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Background and Why?

Described in 1900

Defined as MDS only in 1982

— abnormal clone (don’t think it spreads like
breast cancer)

No interest in studying MDS

New research, novel treatments and more
emphasis on disease biology



What does the term
"myelodysplastic” actually mean?

* Myelo = marrow

* Dysplastic = abnormal or just gone bad or
funny looking

Bone marrow cells fail to make enough
healthy blood cells

- quantity and quality Is affected.

* Crowding out remaining normal cells
(Cancer)



Bone Marrow Basics
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MDS in the Bone Marrow (ll)
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MDS features

All people with MDS have two things in
common

* Low count for at least 1 blood cell type
(cytopenia)

* Bone marrow and blood contain blood
cells with an abnormal shape, size, or
look.



Symptoms of MDS

Asymptomatic — abnormal blood count

Fatigue, lack of energy and shortness of breath
- caused by anaemia (low red cells)

Bruising and bleeding
- caused by low platelet cell count

Infection

- due to low numbers and/or poorly
functioning white cells



Patients

RADIATION
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Prior exposure to chemo and
or radiotherapy, but 90% do
not have any known exposures

Median age is @
72 years

Clinical Course

nfection, Bleeding
and treatment
complications

MDS > 20%

Unrelated
causes

25%



Bone marrow aspirate
and trephine
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Morphology of MDS

Blasts (Type 1 and




Beware of mimics, imposters,
copycats and imposters

Vitamin deficiency
Other related disorders (aplastic anaemia)
ICUS (ldiopathic Cytopenia of Unknown

Significance)
Nutritional and
Immune relateo

pharmacological toxicities
conditions (lupus,

rheumatoid and

crohns/ulcerative colitis)



MDS-not a single entity?
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r What do patients recall being
told about MDS?

* Survey of 358 patients via AA&MDSIF

Table 1. Baseline demographics and disease characteristics

Characteristic n — 358

Median (range) age, yrs 65 (19-91)

Male, % 49

Median (range) time since 3 (0—29) Abnormal
diagnosis, yIs

Median (range) time since first detection 6 (0—59) bIOOd test

of abnormal blood profile, yrs
TPSS Tisk calegory,. 7o

Low 28
Int-1 39
Int-2 23
High 9
Bone marrow not known, % 42
Cytogenetic status not known, % 28
Cytopenias, %
Anemia 82
Thrombocytopenia 46
Neutropenia 45
Blood transfusions., % 65
Within 3 mos 52

Treatments in the last 3 mos before
survey, %

Darbepoetin 55

Epoetin 49

Active therapies
Azacitidine 51 : H
Lenalidomide 39 DlagnOSIS Of
Decitabine 56 M DS
Antithymocyte globulin 11
Stem cell or bone marrow 10
transplantation
Enrollment in a clinical trial 24

Only 45% of all patients knew their IPSS score.
Abbreviations: Int, Intermediate; IPSS, International
Prognostic Scoring System.




Demographics of Germany
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The Bone Marrow Failure Syndromes

/MDS ////

Low Highg
Risk ‘RIS

AA — Aplastic Anaemia

PNH — Paroxysmal Nocturnal Haemaglobinuria

Adapted from N. Yount



What do patients recall being
told about MDS?

* Survey of 358 patients via AA&MDSIF: k
— How was MDS first described to you?
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2008 World Health Organization (WHO) Classification of Chronic Myeloid Neoplasms

Requirements: <20% bone marrow blasts
No AML-defining chromosomal abnormality

neoplasms (MDS/MPN)

Myelodysplastic/
myeloproliferative

[c

hronic myelomonocyticj

leukemia (CMML)

7

.

MDS/MPN, unclassifiable j

5-9% blasts
10-19% blasts

AML >20%
blasts

Myelodysplastic
syndromes (MDS)

ith unilineage dysplasia

[ Refractory cytopenia )
w

3 categories: J

Lo

Refractory - : £y
anemia (RA) >,

-
-
-
-

Refractory 3
neutropenia (RN) ‘-.‘

Refractory
thrombocytopenia (RT)

Refractory anemia with
ring sideroblasts (RARS)
. S

( Refractory cytopenias
with multilineage

\_ dysplasi:';l (RCMD)
r

Refractory anemia with
excess blasts - 1 (RAEB-1)
o /

L

Refractory anemia with
kexcess blasts - 2 (RAEB-2)
S

r~ ™
MDS with isolated del(5q)

. : /

s Y

MDS, unclassifiable

J

Low RIsk
MDS

Steensma 2008



MDS Classification — The Ultimate
Simplification

 Lower RISk (Survival 3-10 years, low rate of AML)
— RA, RARS
— RCUD, RCMD
— MDS-U, MDS del (50)
— IPSS Low, Int-1 (Score 0-1.0)

 Higher RiIsk (Survival <1.5 years, high rate of AML)
_ RAEB (-1, -2)
— IPSS Int-2, High (Score > 1.5)



International Prognostic Scoring

System version 1.0 (1997)

Prognostic
Variable

Marrow blasts

5-10%

11-20%

(%)
Karyotype Good Intermediate Poor --
class™
# of Oor1 20r3 -~ -

cytopenias™*

*Karyotypes: Good = normal, -Y, del(5q) alone, del(20q) alone; Poor =
chromosome 7 abnormalities or complex; Intermediate = other

karyotypes

** Cytopenias: Hb < 10 g/dL, ANC <1800/uL, platelets

<100,000/uL

From Greenberg P et al Blood 1997; 89:2079-2089 (correction 1998; 91:1100)



IPSS Risk Categories: Patient
Distribution And Outcomes

Score
sum

Int-1 Risk,
39%

Median
survival Time until
IPSS Risk | for over 25% get
Category age 60 AML
group (years)
(years)
5.7 9.4
3.5 3.3
1.2 1.1
0.4 0.2

Patient Distribution

From Greenberg P et al Blood 1997; 89:2079-2089 (correction 1998; 91:1100)




CMML ( chromic

myelomonocytic leukaemia)
» Not CML!!

Variable

Age = Bb years

WEBC = 15 = 109/
Anemia, yes”

Platelets < 100 = 10°/L
ASXL T mutated, yes




Therapeutic goals

Low risk MDS High risk MDS
infection, bleeding delay/stop progression
anaemia
Ineffectlv_e : AML evolution
haematopoiesis

Quality MDS
of life

survival



This i1s a Hard Truth

The only therapy capable of curing MDS is a
bone marrow transplantation.

All other therapies improve blood counts,

minimize transfusions, or improve quality of
life.

If your blood counts and quality of life are
fine, and you don’t need transfusions, you
may not need therapy.



Medications Currently Commonly Used
for Patients with MDS

FDA Approved for MDS-Related FDA Approved for Other

~__Indications ~___Indicafions _
Hypomethylating agents /

Blnnd cell {hematnpmetlc}
DNA methyltransferase inhibitors / growth factors

epigenetic drugs
Pig g Red cell growth factors

—=9* Azacitidine (Vidaza ®) = Epoetin alfa (Procrit ®)
' Approved May 2004 «=+* Darbepoetin alfa (Aranesp ®)
ﬁ;ﬁ*"‘ Decitabine (Dacogen ®) White cell growth factors

Approved Ma y 2006

e

PR
N

#==%* Filgrastim, G-C5F (Neupogen ®)
@nﬂrmmﬂul:attznry.lr drug {|M|D} =¥ Pegfilgrastim (Neulasta @)

Platelet growth factors

Lenalidomide (Revlimid &)

Approved December 2005 = Romiplostim (NPlate ®)
— —_— Eltrombopag (Promacta ®
< lronchelators > — Pag { _}__
e Deferasirox (Exjade ®) Q_Iﬂ*ldnlunnsuppresswe d_r_”_-c-i_)
Approved November 2005 Thalidomide, androgens, other biologia:

ﬂgﬂ" Deferoxamine (Desferal®) —— —
| Approved 1968 Ch_gr_qgtherapy or stem cell transplant




Supportive care

Red cell transfusion

Anaemia causing symptoms

Platelet transfusion

Low platelets-bleeding & bruising
Planned surgical operation

Erythropoietin

Anaemia

Granulocyte-colony stimulating factor

Infections associated with low white count

Antibiotic

Infections

Iron chelation therapy

Patients with low-risk disease with high
transfusion requirement




Incidence of RBC Transfusion
Dependence In MDS

IPSS Category

Proportion RBC
Transfusion Dependent

Low Risk 39%
Intermediate-1 Risk 50%
Intermediate-2 Risk 63%

High Risk 79%

Brechignac S et al Blood 2004 104;236b (abstract 4716)



Red Cell Transfusion...The good

Y * Improves the oxygen carrying
ability and improves symptoms

« Many patients will develop
symptoms due to anaemia

 Red cell transfusion is the
commonest way anaemia Is
treated

 The number and frequency may
vary, but generally needs

« Sense of Altruism for increase over time
donors-all voluntary




.......... 1 he bad

Rk
- 1

| might need a transfusion..

Costly and decreasing donor
pool

Impacts on QOL, hospital
attendances

Transfusion reaction, infections
and alloommunisation

Each unit has 250 mg of
elemental iron



Chelation Clinical Guidelines

« Many organizations have guidelines for iron
monitoring and iron chelation in MDS
— At least 8 different guidelines in the last 10 years
— Only partially evidence-based

« In general, these guidelines suggest:

— Periodic serum ferritin monitoring, supplemented
by other techniques for assessing iron burden

— Consideration of iron chelation when patient has
persistent ferritin >1000 ng/mL or other evidence of
iron overload such as MRI, and lower-risk MDS

— Start thinking about iron overload after 20-50 units
RBCs



And now Iron in MDS?2...

Ilron - IEnd Organ Damage

THEREFORE...

Chelation ‘ Iron ‘ End Organ

Damage



Platelet transfusion-Liquid Gold

« Platelet transfusion
should be reserved for
patients with bruising
or bleeding symptoms

* Planned surgery,
dental extraction may
also need to be
covered by platelet
transfusion




Therapy In low risk MDS

* Sgueeze every ounce of production out of

the remaining functional bone marrow

cells by E

RYTHROPOIETIN(E

GROWTH

FACTORS(eg GCS

°0) and

-)injections



ESAS/GF in MDS: Who Responds?

RA, RARS, RAEB Intermed_iate response
(23”1}_._ n=31]

Treatment response score

s-epo <100 +2
U/L 100-500 +1

>500 -3
Transf <2 units/m +2
URBC/Im =or>2unitsim -2

Hellstrom-Lindberg E et al. Br J Haematol. 2003;120:1037



Therapy In low risk MDS

Blocks the effects of nasty cytokines
(chemicals produced in excess by

abnormal bone marrow cells which can kill

the normal cells)

eg. Lenalidomide
ATG( horse or rabbit)



NCCN guidelines: lower-risk MDS
(IPSS Low/Intermediate-1 Risk Groups)

MN.R.
Lenalidomide > See below
_ Azacitidine/decitabine
Svmpt{:rn"_iatlc »  ESA + G-CSE MN.E. | or
§ lenalidomide
or
clinical trial
MN.R

Supporti uh&l
for aﬂ'//

- or
/ allogeneic transplant
ATG, CSA

Immunosuppression

- _ N.R. or
Neutropenia, , Azacitidine/decitabine : clinical trial
thrombocytopenia or or
clinical trial allogeneic transplant

Based on v.2 2011; www.nccn.org



High risk MDS

* Replace the bone marrow (and immune
system)

Bone marrow transplant
Chemotherapy
Azacitidine/Decitabine
Clinical trials/ novel agents



Goal of Therapy: Higher-risk MDS

Prevent methyl groups from inactivating
tumor suppressor genes and be directly
cytotoxic — kill those bad cells!



Azacitidine in high-risk MDS

has been suggested that azacitidine may switch
on important anti-cancer genes

Reduced red cell transfusion

mprovement in survival

_ess chance of MDS deteriorating

Results not influenced by patient age, blast cells,
Karyotype

Administered as injection into skin
For high risk patients ineligible for transplantation



Overall Survival: Azacitidine vs CCR ITT

Population

10 Log-Rank p=0.0001

09 HR = 0.58 [95% CI: 0.43, 0.77]

{]_B: Deaths: AZA =82, CCR =113
;§ e Difference: 9.4 months
2 06 50.8%
2 09 24 4 months
S p4 /
E . 15 months 26.2% ‘

| CCR

n_n:

0 5 10 15 20 25 30 35 40

Time (months) from Randomization

Fenaux P, et al. Blood. 2007;110(11):817a.



Treatment algorithm for patients with MDS*

Asymptomatic Symptomatic

M
" Transfusion

Observation __yLenalidomide

Azacitidine
EPO/G-CSF  Thalidomide

Decitabine
Investigational 5T aplative

Low risk

Azacitidine

Decitabine

Investigational

High risk Intensive chemotherapy
RIC

SCT — full ablative

Silverman LR in Cancer Medicine 7th ed. 2006.



Myelodysplasia

Intensive treatment

Bone marrow transplant should be considered when
‘curative’ therapy is thought to be appropriate.

Key Issues for patients:

Motivated, and deemed fit for BMT

‘High-risk’ MDS, with disease under
control

Appropriate counselling regarding outcomes,
risks, and intensive long- term follow-up



Newer developments

« Genes, genes and more genes

* New risk scoring system-IPSS-R

* Oral azacitidine

* Newer targeted therapy/personalised medicine

« Lenalidomide approved for 59- syndrome (cancer drug
fund and also NICE approved)

« CMML- what is it??



Agents in clinical development for AML/MDS

. Belinosta Imatinib  izartinib .
Agents Directly O @ ~ Agents Targeting
. G etespio Dasatinib T
Targeting K (c_,t-,)we) umor
Tumors Brentuximab$ Gatajarse Microenvironment
GRNVAC1 "
L6090314$ @) miess® [ JS—
HSC-835 AML vaccine- : ih$
Tosedostat © ngEx Inovio O rigosertiv
- O Plerixafor Brentuxima O CLT-O&SA Ami.osie';;m;)
Oncohist_alisertib “ b Lbnali A 3 a é X
Volasertib (CD30+ve) alidomide Lenalidomide Pacritinib
(5q [31] Del' (5q [31] Rel)
As-1411 @)
BL Lenalidomide
s{Ds3n iez:::f':‘y"c‘;‘b Imatinb  Kx2
TMZ . Panobinostat* (post induction- 391
. O consolidation in c-Kit
Decitabine Ri=c=ulta . MscC 19363698 V€ PLS) O
Clofarabine* Sorafenib$
(Non-FLT3 mut; Non-NPM1 Sorafenib .
Clofarabine © m A (post ascr)> Allostim
Clofarabine Clofarabine Nilotinib
Vosaroxin Ruxglitini
@) Elacytarabine O >0 Lenalidomide
(219 course remission) . Dasatini Dasatinib . (5q Del)*
Lorg e Bortezomib? ObHO Edespimys
T™Z /
Elacytarabine Sorafenib Sorafenib
4" thio-cytara A A P id in
SGI- Vorinostat Midostaurin M T-: t
110 . (FLT-3 O A (FLT-3 mut)  (FLT-3 mu p13 put)
Vorinostat~ A Midostaurin GSK-
PR-104 L) Vorinostat | (F1T-3 mut) . 1.)212
(Int/Poor FT-1 N :
Bylantra risk) osoc.r_ou Midostaurin
ALT-801
OVI-123 - PLX 3397 (FLT3-mut)
Lenalldonr. 9
(TDT . Panobinostat* . 3
+ve) Bortezomib$o (post ASCT) cg:o-ms O Pazopanib
Panobinostat O ( Erlotinib

A [Crenolanib (Refractory only)
(FLT3-D835 mut)

*InAML with Intermediate or Unfavorable cytogenetics
“lnuntreated AML ineligible for intensive chemotherapy
1Bortezomib + Sorafenib

S Also in patients ineligible for standard chemotherapy

Vorinostat~

Line Of Therapy Biomarker Status

No Line Defined
Induction/Consolidation O No Biomarker
Transplant Related

C Conditioning

SC Stem Cells Biomarker
Maintenance Driven
Refractory/Relapse

(g}

Mechanism of Action

Aurora kinase inhibitor
GSK 3 Beta inhibitor
HSP 90 inhibitors
CD33 linked immunoconjugate
HDAC inhibitors
PLK-1 antagonist
M Proteasome inhibitor
1 Amino peptidase inhibitor
9N DNA inhibitors
1" KIF11 protein inhibitor

1 Pyruvate dehydrogenase stimulant

I RNA synthesis inhibitor

1 Tubulin polymerization inhibitors
:Guanosine-rich oligonucleotide aptamer
- Hypoxia and AKT1C3 activated alkylator
I Akt-inhibitor

1 Bcr-abl tyrosine kinase inhibitor
5" BIRCS protein inhibitor

1 CXCR4 receptor antagonist

1" Dual Src kinase and pre-tubulin inhibitor
2%= Dual TKI-FLT3 and KIT inhibitor

1 EGFR inhibitor
IEW FLT-3 inhibitor
88 Janus kinase inhibitor

2 MEK inhibitor
I8 mTOR inhibitor

5 Multi TKI

1 PDCD 1 protein inhibitor
I PDGFR inhibitor

1 PI3K inhibitor
W8N 1mmunomodulators

1 _Supportive Care

W e

-

Source: 1. ADIS Insight; 2.TrialTrove; 3.Company Website




« MDS is more common than we think!

* Delay therapy until symptoms develop or needing
transfusions

« Treatment based on the risk of disease- low risk
versus high risk



Case presentation

Patient: 73-year-old man

Concomitant conditions: diabetes mellitus

arterial hypertension

Presentation: shortness of breath on
limited exertion

no petechiae, bleeding
or infection

no lymphadenopathy
or splenomegaly

ECOG PS: 2

g

ECOG PS: Eastern Cooperative Oncology Group performance status
BRIDGE

UK-VID130068b
Date of preparation: June 2013



Assessment

= Clinical assessment: pallor
no other significant abnormality

= Laboratory assessment: WBC: 1.3 x 10°/L
Hb: 8.0g/dL
MCV: 102fL
platelets: 56 x 10°/L

= Transfusion requirement: 2 PRBC every 2 weeks

i AN &
WBC: white blood cell; Hb: haemoglobin; MCV: mean corpuscular volume;
BRIDGE PRBC: packed red blood cells UK-VID130068b
perlence in MDS & AM Date of preparation: June 2013



= Further laboratory assessment

Further laboratory assessments

Reticulocytes: 5%
Erythropoietin: 720 1U/L
LDH: 312 IU/L

Ferritin: normal
Haptoglobin: normal
Folic acid: normal
Vitamin B,: normal

BRIDGE

LDH: lactate dehydrogenase

= Differential of peripheral blood

Neutrophils: 38%
Lymphocytes: 47%
Monocytes: 12%
Eosinophils: 2%
Basophils: 1%

UK-VID130068b
Date of preparation: June 2013



Bone marrow evaluation

= Bone marrow aspiration and core biopsy performed at haematology clinic

= Assessments performed
* Morphology
* Cytogenetics
*+ FISH
+ Conventional banding technique
* Flow cytometry

FISH: fluorescence in situ hybridization
BRIDGE

UK-VID130068b
Date of preparation: June 2013



Bone marrow cytogenetics and flow cytometry

= Karyotype: 46,XY,+4,der(5;17)(q11;pll)del(17)(g21),
der(7)t(7;17)(p21;921)t(12;17)(q25;97?),
+8,dic(12;16) [16]

= FISH: no other abnormalities

= Microscopy: trilineage dysplasia
10% bone marrow blasts

[ [ J
FISH: fluorescence in situ hybridization
BRIDGE

UK-VID130068b
Date of preparation: June 2013



Discussion point: how would you define
this patient’s prognosis?
1. Categorise as low- or high-risk MDS only?
2. Use the FAB classification system?
3. Use the WHO classification system?

4. Use the IPSS?

5. Use the IPSS-R?

[
T .r~ IPSS: International Prognostic Scoring System

IPSS-R: revised-IPSS; FAB: French American British; WHO: World Health Organization
BRI DGE UK-VID130068b

Date of preparation: June 2013



Patient’s International Prognosis Scoring System
(IPSS) score

= Whatis the patient’s IPSS score?

Prognostic variable 0.5 1.0

Bone marrow blasts, % <5 5-10 — 11-20 21-30
Karyotype Good Int Poor — —
Number of cytopenias 0/1 2/3 — — —
Low 0

Intermediate-1 0.5-1.0
Intermediate-2 1.5-2.0

High >2.5

Based on de novo MDS patients treated with best supportive care only; Good: normal, —Y, isolated del 5q,
isolated del 20q; Int: other karyotypic abnormalities; Poor: complex (=3 abnormalities) or chromosome 7
- abnormalities; haemoglobin <10.0g/dL; absolute neutrophil count <1.5x10%L; platelet count <100x10°/L

[ J
== o
Int: intermediate Greenberg P, et al. Blood 1997;89:2079-88
B Rl DG E UK-VID130068b

Date of preparation: June 2013



Patient’s International Prognosis Scoring System
(IPSS) score

= Whatis the patient’s IPSS score?

Prognostic variable : 0.5

11-20 21-30

Bone marrow blasts, %

Karyotype Good — —
Number of cytopenias 0/1 — —
Low 0

Intermediate-1 0.5-1.0
Intermediate-2 1.5-2.0

High >2.5

Based on de novo MDS patients treated with best supportive care only; Good: normal, -Y, isolated del 5q,
isolated del 20q; Int: other karyotypic abnormalities; Poor: complex (=3 abnormalities) or chromosome 7
- abnormalities; haemoglobin <10.0g/dL; absolute neutrophil count <1.5x10%L; platelet count <100x10°/L

[ J
== o
Int: intermediate Greenberg P, et al. Blood 1997;89:2079-88
B R I DG E UK-VID130068b

Date of preparation: June 2013



Patient’s International Prognosis Scoring System
(IPSS) score

= Whatis the patient’s IPSS score?

Prognostic variable : 0.5

Bone marrow blasts, % 11-20 21-30

Karyotype Good — —
Number of cytopenias 0/1 — —
IPSS risk group Total score

Low 0

Intermediate-1 0.5-1.0

High >2.5

Based on de novo MDS patients treated with best supportive care only; Good: normal, -Y, isolated del 5q,
isolated del 20q; Int: other karyotypic abnormalities; Poor: complex (=3 abnormalities) or chromosome 7
abnormalities; haemoglobin <10.0g/dL; absolute neutrophil count <1.5x10%L; platelet count <100x10°/L

[ @
Int: intermediate Greenberg P, et al. Blood 1997;89:2079-88

BRIDGE UK-VID130068Db
experence n MOS & Al Date of preparation: June 2013



Patient’s prognosis

= Whatis the patient’s prognosis?

100
Risk group Median OS, years
80
y_ Low o.7
S 60+
g Int-1 3.5
S
S 40
7
Int-2 1.2
20
0 1 1 || || || || || L} ngh 04

||
O 2 4 6 8 10 12 14 16 18
Time (years)

= Despite having few substantial symptoms at presentation, this patient
had a poor prognosis

[ @
,Ar r
OS: overall survival; int: intermediate Greenberg P, et al. Blood 1997;89:2079-88

BRIDGE UK-VID130068b
experience in MDS &AM Date of preparation: June 2013



Discussion point: what treatment option
would you consider for this patient?

/3 years, three cytopenias, complex karyotype, 10% blasts

. HSCT

. Intensive chemotherapy
. Low-dose cytarabine

. Vidaza

Supportive care only
Clinical trial

Other

N o g A W N R

[ [ J
HSCT. haematopoietic stem cell transplantation
BRIDGE UK-VID130068b

Date of preparation: June 2013



