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Executive Summary

Myelodysplastic syndrome(s)

Myelodysplastic syndrongg (MDS) comprise deterogeneougroup ofrare lifethreatening
diseases characterised by ineffective haematopoiesis leading to peripbedatytopenias
(low red white or platelet countand progressive bone marrow failufde initiating event is
thought to be mutation in the bone marrow/ldlaem cellsFor poor prognosis patients the
median survival igive months. Disease relate@athis usuallyfrom bleeding, infection or
progression to acute myelogenous leukaemia (AML).

MDS can arisele novo(primary MDS) or following treatment with chetherapy, radiation
therapy or chemical injury (secondary MD8gtween 35 to 40% of cases transform to acute
myelogenous leukaemia (AMlyhich is often refractory to standard treatmemth most
patients dying from infection or bleeding.

The clinical pesentation of MDS is generally napecific. The diagnosis and classification
of MDS is based on two classification systems, the FrémbricanBritish classification
system and the more recent updat®drid Health Organisatiosystem. The International
Prognostic Scoring Syste(tPSS)provides a method for evaluating clinical prognostic risk
factors for patients with MDS based on scores for cytogenetigup,percentagef blasts

in the bone marrow artthe number of cytopenias.

Burden of disease

In 2004 there were 391 new registrations of MDS in New Zealand and an estimated crude
incidence rate of approximately 9.5 per0OX@0 personsMost patients wereegisteredas

having an unspecifiedmyeladysplastic syndrome (according to the KIDAM diagnosis

code D46.9). A slightly higher proportion of males than females were registered. Most new
registrations in 2005 were in persons over the age of 70 years.

Treatment options

MDS patients are a challenging treatment gr@mal a range of treatments are in use
worldwide. For low risk patients, where the goal of treatnehiematological improvement
and an agappropriate quality of lifelow intensity treatment withcytotoxic and non
cytotoxic drugs anddjuvant supportive cammay be useddypomethylatingagents may be
administered to suitable patienEor higher risk patientdreatment is directed at altering the
natural history of the disease to improve survival and delay progression to Fietment
options include aggressive cytotoxic therapy, hepwtdic stem cell transplantation and
supportive care. Low dose hypomethylating agents may be administered taskigider
patients, with low performance status andnoorbid disease who are not eligible for high
dose/intensive therapeutic options.

In New Zealand, there are very limited treatment options for patients with MDS. All patients
receive supportive cariei.e. transfusion support and treatment of infective episodes. Older
patient$ with low blast count AML (previously RAEH) who are not candates for
intensive AML induction chemotherapy, may be offered low dOgearabinearaC). A

! Median age of MDS 70 75;
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small number of patiertsmay be considered for allogeneierhatopoietic stem cell
transplantatiofHSCT).

The comparator

Supportive care is the comparator of ickeo All patients diagnosed with MDS receive
supportive cee to control/treatside effects(anaemia, neutropenia, atistombocytopenig
improve quality of lifeand prevent/treat complicatiariBhe natureand extent of supportive
care varies from centre toentre and depends on a number of factoctuding (a) the
severity of the cytopenias, (hgw developments carestandards and (eclew developments
in pharmaceuticaland their availability.

Hypomethylating agents (azacitidine and decitabine)

Aberrantmethylationof DNA cytosine residuesan silencegenes that are essential for the
control of normal cell growth and differentiation. MDS is charasesti by the
hypermethylatiorsilendang of multiple genesHypomethylatingagents can reverse this
procesdy inhibiting DNA methyltransferase (DNMT).

Azanucleoside DNMT inhibitors 5-aza2 @leoxycytidine (decitabine) and-dacitidine
(azacitiding, havebeen shown to have clinical activity in MDS and acute deoka patiers
Azacitidine and decitabine hawa least two mechanisms of action; cytotoxicity at higher
doses resulting from incorporation into RNA or DNA, and DNA demethylation at lower
doses due to DNMT inhibition.

Inhibition of DNA methylation is responsible for the clinical efficacy of these
azanucleosides. Both drugs have been approved for the treatment of MDS in the USA and
Europe. Three previous brief horizon scan reports have been published. No published
systematic reviews were identified.

Safety

The hypomethylating agentgzacitidine and déabing, when administered at clinically
effective doses, are well tolerated with manageable side effects. The main adverse event
associated with the use of these agents is myelosupression including neutropenia,
thrombocytopenia and anaemia.

Grade 34 hamatological toxicity occurred in <5% of patients in phase Il trials. Non
haematological toxicities includedlausea, vomiting, diarrlea, constipation, and injection
site reactions.

Safety evaluation ofhese agents isonfounded by the pathophysiology MDS, which
overlaps with thenostcommon toxicities of azanucleosides

Effectiveness

Myel odysplastic syndrome severel wntilrackrithg ct s t
available treatments falder pdients have been very limited.

2 Upper age limit for allogeneidSCT is 60i 65, plus donor availability therefore is only an option for 5% of
patients.
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The hypomthylating agenty(azacitidine and decitabipehnave shown survival benefit in
clinical trials in these patients. Promising (though relatively low) response rates in early
phase Il trials in both agents led to the initiation of randomised controlled tesiigneéd to
confirm the phase Il studies response rates and establish if treatment with these agents
conferred a survival advantage and/or delayed progression to AL key features of these

trials were the achievement of

A durable response rates
A delayediime to progression to AML
A a manageable toxicity profile

While approval for the use of azacitidine and decitabine has been olftaimethe FDAfor
all FAB subtypes of MDS, the best responses have been demonstrated in patients with:

A poor prognosislisease e.g. patients with chromosome 7 irregularities
A older age
A AML by newer classifications (280% blasts)

Treatment with the hypomethylating age(d@gacitidine and decitabipbas also resulted in a

substantially improved quality of life for patientcoupled with reduced reliance on
transfusions and delayed time to transformation to AML. Particular improvementbdémve

reportedn overall health status, fatigue, dyspnea and psychological state.

Levels of evidence

There were no systematic reviewsviience Level I, Appendix 1) of the effectiveness of
azacitidine or decitabine in the treatment of MDS. There were three randomised controlled
trials (two providing Level Il Evidence and one LevellEvidence) of the effectiveness of
azacitidine therapyn MDS (Appendix B Tables 916). There were three randomised
controlled trials (all Evidence Level Il) of the effectiveness of decitabine therapy in MDS
(Appendix G Tables 1724). The remaining studies examined in this report were case series
(EvidencelLevel IV). The quality of the randomised controlled trials was not assessed.

Conclusion

Data from randomised controlled trials of the hypomethylating ag@zacitidine and
decitabing indicate that, for the first time, the natural history of MDS may leenged by
nonintensive therapy with an acceptable toxicity profile. Recent trials have shown a survival
benefit in patients treated with these agents when compared to patients treated with
supportive or conventional care. High risk older patients, with performance status and
co-morbid disease who are not eligible for high dose/intensive therapeutic options currently
form the bulk of the patient population treated with hypomethylating agents. There have also
been randomised controlled trials to estdiblise most effective dose schedule. However,
morphologic evidence of disease rarely disappears with treatment and several courses may be
needed for best response. Clinical trials of combination therapy incorporating
hypomethylating agents are ongoing.
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Background

The myelodysplastic syndronig (MDS) comprise a group dfeterogeneushaematological
disorders characterised by a greatly reduced production of one or more blood celFtypes
poor prognosis patients the median survival is 5 months. Disease redathis disuallyfrom
bleeding, infection or progression to acute mgelwus leukaemia (AMLJGryn, et al.,
2002) For most patients ih MDS, advancing age and-oaorbidities reduce the ability to
withstand intensive therapy and treatment options toltatebeen limited. Supportive care
is administered to all patients and is the standard of care for most.

Recentefforts to improve qality of life and wolong survival in MDS patients have produced
new therapeutic options which have undergone intensive testing in clinical @éls
particular clinical significance has been the clinical development of hypomethylating agents.
This repat examineghe followingquestions relating to the use of these agents in MDS:

Q1. What is the clinical benefit of hypomethylating agents for myelodysplastic syndromes in
improving outcomes in terms of:

A overall survival (OS)
A time to progression (PFS)
A quality of life (QOLY)?

Q2.What are the side effects of this treatment?
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Myelodysplastic Syndrome(s) (MDS)

Myelodysplastic syndrongg (MDS) comprise deterogeneougroup ofrare lifethreatening
disorders of haematopoiesidhey arecharacterised bperipheral cytopenia, and dysplastic
changes of the cell lineages of erythropoiesis, granulopoiesis and megakaryopoiesis in the
bone marrow which lead to progressive bone marrow failbeeinitiating event is thought to

be a mutationin the bone marroilklood stem cellsFor poor prognosis patients the median
survival is 5 months. Disease relatezhthis usuallyfrom bleeding, infection or progression

to acute myelogenous leukaemia (AMBetween 35 to 40% of cases transform to acute
myelogenous leukaam(AML) and most patients die from infection or bleeding.

In MDS patients the bone marrowmre activeahan normal. Howevethe number bblood

cells in the circulatory systers reduced becausemost of the cells produced by the
hyperactive marrow ar defective and destroyed before they leave the marrow. Thus the
hallmark of MDS is the combination of teyperactivemarrow with low blood cell counts.
Clinically, this ineffective haematopoiesf{Eigure 1) manifests as anaemia (low red blood
cell count), neutropenia (low white cell count), and thrombocytopenia (reduced platelet
count). Abnormality in the appearance of the bone marrow and blood isediscommon
feature of MDS These abnormalities (e.g. white cells lacking normal granules) are
characterist of the condition.

@ @

Myeloid stem cell Lymphoid stem cell

& o

Myelbblast Lymphoblast

h l

Y

S e
Q® - @
BE é
"R | |
I
Red blood cells Platelets White blood cells
Figure 1 : Haematopoiesis: the normal development of blood cells. The

progenitor cells (blood stem cell) are found in the marrow where they undergo
differentiation to form mature blood cells of various types (red and white blood

cells and platelets). When mature these cells migrate from the bone marrow to
the peripheral blood.

% Theprocess by which nebloodcellsare formed, usually taking place in thene marrow
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MDS differs from leukaemfain that the production ofny type of blood cellmay be

affected

Disease natural history

MDS occus mainly in the elderly. It has a variable naturadtbry and requireask adapted

management strategieApproximately half of MDS patients are asymptomatic at
presentatiorand are diagnosed only after routine laboratory tests showing peripheral blood

abnormalities. The most commaoresenting characteristis low red blood cellcount
(anaemia MDS may arisede novg or after treatmentwith chemotherapy or radiaticior

other diseases. Secondary myelodysplasia usually has a poorer progymeogimately one

third of all casesof MDS transformto aate myeloid leukaemia (AML)taa rate that varies
between a few months to many yealsansformed AMLis much less responsive to
chemotherapy thatle novoAML .

The median survival for MDS patients variesm 0.4 years in higér risk patients to5.7

years in lover risk patient§Greenberg, et al., 1997; Muli®erndorff, Haas, Kunzmann,
SchulteMonting, & Lubbert, 2006) Patients undergoing@cute leukaemic transformation

havea survival period of 612 months(Saba, 2008)Significant predictors oboth suvival

and AML evolution includdone marrow(BM) blast percetage, number of peripheral blood
cytopenias, and cytogenetic subgrdkaryotype). These predictors are used to determine the
patientsrisk categoryaccording to expected survival and progression to AML.

The median survidaand the time to 25% AML progssion foruntreatedMDS patientsin

differentrisk categoiesis shown inTable 1

Table 1: Overall survival and time to 25% AML progression for untreated MDS
patients according to IPSS risk categories (National Comprehensive
Cancer Network (2009)
International
Prognostic % BM Median 25% AML
Scoring b(I)asts Karyotype Cytopenias survival | progression
System (yrs) (yrs)
Risk Category
Low <5 goodA Oor1l 5.7 9.4
Intermediate-1 5-10 I ntermedi at|2o0r3 3.5 3.3
Intermediate-2 11-30 NA NA 1.1 1.1
High >30 NA NA 0.4 0.2

Adel (5q) or

“In chronic lymphocytic leukaemia (CLL) and chronic myeloid leukaemia (CNHere isan increased

del (20q), ¥

ot h e )orcdelf20q). Bi=odné rmairavs

not

includir

production oflymphoidor myeloidcells. In acute myeloid leukaemia (AML) there is an increase in rigyelo

blasts, which replace the normal bone marrow, resulting in impaired production of the naodatéllsi i.e.

all 3 lineages.
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Disease progression in MDS patientshsiracterised by:

A anincreased percentage of BM blasts/transformation to AML

A progressive pancytopenia (reduction in tluenber of red and white blood cells and
platelets)

A increasing transfusion needs (dependency on red cell and platelet transfGsiaria)
Manero, Shan, et ak008)

A increasesiumberof infections

Disease classification and prognosis

A variety of MDS classification systems have been developed over the last 20 years to
predict (a) the overall survival of patients with MDS and (b) the evolution from MDS to
AML. All of these systemsra based to a greater or lesser extenteatures of thdisease

which have beerassociated withrisk and prognosisThe most well known claggiation
systems for MDS are the:

A FrenchAmericanBritish classification (FAB)YBennett, et al., 1982)
A World HealthOrgangationclassification (WHO)Harris, et al., 1999)

The original FrenctAmericanBritish (FAB) classificationBennett, et al., 1982omprised

of five disease entities distinguisheah blast count, lineage commitment, and level of
differentiation of the neoplastic cells wusing morphologic, cytochemical, and
immunophenotypic featured.eukaemia Research, 2009linicians and researchers have
considerableexperience with the FAB classification aitds still very popular(Table 2). It

has been used in most of the key studies reported in this horizon scan

Table 2 : The French -American -British (FAB) cl  assification of Myelodysplastic
Syndromes
% %
FAB group Acronym Of all trans Characteristics

cases AML

Blast cell % not significantly increased, red and
white cell count may be low.

As above but with additional RBC abnormalities.
RBC precursors are unable to use iron normally

Refractory anaemia RA 30-45 10

Refractory anaemia with RARS 15 8

ringed sideroblasts and it deposited as characteristic rings in these
cells.
Refractory anaemia with Increased (5-20%) blast cells in the marrow.
RAEB 15 40

excess blasts There may be reduced counts of all blood cells.
Refractory anaemia ; : .

) i Higher promotion of bl lIs in marr 20-
with excess blasts in RAEB-T 515 60-75 oo /)es promoton o gi;s”taﬁos L ow (20
transformation 0

White cells (monocytes) increased to
Chronlg myelomonocytic CMML 15 15-30 >1x1(_)9/I|tr¢. The marrow may or may not
leukemia contain an increased % of blast cells. Has

features of myeloproliferative disorders.

® Difference between RAEB, RAEB and AML are based on bone marrow blast cell percestagi
leukaemia there are ov@0%blasts in the marrow
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The World Health Organisation Classification (WHO)

The World Health Organisatio@lassification of Myeloid Neoplasm@iarris, et al., 1999)
takes into account genetic (e.g-®ndrome) and clinical (e.g. pritiherapy) features. The
WHO classificationdiffers from the FAB classification in several importantas

A chronic myelomonocytic leukemia (CMML) is not included with MDS
A disorders with greater than 20% BNats are classified as AML
A MDS with multilineage dysplasia is considered be a separate entity.

The WHO classification (and its associated prognostic scoring system) has been less widely
adopted in the USA as it is not routinely preformed in community hospitals (Garcia
Manero, 2008)In New Zealand, most laboratories now use the WH®&sdiaation.

Other prognostic systems

A A WHO classificatiorbased prognostic scoring syst&WPSS)was reported by
(Bernasconiet al., 2007)

A The MD Anderson Cancer Ceni@ferstovsek, et al., 2008)psgenerated a new
prognostic scoring system whitdkesinto account factors associdtevith poor survival
and also divide#SS lower risk MDS patients into 3 further categories.

Summary

Myelodysplastic syndrome is a rare lifereatening disease characterised by ineffective
haematopoiesis leading to peripheral blood cytopenias and progressive bone marrow failure.
The initiating event is thought to l@emutation in the bone marrow/bloocest cells. MDS

can arisede novo(primary MDS) or following treatment with chemotherapy, radiation
therapy or chemical injury (secondary MD8gtween 3540% of cases transform to acute
myelogenous leukaemia (AML) which is often refractory to standardniezdtwith most
patients dying from infection or bleeding. The clinical presentation of MDS is generaty non
specific. The diagnosis and classification of MDS is based on two classification systems, the
FrenchAmericanBritish classification system and tmeore recent updated WHO system.
The International Prognostic Scoring System provides a method for evaluating clinical
prognostic risk factors for patients with MDS based orrescdor cytogenetic sufroup,
percentagef blasts in the bone marrow and numbgécytopenias (low red cell, white cell or
platelet counts).
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Clinical Need and Burden of Disease

For the purposef reportingthe New Zealand burden of this disedg®S is defined as all
cases assigned th€D-10-AM code D46. This definition includesrefractory anaemia,
refractory anaemia with ring sideroblasts, refractory anaemia with excess blasts and
refractory anaemia with excess blasts in transformation and excludes chronic
myelomonocytideukaemialt shouldalsobe notedhat in New Zealandmary elderly cases

are not subjected to a diagnostic bone marrow procedure and are therefore not registered
the national statisticswhile in the USA there is no central registfiational Horizon
Scanning Centre, 2007YIDS statistics for these countries (as others) are likely to be an
underestimate of the true incidence and burden of MDS.

In 2004 there wer891 new registrations for MDS. Most patients were registered as having
an unspecified myelodysplastic syndrorialfle 3).

Table 3: New registrations of myelodysplastic syndromes in New Zealand
2004 -2005
ICD-10
code Name of disorder 2004
D461 Refractory anaemia with sideroblasts 39
D462 Refractory anaemia with excess of blasts 22
D463 Refractory anaemia with excess of blasts with
transformation 3
D464 Refractory anaemia, unspecified 82
D467 Other myelodysplastic syndromes 25
D469 Myelodysplastic syndrome, unspecified 220
Myelodysplastic disorder total 391

A h:ftwtwp.who.int/classifications/icd/en/

A higher proportion of males than femalesre registered 2004 (Table 4). Maori were
underrepresented.

Table 4: Population characteristics of newly registered myelodsyplastic
syn dromes in New Zealand 2004 -2005
Attribute 2004
Gender Females 155 (39.6%)
Males 236 (60.4%)
Ethnicity Maori 9 (2.3%)
Pacific people 8 (2.0%)
Asian/Indian 6 (1.5%)
European/Other 368 (94.1%)

Total MDS (ICD-10-AM D46) population 391
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The incidence of MDSICD-10-AM code DA46)increases with agd-igure 2 illustrates a
steep increase in registrationseafthe age of 65 years withver 80% of new registrations
occurringin persons over the age of 70 years.

100
90
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50
40
30
20
10

Number of new registrations

0- 5- 10- 15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85+

Age Group (years)

Source: Ministry of Health 2009 (Personal communication)

Figure 2 : Age distribution of newly registered cases of myelodysplast ic
syndromes in New Zealand 2004

The crude population rate of MDBCD-10-AM diagnosiscode D46)in 2004 in New
Zealandis estimated a®9.6 per 100,000 This comparéswith a reported prevalence of
approximately 11 to 30 per 100,000 persons in the EU lptpn and an estimated 5 per
100,000 in the USASIiddiqui & Scott, 2005)The incidence increases with ageincidence
in the over 70s is reported to be >30 per 100,000.

Summary

In 2004 therevere 391new registrations of MD%all cases assigned ICID-AM diagnosis
code D46)in New Zealand andmaestimated minimum incidence approximately 9.6er
100,000 persondvost patients were registeréaccording to the ICELO-AM classification)
as having unspecifiedmyeladysplastic syndrom¢D46.9). A slightly higher proportion of
males than femalesere registeredviost new registrations in 200ere in persons over the
age of 70 years.

® Direct comparisons however may be misleading as there are variations in the disease entities included
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Treatment and Management of MDS

Treatment goals

MDS patientsare a challenging treatment group, due (a) to their advanced age,-(b) co
morbidities, (c) inability to tolerate intensive therapy and (d) the unusual combination of
hyperactive marrow but inadequat®dd cell production. Management ammdatment goals

for MDS patientssary according to prognosis aifelSS risk grougCheson, et al., 2000fror

lower risk MDS where apoptosis (cell death) is the maintdes, the goal of treatmeis
haematological improveménand an agappropriate quality of life. For higher riSpatients
treatment is directed at altering the natural history of the disease to improve survival and
delay progression to AMKNCCN, 2009) As the understanding and classification of MDS
has improvedthe number of treatment options has increased. Currently these include:

A best supportive care for patients with adverse clirfiealres or progressive diseasel
as part of the standard of care in the community for MDS

A growth factor support

A intensive chemothapy with, for example, cytarabine, idarubicin, fludarabine or
topotecan based regimens

A allogeneic hematopoietic stem cell transplavitich is only available to younger
patients who do not have significantiemrbidities and who havehastocompatible
dona).

Newer agents include:

A DNA methyltransferase inhibitors i.eypomethylating agentuch as azacitidine and
decitabine (knical studies have estabhied a role for thesegents irbothlower and
higher risk MDS)
A lenalidomide (for patients with lowsk disease, anaemia or changes to chromosome 5)
A agents being tested in clinical trials e.g. tipifarnib, and imatinib.

The only potentiallycurative treatment for MDS is hematopoietic stem cell transplant
(HSCT), however, this is only possible in a snrmalnber of patients.

Lower risk MDS

Patents classified as@QW risk' according to the IPS@8.e. INT-1), frequently experience a
more indolent course to their diseasieatment for lower risk patients generally comprises
low intensity therapeutic approachescluding approvedcytotoxic and norcytotoxic
therapies, investigational treatments administered invitha clinical trial, and
immunomodulatory therapiesdfivant supportive canmay beused in conjunction with any

of these modalitieNCCN, 2009) Hypomehylating agents are indicated for suitable
patients, for examplpatientswho are not responsive to growth factor thetapy who are
HLA-DR15 negative anaf older age. These agents may also be used to reduce tumour

7 IPSS risk categories low and intermediate

8 To improve haematopoiesis and its associated problems of anemia, thrombocyaogdemaitropenia.

9 IPSS risk categories intermedigtend high.

10 FAB classificationrefractory anaemia (RA), refractory anaemia with ringed sideroblasts (RARS), and some
chronic myelomonocytic leukaemia (CMML) patients.

11 Usually manifesting as unstabdisease including declining cell counts, increased transfusion requirements,
and/or repeated infections.
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burden (marrow blast count) in patisntho have a potential stem cell donor so that they can
undergo HSCT.

Higher risk MDS

Patients with an IPSS pgnosis of INT2 (HIGH risk)** have an increase in epigenetic
changes with hypermethylation ®of the main features of pathogenegsaba, 2008)In

addition to aggressive cytotoxic therapy, haematopoietic stem treglsplantation and
supportive care, low dose hypomethylating agents aliedted for older patients who have a

low performance status and-owrbid diseaseThese patients are not eligible for high dose
intensive therapeutic dpns andcurrently form tle bulk of the patient population treated

with hypomethylating agents. These agents are the only approved/licensed drug for patients
with higher risks MDS.

Treatment algorithm

An MDS treatment algorithm recently agreed in a USA clinical round (&tte, Sekeres,
GarciaManero, & Lyons, 2008pand based on &tional Comprehensive Cancer Network
(NCCN) guidelineg(NCCN, 2009)s shown inFigure 3.

Clinical studies have established a role for hypomethylating agebtshhower and higher
risk MDS and hypmethylating agents are indicatad all MDS treatment pathways.
Lenalidomide is indicated in patients with low risk dise@sgure 3}°.

12 FAB subgroups include some CMMLs, refractory anaemia with excess blasts (RAEB) and refractory
anaemia with excess blasts in transformation (RABB
13 Lenalidomide is currently the only approved drug for lower risk disease.
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MDS treatment algorithm

Low-risk MDS,
BM blasts <10%, IPSS low,INT-1

l

Any age

A Iron chelation
Initial treatment A Growth factors iEio + G-CSF)
alternatives/options I MTI (5-AZA/decitabine)

A Lenalidomide(del5q)

A Clinical trial

IPSS risk group

Initial treatment l

Failure/ Progression

Secondary/salvage
treatment

Allogeneic Stem Cell Transplant

AConsider in
yConsi der

High-risk MDS,
BM blasts OQL0%, IPSS INT-2,high

Age

A Intensive chemotherap
N MTI (5-AZA/decitabine

A Clinical trial

<60A yrs Age O60A r's
A
A Clinical trial
A Intensive chemotherapyA
AN

N

Failure
y 0 U n gideytogersetics ent s wi t h d
stem cell trans

all ergenic

Source: USA clinical round table based on NCCN guidelines (Stone, et al., 2008) .

Figure 3: Treatment algorithm for MDS based on the NCCN guidelines
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Summary

MDS patients are a challenging treatment grdagernationally, treatment optionsif low

risk patients, Wwere the goal of treatment is haematological improvement and an age
appropriate quality of life, low intensity treatment with cytotoxic and-ogiotoxic drugs

and adjuvant supportive care may be used; hypomethylating agents are indicated for suitable
patients. For higher risk patientseatment is directed at altering the natural history of the
disease to improve survival and delay progression to AN this patient population,
treatment optionsinclude aggressive cytotoxic therapy, haematopoietic stem cell
transplantation and supportive care. Low dose hypomethylating agents are indicated for older
patients, with low performance status andnoorbid disease who are not eligible for high
dose/intensive therapeutic options. This group of patients currently form the bulk of the
patient population treated with hypomethylating agents.

Currenttreatment optionsof New Zealand patients differ from the nebautlined above
Outside of clinical trialsstandard treatmemomprises transfusion suppord small number

of patients are candidates for HSCT, and a small number of patients with low risk disease
may beconsidered for some form of immunmodulattngrapy(e.g. steroidsantithymocyte
globulin (ATG)). Currently, New Zealand cliniciando not have access to lenalidomide,
growth factors (epo, &€SF)or hypomethylating agents for these pasent

Assessment of treatment outcomes

Treatment outcomes for MDS are based upon peripheral blood counts and bone marrow
evaluation. In addition to complete response and partial respdmsEmnatogical
response/improvemens an inportant treatment outcomdhe quantitative definition of
outcoms in MDS studies has varied in different institutions and over time confounding
betweenstudy comparisons.

In response to a request from the FDA to define response criteria in MDS that were
associated witimproved quality of life(QOL), the InternationaMWorking Group (IWG)
proposedstandardisedesponse criteria for evaluating clinically significant responses in MDS
(Cheson, et al., 2000y hese criteria were updated in 2Q@heson, et al., 2006} is beyond

the scope of the current report to detail the various definitions used to report treatment
outcome inall MDS studies. Howevefl,able 5 below details the operational definitions used

to report key outcomes fdahe pivotal RCT=f hypomethylating agents reported in this
horizon scan.
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Table 5: Operational definitions used to report key outcomes in pivotal RCTs of
hypomethylating agents

Treatment
Study/Year Phase | RCT outcome
definitions

Hypomethylating agent: azacitidine

Randomised controlled trial of
azacitidine in patients with the
1] myelodysplastic syndrome: a study of | Defined in study
the cancer and leukaemia group B.
(CALGB 9221)

Silverman et al.
(2002)

Silverman et al.

(2006) Il Re analysis of CALGB 9221 IWG 2000 criteria
Hematologic response to three
Lyons et al. alternative dosing schedules of

(2009) azacitidine in patients with IWG 2000 criteria

myelodysplastic syndromes.

Efficacy of azacitidine compared with
that of conventional care regimens in

Fenaux et al. the treatment of higher-risk -
(2009) i myelodysplastic syndromes: a IWG 2000 criteria
randomised, open-label, phase IlI
study.

Hypomethylating agent: decitabine

Decitabine improves patient
Kantarjian et al. m outcomes in myelodysplastic
(2006) syndromes: Results of a phase Il
randomised study.

IWG 2000 criteria

Results of a randomised study of 3
schedules of low-dose decitabine in
Il higher-risk myelodysplastic
syndrome and chronic
myelomonocytic leukaemia.

IWG 2000 criteria
initially then recoded
to IWG 2006 modified
criteria

Kantarjian et al.
(2007)

Low Dose Decitabine Versus Best
Supportive Care in Elderly Patients
with Intermediate or High Risk MDS
Not Eligible for Intensive
Chemotherapy: Final Results of the
Randomised Phase Il Study (06011)
of the EORTC Leukaemia and
German MDS Study Groups.

Wijermains et al.
(ASH abstract only) 1]

(2008)

Not reported
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The Comparator

In this report, supportive care is the comparator of chdittgatientsdiagnosed with MDS
receive supportive cato control/treasymptoms associated with anaemia, neutropenia, and
thrombocytopenia, improve quality of life and prevent/treat complications. The nature and
extent of supportive care varies and depends on a murhifectors including theeverity of

the cytopeniasnew developmentsare standards and the availability of new therapeutic
agents.

Internationally, he core elements of supportive care include:

A transfusions (platelets and/or red blood cells) to coffiebgue, dyspnoea and bleeding
problems

antibiotics to treat infections

growth factors such as granulocyte colostymulating factors and recombinant
erythropoietin to stimulate the marrdavmake more blood cells

iron chelation therapy to prevent/mandgeld up of iron in vital organfAtallah &
GarciaManero, 2008; Kantarjlan, et al., 2006; Saba, 2008)

The recently published National Comprehensive €ahetwork practice guidelines for
MDS (NCCN, 2009)includes detailed guidelin¥sor supportive care in this patient
population and adds a number of other dimensions for care of MDS in the community
including:

observation and clinical monitoring

psychosocial support

guality of life assessment

> >

>\

> > >

Note:the aboveecomparatomayhave limited application in New Zealand where:

A supportive care options include transfusions and treatment of infections

A growth factors are not registered or funded for MDS

A while there are a small number of patientsrom chelation, the treatment is difficult and
cumbersome for the patiéntThe oral iron chelatpExjade® is registered for this
indicationin New Zealandbut notcurrently fundedlt is funded for MDS patients in
Australia.

14 NCCN Guidelines for Guidelines for Supportive Care includhaylt Cancer PainAntiemesis Cancerand

Chemotherapynduced Anemia CancerRelated FatigueDistress ManagementMyeloid Growth Factors
Palliative Care Prevention and Treatment of Cané&lated Infectionsand Senior Adult Oncology
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp?button=I+Agree

15 Subcutaneous infusion6 nights per week for-6 hours, ongoing
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http://www.nccn.org/professionals/physician_gls/PDF/anemia.pdf
http://www.nccn.org/professionals/physician_gls/PDF/fatigue.pdf
http://www.nccn.org/professionals/physician_gls/PDF/distress.pdf
http://www.nccn.org/professionals/physician_gls/PDF/myeloid_growth.pdf
http://www.nccn.org/professionals/physician_gls/PDF/palliative.pdf
http://www.nccn.org/professionals/physician_gls/PDF/infections.pdf
http://www.nccn.org/professionals/physician_gls/PDF/senior.pdf
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The Technology

Hypomethylating agents

Aberrant methylationhypemethylation) of DNA cytosine residuean silencgenes that are
essential for the control of normal cgllowth and differentiation. MDS is characterised by
the hypermethylation/silencing of multiple genes. Hyperlatton may occur early in the
disease course and is believed to be associated with disease progigskiaron, et al.,
2008) Hypamethylating agents can reverse this process by inhibiting DNA methyltransferase
(DNMT). Azanucleoside DNMT inhibitors -&za2 -@leoxycytdine (decitabine) and -5
azacitidine (azacitidine) have been shown to have clinical activity in MDS and leukemic
patients(Davisson, 2008)

Azacitidine (5-azacitidine, Vidaz®): is a chemical analogue of cytidine, which is a
nucleoside present in DNA and RNAzacitidine has at least two mechanisms of action;
cytotoxicity at higher doses resulting from incorporation into RNA and DNA, and DNA
demethylation at lower doses due to DRM i nhi bi ti on. Azacitidine
methylation is responsible for its clinical efficacy in MDS. This inhibition is only seen in
dividing cells and occurs in concentrations that do not cause major suppression of DNA
synthesigD'Alo, Voso, & Leone, 2005; Siddiqui & Scott, 200%) has been reported that a

major point in favour of azacitidine is the strong reduction in the proportion of patients that
transform tcAML (D'Alo, et al., 2005)

Decitabine (5-aza-2 -deoxycytidine, Dacogen®): is a cytosine analogue thatstitibutes
extensively thraghout human tissue and also reported to have a dual mode of action
depending upon the dose. Decitabine is incorporated into DNA; at high doses it inhibits cell
proliferation throughnonreversible changesn the DNA, atlower doses it induces
hypomethylation. Decitabine treatment has been shown to reverse hypermethylatidn of
cycle inhibitory proteinp158™“? which allows the restablishment of normal p1*°
protein expressigrand has been associated with hematologic response. In theory, decitabine
should be more powerful and less toxic than azacitidine

Stage of development of the technology

Il n 2000 the FDA awarded decit ®tor nse inthPacoge
treament of MDS in the USA. In 2003 decitabine was awarded orphan drug status in Europe

for the same indicatiofWijermans & Lubbert, 2005)n 2006 decitabinevas approved in

the US for the treatment @ll FAB classifications ofmyelodysplastic syndromg&ore,

Jones, & Kirkpatrick, 2006)

Azacitidine (Vidaz®) was designated as an orphan medicinal product in Europe
(EU/3/01/084) in 2002 fortreatment of patients witHntermediate2 and High-risk®’

Myelodysplastic Syndromes (MDS) and Chronic Myelomonocytic Leukaemia (CMML) who
were not eligible for haematopoietic stem cell transplantation. Azacitidine was also
designated as an orphan medicinal product EU/3/07/509 on 29 November 200@ for th

16 The term orphan drug refers topharmaceutical agenihat has been developed specifically to treat a rare
medical ondition (a disease which occurs in less than 200,000 individuals in the USA and less than 5 per
10,000 in Europe). Orphan drug status is designed to encourage drug companies to develop new medications for
these diseases.

17 According to the Internation®rognostic Scoring System (IPSS)
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treatment of acute myeloid leukaemia (AML). At the time of orphan medicine designation,
CMML was classified as a type of MPBuropean Medicines Agency, 2008) the USA
azacitidine (Waza®)was approved by the FDA in 2004 for use in the treatment of MDS
(Issa, Kantarjian, & Kirkpatrick, 2005; Kaminskas, Farrell, Wang, tnd, & Pazdur,
2005pased on the CALGB 9221 stu@yilverman, et al., 2002)n 2008 the FDA expanded
approval (revisedabelling for injection, i.v. or s.c.) for MD® based on data from a large
RCT (AZA-001 trial) which demonstrated a significantly improved median dveuavival

for patients treated with azacitidine amceduced need for blood transfusions.

Summary

Aberrant methylation of DNA cytosine residues can silence genes that are essential for the
control of normal cell growth and differentiation. MDS is cleéessed by the
hypermethylation/silencing of multiple genedypomethylatingagents can reverse this
process by inhibiting DNA methyltransferase (DNMT). Azanucleoside DNMT inhibers

aza?2 @leoxycytidine (decitabine) andaxacitidine (azacitidinehave been shown to have
clinical activity in MDS and leukemic patients.

Azacitidine and decitabine have at least two mechanisms of action; cytotoxicity at higher
doses resulting from incorporation into RNA or DNA, and DNA demethylation at lower
doses duéo DNMT inhibition. Inhibition of DNA methylation is responsible for the clinical
efficacy of these azanucleosides. Both drugs have been approved for the treatment of MDS in
the USA and Europe.

18 http://cme.medscape.com/viewarticle/580032?src=mp&spon=30&uac=723AN
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Methods

The search procedure used to identify scienfifiblications relevant to the questions posed
to guidethis horizon scan (see pagecbntainedhe following ®arch terms

survival benefits
phase Il study
randomised
controlled trial
supportive care
response

quality of life (QOL).
toxicity profile
Search terms used:
5-aza
5-aza2-deoxycitidine
5-azacitidine
abnormal methylation

acutemyelogenous
leukemia

acute myeloid leukemia,
azacitadine
azacytidine

dacogen

decitabine
demethylating agent
dna methylation
epigenetic therapies
hypomethyating agents
inhibitor of dna
methyltransferase

The databases searched la@ied below:

N HSEED

D> D>

EMBASE - All years 1947Present with Daily Update
International Pharmaceutical Abstracts970 to April 2009
MEDLINE Pending

Ovid MEDLINE(R) - 1950 to Pregsd with Daily Update

leukemia, myeloid, acute
malignanc$
methylation
methyltransferase
myelodysplastic
myelodysplastic
syndromes
myelogenous
myeloid
syndromes
therapies

vidaza

All EBM Reviews- Cochrane DSR, ACP Journal Club, DARE, CCTR, CMR, HTA, and

The search procedures developed using the search terms above were tailored to the individual
databases searchedo restrictions were placed on the searches. The search procedure and
the number of citations identified at each stagestwown inTable 6.
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Table 6: Search strategy for hypothemylating agents for MDS

Search No

No Search terms Hits

1 exp myelodysplastic syndromes/ 23351

2 exp leukemia, Myeloid, Acute/ 34657
("acute myeloid leukemia," or "acute myelogenous leukemia™).mp. [mp =ti, ab, sh, hw, tn, ot,

3 dm, mf, tx, kw, ct, nm, rw] 29130
4 lor3or2 75950
("Epigenetic therapies" and ("myelodysplastic syndromes" or "leukemia")).mp. [mp =ti, ab, sh,

5 hw, tn, ot, dm, mf, tx, kw, ct, nm, rw] 19
6 hypomethylating agents.mp. [mp =ti, ab, sh, hw, tn, ot, dm, mf, tx, kw, ct, nm, rw] 169
("demethylating agent" and "myeloid malignanc$").mp. [mp =ti, ab, sh, hw, tn, ot, dm, mf, tx,
7 kw, ct, nm, rw] 4
8 inhibitor of DNA methyltransferase.mp. [mp =ti, ab, sh, hw, tn, ot, dm, mf, tx, kw, ct, nm, rw] 60
9 abnormal methylation.mp. [mp =ti, ab, sh, hw, tn, ot, dm, mf, tx, kw, ct, nm, rw] 402
(azacytidine or azacitadine or 5-azacitidine or vidaza or 5-azacitidine or 5-AZA).mp. [mp =ti,
10 ab, sh, hw, tn, ot, dm, mf, tx, kw, ct, nm, rw] 8967
(decitabine or 5-aza-2'-deoxycitidine or dacogen).mp. [mp =ti, ab, sh, hw, tn, ot, dm, mf, tx, kw,
11 ct, nm, rw] 1916
12 DNA methylation.mp. [mp =ti, ab, sh, hw, tn, ot, dm, mf, tx, kw, ct, nm, rw] 31304
13 8or6orllor7orl0or9orl2or5 36790
14 4 and 13 1466
15 remove duplicates from 14 1124
from 15 keep 1-1016
EMBASE <1980 to 2009 April 27> (802)
EMBASE Classic <1947 to 1979> (3)
EBM Reviews - Cochrane Central Register of Controlled Trials <1st Quarter 2009> (7)
EBM Reviews - Health Technology Assessment <2nd Quarter 2009> (1)
16 Ovid MEDLINE(R) 1950 to Present with Daily Update (203)/ 1016

A total of 1016 articles were identified for revieWhe abstracts and/or titles of these articles
were assessed for relevarend potential eligibility. Articles were eligible for full text review

if they reported on the

A safety of hypomethylating agents for MDS
A side effects of treatment

P

A clinical benefit ofhypomethylating agents for MDS, outcome improvement in terms of

(a) overall survival (OS)(b)time to progression (PF®y (c) quality of life (QOL)
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Following review of the full text of the selected papers articles were shortlisted for reporting.
The results of the assessment of these papers@yaedoelow inthreeseparate sections:

A Safety
A Effectiveness
A Quality of life

New and ongoing trials clinicalereidentified fromthe meteRegister of Controlled Trials
(mRCT)® and fromthe ClinicalTrials.gov° 0 a registry of federally and privately supported
clinical trialsconducted in the United States and around the world.

Previous Horizon Scan reports

There have been three previous horizon scans of hypomethylating égatibmal Horizon
Scanning Centre, 2003, 2007, 2008)

A National Horizon Scanning Cen{@003) Azacitidine and decitabine for
myelodysplastic syndrom&lew and Emerging Technology Briefing. University of
Birmingham, UK.

A National Horizon Scanning Cen{007) Azacitidine (Vidaza) for myelodysplast
syndrome. University of Birmingham, UK.

A Nationd Horizon Scanning Centr2008) Decitabine (Dacogen) for myelodysplastic
syndrome. University of Birmingham, UK.

These were very brief publications summarising foumpublished phase IlI randomised
controlled trialsThey are not reported further.

Levels of evidence

There were no systematic reviews (Evidence Level |, Appendix I) of the effectiveness of
azacitidine or decitabine in the treatmenMidS.

There were three randomised controlled trials (two Evidence Level 1l and one at Evidence
Level llI-1) of the effectiveness of azacitidine therapy in MDS @qix B Tables 916).

There were three randomised controlled trials (all Evidence Levef theoeffectiveness of
decitabine therapy in MDS (Appendix Tables 1724).

The remaining studies were case series (Evidence Level 1V).

Note: the quality of the randomised controlled trials was not assessed.

19 http://www.controlledtrials.com/mrct/
2 http://clinicaltrials.gov/
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Clinical Outcomes: Safety

Azacitidine: FDA safety assessment of azacitidine #

fiSafety evaluation of azacitidine wasnéounded by the pathophysiologyf MDS, which
overlaps, to a great extent, with threost common toxicities of azacitidine. Serious adverse
events (SAEs) occurred in about 6@ azaciidine-treated patients and in about 36% of
observatio-arm patients. The most comm&AEs resulting irospitalisation in both arms
werethrombocytopenia, febrile ngopenia, fever, and pneumonido deaths were attributed
to aacitidine. Virtually all 09%) azacitidinetreated patients and over 96% of the
observationarm patients reported adversgents. Gastrointestinal everfteausea, vomiting,
diarrhceea, constipation, and anorexid)aematologic events (neutropeniavdr, rigors,
ecchymosesand petehiae), injection site evésy arthralgia, cough, dyspneheadache,
weakness, diziness, and insomnia were maremmonly reported by patientreated with
azacitidine thaty patients in the observation arm.

The highest proportioof patients reportingdversesvents occurred in the first two dgs of
therapy; this proportiondecreased in $isequent cycles with the use appropriate
concomitant medications. The most comnreasons for azacitidine dmsatinuation, dose
reduction, ortherapy interruptionbesdes the main reason of lack effectiveness) were
neutropenia, lekopenia, and thrombocytopenidhe main indicabns for concomitant
medicationsto treat aderse events were gastrointestirgimptoms and fever in the
azacitidinetreated patients anfever, hypokalaemi&, and nausea in observatiarm
patients.Blood cell counts were low at baseline in all patients dadreased further in
patients treated with azacitidine. Bloaxll countsincreased in patients who showed
responses oimprovementsPatients with hepatic or renal impairmemére excluded from
the clinical trials. Liver function abnormalitiesccurred, for the most part, in patients with
intercurrentlinesses, includig hepatobiliary disorders.

More severe abnmalities developed ipatientswith previouslydiagnosed liver cirrhosign
previous literature reporthepatic coma occurred in patts with extensive metastageshe
liver [9]. Renal &ilure was reported in patientliring periods of seps and hypotension.
Some adverseeveris, such as vomiting, diarrhoe&gadache, injection site éngma,
arthralgia, tachycardiaand postprocedural haemorrhagesre reported more frequentby
females than males. The proportion of patienth adverse events was not greater in older

age groups

Since this FDA assessment of azacitidine there have been further randomised trials reporting
safety data. In the most recgattaselll study *°of azacitidine treatment of higher risk MDS
(Fenaux, et al., 20091he rate of infetions treated with intravenoumntimicrobials was
significantly higher in the azacitidine groepmpared withthe conventional care groufg he

most commoly reported grade 34 adverseevents were peripherdblood cytopenias

(Table 7).

21 (Kaminskas, FarrélWang, et al., 2005)
% Hypokalaemia is a condition in which the concentration of potassium in the blood is low
23 AZA 001 Azacitidine given subcutaneously at 75 mg/m2/d
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Table 7: Grade 3 or 4 haematological toxicity by treatment group
Cytopenia Grade 3 or 4 toxicityy
Azacitidine Conventional care
(n=179) (n=179)
Neutropenia 159 (91%) 126 (76%)
Thrombocytopenia 149 (85%) 132 (80%)
Anaemia 100 (57%) 112 (68%)

National Cancer Institute Common Toxicity Criteria toxicities based on laboratory data

The mostcommon azacitidine relatesbn-haematologicaladverseevent was injection site
reaction. Treatment discontinuation before stwdynpletion in the azacitidine group was
mostly related tchaematological adverse events. During the first 3 months of treatment
slightly more deaths occurrad patierts in the azacitidine group than the @nventional
care groupThese deaths were primarily attributed to underlying disésegesis or bleeding).
Four deaths from cerebral ischaenmathe azacitidine group (twadm sepsis and two from

bleeding), and one in the conventional care group (receivingdtme cytarabine) were
probably related to treatment.

In a recent phase Il randomised trial of three different schedules of azadtigames, et al.,
2007)there was detailed reporting of gradd adverse even(Jable 8).
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Table 8 : Selected grade

dosing regimens of azacitidine

of March 31, 2007

= 1 Adverse Event
Hematologic Disorders
Anemia
Febrile neutropenia
Leukopenia
Neutropenia
Thrombocytopenia
Hemorrhagic Events
Gastrointestinal
Rectal
Epistaxis
Infections
Candida sepsis
Cellulitis
Pneumonia

Urinary tract infection

AZA=azacitidine.

3/4 adverse events in patients treated with different

A7A 5-2-2

(n=50)
A8 (78%)
29 (58%)
11 (22%)

3(6%)
5(10%)
20 (40%)
12 (24%)

3(6%)

1 (2%)
0
1(2%)
9 (18%)
0
2 (4%)
0
0

who r e

(n 43)
34 (71%)
21 (44%)
7 (15%)
3 (6%)
4 (8%)
13 (27%)
6 (13%)
2 (4%)
0
1(2%)
0
15 (31%)
0
1 (2%)
4 (8%)
3 (6%)

AZA-5=75 mg/m /d s.c. for 5 days, total dose=375 mg/m per cycle.

AZA-5-2-2 =75 mg/m /ds. c for 5 days, followed by a 2-day weekend break, followed by 75 mg/m /d s.c. for 2

days , total dose 525 mg/m per cycle.

AZA-5-2-5=50 mg/m /ds. c for 5 days followed by a 2-day weekend break followed by 50 mg/m /d s.c. for5
days, total dose =500 mg/m? per cycle.

Source: (Lyons, et al., 2007)

ceived

O  hcitidimesas

Total
(n = 50) (n = 148)

(64%)
19 {88%_
7(14%)
1 (2%)
4 (8%)
11 (22%)
7(14%)

0

0

0

0
5 (10%)
1(2%)
1(2%)
1(2%)
1(2%)

105 (71%)
69 (47%)
25 (17%)

7 (5%)
13 (9%)
44 (30%)
25 (17%)

of

az

Lyons et al.(2007yeported that different dosing regimens were generally well tolerated and
safey was fairly consistent between the different dosing arms. The majority of treatment
related adverse events (grade 3 or 4) were reported ifirsheéwo cyclessuggesting that
tolerance increased as treatment continued. The most common serious advessaense
anaemia, febrile neutropenia and congestive heart failure: alexwted azacitidine
treatment. While the safety profiles of the three dose regimens were similar and acceptable,
the results of this study suggested that the AZA 5 regimen was tidérated.
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Decitabine: FDA safety assessment of decitabine
The FDA published the following safety assessment in 2006

A A total of 240 patients with MDS received decitabine (DAC) at the same dose as
specified in the three primary studies. DAC was adstened in cycles of six weeks, and
the median number of cycles was 3, vatime patients receiving up to nicyeles.

A There were no deaths that were attributed to DAC toxicity, although thrombocytopenia
aggravated by DAC treatment may have contributdddéeding, including intracerebral
haemorrhage. The number of deaths was greater in the supportive care arm than in the
DAC treatment arm during the study period; however the total number of deaths during
the total observation period was about the sametim &rms. Disease progression to
AML and infection were the most common cause of death in both arms.

A Haematological adverse events (neutropenia, febrile neutropenia, thrombocytopenia,
anaemia and leucopoenia) were prominently more common in the DAC anm tia
supportive care (SC) arm. Haematological adverse events did not decrease with
successive cycles unless the patient had a response. Gastrointestinal disorders (nausea,
constipation, diarrhoea, vomiting, abdominal pain, stomatitis, dyspepsia adted)asc
were more common in the DAC arm than in the supportive care arm. They decreased
after the first two cycles of DAC therapy with appropriate medications. Fever, bacterial
and fungal infections, painful joints or muscles, backaches, chest wall disgomfor
headache, insomnia, confusional state, ecchymoses, pallor, erythemas, alopecias and
skin disorders were also more common in the DAC arm than in the SC arm. There were
no greater than grade 2 hepatic or renal function abnormalities. Vital signs reflected
general clinical condition rather than MDS or DAC therapy.

A Adverse events (thrombocytopenia, lymphadenopathy, neutropenia, pneumonia, M.
avium infection, cardiac arrest, and elevated liver function tests) led to discontinuation of
DAC therapy in 10% of pgeents, and of withdrawal from the supportive care arm in 2%
of patients (because of COPD and dyspnea). About 19% of patients had dose delays,
about 5% of patients had dose reduction, and about 11% of patients had dose reductions
and dose delay.

A There areo safety data on pregnant or lactating women (who were excluded from
enrolment), or on infants and children (MDS is very rare in childhood) in this
submission.

A Overdose data is available from older studies in which patients were treated with several
fold higher DAC dosages. The main toxicity was haematological.

A The most common adverse events due to DAC overlap with those of MDS making
attribution and safety evaluation difficult. DAC therapy is effective in eliminating or
reducing transfusion dependenced ahe adverse events appear to be tolerable for the
achievement of this goal.

Since this FDA assessment of decitabine was repdhede have been further randomised
trials reporting safety data. A comparative phastudly comparing three differesthedules
of low dose decitabinKantarjian, et al., 200#eportedthatsevere (grade-3) drugrelated
extramedullary toxicities werancommon Despiterepeatedcourses of therapy (mediah
course} at the time of reporting2 (34%) of the 95 patients did not require hospitalisatio
due to decitabine therapy and there were no deaths directly attributaldlecitabine
Myelosupressiomssociated complications armtolonged myelosupression tended to be

24 http://lwww.accessdata.fda.gov/drugsatfda_docs/nda/2006/021790s000 Dacogen_MedR.pdf
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worse with the 1@lay intravenous schedule, as was the incidencleogpitalisatio. Most
patients received the full decitabine dose schedule.

The most recently compkd randomised phase Ill EORTtal (06011) of low dose
decitabine versus best supportive care in elderly pat@®viermans, Suciu, et al., 2008)
reported greater febrile neutropenia (26% of patients) in the decitabine arm compared to the
supportive care arm(7%). Differences in nohaematological toxicities were mainly
gastrointestinal. There were slightly more deaths in the decitabine arm (29 patients) than in
the supportive care arm (25 patients). Seven deaths were due to progression to AML in the
decitabire arm compared to 20 in the supportive care arm, 9 deaths were due to toxicity in the
decitabine arm compared to none in the supportive care arm.

Summary

The hypomethylating agentgzacitidine and decitabihewhen administered at clinically
effective doss, are well tolerated with manageable side effects. The main adverse event
associated with the use of these agents is myelosupression including neutropenia,
thrombocytopenia and anaemia. Gradd Baematological toxicity generally occurred in
<5% of patiats in phase Il trials. Nehaematological toxicities includeausea, vomiting,
diarrhcea, constipation, and injection site reactiddafety evaluation ahese agents may be
confounded by the pathophysiologyf MDS, which werlaps with themost common
toxicities of azanucleosides
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Clinical Outcomes: Effectiveness

Azacitadine

Azacitidine has been assessed in clinical trials for over three decades. The first
Investigational New Drug application for azacitidine was submitted by the National Cancer
Institute in 1971 for various antineoplastic indications. By 1976 more than 800 patients with
AML, chronic myelogenous leukaemia, and various solid tumours hadtbesad with a
variety of azacitidine regimengvon Hoff, Slavick, & Muggia, 1976)At this time
azanucleosides (azacitidine and decitabine) were being developegtaiexic drugs
However, their use at intermediate and high degas limited by prohibitive mucositis and
central nervous system (CNS) toxicity.

In 1979 the ability of azacitidine to demethylate newly synthesized DNA and to trigger
differentiation of cells was reportgdones & Taylor, 1980)The clinical development of
azacitidine as a hypomethylating agent was initiated by the Cancer and Leukemia Group B
(CALGB). Clinical studies of londoseazacitidine for elderly patients with MDS (who were

not eligible for standard chemotherapy), started in the d&8ps and a number of studies
were published by the CALGB during the period 1989 to 2002. These studies formed the
evidence base for FDA appral of azacitidine in 2002 (Append).

The Cancer and Leukemia Group B (CALGB) trials

Three multicenteCALGB trials and seen single centre trialsarried out between 1985 and
2002 documented azacitidine activity in MDS patients. Pharmion Corporationitted a

New Drug Applicationto the FDA based on the data from three CALGB trials, two single
arm phase Il studies and one randomised controlled phase Il trial. These trials are
summarised below and in Appendhlx

In the initial CALGB 8421 phase #tudy” (Silverman, et al., 199348 elderly MDS patients

with RAEB and RAEBT received a continuous irgion of azacitidine 75mg/ffday for 7

days each month. In 43 evaluable patients, the overall response rate was 49%, 5 patients had
a complete response (CR). There was a trilineage haematological response in 37% of
patients. The median duration of respofepatients achieving a complete (CR) or partial

(PR) response was 14.7 months. The median survival for all evaluable patients was 13.3
months. The median duration of response and survival was not influenced by age or FAB
subtype.

This studywas followedby a larger (n=72) multicentre trial (CALGB 8921) wiRtAEB,
RAEB-T and CMML patients treated with a subcutaneous daily bofuazacitidine at a

dose of 75mg/m2/dafor 7 days each mont{Kaminskas, Farrell, Abraham, et al., 2005;
Silverman, et al., 1994)The overall response rat€CR+PR) in the intenion-to-treat
populaton was 13.9%.The mean and median total duration of clinical response ofoPR
bette) for the responders was 565 days (1.5 years) and 117 days, respectively. The median
survival times of the responders and of the -responders were 39.3 and 9.6 months,
respectively. The median timés-transformation to AML of the responders (exachglAML
patients) and the nemesponders were 59.1 and 21.8 months, respecti®elpulticentre
randomisedcontrolled triai® (CALGB 9221) was carried ouh 191 elderly MDS patient®

% Single arm singleentre
26 An openlabel, parallelgroup, randomised, controlled phase 3 clinical trial (AZI-GL-2003CL-001 later
named AZA001)
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confirm theseresults(Silverman, et al., 2002Azacitidine at a dose 6f5mg/nf/day for 7

days each month delivered as a subcutaneous bolusowgmredo supportive caraloné’.

This trial had a crossover design to allow patients treated only with supportive care to cross
over to azacitidine after four months if they hdiseaseprogression Treatment with
azacitidinewas associated with statisticallysignificantly higheroverall response rate (60%

vs. 5%, p =0.0001), longermedian time to leukemitransformation ordeath (21 vs. 13
months,p = 0.007), improved physical function, symptoms, and psychological state for
patients initiallyrandomisedo azcitidine. The response to azacitidine wiaslependent of

the type of MDS

Patients in the crossover arire(patients m the supportive caram whowent on to receive
azacitidine) had an overall response of 4T¥ere was aon-significant differencén overall
survival with a median survival for azacitidine patients of 20 versus 14 months for patients
treated only with supportive céteThe effect of initial treatment with azacitidine on overall
survival in this trial was confounded byl9 patients (nitially randomised to receive
supportive carewhowere crossed oveo azacitidineduring their survival followup.

Azacitidine was awarded FDA approval 2004 based orevidence of(a) improvement in

bone marrow function(b) delayed transformation tAML and (c)improvements in quality

of life and survivalasdemonstrated in the CALB triaf& In the ensuing perigda greater
understanding fathe biology of myelodysplastic syndrom@3gata, 200§ the development

of new classificatiorand prognostisystens (Greenberg, et al., 1997; Harris, et al., 1999;
Kantarjian, et al., 2008ndnew response criterfar evaluation of newreatments for MDS
(Cheson, et al., 200@rompted a reanalysis of these d@arnblith, et al., 2002; Silverman,

et al., 2006) Reanalysis validated the previously published results and provided extended
safety and quality of life data.

While the early CALGB studies were important in demonstrating the effectiveness of low
dose azacitidine in MB, they had a number of limitations. These included:

A study population heterogeneity

A differences in number of treatment courses delivered

A inconsistencies in the definitions of sgioups prognosis and outcome
A comparison of patienis all risk groupswith supportive care only

A incorporation of patients who changed treatment during the study.

To address these shortcomingsmulticenterrandomisedphaselll trial of subcutaneous
azacitidine plus best supportive care versus conventional care regimenggilssportive

care for the treatment of MD&nd wasnitiated between 2002007 in Europe. The prime
purpose of thetudy was to determine whether 179 patients with-hghhMDS treated with
azacitidine had improved survival compared to patients treated with appropriate conventional
caré® (n=179). The study also assessbd effect of treatmenbn response, duration of
response, and transformation to acute myeloid leukaemia (AWeatment was continued

until the end of the study unless there was unacceptable toxicity, relapse after complete or

27 Supportive care was given to all patients; the supportive care group received no other treatment.

28 There are variations in the figures reported in early and later retrospective reanalysis of these data as a result
of classification changes.

2¢ohttp://www.fda.gov/bbs/topics/news/2004/NEW01069.html
http://www.fda.gov/cder/foi/appletter/2004/50794ltr.pdf

30 Conventional careincluded best supportive care (n=105), low dose cytarabine (n=49)indemkive
chemotherapy (n=25).
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partial response, transformation to AML or disease progression.stligg flow chart is
shown inFigure 4.
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358 patients randomly assigned

.

179 to receive azacitidine

v

179 to receive conventional care

.

Y

-

105 on best

supportive care

49 on low-dose
cytarabine

25 on intensive
chemotherapy

4 discontinued 3 discontinued § discontinued & discontinued
—»  before | before - befare — before
treatment treatment treatment treatment
¥ Y v
102 treated A4 treated 19 treated
v h
175 treated 165 treated
Source: (Fenaux, et al., 2009)
Figure 4 : Flow diagram for patients entered into a Phase Il trial

Subcutaneous azacitidine plus best supportive care versus conventional care
regimens plus best supportive care for the treatment of MDS

Azacitidine was administered for a median of 9 cy¢tasgel to 39), best supportive care
was administered for a mexdhi of 7 cycles (range 1 to 26). In the low dose cytarabine arm
therapy was administerdédr a median of 4.5 cycles (range 1 to 15), anthechemotherapy
with cytaabine and anthracycline arfor a median of 1 cycle (range 1 to 3, i.e. induction
plus 1 or 2 consolidation cyclesltighty-six percent of patients treated with azacitidine
remained on the initial dose of 75 mgfer day throughout the study.

The hazard ratio for overall survival of pattstreated with azacitidine was 0.58 (95% CI
0.4310.77) with 82 azacitidine deaths compared to 113 for patients treated with conakention
care regimengaplanMeier survival curvegFigure 5) for the azacitidine and conventional
care groups separate@rmanently after about 3 months, at which time 140 (78%) of 179
patients receivingzacitidine had completedcycles oftreatment. After a median followup

of 21.1 months (interquartile range 126.9) the median overall survival was 24.4 months in
theazacitidine group compared with 15 months in the conventional care group (difference of
9.4 months, p £.001); this varied from median survival not reached at 35 months in good
prognosis patieniso a median of 17.2 months in poor prognosis patiéftgi(e 5).

The median time to transformation to AML was significantly longer in the azacitidine group
(17.8 vs. 11.5 months, hazard ratio = 0.50,008001). Remission rates (CR+PR 29% vs.
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12%, p =0.0001)), haematological improvement rates (49% vs. 29%0.0€01) median

time to disease progression, relapse or death (14.1 vs. 8@0p 7/ and the median duration

of haematological response were also significantly longer in the azacitidine group (13.6 vs.
5.2 months, p ©.0002).

10 ——  Azacitidine
—— Conventional care
0-9
0-8
07 -
0-6 -

Propartion surviving
=
.
|

03 — L
0.2 —
=0.0001
01— P
0 T T | | T | T |
0 5 10 15 20 25 30 35 40
Number at risk Time from randomisation (months)
Azacitidine 179 152 130 85 g2 30 10 1 0
Conventional 179 132 a5 69 32 14 5 0 0

care

Source: (Fenaux, et al., 2009)

Figure 5 : Kaplan -Meier survival curves for patients with MDS treated with
azacitidine or conve ntional care

The proportion of patients, who were dependent upon RBC transfusion at the start of the
study, that became transfusion independimning the studywas higher in the azacitidine
group than the conventional care group (45% vs. 11.4 %0.p€01). The analysis of
predefined sulgroups showed consistetly superior responses in patients treated with
azacitidine compared to those receiviognventioml care (AppendixD). Of particular
significance was the benefit derived by patients with alterations in chromosome 7.

Community dosing schedules

The standard schedule of 75m@§/administered subcutaneously or intravenously daily for
seven days every 4 weekEenaux, et al., 2009hay be relatively inconvenient for patients,
pharmacists, nurses and doctokyons et al.(2009) recently published the ressi of a
multicentre, communitpased randomised phase Il study to evaludwee different
schedules for azacitidine which avoided weekends and allowed fortéomgambulatory
therapy Figure 6). Only 30% of patients in this study hadyher riskMDS, reflecting the
distribution of patients in the community setting.
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The threaedosageschedules evaluated by Lyons et(a009)were;

AZA-5 75 mg/nf /d s.c. for 5 days, total dose=375 mg/per cycle

AZA-5-2-2 75 mg/nf /d s.c. for 5 days, fwed by a 2day weekend break followed by
75 mg/n2 /d s.c. for 2 days , total dose =525 mg/per cycle

AZA-5-2-5, 50 mg/nf /d s.c. for 5 days followed by adxy weekend break followed by
50 mg/nf /d s.c. for 5 days, total dose =500 mg/per cycle

The FDA approvedegimenof 75 mg/nf /d s.c. for 7 days, total dose = 5Ff/nT per cycle
(Fenaux, et al., 200®yasnot includedn the study.

Sereening Cycle 1 Cycles 2.6 Cycles 7-18 End of Study
ATA B2 2 ATAD
Days 1-9 q 4 weeks
AZA D20 | Repeatcvcle g E 4 weeks
Days Diavs 1-12 | every 4 weeks é ; Al Lo
R
2l t0-1 = 8
AZA S AFAD
Days 1-5 i b weeks
Initial IWG response/
Randomization improvement

AZA=azacitidine, IWG=International Working Group

Source: (Lyons & Cosgriff, 2009)

Figure 6: Study design used by Lyons and Cosgriff (2009) to evaluate three
different schedules for aza citidine  in a community setting

A total of 151 primarily lower risk MDSpatients were randomised with approximately 50
patients allocated to each treatment groblaematological improvement was achieved in 44%

of the #day (AZA 5-2-2), 45% of the 1@ay (AZA-5-2-5) and 56% of the Blay (AZA-5)
studyarms. The proportion of transfusion dependent patients who achieved independence
ranged from 55%64% in the three arms with the highest score achieved by the5AZA
dosing arm.

These 3 alternative azacitidindosingregimens provideé comparable resultsonsistent with
those peviously reported with the approvextacitidinedosing scheduté Each of the 3
alternative dosing regimens of azacitidine was tolerabi, similar safety profiles tahat
observed with the ggoveddose.In this study the improvements observed with each of the
schedules was similar, howey#he results suggested that thed&y regimen (AZA5, ) may

3175 mg/m2/day for 1 week every 4 weeks
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be better tolerated, with a lower more convenient dosing schaddah the -tay (AZA 52-
2) or10-day (AZA-5-2-5) schedule.

New developments and ongoing clinical trials

In an attempt to increase the CR rate in patients (traditionally required for improved survival
in cytotoxic therapy) there have been a number of studies of azacitidine in coambuaidih
agents with a different mechanism of action includitigrans retinoic aci¢ATRA), histone
deacetylase inhibitors (HDAC) such as valproic g8driano, Yang et al. 200MS-275,
farnesyltransferase inhibitors such as tipifarnénd 531 cloneinhibitors such as
lenalidomide (Gore, 2005; Gore, Baylin, et al., 2006; Gore & HerrmbeSantis, 2008;
Sekeres, 2008; Soriano, et al., 2007)

In 2007 the AustralasialLeukaemia and Lymphon@roup registered newphase I/ll trial to
determine the safety and efficacy ofabacitidine (Vidaza) and thalidomidembination
therapyin patients with myelodysplastic syndromes (MBS)

Gore et al.(2008) reported that 16 phaselll studies of azacitidine therapy combinations
were under investigation. Recruitinginical trials identified for this report (Appendik)
revealed an ongoing interest in the development of combination therapy including
azacitidine. Other developments of interest include investigations of the clinical utility of

A oral azacitidindGarciaManero, Stoltz, Ward, Kantarjian, &harma, 2008)
A azacitidine prior to allogeneic stem cell transplant (high risk MDS)

A azacitidine in relapsing patients

A azacitidine maintenance therapy.

Decitabine

Decitabine has been evaluated in clinical trials for over two decades. It was initially
developed as a classical attimour agent. Early phase | studies established the maximum
tolerated dose (MTD) as 15250 mg/mM in patients with acute leukenia (Momparler,
Rivard, & Gyger, 1985; Rivard, et al., 198Ihe dosdimiting toxicity was primarily
myelosupression. In these early trials decitabine was utilised in a similar way to its structural
relative cytarabine (ARAC). Decitabine showed no advantageloARA-C and had a poor
toxicity profile. Its development as @totoxic drugwas halted. With the discovery of the
hypomethylating activity ofow dosef azanucleosides (i.e. dose2® times lower than the
MTD) and advances in the understanding of the nature of MDS, there wasveed interest

in decitabine.

Clinical studies forming the basis for FDA approval

The initial studies of hypomethylating taaty of decitabine in patients with MDS were
conductedn Europeby the European Organisation for Research and Treatment of Cancer
(EORTQ. Key phase Il studies were published in 1997 and 200ffermans, Krulder,
Huijgens, & Neve1997; Wijermans, et al., 20Q0)

Wiermans et al(1997)in a single centre open label, single arm phase Il trial (BGH1)
examined the effect of lovdose decitabine in 29 elderly patients with high risk MDS .
Decitabine was administered at low doses (135 rhgatal dose/course) by continuous

32 http://www.anzctr.org.au/trialSearch.aspx
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infusion over a 72 hour period. Trilineage responses were observed in theses paith an
overall response rate of 54% and a CR rate of 28%. The median overall survival was 46
weeks.

To confirm these findings a second, larger, racdtntre phase Il study was carried by
Wijreman et al(2000)in 66 elcerly patients with a median age of 68 years. Patients received
45 mg/nf of decitabine for3 days (135 mg/ftotal dose/course) every 6 weeks for a
maximum of 6 cycles. Patients who achieved a CR after 2 courses received an additional 2
cycles ofconsolidation therapy. Endpoints were response rate, toxicity, response duration,
survival from the start of therapy and overall survival. The overall response rate was 49% (32
cases, 95% CI 383%), for highrisk patients. The response rate 64% (16 ot&&es) was
higher for patients achieving either a PR or CR. The response duration w39 95%

Cl 2547 weeks) and 3@eeks (95% CI 287 weeksyespectively. The median progression
free survival was 25 weeks (95% CI-84 weeks). The median surviviibm the start of
therapy was 15 months (95% CI 1-3.8.7 months) and from the date of diagnosis was 22
months (95% CI 14.229.8 months). A notable finding was an early observed increase in
platelet counts.

The results of these Phase Il studies togeilir a third phase Il study (PGBI7-19, n=75)

of MDS in an elderly population were reported as a pooled analysis in (¥0{&mans,
Luebbert, & Verhoef) and again in 2005 with the addition of patients from a US phase I
study (PCH95-06) (Wijermans & Lubbert) The pwled odds rate ratio RR) was 49%,
haematological improvemeni() 14% and mediawoverall survival OS) 15 months; the 2

year survival in this population was 34%. A significant correlation was reported between OS
and age< 65 years, IPSS score and lowkrig/togenetics.

The promising results of these phase Il studies led to a -msitiutional, Phase Il
randomised trial (D0007) of deabine plus supportive care versugportive care alone in

170 patientgKantarjlan, et al., 2006 Adult patients withde novoor secondary MDS with

any FAB classification and INI, INT-2 and HIGH IPSS risk groups were eligible for this
pivot al study. Pat i ent s30% blasts) oraother ipegrassive i s 0
malignant disease were excluded. Cases were stratifieB3fy fisk group. Decitabine was
administered intravenously over 3 hours at a dose of 15 freyleny 8 hours for 3 days: this

cycle was epeated every 6 weeks (dependgran recovery from myelosupression).

Supportive care was administered in both armsracto ng t o Agenerally ac
and included RBC and platelet transfusion, with hematope@S$E as indicated. Therapy

was discontinued after 2 cycles of a maintained QRality of life (QCL) was assessed at

baseline and at the end of each tresait cycle. The results of this trial are summarised below

and in AppendixC.

The overall response rate (PR+CR, 7+8 cases) for decitabine was 17% (15 cases) compared
with 0% for supportive care alone (<00L). All responses were durable (median 10.3
monts, range 4:13.9 months). Haematological improvement was observed in 13% of
decitabine patients and 7% of patients receiving only supportive cafeQs.

Responses were observed across all IPSS risk groups and similar response rates were
observedn patients withde novoeandsecondaryMDS. Patients treated with decitabine had a

33 Defined in this study as a deterioration of blood counts leading to increased transfusion requirements, or an
increase in the number of mipblasts by more than 10%.
34 This phenomenon was investigated subsequently by
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longer median survival (12.1 vs. 7.8 months, time to AML or death) but the trend was not
significant  =0.16) Figure 7A).

Subgroup analysis indicated significant surviealvantages in patients with higher IPSS risk
scores (p<0.3, p =0.01) and de novo MDS (p<.04), segures 7B and 7C. The supportive
care arm had an approximatelyfdd increased risk of AML progression or death (HS
0.580, 95% CI 0.3D.91). The medan number of courses of decitabine given was 3 (range
0-9).

Decitabine resulted in a statistically superior quality of life compared with best supportive
care alone in global health status (p<05), fatigue (p<0.05) and dyspnea (p€9.05).
Decitabine wasvell tolerated with a manageable toxicity profile. Fewer patients died in the
decitabine arm (14% vs. 22%). Serious adverse events were greater in the decitabine than the
supportive care alone arm (69% vs. 56%)e most common adverse events in both arms
were neutropenia, thrombocytopenia, anaemia, febrile neutropenia and leukopenia.

iI o Analyzed Population = All Patients*
< Lo e mmeea- Decitabine (N=89)
5 - =81
° 0 4 Supportive Care (N=81)
§ “
o ¥
>
= 40
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e 0
®
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£
[ 7] 10 -
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o 50 100 150 200 250 300 350 400 450 500 550 600 4650 700
A Survival (Days) Without AML
Figure 7A : Time to AML or death for all patients treated with de citabine versus

supportive  care
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%7 Analyzed Population = Treatment-Naive MDS Patients”
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Figure 7B : Time to AML or death for treatment naive patients treated wit h

decitabine or supportive care
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Figure 7C : Time to AML or death for IPSS | NT -2 and high -risk patients treated

with decitabine or supportive care

Source for Figures A-C: (Kantarjlan, et al., 2006)

The foregoing studies formed the basistfegFDA approvalin 2000and 2003f decitabine
for all FAB subgroups. In addition there have been a number of significangpostval
studies in response to (a) questions about the optimal dosdgeclaeduling of decitabine,
(b) advances in the understandofgts mechanisnof action,(c) experience with responding

phase Il patients after disease recurrence and (d) changes in the classification status of
CMML.

Post FDA approval studies

A phase I, randomised, open label stantarjian, et al., 2007gomparedhree different
schedulesf low dose decébine in 95higher risk MDSpatients(including patients with
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CMM). A total dose of 100 mg/fwas delivered as 10 mgfrv. over 1 hour daily for 10
days, 20 mg/hi.v. over 1 hour daily for 5 days, 20 mg/ra.c twice daily for 5 days.
Courses were administered every 4 weeks.

In an adaptiverandomisationdesign, after the 45 case, patients were preferentially
randomisedo the arm with the higher CR rate. Overall 73% ofg@as had an objective
responseaccading to modified IWG criterigCheson, et al., 2@). The schedule with the
highest dose intensity (i.e. theday i.v. schedule) waegeported to be the more effective
schedule. The original-8ay schedule used in tpgvotal phase Ill RCT was not includedda
the Bayesian trial design has not begmiversally accepte@Ruter, Wijermans, & Lubbert,
2006)

Ruter et al(2006)reported the results of thretreatmentof 22 elderly patients (median age

71 years), who had initial treatment with low dose decitabine in epHasdl trials®*. These
patients received 15 mgfrover 4 hours, 3 times per day on 3 consecutive days with a total
dose of 135 mg/firepeated every 6 weeks. After a median of 3 courses (rafgmdrses),
administered a median of 11 months after the initial treatment, ten (45%) patients had
objective reponses. The quality and duration of the second remissions were reported to be
inferior and the authors concluded that decitabine responsive patients might benefit from
continuation of the initial treatment.

Decitabine has also been shown to be effectieatients with chromosome 7 abnormalities,
which carries a poor prognosis. Following a reanalysis of data for azacitidine, Ruter at al.
(2007)suggested that this may ofeter,etmh 80 er ed t o

A review of the treatment effectiveness of 31 CMML (WHO criteria) patients treated in three
phasell trials®® was carried out by Wijermarst al. (2008) at a total dose of 135 mgfm
administered over 3 days. The ORR was 25% and a haematological improvement was
observed in 11% of patients.

In 2008the results of the phase 1l EORTC 06011 randomiseddfisdw dose decébine
versusbest supportive care i833 elderly patients with intermediate or high risk MDS
(Wijermans, Suciu, et al., 2008yas reported in an abstradh this trial patients were
randomised t@ither supportive care ar decitabine schedule of 15 mg/iv. over 4 hours

every 8 hours for thérst 3 three consecutive dags every 6 weelcycle, for a maximum of

8 cycles The overall response rate was 34% in the decitabine arm and 2 % in the supportive
care arm. The median overall survival was 0.84 for decitabine versusy@ar& for
supportive care. The progression freevesal was longer in patients treated with decitabine
(median 0.55 versus 0.25 years, ©.80). Time to AML or death was not significantly
improved (p =0.24). The numbenf treatment cycles was limited in this study,

New developments and ongoing clinical trials

It has been reportetiat the future use of decitabine is likely to be in combinatith other
therapies.Decitabine may be combined to augment its epigenetic effect. Combinations of
decitabine and histonedeacetylase (HDAC) inhibitors are gigtier in reactivating gene
expression. Trials combining decitabine with valproic acid (VPA), vorinostat, depsipeptide,
andHDAC inhibitors are ongoingJabbour, Issa, Garelanero, & Kantarjian, 2008)

35 PCH 9101, PCH 9511, PCH 9719.
36 PCH 9101, PCH 9511, PCH 9719.
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Other agents that are being studied in combination with decitabine include amsacrine,
idarubicin, daunorubicin, topotecan, cisplatin, carboplatin and imatjSdba, 2008)
Recruiting trials involving these and other newer agents are listed in Apgendix

A phase /1l study(Soriano, Yang et al. 2000f the combination ob-azacitidine (58AZA),
valproic acid (VPA), and ATRA in patients with acute myeloid leukaemia or-iisih
myelodysplastic syndromeoncluded that the combination was safe and had significant
clinical activity.

Fifteen active trials of decitabine in MDSeazurrently registered with the NCI (Appendix
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Clinical Outcomes: Quality of Life

Myelodysplastic syndromesliffer from many other hematologic malignancies in their
chronicity (often without disease progression to AMand in the morbidityand mortally
caused by recurringytopenias Alleviation of diseasaelated complications and improved
quality of life (QOL) are important goals of therafi§heson, et al., 2000)

Supportive car including bngterm transfusion support for patients is corcgied by
required premedicationdevelopment of antibodies to red blood cells (RBCs), febrile or
allergic reactions, trsmission of infectious age(@upta, LeRoy, Luikart, Bateman, &
Morrison, 1999) andthe longterm complication of iron overload from transfusion support
which is a significant cost to the health service

Thus, reducing transfusion dependencyn@ normalising cytopeniaand their associated
complicationsto enhance overall quality of life ipatients withMDS (Lyons, et al., 20079

an important endpnt/outcome. The importance of quality of lif@assessmentn the
evaluation of therapeutic intervention is emphasised in the NCCN clinical practice guidelines
for MDS (NCCN, 2009) Two of the thre phase Ill RCTs reviewed in this report included a
quality of life assessment.

Azacitidine

Kornblith et al. (2002) reported onte impact of azacitidinen the quality of life of 191
patients wih MDS assessed in the randomigdse Il Cancer and Leukemia Group B trial
(9221). All FAB sub-types were included anduglity of life was assessed by centrally
conducted telephone interviews at baseline and days 50, 106, and 182. Overall quality of life,
psychological state, and social functioning were assessed by the European Organization for
Research and Treatment of Cancer (EORTC) Quality of Life Question(@li@) C3¢”, and

the Mental Halth Inventory (MHI¥. Patients receiving best supportive care pragded to

show adecreasen overall QOL scores in the range of 82 points while pagnts treated

with azacitidine showed QOL scarerementsn the range 7-19.3 points.

Patients receiving azacitidimxperienced significantly greater inggement in:

fatigue (EORTCp =0.0Q1)

dyspnea (EORT( = 0.0014)

physical functioning (EORT( = 0.0(R)
positive effect (MHIp =0.0077)
psychological distress (MHRh =0.015).

I I D >

The authors concluded thatacitidinenot only effectively produces a partial or complete
regression in MD®ut alsoand improvesthp at i ent 6 s qual ity of [|ife.

Decitabine

Kantajlan et al.(2006)reported on the impact of decitabine therapy on the quality of life of
patients with MDS assessed in a randomised phase Il trial. @3Lassessdor all FAB
subtypesat baseline, athe end of each dosing dg¢ and at the end of treatmentngsithe

37 http://groups.eortc.be/qol/qolg_activities.htm
38 http://www.health.qld.gov.au/pahospital/qtmhc/docshemglish. pdf
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EORTC QLQC30 (versionsl.0 and 3.0). Scores wereomputed according to EORTC
standard8. Decitabine resulted ia statistically superior QOtompared vth best supportive
care in seval QOL parameters. Improvememtsglobal health statug =0.05 at theend of
cycles 2 and 4)fatigue p = 0.06 at the end ofycles 2, 4, 5, and 6), and dyspnpa=(0.05 at
the end of all 6 cycles) were sustainable effects observed during decitabine treatment.

Summary

MDS severely affestt h e p at i yeoh ltfebasd, ugtilracknitlyt available treatments,
particularly for the older ptents, have been very limited. Hypomethylating agents
(azacitidine and decitabipdave shown survival benefit in clinical trials in these patients.
Promising (though relately low) response rates in early phase Il trials in both agents led to
the initiating of randomised controlled trials desigh@donfirm the phase Il studiessponse

rates and establish if treatment with these agents conferred a survival advantage and/o
delayed progression to AMIhe key features of these trials were the achievement of

A durable response rates
A delayed time to progression to AML
A a manageable toxicity profile

Clinical trialsin this areaare still ongoing, and preliminary data indicate for the first time that

the natural history of MDS may be changed by aimbensive treatmentharacterisethy an
outstanding toxicity profildLeone, Voso, Teofili, & Lubbert, 2003However, morphologic
evidence of disease rarely disappears with treatment and several courses may be needed for
best response.

While approval from the FDA for the use of these agents has been obtained for all FAB sub
types of MDS thdest responsdsave been demonstrated in patients with

A poor prognosis disease e.g. patients with chromosome 7 irregularities
A older age
A AML by newerclassifications (2680% blasts).

Treatment with the hypomethylating age(dgacitidine and decitabipbas also resulted in a
substantially improved quality of life coupled with reduced reliance on transfuaiwhs
delayed time to transformation to AMParticular improvements were reported in overall
health status, fatigue, dyspnea and psychological state.

39 http://groups.eortc.be/qol/qolg_activities.htm
40 Published in the third edition of the EORTC QIE30scoring manual
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Potential Cost Impact

The FDA recently approved several drugs for treating MDS, including azacitidine and
decitabine, lenalidomide, and deferasirfkxjade® a new oral iron chelatar)The
development othesenovel therapeutic agents for MDS has substdptiacreasedtlinical
implications andreatment costs fathesepatientsas they need to be given monthly over a
prolonged period of time to befettive.

Treatment with immunosuppressive therapy has been therapeutically beneficial for a subset
of younger patients with MDS. Because the economic impact of these therapies are
substantial and have received only limited attentGreenberg et al2008) examined the

costs of drugs used to treat myelodysplastic syndromes. larthuke the authors evaluatthe

costs of specific drugs and their sequential use in the losletPSS (low and intermediate

1) subgroups based on the NCCN guidelines. Results edimataverage annual cost for
potentialy anaemiaaltering drugs of $63,577 per patient (ran§26000 to $95,000,
depending on the specific therapies patients for whom the therapies éail annual costs

for iron chelation pluged blood cell transfusions wastimated to average $41,412. This
article suggests that the economic impact of drug piyeshould be weighed against the
patientds potenti al for i mprovement i n cl
requirementg¢Greenberg, et al., 2008)
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Ethical Considerations

No special ethical considerations arising from the use of this technology were identified.
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Training and Accreditation

Treatment guidelines

Evidencebased treatment guidelimdor the use of these thguas in MDS have been
produced in Briten (Bowen, et al., 2003Yhe USA(Saba, 2007and Italy (Alessandrino, et

al., 2002; Bernasconi, et al., 2007; Greenberg, et al., 2006; Greenberg, et al., 2008; NCCN,
2009) The most recent USA guidelifslCCN, 2009)uses the FAB and WHO classifications

for MDS, the IPSS foprognostic stratification
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Limitations of the Assessment

A quality assessmenbf the reported studies wasot made. There are quality and
compaability issue between studies (and in particular the early and later studies) that have
not been addressed by this horizon scan. They include:

blinding of study participants and the study doctors
response criteria issues

pathology review

trial design

dataauditing and protocol compliance

supportive care

blood and marrow examination timing variations.

I v > > D D

There are also issues relating to multiple analyses and reanalysis of the original data that
formed the basis for the FDA and EMEA approvals of azacitiding decitabine to
accommodate new disease classifications and definitions of response and outcome. This has
led to slight variations in the responses reported in different publicammhsummaries.
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