Evolution des traitements
en hematologie




Chimiotheérapies

 En général agissent sur les cellules en
division en génant la mitose

e Actives sur toutes les cellules en division
rapides :
— Alopécie
- Mucites




Chimiotheérapies

e Plusieurs familles

- Alkylants (endoxan, alkeran): ajoutent un
groupe alkyle bloguant la réplication de I'’ADN

- Antimétabolites (methotrexate): prennent la
place des bases purines ou pyrimidines ou
Inhibent leur synthése, bloguant la synthese de
I'’ADN et la mitose

— Alcaloides: poisons du fuseau qui bloguent la
division cellulaire

— Inhibiteurs de la topoisomeérase: perturbent
I'enroulement de 'ADN




Myélome: progres en 40 ans

Improving S-year survival in multiple myeloma.

Five-year survival rates from the SEER 1875-2010 database are plotted, with the introduction of active drugs noted on the bottom. A dramatic increased rate
of improvement was noted for patients diagnosed from 1999 to 2005. If this trend has continued, the 5-year survival for a patient diagnosed in 2014 should be

approximately 66%.
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Inhibiteurs du protéeasome
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Nobel Lecture by Aaron
Ciechanover (36 minutes)

Aaron Ciechanover held his Nobel Lecture December &, 2004, at Aula Magna, Stockholm University.
He was presented by Professor Hakan Wennerstrom, Chairman of the Nobel Committee for
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Inhibiteurs du protéeasome




Inhibiteurs du protéeasome

The NEW ENGLAND JOURNAL f MEDICINE

(inhibits activity of
265 proteasome)

Mechanism of Action of Bortezomib.

Proteins are targeted to the 265 proteasome for degradation by a process of polyubiquitination. Bortezomib inhibits the
catalytic activity of the proteasome, thus preventing proteclysis. Ub denotes ubiguitin.




Inhibiteurs du protéeasome

e Bortezomib
e Ixazomid (oral)
e Carlfizomib

M Primary End Point: Progression-Free Survival
Intent-to-treat Population (N=929) Kd Vd

1.0+ (n=464) (n=465)
Disease progression or death—n (%) 171 (37) 243 (52)
- Median PFS — month
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Median follow-up: 11.2 months
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Thalidomide
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ORIGINAL ARTICLE A Correction Has Been Published =

Antitumor Activity of Thalidomide in Refractory Multiple
Myeloma

=eema Singhal, M.D., Jayesh Mehta, M.D., Raman Desikan, M.D., Dan Ayers, M.5., Paula Roberson, Ph.D., Paul

Eddlemon, B.S., Nikhil Munshi, M.D., Elias Anaissie, M.D., Cara Wilson, M.D., Ph.D., Madhav Dhodapkar, M.D., Jerome
Zeldis, M.D., David Siegel, M.D., Ph.D., John Crowley, Ph.D., and Bart Barlogie, M.D., Ph.D.

M Engl J Med 1999; 341:1565-1571 | November 18, 1998 | DOI: 10.1056/NEJM199911183412102
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IMID

« 3 molécules tres proches d'efficacité
croissante
- Thalidomide
e Neurophaties, pas de cytopénie
— Lenalidomide
e Cytopeénies, pas de neuropathies, éliminée par
le rein
— Pomalidomide

e Cytopeénies, pas de neuropathies, non éliminée
par le rein




IMID

Thalidomide
Tmax [drug] 4 — 6 hours in subjects with MM.[4!

0

Protein binding 55 — 65% (1%

Metabolites Hydrolized metabolites!'S] N%D
O O

Half-life [ty2] 5,5 - 7.6 hours!'?!

Lenalidomide

0,6 — 1,5 hours in healthy subjects [18]

Tmax [drug] 0,5 — 4 hours in subjects with MM [17] 7
Protein binding ~30% ['&! N
Metabolites Has not yet been studied ['8] :
Halt-iffe [ty 5] 3 hours in heanhy sub_jects [‘.E] NH, ©
3,1 — 4,2 hours in subjects with MM [17]
Pomalidomide

Tmax [drug] 0,5 — 8 hours (18] ? Q% u

Protein binding Unknown |’//<r~| g o

Metabolites Unknown

Half-life [t;2] 6,2 — 7,9 hours!'El NH, 0




Figure 2 . .
Thaltidomide, lenalidomide,

IMID

pomalidomide

Mécanisme
d'action:

CREN E3

ubiguitin ligase

. -
= Cizeias —

-

- Transcripton fattor

L
destruction @":

"II I"‘

F N
e o
Direct ovtcome Collateral effects

of drug

$ 12
4 TNF

Multiple myeloma

cytotoxicity

Immune modulators and myleoma. The small-molecule drugs thalidomide,
lenalidomide, and pomalidomide bind to the protein cereblon (CRBN), which
activates the enzymatic activity of the CREN E3 ubiguitin ligase complex.

The transcrption factors lkaros (IKZF1) and Aiclos (IKZF3) are modified with
ubiquitin (Ub) molecules, targeting them for proteclysis. This alters the function
of T cells and B cells, with a toxsc outcome for multiple myeloma cells.

From Stewart KA. How thalidomide works aganst cancer. Science. 2014:343:256-257.




ANNUAL CLINICAL UPDATES IN HEMATOLOGICAL MALIGNANCIES

AJH Educational Material

Multiple myeloma: 2014 Update on diagnosis, risk-

stratification, and management

&, Vinsent Bajkuma®

Dizease overview Multiple myeloma accoums for approsimately 10% of hematcloglc malignencles.

A Newly Diagnosed Myeloma Eligible for Transplantation

High Risk Intermediate Risk Standard Risk |
4 | 4
| VRD x4 cycles VCD x4 cycles | Rdor VCD* x 4 cycles |
| g
ASCT ASCT; 2" ASCT if not in ey ‘ pape
CR or VGPR "‘5]“' il
Bortezomib-based Lenalidemide
maintenance MASEIBMI: SRS maintenance if notin CR

for 2 years

*Prafer Rd for rsomies and VCD Tor 111, 14) o 16, 14)
"For pationts who choose delayed ASCT, doxamethasone usually discontinued after 12 menths, and

continued long term lenalidamica is an option for Datients who a0e tolerating tresatmant vwell

B Newly Diagnosed Myeloma Not Eligible for Transplantation

or VGPR following ASCT

High Risk Intermediate Risk Standard Risk
| | }
VRD x 1 year VED x 1 year R until progression or
VED x 1 year
Bortezomib-based Bortezomib
maintenance maintenance for 2 years,
if possible




Myélome: progres en 40 ans

Tohoku J. exp. Med., 1975, 116, 317-325

Treatment of Multiple Myeloma and

Macroglobulinemia Waldenstrom :
A Long-Term Follow-Up Study

18

PERCENT SURVIVING

0 12 24 36 48 6O
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 SEPTEMBER 4, 2014 VOL 371 NO. 10

Autologous Transplantation and Maintenance Therapy
in Multiple Myeloma
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Myélome: progres en 40 ans

Tohoku J. exp. Med., 1975, 116, 317-325

Treatment of Multiple Myeloma and M FIRST Trial: Overall survival

Median follow-up of 45.5 months as of 3 March 2014
697 deaths (43% of ITT)

Macroglobulinemia Waldenstrom :
A Long-Term Follow-Up Study
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Myélome: progres en 40 ans

Tohoku J. exp. Med., 1975, 116, 317-325 f

Treatment of Multiple Myeloma and
Macroglobulinemia Waldenstrom :

1GTH INTERMATIONAL
"1'r'!|"\-|-|l. Wom I.'HII-""F

A Long-Term Follow-Up Study

18

PERCENT SURVIVING

D'aprés Andrzej J. Jakubowiak

M Treatment outcomes — PFS

100 !
B E
&
£ s0-
=
=
“ Median PFS rate
fiu,mo 11 2r 3yt deyr
259 i kRd wio ASCT 476 T00% Ol% B80% 69%
=i KRd + ASCT n=r5 128 98% 98%
1 KRd wio ASCT n=23 48,1 100% 91% B7% ?H%
MRD neg
D L] T L L T L
T 1 0 10 20 30 40 50 60

12 24 3% 48 B0

Months
MONTHS FROM START OF PROTOCOL




Cette année : daratumumab

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1813 OCTOBER 6, 2016 VOL. 375 NO. 14

Daratumumab, Lenalidomide, and Dexamethasone
for Multiple Myeloma

M.A. Dimopoulos, A. Oriol, H. Nahi, ). San-Miguel, N.J. Bahlis, 5.Z. Usmani, M. Rabin, R.Z. Orlowski,
M. Komarnicki, K. Suzuki, T. Plesner, 5.-5. Yoon, D. Ben Yehuda, P.G. Richardsoen, H. Goldschmidt,
D. Reece, 5. Lisby, N.Z. Khokhar, L. O'Rourke, C. Chiu, X. Qin, M. Guckert, T. Ahmadi,
and P. Moreau, for the POLLUX Investigators*

Progression-free Survival (%)

100

Median
No. of Progression-free
Patients Survival

Daratumumab Group 288

Control Group 283

e
ME
134
L2-mo
progression-free
survival

| B33 (959 CI, 74.3-47.3)
Daraturnurmal group

&0
601 [95% Cl, 54.0-85.7)
&0 I
Hazard ratio for progression or death, :
0.37 (95% CI, 0.27-0.52) ;
P<0.001 .
4l : Control group
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Brad S. Kahl, MD
University of Wisconsin

Anderson et al. Biochem Soc Trans. 1997;25:705; Golay et al. Blood. 2000;95:3900; Reff et al. Blood. 1994;83:435; Clynes et al. Nat
Med. 2000;6:443; Shan et al. Cancer Immunol Immunother. 2000;48:673; Silverman et al. Arthritis Rheum. 2003;48:1484.




Evolution des AC monoclonaux

Acm murins  Acm chimériques Acm humanisés Acm intégralement humains
1975 1984 1988-1991 1994-1999

Rituximab, Bevacizumab Souris
transgeniques



Efficacité dans

les lymphomes
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ORIGINAL ARTICLE

CHOP Chemotherapy plus Rituximab Compared with CHOP
Alone in Elderly Patients with Diffuse Large-B-Cell Lymphoma

Berirand Coiffier, M.D., Eric Lepage, M.D., Ph.D., Josette Brigre, M.D., Raoul Herbrecht, M.D., Hervé Tilly, M.D., Reda
Bouabdallah, M.D., Pierre Morel, M.D., Enc Van Den Neste, M.D., Gilles Salles, M.D., Ph.D., Philippe Gaulard, M.D., Felix
Reyes, M.D., Pieme Lederin, Pierre Lederlin, Ph.D., and Christian Gisselbrecht, M.D.

N Engl J Med 2002; 346:235-242 | January 24, 2002 | DOI: 10.1056/NEJMoa011795
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Fin de la chimio dans certains lymphomes ?

e = g ® Exampda; "Heart attack™ AND Log Angelas”
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A service of the ULS. National Institutes of Health Advanced Search  Help | Studies by Topic  Glossary
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+ Prewvious Study | Return 1o List Mext Study »

A Phase 3 Open Label Randomized Study to Compare the Efficacy and Safety of Rituximab Plus Lenalidomide (CC-5013) Versus Rituximab Plus Chemotherapy Followed by
Rituximab in Subjects With Previously Untreated Follicular Lymphoma (RELEVANCE)

This study is currently recruiting participants. (see Contacts and Locations) ClinigalTrials.gov Identifier:

Venfiad July 2012 by The Lymphaoma Acadamic Reseanch Onganissdon NCTO1850701

The NEW ENGLAND JOURMNAL of MEDICINE

ORIGINAL ARTICLE

Lenalidomide plus Rituximab as Initial
Treatment for Mantle-Cell Lymphoma

MOEMGL ) MEID 37015 MEJM.ORG NOVEMBER 5, 2015



Efficacité dans les pathologies auto-immunes

e Liées a des auto-anticorps
- AHAI et PTI
- Sd de Moschowitz
— Maladies des agglutinines froides
— Cryoglobulines mixtes
— Maladies bulleuses de la peau
- Hémophilies acquises

e Autres
— Polyarthrite rhumatoide
— Lupus




Anticorps bi-specifiques

Figure 1

Figure 3 : Monoclonal Antibodies

MNH3

CD-19 recognition

CD-3 recognition

COOH

Lymphoma cell surface targets for immunotherapy. Abbreviations: BiTE,
The bispecific T-ccll engager blinatumomab targeting CD-19. Abbreviations:

VL: variable region light chain; VH: variable region heavy chain. BiSpECiﬁC T-cell Engager; CCR4> C-C Chemokine Recepmr Type 4.




Anticorps bi-specifiques

@
‘! 0 0 Prepublished online October 19, 2015;
doi:10.1182/blood-2015-06-649111 originally published online

October 19, 2015

Long-term survival and T-Cell kinetics in adult patients with
relapsed/refractory B-precursor acute lymphoblastic leukemia who
achieved minimal residual disease response following treatment with
Anti-CD19 BIiTE® antibody construct blinatumomab

Gerhard Zugmaier, Nicola Goékbuget, Matthias Klinger, Andreas Viardot, Matthias Stelljes, Svenja
Meumann, Heinz-A. Horst, Reinhard Marks, Christoph Faul, Helmut Diedrich, Albrecht Reichle, Monika
Bruggemann, Chris Holland, Margit Schmidt, Hermann Einsele, Ralf C. Bargou and Max S. Topp




Inhibiteurs de thyrosine kinase: LMC

y 192 2




Inhibiteurs de thyrosine kinase: LMC
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Inhibiteurs de thyrosine kinase: LMC




Inhibiteurs de thyrosine kinase: LMC

CML - prognosis 4010~

m Median survival 3.5 yrs (range 2-8
)

m Interferon + chemotherapy :6 years

m Transplant : 5+ years

m imatinib mesylate ?




Inhibiteurs de thyrosine kinase: LMC
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Inhibiteurs de la voie du BCR

Antigen

Mutation de BTK: déficit
I mmunitaire humoral:
Maladie de Bruton,
absence de

Lymphocyte B

-
Proliferation
survival (NF-xB)
B lymphocyte |



Inhibiteurs de la voie du BCR

Antigen

Inhibiteur de BTK:
Actif +++ sur les
proliférations B

L |

T | g

Proliferation ]

[ survival (NF-xB)
B lymphocyte :




Ibrutinib dans les LLC

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Ibrutinib versus Ofatumumab in Previously
Treated Chronic Lymphoid Leukemia

A
]_l:ll:l—"--;_-‘—.. -
= a0 --'.l"-l "H'"
£ 5 e ﬁ“'-—._LI
m
g 0 ‘\H | tbrutinib_
2 &0 .
.E 50- ‘\l
E 30-
E 20~ Hazard ratis for progression “mu
E . ar death, 0.22 (95%5 CI, 0.15-0.32) l:'-. Cifaturmurnab
109 P<0.001 by log-rank test Temmm=s
a 1 T T T - 1
o 3 & g 12 15




Homme de 70 ans

Il 'a eté fait chez lui le diagnostic de lymphome B a grandes cellules COZ20+ sur une biopsie sus claviculaire en juin
2009 1l avait a ce moment |a une polyadenopathie coelio-mésenterique s et mediastinale avec un épanchement
bilatéral. Il a eté traité par B-CHOP & cycles jusqu'a debut 20100 1l v a une efficacité partielle et il persistait des
adénopathies visibles au pet scan a la fin des 8 cycles. LUn tratement par IFOSFAMIDE-YP1E et CISPLATIME
associe au RITLXIMAEB a été debute en mars 2010, 1l a eu 3 cycles qui ant permis une régression partielle du
lymphome et qui sont accompagnés de cytopénies profondes. |l a ensuite &té place sous EMDOXAN aral quiil a
poursuivi pendant 2 ans avec une maladie peu évalutive.

Il & éte a nouveau progressif sur un pet scan fait en octobre 011 et Il & été démarre un traitement par R-DHAC a &
puis a ¥ de dose. lla eu b cycles, jusqu'en novembre 2012 avec a nouveau une maladie quirépandait
partiellerment au tratement et des épisodes d'aplasie febrile. En mai 2013 1l & été noté une progression clinique et
sur le scanner. Il a eu un traitement par R-mink CHOP guia été poursuivit jusqu'en janvier 2014 lln'a pas eu de
chimiotherapie depuis avec une progression lente de son Iymphome. Actuellement | a des masses palpables en
sous cutanee avec une masse du creux sus claviculaire qui fait8 cm, une masse du flanc droit qui fait 7 cm et 2
masses au niveau des omoplates de 8 et 9 cm. |l a des adénopathies axillaires bilatérales entre 3 et b cm, une
adénapathie inguinale droite de ¥ cm. lla 2 masses au dessus des yeux qui font S cm et une palyadenaopathie
jugulocarotidienne. [l n'a pas de splénomégalie. Son poids est 4 92 kg pour 1,75 m, sa tension est a 136 ce jour. A
noter qu'il @ un ste qui doit Etre fonctionnel en place.

Je luifais ce jaur un bilan sanguin et une cytoponction des masses tumorales avec une cytométrie de flux

Jde suis un peu etonné par 'évolution de ce lymphame quin'est pas celle d'un lymphaome agressif mais plus d'un
lymphome de bas grade.
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Autre Iinhibiteur: idealisib

Membrane-bound iImmunoglobulin
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Immunothérapie: Anti-PD1

 Ne plus cibler la tumeur mais la rendre
accessible par les cellules T cytotoxiques

Figure 2

Pidilizumab

Mechanism of pidilizumab, which increases T cell activation and cytokine release
by inhibiting co-inhibitory signaling up-regulated by tumors. Abbreviations:
MHC Major Histocompatibility Complex; TCR, T-cell Receptor; PDL-1,
Programmed Death Ligand 1; PD-1, Programmed Cell Death Protein 1.




Immunothérapie: Anti-PD1

 Ne plus cibler la tumeur mais la rendre
accessible par les cellules T cytotoxiques

T-cell suppressad

Immune checkpoint inhibition in lymphoid disease

Toby A. Fyre and Grabam P, Callim




Immunotherapie: Anti-PD1
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PD-1 Blockade with Nivolumab in Relapsed or Refractory
Hodgkin's Lymphoma
Grpphen W Amandl, WO PO, Alecander W Lesckhin, M.0, bvan Borrells, M0, Ahmad Habaand, M0,
Emma € Scott, MO, Martin Gutisrme, .0, Stephen | Schuster, M0, Michssl M, Millmaos, 6.0,
Dhewpita Catiry, M5, Gordon |, Fresman, Ph.D., Soott | Rodig, MO, Ph.D., Biosen Chapay, M0, PhD.,
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Jobwn b, Tirmemaernaen, b0, Margaret A, Shipp, MO, and Phil ppe Armand, M.D., Ph.D.
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Codts ?

e NEW ENGLAND
JOURNAL of MEDICINE

New Math on Drug Cost-Effectiveness

Peter B. Bach, M.D., M.A.P.P.

Nﬂmdml the reality of ex- The rate of introduction of new and expensive
orbitant drug pricing over- drugs has accelerated; the pace of conversion
shadows even the most excep- . ) .

tional stories of drug efficacy. to generics is slowing; the prices of many

generics are rising; and expensive drugs
are now being introduced for conditions
that affect millions of people
rather than thousands.




Chimeric antigen receptor t-cell (CAR)
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Chimeric antigen

receptor t-cell (CAR)
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Chimeric antigen receptor t-cell (CAR)

The NEW ENGLAMND JOURNMNAL of MEDICINE

ORIGINAL ARTICLE ‘

Chimeric Antigen Receptor T Cells
for Sustained Remissions in Leukemia

RESULTS
A total of 30 children and adults received CTL0O19. Complete remission was

achieved in 27 patients (90%), including 2 patients with blinatumomab-refractory
disease and 15 who had undergone stem-cell transplantation. CTLO19 cells prolif-
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... And a Diagnostic Test Was Performed
N Engl J Med 2005; 353:2088-2090 | November 10, 2005 | DOI: 10.1056/NEJM200511103531923
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Article Citing Articles (15)

To the Editor:

At a recent case conference with a distinguished wvisiting professor, a fellow in allergy and
immunology presented the case of an infant with diarrhea; an unusual rash (“alligator skin"); multiple
immunologic abnormalities, including low T-cell function; tissue eosinophilia (of the gastric mucosa)
as well as peripheral eosinophilia; and an apparent X-linked genetic pattern (several male relatives
died in infancy). The attending physicians and house staff discussed several diagnostic possibilities,
but no consensus was reached. Finally, the visiting professor asked the fellow if she had made a
diagnosis, and she reported that she had indeed and mentioned a rare syndrome known as IPEX
{immunodeficiency, polyendocrinopathy, enteropathy, X-linked). It appeared to fit the case, and
everyone seemed satisfied. (Several weeks |ater, genetic testing on the baby revealed a mutation in
the FOXP3 gene, confirming the diagnosis.)

“How did you make that diagnosis?" asked the professor. Came the reply, “Well, | had the skin-
biopsy report, and | had a chart of the immunologic tests. So | entered the salient features into
Google, and it popped right up.”

“William Osler," | offered, "must be turning over in his grave. You googled the diagnosis?"
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