles and San Jose-Monterey), plus Rural Georgia and the Alaska Native Tumor Registry. Data are available from all cases diagnosed from 1992 and later for these registries. These registries report on expanded race.



Reference

National Cancer Institute. Surveillance  Epidemiology and End Results.   

   http://seer.cancer.gov/registries/terms.html. Accessed March 4, 2013.�


Etiology of multiple myeloma has not

been clearly defined

Accepted risk factors

Possible risk factors

Increasing age

Obesity

Male sex

Low fish/green vegetable consumption

African/ African-American race

AIDS

Family history

Herpes zoster/shingles

MGUS

Inconsistent data on risk Do not appear to be risk factors
Hair dye use Smoking

Farming occupation Alcohol

Wood dust exposure Pesticides

Chronic immune stimulation conditions

Organic solvents

Autoimmune diseases

Radiation

Asbestos

Allergic conditions



Presenter�
Presentation Notes�
The etiology of MM is unknown, with no established lifestyle, occupational, or environmental risk factors. Although several factors have been implicated as potentially etiologic, findings are inconsistent. The table shown here outlines several of these factors according to the strength of supporting evidence.



Incidence of myeloma correlates with increasing age and preexisting monoclonal gammopathy of undetermined significance (MGUS), as well as race (the incidence is higher in African-Americans).



Increasing age: <65 vs >65 

Male gender: Incidence of MM is higher in males (7.1 per 100,000 person years [py]) vs females (4.5 per 100,000 py). 

Race: There is an ~2-fold excess in incidence rates in African Americans as compared to Caucasians (11.1 per 100,000 py vs. 5.3 per 100,000 py).

Family history:  Elevated risks have been reported consistently among persons with a positive family history of lymphatohematopoietic cancers (LHC), positive family history of MM or LHC in a first-degree relative.

Obesity has been associated consistently with an elevated risk of MM.

High dietary intake of green vegetables and fish has been reported to be associated with decreased risk of the disease.

AIDS: A history of immune stimulation conditions or autoimmune disorders has not been consistently related to MM; however, the incidence appears to be elevated among persons with AIDS.

Shingles/ herpes zoster: Both significant  and nonsignificant positive associations were reported for shingles.



Reference

Alexander DD et al. Int J Cancer. 2007;120(suppl 12):40-61�


Description of multiple myeloma

* Multiple myelomais a B-cell
malignancy derived from
antibody-producing plasma Basic antibody structure and components
cells in the bone marrow.

* The proliferation of myeloma
cells leads to excessive
production of a monoclonal
antibody (M-protein), as well as
adverse events in various organ

systems. s "\ Light chain:
B < Kappa (k) or lambda (1)
S
. — S

AN

Heavy chain:
Defines class — IgG, IgD, IgA, IgM, or IgE

. Variable (antigen-binding) region

Myeloma plasma cell Constant region

Plasma cell i |mage was orlglnally publlshed in ASH Image Bank Peter Maslak Multiple Myeloma -
Bank. 20 0 ©



Presenter�
Presentation Notes�
MM is a B-cell malignancy derived from antibody-producing plasma cells in the bone marrow. The basic pathophysiology of MM is outlined here.



Myeloma results from a proliferation of antibody-producing plasma cells. 

The characteristic property of myeloma cells is the production and release (or secretion) of monoclonal protein into the blood and/or urine.

The monoclonal protein is an immunoglobulin or a component/fragment of an immunoglobulin. The structure of a normal immunoglobulin is shown here; however, in myeloma cells, 1 or more mutations have occurred in the genes responsible for immunoglobulin production.

The most common type of myeloma is IgG, although the exact antibody profile varies by patient.

Approximately 30% of the time, more light chains called Bence Jones proteins are produced, which can pass freely into the urine.

The excess monoclonal antibody, or M-protein, negatively impacts organs such as the kidney, while the proliferating plasma cells damage the bone marrow and invade the bone, leading to infections and fractures.



References

Durie BGM. Concise Review of the Disease and Treatment Options: Multiple Myeloma. International Myeloma Foundation. 2011/2012.



Image from:

http://imagebank.hematology.org/AssetDetail.aspx?AssetID=1515&AssetType=Image�


Common symptoms of multiple
myeloma

Bone pain is the most common symptom,
occurring in approximately 70% of patients2

System Symptoms? Common cause(s)?
affected
Fatigue * Anemia, therapy
B
ood Recurrent e Low uninvolved Ig,
infections therapy
Nausea and * Renal failure,
vomiting hypercalcemia
Kidneys
Confusion and * Renal failure,
CNS symptoms hypercalcemia
Bone pain * Pathologic fracture,
cord compression
Peripheral
Bqne/ nzL”roo e;?h * Nerve compression,
spine pathy amyloidosis, POEMS¥*,
immune-mediated
effects, therapy

*POEMS: polyneuropathy, organomegaly, endocrinopathy,
monoclonal gammopathy, and skin changes



Presenter�
Presentation Notes�
MM affects predominantly the blood, kidneys, and bone. The main organ systems affected in myeloma as well as the manifested symptoms are shown on this slide.



Blood

Anemia is a characteristic feature of MM, leading to fatigue.

Predisposition to infections is also characteristic of MM and is caused by impairment of normal immune function and low white blood cell counts.

Kidney

Impairment of kidney function is a common complication in patients with myeloma.

Myeloma proteins, especially can cause renal injury by a variety of mechanisms ranging from tubular damage due to accumulations of precipitated light chains, to effects of myeloma proteins deposited as amyloid, to selective tubular damage.

Other factors related to kidney dysfunction in MM are increased levels of calcium and/or uric acid, infection, and the effects of drugs.

Bone/spine

Pain, skeletal damage, including fractures and spinal compression, are common, occurring in about 70% of patients.

Solitary or multiple osteolytic lesions, plasmacytomas, and osteoporosis are also seen.

Neurologic

Either by the direct antibody effects of myeloma proteins against nerves (eg, myelin sheaths) or deposition of amyloid fibrils on nerves, thus impairing function.

Viral infections of nerve tissue are quite common, most particularly varicella zoster (shingles), and herpes zoster (cold sores).



References

Durie BGM. Concise Review of the Disease and Treatment Options: Multiple Myeloma. International Myeloma Foundation. 2011/2012.
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Recommended workup

Blood specimen

e Chemistry screen, including
calcium and creatinine

* Serum [3,-microglobulin,
albumin, and lactate
dehydrogenase

* Serum protein
electrophoresis (SPEP),
immunofixation

* Measurement of serum-free
light chains

* Nephelometric quantification
of serum immunoglobulins

Albumin

alfa-1 alfa-2 beta gamma

Normal SPEP

alfa-1  alfa-2 beta

Abnormal SPEP showing
M-spike of myeloma (arrow)



Presenter�
Presentation Notes�
Patient workup to confirm myeloma includes analyses of blood, urine, and bone marrow samples. This slide reviews the recommended blood workup.



Agarose gel electrophoresis or capillary zone electrophoresis of serum and urine is preferred to screen for the presence of monoclonal protein.

Shown here is a serum protein electrophoretic output. Toward the right-hand side, the characteristic spike in M-protein of myeloma can be seen.

Quantitation of serum immunoglobulins by nephelometry should also be performed (nephelometric quantitation may be particularly useful for low levels of uninvolved immunoglobulins).

The quantitation of serum albumin is important because albumin is a key component of the currently used International Staging System for multiple  myeloma. Serum albumin can be measured by nephelometry or densitometry from an electrophoretic strip.

Serum immunofixation is the “gold standard” method to confirm the presence of a monoclonal protein and to distinguish its heavy and light chain type.

Measurement of serum-free light chain is very important in patients with nonsecretory MM(ie, with negative serum and urine immunofixation) and in patients who secrete small amounts of monoclonal protein in the serum and/or urine (oligosecretory myeloma), as well as in light chain only-myeloma. The test may also be useful in assessing risk of progression in solitary plasmacytoma or smoldering myeloma.



References

Dimopoulos M. Blood. 2011; 117: 4701-4705
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Recommended workup (cont’d)

Urine specimen

e Routine urinalysis, 24-hour
urine collection for
electrophoresis and
immunofixation



Presenter�
Presentation Notes�
Routine urinalysis is important in suspected MM.



For screening, a random urine protein electrophoresis and urine immunofixation may be performed.

All patients should undergo 24-hour urine collection to calculate the amount of proteinuria.

A 24-hour urine sample should also be sent for electrophoresis, by which M-protein can be detected and its concentration calculated.

Immunofixation from the urine sample can confirm the presence and type of heavy and light chain.



References

Dimopoulos M. Blood. 2011; 117: 4701-4705
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B2

Fluorescence in situ

Recommended workup (cont’d)

Bone (marrow) specimen

hybridization (FISH)

Skeletal survey

e Bone marrow aspirate and/or
biopsy

e Cytogenetics (metaphase
karyotype and FISH)

* Radiologic skeletal bone
survey; magnetic resonance
imaging in certain
circumstances

SkeIetaI survey image was orlglnally publlshed in ASH Image Bank Peter Maslak Multiple



Presenter�
Presentation Notes�
A patient with suspected MM should undergo unilateral bone marrow aspirate and/or biopsy: diagnosis is confirmed when more than 10% clonal plasma cells are detected.



Clonality of plasma cells should be established by identification of a monoclonal Ig in in the cytoplasm of plasma cells by immunoperoxidase staining or by immunofluorescence1.

Standard metaphase cytogenetics should be included in the initial assessment:  these provide useful prognostic information by separating hyperdiploid from nonhyperdiploid patients and can capture uncommon additions, deletions, and translocations1.

Deletion of chromosome 13 or hypodiploidy is a definitive marker for high-risk disease and can be detected by conventional metaphase cytogenetics.

Procedures such as fluorescence in situ hybridization (FISH) can be used to detect abnormalities in chromosomes. Patients should undergo FISH with probes that include chromosome 17p13, t(4;14), and t(14;16)2..

Such classification can have important implications for treatment choice and outcomes. Higher-risk disease is defined as the presence of any 1 of the following genetic mutations: t(4;14), t(14;16), t(14;20), and deletion of 17p2.

The skeletal survey remains the standard method for imaging screening at diagnosis. It is readily available at modest cost, allows large areas of the skeleton to be assessed, and may detect long bone lesions at risk of impending fracture1. 

Magnetic resonance imaging (MRI)  is a noninvasive technique that provides detailed information about bone marrow involvement, and its pattern (focal, diffuse, or variegated) is useful for the detection and assessment of soft tissue disease arising from bone lesions, including unsuspected, asymptomatic lesions1.



References
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FISH image:

http://images.nigms.nih.gov/index.cfm?event=viewDetail&imageID=3296

Skeletal survey:

http://imagebank.hematology.org/AssetDetail.aspx?AssetID=1510&AssetType=Image
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Differential diagnosis

Monoclonal .
Asymptomatic
gammopathy of )
. (smoldering) .
undetermined mveloma Symptomatic myeloma
significance y
(MGUS)
serum Presence of serum and/or
monoclonal <3 g/dL =3 g/dL . :
protein urinary monoclonal protein
And/or
Present;
End-orean Can be attributed to the
d mg Absent Absent underlying plasma cell
amage proliferative disorder (CRAB
symptoms)

C: Serum Calcium =11.5 mg/dL

R: Renal insufficiency: serum creatinine >2 mg/dL

A: Anemia: Hb <10 g/dL or 2 g/dL below normal

B: Bone lesions: lytic or osteopenic, or pathologic fractures


Presenter�
Presentation Notes�
The International Myeloma Working Group has established criteria for the diagnosis of plasma cell proliferative disorders. These test criteria have been adopted and/or slightly modified by other groups and are shown in the table here.



Plasma cell disorders can be characterized by the levels of M-protein, the number of clonal bone marrow plasma cells, and the presence or absence of organ damage.

>10% clonal plasma cells are required for the diagnosis of nonsecretory myeloma.

For symptomatic MM, all 3 criteria must be met, which include:

Clonal bone marrow plasma cells ≥ 10%

Presence of serum and/or urinary monoclonal protein (except in patients with nonsecretory MM)

Evidence of end-organ damage, which can be attributed to the underlying plasma cell proliferative disorder, specifically:

Hypercalcemia: serum calcium ≥11.5 mg/dL

Renal insufficiency: serum creatinine >2 mg/dL

Anemia: normochromic, normocytic with a hemoglobin value of 2 g/dL below the lower limit of normal, or a hemoglobin value <10 g/dL

Bone lesions: lytic lesions, severe osteopenia, or pathologic fractures



Reference

Dimopoulos M. Blood. 2011; 117: 4701-4705
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Durie-Salmon Staging System for MM

I All of the following: <0.6 (low)
Hemoglobin >10 g/dL; normal serum calciumor  <10.5
mg/dL; normal bone/solitary plasmacytoma; low M
protein (IgG <5 g/dL; IGA <3 g/dL; Bence-Jones protein <4

g/24 h)
I Not fitting stage | or llI 0.6-1.2 (intermediate)
i Any of the following: >1.2 (high)

Hemoglobin <8.5 g/dL; serum calcium >12 mg/dL; multiple
lytic bone lesions; high M protein (IgG >7 g/dL; IgA >5 g/dL;
Bence-Jones protein >12 g/24 h)

A Normal renal function (serum creatinine level <2.0 mg/dL)
B Abnormal renal function (serum creatinine level >2.0 mg/dL



New MM Staging

Median Survival

Stage  Criteria (months)

I Serum B,-microglobulin <3.5 mg/L 62
Serum albumin 23.5 g/dL

1 Not stage | or llI* 44

1] Serum B,-microglobulin 25.5 mg/L 29

*There are two categories for stage Il: serum ,-microglobulin <3.5 mg/L but serum albumin <3.5 g/dL;
or serum f,-microglobulin 3.5 to <5.5 mg/L irrespective of the serum albumin level.
Greipp PR et al. J Clin Oncol. 2005;23:3412-3420.



MSMART 2.0: Classification of Active MM

High-risk 20% Intermediate-risk 20% Standard-risk 60%
= FISH - FIS.I—tI(4 L4y All others including:
= Del 17p ; o
= Hyperdiploid
= t(14:16) | yperdiplol
= 1(14:20) = Cytogenetic = 1(11;14)
’ deletio_n 13 or . 1(6:14)
. GEP hypodiploidy
=High-risk " PCLI>3%
signature B
3 years 4-5 years 8-10 years

Mikhael J, et al. Management of Newly Diagnosed Symptomatic Multiple Myeloma: Updated Mayo Stratification of Myeloma
and Risk-Adapted Therapy (nNSMART) Consensus Guidelines 2013. Mayo Clin Proc. 2013;88:360-376.



MM Classification Over Time

Non-hyperdiploid MM/MGUS  Hyperdiploid MM/MGUS
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Clonal Tides Define Myeloma

6 unique clones at diagnosis

Variable chemotherapy response

. . P Cell Leukemi
Minor drug-resistant clone lethal T

Lymphoad
Phenotvpe
4%



Implications

Multiple clones with variable drug sensitivity
(Combination chemotherapy a necessity and continuous
therapy logical)

Re-emergence of drug-sensitive clones
(Once resistant not always resistant)

Minor clone is lethal (CR is a goal)




Minimal Residual Disease: New
Definitions for CR

.y _-|- -h_

S—

&‘x"———- - - ’ ’E' Newly diagnosed 1 x 10'2

S.S. Patient

Disease burden

cR =~ S

4 .
[y 1x 108
Stringent CR _...-‘!! f

A,
/

Molecular/flow CR "
Sequencing CR Y .k 1x 104

?2Cure? 0.0



Presenter�
Presentation Notes�
CR, complete response.�


Redefining Symptomatic Myeloma



Smoldering Myeloma

No symptoms; no related organ/tissue
impairment

10% to 20% of newly diagnosed myelomal!
Can remain indolent for yrs
Progression rate: ~ 50% at 5 yrs!?]

— Progression rate in high-risk subgroup: 50% at
2 yrsl3]

Current question: Who should be treated?!*

1. Kyle RA. ASCO Connection. 2012. 2. Kyle RA, et al. Br J Haematol. 2007;139:730-743.
3. Mateos MV, et al. N Engl J Med. 2013;369:438-447. 4. Mateos MV, et al. Curr Hematol Malig Rep.


Presenter�
Presentation Notes�
MM, multiple myeloma.
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Smoldering Myeloma

Prognostic Models

Mayo Clinic (N =273) PETHEMA Study Group (N = 89)

1 81 (28) 25 0 28 (31) 4

! 3 78 (30) 76 !! 2 39 (44) 72 !

= Risk factors

. Mayo Cliniclt _ PETHEMAL! — University of Salamancal®!
—  BMPCs = 10% — >95%abnormal ~ BMPCs =10%
— M-protein = 3 g/dL plasma cells —  High M-protein: IgG

> 3 g/dL, IgA = 2 g/dL, or

_ i — Immunoparesis
FLC ratio < 0.1250r > 8 Y Bence-Jones > 1 g/24 hrs

1. Dispenzieri A, et al. Blood. 2008;111:785-789. 2. Pérez-Persona E, et al. Blood. 2007;110:2586-2592.
3. Mateos MV, et al. N Engl J Med. 2013;369:438-437.


Presenter�
Presentation Notes�
BMPC, bone marrow plasma cell; FLC, free light chain; Ig, immunoglobulin; M-protein, monoclonal protein.�


B2

PETHEMA Phase Ill Trial:
Len/Dex vs Observation in High-Risk SM

Treatment group

1007 _I'_"'u'lm.III_LI.II.I.I_I.I.I.I.ILu_Iu

Observation group

Study Inclusion (%)

20 9 Hazard ratio for death, 0.31

P =0.03
O 1 1 ] I I 1
0 10 20 30 40 50 60

Mos

Overall Survival since

No. at Risk
Treatment group 57 57 55 48 26 17 0
Observation group 62 60 57 46 27 17 0

Mateos MV, et al. N Engl J Med. 2013;369:438-447.

Study limitation in assessing
OS: patients received
treatment off-protocol at the
time of disease progression to
symptomatic myeloma

— 53% treated with either
bortezomib-based regimens

— 28% treated with induction
therapy followed by
autologous stem-cell
transplantation

— 19% treatment not reported


Presenter�
Presentation Notes�
OS, overall survival.�


Active Myeloma

Not CRAB but now SLiM CRAB
S (60% Plasmacytosis)

*Li (Light chains |/U >100)

M (MRI 1 or more focal lesion)
C (Calcium elevation)

°R (Renal insufficiency)

°A (Anemia)

°B (Bone disease)

Rajkumar et al. IMWG updated criteria for the diagnosis of multiple myeloma. Lancet Oncol. 2014;15:e538-e548



Untreated Active Multiple
Myeloma



()

Approved agents in multiple myeloma

it I p—
[

Fro2009> 2003 > 2004 > 2005 > 2006 > 2007 > 2008 > 2008 > 2010 > 2011 > 202 > 2013



Presenter�
Presentation Notes�
The last decade has seen significant advances, with a number of  treatment options for MM becoming available. 



Bortezomib was approved in 2003 and was the first PI to be approved for MM and is indicated for the treatment of patients with myeloma1.

Lenalidomide and thalidomide are immunomodulatory drugs.

Thalidomide is an oral immunomodulatory agent . Thalidomide in combination with dexamethasone is indicated for the treatment of patients with newly diagnosed MM2.

Lenalidomide is a thalidomide analogue indicated for the treatment of MM, in combination with dexamethasone, in patients who have received at least one prior therapy3.

PLD/ DOXIL is a chemotherapy agent indicated for use in MM in combination with bortezomib in patients who have not previously received bortezomib and have received at least one  prior therapy4.

Carfilzomib is a newer PI that was approved in 2012, and indicated for the treatment of patients with MM  who have received at least 2 prior therapies, including bortezomib and an immunomodulatory agent, and have demonstrated disease progression on or within 60 days of completion of the last therapy6.

Pomalidomide is a newer immunomodulatory agent approved in 2013, and indicated for patients with MM who have received at least 2 prior therapies including lenalidomide and bortezomib and have demonstrated disease progression on or within 60 days of completion of the last therapy7.
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Improving Survival in MM
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Ch emlcal Structure of Thalldomlde I
Lenalidomide, and Pomalidomide

O Q 0 o o o y
N N
O NH, NH, ©

Thalidomide Lenalidomide Pomalidomide
100-200 mg/d 15-25 mg/d 2—4 mg/d
Neuropathy Myelosuppression Myelosuppression
Constipation Skin rash
Sedation DVT
DVT

Side effects
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Proteasome Inhibitors

ubuk
> @ Free ubiquitin @ @ @
@

195
-
Recognition
De-ubiquitylation
! Unfolding
205 @ Internalization
: Degradation

Figure 1: Structure of the 265 Proteasome—Adapted from Marteijn JA et al. Leukemia.
2006.[42] © 2006. Reprinted by permission from Macmillan Publishers Ltd.
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Comparison of Proteasome Inhibitors

Bortezomib (reversible) MLN9708 (reversible)
Carfilzomib (irreversible) NPI-0052 (irreversible)

CEP 18770 (reversible)
5 o
glutamyl

Bortezomib
L
b5

=/ post-
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Initial Approach to Treatment of

Myeloma
Nontransplant Candidate Transplant
(based on age, performance Candidate

status, and comorbidities)

!
- Induction treatment
1




FIRST: Lenalidomide/Dexamethasone
vs MPT in NDMM SCT-Ineligible Patients

l I

Active treatment + PFS follow-up phasel Phase 3
N =1623

—

iy

©
S e Len + LoDex 18 cycles (72 weeks) = © =
© | | Rd18 Lenalidomide 25 mg Days 1-21/28 — 5 — ¢4 -
E LoDex 40 mg Days 1, 8, 15, 22/28 9 o E
k- 2 & 3
E Mel + Pred + Thal 12 cycles? (72 weeks) - ﬁ
| .| ArmC Melphalan 0.25mglkg Days 1-4/42 |, S __, 2

MPT Prednisone 2 mg/kg Days 1-4/42 o

Thalidomide 200 mg Days 1-42/42

Patients >75 years: LoDex 20 mg Days 1, 8, 15, 22/28; Thal® 100 mg Days 1-42/42; Mel® 0.2 mg/kg Days 1-4
Stratification: age, country, and ISS stage

NDMM = newly diagnosed MM; SCT = stem cell transplant.
1. Facon T et al. ASH 2013 Annual Meeting. Abstract 2; 2. Facon T et al. Lancet. 2007;370:1209-1218;
3. Hulin C et al. J Clin Oncol. 2009;27:3664-3670.




FIRST Trial: Efficacy Analysis of
Len/Dex vs MPT In SCT-Ineligible

Patients With MM

Progression-Free Survival

100
T.
80 T ok
.htﬁ)\*\
60 - ey
R
A
- M
20 -
W:ﬁ.—_ﬁ
n T T T T T T T T II 1
g 6 12 18 24 3p 36 42 48 B4 8D
No. at Risk Months
Continuous Ld 535 400 319 265 218 168 105 55 19 2 0
LD18 541 391 319 265 167 108 56 30 2 0
MPT 547 380 304 244 170 116 58 28 1 0
Overall Survival
100 1w
%i\#\
T~
80 TN
SRy
E ﬂw';'"ﬂw
2 %7 : %‘qumm
- IFIHT
B i
5 40
20 -
n T T T T T T T T T 1
g 6 12 18 24 30 33 42 48 64 60
No. at Risk Months
Continuous Ld 535 488 457 433 403 338 224 121 43 5 0
LD18 541 505 465 425 393 324 209 124 44 6 0
MPT 547 484 448 418 375 312 205 106 30 3 0

Median
Progression-Free

Survival
Q)

Continuous 25.5

Ld (N = 535)

LD18 (N = 541) 20.7

- MPT (N = 547) 21.2

Hazard ratio:
Continuous Ld
vs MPT, 0.72; P<0.001
Continuous Ld
vs Ld18, 0.70; P<0.001

Median
Progression-Free
Survival
(mo)
Continuous 59
Ld (N =535)
LD18 (N = 541) 56
- MPT (N = 547) 51

Hazard ratio:
Continuous Ld
vs MPT, 0.78; P = 0.02
Continuous Ld
vs LD18, 0.90; P =0.31

Benboubker L et al. N Engl J Med. 2014;371:906-917. Copyright © 2014. Reprinted with permission from
Massachusetts Medical Society.




Relapsed Multiple Myeloma



ASPIRE Study Design

~ ™ 28-day cycles
KRd
Carfilzomib 27 mg/m? IV (10 min)
Randomization Days 1, 2, 8, 9, 15, 16 (20 mg/m? days 1, 2, cycle 1 only)

N=792 Lenalidomide 25 mg Days 1-21
Dexamethasone 40 mg Days 1, 8, 15, 22

Stratification: ) o
After cycle 12, carfilzomib given on days 1, 2, 15, 16

*B,-microglobulin After cycle 18, carfilzomib discontinued

*Prior bortezomib
*Prior lenalidomide

Rd

Lenalidomide 25 mg Days 1-21
Dexamethasone 40 mg Days 1, 8, 15, 22

g J

Stewart AK, Rajkumar SV, Dimopoulos MA, et al. N Engl J Med. 2014 Dec 6. [Epub ahead of print],
33




@Primary Endpoint: Progression-Free Survival

ITT Population (N=792)

KRd Rd
1.0 - (n=396) (n=396)
Median PFS, mo 26.3 17.6

0.8 -

P value (one-sided)

0.6 A

0.4 -

Proportion Surviving
Without Progression

0.2 -
— KRd

—Rd
0.0 . . -. . . . .

HR (KRd/Rd) (95% CI)  0.69 (0.57—0.83)
<0.0001

0] 6 12 18 24 30 36 42
Months Since Randomization

No. at Risk:
KRd 396 332 279 222 179 112 24 1
Rd 396 287 206 151 117 72 18 1

Stewart AK, Rajkumar SV, Dimopoulos MA, et al. N Engl J Med. 2014 Dec 6. [Epub ahead of print],

34
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Presenter�
Presentation Notes�
The cutoff date for the interim analysis was June 16, 2014 

In the carfilzomib and control groups, 118 (29.8%) and 86 (21.7%) patients, respectively, were still receiving study treatment

At the time of the prespecified interim analysis, 431 progression-free survival events were observed 

The study met its primary objective of demonstrating that carfilzomib improves progression-free survival when administered with lenalidomide and dexamethasone 

With an estimated hazard ratio of 0.690 (95% CI, 0.570 to 0.834), the P value (P<0.0001) crossed the prespecified stopping boundary

The primary end point was evaluated using a group sequential design with one interim analysis

In total, 526 progression-free survival events were needed to provide 90% power to detect a 25% reduction in risk of disease progression or death (hazard ratio of 0.75) at a one-sided significance level of 0.025

The interim analysis was to be performed when approximately 420 progression-free survival events (80% of the planned total) were observed

An O’Brien–Fleming type of efficacy stopping boundary was calculated using the Lan–DeMets alpha spending function approach based on the number of events observed at the data cutoff date�


Secondary Endpoints: Response

P<0.0001
100 - e g

90 - P<0.0001 87.1

80_ ® 9

70 - SCR 69.9
14.1% vs 4.3%

60 -

50 - P<0.0001
40 - ° ’
a0 | o348
20 -
10 -
0 - . .
>CR 2VGPR ORR (2PR)

®* Median duration of response was 28.6 months in the KRd group and 21.2 months in

the Rd group
Stewart AK, Rajkumar SV, Dimopoulos MA, et al. N Engl J Med. 2014 Dec 6. [Epub ahead of print],

m KRd

Percentage of Patients

9.3
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@Secondary Endpoints: Interim Overall Survival Analysis
Median Follow-Up 32 Months

y KRd Rd
1.0 (n=396) (n=396)
Median OS, mo NE NE
0.8 - HR (KRd/Rd) (95% CI)  0.79 (0.63-0.99)
g’ P value (one-sided) 0.018
>
p=
S 0.6 A
N
c
@)
£ 04 -
)
o
o
o 0.2
— KRd
— Rd
O_O 1 1 | | | | 1 ]
0 6 12 18 24 30 36 42 48
o i B Months Since Randomization
KRd 396 369 343 315 280 191 Y 2
Rd 396 356 313 281 237 144 39 3

e Median OS was not reached; results did not cross the prespecified stopping
boundary (P=0.005) at the interim analysis

Stewart AK, Rajkumar SV, Dimopoulos MA, et al. N Engl J Med. 2014 Dec 6. [Epub ahead of print],
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Presenter�
Presentation Notes�
Since the primary objective was met, an interim analysis of overall survival was carried out. 

Using the same cutoff date, 305 events had occurred (60% of the prespecified 510 events required for final analysis) 

Median follow-up was 32.3 and 31.5 months in the carfilzomib and control groups 

Median overall survival was not reached in either group, with a hazard ratio of 0.787 (95% CI, 0.628 to 0.985; P=0.0182) trending in favor of the carfilzomib group

However, these results did not cross the prespecified stopping boundary (P=0.005) for overall survival at the interim analysis 

The Kaplan–Meier 24-month overall survival rates were 73.3% (95% CI, 68.6 to 77.5) and 65.0% (95% CI, 59.9 to 69.5) in the carfilzomib and control groups, respectively 

The unadjusted P value from the stratified log-rank test comparing the overall survival curves up to 2 years was 0.0046�


=)
Health-Related Quality-of-Life

70 7 -~ Carfilzomib group EORTC Global Health Status improved
=+ Control group in the KRd group vs the Rd group over
18 cycles of treatment (P=0.0001)

65

EORTC QLQ-C30 Global Health Status/Quality-of-Life Score

50 | | | 1
Cycle 1 Cycle 3 Cycle 6 Cycle 12 Cycle 18
(Baseline) Assessment Time Point (Day 1)

Stewart AK, Rajkumar SV, Dimopoulos MA, et al. N Engl J Med. 2014 Dec 6. [Epub ahead of print],
3
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Presenter�
Presentation Notes�
The minimal important difference for between-group differences on the QLQ-C30 Global Health Status/Quality of Life scale is 5 points, which was met at cycle 12 (5.56 points) and approached at cycle 18 (4.81 points)�


Relapsed/Refractory Myeloma



Once Treatment Fails,
Trouble Begins

Overall Survival From Start of Therapy Survival With Bz/Len Refractory Disease
by Regimen Number
Median
1.0 Events/N (months)
100 Overall Survival 173/231 9 (7, 11)
== Regimen 1 Event-Free Survival 222/291 5 (4, 6)
SK: = Regimen 2
; == Regimen 3 80 -
= == Regimen 4
'_cau 06 == Regimen 5 —
. N H (=)
a Regimen 6 S 604
e —
a g
[ S
E 04- 5 40
< N
>
£
3 0.2 20
0 0 T |
0 2 4 6 8 10 0 12 24 36 48 60
Years From Start of Regimen Months From Time Zero

Kumar SK. Mayo Clin Proc. 2004;79:867-874.
Reprinted by permission from Macmillan Publishers Ltd: Kumar SK et al. Leukemia. 2012;26:149-157. © 2012.




Improving Survival in MM

1.0-
—— 1960-65
> 25% of patients live 1965-70
0.8- less than 3 years 1970-75
07 ——— 1975-80
2 —— 1980-85
S os- —— 1985-90
3 . 1990-95
g ——— 1995-00
S 0.4- —— 2000-05
5 ——— 2005-10
0.3
0.2
0.1-
0.0 — S —— e ———
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Ixazomib (MLN9708)

* Ixazomib (MLN9708) is an investigational oral, reversible,
and specific 20S proteasome inhibitor
— The first oral proteasome inhibitor in clinical development
— Physiochemical properties distinct from bortezomib
— Activity in preclinical models of MM

41



Oral Ixazomib — Phase 1 Weekly

Oral weekly administration

60 patients with heavily
pretreated disease

DLTs due to nausea, vomiting,
diarrhea, and rash

AEs — thrombocytopenia,
diarrhea, nausea, fatigue,
vomiting

Neuropathy 20% (but only 1
grade 3)

18% response rate (PR or
better), 27% at MTD

Kumar SK, et al. Blood. 2014;124(7):1047-1055.

Oral single-agent ixazomib administered on days 1, 8, and 15
of a 28-day cycle, for up to 12 cycles*

Do Dose-escalation: 3+3 schema, based on cycle 1 DLTs
- (modified Fibonacci dose sequence)
escalation
cohoris 0.24—-0.48-0.8~1.2-1.68-~2.23~2.97-3.95 mg/m’
1
] MTD established |
|
' ¢ Expansion cohorts ¢ 1
Relapsed and Bortezomib-relapsed Froteasome Prior carfilzomib
refractory cohort cohort inhibitor-naive cohort cohort
+ Relapsad after =2 lines of || + Retapsed or refractory afer || « Relapsed or refractory after || « Relapsed or refractory to
therapy 21 line of tharapy =1 line of therapy most recent prior therapy
+ Prior therapy must have + Relapsad after prior + Priof therapy must have + Rpotived price carfilzomit
included bortezomib, bortezomity therapy but not included thalidomide of — las1 dose within
thalidomide o refraciory lenalidomida, and 2180 days prior bo first
lenalidomide, and corticoslanoids dosa of ikazromib
. . * Not reated with ciher
corticostervids proteasome inhibibor * Mo prior proleasome
= Rafraciony o mast reoent inhibitor therapy
therapy (PD while on or
wilhin 60 days of last prior
therapy — any regimen)

*Palients were allowed o continue on therapy if @ was determined that they were deriving benefit from continued therapy



Ixazomib Treatment Duration and Response

A Prricr

carfilzomib
Proleasame
inhibitor-
naive
Bortezomib-
relapsed
cobwart

Ralapsed £

an
refractory

cohart £

3.95 mg'm?®

287 mg'm?

1.BB mg/m?
1.2 mg/m?®
0.8 mg'm?

*Unconfirmed boest response

| PR, eycle 2
PR*, E Z
PR. cycle 2
| PR, cycle 4
MR, cycle 2, PRY cycle 4 '

1 PR, cycle 2
= = = = ME. cycle 4 |

== PR’ cycla 2

g WGP, cycle 2
e s B : i
e S s i H H
NS b ey S Ty AR S ] .
. PR, oyola 2
R R : : ; ;

I.ll-llIJIlI.ll-lIJIIIJI

o 2 4 5] g 10 12

B Dosg-ascalalion coharls

B Expansion cohorts

Best M-protein change from baseling, % 00

Kumar SK, et al. Blood. 2014;124:1047-1055. ‘.! blOOd

©2014 by American Society of Hematology


Presenter�
Presentation Notes�
Ixazomib treatment duration and response. (A) Number of cycles on therapy and response to treatment in patients achieving stable disease or better; (B) individual patients’ best M-protein response to treatment, by treatment cohort.�


IxXazomib Summary

Well tolerated

Single-agent activity in both weekly and twice
weekly administration

Less effective than bortezomib?
Low neuropathy rate is encouraging

Attractive oral regimen (esp in combination) — see
next slide


Presenter�
Presentation Notes�
What is the meaning of Key observations?  I do not think that there is convincing evidence that Ixazomib is less effective than bortezomib.�


Rd (Ixazom|b/Lenalldomlde/Dex) ‘Best Percent |
Change in M-protein From Baseline in Response-
Evaluable Patients

10 -
-20 1
230 -
-40
50 -
-60
-70 A
-80 -
-90
-100 -

% change from baseline to best
M-protein response

B Phase 1, 1.68 mg/m? ® Phase 1, 2.97 mg/m?
® RP2D, 2.23 mg/m?/ 4.0 mg Phase 1, 3.95 mg/m?

* 48% of patients achieved 100% reduction in M-protein

* Reductions were seen at multiple dose levels
45



Presenter�
Presentation Notes�
Needs more explanation: upfront treatment or relapsed patient? Explain the color schema better.�


Elotuzumab: Background

» Elotuzumab is a humanized IgG1 mAb-targeting » MoA of elotuzumab is primarily through NK cell-
human CS1, a cell surface glycoprotein'~Z mediated ADCC against myeloma cells1-

- CS1is highly expressed on >95% of MM cells!-3 » Ina MM xenograft mouse model, the combination of
— Lowerexpression on NK cells elotuzumab + lenalidomide significantly reduced

) ) ) tumor volume compared with either agent alone?
— Little-to-no expression on normal tissues

Normal Plasma Cells Plasmacytoma vy v Yy v

_ B 600 T VVVVV VVVVV ¥V
> } —. 500 A %/ Lenalidemide dosing (50 mg/kg)
% W Elotuzumab (1 mg/kg) or control
-E- 400 IgG1 dosing
E 300 - B Control IgG1+ DMSO
=)
E I ® Elotuzumab+DMSO
E 200
5 @® Lenalidemide + control IgG1
= 100 A
B Elotuzumab + lenalidomide
s 1 L 0 | || | ||
Lymphoplasmacytic Myeloma Cells in 14 21 28 35 42
Lymphoma Bone Marrow Study Day

ADCC = antibody-dependent cellular cytotoxicity; DMSO = dimethyl sulfoxide; mAb = monoclonal antibody;
MED = maximum efficacious dose; MoA = mechanism of action; NK = natural Killer.

1. Hsi ED et al. Clin Cancer Res. 2008;14:2775-2784. Reproduced with permission from AACR. © 2008; 2. Tai YT
et al. Blood. 2008;112:1329-1337; 3. Van Rhee F et al. Mol Cancer Ther. 2009;8:2616-2624; 4. Lonial S et al. ASH
2009 Annual Meeting. Abstract 432.




Daratumumab: A Human CD38 MADb
With Broad-Spectrum Killing Activity

apoptosis after
modulation of cross-linking
enzymatic activation
NAD

target cell

Plesner T. ASCO 2012 Annual Meeting. Abstract 8019.




Maximal Reduction of Serum
M-Component (Part 1)

150 - Maximal Change in Paraprotein

9
125 {oy 2
100 -
75 -
50 -
i 20 19 ,,

1329313AABA C*AA ABAABAUBAA C*

o-

C*C A A AAAACA AC 428454
25 - 7 41 17

14 5,
27
50 -
2"3301323

75 -

*Data at baseline below limits for measurable disease. Results are before database lock.
A =serum M-component; B = urine M-component; C = free light chains (FLC).
Plesner T. Annual Meeting. Abstract 8019.




CD38 Expressed in Hematological
Malighancies

e Transmembrane glycoprotein and ectoenzyme
* High receptor density on MM cells

CD38 Expressed in Hematological Malignancies

Disease CD38 + Expression (%)
Multiple myeloma 80-1001
Non-Hodgkin lymphoma 30-8023

Acute myeloid leukemia 584

B chronic lymphocytic leukemia 20-25°

1.Lin P etal. Am J Clin Pathol. 2004;121:482-488; 2. Angelopoulou MK et al. Eur J Haematol. 2002;68:12-21;
3. Schwonzen M et al. Br J Haematol. 1993:83;232-239; 4. Keyhani A et al. Leukemia Res. 1999;24:153-159;
5. Domingo-Domenech E et al. Haematologica. 2002;87:1021-1027.




SAR650984: Maximal Change In
Paraprotein Myeloma Patients Treated at
Doses of 1 mg/kg or Higher Every 2 Weeks

150 -

129 -

100 -

78 -

25 -

50 -

-5 -

-100 -

AAAA AAACAA

B 1 makg g2w
- 3 mg/kg q2w
- 5 mg/kg q2w
- 10 mg/kg g2w

- 10 mg/kg qw
20 mg/kg gqw

A AAAAA ABCCCAA

A =serum M component; B = urine M component; C = free light chains (FLC).
One patient at 3 mg/kg and 20 mg/kg with 0% change; one patient at 20 mg/kg not-evaluable.
Martin TG Ill et al. ASH Annual Meeting. Abstract 284.




Blockade of Ubiquitinated
Protein Catabolism

AN\ Protein
¥ o

“LZX_~\_ Protein aggregates

0,10, -
. . 26S Proteasome
HDACS == T
T ‘ Bortezomib
Tubacin < J'v"
LBH, vorinostat/’ﬁ

Dynein o ‘
“ Lysosome

% Aggresome
_ ie. ‘

Dynein

Tai YT et al. Cancer Res. 2005;65:5898-5906; Hideshima T et al. Clin Cancer Res. 2005;11:8530-8533.

Autophagy

Reproduced with permission from AACR. © 2005; Catley L et al. Blood. 2006;108:3441-3449.




PANORAMA 2 Study Design:
Phase 2, Simon 2-Stage Study In
BTZ-Refractory MM

BTZ-refractory disease defined as relapse on or within 60 days of last
BTZ-containing line of therapy?!

Treatment Phase 1 Treatment Phase 2
Screening Eight 3-week cycles 6-week cycles until PD
Adult patients Panobinostat Panobinostat
Relapsed and BTZ- —> Bortezomib =1 > Bortezomib
refractory MM I
Dexamethasone | Dexamethasone

22 prior lines of |
therapy :
After 8 cycles, continuation into treatment

Exposed to IMiDs Phase 2 in patients with clinical benefit

Primary endpoint: ORR (CR + nCR + PR’

"Response measured according to modified European Group for Blood and Marrow Transplantation 1998 criteria.
1. Anderson KC et al. Leukemia. 2008;22:231-239; Richardson PG et al. ASH 2011 Annual Meeting Abstract 814.




Preliminary Response Data: Activity In
Patients With Bortezomib-Refractory MM

Best confirmed response (confirmed at 6 weeks) N =55
Overall response (CR + nCR + PR) 16 (29%)

Complete response —

Near complete response 2 (4%)

Partial response 14 (25%)
Clinical benefit (CR + nCR + PR + MR) 27 (49%)

Minimal response 11 (20%)
VGPR 3 (6%)

 Responses were typically observed after 1 to 2 cycles

« Stable disease observed in 2 patients; progressive disease in 10
patients

Richardson PG et al. ASH 2011 Annual Meeting Abstract 814.




PANORAMA 1 Study Design:
Randomized, Double-Blind, Phase 3
Study In Relapsed or RRMM

/ Patients \ Treatment Phase 1 Treatment Phase 2 N

(N =768) Eight 21-day cycles (24 weeks) Four 42-day cycles (24 weeks)
*Relapsed or Panobinostat + Panobinostat +
Relapsed/Refractory Bortezomib + | Bortezomib +
MM (BTZ-refractory Dexamethasone ! Dexamethasone

I

excluded) | Follow
+1-3 prior lines of l -up
therapy |
Stratification factors \/

— Prior lines of : : — —

therapy { Patients with clinical benefit® in Treatment }
: Phase 1 can proceed to Treatment Phase 2
— Prior BTZ / P

Study conducted at 215 centers across 34 countries
* Primary endpoint: PFS (per modified EBMT criteria; confirmed by IRC)*2

 Key secondary endpoint: OS
* Other secondary endpoints: ORR, nCR/CR rate, DoR, TTR, TTP, QoL, and safety

"Achieving 2no change according to modified EBMT criteria (SD or better).
1. Blade J et al. Br J Haematol. 1998;102:1115-1123.

2. Richardson PG et al. N Engl J Med. 2003;348:2609-2617.

Richardson PG et al. ASCO 2014 Annual Meeting. Abstract 8510.




PANORAMA 1:
Primary Endpoint Met (PFS)

100 - Median PFS HR
S Events months (95% ClI P value
= ( ) (95% CI)
= go-
o]
‘.g PAN-BTZ-Dex 207/387 (10132-12 o)
% 60 - © 8260376) <0.0001
= Pbo-BTZ-Dex 260/381 8.1 P
= (7.6, 9.2)
()
C
5
‘@ 20—
o —s— PAN-BTZ-Dex
= —a— Pbo-BTZ-Dex
a 0-

T T T T T T T T T T T T T T T T T T T
0] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
No. at Risk Months

PAN-BTZ-Dex 387 288 241 202 171 143 113 89 69 52 44 35 26 18 13 10 5 3 0
Pbo-BTZ-Dex 381 206 235 185 143 114 89 64 42 32 24 18 12 5 5 3 2 0O O

 Primary endpoint was met (P<0.0001), with clinically relevant increase in
median PFS of 3.9 months for PAN-BTZ-Dex arm

Richardson PG et al. ASCO 2014 Annual Meeting. Abstract 8510.




Conclusions

* Prolonged duration of therapy results in longer remission duration and
potentially improved overall survival.

— FIRST Trial
— Maintenance therapy post transplant

« Combination therapy results in improved progression free survival and
potentially overall survival.

— ASPIRE Trial
— Clonal Tides Theory
* Novel agents will help transform relapsed/refractory disease.

— Oral proteasome inhibitors
— Monoclonal antibodies

THE UNIVERSITY OF
&3 CHICAGO MEDICINE &
BIOLOGICAL SCIENCES
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