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Non-Hodgkin's Lymphoma (NHL):
Epidemiology (US)

~4% compound annual
iIncrease in incidence
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Adapted from Greenlee et al. CA Cancer J Clin. 2001;51:15.




Risk factors for Lymphoma

e Genotoxic (Induced genetic instabllity)

e Chronic antigenic stimulation (Inherent

genetic instability of B cells)
o Autoimmunity
* Chronic infection
 Immune deficiency (Congenital or acquired)
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Table 1 : World Health Organization classification lymphoma subtypes associated with infections

Microbial pathogen WHO Histologic subtype

EBV Hodgkin’s disease
Polymorphic PTLD
Burkitt’s lymphoma
Monomorphic PTLD (DLBCL)
Primary effusion lymphoma (with HHV8)

HHVS Primary effusion lymphoma
Plasmablastic lymphoma (DLBCL)
PTLD (rare)

HCV SLVL (splenic MZ-lymphoma)
Other marginal zone lymphoma
DLBCL
H. pylori Gastric MALT-lymphoma (extranodal MZ-
lymphoma, MALT type)
C. jejuni IPSID (extranodal MZ-lymphoma, MALT type)
B. burgdorferi Primary cutaneous B-cell lymphoma (various

WHO subtypes including extranodal MZ-
lymphoma, MALT type)

C. psittaci Ocular adnexal lymphoma (extranodal MZ-
lymphoma, MALT type)

HTLV-1 HTLV-1 realted Adult T cell Leukemia/lympphoma






B cell Lymphoma
New paradigms of transformation
EBV (HHVS8) vs others (Bacteria, HCV)

T cell lymphoma
HTLV-1
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From the B-cell differentiation ...
..to the cellular origin of B-cell ymphomas

B-cell Naive B-cell Mature B-cell
precursor

From R. Kuppers Nature Reviews Cancer 2005, 5:251-262
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A Phase l/ll Trial of Arginine Butyrate and Ganciclovir in
Patients with Epstein-Barr Virus-Associated Lymphoid
Malignancies
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I I\zlentzer__4 Massimo DiNicola,® Christoph Klein,' Steven Horwitz*
and Douglas V. Faller'
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Marginal Zone Lymphoma and Infection

A Paradigm of Antigen Driven
Lymphoproliferation




Table 1 : World Health Organization classification lymphoma subtypes associated with infections

Microbial pathogen WHO Histologic subtype
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From the B-cell differentiation ...
..to the cellular origin of B-cell ymphomas

B-cell Naive B-cell Mature B-cell
precursor
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Marginal Zone Lymphoma
Classification

WHO Classification

Extranodal marginal B- |
cell Lymphoma of MALT

type

Nodal Marginal zone B-
cell ymphoma
(xMonocytoid B cells)

Splenic marginal zone B-
cell ymphoma (x Villous
lymphocytes)




The MALT Concept

e Two types of Mucosa-Associated Lymphoid Tissue

— Native MALT
normally present in certain extranodal sites

(e.g., Peyer’s patches)

— Acquired MALT
In organs where lymphoid tissue is not a naturaionent

(e.g., Sjogren, Hashimotbl. pylori-gastritis)

e« MALT Lymphoma

first described in the stomach by Isaacson and M/rig
In 1983, but can arise from a wide variety of extr@dal
tissues (usually at acquired MALT sites)







H. pylori provides the stimulus:
biological and clinical evidence

Epidemiological evidences linking Hp infectionfohic
gastritis/MALT lymphoma of the stomach

Detection inH. pylori -associated chronic gastritis of the
clonal B-cell that later will give rise to the MALYmphoma

B-cell monoclonality precedes the lymphoma deveiept in
H. pylori-associated gastritis

Gastric MALT lymphoma B-cells show T-cell mediatstgain-
specific response td. pylori

Eradication oH. pylori leads to regression of gastMAL T
lymphoma







lymphoepithelial lesions expression of the heavy cha in  without its associated light chain




IPSID

(immunoproliferative small intestinal disease, mederranean lymphoma,
-chain disease)
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Cutaneous MALT lymphoma
Clinical presentation

4
i
- ¢

S. Dalle, Hétel-Dieu, Lyon

- Red papules, plagues or nodules

- Unique or multiple

- On the trunk or extremities

- Rare itching




hbb gene of B. burgdorferi
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Ocular Adnexal Lymphoma (OAL)

A lymphoma affecting the tissues surrounding the
eye that may arise after chronic inflammation.
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Chlamydiae DNA In ocular
adnexa NHL
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Antibiotic therapy in ocular adnexa
NHL

9 pts withChlamydia psittacpositive OAL
treated with doxycycline 100 mg PO bid, for 3

weeks.
Chl. psittaciDNA present in PBMC of 4 pts

At one month post-treatmer@hlamydiae
DNA was no longer detectable in PBMC.

ORR: 45% (5 of 7 pts:2 CR, 2 PR, 3 MR, 1
SD, 1 PD) () & +




H. pylori, C. Jejuni Borreliaand
Chlamydia species...

can persist in the host despite active
local and systemic Iimmune
responses

Induce the development of an
acquired lymphoid tissue Iin organs
In which 1t Is normally not present

Induce a polyclonal B-cell response
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Marginal Zone Lymphoma
Classification

WHO Classification

Extranodal marginal B-
cell Lymphoma of MALT

type

Nodal Marginal zone B-
cell ymphoma
(xMonocytoid B cells)

Splenic marginal zone B+
cell ymphoma (x Villous
lymphocytes)




Splenic marginal zone lymphoma wit
SLVL or without villous lymphocytes

F

» Splenic localisation, indolent course (5years sah65%-80%
« Underlying hepatic involvement (Focal infiltratiam 90%)

* Frequently associated with monoclonal IgM/IgG

* Phenotype (CD19+,CD5-, CD23- IgM+/IgD+/-, DR+)

Immunoglobulin somatic mutations, antigens dripeoliferation
Troussard Br J Hematol 1996, Franco Blood 2003
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Hepatitis C virus and Non Hodgkin lymphoma
Hypothesis

Hepatitis C Virus
RNA flavivirus B-Lymphocytes

Hepatocytes CD81

CD81
— —

Hepatitis (acute/chronic) _ _ _
Cirrhosis Mixed cryoglobulinemia
: Agnelo NEJM 1992
Hepatocarcinoma Abel Arthr & Rhum 1993
IgH and IgH-bcl-2 clones

(40% to 85% vs 15%)

Zignego Hepatlogy 2000, Ann Int Med 2007
Zuckerman Br J Hematol 2001,
Kitay-Cohen Blood 2000




Epidemiological studies Overall

e EPILYMPH (Nieters, Gastroenterology 20p6
— 5 European Countries (FR, IT, All., IR, ESP), 1t@8es
— 2,9% (HCV) vs. 2,3% (Control) (OR, 1,4; 95% C9®.2,15)
— RNA-VHC+: OR, 1.82; 95% CI 1.13-2.91
— DLBCL: OR, 2.19; 95% CI: 1.23-3.91

e INTERLYMPH (De Sanjose, Clin Gastroenterol Hepatol 2P08
4700 cases
3,6% (HCV) vs 2,7% (control) (OR, 1.78; 95% CHQA-2.25)
Marginale zone NHL: OR, 2.47; 95% ClI, 1.44-4.23
DLBCL: OR, 2.24; 95% CI, 1.68— 2.99
LLP: OR, 2.57; 95% CI, 1.14-5.79
FL: OR, 1.02; 95% CI, 0.65-1.60
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REGRESSION OF SPLENIC LYMPHOMA WITH VILLOUS LYMPHOCYTES
AFTER TREATMENT OF HEPATITIS C VIRUS INFECTION

OvLwvier HErmINE, M.D., PH.D., Francols LEFrReRe, M.D., JEan-PIERRe Bronowickl, M.D., PH.D.,
XAVIER MaRrieTTe, M.D., PH.D., KaTtayoun Jonpeau, M.D., VIRGINIE EcLAcHE-SAUDREAU, M.D..
BEaTrICE DELMAS, M.D., FrRancolse VaLens), M.D., PaTtrice Cacous, M.D., CHRIsTIAN BrReEcHOT, M.D., FH.D.,
Bruno VARET, M.D., anD XAVIER TRoussarD, M.D.

NEJM 2001

Splenic lymphoma with villous lymphocytes, associated with type 11
cryoglobulinemia and HCV infection: a new entity?

David Saadoun, Felipe Suarez, Francois Lefrere, Francoise Valensi, Xavier Mariette, Achille Aouba, Caroline Besson, Bruno Varet,
Xavier Troussard, Patrice Cacoub, and Oliver Hermine

Blood 2005



Table 2: Treatment related-data and outcome of 18 patients with SLVL and HCV infection

Mean

Course of SLVL under HCV-therapy (n=18)

Follow-up (months) 62.3

Complete remission 14 (78%)

Partial remission 4 (22%)

Persistent positive B-cell clonality 14 (100%)

Persistent positive MC 18 (100%)
Interferon alone (n=8)

Complete response 7 (87%)

Partial response 1 (13%)

Non response 0

Relapse 1 (13%)
Interferon plus ribavirin (n=10)

Complete response 7 (70%)

Partial response 3 (30%)

Non response 0

Relapse 0
Time to response (months)

Negative HCV RNA 39+34

Decrease spleen size 42+35

Decrease villous lymphocytes count 2827

Saadoun D, Suarez F, Lefrere F et al. Blood 2005



Response patterns of Interferon-alfa treated
HCV+/S

40

Interferon
— (+)v¢ HCV RNA
S e

(e0]

(o)}

InterJfreron (- HCV RNA
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N
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Hermine, NEJM 2002
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Eradication of VHC replication
and risk reduction of NHL
Preventive Treatment ?
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Pathophysiological hypothesis (II)

Indirect transformation of lymphocytes
by HCV

roliferation == BCR
P CD19

CD21

\SHM of Ig clel
X’

De Re, Int J Cancer 2000
De Re, Blood 2000

De Vita, Tumori 2002
Hermine, NEJM 2002
Machida J Virol 2005




p cryoglobulinemia

Cytokines
BAFF/BLYS

IgH-bcl2? Other oncogenic event?

y e Anti-E2 IgM/RF

IgG
U cps1
B-cell

* Villous lymphocyte

* Marginal zone DC Suarez et al, Blood 2006




Marginal Zone Lymphoma
Classification

WHO Classification New Classification

Extranodal marginal ||« Extranodal marginal
B-cell Lymphoma of B-cell Lymphoma of

VAL type MALT type +

Nodal Marginal zone || Helicobacter pylori

e Ymphama Marginal Zone
(xMonocytoid B cells) g
Lymphoma Nodal or

Splenic marginal zoné . .
P J splenic + associated

B-cell lymphoma (£ _ _ |
Villous lymphocytes) with HCV infection




Conclusions and perspectives
on B cells

Antigen Driven Proliferation is a concept thatkaoot with the
description of MALT lymphoma

The neoplastic B cells may derive from normal maabzone B
cells

Numerous entities with various infectious stimuotluded in the
marginal zone lymphoma that in some instances mimic

autoantigens

Although of various physiopathology they are alearly stages
dependent to antigen stimulation

Unbiased approches will allow the discovery of nefgctious
agents

The better characterization of this lymphoma waflbw a better
unterstanding of other Marginal zone lymphoma (eis¢ed with
autoimmune diseases) as well other lymphoma thgthealso
antigen stimulated.
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Adult T cell Leukemia

Clonal proliferation of activated T cell lymphocyte
CD4+ CD45 RO+ (Flower cells)
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ATL SURVIVAL DATA

Smoulder. Chronic Lymphoma Acute
n=45 n=152 n=156 n=465

Alive% 77.8 55.9 27.6 19.4
Non Treat % 66.7 28.9 3.2 9.2

Med Surv  N.R. 24.3 10.2 6.2
2Y.3Surv% 77.7 52.4 21.3 16.7

4Y.Surv% 62.8 26.9 5.7 5.0

Shimoyama et al 1992
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P16 deletion

Jak-Stat activation T
ax?
Chromosomal translocation

Tax

IL-2/15and DNA mutation p53, pl6 NELGST A
Receptor JNK/C -

Inhibition MADR1, > 25 years latency  jun NF-kb




AZT and Interferon
Preliminary results

High response rate in naive and refractory ATL

Hermine O, et al.
N. Engl. J. Med, 1995; 332: 1749-1751.

Gill P, et al.
N. Engl. J. Med, 1995; 332: 1749-1751.

Bazarbachi A, Hermine O.
J. AIDS Hum. Retrovirology 1996; 13: s186-190.




Worldwide Meta-analysis
Antiviral Therapy for ATL

e 196 patients so far
 France, USA, Martinigue, Guyane

e Preliminary results




Overall Survival

Survival by 1%t line therapy

0.1=—

0.0

- 1antiviralonly
-4 1 chemoonly
41 bhoth
N=62
Median=24
P=0.003
N=35 _
Median=12 N=38
Median=7

12

T T T T T
24 36 48 E0 72

L] | L I 1 )
84 95 108 120 132 144 156 168

follow up time to death (months)




Evidence against a direct cytotoxic effect of
alpha interferon and zidovudine in HTLV-I
associated
Adult T cell leukemia /Lymphoma.

AZT/IFN decrease the pro-viral load in vivo

A

72 hours

Bazarbachi and Hermine et al, Leukemi




Targeting telomerase and telomeres

2 Current Cancer Drug Targets, 2002, Vol. 2, No. 1 Stewart and Hahn

hTR

Antisense
Ribozymes

CAAU\}T--
TTAGGGTTAG

Telomere

G-quartet structures

Altered template

Targeting telomere binding proteins hTERT
Reverse transcriptase inhibitors
Immunotherapy




Prolong AZT treatment induces telomere
shortening in HTLV-I infected cells

LAF HUT 102 MT 2




Response to AZT can also be predicted by
Immuno-staining for mutation-associated p53
stabilization

ATL patient with p53 wt 3 ATL patients with p53 mutated
Respond to AZT No response to AZT




Reapearence of positive immune skin tests

Induction of infiltration of CD8+ cells in tumoral CD4+ skin lesions

Evidence to explore immune modulation of immune sysm by
antiretroviral drugs

* AZT+INF
Tax
@ Q ‘
CTL +
A

TL

Speculative model of action of AZT/INF




MonkeyPapio anubis

STLV-1#HTLV-1

Treatment by the
combination of AZT and
Valproate de sodium

Effect on viral load and
CD8 and CD4 number




Control or AZT

Valproate
+ AZT




Valproate
+ AZT

Total Lymphocytes

_
e




Conclusions

Lymphoma are clearly associated with pathogens;
more remain to be discovered

The physiopathology of transformation is complex
and its understanding should help to understand

ohysiopathology of NHL in general

Pathogens should be used as target to treat
ymphoma with different strategies depending on
the physiopathology

Therefore in future classifications pathogens &hou
be taken in account










pPo3 IS A PREDICTIVE MARKER FOR AZT THERAPY

Diagnostic | p53 status before | Patient | p53 status | P53

AZT status | After AZT | transcription
AZT active

Mut E198G NR

Frameshift after R72P NR

Mut Q192R

Mut P222L; | 232T




AZT

Telomere -PDGGFR
Glivec

Bazarbachi and hermine et al, Lancet Oncology 4
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CTL cells are present in ATL patients

B. Arnulf and CI. Pique, Leukemia 20




diminution de la charge provirale :
Principe du traitement

Chromatine déaceétyléee Chromatine acétyléee

Absence
d’expression génétique

Expression génétique

D’aprés Gillet et al, 2007




Induction of Tax

Inhibitor of histone desacetylase
Valproate acid ?

SAHA ?
Role on CTL functions ?




Allogeneic BMT

Chemotherapy
diagnosis

Donor clone

Diagnosis before BMT 1 month 2 years 5 years

Combination chemotherapy followed by
allogeneic bone marow transplantation
using a HTLV-1 asymptomatic carrier as
donor

Allogeneic BMT
With a HTLV-1
Positive donor

JP Vernant, E. Wattel et
al

CTL effect ?




Allogeneous BMT

Myeloablative : 3year overall survival 40-
50%. 40% TRM myeloablative
conditionning

RIC : 3years 67%

Prognosis depends on status at the time of
BMT

Provirus load negative in 60%
Role of HTLV1 status of the donaor




High risk
Ki67 high P53WT

p53*
Clinical trial
Assess Velcad chemotherapy
: ﬁ AZT/IFN
Prognotic Factors And/or Campath

Intrathecal chemo Intrathecal chemo

Induction

Velcad Chemotherapy
Intrathecal chemo

Low risk

Maintenance

AZT/IFN

Clinical Trials: Test the addition of:
Arsenic trioxide
campath

Progression/Relapse

Test new drugs:
Arsenic/IFN
Proteasome inhibitors
NF-kB inhibitors
Angiogenesis inhibitors
Novel monoclonal antibodies




Conclusions and Perspectives

ATL good model for targeted therapy

Proof of concept in vitro and in vivo of
efficacy of antiviral therapy or modulation
of activated pathway

New antibodies (anti-TfR)

Proteasome inhibition
(Velcade+chemotherapy)
Angiogenesis inhibition (Migration and
survival)
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HCV/MALT lymphoma

_ Infection .
Infection Neoplasia

Neoplasia

MALT lymphoma

Marginal Zone lymphoma Folicular lymphoma
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HTLV-1

- Oncornavirinae retrovirus

- Genomic structure of the virus
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ATL Clinical and biological features




Clinical phases of HTLVI infection

Pre-ATL Smoldering Chronic

Clinical -no clinical signs - less aggre_zssive— less aggre_ssive
— for decades -normal white cellnormal white cell
picture count count
-skin lesions -prominent
-5% abnormal SR ESS
T cells -5% abnormal
T cells
-modest bone
marrow and visceral
involvement

Survival
pe— > 10 months> 10 months

Progression —

Proportion M
of patients




Survival by first line therapy (acute ATL)










HTLV-1 Life Cycle

Transcription Integration

RNA processing

and transport
Translation and Nuclear Transpo
membrane localizatig

- Ry
Reverse transcriptic

‘D Assembly and buddi

@ .
Receptor (?
‘ Env transport binding
o
o .

I
o
Releas @ o

] o




Mechanisms of Transformation
by an Infectious Agent

 Direct Transformation
— EBV
— HHVS
— HTLV-1

e Indirect transformation
— Immune deficiency (HIV)
— HTLV-1?
— Chronic stimulation ?







Summary Response to treatment

e Correlation between virological and hematological
responses+++++

— > 2 logs reduction of HCV-RNA associated with
complete hematological response

— < 2 logs associated with partial hematologicghoese

« Complete resolution of symptomatic
cryoglobulinemia in all virological responders

 Response independant of HCV genotype:

— 4/7 patients with genotype 1 exhibited a complete
hematological response







