Waldenstrom’s Macroglobulinemia:
Advances in the Biology and Therapy.
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Clinicopathological definition of WM Lymphoplasmacytic Lymphoma

Pathological diagnosis of . lymphocytes, lymphoplasmacytoid cells, plasmac  ells
g H excess mast cells in association with lymphoid

lymphoplasmacytic lymphoma using s

REAL/WHO criteria. :

interstitial pattern with diffuse or nodular infiltrates

excess mast cells in association with lymphoid
Presence of a monoclonal IgM aggregates

protein, irrespective of serum level; s EIERClTE ek

Owen et al, Semin Oncol 2003 IWWM2, ATHENS 2002
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Lack of relationship between serum Immunophenotypic expression of WM
IgM levels and BM involvement in WM.
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Pre-Pheresis

Post-Pheresis

Differential Diagnosis for WM, IgM Related
Disorders and IgM MGUS

IgM Symptoms SYIECTS)
Attributal to
Monoclonal Attributable
Infiltration Tumor
Protein to IgM
Infiltration

Bone Marrow

wM
Symptomatic
Asymptomatic
(Smoldering)

IgM-related
Disorders

1gM-MGUS

Owen RG et al. Semin Oncol. 2003;30(2):110-115.

Funduscopic exam in a WM patient with hyperviscosity.

Cryoglobulinemia in a patient with
Waldenstrom’s macroglobulinemia
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Clinicopathological Manifestations of WM

wifP

Hyperviscosity
Syndrome:
Epistaxis, HA,

'4:1:3?1? & Impaired vision
L-H. » , >4.0 CP

Adenopathy,
splenomegaly
15% IgM Neuropathy (~20%)
. e Cryoglobulinemia (<5%)
Fatigue, Constitutional Sxs Cold Agglutinemia (<10%)
Cytokinemia?

- _HCT,fPLT ~WBC

Treon SP et al. Cancer Treat Res. ;142:211-242.
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IgM Related Neuropathies in WM

Observed in about 20% of WM patients

IgM can often be found to react with specific neural
antigens; these autoantibodies define very specifatinical
syndromes.

Myelin Associated Glycoprotein (MAG)
Ganglioside M1 (GM1)
Sulfatide

Courtesy Todd Levine, MD

MAG antibody staining

Relationship of hematocrit to BM
involvement and serum IgM levels in WM.
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Treon et al, Blood 2009




Anemia in Waldenstrom’s macroglobulinemia

Hepeidin vs. BM involvement Hepeidin vs. Hematocrit

Bone marrow replacement

Hemodilution (high IgM levels)
Hemolysis (cold agglutinin; warm antibody)
Iron deficiency (Hepcidin)

Therapeutic injury (nucleoside analogue mediated
hemolysis; MDS)

Ciccarelli et al, ASH 2009 (submitted).

Predispositions to WM

. . Chronic antigen stimulation (HCV ?,
Genetic Basis of Rickettsiosis ?, Lyme’s disease ?)

Waldenstrom's Ashkenazi ethnicity (20-25%)

I\/Iacroglobu linemia Common Variable Immunodeficiency
Disorder (CVID)

Familial (20%)

Treon et al, Ann Oncol 2006; Landgren et al, IWWMS5 2008; Giodano et al, IWWMS5 2008;

Hunter et al, \WWMS 2008;
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Familial B-cell Disorders among First and Second Presentation for Familial WM Patients
Degree Relatives of Patients with WM.
25%
Younger age
20% -
Greater bone marrow involvement

15%

Higher serum IgM levels

10%

Absence of Peripheral Neuropathy

5%

9
5 Treon et al, Ann. Oncol 2005

Updated from Treon et al, Ann Oncol 2006
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Familial Disease Patterns in WM V\:“[/;I'::Calrnilial Predisposition Study
a

. 14.4%15.9%:
B-cell Disorders

Monoclonal Protein Hypergammaglobullinemia Either

Hunter et al, IWWM5 2008
Hunter et al, 5" IWWM 2008

emia

Deletions of chromosome 6g21-25 are
common in patients with WM

Identification of genes
Present 30-50% of WM pts;

which distinguish WM
Present in Familial and Non-

patients with:

; -Familial WM
May distinguish IgM MGUS = -High ISS (>3) Score

Familial Cases;

from WM; — = -Previous single
Prognostic significance = agent rituximab therapy

controversial - e Hatjiharissi et al, IWWMS5 2008
. = - Hunter et al, ASH 2009 (Submitted)

Schop et al, Blood 2002; Treon et al, Ann Oncol 2006; Ocio et al, BJH 2007; Chang et al, IWWMS5 2008.

Micro RNA profiling in WM Familial WM Study
482 individuals including WM probands;

Identification of MicroRNAs

associated with: 148 families: 89 (60.1%): Sporadic,
S () S 17 (11.5%): WM Only
-BM Disease Burden .

42 (28.4%) : Mixed B-cell

-Extramedullary Disease
-Identification of impaired SNP 6.0 analysis of genomic DNA

SEHESCEcSSiE Homozygous loss identified in SNP for

88.9% of WM pts from Mixed B-cell Cohorts.

Hunter et al, ASH 2009 (submitted)




Increaéed CD40L expressmg mast cells in
bone marrow biopsies of WM patients.

Bone Marrow
microenvironment in
Waldenstrom's
Macroglobulinemia

Tournilhac et al, Ann Oncol

Tryptase CDA40 Ligand 2006

strom's Macroglobulinemia

B cete Soluble CD27 levels are elevated in WM

B HMC Mast
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*
p<0006 OWM + HMC + 7
CD40 Fc (10 l
ug/mi) ; T
IgM MGUS MM
(N=4) (N=25)

Tournilhac et al, Ann Oncol 2006 Ho et al, Blood 2008; Ciccarelii et al, IWMW 2008

Heterogeneous cell surface

_expression of CD27 in WM
A: RT-PCR B: Soluble CD27

CD19+ WM Patient LPCs
- 1 23 4 5 6 T +

sCD27 [U/mL]

Flow Cytometry RT-PCR
CD27 5/12 (42%) 717 (100%)
CD70 6/6 (100%) 717 (100%)
Ho et al, Blood 2008

Ho et al, Blood 2008
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Soluble CD27 induces APRIL and CD40L on WM
Soluble CD27 release by BCWM.1 cells patient mast cells through CD70 which is blocked

is modulated by MMP-8 by the SGN -70 antibody.

emia

Zhou et al, ASH 2009 (submitted). Ho et al, Blood 2008

Human sIgM and sCD27 éfter engraftment and Therapeutié Targets in
treatment of BCWM.1 bearing SCID-hu mice with Waldenstrom’s Macroglobulinemia
SGN-70.

B cell Lymphoplasmacytic cell Alkylators

\ nd \ Nucleoside analogues
Alemtuzumab k & Rituximab
Bortezomib Alemtuzumab
Imatinib mesylate [ SGN70

\ - SGN40/CHIR 12.12
Bortezomib
N NPI0052
Thalidomide RADO01 (MTOR-I)

Mast cells
Bortezomib: Perifosine(AKT-1)

p 5-Azacytidine (HM
SCID, severe combined immunodeficiency 4 NK/IJ—ceIIs BMSC Y (HM)

Ho AW, Blood 2008.

: )
ThalldomngLLer)z\I'uiomlde, Pomalidomide, IFN

Consensus panel recommendations for
initiation of therapy in WM

Man agement Of Hb <10 g/dL on basis of disease
Waldenstrom's PLT <100,000 mm3 on basis of disease
Macroglobulinemia

Symptomatic Hyperviscosity (>4.0 cp)
Moderate to severe peripheral neuropathy

Symptomatic cryoglobulinemia, cold agglutinemia,
amyloidosis, or symptomatic autoimmune related
events on the basis of disease.

Kyle et al, Semin Oncol 2003
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Treatment Options in WM

ORR CR
alkylator therapy (chlorambucil) 30-50% 0-5%
nucleoside analogues 30-70% 0-10%
monoclonal antibodies 40-50% 0-5%
rituximab, alemtuzumab
bortezomib 40-60%
combination therapies
nucleoside analogues/rituximab 70-90% 5-10%
cytoxan based therapy/rituximab 70-90% 5-15%
thalidomide/rituximab 70% 5%

bortezomib/dex/rituximab 90% 22%
Treon et al, J Immunotherapy 2001
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Response status and PFS in rituximab naive WM Serum IgM Levels Following Rituximab
patients treated with rituximab based regimen. in Patients With WM
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P denotes patient-required plasmapheresis for hyperviscosity.
Treon et al, ASH 2009 (submitted) Treon SP, et al. Ann Oncol. 2004;15:1481-1483

Immune. eftector.Cells. . v

Rituximab induced IgM flare occurs in
patients receiving combination therapy. FcaRlIlIA (CD16)
© valval (W)

Val/Phe (VF)
Phe/Phe (FF)

Monotherapy (60%)

Fludarabine/Rituximab (40%)

Cyclophosphamide/Prednisone/Rituximab (20-30%) (\//
Thalidomide/Rituximab (50%) Rituximab
Lenalidomide/Rituximab (75%)

Bortezomib/Dexamethasone/Rituximab (9%)

Treon et al, Ann Oncol 2004; Nichols et al, ASH 2004; Treon et al, 2008; Tumor cell
Treon et al, Clin Cancer Res 2009; Treon et al, JCO 2009.
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FcgRllla-158 Polymorphisms and
Response to Rituximab in WM

WM patients carrying at

least one valine amino

acid at position 158 (V/V or

V/F), achieved a four-fold

higher best overall

response rate, p=0.03)
versus patients who were

homozygous for

phenylalanine (F/F).

Responses

Patients (%)

158VV 158VF 158FF

Treon et al, JCO 2005

Fc RIIIA Polymorphisms Predict Categorical
Response to Rituximab Combination Therapy in
WM.

64 WM patients treated on study with rituximab
combination with cyclophosphamide (n=43),
thalidomide (n=14), or lenalidomide (n=7).

Expression of Fc RIIIA-158 (V/-):

3/9 (33.3%) non-responders;

20/38 (52.62%) major (> PR) responders;
5/7 (71.42%) with CR/VGPR.

Yang et al, ASH 2009 (submitted)
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Upfront Therapy for WM

Avoid oral Y, No icHV
Avoid nucleoside analogues orsv >3.5cp orsv<3.scp
icHV, icHV
SV>3.5cp orsV <3.5cp e

1*tchoice: BOR,
Alternate:
CPR,
RCD, or FR?

-6 months >Year

BDR, VR, TR, or R
Treon et al, Blood 2009

Hatjiharrisi et al, Blood 2007

Long-term Follow-up of WM Patients
Treated With Nucleoside Analogues (NA)

N = 463 patients with WM

Long term outcome of NA treated patients compared to
patients treated without a nucleoside analogue or who
remained on watch and wait

Incidence of transformation to aggressive lymphoma
increased by 7-fold and MDS/AML by 3-fold in NA treated
patients.

Overall survival for transformed patients was not different
vs. non-transformed patients and may reflect effective
salvage with CHOP-R.

Leleu, et al. JCO 2009
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Salvage Therapy for WM

| ASCT Eligible | ASCT Ineligible
Avoid oral alkylators 1% relapse < 2 years | 1+ relapse > 2 years
Avoid nucleoside analogues since last therapy | since last therapy
Refractoryor 1%t relapse>2 years || Consi Consider re-use of
1%relapse< 2 years || since last therapy previous therapy

since last therapy

Consider re-use of
Consideralternative || previ
first line regimen

to that used. 2% relapse Everolimus.

Alternative first
Multiple relapses: line regimen to
Alemtuzumab, NAY, that used.
Everolimus, ASCT or
RIC Allogeneic SCT
(in select cases)

Treon et al, Blood 2009




Response Criteria in Waldens
Macroglobulinemia

Kimby et al, Clin Lymph Myeloma 2009

sCD27 is a marker of disease in WM

A. Serum sCD27 levels C. Correlative changes in sCD27 and IgM levels

R=0.976; p<0.0001

B. Serum IgM levels

Ho et al, Blood 2008

Concordance of sCD27 and bone marrow findings in
patients experiencing rituximab mediated IgM flare.

Ciccarelli et al, Clin Lymphoma Myeloma 2009

Response Assessment can be complicated
by differential impact of targeted therapies
on WM clonal populations.

Varghese et al, Clin Lymph Myeloma 2009

sCD27 is a faithful disease marker and is
unaffected by rituximab-induced IgM flare and
plasmapheresis in WM

Post

N= 8 WM patients who responded to IgM and sCD27 levels in a WM pt
rituximab based therapy after IgM flare pre- and 48 hrs post-PP

Ciccarelli et al, Clin Lymphoma Myeloma 2009

Summary

WM is an IgM producing lymphoplasmacytic lymphoma
characterized by the presence of a BM infiltrate irrespective of
serum IgM level.

Familial inheritance is common.

Mast cells support the growth of WM cells though CD40L which
is induced by WM cell secreted sCD27, and represents a novel
target of WM therapy.

Watch and wait is appropriate unless patients are symptomatic.

Better categorical responses are being achieved with targeted
therapies and are associated with improved outcomes.

Response assessment is often difficult with biological therapies
due to discordant effects on serum IgM.




