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Abstract

According to the new WHO classification a group of chronic myeloproliferative
diseases (CMPDs) were defined: chronic myeloid leukemia (CML), chronic
neutrophilic leukemia (CNL), chronic eosinophilic leukemia and hypereosino-
philic syndrome (CEL/HES), polycythemia vera (PV), chronic idiopathic myelo-
fibrosis (with extramedullary hematopoiesis, CIMF), essential thrombocythe-
mia (ET), and so called CMPD/unclassifiable. As clinical features and labora-
tory findings differ widely between these diseases several diagnostic ap-
proaches are mandatory at diagnosis for classification and are needed also for
follow up studies, especially for the measurement of minimal residual disease
(MRD). We here outline the laboratory set up at diagnosis and during follow up
in CMPDs with specific focus on the respective therapeutical consequences.
Only by using a comprehensive diagnostic panel including cytomorphology, cy-
togenetics, and molecular genetic methods establishing the correct diagnosis,
optimizing treatment as well as evaluating treatment response is possible in
CMPDs today.

Introduction

The chronic myeloproliferative diseases (CMPDs) are clonal stem cell disor-
ders and are characterized by proliferation in the bone marrow and peripheral
blood of 1-3 of the hematopoietic cell lineages?. In contrast to acute leukemias
the proliferation is effective and results in increased number of leukocytes,
and/or erythrocytes and/or platelets. Although the clinical onset is often insidi-
ous all CMPDs can undergo clonal evolution and may transform to blast crisis
or to myelofibrosis, both with ineffective hematopoiesis and several clinical
complications. Therefore, not only at diagnosis but also in defined time inter-
vals during the course of the disease a comprehensive diagnostic work-up is
necessary to measure therapeutical success or progression despite therapy?2.

Accoring to the new WHO proposal® chronic myeloid leukemia (CML),
chronic neutrophilic leukemia (CNL), chronic eosinophilic leukemia and hy-
pereosinophilic syndrome (CEL/HES), polycythemia vera (PV), chronic idio-
pathic myelofibrosis (with extramedullary hematopoie-sis) (CIMF), essential
thrombocythemia (ET), and so called CMPD/unclassifiable are classified as
CMPDs. As new techniques and markers evolved within the last decade all
but the last “entity” can more or less be clearly discriminated at diagnosis and
need specific laboratory follow-up investigations.4-7.

This review will focus mainly on the clarification of markers for diagnosis
and will comment on a comprehensive approach for treatment control in
CMPDs.

The methods applied today for the diagnosis of CMPDs are a combination
of cytomorphology, histomorphology, cytogenetics, fluorescence in situ hy-
bridization and some specific molecular marker studies28. These techniques
are complementary. Although a stepwise approach seems appropriate, in
many instances they have to be performed parallel. For an adequate man-
agement and understanding of the CMPDs all laboratory results have to be
discussed also with respect to the patients history and the clinical perfor-
mance.

Material and methods for diagnosis and follow-up studies in CMPDs

As the differential diagnosis in CMPDs is not always as easy as in acute leuke-
mias the investigation of peripheral blood smears, bone marrow aspirates, and
trephine biopsies are necessary. Only in PV same classification systems® do
not exclusively rely on bone marrow and the diagnosis can be based also on
peripheral blood smears and some other clinical parameters alone®-11. In add-
dition to the May Griinwald Giemsa staining the myeloperoxidase reaction (in
CML blast crisis), and iron staining (in PV) may lead to further information with
respect to differential diagnosis and may therefore be a part of the diagnostic
work-flow. Especially for CIMF and ET, but also in cases of CML and PV the
bone marrow histomorphology included Giemsa, PAS, chloroacetate-esterase
and Gomori silver impregnation for reticulin fibers to assess the marrow con-
nective tissue is mandatory. This does not only lead to parameters for classifi-
cation but can also add some prognostic markers'2. 13,

The implementation of classical cytogenetic analyses using metaphases is
necessary in all patients with CML at diagnosis and represents so far the
goldstandard for therapy control and definiton of cytogenetic response8. This
is true especially for patients receiving interferon or imatinib treatment?4.
However, during the last years several studies demonstrated the importance
of cytogenetic data especially for prognosis in PV and CIMF. Therefore, many
investigators suggest also a cytogenetic analysis at diagnosis for all other
CMPDs in addition to the CML patients.

In the last decade newer molecular techniques such as interphase fluores-
cence in situ hybridization (IP-FISH) and hyper-metaphase FISH (HM-FISH)
have been investigated in CML and were supplemented by further molecular
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Table 1. Laboratory methods in CMPDs with relevance for classification and
prognosis that should be investigated at diagnosis

Cytomorpho- Histomorpho- Cyto- Molecular-
logy on pB/BM  logy genetics genetics
smears

CML + + + +

CNL + + + -

CEL/HES + + + +

PV +7? ? + +

CIMF + ++ + -

ET + + ? -

CMPD/unclassifiable  + + ?

pB=peripheral blood; BM=bone marrow; CML=chronic myeloid leukemia;
CNL=chronic neutrophilic leukemia; HES=chronic eosinophilic leukemia and
hypereosinophilic syndrome; PV=polycythemia vera; CIMF=Chronic idiopathic
myelofibrosis; ET=essential thrombocythemia; CMPD/unclassifiable;

+ should be performed; — is not recommended; ? is under debate

Table 2. Chromosomal and molecular markers in CMPDs, according’: 3. 4. 17, 18

Cytogenetic results Moleculargenetic For

FISH markers markers follow-up
studies
CML 1(9;22)(934;q11) BCR/ABL +
BCRIABL
CNL in some cases: +8, +9, del(20q) - -
CEL/HES in some cases: +8, i(17q) PDGFRA/FIP1L1in +?

HES
PRV-1 +

8p11 translocations in CEL

PV in some cases: +8, +9, del(20q),
del(13q), del(1p)

CIMF in some cases: del(13q), +8, +9, - -
del(20q), partial trisomy 1q

ET in rare cases del(13q), +8, +9 - -

CMPD/ ? - -

unclassi-

fiable

For further specific diagnosis and classification in CMPDs the following classi-
fication systems and guidelines can be applied and are outlined in detail in ta-
bles 3-8.

Table 3. Cytomorphological criteria for phases in CML according to different
classification systems as measured on peripheral blood smears or bone mar-
row samples

WHO?3 IBMTR

(www.ibmtr.org)

German CML Study Group
(www.kompetenznetz-
leukaemie.de)

CP blasts <10%
(bone marrow or
(peripheral
blood)

blasts <10%
(bone marrow
and/or peripheral
blood)

blasts and
metamyelocytes <15%
peripheral blood)

AP blasts 10-19%
(bone marrow or
peripheral blood)

blasts >10%, or
blasts plus
promyelocytes >20%
(bone marrow and/

blasts plus
promyelocytes >10%
(bone marrow

or peripheral blood)
or peripheral blood)
>20% basophils or
eosinophils (in
peripheral blood)

>20% basophils
or eosinophils
(in peripheral
blood)

>20% basophils or
or eosinophils (in
peripheral blood)

BP blasts >220%
(bone marrow or
peripheral blood)

blasts plus
promyelocytes >30%
(in bone marrow or
peripheral blood)

blasts plus promyelocytes
>50% (in bone marrow)
>30% (in peripheral blood)

CP: chronic phase; AP: accelerated phase; BP: blast phase
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Table 4. Diagnostic criteria for chronic neutrophilic leukemia (CNL) as mea-
sured on peripheral blood smears or in bone marrow samples3. 22,23

Leukocytosis in pB >25x109/1

Segmented neutrophils and bands >80% of WBC
Immature WBC <10%

Myeloblasts <1%

No genetic markers that would be predictive

for a specific other CMPD

Table 5. Diagnostic criteria for chronic eosinophilic leukemia (CEL) and hyper-
eosinophilic syndrome (HES) (according to WHO?3 and Cools18. 19)

® Persistant eosinophilia in pB >1.5x109/I and increased number
of bone marrow eosinophils; myeloblasts <20%
in blood and/or bone marrow
o Exclude all other causes for eosinophilia
o No genetic markers that would be predictive for a specific other CMPD
® PDGFRA/FIP1L1 detectable in HES

Table 6. Some diagnostic parameters used for the diagnosis of polycythemia
vera measurable on blood and bone marrow samples (according to WHOS3).
Specific thresholds and marker combinations as well as other parameters nec-
essary (erythropoietin level, spleen size, CRP etc.) should be looked up in the
respective publications®-11

Increased hemoglobin and hematocrit in pB

Increased platelet count in pB >400x109/|

Granulocytes in pB > 12 x 109/

e No genetic markers that would be predictive for a specific other CMPD

If bone marrow biopsy was performed:

® Increased bone marrow cellularity with trilineage proliferation
® Absence of stainable iron in bone marrow

Table 7. Blood and bone marrow findings in chronic idiopathic myelofibrosis at
the fibrotic stages: 24.25

Blood:

® Leukoerythroblastosis
e Prominent red blood cell poikilocytosis with dacrocytes

Bone marrow:

® Reticulin and/or collagen fibrosis

Decreased cellularity

Dilated marrow sinuses with intralumial hematopoiesis
Atypical and prominent megakaryocytic proliferation
New bone formation, i.e. osteosclerosis

Table 8. Morphological diagnostic criteria for essential thrombocythemias3. 26

o Sustained platelet count in pB > 600x109/|

® In bone marrow mainly proliferation of the megakaryocytic lineage
with clusters of increased numbers of enlarged but mostly mature
megakaryocytes

e No morphological criteria or genetic markers that would be predictive
for a specific other CMPD

investigations using polymerase chain reaction (PCR) for the detection of the
BCR/ABL fusion transcript in CML8. 14 or by other PCR assays in the other
CMPDs. It is recommended to measure the expression of the PRV-1 gene in
cases with suspected PV as it has been described that a high PRV-1 expres-
sion correlates with this CMPD15-17. In HES rearrangements of PDGFRA and
FIP1L1 genes have been described which lead to an increased tyrosine ki-
nase activity which can be specifically inhibited using imatinib treatment. Fur-
thermore elevated serum tryptase level seem to identify a subset of patients
with HES18-20,

A short overview of techniques and material in the respective CMPDs is
given in table 1 and will not be discussed in detail here.

Table 2 reviews very briefly the most important cytogenetic and molecular
markers relevant in CMPDs. These markers can be evaluated at diagnosis
but may also be investigated for follow-up studies and therapy control includ-
ing minimal residual disease in some cases.

In CML a new score has been proposed at diagnosis especially useful for
the definition of prognosis2!. In addition to the age of the patient and size of
the spleen the following parameters from the peripheral blood count are in-
cluded: percentages of blasts, eosinophils, basophils and number of platelets.
No parameters from bone marrow analyses are included.

Conclusions

According to the new WHO classification3 a group of chronic myeloproliferative
diseases (CMPDs) was defined: chronic myeloid leukemia (CML), chronic
neutrophilic leukemia (CNL), chronic eosinophilic leukemia (CEL) and hyper-
eosinophilic syndrome (HES), polycythemia vera (PV), chronic idiopathic my-
elofibrosis (with extramedullary hematopoiesis, CIMF), essential thrombocy-
themia (ET), and so called CMPD/unclassifiable. Several different clinical fea-
tures and an increasing number of laboratory parameters are necessary for
the classification of CMPDs. A combination of diagnostic approaches including
peripheral blood smears and bone marrow biopsy, and more and more also
cytogenetic and molecular genetic investigations are mandatory at diagnosis!
4-7_ The respective results allow the differential diagnosis and are the basis for
follow up studies measuring minimal residual disease (MRD) to evaluate treat-
ment response on an individual basis. This is daily routine in CMLS. 14, newly
tested in PV15. 17 and may also be recommended for HES in the near future.

Some further investigations, however, are warranted with respect to mo-
lecular background in CNL22 27 in CIMF25, and in ET26.28,

As far as known and identified all these data need a combination of differ-
ent specimens of blood and bone marrow samples and very experienced he-
matologists, cytogeneticists and molecular biologists. The need for investigat-
ing every specific method in a CMPD patient therefore has to be newly defined
in prospective settings. Although in CML already an algorithm seems quite
clear for diagnosis and follow-up studies? 8, new guidelines may be necessary
after new treatment approaches such as imatinib are implemented. With re-
spect to all other CMPDs the diagnostic set-up at this time is emerging as
more investigations are performed and especially when new molecular mark-
ers are defined. This was demonstrated for PV and HES very recently!7. 18,

Thus, in all cases of CMPDs these specific sources and parameters
should be investigated to lead to a more reliable and biologically orientated
classification of CMPDs in the near future. This will also enhance our under-
standing of pathogenetic mechanisms and will allow to control the success of
therapy on molecular levels. New techniques such as gene expression profil-
ing may furthermore revolutionize our understanding in CMPDs as it is in pro-
gress for the acute leukemias2®. In conclusion, a comprehensive diagnostic
panel including cytomorphology, cytogenetics, and molecular genetic meth-
ods is necessary for the diagnosis in CMPDs and can give optimal markers
for treatment evaluation.
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Abstract

STI-571 (Imatinib/Glivec®) has been shown to have synergism with various
chemotherapeutic agents including cytosine arabinoside (Ara-C) in BCR/ABL
positive leukemia cells. The antiproliferative and proapopotic effects of STI-
571 in these experiments are mainly explained by its ability to specifically
block the fusion-protein BCR/ABL which has a constitutively active tyrosine ki-
nase activity. We investigated the effects of STI-571 in combination with Ara-C
on BCR/ABL negative leukemia cell lines and CD34+ hematopoietic progenitor
cells in-vitro. Raiji, HL-60, K562, Kasumi and KG1a leukemia cells and CD34+
cells from healthy donors were incubated with 5-20 pg/ml Ara-C for 5 h alone
or in combination with 10 ug/ml STI-571. Intracellular levels of Ara-CTP mea-
sured by HPLC were increased 1.5-3 fold in leukemia cells with most promi-
ment effects in HL-60, Kasumi and Raji cells. In HL-60 cells a linear correlation
between the concentration of STI-571 (1-10 pg/ml) and the subsequent levels
of Ara-CTP was observed. A linear increase of Ara-CTP could be induced by
increasing the incubation time with STI-571 from 2-6 h with a ceiling effect af-
ter 8 h. In contrast coincubation of mononuclear cells or purified CD34+ cells
with STI-571 at therapeutic concentrations lead to decreased intracellular lev-
els of Ara-CTP. The synergism between Ara-C and STI-571 was even more
pronounced in Raji and HL-60 cells when 300 ng/ml G-CSF were added at the
beginning of the culture period. Intracellular measurements of STI-571 re-
vealed no decreased or increased levels of the compound when increasing
Ara-C concentrations were used.

Our findings indicate that STI-571 can have significant impact on nucleo-
side metabolism in malignant and non-malignant hematopoietic cells. Further
investigations will have to show whether theses effects can lead to increased
cytotoxicity in primary blasts of patients with acute leukemia.

Introduction

STI-571 (Imatinib mesylate, Glivec) has become a successful treatment option
for patients with Ph+ CML or ALL because of its specific mode of action which
is associated with the interaction at the ATP binding moieity of the BCR/ABL
fusion protein?. The inhibition of the tyrosine kinase function of BCR/ABL has
been shown to be associated with major clinical effectiveness at all stages of
chronic myeloid leukemia (CML)2 3. The specific interaction between STI-571
and its target protein is strongly supported by the finding that mutations of the
BCR/ABL gene which negatively influence the ability of STI-571 to bind to its
target region lead to clinical resistance in patients with Philadelphia chromo-
some (Ph+) positive CML and Ph+ ALL%. To further increase the efficacy of
STI-571 several investigators tried to combine the compound with other che-
motherapeutic agents which had shown clinical activity in Ph+ leukemia. Ara-C
proved to have relevant synergistic effects in cell lines and was therefore in-
corporated into clinical protocols focussing on the optimised treatment of pa-
tients with newly diagnosed or resistant CML. Most authors have shown that
the susceptibility of Ph+ cells towards Ara-C induced apoptosis is increased by
the concurrent blockade of BCR/ABLS. Only few data are available on the ef-
fects of STI-571 on Ph- leukemia cells. Although some effects were observed
in acute myeloid leukemia, these observations could not be linked to any
known chemical or biological phenomenon, so faré.

No comparable advances have been made in the treatment of Ph- nega-
tive leukemia in which resistance to chemotherapy could not be overcome
with convincing long-term results. In acute myeloid leukemia (AML) several
efforts have been undertaken to positively influence the intracellular metabo-
lism of the most active compound cytarabine by either increasing the fraction
of cells proliferating with G-CSF or by preincubation with fludarabine which
has been shown to increase Ara-CTP levels two-fold” 8.

The aim of this study was to investigate the effects of STI-571 on Ara-CTP
levels in leukemia cells. In this report we show that intracellular Ara-CTP lev-
els can be increased up to 3-fold in different Ph- leukemia cells by pre-incu-
bation with STI-571 whereas Ara-CTP levels were decreased in CD34+ non-
malignant cells.

Material and Methods

Informed consent was obtained from healthy donors whose cells were used for
subsequent CD34+ selection and in-vitro experiments. The study concept had
been approved by the local institutional review board.

Drugs. STI-571 was provided by Novartis Pharma GmbH (Basel, Switzerland,
with courtesy of H. Gschaidmeier). STI-571 stock solutions for HPLC stan-
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dards were dissolved in 100% methanol and stored at —20°C at a concentra-
tion of 1000 pg/ml. Since N-DesM-STI is not commercially available it was
separated and purified by liquid — liquid extraction from patient urine and sub-
sequently purified by the HPLC method described below. The resulting N-
DesM-STI solution showed a purity of 99% as tested by analytical HPLC. N-
DesM-STI authenticity was proved by the similarity of UV-spectra, existence
solely in STI-571 treated patient plasma or urine and finally by magnet-reso-
nance spectroscopy (data not shown). N-DesM-STI stock solutions for HPLC
standards were dissolved like STI-571 in 100% methanol and stored at —20°C
at a concentration of 1000 pg/ml. Cytarabine was delivered from sigma and
initially dissolved in PBS. Fresh working solutions in PBS were prepared be-
fore each experiment.

Cell Lines. Cell lines (HL-60, K562, Raji, Kasumi and KG1a) were purchased
from the DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH Braunschweig, Germany). Cells were grown in RPMI-1640 medium
(Biochrom AG, Berlin, Germany) supplemented with penicillin, streptomycin
and 10% fetal calf serum (FCS) under standard conditions. Cell cultures were
performed at 37°C and 5% CO, atmosphere in easy-flasks, 25 cm? (Nalge-
Nunc, Denmark, Roskilde).

CD34+ and mononuclear cells. Mononuclear cells were freshly isolated by
density gradient centrifugation on Ficoll solution (Pharmacia, Germany). These
cells were then cultured in RPMI and 10% FCS. CD34+ cells were isolated by
immunomagnetic selection (Miltenyi Biotec, Bergisch Gladbach, Germany)
from G-CSF mobilised leukapheresis samples. Antibody incubation, cell wash-
ing and magnetic enrichment were performed according to the manufacturer’s
instructions.

Ara-CTP formation. After incubation, cells were washed twice in 0.9% NaCl
and then lysed in a buffer [0.1 m KH2PO4, 0.5% acetonitrile, 0.005 m PIC A
(tetrabytylammonium phosphate), pH 2.6]. AraCTP was measured by HPLC
analysis as previously published®. HPLC analysis involved a 250/5-mm C18
reversed phase column as the stationary phase and the aforementioned buffer
as the mobile phase. Detection was performed by UV detection at 280 nm.
Quantification was performed by the external standard method.

Intracellular STI-571 levels. Cellular STI-571 was measured by HPLC and
will be described in detail in a separate publication?©. In brief, as analytical col-
umn a ZirChrom HPLC column, 3um, PDB-ZrO2, 3% carbon, 50x4x6 mm with
a precolumn of the same solid phase specificity was used. The system was
designed as online-enrichment system with another PDB-ZrO2 precolumn as
enrichment column. Flow was set on 0,4ml/min at room temperature in the an-
alytical part and on 2 ml/min at room temperature in the enrichment part. The
analytical eluent consisted of 600 ml 0,01M KH2PO4 / 0,09M K2HPO4+400 ml
Methanol / liter (v/v), while the enrichment eluent was prepared with 450 ml
0,1M KH2PO4+350 ml H20+200 ml CH3OH (v/v). For quantitation the exter-
nal standard method was used.

Results

Ara-CTP levels in leukemia cell lines. As shown in Figure 1 (left part), a sig-
nificant increase of intracellular Ara-CTP levels could be observed for the cell
lines Raji, K562, HI-60, KG1a and Kasumi. The effect was less pronounced in
immature KG1A cells. Ara-CTP was increased 1.5 to 3 fold after a 5 h incuba-

tion with STI-571. The data points represent triplicate measurements in all in-
cubations shown in multiple experiments over a time period of 3 month.

Ara-CTP in CD34+ hematopoietic stem cells. When performing the same
set of experiments with purified CD34+ cells we observed a decrease of Ara-
CTP levels after pre-incubation with STI-571. This effect could be confirmed in
three independent experiments using CD34+ cells selected from leukaphere-
sis samples of G-CSF mobilized healthy donors (Figure 1, left part). Moreover,
similar results were detected under the same conditions in peripheral mononu-
clear cells from healthy donors after fiqoll separation (2 independent experi-
ments) (Figure 1, left part).

Dose effects. Using increasing concentrations of STI-571 we could show a
linear correlation between the concentration of STI-571 used for preincubation
and the subsequent intracellular Ara-CTP levels measured in HL-60 cells. The
Ara-C concentration used in the experiments shown in Figure 2 was 20 pg/ml.
Additionally we analysed the cellular cytidine-triphosphate levels (CTP) and
found no significant change under STI-571 coincubation (Figure 2).

Time effects. In HL-60 cells we observed a linear correlation between the du-
ration of the pre-incubation with STI-571 and the Ara-CTP levels measured
thereafter. Using 10 ug/ml STI 571, the Ara-CTP levels increased in a almost
linear fashion up to 6 hours and ceiled off after 8 hours while the incubation
with AraC alone reached steady-state levels after 2 hour on an 5 times lower
plateau. For the AraC+STI-571 curve we calculated a correlation coefficient of
0,9828 based on a polynomal function of second order. Results are summa-
rized in Figure 3.

Intracellular levels of STI-571. To exclude the possibility that the uptake of
STI-571 is blocked by Ara-C at higher dose levels, we performed sequential
analyses of intracellular STI-571 concentration after AraC coincubation. We
observed no significant change of the intracellular STI-571 levels induced by
the coincubation with Ara-C as depicted in one example in Figure 2.

Effect of N-desmethylimatinib on AraCTP formation. Similar observations
as found under STI-571 coincubation with AraC were made for N-desmethyli-
matinib, the active main metabolite of STI-571. In detalil, in Rajii cells the cellu-
lar AraCTP concentration was 3.5 fold higher after coincubation with 10 pg/ml
N-desmtehylimatinib for 5 hours compared to AraC alone. However, only a lim-
ited amount of N-desmethylimatinib was available and therefore we could not
perform the same number of experiments as with the combination of STI-571
and AraC. These data should therefore be validated in further experiments.

Discussion

High-dose Ara-C has been shown to be the most active component of induction
and post-remission treatment of patients with acute myeloid leukemia (AML)"-
12, The use of Ara-C in cumulative doses of 18 g and more is an independent
prognostic factor for leukemia-free survival of patients with de-novo AML'3. Ear-
ly studies had shown that intracellular Ara-CTP levels can be increased by vari-
ous pharmacological interventions. Pretreatment of leukemia cells with granulo-
cyte-colony-stimulating factor (G-CSF) and granulocyte-macrophage colony-
stimulating factor (GM-CSF) leads to increased levels of intracellular Ara-CTP
and more cytotoxicity'4 5. Subsequent clinical studies have shown the feasibili-
ty and efficacy of so called ‘G-CSF priming’ strategies'¢. Recently, results of a
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Figure 2: AraCTP and CTP formation under increasing STI-571 concen-
trations, AraC interaction on cellular STI-571 uptake (5h incubation of 20 pg/ml
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Figure 3: AraCTP formation in relation to the incubation time +/— STI-571
(5 ng/ml AraC +/— 10ug/ml STI-571 in Raji cells — 5E10 per time point)

prospective randomised trial have demonstrated the superiority of G-CSF prim-
ing in patients with AML and standard risk cytogenetics!?.

In order to further increase the intracellular levels of Ara-CTP, investiga-
tors at the MD Anderson Cancer Centre added the purine analogue fludarab-
ine to the standard combination of anthracyclines and Ara-C'8. After preclin-
cial studies had shown synergistic effects associated with increased intracel-
lular Ara-CTP levels, phase Il studies in patients with relapsed and refractory
AML confirmed the expected efficacy9. 20.

STI-571 (Imatinib mesylate) has been introduced as the first representa-
tive of a new generation of small molecules allowing for specific, so called tar-
geted therapies. Although the specific effects of STI-571 are mainly explained
by the blockade of the tyrosine kinase activity of the BCR/ABL fusion-protein,
the compound is known to suppress additional receptor tyrosine kinases in
hematopoietic and leukemic stem cells2!. Limited activity had been shown for
STI-571 in AML cells but moderate synergism of STI-571 and Ara-C was de-
scribed for certain concentration levels®.

Nevertheless, case reports have demonstrated that STI-571 might have
activity in BCR/ABL- AML22. Although the blockade of constitutively active c-
kit was supposed to be responsible for these anti-leukemic effects, not all pa-
tients with AML who responded so far, were shown to have activating muta-
tions of c-kit23.

Our results suppose that STI-571 influences the metabolism of Ara-C
leading to increased Ara-CTP levels in several leukemia cell lines. The exact
molecular reason for this phenomenon has not been elucidated yet. One of
the possible explanations might be that during the preincubation period at
higher doses STI-571 blocks intracellular kinases in proliferating leukemia cell
lines, which is compensated by a subsequent activation of nucleotide metab-
olism and proliferation. This might explain the increase of Ara-CTP measured
in-vitro.

The opposite effect observed in CD34+ stem cells could be a conse-
quence of the more quiescent status these cells have after mobilisation with
G-CSF24. This fact and a different nucleotide metabolism makes them less
susceptible to the effects of Ara-C'5. In addition, some of the cell lines like
HL-60 do not express c-kit or CD117 whereas CD34+ hematopoietic stem
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cells are CD117 positive as well. This could explain why the additional block-
ade of c-kit by STI-571 leads to a significant decrease of nucleotide metabo-
lism. A cell cycle specific mechanism could be postulated for these observa-
tions.

A further hypothesis is that STI-571 may interact with enzymes responsi-
ble for nucleotide metabolism and may thereby lead to increased levels of
Ara-CTP in leukemia cells25 26, A good candidates for such an interaction are
phosphatases like the 5-nucleotidase.

The concentration of STI-571 used in the current experiments is higher
than trough plasma levels achieved in patients receiving 600-800 mg STI-
57127, Therefore we have to consider that the changes of Ara-CTP observed
in these experiments may not be reproducible at lower concentrations and
may have limited clinical relevance.

As described above, the speculations about the reasons for the increase
of Ara-CTP in several leukemia cell lines after incubation with STI-571 have
to be replaced by functional analyses of different molecular pathways. Addi-
tional assays measuring cytotoxicity, induction of apoptosis and cell cycle sta-
tus are currently incorporated into our investigations. If these preliminary re-
sults can be confirmed with primary leukemia cells, clinical studies combining
STI-571 and Ara-C may become warranted in patients with relapsed or re-
fractory AML.
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Acute myeloid leukemia (AML) is a clonal stem cell disorder that increases in
incidence with age. Although induction chemotherapy results in high rates of
complete remission, older patients and those who are refractory to or ineligible
for standard chemotherapy generally have poor treatment outcomes. More
than 70% of AML patients have blast cells that express c-kit, a receptor tyro-
sine kinase for the ligand stem cell factor (SCF). SCF stimulation results in
proliferation of AML blasts. Further, constitutive c-kit tyrosine phosphorylation
and activating mutations have been described in a subset of AML patients.
Here, we present the update of a phase Il pilot study investigating the efficacy
and safety of imatinib mesylate, a tyrosine kinase inhibitor targeting Bcr-Abl,
platelet-derived growth factor receptor (PDGFR) and c-Kit, in patients with c-kit
positive AML refractory to or not eligible for chemotherapy. In addition, we
present in vitro and in vivo data in primary AML cells investigating the molecu-
lar mechanisms of imatinib induced effects. 21 patients were enrolled and re-
ceived imatinib 600 mg orally once daily. The overall hematologic response
rate was 24%: two patients who started imatinib in a refractory situation with
persistent blasts in BM and PB after chemotherapy experienced a complete
hematologic remission; one patient met the criteria for no evidence of leuke-
mia and two patients achieved a minor response. Treatment with imatinib
demonstrated a good safety profile and was well tolerated. Western blot analy-
sis and immunohistochemistry demonstrated c-Kit activation in primary AML
cells. Further, imatinib treatment of primary AML cells inhibited c-Kit tyrosine-
phosphorylation and SCF-induced phosphorylation of Akt. Genomic DNA-se-
quencing of c-KIT showed no mutations in exons 2, 8, 10, 11, 12, and 17.
However, cDNA-sequencing of exon 9 revealed predominance of a differential-
ly spliced isoform of c-KIT featuring deletion of a 12 bp segment encoding ami-
no acids 510-513 (GNNK). Consecutive FACS-analyses performed during the
course of imatinib treatment indicated that c-kit positive blasts were preferen-
tially sensitive to the effects of imatinib. Overall, this report suggests that imati-
nib has clinical activity in a subset of c-kit positive AML patients.
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Selective inhibition of deregulated tyrosine kinases by imatinib mesylate
(Glivec® or Gleevec™, Novartis, Basel, Switzerland) is a promising therapeutic
strategy in patients with chronic myelogenous leukemia (CML) and gastroin-
testinal stromal tumors (GIST). The results of imatinib therapy have continued
to improve during the last years. From phase | to phase Il trials of chronic
phase CML patients who failed interferon o therapy, the complete cytogenetic
response (CCR) rate increased from 13 to 41%, and in phase Il studies, 76%
of newly diagnosed chronic phase patients achieved CCR.1. 2

Because of the high CCR rate observed with imatinib, the appropriate
measure for response in CML has now become molecular remission using
PCR detection of residual BCR-ABL transcripts. Molecular analyses have
demonstrated a rapid decrease of BCR-ABL transcript levels in newly diag-
nosed CML patients treated with imatinib3. Nested PCR may reveal residual
BCR-ABL transcripts in samples which are negative by real time PCR. BCR-
ABL transcript levels correlate with cytogenetic response, but continue to de-
crease even after CCR has been achieved. Imatinib is superior to IFN/Ara-C
in terms of speed and degree of molecular responses, but residual disease is
rarely eliminated4. ‘Complete molecular remission’, i.e. undetectable BCR-
ABL transcripts by real time and nested PCR, has been observed in a small
minority of <5% of patients. However, the achievement of a ‘major molecular
remission’, i.e. of a 3-log reduction of the tumor load or of ratios BCR-
ABL/ABL <0.1%, is associated with continuous remission in chronic phase
CML patients3 4. 5. Molecular response is clearly emerging as a key endpoint
for clinical trials. Guidelines for molecular monitoring will help to make molec-
ular data comparable and interpretable in a standardized fashion.

Significant responses have been observed even in advanced phase CML,
these responses, however, are not durable in most patients®. 7. Hematologic
relapses have been observed even after the reaching CCR or low BCR-ABL
transcript levels. In an attempt to model resistance, several groups have gen-
erated imatinib-resistant cell lines using BCR-ABL-transformed murine hema-
topoietic cells and BCR-ABL-positive human cell lines. Mechanisms of imati-
nib resistance identified from these in vitro studies include several-fold in-
crease in the amount of BCR-ABL protein, amplification of the BCR-ABL
gene, and overexpression of the multidrug resistance P-glycoprotein. Sensi-
tivity to imatinib may be restored by withdrawal of imatinib from the cultures.
Increased levels of alpha, acid glycoprotein (AGP) have been suggested to
cause binding of imatinib with consecutive inactivation. Treatment of mice
with drugs binding AGP, e.g. erythromycin, was able to overcome such resis-
tance. However, the clinical relevance of this observation is still controversial.
The contribution of AGP to the development of resistance in clinical settings
has to be determineds.

Clinical studies have demonstrated responses in chronic phase (CP) pa-
tients lasting more than two years whereas most responding patients in blast
crisis (BC) may relapse early despite continued therapy. Drug resistance has
been observed, particularly in advanced phase but also in CP CML. In AP,
24% of patients failed to reach hematologic remission and 51% have re-
lapsed after an initial response to imatinib monotherapy. In myeloid BC, 66%
failed to achieve hematologic remission and 88% relapsed after initial re-
sponse. In contrast, in CP the proportion of relapsing patients within 24
months was 13% in patients after failure to interferon o. and 4% in newly diag-
nosed CML patients, respectively.

Clinical mechanisms of imatinib resistance are heterogeneous. Two
groups have been described, one of which involves reactivation of BCR-ABL,
with continuing dependence on BCR-ABL-signalling, whereas in the other
group BCR-ABL remains inhibited but is bypassed by alternative signalling
pathways. BCR-ABL amplification at the genomic and transcript levels occurs
in some patients. This may confer a growth advantage of cells that overex-
press BCR-ABL. Sequencing of the region encoding the amino acids that
bind ATP and imatinib revealed acquired mutations which lead to substitu-
tions of amino acids which are important for specific binding of imatinib. In vit-
ro analysis of the capacity of imatinib to inhibit mutated ABL protein demon-
strated variable biological consequences of these mutations. In other resis-
tant patients, CML cells achieve the ability to bypass the BCR-ABL inhibition
exerted by imatinib, suggesting that in such cases neither BCR-ABL overex-
pression nor ABL kinase domain mutations are responsible for resistance. In
these cases, resistance may be due to evolution of the disease with occur-
rence of novel numeric or structural cytogenetic aberrations, e.g. trisomy 8,
iso(17q) which lead to BCR-ABL independent proliferation of leukemic cells®.

The occasional development of new chromosomal abnormalities demon-
strating clonal growth of Ph negative hematopoiesis is of uncertain clinical
significance. In most cases, they are likely due to a selection of prexisting
clones lacking BCR-ABL and therefore not responding to imatinib.

In order to circumvent resistance, the use of subtherapeutic dosages of
imatinib (<300 mg/day) should be avoided. The optimal therapy of resistant
patients is still unclear. Options are dose increases up to 2x400 mg/day, com-
bination with synergistically acting drugs, i.e. low dose ara-C, or switch to an
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alternative cytostatic therapy. The potential impact of combination therapies
with low dose ara-C or interferon o to avoid the occurrence of resistance is
being tested in prospective randomized trials.

Although the development of imatinib resistance presents new therapeutic
challenges, the fact that BCR-ABL is active in many imatinib resistant pa-
tients suggests that the chimeric oncoprotein remains a rational drug target.
Since mutations are heterogeneous, it may be unlikely to find a common new
inhibitor with broad utility to overcome resistance. Knowledge of the muta-
tions should permit the development of assays to detect drug-resistant clones
before clinical relapse. Physicians treating CML with imatinib should be aware
of the potential for resistance development in their patients. Approaches to
prevent or handle resistance include dose escalation and combination thera-
py, both of which are being evaluated clinically.

In addition to various oncogenic forms of the BCR-ABL tyrosine kinase,
imatinib also inhibits the receptor for stem-cell factor (SCF) — c-kit, a member
of the type Il group of receptor kinases. Preclinical studies have established
that the drug blocks c-kit autophosphorylation, as well as SCF-stimulated
downstream signalling events.

Gastrointestinal stromal tumors (GISTs) represent a subset of soft-tissue
sarcomas that involve the gastrointestinal tract and are thought to have a
common anchestor with the interstitial cells of Cajal. Somatic gain-of-function
mutations in the c-kit gene are present in up to 92% of GISTs and serve as
the scientific rational for the use of imatinib in GIST. Oncogenic c-kit muta-
tions in GIST habe been localized to the extracellular domain, kinase do-
mains 1 and 2 and predominantly in the juxtamembrane domain of the c-kit
protein. Phase Il studies have demonstrated a high level of efficacy of imati-
nib with 71% complete and partial responses?®. 1. However, recent data
shows that a minority of GIST patients lacking c-kit mutations and/or overex-
pression may also benefit from imatinib on the basis of alternative activation
of PDGFR o

Paracrine and/or autocrine activation of the PDGFR kinases « and 8 has
been postulated in numerous malignancies, and the presence of PDGF auto-
crine loops is most well documented in gliomas. PDGF overexpression is also
well documented in dermatofibrosarcoma protumerans, a highly recurrent, inf-
iltrative skin tumor that is characterized by a chromosomal rearragement in-
volving chromosomes 17 and 22. Rearrangements of PDGFR « and 8 have
been described in chronic myeloproliferative disorders associated with eosi-
nophilia, e.g. chronic myelomonocytic leukemia'2, hypereosinophilic syn-
drome’3, and atypical CML'4. Such patients have been successfully treated
with imatinib and phase Il studies are ongoing.

Imatinib represents a significant medical advance in the treatment of neo-
plastic disease, and as the first molecularly targeted, rationally designed drug
therapy for CML, imatinib establishes a new paradigm for future drug devel-
opment. Clinical phase-I- to Il trial data have provided proof of its clinical
benefit, and with its specific mechanism of action, imatinib offers an effective
and well-tolerated therapeutic option for patients with BCR-ABL positive CML,
GIST and other neoplastic diseases associated with activation of ABL,
PDGFR alpha or beta, or c-kit. Participation in clinical trials is strongly sug-
gested to further improve the use of imatinib. Open questions are the durabili-
ty of responses on imatinib monotherapy, the optimum duration of therapy
in good responders, the treatment of residual disease, and the cause and
frequency of drug resistance. Phase Il clinical trials addressing these ques-
tions by comparing regular dose with high dose therapy and introducing par-
allel or consecutive combination therapies are ongoing. In CML IV study
of the German CML Study Group, which has been launched in July 2002,
imatinib monotherapy is being compared with a combination therapy with in-
terferon « or ara-C and with imatinib therapy after initial treatment with inter-
feron o. Early transplantation is suggested in high risk patients and in patients
with a low transplantation risk (EBMT score 0-1). As of October 2003, 300 pa-
tients have been recruited. CML study IV provides a comprehensive thera-
peutic approach for newly diagnosed CML patients consisting of imatinib, in-
terferon ¢, ara-C, and allogeneic stem cell transplantation with step-wise rec-
ommendations according to the individual response and tolerability of the
treatment?s.
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Introduction

The most efficient method for prevention of graft-versus-host disease (GvHD)
following allogeneic haematopoietic stem cell transplantation (SCT) is T-cell
depletion of the graft. Concurrent T-cell depletion of the recipient facilitates en-
graftment and limits the requirement for escalation of the intensity of condition-
ing that is otherwise often required to prevent an increased incidence of graft
rejection. However, donor lymphocytes contribute an anti-leukaemia effect and
lymphocyte depletion may exacerbate problems with immune reconstitution.
There is a fine balance between the risks of GvHD and host-versus-graft reac-
tions, relapse and infection.

Pharmacology. Alemtuzumab (CAMPATH-1H) is a humanised IgG1 monoclo-
nal antibody with specificity for the CD52 antigen, which is widely expressed
on all human lymphoid cells as well as eosinophils, monocytes, dendritic cells
and macrophages.! The half-life of alemtuzumab is dependent on the amount
of target CD52 antigen in the patient. Following an in vivo dose of 20 mg/day
for 5 days (-8 to —4) prior to allogeneic transplantation there is persistence of
alemtuzumab in vivo past day 0 sufficient to cause T cell lysis by complement
fixation and ADCC, and significant levels of antibody persist up to day +28
post-transplant.2 The estimated terminal half-life of 15-21 days contrasts with
the half-life of < 1 day previously estimated for the rat monoclonal antibody
CAMPATH-1G. Delayed clearance of the antibody may impair immune recon-
stitution, affect rates of viral reactivation and limit efficacy of the donor T cell
mediated GVL effect. Administration to the recipient as part of the conditioning
regimen results in effective recipient T-cell and DC depletion in the peripheral
blood? but it remains unknown if alemtuzumab leads to depletion of tissue DCs
that might initiate GvHD. In addition, if sufficient antibody is circulating on the
day of transplantation the graft will also be depleted of T-cells, which may con-
tribute to a reduction in the incidence and severity of GvHD. The optimal dose
of antibody to prevent GvHD and minimize post-transplant immune suppres-
sion is currently unknown. It can equally well be used by admixture with the in-
fused stem cells, or by administration to the patient prior to the transplant.

Reduced Intensity Regimens incorporating Alemtuzumab. Many of the
lessons learnt in the myeloablative setting have now been shown to be true in
the reduced intensity setting, which forms the focus for the rest of this abstract.
The most commonly used regimens combine alemtuzumab with fludarabine
and an alkylating agent, usually melphalan or busulphan.45 Alemtuzumab has
also been added to the BEAM regimen and used in reduced intensity condi-
tioning for lymphoma.6 A partial list of reported regimens containing alemtuzu-
mab or CAMPATH-1G is shown in Table 1. These regimens vary in their mye-
loablative and immunosuppressive properties and it is currently unclear which
is optimal for any given clinical scenario.

Engraftment and Chimaerism. Engraftment is rapid with the regimen com-
bining alemtuzumab with fludarabine and melphalan. The median time to neu-
trophil recovery (0.5x1091) was 13 days (8-23), as was the median time to
achieve platelets >20x109/1 (range 3-96).4 The incidence of graft rejection was
<3% using peripheral blood stem cells from sibling donors and was 6% with
bone marrow from unrelated donors.4 11 Lineage-specific chimaerism studies
demonstrate most patients to be full donor chimeras as early as day 7 follow-
ing the transplant, whilst some develop stable mixed chimaerism between 1
and 3 months post-transplant.’2 Since this approach to transplantation relies
heavily on graft-versus-malignancy effects, the development of mixed T-cell

Table 1. Alemtuzumab containing reduced intensity regimens

Conditioning Regimen Reference

Alemtuzumab 100 mg+Fludarabine 150 mg/m2 4
+Melphalan 140 mg/m?

Alemtuzumab 100 mg+Fludarabine 150 mg/m?2 5
+Busulphan 8 mg/kg

CAMPATH-1G 50 mg+BEAM 6

Alemtuzumab 100 mg+2 Gy TBI 7

Fludarabine 180 mg/m2+ATG 40 mg/kg 8

+Busulphan 6.4 mg/kg+in vitro T cell depletion
with Alemtuzumab 20 mg
TBI 450 cGy+Fludarabine 120 mg/m2+Alemtuzumab 40 mg 9
Alemtuzumab 100 mg+Fludarabine 120 mg/m? 10
+Cyclophosphamide 2 g/m2 + in vitro T cell depletion
with Alemtuzumab




chimaerism following reduced intensity stem cell transplantation might be as-
sociated with a higher incidence of disease relapse and acts a trigger for using
donor leucocyte infusions.

GvHD. Published results of sibling donor SCT using other reduced intensity
conditioning regimens have shown a 38-60% incidence of grade II-IV acute
GvHD, which is the primary cause of death in some patients. Incorporation of
alemtuzumab in the HLA identical sibling setting reduces GvHD, with acute
grade 1II-IV GvHD in only 5%.4 For reduced intensity regimens without alem-
tuzumab, the experience with unrelated donor SCTs using a fludarabine+mel-
phalan protocol is of high rates of severe GvHD, with 1 in 4 patients dying di-
rectly as a result of GvHD.'3 A similar regimen containing alemtuzumab was
associated with a low incidence of GvHD despite a significant incidence of
HLA disparity. Only 6% of patients had grade Ill-IV and 15% grade Il acute
GvHD.™ Interestingly, registry data detailing myeloablative transplants re-
vealed an unexpected and apparently paradoxical effect of post-transplant cy-
closporin — it appeared to reduce the risk of dying from infection after 6
months. Although part of the benefit could be explained by a reduction in
GvHD, the effect was still evident when patients with GvHD or graft rejection
were excluded from analysis.

Disease-Specific Outcomes

Acute Myeloid Leukemia. We have reported 55 patients with acute leuke-
mia/MDS who were considered too high risk for conventional myeloablative al-
logeneic transplantation.4 Disease status at transplant was ‘high risk’ CR1
(n=12), CR2 (n=20) or relapsed/refractory disease (n=13). There were 10 pa-
tients with MDS. The median follow-up of patients who are alive is 25 months.
Non-relapse mortality (NRM) at 90d was 13%. Six patients received donor
lymphocyte infusions pre-emptively or at relapse. At the time of analysis, 20/55
patients were alive and in CR, with a 3 year DFS and OS of 34% and 39% re-
spectively. Sub-group analysis indicated that the 3 year DFS (35%) and OS
(48%) of patients with relapsed AML treated in CR2 appeared to be distinctly
superior to that achieved with the use of salvage chemotherapy alone in these
patients. Corresponding DFS for patients in ‘high risk’ CR1 and those with re-
lapsed/refractory disease was 50% and 31% respectively. Similar results have
been obtained in patients with myelodysplasia using a regimen containing ale-
mtuzumab, fludarabine and busulphan.5> Whether reduced intensity transplan-
tation +/— alemtuzumab can achieve superior results to chemotherapy alone in
relapsed AML remains to be determined in randomized comparative trials.

Hodgkin Lymphoma. The efficacy of allogeneic myeloablative transplantation
in HL remains controversial, particularly because of very high TRM using TBI-
based conditioning regimens.’> We have experience in 41 patients with HL
treated with our reduced intensity conditioning regimen.16 Disease status at
transplant was CR in 6, PR in 24, untested relapse in 1 and refractory in 10.
Projected 4 year OS and PFS are 63% and 34% respectively (70% and 37%
for related donors). Nineteen received donor lymphocytes from 3 months post
transplantation for residual disease/progression (n=16) or mixed chimaerism
(n=3). Three received specific anti-tumour chemotherapy prior to DLI. 9/16
demonstrated disease responses following DLI (7CR, 2PR), including 2 with
prior anti-tumour chemotherapy. TRM was 9%, with an additional 11% mortali-
ty associated with DLI (overall procedural mortality 20%). Current PFS (incor-
porating DLI responses) is 42% at 4 years.

Non-Hodgkin Lymphoma/CLL. We reported results in 94 patients (median
age 48 years) with NHL/CLL.17 Sixty one had low-grade histology (LG-NHL)
[CLL (n=12), Mantle Cell Lymphoma (n=10), Follicular Lymphoma (n=32), Wal-
denstrom’s macroglobulinaemia (n=2), T-NHL (n=5)] and 33 had aggressive
high-grade histology (HG-NHL) [de novo High Grade NHL (n=22), Trans-
formed LG-NHL (n=11)]. A total of 38 patients (40%) had failed a previous au-
tograft, 23 (70%) of the HG-NHL group and 15 (25%) of the LG-NHL group.
The median number of prior treatment courses was 3 (range 1-6), with high-
grade patients receiving more prior therapy than patients with low-grade dis-
ease. At transplant 23 patients were in CR, 61 in PR and 10 had refractory or
progressive disease. With a median follow-up of 26 months (range 2—49), the
actuarial 4 year overall survival (OS) for all patients is 61% (31% for HG-NHL
and 77% for LG-NHL, respectively, p=<0.001). The 100 day and 1 year TRM
for all patients were 14% and 15% respectively and were worse (p=<0.001) for
patients with HG-NHL (30% vs 5% at 100 days and 33% vs 5% at 1 year post-
transplant respectively). The current PFS is 52%. This was significantly superi-
or for patients with LG-NHL (66%) than for HG-NHL (26%) (p=<0.001), and re-
mained so even in the patients with HG-NHL who had chemosensitive disease
who had a PFS of 34%. A total of 27 patients have relapsed (11 HG-NHL and
16 LG-NHL), with 15 dying of progressive disease (8 high-grade and 7 low-
grade). Similar outcomes have been reported in a smaller number of patients
using a regimen containing CAMPATH-1G + BEAM conditioning.®

Multiple Myeloma. In an effort to enhance graft-versus-myeloma activity a
study of adjuvant dose-escalating donor lymphocyte infusions administered
from 6 months post transplantation was planned in 20 patients with HLA-
matched related (n=12) or unrelated (n=8) donors and chemotherapy-sensitive
disease.'® Acute GvHD following transplantation was minimal (3 grade II, no
grade IlI/IV). Non-relapse mortality was relatively low (15%) and related mainly
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to infective causes. Disease responses by 6 months post transplantation were
modest (2CR, 4PR, 2MR, 6 no change, 3 progressive, 3 not evaluable). Four-
teen patients received escalating dose DLI for residual/progressive disease.
Disease responses were commoner in those developing GvHD but response
durations were disappointing (many than 12 months) and progression often oc-
curred despite persisting full donor chimaerism. Two-year estimated overall and
current progression-free survival were 71% and 30% respectively. Two-year es-
timated OS and current PFS were 71% and 30% respectively. In summary,
whilst the conditioning regimen resulted in low TRM and GvHD, allowing subse-
quent DLI in the majority of cases, it had limited anti-tumour activity in myeloma
and the graft-versus-myeloma effect of post-transplant DLI was disappointing.

Infectious Complication. The use of alemtuzumab has been associated with
slower immune reconstitution and an increased incidence of viral infections.
Pre-emptive anti-CMV therapy based on PCR-based assays in 101 patients
effectively limited the mortality associated with CMV reactivation.® Fifty-one
patients (50%) had a CMV infection at a median of 27 days post-transplant
with a probability of 84.8% in patients at risk of CMV infection (donor or recipi-
ent CMV seropositive). The probability of recurrence of CMV infection was
more common in unrelated donor transplant recipients. The median time to a
CD4+ T cell >200/mm3 was nine months in patients studied. In spite of the
higher incidence of CMV infection there was no significant difference in overall
survival and non-relapse mortality between CMV infected and uninfected pa-
tients. There also appears to be an increased incidence of adenovirus, RSV
and parainfluenza virus in alemtuzumab-treated patients; however, many of
these infections are not associated with serious clinical sequelae.20 EBV PTLD
occur with increased frequency following T cell depletion but appear less com-
mon following CAMPATH compared to ATG, perhaps because of coincident
depletion of B cells, the latent reservoir of EBV.21

Donor Lymphocyte Infusions. DLI can promote full donor chimaerism and
GVL but are associated with a high risk of GvHD early after transplant. We
have experience of dose escalating DLI in 46 patients at our institution, who
received a total of 109 DLIs (median 2, range 1-6) to treat mixed chimaerism,
residual disease or disease progression.22 Diseases treated included myeloma
(n=19), Hodgkin lymphoma (n=13), non-Hodgkin lymphoma (n=10) and other
(n=4). Thirty-two had an HLA-matched family donor and 14 an unrelated do-
nor. Grade II-IV GvHD occurred in 5 sibling and 7 unrelated donor recipients.
GvHD was more common (p=0.002), occurred at lower T-cell doses, and was
more severe in the unrelated donor cohort. Conversion from mixed to muilti-lin-
eage full donor chimaerism occurred in 30 of 35 evaluable patients. Presence
or absence of mixed chimaerism in the granulocyte lineage at the time of DLI
did not predict for chimaerism response or development of GvHD. Disease re-
sponses were documented in 63% myeloma and 70% Hodgkin lymphoma pa-
tients, were limited in degree and durability in the former group, and were not
predicted by changes in chimaerism status.

Summary

Alemtuzumab reduces the incidence of acute and chronic GvHD following
stem cell transplantation and reduces GvHD-related mortality. There is a delay
in immune reconstitution and an increased incidence of viral infections with the
use of alemtuzumab, however many of these infections are asymptomatic, and
at least in the case of CMV in the sibling setting, do not adversely effect trans-
plant-related mortality. Disease relapse appears more common but approach-
es incorporating DLI may offset this tendency in immune responsive malignan-
cies. Delivery of these therapies in a less toxic manner remains a priority for
future research.
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TRANSPLANTATION STRATEGIES IN CHRONIC LYMPHOCYTIC
LEUKEMIA: CURRENT CONCEPTS OF THE GERMAN CLL STUDY
GROUP AND THE EBMT

P. DREGER

Dept. Hematology, Allgemeines Krankenhaus St. Georg, Hamburg, Germany

As conventional cytotoxic treatment has only limited efficacy in chronic lym-
phocytic leukemia (CLL), recent efforts to develop curative treatment strate-
gies for this disease have focussed on autologous and allogeneic stem cell
transplantation (SCT).

Autologous Transplantation. Autologous SCT (auto-SCT) has been increas-
ingly used in younger patients with CLL during the past decade. Although early
studies indicated that this approach might be a potentially curative treatment in
this otherwise incurable disease [1-4], more mature data do not support that
auto-SCT can result in eradication of the leukemic clone in a relevant propor-
tion of patients [5-8]. Especially in those individuals with high risk CLL as de-
fined by an unmutated VH gene status relapse appears to be inevitable [9].
Not being curative, however, does not necessarily mean not being beneficial,
but pursuing a toxic and expensive procedure like SCT requires evidence of its
clinical value in terms of improved remission duration or survival.

Comparative studies between auto-SCT and standard palliative treatment
are completely lacking to date. Since the results of prospective randomized
studies will not be available in the near future, we performed a risk-matched
comparison between 66 patients who had undergone a uniform SCT regimen
and a database of 291 patients treated conventionally [10]. Matching vari-
ables were age, Binet stage, IgVH gene mutational status, and lymphocyte
count. Forty-three pairs fully matched for all 4 variables were identified. In
both cohorts, 70% of the patients were in advanced stage, 67% showed an
unmutated VH status, and 58% had a high lymphocyte count, indicating pre-
dominance of poor-risk cases. With the exception of time to study entry, pa-
tient groups were well balanced for a broad variety of additional risk factors
including adverse genetic abnormalities and CD38 expression. With an over-
all median follow-up of 70 and 86 months, respectively, survival was signifi-
cantly longer for the SCT patients than for the conventionally treated patients
when calculated from diagnosis (hazard ratio (HR) 0.39 (95% confidence in-
terval (95%Cl) 0.16-0.92), p=0.03 (log rank)), or from study entry (HR 0.32
(95%Cl 0.14-0.76), p=0.006). The benefit for the auto-SCT group remained
significant when the analyses were restricted to those 58 patients who had an
unmutated VH status. Cox regression analysis confirmed auto-SCT as inde-
pendent favorable prognostic factor for survival from diagnosis as well as
from study entry (HR 0.38, 95%CI 0.15-0.97, p=0.04; and HR 0.37, 95%ClI
0.15-0.93, p=0.03, respectively).

In conclusion, this study provides evidence that auto-SCT might prolong
survival of younger patients with high-risk CLL. Although patients with unmu-
tated VH status have a significantly poorer outcome after auto-SCT than
those with mutated VH, the present analysis indicates that unmutated pa-
tients will, nevertheless, particularly benefit from high-dose therapy due to the
extremely poor results of conventional treatment in this subset. Because of
the limitations inherent to this kind of study, our data do not definitely prove a
survival advantage but provide for the first time a solid rationale for prospec-
tive randomized trials on this issue.

Based on these and other promising results, auto-SCT in CLL is currently
being investigated in prospective randomized trial by the EBMT in coopera-
tion with the GCLLSG (GCLLSG CLL3R trial). The aim of this study is to as-
sess the efficacy of a consolidating autotransplant in comparison to no further
treatment after having achieved remission upon first- or second-line therapy
for symptomatic CLL (Fig. 1). The endpoints of the CLL3R trial are event-free
survival, overall survival and quality of life. To date, almost one third of the
300 patients needed has been accrued, mainly from France, the UK, and
Germany.

A novel approach aiming at complete elimination of residual CLL cells
from the patient by auto-SCT is followed by the GCLLSG CLL3C protocol,
which incorporates a limited amount of the CD52 antibody alemtuzumab into
the high-dose regimen (Fig. 1). Preliminary results from this study suggest
that complete molecular remissions can be achieved, but attention has to be
given to the risk of infections associated with this regimen.

Allogeneic Transplantation. Allogeneic SCT (allo-SCT) has been shown to
result in long-term disease control in a proportion of patients with resistant CLL
[1;11-14], and there is some evidence that graft-versus-leukemia activity (GVL)
is of crucial importance for the efficacy of allo-SCT [15-17]. To date, however, it
is unknown whether GVL can be effective in patients with unmutated V, status
and unfavorable caryotype, respectively. Information on this issue is particular-
ly important as allo-SCT in CLL is increasingly performed using nonmyeloabla-
tive or reduced-intensity conditioning [18-21], implying that the contribution of
GVL for disease control becomes even more essential.

To this end, the GCLLSG in cooperation with the EBMT has set up the
CLL3X study aiming at assessing the feasibility and efficacy of allo-SCT after
reduced-intensity conditioning with fludarabine and cyclophosphamide in
younger patients with aggressive CLL (Fig 1). As of November 2003, 33 pa-
tients from 9 centres have been included in this protocol. With a median fol-
low-up of 22 months, the 2-year event-free survival is currently 80%. Of note,
8 of 10 patients available for sensitive ASO primer RQ-PCR monitoring show



Figure 1: Current transplant con-
cepts of the GCLLSG
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ongoing complete molecular remissions occurring with the onset of chronic
graft-versus-host-disease or immune interventions such as cyclosporin with-
drawal or donor lymphocyte infusions.

In order to investigate the influence of in-vivo T cell depletion, recently a

second arm was added to the study which allows the use of alemtuzumab
and low-dose total body irradiation in the context of the conditioning regimen.

Conclusions. Taken together, a consolidating auto-SCT might be a promising
approach for younger symptomatic patients with an unfavorable genetic risk
profile (i.e. unmutated VH and/or adverse FISH karyotype) but still responsive
disease. Selected patients with advanced or progressive CLL and unfavorable
genetics should be considered for allografting. However, it must be kept in
mind that both autologous and allogeneic stem cell transplantation are still ex-
perimental procedures which should not be performed outside of approved
clinical trials.
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Abstract

Recently, the water-soluble bifunctional alkylating agent treosulfan demonstrat-
ed broad stem cell toxicity, immunosuppressive as well as antileukemic activi-
ty. Due to its well known low non-hematologic toxicity profile, treosulfan was
considered an alternative agent for conditioning prior to allogeneic transplanta-
tion. A first clinical study, combining 3x10 g/m2 of treosulfan with 5x30 mg/m2
of fludarabine, demonstrated the feasibility of this conditioning. A fast, reliable
and complete development of the donor hematopoiesis was evident as well as
a low non-hematologic toxicity, transplantation-related mortality and relapse
rate. In a second study treosulfan was escalated from 3x10 to 3x12 and 3x14
g/m2. In this protocol, 55 pts (patients) not amenable to standard conditioning
suffering from various hematological malignancies were included. Complete
donor chimerism was reached by day 28 in 80% of the pts. So far, 8 pts (11%)
died without disease progression and 11 pts (20%) relapsed. Treosulfan was
very well tolerated. Especially no hepatic VOD, severe cardiac or pulmonary
toxicity was noted. Acute GvHD (°llI-1V) occurred in 44% and chronic GvHD in
45% of pts. Considering the poor prognosis of these study populations, treo-
sulfan-based conditioning is considered to be safe and efficient. New phase Il
clinical protocols in AML and MDS will be initiated.

Introduction

For many years, conditioning therapy prior to allogeneic transplantation was
restricted to a very limited number of drugs and total body irradiation irrespec-
tively of the indication for transplantation. This has changed in the last few
years with introduction of new conditioning approaches, such as non-myeloab-
lative' or mini-transplantation2. Side-effects like severe mucositis and leukope-
nia are no longer unavoidable in the early posttransplantation period, when
doses of conditioning therapy are significantly reduced. Other side-effects
such as pulmonary toxicity3 or veno-occlusive disease induced by busulfan':
4-6 may not be excluded even after reduced-intensity conditioning. Therefore,
the introduction of alternative conditioning agents such as treosulfan may on
one side help to further reduce side-effects and on the other side allow the de-
velopment of highly effective conditioning regimens. Treosulfan (L-treitol-1,4-
bis-methanesulfonate) is a prodrug of a bifunctional alkylating cytotoxic agent
that is approved for the treatment of ovarian carcinomas in a number of Euro-
pean countries.”. 8 Hematotoxicity is dose-limiting in conventional therapy.®
When treosulfan was first used for conditioning prior to allogeneic transplanta-
tion in patients not amenable to standard conditioning therapy, a low extra-
medullary toxicity profile and low non-relapse mortality was evident as well as
a low relapse rate resulting in a comparably high overall and event-free surviv-
al rates.’0 Similar results are reported from a combination of treosulfan (3x12
or 3x14 g/m2) and cyclophosphamide (2x60 mg/kg) (18 pts)."

In the most recent study, 5x30 mg of fludarabine were combined with treo-
sulfan 3x10, 3x12 and 3x14 g/m? to define the optimal dose of treosulfan and
to develop refined patient and disease specific conditioning regimens. Results
from this study as well as results of the combined data of AML and MDS pa-
tients from the two treoulfan/fludarabine protocols will be presented.

Patients, Material and Methods

Treosulfan combined with fludarabine was evaluated in 3 cohorts of >15 pts
with hematological malignancies at high-risk of organ toxicity and otherwise
not amenable to standard conditioning. Patient accrual started in January
2002, and stopped in June 2003. A total number of 55 pts was included (19
AML, 10 MM, 8 NHL, 7 MDS, 6 CML, 3 CLL, 1 ALL, 1 MH). A median follow-
up of 8.9 months (range of those surviving 2.5-19.9) has been reached at the
time of analysis.

Preparative regimen consisted of treosulfan (10 g/m2: 20 pts; 12 g/m2: 18
pts; 14 g/m2: 17 pts) given on day -6, -5, -4 and fludarabine (30 mg/m2 i.v.)
day -6 to -2. No prophylactic anti-convulsive treatment was given. Pts with
MUD/1misMRD (28/1) received rabbit-ATG (2 mg/kg) on day -3, -2, -1. Unma-
nipulated bone marrow or peripheral blood stem cells were transplanted on
day 0. GvHD prophylaxis consisted of short course MTX and standard dose
CsA.

For the analysis of AML and MDS patients from the two treosulfan/fludar-
abine studies, a total of 36 pts (study | 10 pts.; study Il 26 pts. in the three
dose levels) were available. These pts have been transplanted with de novo
AML (7 pts in 1.CR, 7 pts in >2. CR, 5 pts in >1. PR, 1 pat in relapse and
1 pat with progressive disease), SAML (4 pts), MDS (7 pts), and sMDS (4 pts)
with a median age of 50.5 years (range 20 to 66,6 pts older than 60 years).
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Figure 1: Overall and Progression-Free Survival, Non-Relapse Mortality of all
55 pts

Transplants originated from a matched related donor (16), mismatched relat-
ed donor (1) or matched unrelated donor (19) were used.

Results

Leukocyte engraftment was reached at a median of 13 d (range 10-24), plate-
let engraftment at a median of 13 d (range 9-36). No primary, but 1 secondary
graft failure was reported (CML, 2. CP with rapid disease progression shortly
after transplantation).

Complete donor chimerism was reached by day 28 in 80% of 55 pts. So
far, 8 pts died (disease progression: 2 AML, sepsis: 2, aGvHD: 2, myocardial
infarction: 1, EBV infection: 1, (NRM rate: 11%). 11 pts (20%) relapsed (5
AML, 2 MM, 2 CML, 1 NHL, 1 MDS).

Reported CTC °llI/IV adverse events (preliminary data) included increased
liver transaminases, but no VOD, fever/infection, mucositis (only 3 pts), diar-
rhea, hyper-/hypotension, renal failure (3 reversible, 3 in context with multior-
gan failure). Acute GvHD (°lI-IV) occurred in 44% and chronic GvHD in 45%
of pts so far. An overall and event-free survival at 12 months of 69% and 52%
respectively has been reached (Figure 1).

AML and MDS patients were the indication of the largest group of patients
in this as well as the first study with treosulfan and fludarabine. Analyzing the
results of these patients after a median follow-up of 166.5 days (range
1-1414) resp. of 213.5 days for surviving pts, an overall survival of 65% and
an event-free survival of 44% has been reached. 8 of 36 pts suffered from re-
lapse, 4 of them had either a sMDS, an AML in PR, relapsed, or progressive
disease prior to transplantation. The non-relapse mortality amounts to 24% in
the Kaplan Meier estimates after one year or later and was due to infections
(5 pts), GvHD (1 pat), and a myocardial infarction most likely not related to
the conditioning regimen.

Discussion

Treosulfan-based conditioning lead to toxicity reduced, well tolerable and effi-
cient regimens in patients otherwise not eligible for allogeneic transplantation.
Certain toxic side-effects reported after reduced-intensity conditioning are less
prevalent or did not occur in these protocols. While reduced-dose combinations
with busulfan may still lead to severe hepatic toxicity (Bearman Grade I1)12. 13 or
to VOD,. 6 the liver toxicity (ALT/AST elevation or bilirubinemia) observed was
transient and without clinical relevance. No VOD occurred in the patients treat-
ed with treosulfan. Pneumonitis and pulmonary toxicity'2-15 or severe left ven-
tricular failure/cardiac toxicity'3. 14 associated with reduced-dose busulfan and
fludarabine or melphalan combinations were likewise not observed. The result-
ing low treatment-related mortality in high risk patient populations as well as the
comparably high overall and event-free survival rates are promising. Looking at
single indications in the two treosulfan and fludarabine studies, the largest indi-
cations AML and MDS as equally promising. Further treosulfan-based studies
may, therefore, lead to the development of highly effective and toxicity-reduced
conditioning regimens specific for individual indications.
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Abstract

Malignant lymphomas are a heterogenous group of malignancies, belonging to
the 10 most frequent types of cancers worldwide. In indolent lymphoma only
patients with limited stage I/ll (Ann Arbor) can be potentially cured by local ir-
radiation. However, about 85% of cases present with advanced stage; for
these patients no established therapeutic strategy with curative potential exist.
The development of the anti-CD20 monoclonal antibody rituximab has been
one of the major contributions in the field of anti-lymphoma treatment in the re-
cent years. Various clinical trials have suggested the combination of chemo-
therapy and rituximab to be highly effective in de novo as well as relapsed in-
dolent lymphomas.

Introduction

85% of cases with indolent lymphoma present with advanced stage IIl/IV dis-
ease and currently no established therapeutic strategy with curative potential
exists for these patients. Thus, palliative chemotherapy is being initiated only
in symptomatic patients. In recent years, novel treatment options have been
developed. One of the promising new concepts is the introduction of myeloab-
lative chemo- or radiochemotherapy supported by bone marrow or peripheral
blood stem cell transplantation. The approach of dose intensification, however,
is limited to the minority of patients due to the increased treatment related
short-term and long-term toxicity. Therefore, there is an urgent need for the de-
velopment of innovative therapeutic strategies with increased lymphoma spec-
ificity and reduced treatment — related toxicity. One of the most attractive novel
therapeutic strategies in patients with malignant lymphomas is the antibody-
based therapy. Based on its immunobiological mechanism this therapeutic ap-
proach promises high lymphoma specificity, reduced toxicity and — because of
its different mechanism of action — a synergistic effect with conventional che-
motherapy. This therapeutic rationale has gained increasing clinical relevance
through the development of the chimeric human-mouse anti-CD20 mAb Rituxi-
mab. Several phase Il trials have shown that Rituximab has a high to moder-
ate single agent activity in pretreated patients with indolent lymphomas and
high activity in first line therapy with up to 90% remission rates. In follicular
lymphoma (FL), the most frequent subtype of indolent lymphoma, prospective
randomized trials have so far not been available. Thus, the ‘German Low
Grade Lymphoma Study Group’ (GLSG) initiated two prospective randomized
trials of Rituximab in combination with chemotherapy versus chemotherapy
alone in patients in first-line or relapsed/refractory FL.

Results

First line therapy. In 2000, the GLSG initiated a prospective randomized phase
11l study to evaluate the efficacy of a combined immuno-chemotherapy in first
line treatment of lymphoma. Patients were randomly assigned to receive either
up to 6 courses of a standard CHOP chemotherapy (cyclophosphamide 750
mg/m2 d1; doxorubicine 50 mg/m2 d1; vincristine 1.4 mg/m2 d1; prednisone
100 mg/m2 d1-5) or a combined immuno-chemotherapy (CHOP+Rituximab
375 mg/m2 d1). Responders subsequently underwent an interferon-alpha
maintenance therapy or a myeloablative consolidation followed by autologous
stem cell transplantation. In 373 currently evaluable patients with FL, the addi-
tion of rituximab led only to a moderate improvement of CR rate (21% vs.
17%) and overall response (97% vs. 93%) in comparison to chemotherapy
alone (table 1). However, follow up analyses indicated a substantial increase
of the time to treatment failure (TTF) after combined immuno-chemotherapy.
Toxicity in both treatment arms was comparable with only a slight increase of
grade IlI/IV neutropenia (42% vs. 37%) and allergy-like symptoms (4% vs. 0%)
in the R-CHOP arm. In summary, rituximab plus CHOP chemotherapy is a
highly efficient first line treatment for patients with FL with a comparable toxici-
ty compared to CHOP alone.

Table 1:
CHOP CHOP-Rituximab

patients evaluable 187 201

completed induction 178 195

CR 17% 21%

PR 75% 76%

MR/SD 4% 2%

PD 3% 1%

ED 1% 1%

CR+PR 93% 97%

Table 2:
FCM FCM+Rituximab
patients evaluable 30 35
completed induction 28 32
CR 25% 44%*1
PR 50% 50%
MR/SD 7% -
PD 18% 3%
ED - 3%
CR+PR 75% 94%*2

*1p=0.106; *2 p=0.047

Salvage therapy. For salvage therapy the GLSG started a multicenter national
trial in patients with relapsed or refractory FL. Patients received a fludarabine-
containing regimen (FCM) with fludarabine 25 mg/m2 d 1-3, cyclophosphamide
200 mg/m2 d 1-3, mitoxantrone 8 mg/m2 d 1 every 28 days. A total of 4 cours-
es were given. Patients were prospectively randomized for FCM alone or FCM
plus Rituximab (375 mg/m2 on day 1, R-FCM). Subsequently patients were as-
signed to a rituximab maintenance therapy (4x375 mg/m2 after 12 and 36
weeks) or a watch & wait strategy. No significant differences of toxicity were
observed in the two study arms. 60 patients are currently evaluable for initial
response (table 2): addition of rituximab induced a significant increase in the
rate of complete remissions with 44% in the immunochemotherapy arm versus
25% in the FCM arm (p=0.106) (table 2). The progression free survival (PFS)
was significantly prolonged in the R-FCM arm compared to FCM with the PFS
not reached versus 21 months, respectively, after a median follow-up of three
years. Furthermore, addition of rituximab to FCM resulted in a clear trend to-
wards a prolonged overall survival compared to chemotherapy alone after a
median follow-up of 23 months.

Conclusion. Taken together, these two prospective randomized clinical trials
confirm that the therapeutic concept of a combined immunochemotherapy
consisting of rituximab and an established chemotherapeutic regimen is highly
effective in the first line and salvage treatment of patients with follicular lym-
phoma. Particularly encouraging are the results in relapsed or refractory pa-
tients, whereas longer follow-up analyses have yet to define the role of rituxi-
mab in newly diagnosed patients. Of note, this increase in efficacy is not ac-
companied by a significantly higher treatment related toxicity. Accordingly,
combining an immunobiological antibody-based approach with its different
mode of action with conventional chemotherapy is a very powerful tool in the
development of future multimodal and thus highly efficient anti-lymphoma
strategies. Further follow-up of the presented studies will indicate whether ri-
tuximab plus chemotherapy will finally lead to an improved overall survival of
patients with follicular lymphoma.
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Abstract

This review will cover the use of these monoclonal antibodies alone or in com-
bination with chemotherapy for the treatment of aggressive lymphomas. Rituxi-
mab, an unconjugated anti-CD20 chimeric antibody, is certainly the most wide-
ly used but other unconjugated or radiolabeled monoclonal antibodies may
catch up quickly. Rituximab combined with chemotherapy allows increasing
the complete response rate, to decrease progression during treatment or re-
lapse, to increase duration of response, event-free survival and overall surviv-
al. This benefit is now demonstrated in several randomized studies in different
settings. Less data are available for the use of Rituximab in maintenance after
chemotherapy or autologous transplant.

The use of monoclonal antibodies (MAb) for the treatment of lymphoma
patients appeared some 7 years ago and, firstly, they have been developed
for so-called ‘low-grade’ or indolent lymphomas (1). Murine antibodies have
been used with toxin or isotopes attached to them (2-4) and, in this case, the
antibody is used to specifically transport the active agent, often a radionucle-
ide, to lymphoma cells. In the case of unmodified, naked, monoclonal anti-
bodies, such as rituximab, the chimeric human-mouse antibody fixes the anti-
gen on the membrane of lymphoma cells with the murine antibody part and
stimulates the immune host mechanisms through the human Fc part. The fact
of fixing the antigen on the cell surface may also trigger a cascade of biologic
events leading to the cell death through the apoptotic process.

Rituximab alone for the treatment of lymphomas. First studies with MAbs
were done on patients with relapsing or refractory indolent lymphomas, mostly
follicular (5). The first study evaluating the response rate in patients with ag-
gressive lymphoma (DLCL or MCL) patients was conducted in Europe four
years ago (6). This study included patients in first or second relapses with ‘in-
termediate or high-grade lymphoma’ according to the Working Formulation.
The response rate was higher in patients in first or second relapse than in pri-
mary refractory patients and in those with smaller tumors. This study showed
that aggressive lymphomas may respond to rituximab therapy and it opened
the development of rituximab in all types of B cell ymphomas.

Phase Il studies combining rituximab and chemotherapy. One important
phase |l study has been presented with the combination of CHOP and rituxi-
mab in aggressive B-cell lymphomas (7). In this study, 33 patients with previ-
ously untreated advanced aggressive B-cell NHL received an infusion of rituxi-
mab (375 mg/m?) on day -2 of each cycle of CHOP chemotherapy for 6 cycles.
The overall response rate was 94% (31 out of 33 patients). Twenty patients
reached a CR (61%), 11 patients a PR (33%), and 2 patients were classified as
having progressive disease. The median duration of response and time to pro-
gression had not been reached after a median observation time of 26 months,
29 of the responding patients remaining in remission during this period, includ-
ing 15 of 16 patients with an IPI score >2. This combination of CHOP and rituxi-
mab did not increase the toxicity of both type of chemotherapy.

Several phase |l studies with a combination of rituximab and different che-
motherapy regimens such as DHAP, EPOCH, VNCOP-B, fludarabine-based
regimens, and ICE have been presented (8-10). The constant findings of
these studies was the fact that the combination of chemotherapy plus rituxi-
mab did not seem to increase the toxicity of the chemotherapy regimen and
seemed to allow a higher response rate and a longer duration of response
than in historical controls. In this regard, the 55% response rate obtained with
R-ICE in patients with DLCL and refractory to the first line therapy is demon-
strative of the improvement of response (11). R-EPOCH was also associated
with a 71% response rate in these refractory patients (10).

Randomized trials combining chemotherapy and rituximab for diffuse
large cell lymphomas. The GELA (Groupe d’Etude des Lymphomes de
I’Adulte) has presented the first randomized study demonstrating the benefit of
adding rituximab to chemotherapy for the treatment of patients with diffuse
large B-cell lymphoma (12). In the recent American Society of Hematology
meeting, several other studies have demonstrated the benefit of this combina-
tion in DLCL patients and in patients with other lymphomas (13-18).

The GELA study compared 8 cycles of CHOP to 8 cycles of CHOP plus ri-
tuximab (R-CHOP) in elderly patients with DLCL. The classical doses of
CHOP were given every 3 weeks and rituximab was given at the dose of 375
mg/m?2 the same day of the CHOP. Three hundred and ninety-nine newly di-
agnosed elderly patients were included in this trial, 197 in CHOP arm and 202
in R-CHOP arm. At the end of treatment, 75% of the patients had reached a
CR or an undocumented CR (CRu) in the R-CHOP arm compared to 63% in
the CHOP arm (p=0.005). Twenty-two percent of the patients treated with
CHOP had a progression during the treatment compared to 9% in the R-
CHOP arm. With a median follow-up of 4 years, 138 events (70%) were ob-
served in the CHOP arm and 99 (49%) in the R-CHOP arm, most of them be-
ing a progression during or after treatment (p=0.002). This higher response
rate and lower progression rate observed with the combination of CHOP and
rituximab translated into statistically longer event-free survival, disease-free
survival, and overall survival (Figure 1).
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Figure 1. Event-free survival of the 399 patients of the GELA randomized
study comparing CHOP and R-CHOP in elderly patients with diffuse large B-
cell lymphoma.(12)

Table 1. Comparison of survivals in patients with diffuse large B-cell lympho-
ma treated in British Columbia before and after the registration of rituximab for
this indication (March 1st, 2001).

Before After P value
registration registration
R-CHOP 15% 91%
2-y PFS 52% 71% 0.0009
2-y 0OS 53% 77% 0.0001

The benefit of the addition of rituximab to the CHOP chemotherapy was even
more important in patients with low-risk disease according to the age-adjusted In-
ternational Prognostic Index: the improvement over CHOP alone at 4 years was
over 50% (67% of the patients event-free compared to 36%). This study demon-
strated that the addition of rituximab to CHOP chemotherapy led to significant
prolongation of event-free and overall survivals in elderly patients with DLCL,
without significant additional toxicity. The benefit of the combination was extreme-
ly important for patients expressing bcl-2 protein, an abnormality usually associat-
ed with chemoresistance, poor response to treatment, and shorter survival: pa-
tients treated with CHOP had a poorer outcome if they expressed bcl-2 protein
(19). This observation translates the fact that rituximab induces a sensitization to
the activity of chemotherapy drugs by acting on the apoptosis mechanisms (20).

In the intergroup study led by ECOG (E4494 (18)), elderly patients were
randomized between CHOP and R-CHOP with a second randomization for
responders between a consolidation with rituximab (4 injections every 6
months for 2 years) and nothing. The main differences with the GELA study
were the number of cycles of CHOP that may be reduced to 6 for patients re-
sponding quickly to the chemotherapy and the number of rituximab injections.
Rituximab was given once every two cycles of CHOP, so patients received
half of the dose of the GELA study. This study showed a benefit for R-CHOP
over CHOP alone in term of progression-free survival but not for overall sur-
vival. There is a trend for a longer disease-free survival in patients receiving
Rituximab maintenance, particularly for the group of patients treated with
CHOP alone. Because of the length of maintenance duration and the 4-arm
design, these results must be considered as preliminary but they confirm the
GELA results. The less important benefit added by Rituximab might be inter-
preted as the results of an suboptimal number of cycles of CHOP and infu-
sions of rituximab.

Another very important observation was presented by physicians from the
British Columbia Cancer Agency (16): they have compared the survival of pa-
tients with DLCL treated from the date of rituximab registration in Canada
(March 1st, 2001) to that of patients treated during the same period of time
but before this date. Even if some patients in the pre-rituximab period did re-
ceive rituximab in part of trials and some patients were treated with CHOP
only in the rituximab period, they observed a significant increase in progres-
sion-free and overall survivals (Table 1).

Rituximab as maintenance therapy after chemotherapy. Because the effi-
cacy of rituximab seems more important when the tumor mass is smaller, its
efficacy may theoretically be higher in patients responding to chemotherapy ei-
ther in first line or in relapse, thus as a maintenance therapy to prevent recur-
rences. Currently, only preliminary data have been presented. In the Inter-
group US study, responders were randomized to observation or rituximab 4 in-
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fusions every 6 months for 2 years (13). With a median follow-up of 2.7 years
and half of the patients analyzed, patients treated with maintenance seem to
have a longer progression-free survival, particularly for those treated without
rituximab in induction. Currently, there is not sufficient data to use rituximab as
maintenance therapy in patients with aggressive lymphoma. Moreover, be-
cause of the possible synergism between chemotherapy and rituximab, if both
had to be given to a patient, the combination of both during induction therapy
would be the best choice.

Monoclonal antibodies in the setting of stem cell transplantation. Rituxi-
mab has been used either for improving the salvage chemotherapy or for
purging the transplant, even if few data exist for DLCL. It has also been used
after autologous or allogeneic transplant to decrease the relapse rate (21). In
this setting, it seems that rituximab may complete the response for patients
with persisting abnormalities. However, the benefit may only be demonstrated
by randomized studies.

In conclusion, these different studies all showed that rituximab has some
activity by itself in DLCL and, more importantly, that this activity is increased
when it is combined with chemotherapy. More studies will come and will allow
the definition of the right use of rituximab in combination with chemotherapy:
which regimen? How many infusions of rituximab? Maintenance therapy? Be-
cause of the long half-life of rituximab, the day of the infusion in combination
with chemotherapy does not matter and doing both the same day is probably
the easiest treatment for the patient.

References

1. Grillo-Lopez AJ, White CA, Varns C, et al. Overview of the clinical devel-
opment of rituximab: First monoclonal antibody approved for the treat-
ment of lymphoma. Sem Oncol 1999;26(5 Suppl 14):66-73.

2. Grossbard ML, Fidias P, Kinsella J, et al. Anti-B4-blocked ricin: A phase
Il trial of 7 day continuous infusion in patients with multiple myeloma.
British Journal of Haematology 1998;102(2):509-15.

3. Kaminski MS, Zasadny KR, Francis IR, et al. lodine-131 - Anti-B1 radio-
immunotherapy for B-cell lymphoma. Journal of Clinical Oncology
1996;14(7):1974-81.

4. Witzig TE, White CA, Wiseman GA, et al. Phase /Il trial of IDEC-Y2B8
radioimmunotherapy for treatment of relapsed or refractory CD20(+) B-
cell non-Hodgkin’s lymphoma. Journal of Clinical Oncology 1999;17(12):
3793-803.

5. McLaughlin P, Grillo-Lopez AJ, Link BK, et al. Rituximab chimeric anti-
CD20 monoclonal antibody therapy for relapsed indolent lymphoma: Half
of patients respond to a four-dose treatment program. Journal of Clinical
Oncology 1998;16(8):2825-33.

6. Coiffier B, Haioun C, Ketterer N, et al. Rituximab (anti-CD20 monoclonal
antibody) for the treatment of patients with relapsing or refractory aggres-
sive lymphoma. A multicenter phase |l study. Blood 1998;92(6):
1927-32.

7. Vose JM, Link BK, Grossbard ML, et al. Phase Il study of rituximab in
combination with CHOP chemotherapy in patients with previously un-
treated, aggressive non-Hodgkin’s lymphoma. J Clin Oncol 2001;19(2):
389-97.

8. Hainsworth JD, Litchy S, Burris HA, et al. Rituximab as first-line and
maintenance therapy for patients with indolent non-Hodgkin’s lymphoma.
J CLin Oncol 2002;20(20):4261-7.

9. Joyce RM, Kraser CN, Tetrealt JC, et al. Rituximab and ifosfamide, mi-
toxantrone, etoposide (RIME) with Neupogen (R) support for B-cell
non-Hodgkin’s lymphoma prior to high-dose chemotherapy with autolo-
gous haematopoietic transplant. Eur J Hematol 2001;66(Suppl 64):56-
62.

10. Wilson WH, Gutierrez M, O’Connor P, et al. The role of rituximab and
chemotherapy in aggressive B-cell lymphoma: A preliminary report of
dose-adjusted EPOCH-R. Sem Oncol 2002;29(1 Suppl 2):41-7.

11. Kewalramani T, Zelenetz A, Bertino J, et al. Rituximab significantly in-
creases the complete response rate in patients with relapsed or primary
refractory DLBCL receiving ICE as second-line therapy. In: American So-
ciety of Hematology; 2001: Blood; 2001.

12. Coiffier B, Lepage E, Briére J, et al. CHOP Chemotherapy plus rituximab
compared with CHOP alone in elderly patients with diffuse large B-cell
lymphoma. N Engl J Med 2002;346:235-42.

13. Habermann TM, Weller EA, Morrison VA, et al. Phase Il Trial of Rituxi-
mab-CHOP (R-CHOP) vs. CHOP with a Second Randomization to Main-
tenance Rituximab (MR) or Observation in Patients 60 Years of Age and
Older with Diffuse Large B-Cell Lymphoma (DLBCL). In; 2003; San Die-
go, CA: Blood; 2003.

14. Jiang Y, McLaughlin P, Thomaides A, et al. Quantification and Monitoring
of the t(14;18) Translocation Copy Number by Real-Time PCR in Pa-
tients with Follicular Lymphoma Treated with FND Plus Concurrent or
Delayed Rituximab. In; 2003; San Diego, CA: Blood; 2003.

15. Marcus R, Imrie K, Belch A, et al. An International Multi-Centre, Random-
ized, Open-Label, Phase Il Trial Comparing Rituximab Added to CVP
Chemotherapy to CVP Chemotherapy Alone in Untreated Stage IIl/IV
Follicular Non-Hodgkins Lymphoma. In; 2003; San Diego, CA: Blood;
2003.

20.

21.

22.

. Sehn LH, Donaldson J, Chhanabhai M, et al. Introduction of Combined

CHOP-Rituximab Therapy Dramatically Improved Outcome of Diffuse
Large B-Cell Lymphoma (DLBC) in British Columbia (BC). In; 2003; San
Diego, CA: Blood; 2003.

. Dreyling MH, Forstpointner R, Repp R, et al. Combined Immuno-Chemo-

therapy (R-FCM) Results in Superior Remission and Survival Rates in
Recurrent Follicular and Mantle Cell Lymphoma - Final Results of a Pro-
spective Randomized Trial of the German Low Grade Lymphoma Study
Group (GLSG). In; 2003; San Diego, CA: Blood; 2003.

. Hiddemann W, Dreyling MH, Forstpointner R, et al. Combined Immuno-

Chemotherapy (R-CHOP) Significantly Improves Time To Treatment Fail-
ure in First Line Therapy of Follicular Lymphoma - Results of a Prospec-
tive Randomized Trial of the German Low Grade Lymphoma Study
Group (GLSG). In; 2003; San Diego, CA: Blood; 2003.

. Mounier N, Briere J, Gisselbrecht C, et al. Rituximab plus CHOP (R-

CHOP) overcomes bcl-2-associated resistance to chemotherapy in elder-
ly patients with diffuse large B-cell lymphoma (DLBCL). Blood
2003;101(11):4279-84.

Emmanouilides C, Jazirehi AR, Bonavida B. Rituximab-mediated Sensiti-
zation of B-non-Hodgkin’s lymphoma (NHL) to cytotoxicity induced by
paclitaxel, gemcitabine, and vinorelbine. Cancer Biother Radiopharm
2002;17(6):621-30.

Horwitz SM, Negrin RS, Blume KG, et al. Rituximab as adjuvant to high-
dose therapy and autologous hematopoietic cell transplantation for ag-
gressive non-Hodgkin’s lymphoma. Blood 2003:2003-04-1257.

Coiffier B. Diffuse large cell lymphoma. Current Opinion in Oncology
2001;13(5):325-34.



MAIN SESSIONS

Special Lecture

Targeted Therapies in Myeloid Leukemias

D.G. GILLILAND

Harvard Medical School, Brigham & Women’s Hospital and Harvard Institute
of Medicine, Boston, USA

Introduction

Significant progress has been made over the past two decades in treatment of
acute myeloid leukemia. However, the majority of adults who develop AML still
die from complications of disease or therapy. There is thus a need to improve
the current therapeutic approach to leukemia. Recent advances in our under-
standing of the molecular pathogenesis of leukemia have led to the preclinical
and clinical development of molecularly targeted drugs. These may be useful
additions to the armamentarium of drugs currently used to treat AML.

Genetics of AML

We have a detailed, though still incomplete, understanding of many of the mo-
lecular events associated with the development of AML. Many of these in-
sights have been derived from cloning and characterization of recurring chro-
mosomal translocations in AML, but point mutations in genes are increasingly
being identified that contribute to pathogenesis of disease. A simplistic model
for pathogenesis of AML can be generated based on classes of mutations that
fall into two broad complementation groups. One of these groups contains mu-
tations that are known to confer proliferative and/or survival advantage with
minimal impact on differentiation in primary hematopoietic progenitors. These
include activating mutations in RAS, FLT3, KIT and other receptor tyrosine ki-
nases. Epidemiologic evidence that supports this class of mutation as a com-
plementation group includes the observation that these mutations are only
very rarely identified in the same patient. Experimental evidence to support
complementation includes a limited data set showing that each of these en-
genders a similar myeloproliferative phenotype in vivo, and a limited data set
indicates that one of these can substitute for the other in murine models of
AML, as described in more detail below. For example, RAS or FLT3 can coop-
erate to generate nearly identical murine models of acute promyelocytic leuke-
mia in cooperation with the PML-RARo. transgene.

A second complementation group is comprised of mutations that often in-
volve hematopoietic transcription factors, or transcriptional co-activators.
These include rearrangements involving core binding factor, such as AML1-
ETO or CBFB-SMMHC, those involving retinoic acid receptor alpha, such as
PML-RARa, and those involving members of the HOX family of transcription
factors. These fusion genes are also mutually exclusive in AML - that is,
AML1-ETO is never observed in leukemias with the PML-RARa fusion and so
on. There are several shared functional characteristics of this class of gene
rearrangements. These include activity as dominant negative inhibitors of the
wildtype alleles through recruitment of the nuclear co-repressor complex, as-
sociation with impaired hematopoietic differentiation, and association with im-
mortalization or “self-renewal” phenotypes. For example, the core binding fac-
tor fusions such as AML1-ETO and CBFB-SMMHC are dominant negative in-
hibitors of native core binding factor, and impair normal hematopoietic devel-
opment during embryogenesis. Dominant negative inhibition is thought to be
due to aberrant recruitment of the nuclear co-repressor complex by AML1-
ETO. Expression of AML1-ETO in adult hematopoietic cells using conditional
alleles confers properties of immortalization in serial replating assays in vivo.
These properties are similar to those of PML-RARa, which is associated with
impaired differentiation at the promyelocyte stage of hematopoietic develop-
ment, and aberrantly recruits the nuclear co-repressor complex. Evidence
that PML-RARa is important in engendering the block in differentiation in-
cludes the observation that all-trans retinoic acid (ATRA) targets the PML-
RARa fusion and results in normal maturation and differentiation of myeloid
lineage cells.

Epidemiologic data thus supports a model for genesis of AML that requires
at least two broad classes of mutations - one that confers proliferative and
survival advantage to hematopoietic progenitors with minimal effects on dif-
ferentiation, and those that impair hematopoietic differentiation, and perhaps
in doing so confer properties of immortalization by disrupting normal path-
ways for apoptosis of terminally differentiated cells. There is also convincing
experimental evidence to support this model in cell culture and murine mod-
els of leukemia.

Phenotypic consequences of expressing activating mutations
in signal transduction pathways: lessons from analysis
of myeloproliferative syndromes

Myeloproliferative syndromes, such as chronic myeloid leukemias, chronic
myelomonocytic leukemia, systemic mastocytosis, hypereosinophilic syn-
drome and juvenile myelomonocytic leukemia are thus far universally associat-
ed with activating mutations in signal transduction pathways, including BCR-
ABL, TEL-PDGFBR, TEL-JAK2, FIP1L1-PDGFRA, oncogenic RAS alleles, ac-
tivating mutations in PTPN11 (SHP2) and NF1 loss of function, respectively.
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Table 1. Mutations that do not co-segregate in AML (or CML blast crisis)

BCR-ABL AML1-ETO
TEL-PDGFBR CBFB-SMMHC

KIT PML-RARa

N-RAS NUP98-HOXA9

K-RAS C/EBPA loss of function
FLT3-ITD AMLA1 loss of function

MLL rearrangements
CBP, p300, TIF2 fusions

Signal transduction mutations Transcription factors

Table 2. Examples of mutations that co-segregate in AML

FLT3-ITD and AML1-ETO or PML-RARa or MOZ-TIF2
or C/EBPa or AMLA1

N-RAS and AML1-ETO or PML-RARa

KIT and CBFB-SMMHC

TEL-PDGFBR  and AML1-ETO

BCR-ABL and NUP98-HOXA9

Table 3. Murine models of cooperativity in AML

Signaling Transcription Phenotype
BCR-ABL + NUP98-HOXA9 CML blast crisis
TEL-PDGFBR + AML1-ETO CMMol blast crisis
FLT3-ITD + PML-RARa APL

FLT3-ITD + MOZ-TIF2 AML (M5)

K-RAS + PML-RARo APL

Murine models of these diseases indicate that each of these activating muta-
tions expressed alone in primary hematopoietic progenitors causes a myelo-
proliferative syndrome with many of the features of the human phenotype, in-
cluding normal maturation and differentiation of myeloid lineage cells. Further-
more, mutations that result in loss of kinase activity in the tyrosine kinases ab-
rogate the disease phenotype, indicating that the kinases are validated targets
for therapeutic intervention in this context.

Chromosomal translocations in AML frequently target hematopoietic
transcription factors

Chromosomal translocations in AML most often target transcription factors that
play a role in normal hematopoietic development. These include numerous
distinct translocations involving core binding factor, retinoic acid receptor al-
pha, members of the HOX family of transcription factors, and even transcrip-
tional modulators such as MLL and the co-activators CBP, p300 and TIF2. The
available evidence indicates that these gene rearrangements aberrantly recruit
co-activator and co-repressor complexes, resulting in dysregulated transcrip-
tion during hematopoietic development. For example, the core binding factor
and retinoic acid receptor rearrangements (such as AML1-ETO and PML-
RARa) aberrantly recruit the nuclear co-repressor complex, and act as domi-
nant negative inhibitors of the native proteins. Phenotypically this may result in
impaired hematopoietic differentiation, and in immortalization of hematopoietic
progenitors, as observed in the case of the AML1-ETO fusion. The causality of
PML-RARa in the block in maturation at the promyelocyte stage is apparent
from the response of promyelocytic leukemia cells to all-trans-retinoic acid
(ATRA). ATRA targets the PML-RARa protein, and results in release of co-re-
pressors, with subsequent transcriptional transactivation. Phenotypically, leu-
kemic cells undergo terminal differentiation and apoptosis, indicating that the
PML-RARa fusion protein is a critical determinant of the block in differentiation.
The success of ATRA in PML has fueled efforts to target the co-repressor
complex in other leukemias using HDAC inhibitors.

Experimental evidence for cooperating mutations in AML

Epidemiologic data indicates that mutations in signal transduction pathways
that confer proliferative and survival advantage to cells, and mutations affect-
ing hematopoietic transcription factors, fall into at least two complementation
groups. For example, FLT3-ITD or activation loop mutations, oncogenic N-
RAS and K-RAS mutations, and activating mutations in KIT are presently col-
lectively in as many as 50% of all AML, but these mutations only very rarely
co-segregate in the same leukemia. Similarly, gene rearrangements involving
core binding factor, retinoic acid receptor alpha, MLL, HOX family members, or
loss of function mutations in C/EBPalpha or AML1, collectively occur frequent-
ly in AML, but two of these together are never identified in the same leukemia.
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Figure 1. Small molecule inhibitors of FLT3 in clinical trials

In contrast, components from each of these groups are often identified in
the same leukemia. For example, FLT3-ITD or activation loop mutations have
been identified in core binding factor leukemias, MLL leukemias and are quite
frequent in PML-RARa, as discussed in this meeting by Dr. Grimwade. Onco-
genic RAS mutations have also been identified in core binding factor, MLL,
and PML-RARa associated leukemias.

These data suggest cooperativity between at least these two broad class-
es of mutations. Experimental data derived from analysis of primary hemato-
poietic progenitors provides further support. First, expression of any of these
mutant genes is not sufficient to cause AML. Expression of any of the signal
transduction mutations results in a myeloproliferative phenotype, but not
AML. Similarly, expression of AML1-ETO in a conditional model confers cer-
tain properties of immortalization in vitro, but does not result in leukemia in
murine models unless chemical mutagens are utilized. Similarly, expression
of PML-RARa in the promyelocyte compartment under the control of the
MRP8 or Cathepsin G promoters results in AML with a long latency and in-
complete penetrance, indicating a requirement for a second mutation.

Finally murine models directly demonstrate cooperativity between these
two classes of mutations. Murine models of cooperativity in AML we and oth-
ers have developed that recapitulate the human genotype include BCR-ABL
and NUP98-HOXA9; TEL-PDGFBR and AML1-ETO; FLT3-ITD and PML-
RARa; FLT3-ITD and MOZ-TIF2; and K-RAS and PML-RARa. Collectively
these data indicate that each of these gene rearrangements contributes to the
leukemia phenotype, and that strategies that target each of these compo-
nents, respectively, may enhance therapeutic efficacy in AML.

Targeted therapies based on genetic insights in AML

Therapies that target signal transduction mutations. Components of the
signal transduction apparatus are attractive molecular therapeutic targets. The
paradigm is imatinib for therapy of BCR-ABL positive CML. Imatinib is a potent
inhibitor not only of ABL, but also of PDGFRB, PDGFRA, KIT and ARG. There
are now compelling clinical examples of imatinib efficacy in a spectrum of ma-
lignancies associated with activating mutations in each of these kinases, in-
cluding TEL-PDGFRB positive CMML (and other PDGFRB rearrangements in
CMML); hypereosinophilic leukemia associated with the FIP1L1-PDGFRA fu-
sion, GIST tumors associated with activating mutations in KIT; and although
rare, preclinical data indicates that the TEL-ARG fusion associated with AML
is also imatinib sensitive.

Considerable effort has been dedicated to extrapolating the imatinib
paradigm to treatment of AML. FLT3 is the single most commonly mutated
gene in AML, and may also be a target for therapy even when the wildtype al-
lele is overexpressed. A number of FLT3 selective inhibitors are currently in
clinical trials in AML, including CEP-701, SU11248, MLN518 and PKC412.
Some early data on response the Phase I/ll trials will be presented in this
meeting by Dr. Stone and others. Overall, it appears that these potent FLT3
inhibitors have acceptable toxicity profiles at doses required for pharmacolog-
ic inhibition of receptor in vivo, and initial data indicates that each of these
has activity in reduction of AML blasts, in particular in the peripheral blood.
However, initial data also clearly indicates that FLT3 inhibitors as single
agents will not be sufficient to induce CR in the majority of AML, and will likely
need to be used in combination with other agents.

Additional efforts have focused on targeting oncogenic RAS using farne-
syl-transferase inhibitors (FTIs). As will be discussed in this meeting by Dr.
Karp, these agents have activity in AML, but we do not yet have a complete
understanding of the molecular basis for response. KIT, although relatively
rarely mutated in AML are also attractive targets for therapeutic intervention.
The most common KIT alleles in AML, D816V and D816Y, are not inhibited by
imatinib, but are inhibited by several of the FLT3 inhibitors described above.
Efforts are also underway to target the downstream effectors of kinases and
RAS, including BCL-2 antisense strategies as will be discussed by Dr. Mar-
cucci, as well as targeted cell surface receptors and leukemia epitopes using
antibody or ligand that delivers cytotoxic agents such as calicheamicin or pro-
tein toxins to leukemic cells.
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Figure 2. Molecular targeting of multiple mutations in AML
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Figure 3. Prolonged survival in FLT3-ITD + PML-RARo leukemia treated with
MLN518 and ATRA

Finally, whole genome screens for novel mutations that activate signal
transduction pathways in leukemia are underway, including high-throughput
sequencing of all known tyrosine kinases in the human genome.

Therapies that target aberrant transcription in AML

Based on the extraordinary success of ATRA in treating APL, as will be dis-
cussed in a session at this meeting, considerable effort has focused on devel-
opment of histone deacetylase inhibitors in AML. This strategy is fueled in part
by the observation that several gene rearrangements in AML, such as the core
binding factor mutations, also aberrantly recruit the nuclear co-repressor com-
plex. Dr. Gottlicher will discuss the re-invention of valproic acid as a histone
deacetylase inhibitor, and other strategies to identify specific inhibitors are un-
derway in academic centers and industry. It is not yet clear how efficacious
these agents will be, or what spectrum of activity against the large number of
HDAC family members will provide a suitable therapeutic window.

Combinations of molecularly targeted therapy: FLT3 inhibitors
+ ATRA in APL as a proof-of-principle

The use of ATRA has dramatically improved survival in APL patients with
t(15;17). However, long term disease free survival still requires use of inten-
sive induction chemotherapy with ATRA, and 20-30% of patients still die from
complications of disease of therapy. A significant subset of APL patients har-
bor activating mutations in FLT3. Dr. Grimwade has demonstrated that 46% of
APL patients in the UK MRC AML 1- and 12 trials had activating mutations in
FLT3, and that these were associated with a poor prognosis. FLT3 mutation
did not segregate independently from high WBC as a poor prognostic indica-
tor, suggesting that FLT3 mutations may contribute to leukocytosis in APL.

To test the possibility that this high risk group of APL might benefit from
combination of molecularly targeted therapy, we developed a murine model of
APL due to cooperativity between FLT3-ITD and PML-RARa. We tested the
effect of ATRA alone, the FLT3 inhibitor MLN518 alone, or the combination in
treatment of leukemia induced by FLT3 -ITD and PML-RARa. There was a
statistically significant prolongation of survival for either FLT3 inhibitors or
ATRA alone compared with placebo, but the combination was statistically sig-
nificantly superior to single agents in prolongation of survival. These data
suggest that incorporation of FLT3 inhibitors in this poor prognostic subset of
APL patients may have therapeutic efficacy.

Summary

There is still a compelling need to improve therapeutic outcome in AML. How-
ever, during the past several years our understanding of the genetic basis of
AML, and the nature of the mutations that contribute to the phenotype, have
been elucidated in cell culture and murine models of leukemia. The validation
of various mutant leukemogenic gene products has in turn led to the develop-
ment of an expanding group of molecular targeted therapies that have poten-
tial to improve the therapeutic window for treatment of AML.



Main Session |

The Recent JALSG Study for Newly Diagnosed Patients

with Acute Promyelocytic Leukemia (APL)
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Kumamoto, Japan

Abstract

Based on the prognostic factors obtained from our previous APL92 study, in
the JALSG APL97 study, we intensified chemotherapy for patients with leuko-
cyte counts >3,000/uL and >10,000/uL, also intensified consolidation chemo-
therapy, and then tested whether further chemotherapy is required in patients
with negative RT-PCR for PML/RARo. after the completion of consolidation
therapy. Of 256 presently evaluable patients, 244 (95%) achieved CR. Predict-
ed 5-year EFS is 67% and predicted 5-year overall survival 84%.

Introduction

The introduction of all-trans retinoic acid (ATRA) to clinics in late '80s has
marked a major advance in the treatment of acute promyelocytic leukemia
(APL) [1]. With ATRA-based induction therapy, around 90% of newly diag-
nosed patients with APL now achieve CR, and over 70% of patients are cur-
able with subsequent post-remission therapy with or without ATRA [2, 3]. The
ATRA therapy was called a differentiation therapy at the beginning, which is
still true as an observed phenomenon. Subsequent analysis of the differentia-
tion, however, has elucidated its mechanism, and now the ATRA treatment is
regarded as a molecular targeted therapy aimed at the pathogenetic molecule
of this leukemia, i.e. PML/RARa. Thus, ATRA has turned to be the first suc-
cessful molecular targeted drug in the history of cancer therapy.

Several groups, including ourselves [4-6], have reported improved treat-
ment outcomes with ATRA alone or in combination with chemotherapy during
remission induction therapy followed by intensive post-remission chemothera-
py in patients with newly diagnosed APL, as compared with chemotherapy
alone. However, a considerable number of patients who had received ATRA
followed by chemotherapy actually relapsed [2-3]. To develop a better treat-
ment regimen to minimize the relapse, we firstly analyzed prognostic factors
in newly diagnosed patients treated in the APL92 study of the Japan Adult
Leukemia Study Group (JALSG). Then based on the analysis, we started the
APL97 study in 1977.

The JALSG APL92 Study and Prognostic Factors. The JALSG APL92
study from 1992 to 1997 was the first study of our group which employed
ATRA for newly diagnosed adult patients with APL. Patients received daily
ATRA (45 mg/m2) alone until complete remission (CR) if their initial leukocyte
counts were <3,000/uL, and daily ATRA-+daunorubicin (DNR) 40 mg/m2x
3 days+enocitabine (BHAC) 200 mg/m2x5 days if leukocyte counts were
>3,000/uL. During therapy, if peripheral blasts exceeded 1,000/uL, DNR x
3 days+BHAC x5 days were added. After CR, 3 courses of consolidation and
6 courses of maintenance/intensification chemotherapy were given. Of 376
registered, 369 were evaluable (median age, 46, ranging from 15 to 86 years,
and median leukocyte counts, 2,000/uL), and 333 (90%) achieved CR: 99% of
patients of age <30, 89% of age 30 to 49, 90% of age 50 to 69 and 68% of age
>70; 93% of leukocyte counts <3,000/uL, 91% of 3,000 to 10,000/uL, and 83%
of > 10,000/uL; and 94% of patients treated by ATRA alone, 89% by
ATRA+initial chemotherapy, 88% by ATRA+later chemotherapy, and 86% by
ATRA-+initial and later chemotherapy. Among 223 patients who were initially
treated with ATRA alone, 126 (57%) continued ATRA alone and 119 (94%) of
them obtained CR, and 97 patients (43%) received additional chemotherapy
and 85 (88%) of them achieved CR. Thus, 126 (34%) of 369 patients achieved
CR with ATRA alone. Twelve patients (3%) died within 7 days after the start of
therapy, and 28 (8%) died within 28 days mainly due to visceral bleeding. Of
note, 121 (98%) of 123, who constituted the last one-third of the registered pa-
tients, achieved CR probably owing to the accumulated clinical experience of
attending physicians in the use of ATRA. At the median follow-up of 45
months, the predicted 6-year overall survival and event-free survival (EFS) of
all cases were 65% and 52%, respectively. EFS of patients with initial leuko-
cytes <10,000/uL and >10,000/uL was 57% and 38%, respectively.

Favorable prognostic factors for the achievement of CR were younger age
(<30 years), no or mild purpura, high serum total protein, and low LDH at pre-
sentation as well as no or mild DIC during induction therapy. Favorable prog-
nostic factors for EFS were initial leukocyte counts <10,000/uL, no or mild
DIC during induction therapy, and no sepsis during induction therapy [5-6].

From this study, we learned that more effective chemotherapy was needed
for patients with leukocyte counts >10,000/uL both in induction and consolida-
tion therapy in order to increase the CR and cure rates.

The JALSG APL97 Study. Based on the lesson learned from the previous
study, in the JALSG APL97 study, we intensified chemotherapy for patients
with leukocyte counts >3,000/uL and >10,000/uL, also intensified consolida-
tion chemotherapy, and then tested whether further chemotherapy is required
in patients with negative RT-PCR for PML/RARa after the completion of all
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consolidation therapy. For remission-induction therapy, all patients received
45 mg/m2 of ATRA orally daily until achieving CR. Patients with leukocyte
counts <3,000/uL at the start of therapy received ATRA alone (Group A). Pa-
tients with leukocyte counts between 3,000 and 10,000/uL or with peripheral
blast and promyelocyte counts more than 1,000/uL received ATRA combined
with idarubicin (IDR) 12 mg/m2/day for 2 days by 30-minute infusion and cyto-
sine arabinoside (Ara-C) 80 mg/m2/day for 5 days by continuous infusion
(Group B). Patients with leukocyte counts >10,000/uL received ATRA com-
bined with IDR 12 mg/m2/day for 3 days and Ara-C 100 mg/m2/day for 5 days
(Group C). When the blast and promyelocyte counts in the peripheral blood in-
creased higher than 1,000/uL during the treatment, patients received IDR 12
mg/m2 for 2 days and Ara-C 100 mg/mz for 5 days in addition to ATRA (Group
D). Heparin and/or other anti-fibrinolysis agents (gabexate mesilate or nafamo-
stat mesilate) and platelet transfusion were given if needed.

After achieving CR, patients received 3 courses of consolidation chemo-
therapy. The first consolidation consisted of mitoxantrone (MIT, 7 mg/m2,
30-minute infusion) for 3 days and Ara-C (200 mg/m2, continuous infusion) for
5 days. The second consolidation consisted of daunorubicin (50 mg/m2,
30-minute infusion) for 3 days, etoposide (ETP, 100 mg/m2, 1-hour infusion)
for 5 days, DNR (50 mg/m?) for 3 days, and Ara-C (140 mg/m2, continuous in-
fusion) for 5 days. The third consolidation consisted of IDR 12 mg/m2 for
3 days and Ara-C 140 mg/m2 for 5 days.

Patients were tested for PML/RARo fusion gene by RT-PCR before the
start of therapy and after the completion of 3 courses of consolidation thera-
py. Those who were negative for the fusion gene after the consolidation ther-
apy were randomized to receive either 6 courses of maintenance/intensifica-
tion therapy every 6 weeks or no further therapy. The first maintenance/ inten-
sification therapy consisted of BHAC (170 mg/m2, 2-hour infusion, day 1
through 5), DNR (30 mg/m2, 30-minute infusion, days 1 and 4) and 6MP
(70 mg/m2, orally, days 1 through 7). The second consisted of BHAC and MIT
(5 mg/m2, 30-minute infusion, days 1 and 2). The third consisted of BHAC,
ETP (80 mg/m2, 1-hour infusion, days 1, 3, and 5) and vindesine (VDS,
2 mg/m2, bolus infusion, days 1 and 8). The fourth consisted of BHAC, ACR
(14 mg/m2, 30-minute infusion, days 1 through 4) and 6-MP. The fifth and
sixth courses were the same as the first and third, respectively. Patients who
were positive for the fusion gene were scheduled to receive ATRA 45 mg/day
daily for 4 weeks, and then the above 6 courses of mainte-nance/intensifica-
tion therapy.

From May 1997 to June 2002, 304 patients with newly diagnosed adult pa-
tients were registered. Presently, data of 256 patients were available. Of
these, 244 (95%) achieved CR: 80 (98%) of 82 patients in Group A, 62 (98%)
of 63 in Group B, 45 (88%) of 51 in Group C and 57 (95%) of 60 in Group D.
Of 136 patients with leukocytes <3,000/uL who were initially treated with
ATRA alone, 80 (58%) stayed on ATRA alone and 56 (41%) required addi-
tional chemotherapy due to the increase of blasts and promyelocytes. Thus,
82 (32%) of 256 patients were treated with ATRA alone and 98% of them
achieved CR. No significant factor at presentation was identified to predict the
increase of blasts and promyelocytes among these patients receiving ATRA
alone. Fourteen (5%) patients died during the induction therapy and 7 (3%)
during the consolidation therapy. Predicted 5-year EFS is 67%: 81% for
Group A, 73% for Group B, 53% for Group C and 56% for Group D (p=0.006).
Predicted 5-year overall survival is 84%, since relapsed patients were sal-
vaged by stem cell transplantation, arsenic trioxide, a new retinoid, Am80
and/or readministration of ATRA.

At diagnosis 240 (98%) of 243 patients tested were positive for PML/RARc.
At the time of achievement of CR, 61 (50%) of 121 patients tested were posi-
tive for PML/RAR0. After the completion of 3 courses of consolidation therapy,
none of 220 patients tested were positive for this fusion gene. So far, there
seems to be no significant difference in EFS between two groups who re-
ceived maintenance/intensification chemotherapy or no further therapy.

Next Strategy for the Increase of Cure Rate. The recent JALSG studies
show that the intensification of chemotherapy during the ATRA-based induc-
tion therapy as well as during consolidation therapy produces better EFS and
overall survival in newly diagnosed adult patients with APL. However, the CR
rate and EFS of patients with higher initial leukocytes (>10,000/uL) are still un-
satisfactory, even though the EFS has improved compared with that in the
JALSG APL92 study (53% versus 38%). The next step for the increase of CR
rate in this cohort would be further intensification of chemotherapy, although
intensified chemotherapy may bring therapy-related mortality. The 3 courses of
consolidation therapy was just intensive enough to induce genetic CR in all pa-
tients tested for PML/RARa by RT-PCR, and since there was 7 (3%) death
during consolidation phase, further intensification of chemotherapy in this
phase would not be justified. Further chemotherapy does not seem to improve
EFS in patients who were PCR negative after the 3 courses of consolidation
therapy. Therefore, ATRA, arsenic trioxide or Am-80 would be the choice of
drug as maintenance therapy if applied, although it should prospectively be
tested whether further molecular targeting therapy would prolong EFS of APL,
especially of patients with high initial leukocyte counts.
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Risk-Adapted Therapy for Acute Promyelocytic Leukemia:
The PETHEMA Approach

M.A. SANZ

Hematology Service. University Hospital La Fe. Valencia. Spain

Through the combination of ATRA and conventional chemotherapy, cure is
now a reality for most patients with acute promyelocytic leukemia (APL). In
fact, several modern approaches based on this combination have led to pro-
longed disease-free survival and potential cure for more than 80% of patients
achieving complete remission. The current consensus on the most appropriate
induction therapy consists of the simultaneous administration of ATRA and an-
thracycline-based chemotherapy [8]. It is likely that the standard form of che-
motherapy will rely on the use of anthracycline alone, because no apparent
advantage has been observed by adding other cytotoxic agents, such as cyt-
arabine. Nevertheless, this issue remains a matter of investigation. On the oth-
er hand, there is not the same degree of consensus on the most appropriate
consolidation therapy, except for giving at least two cycles of anthracycline-
based chemotherapy. Apparently, therapeutic efficacy did not differ according
to the number of cycles and type of drugs combined with anthracyclines. As a
consequence, the role of non-anthracycline drugs has been seriously brought
into question also for consolidation therapy. This is particularly true after the
encouraging results recently reported by the Spanish PETHEMA group [4].
Using less intensive monochemotherapy with anthracyclines for both induction
and consolidation therapy, which led to a significant reduction in treatment-re-
lated toxicity during the consolidation phase and a high degree of compliance,
the outcome results of the LPA96 study of the PETHEMA group were similar to
those obtained in other major studies using anthracycline-based chemothera-
py combina-tions. Given the common therapy backbone and the similar out-
come results of their respective trials, both the GIMEMA and PETHEMA
groups carried out a joint study [5] that defined a simple model for relapse pre-
diction based on the initial white blood cell and platelet counts. Based on this
study, the GIMEMA and PETHEMA groups decided to apply this predictive
model to design their next studies, thereby adopting a risk-adapted strategy. In
November 1999, aiming to improve the antileukemic efficacy in patients with
increased relapse risk, the PETHEMA started the new trial LPA99 based on a
risk-adapted strategy. The results obtained in 426 consecutive patients with
newly diagnosed PML/RARo. positive APL who were enrolled in these two
consecutive studies (LPA96 and LPA99) have been recently reported in Blood
[6]. This study shows that combining ATRA with anthracycline monochemo-
therapy for induction and consolidation, followed by ATRA and low dose meth-
otrexate and mercaptopurine for maintenance therapy, results in extremely
high antileukemic efficacy, moderate toxicity and a high degree of compliance
in patients with APL. The novel addition of ATRA to consolidation therapy,
combined with a moderate increase in the dose of anthracycline for intermedi-
ate- and high-risk patients, resulted in higher antileukemic activity with no ad-
ditional severe toxicity. The three-year cumulative incidence of relapse for pa-
tients in the LPA96 and LPA99 studies was 17.2 and 7.5 percent, respectively
(P=0.008). Patients treated with ATRA in consolidation therapy showed an
overall reduction in the relapse rate from 20.1 to 8.7 percent (P=0.004). In in-
termediate-risk patients the rate decreased from 14.0 to 2.5 percent (P=
0.006). This relapse rate of 7.5 percent at three-years in the overall LPA99 se-
ries, with 2.6 percent in the low and intermediate group (together accounting
for 75 percent of total patients), compares favorably with all other studies pub-
lished so far. This improved antileukemic efficacy, also translated into signifi-
cantly better disease-free and overall survival, was certainly caused by the
modified consolidation therapy. Although it is unclear which part of the rein-
forced consolidation therapy (ATRA or chemotherapy or both) may have led to
the impact observed in the outcome, it is likely that the addition of ATRA has
had a significant role, as demonstrated in several studies for induction and
maintenance therapy [1, 2, 3, 4, 7]. Based on these results and those still un-
published by the GIMEMA (personal communication), we believe that the cur-
rent consensus on the simultaneous administration of ATRA and chemothera-
py for induction and maintenance therapy of APL could be extended to the
consolidation phase. Based on risk-adapted strategies, future clinical investi-
gations should focus on developing new therapeutic approaches to decrease
the relapse rate in high-risk patients with hyperleukocytosis at presentation
and progressively decreasing treatment intensity for the remaining patients.
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About 90% of patients with newly diagnosed acute promyelocytic leukemia
(APL) are in complete hematologic remission after the induction therapy with
all-trans retinoic acid (ATRA) and intensive chemotherapy and more than 70%
of these patients are expected to be cured by subsequent consolidation and
maintenance therapy. About 10 to 30% of patients will relapse in dependence
on individual risk factors and modifications of first line therapy [8]. Although
second remission rates up to 90% may be reached using variable salvage reg-
imens, the probability of survival is reduced by about half in comparison to first
line therapy. The identification of different risk-groups and the development of
potent salvage strategies with acceptable toxicity are therefore challenging
tasks in the treatment of APL. Some pretreatment patient characteristics have
been associated with a higher risk of relapse, e.g. presenting leukocyte and
platelet counts [1,14], CD56 status [12], presence of FLT3 mutations [6] and
PML breakpoint pattern [5], but all lack the precision to predict the relapse risk
of the individual case. In addition, the prognostic importance of several factors
may be influenced by the modification of the therapy, which limits their value
[8].

Qualitative nested RT-PCR. It has become evident that testing PML-RARA-
positive by qualitative nested RT-PCR after the end of consolidation or reap-
pearance of a positive PCR during follow up is associated with a subsequent
overt hematologic relapse [1, 7, 13, 14].

This has provided the rationale for the monitoring of minimal residual dis-
ease (MRD) by detection of PML-RARA fusion transcripts with conventional
qualitative RT-PCR assays during and after first-line or relapse treatment
schedules including autologous and allogeneic transplant procedures. Ac-
cording to the results of the largest series reported by the GIMEMA group,
70% relapses could be successfully predicted on the basis of prior molecular
relapse. Median time from molecular conversion to frank relapse was 3
months (range, 1 to 14 months). However, achievement and persistence of
PCR negativity (sensitivity threshold — 1 in 104) cannot be equated with cure,
since approximately 30% patients testing PCR negative in the marrow at the
end of consolidation or during follow up relapse despite of the favorable PCR
results [3]. These data demonstrate that PML-RARA positivity is providing im-
portant prognostic information for directing necessary additional treatment in-
tensification for the patients with impending relapse, whereas PCR negativity
does not reliably predict a favorable outcome. These results further indicate
that attenuation of the treatment intensity on the basis of negative PCR re-
sults may lead to a deterioration of the outcome.

Several strategies have been developed to improve the predictive value of
MRD monitoring in APL: Firstly, by correlating the MRD results with the
scheduled chemotherapy, it was suggested that the kinetics of clearance of
residual leukemic cells might be a prognostic marker, but clinical studies pro-
vided conflicting data. Whereas the GIMEMA and PETHEMA groups found
no correlation between PCR status after induction and subsequent risk of re-
lapse, the MRC study found that detection of transcripts at any stage follow-
ing induction or during consolidation was significantly (p=0.006) associated
with an increased risk of relapse, with PCR status following the third course
of chemotherapy being most predictive [1, 11, 13, 14].

A second strategy is the use of modified or alternative assays with in-
creased sensitivity for the detection of the PML-RARA fusion gene or the re-
ciprocal RARA-PML fusion gene which is an additional target for monitoring
residual disease because it can be detected with a higher sensitivity of about
1 to 2 logs. However, this increase in sensitivity did not improve the predictive
value of MRD assessment at the end of consolidation in one study because
RARA-PML negative patients relapsed and RARA-PML positive did not [1].
However, for patients that express RARA-PML, serial monitoring of this tran-
script in parallel with the more conventional PML-RARA assay could be of
value, providing earlier warning of impending relapse and hence permitting
more rapid initiation of pre-emptive therapy.

Thirdly, modified assays with improved sensitivity of up to 10-¢ detected
residual PML-RARA fusion transcripts in the majority of patients in long-term
remission making it difficult to distinguish between patients prone to relapse
from those who are still likely to be cured [15].

Quantitative RT-PCR. Because conventional qualitative RT-PCR fails to de-
tect significant residual disease in a proportion of patients who ultimately re-
lapse, sensitive quantitative approaches have been developed for the evalua-
tion of the kinetics of residual disease [2].

In several relatively small studies with real-time quantification using hy-
bridization or hydrolysis technology, it was demonstrated that a sensitive and
accurate quantification of PML-RARA fusion transcripts may provide a superi-
or approach for monitoring MRD compared to qualitative RT-PCR, with the
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majority of investigated patients showing significantly higher transcript levels
of PML-RARA before onset of clinical relapse [4].

The largest series so far evaluating quantitative PCR for MRD monitoring
in APL patients was retrospectively evaluated by the US Intergroup consider-
ing 123 patients treated on protocol 0129, which included randomization for
ATRA as a component of induction and/or maintenance therapy [4]. This
study showed that patients with relatively high PML-RARA transcript levels at
the end of consolidation (PML-RARA/GAPDH copy ratio >10-5%) had a signifi-
cantly increased risk of relapse in comparison to patients with lower or unde-
tectable PML-RARA transcripts (disease free survival 33% vs 65% at 3
years). Interestingly, half of the patients who ultimately relapsed had levels of
MRD that were below the detection threshold of the quantitative PML-RARA
assay. This underlines that treatment decisions cannot be solely based on a
negative PCR status at the end of consolidation therapy and that a molecular
surveillance is needed during further follow up. Furthermore, the Intergroup
study revealed intermittent PCR positivity in remission in patients who appear
to be cured of their disease.

These observations demonstrate that further correlation of clinical data
with the results of the quantitative PCR are needed to define the predictive
value of this method exactly. Nevertheless, it can be expected that the advent
of quantitative RT-PCR assays will contribute to improvements in patient
care. This is supported by preliminary data which suggest that initiation of
second-line therapy may be more effective and less toxic at the time of mo-
lecular relapse than at the point of hematologic relapse resulting in improved
long-term survival [9,10].

A quantification of the leukemic burden by a quantitative RT-PCR of PML-
RARA at diagnosis followed by a close monitoring after each treatment
course and during follow up might contribute to the comparability of the
different treatment approaches in APL. It might further be helpful to identify
patients who will profit from an early intensification of treatment as presently
followed by the German AML Cooperative Group (AMLCG) incorporating
high dose ara-C into the induction therapy leading to a rapid reduction of
the malignant clone on the clinical and molecular levels [7] and those pa-
tients who are sufficiently treated with less intensive approaches. Further in-
vestigations will show whether parallel monitoring of the MRD with a quanti-
tative RT-PCR of the reverse transcript RARA-PML can give additional infor-
mation.
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Abstract

Acute promyelocytic leukemia (APL) has become the most curable subtype of
acute myeloid leukemia in adults. It represents the only established example
of successful differentiation therapy. With current therapy which includes all-
trans retinoic acid (ATRA) and anthracycline-based chemotherapy for induc-
tion, anthracycline-based consolidation and maintenance with ATRA and/or
low-dose chemotherapy, approximately 75-85% of patients with acute promy-
elocytic leukemia (APL) remain alive and disease-free at 5 years, and most
patients are likely to be cured, an unprecedented achievement in the field of
hematologic malignancies. However, several causes for failure to be cured
need to be addressed. The first is early death which occurs in approximately
10% and is frequently attributable to hemorrhage due to the characteristic co-
agulopathy. The second is relapse, particularly in intermediate- and high-risk
patients. Analyses of new prognostic factors may permit refinement of current
risk classification and identify patients warranting alternative therapy. Finally,
long-term consequences of current treatment will be important to recognize,
including delayed cardiomyopathy, extramedullary relapse related to sanctuary
sites, and the potential for second malignancies. For patients who do relapse,
arsenic trioxide appears to be the treatment of choice since the majority of pa-
tients achieve a second complete morphologic, cytogenetic, and even molecu-
lar remission. While some patients achieving a second complete remission
have prolonged disease-free survival with consolidation and maintenance ar-
senic, high-dose chemotherapy with autologous hematopoietic stem cell trans-
plantation appears to offer the highest likelihood of cure. Such a strategy or
anti-CD33 antibodies, recently shown to be active in APL, might be considered
for high-risk patients in first remission.

Induction and Postremission Therapy in APL. In less than two decades,
the prognosis for patients with acute promyelocytic leukemia (APL) has
changed from highly fatal to highly curable. The major advance has been the
addition of all-trans retinoic acid (ATRA) to anthracycline-based chemotherapy.
Although ATRA as a single agent induces complete remission (CR) in the ma-
jority of patients through differentiation of the leukemic promyelocytes, the ma-
jority of patients will relapse unless additional therapy is given.! The best re-
sults appear to be those achieved when ATRA is combined with cytotoxic che-
motherapy for induction. Large cooperative group studies show that when
ATRA is combined with anthracycline-based chemotherapy for induction, sev-
eral cycles of anthracycline-based consolidation are administered and mainte-
nance with either ATRA, low-dose chemotherapy or both is given, approxi-
mately 75-85% of patients can be expected to be disease-free at 5 years and
are presumed to be cured.2-7 This excellent outcome has been achieved
through a series of studies which demonstrate first, that ATRA significantly re-
duces the complete remission (CR) rate when compared to chemotherapy
alone; second, that ATRA given concurrently with induction chemotherapy
leads to a significantly lower relapse rate compared to when ATRA and che-
motherapy were given sequentially; third, some form of maintenance therapy
with either ATRA, low-dose chemotherapy or both, appears to further decrease
the relapse rate, and fourth, increased doses of anthracycline in induction and
ATRA during consolidation may improve results in patients with intermediate-
and high-risk disease. (Table 1) Finally, several studies have suggested that
APL may be one subtype of acute myeloid leukemia (AML) where the inclu-
sion of cytarabine in induction or consolidation adds little, if any, benefit. Data
to support this hypothesis come from both retrospective® as well as prospec-
tive studies.”. 8

Causes of Treatment Failure

Early Death from Hemorrhage. There are several causes for treatment fail-
ure in patients with APL. First, the early death rate remains approximately
10%. Hemorrhage, attributable to the complex coagulopathy characteristic of
this disease, remains an important cause of early death.9-12 (Table 2) Overall,
the impact of ATRA on the early death rate has been modest. The cause of
bleeding is complex and attributable to disseminated intravascular coagula-
tion, fibrinolysis and proteolysis.13-15 Tissue factor, the major initiator of blood
coagulation, is downregulated by ATRA. Similarly, markers of fibrinolysis indi-
cate that ATRA also inhibits this process. Annexin Il, a calcium-dependent gly-
coprotein which serves as the receptor for plasminogen and tissue type-plas-
minogen activator, is highly expressed on leukemic promyelocytes and is
downregulated by ATRA. The downregulation of procoagulant factors appears
more rapid and more complete after ATRA than chemotherapy.16. 17 However,
markers of fibrinolysis appear to be essentially completely downregulated to
normal, leaving mild persistent procoagulant activity unopposed. It may be
useful to consider studying the potential role of early administration of an anti-
coagulant such as activated protein C. The routine use of antifibrinolytics at
this time cannot be recommended.

Relapse. A second cause for treatment failure is relapse, particularly in inter-
mediate-and high-risk patients. Identification of prognostic factors has permit-
ted the classification of patients into low-, intermediate-, and high-risk groups.®
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Table 1: Long-Term Outcome with ATRA-Based Regimens

Study N Regimen DFS (%)
APL912 54  ATRA+DNR+Ara-C 63
No. Am. Intergroup?. 5 49 ATRA+DNR+Ara-C+maint. 74
GIMEMA® 108  ATRA+IDA+maint. 89
PETHEMAS® 109  ATRA+IDA+maint (no Ara-C) 85
PETHEMA? 225  ATRA+IDA+ maint (no Ara-C) with 90

intensified ADA for intermediate
and high-risk ATRA in consolidation

Table 2: Prospective Trials of ATRA in APL

Trial N Induction % % % %
Cl E ED due to DFS/
Hemorrhage EFS
Randomized
APL 912 54 ATRA 97 9 60 79
47  (+Chemo) 81 8 75 50
Chemo
APL 934 109 ATRA- 95 8 32 75
99 Chemo 94 7 86
ATRA+Chemo
No Am. Inter- 172 ATRA 72 1 56 67
group3. 5 99 Chemo 69 14 50 32
Nonrandomized
GIMEMA?® 240 ATRA+Chemo 95 5 73 79
GIMEMA (older 134  ATRA+Chemo 86 12 25 81
adults)10
JALSGM 196 ATRA+/-Chemo 88 9 94 62
PETHEMA? 123  ATRA+Chemo 89 10 67 92

The Spanish cooperative group PETHEMA has intensified anthracycline expo-
sure in induction and added ATRA during consolidation and now reports excel-
lent outcome for even those patients with intermediate- and high-risk disease.”
The relapse rate in most studies now ranges between 5 and 20%. Mainte-
nance therapy appears to have significantly decreased the relapse rate. The
APL 93 study by the European APL group has suggested that combined thera-
py with ATRA and low-dose chemotherapy, which includes 6-mercaptopurine
and methotrexate provides the lowest rate of relapse.* New strategies to fur-
ther prevent relapse for patients at high-risk could include early exposure to
arsenic trioxide'® or anti-CD33 antibodies such as gemtuzumab ozogami-
¢in19.20 or M195.2! The mechanism by which maintenance therapy is effective
is not clear. New evidence suggests that periodic low-dose chemotherapy (so-
called “metronomic” chemotherapy dosing) may preferentially provide an anti-
vascular effect to newly formed endothelial cells such as those associated with
new tumor formation.22

Prognostic Factors

Risk classification has been provided by the PETHEMA group. This classifica-
tion is based strictly on presenting white blood cell count and platelet count.
Additional prognostic factors of potential importance include expression of
CD5623. 24 and FLT3 internal tandem gene duplication mutations which have
been shown to have a deleterious effect on outcome in some,25: 26 but not oth-
er studies.2” The influence of cytogenetic abnormalities in addition to the
t(15;17) is not clear.28-31

Treatment of Patients with Relapsed APL

Arsenic trioxide has emerged as the treatment of choice for patients with re-
lapsed APL.8. 32, 33 Although some patients can be reinduced into a second
remission with ATRA, either with or without chemotherapy, arsenic trioxide of-
fers the advantage of inducing molecular remission in the majority of patients
after two cycles of therapy.33 In addition, this strategy permits the avoidance of
further anthracycline exposure which may be potentially important in patients
who may proceed to stem cell transplantation. Patients who relapse may do so
in extramedullary sites. The ltalian cooperative group GIMEMA has suggested
that relapse in the central nervous system may be a particularly prominent
site.34 These data together with anecdotal reports suggest that it may be
worthwhile to consider prophylactic intrathecal therapy and/or high-dose cyt-
arabine therapy as consolidation and to mobilized peripheral blood stem cell
prior to autologous transplantation in second CR. The outcome for patients
who achieve a second CR with arsenic trioxide appears best if an autologous
stem cell transplant is carried out with molecularly negative previously harvest-
ed stem cells.35
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Long Term Complications

Because leukemic promyelocytes appear to be quite sensitive to anthracyc-
lines, the doses of anthracyclines in induction and consolidation have been in-
creased. Therefore, the risk of cardiomyopathy is present. A preliminary report
suggests that this may become an important issue.36-38 In addition, increased
exposure to anthracyclines may potentially increase the risk of secondary ma-
lignancies, particularly in myelodysplastic syndrome and AML. Whether this in
fact will occur requires further study of long-term survivors.
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Abstract

The 1(8;21) is perhaps the most frequent chromosomal translocation associat-
ed with acute myeloid leukemia. The translocation creates a fusion protein that
consists of the DNA binding domain of the RUNX1 transcription factor fused to
the MTG8 transcriptional co-repressor to create a potent transcriptional re-
pressor. Here, we discuss the possibility that the t(8;21) fusion protein repress-
es tumor suppressors that regulate the RAS signaling pathway and the p53
oncogenic checkpoint.

Results and Discussion

The (8;21) is one of the most frequent chromosomal translocations associated
with acute myeloid leukemia (AML), accounting for 10—15% of these cases [9].
The translocation fuses the DNA binding domain of RUNX1 to nearly all of
MTG8 (myeloid translocation gene on chromosome 8; also known as ETO),
which appears to function as a transcriptional co-repressor. MTG8 associates
with histone deacetylases 1, 2, and 3 and the mSin3 and N-CoR co-repressors
(Amann et al., 2001), which themselves recruit histone deacetylases [1, 3, 4,
5]. Thus, the fusion protein is a potent transcriptional repressor, but the direct
targets of transcriptional regulation that mediate cellular transformation are un-
known.

In order to identify genes that are regulated by RUNX1, and therefore, tar-
gets of the chromosomal translocation fusion proteins that contain the
RUNX1 DNA binding domain, we adopted a candidate approach. Based on
the lack of p53 mutations in these tumors, we scanned the promoters of
genes that regulate the levels of p53. We found that RUNX1-MTGS8 repressed
the promoter of the p74ARF tumor suppressor in reporter assays and reduced
the endogenous levels of p74ARF expression in multiple cell types [6]. Chro-
matin immunoprecipitation assays demonstrated that RUNX1 and RUNX1-
MTG8 bound to the p74ARF promoter in vivo. In acute myeloid leukemia sam-
ples containing the t(8;21), the levels of p714ARF mRNA were markedly lower
when compared to other acute myeloid leukemia samples. Therefore, p14ARF
is epigenetically regulated by RUNX1-MTG8 [6]. Using p14AFRF as a transcrip-
tional target gene, we have been able to define the domains of MTG8 that are
required for repression of an endogenous tumor suppressor (Linggi and Hie-
bert, unpublished data).

Taking a similar approach, we scanned the promoters of genes that func-
tion as tumor suppressors in myeloid cells. Mutation of NF7 is a common ge-

RUNXI1-MTGS8
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Figure 1. Molecular model of t(8;21)-induced leukemogenesis.RUNX1-MTG8
repression NF1 stimulates RAS-dependent signaling that stimulates cellular
proliferation And survival and that would cooperate with mutantions in Flt-3 or
RAS. In addition, repression of p14ARF inactivates the “oncogene” checkpoint
and allows MDM2-mediated degradation of p53.
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netic alteration and patients with NF1 mutations are predisposed to neurologi-
cal malignancies and juvenile monomyelocytic leukemia. However, NF1 mu-
tation is not observed in other forms of leukemia. To investigate whether NF1
is a target for transcriptional repression in acute myeloid leukemia (AML), we
used quantitative RT-PCR analysis of NF7 mRNA expression in AML patient
samples (Yang et al., submitted). While there was variation among the differ-
ent FAB subtypes, the AML M2 group had lower levels of NFT mRNA. This
subgroup is characterized by mutations in C/EBPa as well as the 1(8;21) [7,8].
Therefore, we used visual scanning and computer based algorithms to identi-
fy binding sites for C/EBPo. and RUNX1. We identified 10 consensus-binding
sites for RUNX1 as well as multiple C/EBPa. binding sites. In transient trans-
fection assays RUNX1 and C/EBPo modestly activated a reporter gene driv-
en by the NF1 promoter. However, when these factors were co-expressed,
we observed a dramatic, cooperative transactivation of the NF7 promoter (up
to 90-fold). By contrast, the 1(8;21) fusion protein, RUNX1-MTG8, repressed
the NF1 promoter in reporter assays (Yang et al., submitted). In addition, we
were able to trap RUNX1-MTG8 physically associated with endogenous NF1
using chromatin immunoprecipitation assays. RUNX1-MTG8 also repressed
the expression of the endogenous NF7 gene (Yang et al., submitted). Finally,
when RUNX1-MTG8 was expressed in primary myeloid progenitor cells, the
fusion protein repressed Nf1 and sensitized these cells to GM-CSF, but not to
IL-3, thus phenocopying mutation of NF1 (Yang et al., submitted). Thus, NF1
may be an important tumor suppressor in AML.
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The most common core binding factor (CBF) acute myeloid leukemias (AML)
involve two cytogenetic groups: 1(8;21)(922;922) and its variants [hereafter ab-
breviated t(8;21)] and inv(16)(p13qg22) or t(16;16)(p13;922) and their variants
[abbreviated inv(16)]. Among adult de novo AML, these groups comprise ap-
proximately 7% and 8% of patients, respectively [4]. Since both t(8;21) and
inv(16) result in disruption of the CBF transcription factor and activation of leu-
kemogenic pathways involving histone deacetylation and inhibition of gene
transcription, and confer a relatively favorable prognosis with current therapeu-
tic strategies, many clinical trials and reports have considered these two cyto-
genetic subgroups of AML together. In this presentation, we have compared
the presenting features and outcome of a large number of adult patients with
1(8;21) or inv(16). We have then updated a number of CALGB publications
with a focus on the results for 1(8;21) and inv(16) separately.

Between August of 1984 and april of 2003, 305 cases of CBF AML were
enrolled on CALGB 8461, a prospective study of cytogenetics in adult AML.
Of these patients, 142 had t(8;21) and 163 inv(16). The two groups were simi-
lar in presenting age (median 37 and 40 years, respectively), with 21 patients
in each group being older than 60. For most other presenting findings the
groups differed significantly. Clinically, patients with t(8;21) were less fre-
quently Caucasian, and less often presented with splenomegaly, lymphaden-
opathy and gingival hypertrophy. Patients with t(8;21) more frequently had
secondary cytogenetic abnormalities and FAB M2, whereas FAB M4Eo/M4
was much more common in patients with inv(16). Patients with t(8;21) had
lower median hemoglobin levels, white blood cell counts, and percent circu-
lating and marrow blasts at diagnosis.

Of the 305 cases, 137 with t(8;21) and 157 with inv(16) started treatment
on a CALGB therapeutic trial for newly diagnosed adults with AML [4, 7, 8].
There were no significant differences in therapeutic outcomes measured, with
89% of t(8;21) and 86% of inv(16) patients achieving a complete remission
(CR). Other endpoints measured were overall survival (OS) and cumulative
incidence of relapse (CIR). The CIR was used to evaluate the time until re-
lapse in patients achieving a CR, where death without relapse was acknowl-
edged to exist as a competing risk, and patients alive without relapse were
censored. The CIR does not view relapses and deaths in CR with equal im-
portance, but rather treats relapse as the type of treatment failure of primary
importance [6]. With a median follow-up of 7.4 years, both the CIR and OS for
1(8;21) patients were similar to those for inv(16) patients (P=0.50 and P=0.34,
respectively). Specifically, the CIR for t(8;21) patients was 48% (standard er-
ror, SE=0.05) at 5 years and 49% (SE=0.05) at 10 years; for patients with
inv(16), CIR was 58% (SE=0.05) at both time points. For t(8;21) patients, the
percentages alive at 5 and 10 years were 48% (95% Cl=39%, 57%) and 45%
(95% Cl=36%, 54%), and for inv(16) 53% (95% Cl=43%, 61%) and 48%
(95% Cl=39%, 57%), respectively.

In 1994 at the Plenary Session of the 36t Annual Meeting of the American
Society of Hematology, we were the first to show that higher doses of post-in-
duction cytarabine improved outcome for patients with CBF AML [1]. When
these data were published in manuscript form in 1998, the median follow-up
of living patients was 7.7 years [2]. With an updated median follow-up of CBF
patients of 13.1 years there remains a significant benefit of higher doses of
post-induction cytarabine regarding CIR (P=0.004). The 10-year CIR for pa-
tients receiving low-dose cytarabine (100 mg/m2 by continuous infusion (ci)
qdx5 days) is 79% (SE=0.10), as opposed to 42% (SE=0.12) for patients re-
ceiving intermediate-dose cytarabine (400 mg/m2 by ci qdx5 days) and 32%
(SE=0.11) for patients receiving high-dose cytarabine (HDAC, 3g/m2 iv q12
hours on days 1, 3 and 5). The proportion of patients relapsing in each cyt-
arabine group is also 79%, 42% and 32%, respectively (P=0.01). However,
the OS among groups is not significantly different (P=0.60), with the 10-year
survival probabilities of 58% (95% Cl=36%, 80%), 52% (95% Cl=29%, 75%),
and 73% (95% Cl=52%, 93%), respectively. The numbers of patients with
t(8;21) or inv(16) in each post-induction therapy arm are very small. Still, the
results are similar in both cytogenetic groups, with significant differences in
CIR (P=0.03) among the three arms for patients with t(8;21), where CIR im-
proved as the dose of cytarabine increased. A similar trend for improved CIR

(P=0.09) was observed in patients with inv(16). There were no significant dif-
ferences in OS among the low-dose, intermediate-dose, and high-dose cyt-
arabine groups for either patients with t(8;21) or patients with inv(16).

Since our initial study showing that higher doses of cytarabine post-induc-
tion improved outcome in CBF AML [1], CALGB has employed at least 1 cy-
cle of HDAC in all subsequent trials for newly diagnosed patients with CBF
AML under the age of 60 years. In 1999, we published the impact of 3 or 4
cycles of HDAC post induction compared to 1 cycle in patients with t(8;21)
[3]. With a median follow-up of approximately 5 years, patients receiving 3 or
4 cycles had a significantly improved disease-free survival (P=0.03) and OS
(P=0.04) compared with patients receiving 1 cycle. We have now updated
these results. With a median follow-up for surviving patients of 8.7 years, the
patients receiving 3 or 4 cycles of HDAC continue to have improved CIR and
OS (P=0.001 and P=0.07, respectively). The 8-year CIR for patients receiving
3 or 4 cycles of HDAC is 21% (SE=0.10) compared to 64% (SE=0.09) for
those receiving 1 cycle, and the 8-year OS is 76% (95% CI=58%, 94%) com-
pared to 43% (95% CI = 25%, 61%). With the exception of 1 recurrent leuke-
mia at 7 years, all relapses occurred within the first 2 years.

We have recently performed the same analysis for patients with inv(16)
[5]. The benefit of 3 or 4 cycles compared to 1 cycle of HDAC, although evi-
dent, is less striking for patients with inv(16) (CIR, P=0.03; OS, P=0.89). With
a median follow-up for living patients of 8.9 years, the 8-year CIR for patients
receiving 3 or 4 cycles is 43% (SE=0.10) compared to 70% (SE=0.11) for
those receiving 1 cycle, and the 8-year OS is 67% (95% Cl=49%, 85%) com-
pared to 70% (95% Cl=50%, 90%). In contrast with the t(8;21) patients, re-
lapses still occurred at 2, 3, and 4 years after diagnosis in patients with
inv(16). There was no relapse beyond 5 years.

We have also compared outcome of inv(16) patients with that of (8;21)
patients who received the same number of HDAC cycles. Among those re-
ceiving 1 cycle of HDAC, inv(16) patients have better OS than t(8;21) patients
(P=0.05), with 70% (95% Cl=50%, 90%) versus 43% (95% Cl=25%, 61%) of
patients alive at 8 years. The CIR is similar for both cytogenetic groups
(P=0.67) receiving 1 cycle of HDAC, with a relatively high 8-year CIR of 70%
(SE=0.11) for inv(16) and 64% (SE=0.09) for t(8;21) patients. Both groups
show improved CIR when receiving 3 or 4 cycles of HDAC, but the t(8;21) pa-
tients appear to benefit more from repeated HDAC treatment than the inv(16)
patients (P=0.11). The respective 8-year CIR probabilities are 21% (SE=0.10)
and 43% (SE=0.10). The OS is similar (P=0.77) among patients receiving 3-4
cycles of HDAC, with 76% (95% CI=58%, 94%) of t(8;21) patients and 67%
(95% Cl=49%, 85%) of inv(16) patients alive at 8 years. These data suggest
significant room for improvement in reducing the relapse rate for patients with
inv(16) who are treated with 3 or 4 cycles of HDAC, although the salvage rate
for such patients is substantial.

As a result of the improved outcome for patients with CBF AML receiving 3
or 4 cycles of HDAC, all patients with CBF AML under the age of 60 have re-
ceived 3 cycles of post-induction HDAC in our last 2 CALGB trials, CALGB
9621 and CALGB 19808 [7]. CALGB 9621 is now closed to patient accrual;
with a median follow-up for living patients of 4.0 years, the 3-year CIR and
OS for all patients with CBF achieving CR is 48% (SE=0.08) and 66% (95%
Cl=51%, 80%), respectively. There is no significant difference in CIR nor in
OS between the cytogenetic groups (P=0.78 and P=0.54). For t(8;21) pa-
tients, the 3-year CIR and OS are 50% (SE=0.12) and 65% (95% Cl=43%,
86%), and for inv(16) patients, they are 48% (SE=0.11) and 67% (95%
Cl=47%, 87%), respectively.

Conclusions

Overall, these data confirm the improved outcome of AML patients with
1(8;21) or inv(16) treated with multiple cycles of HDAC as consolidation thera-
py. At the present, therefore, this approach should be considered as the ther-
apeutic standard for primary adult CBF AML and the benchmark to which fu-
ture treatments should be compared. Nevertheless, there appear to be differ-
ences in the outcome between the two CBF groups of patients. Administra-
tion of repetitive courses of HDAC seems to convey more therapeutic advan-
tage in patients with t(8;21) compared to those with inv(16). Patients with
inv(16) appear to have a relatively higher risk of relapse despite 3 or 4 cycles
of HDAC. By contrast, the OS rates are very similar in both groups suggest-
ing that, once relapse has occurred, patients with inv(16) respond more favor-
ably to salvage treatments. These data, albeit encouraging, underscore the
need for improvement and call for novel therapeutic strategies that capitalize
on the improved results obtained with repetitive HDAC administration. In this
regard, novel compounds such as those targeting specific molecular defects,
like the abnormal recruitment of histone deacetylase activity that contributes
to leukemogenesis in these cytogenetic subgroups of patients, are particularly
appealing.
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The Core Binding Factor (CBF) acute myeloid leukemias (AML) represent a
distinct subgroup of AML that is characterized by specific cytogenetic and bio-
logic features as well as by a favourable clinical outcome. Cytogenetically
CBF-AML comprise predominantly AML with 1(8;21)(922;922) and
inv(16)(p13;922) or t(16;16)(p13;922). Biologically they involve a family of het-
erodimeric transcription factors containing a common beta subunit (CBFbeta)
associated with one of three alpha subunits (CBFalpha). Clinically CBF-AML
have a favourable outcome with a high initial response rate and a high propor-
tion of long term survivors (1-4). Still, their optimal therapy is under debate,
particularly the role and dose of Cytosine Arabinoside (AraC) during induction
or postremission therapy.

In 1999 the German AML Cooperative Group (AMLCG) embarked on a
prospective randomised comparison of different strategies for induction and
postremission therapy. For induction two forms of double induction therapy
with TAD-HAM versus HAM-HAM were compared. Postremission therapy
comprised a randomised comparison of 3 years monthly maintenance thera-
py versus myeloablative radiochemotherapy followed by autologous stem
cell transplantation. In addition, priming with G-CSF during induction and
postremission courses was evaluated. Up front randomisation between the
different treatment arms was stratified for pretherapeutic rsik factors com-
prising karyotype, age, LDH serum level and de novo AML versus AML aris-
ing from a preceding MDS or after prior chemotherapy for another malignant
disorder (Fig. 1).

As of November 2003 1321 patients were entered into the trial. An overall
remission rate of 61% was achieved for all patients, the median relapse free
interval was 19 months, the median overall survival was 27 months. While
no significant differences in CR rates were found among patients receiving
TAD-HAM versus HAM-HAM, a tendency towards a longer relapse free inter-
val and a longer overall survival was observed for the HAM-HAM treated
cases.

Cytogenetic analysis was successful in 97% of patients. 131 patients (8%)
had CBF leukemias, 1077 patients revealed an intermediate karyotype (66%)
and 417 cases had unfavourable cytogenetics (26%). For CBF leukemias the
CR rate was 68% as compared to 59% for other AML subgroups. Patients
with alterations of chromosome 16 had a higher CR rate of 72% versus 64%
for cases with t(8;21). This difference was mainly due to a higher mortality
during induction for patients with t(8;21) (28% versus 16%). Further analysis
of the two induction arms revealed different effects of TAD-HAM versus HAM-
HAM. In patients with t(8;21) TAD-HAM resulted in a higher CR rate than
HAM-HAM (68% versus 59%). In contrast, cases with inv(16) or t(16;16) had
a higher CR rate after HAM-HAM (86% versus 58%). Similar differences
emerged for the relapse free survival which was higher after TAD-HAM in pa-
tients with alterations of chromosome 16 while it was higher after HAM-HAM
in cases with t(8;21).

These data suggest a different sensitivity towards high dose AraC contain-
ing regimens during remission induction for patients with inv(16)/t(16;16) and
1(8;21) respectively.
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Aim

As patients with t(15;17) AML are now considered and treated separately with
differentiating agents, t(8;21) and inv(16)/t(16;16) AML remain the two good-
risk cytogenetic subtypes frequently collectively considered in a single CBF-
AML group. We performed two parallel overviews in children and adults with
CBF-AML prospectively enrolled in 6 different trials conducted in France be-
tween 1987 and 1998 (LAME-91, BGMT-87 and BGMT-91, GOELAM-1 and
GOELAM-2, ALFA-9000; median follow-up, 5.2 years). A total of 271 patients,
including 161 t(8;21) and 110 inv(16)/t(16;16) cases, were retrospectively se-
lected on standard cytogenetics and analyzed with the aim to investigate re-
spective prognostic factors for CR achievement, relapse incidence, and DFS
in these two AML subtypes in large number of patients and to evaluate alloge-
neic stem cell transplantation (SCT) versus chemotherapy as post-CR treat-
ment according to the intent-to-treat principle.

Results in t(8;21) AML

Median age was 29 years. Median WBC was 12.5 G/L (75% percentile, 25
G/L). CR rate was 96%. At 3 years, cumulative incidence of relapse and DFS
were 34% and 56%, respectively. WBC was the only identified prognostic fac-
tor for outcome of CR patients. To further take into account the spontaneous
differentiation potential of the leukemic clone, a WBC index was derived as the
product of WBC by the marrow blast percentage. This WBC index was a more
powerful factor than the original WBC, allowing to distinguish three subgroups
of patients with different outcomes (low index, less than 2.5; intermediate in-
dex, between 2.5 and 20; high index, 20 or more). In multivariate analysis, the
WBC index was the only prognostic factor for relapse incidence and DFS. Out-
come of CR patients: 1) was not influenced by age and cytogenetic findings; 2)
was similar among patients allocated to receive SCT or chemotherapy.

Results in inv(16)/t(16;16) AML

Median age was 34 years. Median WBC was 44 G/L (75% percentile, 89 G/L).
CR rate was 93%. Bad-prognosis factors for CR achievement were higher
WBC and lower platelet count (optimal cutpoints at 120 and 30 G/L, respec-
tively). At 3 years, cumulative incidence of relapse and DFS were 42% and
48%, respectively. In multivariate analysis, advanced age (optimal cutpoint, 35
years) was the only factor for shorter DFS, because of a higher incidence of
relapse rather than death in CR. Outcome of CR patients: 1) was not influ-
enced by WBC and cytogenetic findings; 2) was similar among patients allo-
cated to receive SCT or chemotherapy. Interestingly, advanced age was asso-
ciated with a trend for more frequent additional chromosome abnormalities.

Conclusions

Prognostic factor identification markedly contrasts within each of the two CBF-
AML subtypes. In t(8;21) AML, both c-Kit mutations (exon 17) (Cairoli et al.
Leukemia 2003) and AML1-ETO fusion transcript level (Schnittger et al. Blood
2003) might represent molecular explanations to the prognostic impact of the
WBC index. In inv(16)/t(16:16) AML, the impact of advanced age on relapse
incidence needs to be related to molecular features, including c-Kit mutations
(exon 8) (Care et al. BJH 2002) and maybe CBFJ-MYH11 transcript level.
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Acute myeloid leukemias exhibiting t(8;21) or inv(16)/t(16;16) karyotypes are
referred to as core binding factor (CBF) acute myeloid leukemia (AML), which
is characterized by high first complete remission (CR) rates and by improved
disease free survival (DFS) following dose-intensified cytarabine for consolida-
tion therapy. We performed a meta-analysis in 410 young adults (median age:
42 years, range 16-60) intensively treated between 1993 and 2002 in 8 pro-
spective, multicenter German AML trials.

The response after double induction therapy was as follows: CR 87% and
89%, early or hypoplastic death (ED/HD) 10% and 8.5%, resistant disease
(RD) 3% and 2.5%. In patients with t(8;21), there was a significantly higher
HD-rate after second induction therapy with high dose cytarabine compared
to intermediate and standard dose cytarabine. DFS was 60% and 58% and
overall survival (OS) 65% and 74% in the t(8;21)- and abn(16qg22)-group, re-
spectively.

For postremission therapy, intention-to-treat analysis revealed no differ-
ence for both groups between chemotherapy, autologous and allogeneic
transplantation, whereas as-treated analysis showed a significant benefit in
DFS for patients with abn(16g22) after allogeneic transplantation. In the
1(8;21)-group, significant prognostic variables for longer DFS and OS were
lower WBC and higher platelet count, for shorter OS loss of a sexual chromo-
some (LOS); in the abn(16g22)-group trisomy 22 was the only significant
prognostic variable for longer DFS. After relapse, the CR rate was significant-
ly better for patients with abn(16922) resulting in a significantly better survival
after relapse compared to patients with (8;21).

In conclusion, we identified WBC, platelet count and LOS in the t(8;21)-
group and trisomy 22 in the abn(16g22)-group as prognostic variables. As-
treated analysis revealed better DFS for patients with abn(16q22) after allo-
geneic transplantation. In relapsed patients prognosis was significantly better
in patients with abn(16922) compared to those with t(8;21).
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ABSTRACT

Farnesyltransferase inhibitors (FTIs) are small-molecule inhibitors that selec-
tively inhibit farnesylation of a number of intracellular substrate proteins such
as Ras. Preclinical work has revealed their ability to effectively inhibit tumor
growth in vitro and in vivo in animal models across a wide range of malignant
phenotypes. Myeloid malignancies are appropriate disease targets, in that
they express relevant biologic targets, such as Ras, Mitogen-Activated Protein
Kinase (MAPK), AKT, and others that may depend upon farnesyl protein trans-
ferase (FTase) activity to promote proliferation and survival. Phase | trials in
acute leukemias and myelodysplasia have demonstrated biologic and clinical
activities as determined by target enzyme inhibition, low toxicity, and both
complete and partial responses. As a result, phase |l trials have been initiated
in a variety of hematologic malignancies and disease settings, in order to fur-
ther validate clinical activity and to identify downstream signal transduction tar-
gets that may be modified by these agents. It is anticipated that these studies
will serve to define the optimal roles of FTls in patients with hematologic malig-
nancies and provide insight into effective methods by which to combine FTIs
with other agents.

Keywords: Myeloid leukemias, Myelodysplasia, Myeloproliferative disorders,
Signal transduction, RAS, Farnesyltransferase inhibitors

Farnesyl transferase inhibitors (FTIs) represent a new class of small molecule
signal transduction inhibitors that impede critical cell growth and survival sig-
nals. These agents are potent and selective competitive inhibitors of intracellu-
lar farnesyl protein transferase (FTase), an enzyme that catalyzes the transfer
of a farnesyl moiety to the cysteine terminal residue of a substrate protein [1].
A host of intracellular proteins are substrates for prenylation via FTase, includ-
ing Ras, Rho-B, Rac, membrane lamins, and centromeric proteins that interact
with microtubules to promote the completion of mitosis [2]. Interruption of
prenylation may prevent substrates from undergoing maturation which, in turn,
may result in the inhibition of cellular events that depend on the function of
those substrates. Myeloid malignancies exhibit activity of diverse pathways in-
volving Ras early in transduction and progressing through downstream inter-
mediaries such as RhoB, Mitogen-Activated Protein Kinase, and phosphatidyl-
inositol-3 kinase (PI;K)/AKT that depend on FTase activity to promote prolifer-
ation and survival and, as such, are ripe disease for study of FTls [reviewed in
3.

Clinical Trials in Acute Myelogenous Leukemia (AML)

A dose-escalation Phase | trial of the non-peptidomimetic methylquinolone FTI
R115777 (Tipifarnib, ZARNESTRA™, Johnson and Johnson Pharmaceuticals
Research and Development, LLC)) was conducted in adults with relapsed or
refractory acute leukemias at doses ranging from 100 mg BID to 1200 mg BID
for 21 out of 28 days [4]. Reliable inhibition of FTase occurred at or above the
300 mg bid dose level, inhibition of protein processing of farnesylated proteins
(the nuclear protein lamin A and the chaperone protein HDJ-2) occurred at
600 mg BID, and dose-limiting toxicity consisting of readily reversible central
neurotoxicity was observed at 1200 mg BID. Drug accumulated in bone mar-
row in a dose-dependent manner and in concentrations 2-3-fold higher than
serum throughout the duration of administration. An overall response rate of
29% was achieved, including 2 complete remissions (CRs) in patients with re-
lapsed AML (2/25, 8%). Responses occurred across all dosing cohorts without
strict relationship to degree of FTase inhibition in sampled leukemic cells and
independently of ras mutations, since ras mutations were not detected in any
patient’s leukemia. A multi-center Phase |l trial of R115777 600 mg BID for 21
out of 28 days in adults with relapsed or refractory AML [5] confirmed: 1) bio-
logic activity, with 20% of patients having a >50% reduction in marrow blasts
and 12% having a reduction in the bone marrow blasts to less than 5%; and 2)
clinical activity, with an overall response rate of roughly 14% (complete or par-
tial remission, or stable disease for >8 weeks). Importantly, clinical response
conferred a survival benefit (median approximately 280-300 days for respond-
ers vs. 50-60 days for non-responders).

Based on the results of these initial trials, we are conducting a Phase Il tri-
al of oral R115777 at 600 mg BID for 21 days every 28—42 days in previously
untreated, poor-risk AML, focusing on patients over age 65 and also adults
>18 yrs with MDS/AML or treatment-related AML [6]. The median age for 100
patients entered on trial is 74 yrs (range 34-86) and adverse cytogenetics are
documented in 60%. Median number of cycles received was 2 (range 1-6). Of
92 evaluable patients, 19 (20%) achieved complete remission (CR), with an
overall response rate (CR+PR) of 33%. Of note is that CR and overall re-
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sponse rates for patients >age 75 are the same as for the younger cohorts.
Median CR duration is 5.8 months (range 1.5-12+) and the median survival
for all responders (CR+PR) has not yet been reached, with >60% alive at 15+
months. Median survival for the entire group of patients is 8 months, with
non-responders surviving a median 5 months. Nine patients (9%) died during
therapy, mainly from infection. Non-hematologic grade 3—4 toxicities consist-
ing of transient neurotoxicity, renal impairment and rash occurred in 6 (7%).
Laboratory correlates demonstrated inhibition of FT activity as measured by
the appearance of unfarnesylated HDJ-2 in marrow blasts after 8 days of
treatment from 17/23 (74%) patients tested to date, with clinical response
(CR or PR) in roughly half. In contrast, in 6 patients where unfarnesylated
HDJ-2 did not emerge, only 1 achieved clinical response, suggesting the pos-
sibility that failure to inhibit HDJ-2 farneyslation may have negative predictive
value. Early data also suggest a possible relationship between clinical re-
sponse and the presence of trisomy 8 in AML blasts. Additional correlates un-
der investigation include measurement of changes in phosphorylation in key
signaling intermediates (ERK, AKT) and examination of DNA microarray-
based gene expression patterns prior to and during therapy.

Myelodysplasia (MDS)

Poor-risk MDS presents another germane disease target for FTI therapy. In a
Phase | study by Kurzrock, et al [7], dose limiting toxicity consisting of fatigue
occurred at 900 mg BID. Objective responses (hematologic improvement or
PR) were observed in 33% of all patients and 50% of those with N-ras muta-
tions. A Phase Il trial at 600 mg BID confirmed clinical activity, including the
achievement of CRs in 2/16 (12.5%) [8]. However, toxicity (including myelo-
suppression) necessitated removal from study in 4 (25%), raising the possibili-
ty that lower doses may be more appropriate for MDS patients in order to pre-
vent discontinuation of therapy. Encouraging results in MDS are being ob-
tained with other FTls, as well. A Phase |l study of SCH66336 demonstrated
erythroid or platelet responses in 3 of 15 patients without severe toxicities [9].
In a Phase | trial of BMS-214662, 2 of 6 patients with high-grade MDS had
>50% reduction in marrow blasts, while a third patient achieved hematologic
improvement as evidenced by platelet count normalization [10].

Chronic Myelogenous Leukemia (CML) and Other Myeloproliferative
Disorders (MPDs)

The use of FTIs in CML is supported by the fact that the BCR-ABL fusion pro-
tein utilizes signaling cascades including Ras and PI;K/AKT that likely depend
on intact FTase activity. In Cortes’ study of R115777 600 mg BID [11], com-
plete or partial hematologic (but not cytogenetic) responses occurred in 7/22
(33%) patients with previously treated CML, including STl-resistant CML, with
responses seen in 60% of chronic phase CML and 20% of patients with accel-
erated CML. Also included in this trial were 8 patients with MPD and associat-
ed myelofibrosis, of whom 25% achieved a >50% reduction in spleen size and
achievement of CR or PR. Interestingly, Cortes uncovered a relationship be-
tween elevated plasma VEGF levels prior to therapy and response to
R115777. Similar clinical results have been obtained by Gotlib [12] in STl-re-
fractory-CML and in undifferentiated MPDs, with hematologic responses seen
in roughly 33% of patients. Likewise, using SCH66336 in STl-resistant chronic
or accelerated-phase CML, 2/12 patients achieved hematologic response with
evidence of increased peripheral blood myeloid maturation in several others.

New Disease Settings

Despite encouraging signs of clinical activity in patients with advanced he-
matologic malignancies, it is likely that the use of FTls as single agents will not
elicit large-scale, durable responses in the setting of relapsed or refractory dis-
ease, where complicated and redundant signaling networks and chromosomal
aberrations provide multiple mechanisms by which malignant cells survive.
New settings in which single agent FTI therapy should focus on states where
the tumor burden is at a minimum and where, at least in theory, clonal evolu-
tion may not have occurred. The minimal residual disease state following re-
mission induction and consolidation therapies offers a fertile testing ground for
FTls. To date, post-remission chemotherapy for AML in elderly patients or
those with other poor-risk features (including MDS/AML and treatment-related
AML) has not prolonged disease-free or overall survival. In a related scenario,
the ability of FTIs to prevent the progression of clonal disorders from premalig-
nant conditions to fully-transformed states should be studied as well. Several
hematologic malignancies might be appropriate diseases in which to test this
latter concept, for instance, high-risk MDS or MPDs which have defined rates
of progression to full-blown AML.

The full development of FTI therapy will require the design and testing of
rational combinations of FTIs with cytotoxic, biologic and immunomodulatory
agents in both the laboratory and the clinic. In particular, the combination of
FTls with other signaling inhibitors is based on the rationale that malignant
hematopoietic cells are governed by a diverse and often redundant array of
signaling networks, thereby nullifying the ability of a single pharmacologic
agent to abrogate the cellular proliferative and survival processes. The com-
bination of agents that block components of signal transduction at multiple
levels could provide a potent strategy for the suppression of cell cohorts
whose survival is driven by those pathways.
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Targeted Toxin Therapy in AML
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Diphtheria toxin has been genetically modified to replace the receptor-bind-
ing domain with AML selective ligands (DTzgsGMCSF, DTgggll3, and
DT445lL3K116W) and to change the furin-cleavage site to a urokinase-specif-
ic cleavage sequence (DTU2GMCSF). These recombinant toxins have been
expressed in Escherichia coli, purified from inclusion bodies by washing, de-
naturation, refolding, dialysis, anion exchange chromatography, size exclu-
sion chroma-tography, and, in some cases, polymyxin B affinity chromatog-
raphy. Two of these proteins (DT33GMCSF and DT,g4lL3) have been pro-
duced under CGMP and completed monkey toxicology studies, and
DT35sGMCSF was tested in a phase | clinical trial of refractory AML patients.
The major clinical findings with DTz3sGMCSF were immunogenicity limiting
the number of cycles to one or two and liver toxicity limiting dose escalation.
Remissions were observed in 4/38 patients including a complete remission
lasting one year. An animal model of the DT3gsGMCSF-induced liver toxicity
has been generated. Damage to GMCSF receptor positive Kupffer cells trig-
gers secondary hepatocyte injury with nitrotyrosine deposition. We are eval-
uating DTU2GMCSF, DTgggll3 and DT4glL3K116W as second generation
AML recombinant toxins which should have increased potency and reduced
liver toxicity. Results of further toxicology studies with DT33GMCSF and clin-
ical studies with DT4g6IL3 will be presented.
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PKC 412 FLT3 Inhibitor Therapy in AML: Results of a Phase Il Trial
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The oncogenes that cause AML may represent relevant target molecules for
purposes of the development of less toxic and more specific therapies in AML.
One such potential target is the class Ill receptor tyrosine kinase FLT3, which
is mutated and activated in about 30% of all patients with AML.! The mutations
involve either an internal tandem duplication of between 3 and 33 amino acids
in the juxtamembrane region (in about 25% of AML patients) or a point muta-
tion in the activating loop (about 7% of patients). Patients with mutations in
FLT3, particularly ITD mutations, have a worse prognosis, with lower rates of
complete remission, and lower overall survival.2.Because PKC412 (N-benzoyl-
staurosporine) was developed originally as a protein kinase-C and vascular
endothelial growth factor receptor inhibitor, a phase | trial with this agent in sol-
id tumors was conducted which demonstrated the feasibility of giving doses up
to 75 mg orally three times a day.3 Subsequently, this compound was found to
specifically and potently inhibit the growth of leukemic cells lines rendered fac-
tor independent by transfection with either an ITD or an activating loop muta-
tion of FLT3.4 Moreover, mice with the fatal activated FLT3-induced-myelopro-
liferative syndrome survived longer due to administration of PKC412.5 We
therefore conducted a phase Il proof-of concept trial of PKC412 in patients
with advanced AML and MDS (relapsed/refractory disease or not a chemo-
therapy candidate, no BMT within the previous 2 months, ECOG performance
status 0-2 and no hydroxyurea within 7 d of starting the study drug or thereaf-
ter) whose cells were documented to have an activating mutation of FLT3.
PKC412 was administered at a dose of 75 mg orally 3 times a day until dis-
ease progression or severe non-hematological toxicity occurred. In the event
of grade 3 or 4 non-hematological toxicity drug was held; if the toxicity re-
solved to grade 1 within one week, it was restarted at 50 mg PO TID.

Standard NCI criteria were used for CR and PR, and an additional catego-
ry, significant clinical benefit, was defined as a greater than 2 log reduction in
the absolute number of peripheral blood blasts compared with baseline, last-
ing for at least 4 weeks. Twenty eligible patients (11 relapsed, 6 refractory, 3
previously untreated) were enrolled and received at least 2 weeks of study
drug. The median age was 62 (range: 29-78). A median of 3 prior regimens
(range of 0-5 regimens) had been given. 5 had AML evolving from a prior my-
elodysplastic syndrome (2) or after chemotherapy for another neoplasm (3).
11 had a normal karyotype. Blasts from 18 of the 20 patients had an internal
tandem duplication mutation of between 6 and 33 amino acids in length (me-
dian 16 amino acids) and two had a D835Y point mutation. Toxicity was limit-
ed to grade &half; nausea and vomiting in 11 patients, variable myelosup-
pression thought mainly disease-related, and two patients sustained fatal pul-
monary events of unclear etiology on day 15 (an autopsy in one of these dis-
closed non-specific pathology). 14/20 patients (70%) experienced at least a
transient 50% reduction in peripheral.blasts, with 7 of these displaying major
clinical benefit (table 1), with a median duration of response of 90 days
(range 63-330 days).

One such patient (Figure 1) had drug stopped on day 48 due to a grade IV
infection, but went on to display CR status (except for a slightly hypocellular
marrow) at day 165. He then relapsed on day 210, was retreated on a com-
passionate basis and responded for another 90 days.

The drug is 99% per cent protein bound. Pharmacokinetic studies measur-
ing total drug suggested that drug levels were lower (and free levels assumed
to be hovering near the IC50) in non-responders (Figure 2). The explanation
for progression remains unclear, although plasma levels routinely declined af-
ter 2 weeks. The ratio of a phosphorylated FLT3 to total FLT3, a measure of
target inhibition, declined in 3/5 responding patients.

We therefore demonstrated that an orally administered FLT3 tyrosine ki-
nase inhibitor, PKC 412, lead to significant clinical responses in advanced
AML of a similar magnitude (35%) to that observed with imatinib in myeloid
blast crisis of CMLS, a state likely due to additional mutations beyond bcr-abl.

Table 1

Baseline PB blasts/ul Best response, blasts/ul

110K 0,d29
65K 0.06 K, d 42
21K 0, d50
5K 0.1K, d22
16K 0,d15
71K 0, d57
46K 0, d51
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The drug was well-tolerated, but subsequent studies will require close moni-
toring of patients’ pulmonary function; reports of interstital lung damage with
other vascular endothelial growth factor inhibitors is a cause for concern in
this regard. Because of the multiplicity of pathophysiological pathways in AML
(at least including tyrosine kinase-mediated overproliferation and failure of
normal hematopoeitic differentiation), it is unlikely that targeting only one
such event could lead to frequent and/or prolonged remissions. Nonetheless,
by depriving cells of a required survival signal, such as via the inhbition of ac-
tivated FLT3 in the subset of AMLs harboring such a mutation, apoptosis and
reduction in leukemic burden could occur. Whether such a phenomenon ac-
counts for the observed responses in our study remains unclear. Although we
did show target inhibition (decrease in FLT 3 tyrosine phsophorylation com-
pared with total FLT3 by Western blotting) in several responding patients, oth-
er enzymes potentially critical to the AML phenotype, such as protein kinase
C and vascular endothelial growth factor receptor, are also inhibited. Addition-
al strategies to elucidate the mechanism of response currently underway in-
clude re-sequencing FLT3 in patients who have lost a response to determine
if new mutations, such as those preventing PKC412 binding, are found; and
evaluating the drug in patients with AML whose blasts can not be shown to
have an activating FLT3 mutation. Another mechanism for loss of response
could be pharmacokinetic in that drug levels of PKC412 decline within several
weeks. Therefore, studies involving novel dosing strategies, as well as short
term use in combination with other agents active in AML, including standard
chemotherapy, represent important avenues for clinical research with PKC
412.
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Summary

Fusion proteins encoded by several types of chromosomal translocations in
promyelocytic leukemia can serve as aberrant transcriptional repressors rely-
ing on recruitment of histonedeacetylases (HDACs) into DNA-associated
multi-protein complexes. Thus, inappropriate modulation of chromatin struc-
ture by HDACs and subsequently repression of gene expression that is critical
for myeloid differentiation appear to be major factors in the development of the
disease. They identify inhibitors of HDACs as prime candidates for novel anti
leukemic drugs. Over the last years several candidate compounds have been
introduced into clinical trials and have successfully been used in compassion-
ate use protocols. Amongst them phenylbutyrate served as the first example to
establish proof of principle. Novel drugs such as suberoylanilide hydroxamic
acid (SAHA) are developed for example by modifications of the microbial
HDAC inhibitory compound trichostatin A with a hydroxamic acid as the key
structural element. The branched chain carboxylic acid valproic acid (VPA) that
is in use as antiepileptic drug over decades was also discovered to inhibit
HDACs and preferentially class | HDACs. HDAC inhibition is likely to mediate
the teratogenic side effects of VPA but not the antiepileptic activity. In contrast
to other HDAC inhibitors VPA also induces proteasomal degradation of
HDAC2. None of the currently available compounds may be the optimum
HDAC inhibitory drug but each of them may serve to answer urgent questions
concerning the concept of HDAC inhibition in the treatment of malignant dis-
eases.

Prominent questions are i) whether and by which mechanisms HDAC inhi-
bition can be expected to affect a malignant disease not only in the early
stage but also at later stages that have acquired additional genetic defects,
ii) which forms of cancer in addition to myelocytic leukemia respond to HDAC
inhibition, iii) by which markers those susceptible forms could be identified
and iv) which individual HDACs are the most critical isoenzymes to address in
treatment of malignant diseases.

Chromatin modification by acetylation

Organization of DNA into chromatin including nucleosome formation on his-
tone proteins as well as higher orders of structure established for example dur-
ing transient transcriptional regulation or heterochromatic gene silencing is a
prerequisite without that ordered propagation and reading of the genetic infor-
mation in eucaryotic cells would appear to be impossible. Histones and partic-
ularly histones H3 and H4 are highly susceptible to modifications. The amino-
terminal tails of these core histones appear not to contribute to nucleosome
structure in an ordered fashion amenable to crystallization and X-ray diffraction
(25). However, they are susceptible to multiple modifications including acetyla-
tion of e-amino groups in lysine residues, methylation, ubiquitination and phos-
phorylation and thereby apparently constitute a ‘histone code’ which is thought
to affect, both, structure of the chromatin by ionic interactions between nucleo-
somes and affinity for proteins recognizing and binding to the modifications in
chromatin (2).

Histone acetylation and deacetylation are the most transient modes of
modifications that may precede more stable modifications such as histone
methylation and DNA methylation (2). Modifications depend on recruitment of
multi-protein complexes with catalytically active components to selected sites
of chromatin by sequence-specific transcription factors such as nuclear hor-
mone receptors and also members of the Myc- or AP-1 protein families (5).
Histone acetylation is controlled by histone acetyl transferases and histone
deacetylases (HDACs). Histone acetyl transferases in many cases are intrin-
sic activities of transcriptional coactivators such as the CBP/p300 protein
(28). HDACs constitute a family of individual proteins grouped in three sub-
families, e.g. class |, class Il and Sir2- like HDACs, that are recruited into
larger multi-protein complexes for example with transcriptional co-repressors
such as N-Cor/SMRT or mSin3 (1, 16). Consistent with the transient nature of
histone modification by acetylation both catalytic activities are recruited to in-
dividual target genes by transcription factors. The family of nuclear hormone
receptors for steroids, retinoids and other ligands constitutes the prime exam-
ple for an exchange between multi-protein complexes with either histone ace-
tyltransferases or HDACs depending on activation status of the nuclear re-
ceptor (5). The histone acetylation status at a given genetic locus appears to
contribute substantial to transient regulation of activity of gene expression
from this locus (2, 9, 12). Thus, efficiency of chromatin immune precipitation
with antibodies directed against acetylated forms of histones reflects tran-
scriptional activity of many genes. Application of chemical inhibitors of histone
deacetylases to shift the balance between acetylated and deacetylated hi-
stones induces transcriptional activity of many genes but there are many
more genes actively transcribed in mammalian cells that do not respond to
HDAC inhibition and little is known why only a few percent of the transcribed
genes respond to HDAC inhibition. Although it is tempting to assume that
acetylated histones facilitate active gene expression from a certain gene lo-
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cus due to prevention of strong ionic interactions between neighboring nucle-
osomes this may not be the complete story. Also other proteins may be sus-
ceptible to acetylation and deacetylation by HDACs and p53 may just be one
example (27).

Aberrant transcriptional repression in malignant diseases

Several forms of promyelocytic leukemia establish model cases that indicate a
prominent role of HDAC dependent aberrant transcriptional repression for the
development of the disease. Some of the chromosomal translocations found in
the established disease such as the PML-RAR protein or the AML-ETO protein
code for aberrant transcriptional repressors (8, 13, 18). They are thought to re-
press target genes that are essential for the differentiation process of myeloid
cells and whose lack of expression confers a block in differentiation. Despite
the apparent requirement of one of the chromosomal translocations for dis-
ease development there are two major questions, e.g. whether the expression
of the fusion protein alone suffices to induce leukemia, and whether indeed the
aberrant transcriptional repression function is required.

Whether fusion proteins such as PML-RAR or AML-ETO suffice to induce
leukemia has been studied by transgenic expression in murine cells or the
mouse. Retroviral expression of PML-RAR in precursor cells induces leuke-
mia at high efficiency. However, mono- or oligo-clonality of leukemic cells and
a delay of several weeks before disease onset suggest the need for addition-
al genetic lesions (19). Expression of AML-ETO induces leukemia in mice on-
ly when co-expressed together with an activated mutant form of the receptor
tyrosine kinase TEL (7). Thus, clearly other defects in addition to the chromo-
somal translocation have to be acquired. The question whether it is solely the
aberrant transcriptional repression function of the fusion proteins may find an
answer with the use of inhibitors of HDACs and careful analysis of their bio-
logical effects. At least in the case of PML-RAR the fusion protein recruits ad-
ditional enzymatic activities such as a DNA-methyltransferase activity (4) that
as well or even more stably may contribute to chromatin remodeling at gene
loci that are relevant for myeloid differentiation. The latter considerations also
raise the question whether one might expect the consequences of the fusion
protein to be reversible by interfering with HDAC activities. The preliminary
use of HDAC inhibitors supports this view. One might, however, also consider
that alterations acquired in addition to histone deacetylation such as DNA
methylation or additional mutations are not reversible.

Myeloic leukemia appears to be a model case in which aberrant transcrip-
tional repression as an essential step in pathogenesis and therapeutic inter-
ventions directed against aberrant chromatin modifications can be studied.
However, the concept may prove useful for other forms of malignant diseases
and carcinomas. In carcinomas there is usually none of the chromosomal
translocations described. Aberrant function of the transcriptional repression
machinery may, however, also play a role since HDAC2 in contrast to other
HDACs is found at elevated expression levels in many tumor cell lines com-
pared to primary cell from corresponding normal tissue (26).

Drugs for therapeutic intervention

Since aberrant transcriptional repression depending on HDACs appears to be
essential for the development of promyelocytic leukemia and other malignant
diseases it had been obvious to attempt interfering with HDAC activity though
it was not clear from the beginning that ‘normal’ cells in the organism would
tolerate such interference surprisingly well. There are currently many drugs
developed by academic groups and the pharmaceutical industry. This article
will not cover all the compounds but focus on those that serve as model com-
pounds for different aspects concerning HDAC inhibitory drugs.

Trapoxin and trichostatin A are the prominent microbial toxins that are
valuable HDAC inhibitors in cultured cells but of limited use in vivo. Butyrate
and phenylbutyrate have been known for long to affect histone acetylation
status but they appear also to affect other chromatin remodeling enzymes
such as (13). Nevertheless phenylbutyrate was used first to successfully treat
a patient who suffered from a retinoid resistant acute promyelocytic leukemia
(24). Suberoylanilide hydroxamic acid (SAHA) is chemically related to the mi-
crobial toxin TSA (10, 17) and has completed a phase | clinical trial and is in
phase Il trials (11). Leukopenia, thrombocytopenia and hypotension appear
as dose limiting toxicities. Among a total of 29 patients two suffering from lym-
phoma and 2 from bladder cancer showed objective tumor regression under
treatment. The cyclic tetrapeptide depsipetide shows dose limiting toxicities of
fatigue, nausea, vomiting, thrombocytopenia and cardiac arrhythmia (22). The
phase | trial indicated partial (3 patients) and complete (1 patient) responses
in patients suffering from cutaneous T-cell ymphoma (21).

Valproic acid has been used in therapy of epilepsy for decades and induc-
tion of differentiation in cancer cells had been described (3). Only recently it
became apparent that VPA preferentially inhibits the catalytic activity of class
I HDACs (6, 20). In addition it induces proteasomal degradation of HDAC2 by
transcriptional induction of the E2 ubiquitin conjugating enzyme Ubc8 (14).
Despite the preferential interference with only a subset of HDACs by inducing
degradation of HDAC2 and inhibiting the catalytic activity of remaining classl
but not of class Il enzymes VPA potently induces differentiation and apoptosis
in PML-RAR expressing murine myeloblasts as well human leukemic blasts
as well as carcinoma cell lines (6). The hitherto exploited sedative and anti-
epileptic activity is not mediated by HDAC inhibition since derivatives of VPA
such as valpromide may be even more potent sedative agents without any
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HDAC inhibitory activity (6). Rather, in a series of VPA related compounds
HDAC inhibition segregates with teratogenicity and VPA like TSA for compari-
son had been shown to interfere with proper embryonic development also in
Xenopus (20). The lack of serious toxicity even during long-term treatment
suggests that HDAC inhibition per se at least with compounds that preferen-
tially affect HDAC2 and other class | HDACs could be tolerated quite well by
the adult organism. The sedating activity of VPA that is not linked to HDAC in-
hibition would in this case appear most likely as the dose-limiting toxicity.

Questions and hopes for therapeutic intervention

Initial results in phase | and phase Il clinical trials as well as compassionate
use of HDAC inhibitors support the hope that HDAC inhibitors will become a
tool in therapy of cancer. Those forms of cancer will have to be identified that
are susceptible to treatment with HDAC inhibitors and predictive markers of re-
sponse will have to be developed. Questions concerning the concept will have
to be solved. How is a manifest tumor that usually has acquired several genet-
ically or epigenetically fixed alterations expected to respond? Even if aberrant
transcriptional repression had been essential during development of the dis-
ease it is not necessarily required during later stages of the malignant disease.
And even if the ultimate tumor is still susceptible, could one expect reduction
of tumor cell load or just slowing of their proliferation? Depending on the tumor
either concept may apply since many cells respond to HDAC inhibitor treat-
ment with a p53 independent up-regulation of the p21 cell cycle inhibitor and
others undergo apoptosis (15, 17). Also, it is not clear yet whether a tumor cell
responds to HDAC inhibitors because the drug reverses one of the events that
are essential for maintenance of the transformed phenotype of the cancer cell
or whether HDAC inhibition induces a set of cellular responses, including for
example induction of the p21 cell cycle inhibitor, to which tumor cells happen
to be more susceptible than normal cells. Understanding the mechanisms be-
hind the responses will help to define the HDAC isoforms that may be the
most promising targets of therapeutic intervention. Such knowledge could sub-
stantially influence the development of future generations of HDAC inhibitory
drugs. Decisions will be made easier whether HDAC inhibitors should be used
during a limited time period such as conventional cytostatic drugs or whether
they should be taken life-long to repress a potential minimal residual disease.
Despite many open questions the promising results from initially published
studies support the hope that HDAC inhibitors will not become the ‘magic bul-
let’ but will find their place among other general and specialized concepts of
cancer therapy.
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Despite many advances made in the management of acute myeloid leuke-
mia (AML) in the past three decades, only 30 to 40% of adult patients are
cured of their disease following intensive chemotherapy treatment (1-3). Fur-
ther, although cure can be achieved with allogeneic stem cell transplantation
(SCT), including in patients who fail initial treatment, many are not candidates
for this aggressive strategy, underscoring the need for novel therapeutic ap-
proaches that could improve the current clinical results.

Most treatment failures in patients with AML are related to development of
chemoresistance in leukemic blasts (5). Defects in pathways of apoptosis con-
tribute significantly to inducing resistance to a variety of chemotherapeutic
agents. Bcl-2 is a potent inhibitor of caspase-mediated apoptosis (6). In recent
clinical studies, abnormal expression of Bcl-2 was proven to be predictive of
poor response to treatment and adverse clinical outcome in patients with a va-
riety of hematologic malignancies, including AML (7). Based upon these data,
we and others, therefore, have hypothesized that down-regulation of Bcl-2
might ultimately induce a low apoptotic threshold and restore chemosensitivity
in otherwise resistant leukemic cells. To validate this strategy, we have com-
bined G3139, an 18-mer phosphorothioate oligodeoxynucleotide (ODN) anti-
sense designed to bind to the first six codons of the human Bcl-2 mRNA, with
intensive chemotherapy regimens in the treatment of acute leukemia. Anti-
sense therapy is generally intended as a therapeutic approach that modifies
the expression of a specific gene by inhibiting translation of its messenger
RNA (mRNA). The antisense ODNs are sequences of 16 to 29 bases of sin-
gle-stranded DNA that hybridize to specific mRNA targets by Watson-Crick
base pairing, resulting in disruption of their functions. Once the hybridization
has occurred, the ODN-mRNA duplex becomes a substrate for intracellular ri-
bonuclease H that catalyzes mRNA degradation, while allowing the ODN to re-
cycle for another base-pairing event with the next target mRNA molecule. The
net result of this process is a sustained decrease in target mRNA translation
and, ultimately, a reduced level of the corresponding target protein synthesis.
Preclinical and clinical studies showed that when administered alone or in
combination with chemotherapy, G3139 down-regulated Bcl-2 expression in
vitro and in vivo, resulting in a significant increase in tumor cell apoptosis (8,9).

We initially conducted a phase | dose escalation study of G3139 with an
intensive salvage chemotherapy, FLAG [fludarabine, cytarabine and G-CSF]
in patients with refractory or relapsed AML and acute lymphoblastic leukemia
(ALL) (10,11). G3139 was delivered as a continuous intravenous infusion
(CIVI) on days 1 to 10 at a dose of 4 mg/kg/d for the first four cohorts of pa-
tients, and at a dose of 7 mg/kg/d for the fifth cohort of patients. Both fludar-
abine (dose level 1: 15 mg/m2 IV over 0.5 hour) and cytarabine (dose level
1:1,000 mg/m2 IV over 4 hours) were given on days 6 to 10, with 25% incre-
ments at each subsequent dose level to achieve the full dose of FLAG admin-
istered to the fourth and fifth cohorts of patients. G-CSF was started at day 5
and at a dose of 5 pg/kg/d in all cohorts and continued until the absolute neu-
trophil count was >3,000/uL for two consecutive days or >10,000/uL for one.
Twenty patients (13 females and 7 males) were enrolled. The median age
was 56 years. Seventeen patients had AML, 5 with primary refractory dis-
ease, 8 in first relapse, and 4 in subsequent relapses. Three patients had
ALL, 2 with refractory Philadelphia chromosome-positive disease, and 1 with
1(5;14)(q31;932) relapsed disease and hypereosinophilia. Of the 20 patients,
9 received high-dose cytarabine (HIDAC) with previous treatments, 1 had au-
tologous SCT, and 1 matched unrelated donor (MUD) SCT. The median time
to relapse from the initial treatment for relapsed patients was 7 months (range
3 to 21 months). The median number of previous treatments was 2. Hemato-
logic toxicities were similar to those expected with FLAG alone. Median time
for neutrophil recovery from start of chemotherapy (i.e., day 6) was 23 days
(range 8 to 38 days); median time for platelet recovery (>50,000) was 39
days (range 21 to 56 days). Common adverse effects included fever, nausea,
emesis, hypocalcemia, hypophosphatemia and fluid retention. They were
manageable and non-dose limiting.

Pharmacokinetic analysis performed with an HPLC-UV method demon-
strated that a steady-state plasma concentration (Css) was achieved rapidly
and remained so until the end of G3139 infusion. The mean Css of 3.19+1.29
ug/ml (range 1.59-5.69 pg/ml) for the 4 mg/kg dose was significantly lower
than the Css of 5.47+2.16 ug/ml (range 2.67-8.38 nug/ml) for the 7 mg/kg
dose (p=0.023). The linearity in pharmacokinetics with the administered dose
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of G3139 was also reflected by a dose-dependent difference in the areas un-
der the curve (AUC) of patients who received 4 mg/kg/d compared to those
who received 7 mg/kg/d (p<0.05). The mean t, values were 0.63+0.33 hr
(range 0.36—1.80 hr) and 0.52+0.23 hr (range 0.33-1.13 hrs) for the 4 and 7
mg/kg/d doses, respectively. Complete responses (CRs) were noted in 6 pa-
tients (5 AML and 1 ALL); for two of them CRs persisted for 18.8 and 12.7
months. Three additional patients (2 AML and 1 ALL) achieved an incomplete
remission (IR) characterized by no evidence of disease (NED) but failure to
recover normal neutrophil and/or platelet counts. Responses were seen at all
dose levels. Of the 9 responders, four were >60 years. To fully evaluate the
efficiency of G3139 in down-regulating its target, Bcl-2 mRNA levels were
measured in bone marrow (BM) samples collected before treatment and at
day 5 of the G3139 infusion, prior to FLAG initiation. Of the 12 patients, 9
(75%) showed down-regulation of Bcl-2 mRNA following G3139 administra-
tion (range 6.5 to 75.7% decrease in Bcl-2 transcripts).

Based on these encouraging results, we embarked on a study of G3139 in
combination with cytarabine and daunorubicin (“7+3”) in high-risk previously
untreated AML (12,13). We targeted patients of age 60 and older, stratified
depending on the presence of de novo or secondary (i.e., post-myeloprolifer-
ative or myelodysplastic clonal disorders or post-chemotherapy) AML. Two
dose levels of daunorubicin, 45 (level 1) and 60 (level 2) mg/m#/d IV, d 4-6),
with same dosing of G3139 (7 mg/m2/d CIVI, days 1-10) and cytarabine (100
mg/m2/CIVI, days 4-10) were studied. Patients who achieved CR received
two consolidation courses with G3139 (7 mg/m2/d CIVI, days 1-8) plus high-
dose cytarabine (2,000 mg/m2/d, days 4-8). To date, 26 patients (median age
67) have been enrolled: 10 with de novo (3 at level 1 and 7 at level 2) and 16
with secondary AML (6 at level 1 and 10 at level 2). Of the 26 patients, 22
have completed the treatment program and are evaluable. Of the 22, 9 pa-
tients had normal cytogenetics, 6 intermediate and 7 poor-risk abnormal
karyotypes (14). No unexpected or dose limiting toxicities have been ob-
served in the treated patients. Ten patients (45.4%) achieved CR (4 with de
novo and 6 with secondary AML). Two patients showed no evidence of dis-
ease but failed to maintain normal WBC and platelets for at least 4 weeks af-
ter induction. Of these responders, 5 were enrolled in level 1 and 7 were en-
rolled in level 2. With a median follow-up of 7.2 months, 2 patients treated at
level 1 have relapsed at 8.1 and 13.5 months. Of the 10 non-responders (NR)
(4 with de novo and 6 with secondary AML), 3 were enrolled in level 1 and 7
were enrolled in level 2. Seven of the 10 received a second induction without
improvement of their disease status or additional toxicity.

As part of the correlative studies, we developed a novel fluorogenic
ELISA-based assay with a detection limit of 50 pM capable of measuring in-
tracellular concentration (IC) of G3139. Following 72 hours of G3139 CIVI,
the median IC of G3139 was 5.62 pmole/mg (95% C.l.=1.24-29.02) in CR pa-
tients (n=5) vs. 1.84 pmole/mg (95% C.1.=0.33-14.32) in NR patients (n=5).
Bcl-2 mRNA levels were measured in BM samples by Real Time RT-PCR at
baseline and following 72 hours of G3139 CIVI, prior to initiating chemothera-
py. Bcl-2 down-regulation was observed in 12 (66.70%) of 18 patients ana-
lyzed to date. The median Bcl-2 down-regulation at 72 hours of G3139 CIVI
appeared more pronounced in the CR patients (71.89% of the pretreatment
Bcl-2 level; 95% C.1.=40.40-147.89) than in NR patients (96.95% of the pre-
treatment Bcl-2 level; 95% C.1.=77.74-203.17). Rates of spontaneous apopto-
sis measured following 72 hours of G3139 CIVI increased by a median of
33.33% (P=0.16) in unmanipulated BM mononuclear cells (MNCs) (n=9) and
by a median of 100.99% (P=0.063) in CD34-positive blasts (n=6) as com-
pared to the respective pretreatment levels. The rate of spontaneous apopto-
sis following 72 hour of G3139 CIVI was significantly higher in CD34-positive
blasts than in unmanipulated BM MNCs (P=0.025), suggesting a potential
preferential activity of the antisense on the blast cell population.

These initial studies suggest that G3139 in combination with intensive
chemotherapy regimens is a feasible strategy in AML with no additional toxici-
ty observed. Detectable levels of IC of G3139 can be routinely achieved, and
these are likely to lower the apoptotic threshold in AML cells. Down-regulation
of Bcl-2 occurs in more than 60% of the patients treated with G3139, and ap-
pears more pronounced in responder than in non-responder patients. Based
on these encouraging results, the combination of G3139, cytarabine, and
daunorubicin at the 60 mg/m2 dose is now being tested in a randomized
phase Ill CALGB trial (10201) for untreated elderly AML.
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Currently, a major focus of clinical research in AML is investigation of various
new “targeted” therapies, hereafter abbreviated “TT”. The appeal of these TT
is two-fold. First, they are postulated to be more leukemia cell specific than
more conventional therapy, i.e. chemotherapy (“CT”). Second, it is very plausi-
ble that their use will be associated with less treatment-related mortality
(“TRM”) than CT, with death defined as treatment-related if it occurs within two
months of initiation of treatment.

The great majority of TTs (and CTs) are investigated using the same
phase Il methodology that was employed 30 years ago. In this paper, we will
contend that such methodology is inadequate. In particular, it ignores the
need for comparative trials, the need to focus on multiple outcomes and to
account for multiple courses of treatment, and the fundamental issue of which
regimen to select for the phase Il trial in the first place. These considerations,
especially the first two are of considerable importance to patients. After detail-
ing these problems, we describe a new phase Il design that we hope to use
to address them. The design will be employed in a trial formally comparing TT
and CT in patients age 60 and older with untreated AML or high-risk MDS.

Need for Comparative Trials

The great majority of TTs are tested in single-agent phase |l trials. This prac-
tice reflects the conventional phase Il — phase |l paradigm. Specifically, most
phase Il trials are “exploratory” or “observational” and designed to establish
activity, with the idea that comparative trials (phase Ill) should only be conduct-
ed after activity has been observed. A fundamental problem with this for-
mulation is that phase Il trials are inherently comparative. In particular,
patients are vitally interested in whether a particular therapy/strategy is
superior to another. It is well-known that sophisticated patients often spend
many hours on the internet and consult a variety of physicians in hopes of
identifying “the best therapy”, the term “best” obviously implying comparison.
The comparative nature of phase Il trials is also implicit in the designs govern-
ing their conduct, since these designs specify minimally acceptable response
rates (1). Derivation of these rates necessarily entails comparison with other
available therapies.

Although phase Il trials are thus inherently comparative, the current empha-
sis on single-arm, non-randomized phase Il trials provides a very unreliable ba-
sis for treatment comparison (2). This lack of reliability arises from “treatment-
trial” confounding ,which arises because the effects of latent (unobserved) vari-
ables have a substantive impact on response to treatment, and the distribution
of these variables usually vary a great deal between trials. Differences between
the response rates of separate trials that are due to such latent variables are
called “trial effects.” Latent variables may include supportive care, physicians,
nurses, institutions, or unknown patient characteristics. Differences between re-
sponse rates that are due to the treatments are called “treatment effects,” and
these are the primary focus of clinical trials. However, with single arm trials, on-
ly the combined effect of the trials and the treatments can be estimated, and it
is impossible to determine how much of this combined effect is due to actual
treatment differences. Indeed, it appears logically inconsistent that the need to
avoid confounding trial and treatment effects is addressed by randomizing in
phase lll, yet is ignored in the evaluation of phase Il data that determines
whether the phase Il trial will be conducted in the first place. These consider-
ations emphasize the desirability of randomization among various treatments
and strategies in the early stages of their development.

Need to Monitor Multiple Outcomes

It is commonly accepted that adaptive monitoring of clinical trials is highly de-
sirable. Specifically, interim analyses can lower the risk that future patients
will receive a therapy that has already been shown to be ineffective/toxic in
the initial patients entered on the trial. Adaptive monitoring of most TT trials is
limited to interim analyses of response rate, with response defined so as to
include “minor response” (MR), which typically is observed much more com-
monly than CR(see for example 3-9). Attention to MR is important because its
presence indicates that the TT has activity and thus might be worthy of fur-
ther investigation. However, the relationship, if any, between MR and survival
or “quality of life”(QOL) generally is unknown. Thus, making response the
sole focus of interim analyses overlooks the reality that patients are
likely to be concerned with response only to the extent that it is known
to lead to longer survival and/or a better QOL. This is particularly true in
AML or high-risk MDS, given the very short life expectancy of patients with
these conditions. Indeed, because formal “stopping rules” in trials of TTs are
based on response and not survival, a scenario in which all patients on a trial
“respond” but nonetheless die sooner than might be expected if given stan-
dard CT could ,in principle, lead to erroneous continuation of the trial. Be-
cause death rates in TT trials are typically monitored informally and on an ad
hoc basis, such trials often have very undesirable “operating characteris-
tics”(OCs).OCs include quantities such as the probability of early termination
(PET) if a treatment arm is truly associated with a higher mortality rate, or the



probability of selecting a given treatment if it is truly superior to others, as well
as expected sample size (2).

While it is thus desirable to formally monitor death in trials in AML or high-
risk MDS, survival time usually cannot be fully assessed until several months
after entry onto such a trial , while response (MR or CR) can. Because, how-
ever, appreciable numbers of older(e.g. age >60 years) patients with AML or
high-risk MDS die within a few months of presentation (e.g. 35% at 2 months
if given CT ), some information about survival is available early on. It follows
that it might be reasonable to formally monitor both response and survival
several months after beginning a given therapy. Accrual into a treatment arm
would stop if either the death rate was too high or the response rate too low.
It is possible that a high early death rate might transform into a low later
death rate. Similarly, a low response rate might have no effect on survival.
However, it is unlikely that patients would accept such possibilities, which
should be assessed retrospectively.

It might also be desirable to formally monitor QOL. For example, at interim
analysis, if one treatment/strategy is equivalent to another with respect to
both response and death ,but is clearly superior with respect to QOL, it might
be reasonable to divert future patients to this treatment/strategy. These con-
siderations underscore the desirability of including mechanisms for multiple-
outcome monitoring in trials in AML or high-risk MDS.

Need to Consider Strategies as well as Treatments

Monitoring multiple outcomes simultaneously, ideally based on desirable trade-
offs between these outcomes, is an example of a “multiplicity”. A second type
of multiplicity arises from the reality that a given patient with AML or high-risk
MDS typically receives multiple treatment regimens. It is quite plausible that
administration of one therapy may affect the outcomes with a subse-
quent therapy. For example, because “targeted therapies” may affect multiple
targets, a therapy directed at target “X” may also “down (up) regulate” target
“Y”, thereby influencing response to a future therapy aimed at Y. Furthermore.
debate often revolves around whether a less toxic, but potentially less “cura-
tive” therapy, should be given a chance to fail before use of more toxic and
hence putatively more curative therapy. For example, patients age 60+ with
AML or high-risk MDS might have less TRM if given TT first, and CT only
should TT fail. We will call this strategy (TT,CT). However the reverse ap-
proach might be preferable if CT’s anti-leukemia effect is significantly greater
than TT’s, outweighing any reduction in TRM with the (TT,CT) strategy. In all of
these cases, the issue is evaluation of a multi-course treatment strategy, rather
than a particular treatment. The specific question is which is the preferable se-
quence of treatments. Conventional statistical designs for TT trials regard
each therapy as a distinct entity, thus paying little formal attention to the issue
of the sequence in which two or more therapies are administered. It follows
that new designs should address this issue.

Application to a Trial in AML/High-Risk MDS

It is widely accepted that current CT is unsatisfactory for older patients with
untreated AML or high-risk MDS. Indeed, it is unclear whether, in many such
patients, current therapy improves the natural history of the untreated disease.
It follows that for many patients the only rational therapy is that which can con-
ceivably be viewed as “investigational.” Such investigational therapy can be di-
vided into CT and TT. As noted above, although TT might produce less TRM
than CR, it might also have less anti-leukemia effect. Specifically, TT might be
less likely to produce CR. This is important because it has been demonstrated
that, at least with CT, responses short of CR have little effect on survival(10). It
might be contended that patients would be served best by a strategy in which
they receive TT first, followed by CT only if TT fails. This approach however ig-
nores the possibility that, given the natural history of untreated AML in older
patients, the condition of patients treated with such an approach may have de-
teriorated to such an extent as to severely reduce the probability of success
with CT. Thus, we view the benefit/risk ratio with a TT first approach as plausi-
bly equivalent to that with a CT first approach. This motivates randomization
between the two approaches. Furthermore, the reasoning outlined in the previ-
ous paragraph led us to propose to randomize patients among the two general
strategies (CT,TT) vs. (TT,CT).

The trial includes clofarabine + ara-C as the CT and three TTs:
TT1=PKC412+low-dose ara-C(LDAC) , TT2=R115777+LDAC and TT3=decitab-
ine 10 mg/m2 daily X 10. Note that the TTs represent combinations with a “CT".
In fact, the future is likely to see combinations of various TTs or of TT with CT.
The latter combinations blur the distinction between TT and CT. However, we
prefer to refer to R115777+LDAC and PKC412+LDAC as “TT.” This preference
reflects the fact that LDAC is likely to produce lower TRM rates than CT regi-
mens that use higher doses of ara-C, such as “3+7” or, very likely, than clofarab-
ine+ara-C. However, LDAC is known to have less anti-leukemia activity than
“3+7”,and,most likely, than clofarabine + ara-C. It is plausible, however, that the
combination of LDAC with TT will maintain low TRM rates, thus qualifying as a
“TT”, certainly in the minds of patients, while improving efficacy. Because CT has
been our standard treatment, we will for convenience refer to clofarabine + ara-C
as “S” and the TTs as E1, E2,and E3.The trial is conducted in two stages.

Stage 1

90 patients are randomized fairly among the 4 treatments {S,E1,E2,E3} using
dynaic allocation (11) to balance on age (<70 vs. >69, with 70 being the medi-
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an) and cytogenetics (normal vs. abnormal, with the rare cases of t(8;21 or
inv(16) excluded from the trial). Patients are evaluated 60 days after beginning
a course of S or E. Patients responding after receiving the therapy given on
the first course continue to receive that therapy for an additional 3 courses. A
patient failing S in the first course is randomized among E1, E2, and ES3 for the
second course. A patient failing E1, E2,or E3 on the first course must receive
S on the second course because it is considered unacceptable to give TTs in
both courses. Response is defined as either CR or as “major hematologic im-
provement” as specified by the NCI” Working Group” (12). The following figure
illustrates the treatment assignment algorithm.

There are thus 6 distinct two-course strategies (S,E1), (S,E2), (S,E3),
(E1,S), (E2,S), and (E3,S). (Figure 1)

After completion of the first stage(90 patients randomized to a first
course), a monitoring rule is applied within each prognostic group (younger
/normal cytogenetics, younger/abnormal cytoge-netics, older/normal cytoge-
netics, older/abnormal cytogenetics), to drop any treatment strategy that is
comparatively inferior. The rule says that if, after the first stage is completed,
it is highly likely that strategy (s,f) is more successful than strategy (u,v) in
prognostic subgroup Z, then drop (u,v) in that subgroup; the criterion proba-
bility 0.95, quantifies the term “highly likely.” “Success” is quantified by a utility
function, which is based on the overall probabilities of both response and
death with a given strategy. Response, defined as above, and death, yes or
no, are scored after completion of the two courses of a given strategy. If both
response and death occur, the outcome is considered to be “death”. Many dif-
ferent rates of response and death are possible(e.g. 0% response+0%
death,50% response+10% death etc).Thus, we define the utility function so
as to reduce the probabilities of response and death to a single number by
quantifying the trade-off between the likelihood of response and the risk of
death. Specifically, the utility is constructed so that all pairs of the probabilities
of response and death for which the utility equals a given constant are con-
sidered clinically equivalent. The following figure shows a contour plot of our
utility function. The point (0.40, 0.35) corresponds to the historical probabili-
ties of response and death after 2 courses of CT (i.e. strategy S,S).This point,
as well as all the other points falling on the curve in the figure, is arbitrarily as-
signed the negative utility — 0.11. Non-negative utilities are considered desir-
able. For example, the point (0.25,0) and all other points falling on the curve
labeled 0 are considered equally desirable and assigned a utility of 0.Higher
values for the utility correspond to better overall outcomes. In this way the
utility accounts for both response and death in making interim decisions after
the first stage is completed.

Stage 2

An additional 90 patients are randomized among S,E1,E2,and E3 in each
course as in stage 1, subject to the constraints imposed by dropping any
treatment strategies. If strategies have dropped out, the 90 patients will be
randomized among the remaining strategies. This will require an additional
one year of accrual time. Once 180 patients have been treated and evaluated
(approximately 2.3 years after beginning the trial), we will select, for each
prognostic group, the 2-course strategy, among those not dropped in that
subgroup, for which the Bayesian posterior mean of the utility function is larg-
est. It would also be possible to simply compare treatments rather than strat-
egies since our design not only provides an evaluation of the 6 strategies in
each of four prognostic groups, but allows an unbiased comparison of the
four treatments CT,TT1,TT2, and TT3 when used as either initial treat-
ment(course 1) or as salvage treatment(course 2).We focus on strategies be-
cause, as noted above, it is probably unrealistic to ignore the effect of a given
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treatment on response independent of the context (strategy) in which it was
given. Thus, for example, TT1 would drop out only if the strategies (TT1,CT)
and (CT,TT1) were each inferior to its competitors. Note, however, that in the
case where all or most patients given, for example, CT on course one die on
course one, the posterior distribution of the utility function becomes so unfa-
vorable that all strategies employing CT on course one, (CT, TT1), (CT, TT2),
(CT, TT3), drop out.

An alternative method of proceeding would use conventional frequentist (p-
value-based) designs with larger sample sizes to address the possibility of
false negatives. In a trial which employed a design entirely analogous to the
one to be used in the (TT,CT) vs. (CT, TT) trial, the probabilities of correctly se-
lecting the strategy, among the four investigated, which had the highest utility
ranged from 0.42 to 0.73 ,depending on prognostic subgroup. These nominally
high false negative rates (27-58%) must be compared with the effective rate
that would be obtained if, based on a supposedly superior pre-clinical ratio-
nale, only one of the 4 strategies was selected for a single-arm phase |l trial in
the absence of supporting clinical data such as would arise using our design.
Assuming that pre-clinical rationale is an unreliable guide to clinical outcome
and that, therefore, each of the 4 arms is equally likely to be successful, the ef-
fective false negative rate is 75%,corresponding to a power of 25%, and even
larger if the single-arm ftrial is run with early stopping rules. The (TT,CT) vs.
(CT, TT) trial is comparing 6 strategies. If based on presumably pre-clinical ra-
tionale, only two were investigated ,e.g. (CT, decitabine) vs. (decitabine,
CT),the effective false negative rate is 67%. That is, a treatment/strategy not
investigated has a false negative rate of 100%. While we acknowledge that
pre-clinical rationale is not a completely unreliable guide, as our example sug-
gests it is, we question whether pre-clinical rationale is sufficiently reliable to
govern selection of new agents for large, conventionally powered trials with in
the absence of clinical data that would be provided by the (TT,CT) vs. (CT, TT)
trial. It is important to note that our design has the goal of selecting the best
treatment, among those not dropped , regardless of the degree of difference
between the best and the second best experimental treatment. This is very dif-
ferent from a more conventional design in which the goal is to decide whether
the best treatment provides a specified degree of improvement over the oth-
ers. This type of goal requires a much larger sample size, which, in turn, se-
verely limits the number of treatments that may be studied over time.
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Abstract

In 50-60% of patients with acute myeloid leukemia (AML) acquired clonal
chromosome aberrations can be observed after metaphase banding analyses.
The cytogenetic results at diagnosis provide the most single important param-
eter for determining prognosis so far. Numerous recurrent karyotype abnor-
malities have been described in AML. These findings on the chromosomal lev-
el were followed and supplied by molecular studies that have identified genes
involved in leukemogenesis. Even more, molecular markers such as MLL par-
tial tandem duplications (MLL-PTD) or FLT3 length mutations (FLT3-LM) were
found to characterize specific subtypes of AML and completed the genetic
marker profile. The identification of specific chromosomal abnormalities or mo-
lecular markers and their correlation with cytomorphological features, immuno-
phenotype as well as clinical outcome led to a new understanding of AML as a
heterogeneous group of distinct biological entities. The importance of cytoge-
netic and molecular genetic findings in AML for classification and for the un-
derstanding of pathogenetic mechanisms is increasingly appreciated in clinical
context and was translated also into the new WHO-classification of AML that
uses cytogenetic abnormalities as a major criterion.

Introduction

Several parameters provided by cytomorphology, immunophenotyping and es-
pecially cytogenetics are needed to classify acute myeloid leukemias (AML) in-
to biological entities in order to establish the diagnosis and to understand the
pathogenesis as well as to develop specific treatment approaches. The dis-
covery of specific chromosomal abnormalities has supported the view that leu-
kemia is a genetic disease on the cellular level and also guided the way to
mapping and cloning of genes which are involved in the leukemic process. Us-
ing animal models the pathogenetic role of disrupted and deregulated genes
has been proven. Furthermore, the karyotype of the leukemic blast has been
shown to be the most important, independent prognostic parameters in AML
[17]. In genetically defined subgroups of AML, i.e. AML M3 with t(15;17) or
AML with complex aberrant karyotype, treatment decisions and strategies are
already based on the respective genetic results. Therefore, it is the aim for the
future to characterize each AML on the genetic level for better understanding
of pathogenesis and for individual treatment approaches.

Pattern of Cytogenetic Abnormalities in AML

The incidence of abnormal karyotypes in AML has been reported to be 55% to
78% in adults and 77% to 85% in children [3, 9, 13, 19, 29, 45, 63]. However,
a substantial proportion of patients show no chromosome abnormalities. Fur-
thermore, a considerable proportion of cytogenetically normal patients display
submicroscopic gene alterations that can only be detected by molecular meth-
ods. For instance, approximately 6% of adult AML patients with normal karyo-
type display a partial tandem duplication within the MLL gene and nearly 40%
demonstrate a length mutation within the FLT3 gene [7, 46, 47].

So-called primary chromosome abnormalities are distinguished from sec-
ondary chromosome abnormalities. Primary chromosome aberrations are fre-
quently found as the sole karyotypic abnormality and are often specifically as-
sociated with a particular AML subtype. These primary abnormalities are as-
sumed to play an essential role in the early stages of leukemogenesis. Sec-
ondary chromosome aberrations are rarely or never found alone and seem to
play an important role in the progression of the disease. Although less specif-
ic than the primary changes, secondary aberrations nevertheless demon-
strate non-random features with distribution patterns that appear to be depen-
dent on the primary abnormality [18]. In contrast to primary aberrations which
are often balanced rearrangements as translocations or inversions, second-
ary aberrations are genomic imbalances (gains or losses of whole chromo-
somes, deletions, or unbalanced translocations).

Primary Chromosome Abnormalities for Genetic Classification
Two major types of primary chromosome abnormalities can be distinguished:

1. balanced structural abnormalities (reciprocal translocations, inversions and
insertions) usually leading to a leukemia specific fusion gene, 2. unbalanced
aberrations (trisomies, monosomies, deletions, unbalanced translocations and
isochromosomes) leading to gain and/or loss of chromosomal material.

The most common balanced chromosomal abnormalites in AML and
genes affected are: 1(8;21)(922;922)/AML1/ETO,(15;17)(922;912)/PML-RAR0.,
inv(16)(p13922)/t(16;16)(p13;q22) /CBFB-MYH11, 11923 abnormalities/MLL-rear-
rangements. These abnormalities are found in 15% to 25% of all AML cases and
are combined in the first step of the new WHO classification system [5, 55, 60].
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The most common unbalanced abnormalities are: deletion 5q, monosomy
7, deletion 7q, trisomy 8, deletion 9q, trisomy 11, trisomy 13, trisomy 21.

In 10 to 20% of patients with AML a complex aberrant karyotypes can be
found and is associated with a very poor prognosis [1, 2, 9, 13, 63]. The defi-
nition of complex aberrant karyotype varies between different study groups.
Commonly it is defined as at least three cytogenetic abnormalities. Most pa-
tients with complex aberrant karyotype show unbalanced karyotype abnor-
malities with loss of material of 5q, 7q and/or 17p [53].

The most common cytogenetic aberrations observed in AML and their inci-
dences in children and adults are listed in table 1.

Secondary chromosome abnormalities

Secondary chromosome abnormalities develop in cells already carrying a pri-
mary abnormality. They demonstrate in many cases non-random features with
distribution patterns that appear to be dependent on the primary abnormality
[18, 31]. The most frequent additional aberration observed is trisomy 8 and a
deletion of the long arm of chromosome 9 [15, 52]. In 70-80% of patients with
1(8;21)(922;922) additional aberrations are observed. The most common sec-
ondary aberration is the loss of a sex-chromosome. The frequency of second-
ary chromosome aberrations in patients with t(15;17) is 30—40%, with trisomy
8 and an isochromosome of the derivative chromosome 17 observed most of-
ten [4, 18, 51]. Patients with inv(16) show additional chromosome aberrations
in 30-50%. Most often observed are trisomies 22, 21 or 8.

Conflicting data on the prognostic impact of secondary aberrations were
published. While no influence on prognosis of secondary abnormalities in pa-
tients with 1(8;21)(q22), inv(16)(p13922) or t(15;17)(922;q12) were reported in
the large MRC10-trial and some smaller studies [28, 50, 51, 62], a negative
prognostic impact of additional abnormalities was published for patients with
(8;21) and t(15;17) in one study each [22, 52]. The European 11923 Work-
shop analyzed 125 patients with t(9;11)(p22;g23). Additional chromosome ab-
normalities did not impair prognosis [64]. This was confirmed by two further
studies [6, 60].

Only little is known about the underlying genetic defects in AML displaying
a normal karyotype in chromosome banding analysis. Several molecular de-
fects, such as internal tandem duplications of the MLL gene (MLL-PTD),
length mutations of the FLT3 gene (FLT3-LM), and point mutations within the
AML1 or CEBPo genes have been described in AML with normal karyotypes
[33, 35, 36, 46, 48, 66]. These markers have to be investigated for their diag-
nostic value and especially for follow-up studies with respect to minimal resid-
ual disease (MRD) in the near future [25, 49].

Prognostic significance of cytogenetic abnormalities in AML

The karyotype of the leukemic blasts is the most important, independent prog-
nostic parameter in AML [17]. A favorable outcome under currently used treat-
ment regimens was observed in several studies in patients with
1(8;21)(922;922), inv(16)(p13g22) or t(15;17)(q22;q11-12). Chromosome aber-
rations with an unfavorable clinical course are -5/del(5q), -7/del(7q),
inv(3)/t(3;3) and complex aberrant karyotype. All others, i.e. patients with a
normal karyotype and rare chromosome aberrations, are assigned to an inter-
mediate prognostic group.

Another important finding concerning cytogenetic abnormalities and prog-
nosis was that the incidence of distinct chromosome abnormalities varies with
age, but the prognosis of defined cytogenetic aberrations is age-independent
[20, 56].

Cytogenetics in de novo AML vs. AML after an antecedent
hematological disorder vs. t-AML

Based on the history of the patient AML can be subdivided in three categories:

e de novo AML

o AML occurring after an antecedent hematological disorder

e therapy related AML (-AML) occurring secondary to chemotherapeutic
treatment

The incidence of chromosome abnormalities is lower in de novo AML
(50%—-55%) compared to AML evolving from an antecedent hematological dis-
order (approximately 75%) and t-AML (>85%). While the pattern of unbal-
anced abnormalities was similar in the three subgroups and no abnormality
specific for one of these groups was identified, within the group of balanced
chromosome abnormalities t(8;21), t(15;17), inv(16)/t(16;16) and transloca-
tions involving the MLL gene were only found in de novo AML and t-AML but
not in AML evolving from an antecedent hematological disorder [59].

In -AML two subgroups can be separated depending on whether the pa-
tient has received alkylating agents or drugs targeting topoisomerase Il. Alkyl-
ating agents related t-AML are characterized by a preceding myelodysplastic
phase, long interval between cytotoxic treatment and appearance of t-AML
(36 to 72 months), cytogenetic abnormalities involving chromosomes 5 and 7
and often complex aberrant karyotypes showing a poor response to chemo-
therapy.

In contrast, t-AML related to therapy with topoisomerase Il inhibitors usual-
ly present with overt leukemia and with AML M4 or M5 morphology according
to FAB-classification after a short latency period (6 to 36 months) to preceed-
ing therapy. They often show balanced chromosome aberrations, primarily
translocations involving chromosome bands 11923 and 21922 and a more fa-
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Table 1: Chromosome abnormalities in AML

abnormalities fusion genes FAB- frequency

subtype

children  adults

1(8;21)(922;q922) AML1-ETO M2/M1 10-15% 8-12%
inv(16)(p13922) CBFb-MYH11 M4eo 6-12% 8-12%
t(15;17)(q22;921) PML-RARA M3/M3v 8-15% 8-10%
1(9;11)(p22;923) AF9-MLL M5a 8-10% 1-2%
1(3;21)(926;922) AML1-EAP/EVIT - 1% <1%
1(6;9)(p23;q34) DEK-CAN M1/M2 1-2% rare
inv(3)(q21q26) EVI?-? - <1% 1-2%
(1;22)(p13;q13) M7 2% -
+8 sole - 1-4% 3-5%
+11 sole M1/M2 - <1%
complex - 6% 10-20%

vorable response to chemotherapy [11, 12, 27, 37-40, 42, 43, 57, 61]. Trans-
locations involving 11923 predominate following therapy with epipodophyllo-
toxins, whereas patients with translocations to 2122, inv(16) and t(15;17)
most often have received anthracyclines. Our own data indicate that patients
with balanced chromosome aberrations as 1(8;21), inv(16), t(15;17) or
t(11923) were significantly younger than patients with other abnormalities
(median 45 vs. 60 years) and showed a shorter latency period between the
primary tumor and t-AML (30 vs. 81 months) {59}. Compared to de novo
AML, the incidence of clonal chromosome abnormalities in t-AML is higher. In
75% to 96%, karyotype aberrations are detected [23, 24, 41, 54, 57]. The
spectrum of karyotype aberrations is comparable to de novo AML but distribu-
tion varies, as 11923 abnormalities and complex aberrant karyotypes occur
more often in patients with t-AML [8, 37, 44, 54, 57]. Overall t-AML respond
less well to treatment than their de novo counterparts. Recent data show that
as in de novo AML cytogenetics are also an important prognostic factor in t-
AML and if corresponding cytogenetic subgroups are compared according to
response, outcome does not differ much [10, 14, 24, 44, 54, 57]. In our own
series of 48 cases of t-AML complete remission was achieved in 92% in the
favorable group but in only 50% and 31% in the intermediate and unfavorable
group, respectively. Median overall survival was 11 months compared to 7
and 1.5 months, respectively. Outcome in t-AML with favorable cytogenetics
in our study is worse than in patients with de novo AML and favorable cytoge-
netics. This might be due to the fact that the incidence of uncommon second-
ary chromosome aberrations was higher in these t-AML compared to de novo
AML or due to comorbidity [54, 57].

Additional information on genetic abnormalities based
on new techniques

Adding fluorescence in situ hybridization techniques and polymerase chain re-
action to the set of diagnostic methods a small subset of patients was identi-
fied that showed cryptic, microscopically undetectable rearrangements. The
absence of chromosome abnormalities in a significant number of AML cases
seems to be a genuine phenomenon rather than a failure in there detection as
is supported by a study using 24-color-FISH [67]. The FISH techniques com-
plement standard cytogenetics and are especially helpful in deciphering com-
plex or hidden chromosomal rearrangements [21, 30, 32, 34, 53, 65].

While most techniques so far have been performed on the genomic level
the introduction of microarray based gene expression profiling will add a large
amount of data on the deregulation of genes in AML. This new technique may
also prove helpful for the classification of AML and the definition of new enti-
ties [16, 26, 58].

Towards a genetic based classification of AML

Following the genetic path proposed by the WHO, further cytogenetic catego-
ries such as trisomies, monosomies, deletions and other unbalanced recurring
karyotype abnormalities should be considered. Furthermore, molecular genetic
defects including MLL-PTD and FLT3-LM and point mutations of genes (i.e.
AML1, CEBPa, FLT3) could be included to categorize a larger proportion of
AML on a molecular-genetic basis.

Conclusion

Classical cytogenetics using banding techniques is still the gold standard for
the genetic classification of AML. These techniques should be performed in
each patient with AML at diagnosis as well as at relapse. New techniques
such as fluorescence in situ hybridization, polymerase chain reaction and
gene expression profiling may add important information to a more sophisticat-
ed subgrouping of AML [16, 26, 58].

A hierarchical classification according to primary chromosome aberrations
is needed. For clinical use a prognostic grouping for distinct cytogenetic ab-
normalities is required. In patients with normal karyotype molecular studies
will define distinct entities within this probably heterogeneous group.

The aim for the future is to integrate all information obtained by different
genetic techniques including also gene expression profiling for a comprehen-
sive biology based classification of AML in order to develop specific treatment
approaches for different AML subtypes.
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Subgroup Specific Therapy Effects in AML: AMLCG Data
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Major changes in outcome by different intensity treatment have been demon-
strated in favorable rather than unfavorable prognostic groups of AML pa-
tients. Thus, post-remission high versus standard dose araC produced longer
remissions in CBF AML and not in other abnormal karyotypes (1). And autolo-
gous transplantation vs chemotherapy alone prolonged the relapse-free sur-
vival (RFS) in the good and not in the poor risk group according to karyotype
and residual b.m. blasts after the 1st induction course (2, 3).

We addressed subgroup-specific treatment effects by two sequential trials
starting in 1992 and 1999 (ongoing) involving 832 and 1094 pts 16-81 years
of age with 36% and 50% 60 years of age and older whose diagnoses were
de novo AML and in the 1999 trial also SAML (after cytotoxic therapy or MDS)
and high-risk MDS. By multivariate analysis in both trials we equally identified
unfavorable karyotype, age 60+ Y, high serum LDH, and high day 16 b.m.
blasts as independent risk factors. Therapeutic regimens were standard dose
TAD and high-dose araC/mitox (HAM) for induction, TAD for consolidation,
one S-HAM for intensive consolidation and reduced TAD courses monthly
during 3 years for maintenance.

In the 1992 trial 832 patients 16—-81 (median 54) years of age with de novo
AML were randomized upfront to receive standard dose TAD and high-dose
araC 3 (1 in 60+ Y) g/m2x6 / mitoxantrone 10 mg/m2x3 (HAM) for induction,
TAD consolidation and either monthly maintenance by reduced TAD courses
for three years or one course of S-HAM with araC 1 (0,5 in 60+ Y) g/m2x8/mi-
toxantrone 10 mg/m2x4 instead of maintenance. S-HAM exhibited consider-
able myelotoxicity by a median neutrophil and platelet recovery time of 6
weeks. According to intent-to-treat, the relapse-free survival (RFS) at 3 years
is 39% in the maintenance and 27% in the S-HAM arm (p=0.012). A com-
bined poor risk group included patients 60+ Y of age or those with LDH >700
U or with unfavorable karyotype or with day 16 blasts >40% and was associ-
ated with a RFS of 23% at 3 years. The good risk group in contrast included
patients with documented complete absence of any of the poor risk factors by
complete data and showed a RFS of 46% at 3 years (p<0.0001). The rest of
the patients amounting to 21% of the population was not classifiable as poor
or good risk. In the combined poor risk group the 5 year RFS was 24% in the
maintenance arm and 12% in the S-HAM consolidation arm (p=0.0061), while
in the good risk group the corresponding RFS was 30% and 47% (p=0.28).
When only the 20% good risk patients are excluded the entire rest of patients
shows a benefit from maintenance in their RFS (p=0.0005) (fig. 1) and their
survival (p=0.0085) (fig. 2) (4).

In the 1999 trial we are currently investigating dose effects of induction
treatment on the outcome of patients in different prognostic groups according
to multiple risk factors. 1094 patients 16—1 (median 60) years of age have
been entering the trial and randomized to either HAM-HAM with high-dose
araC 3 (1 in 260 Y) g/m2x6 or TAD-HAM for induction. Both arms are bal-
anced for age </>60 Y, diagnosis de novo/secondary AML and MDS, karyo-
type favorable/intermediate/unfavorable, and LDH </>700 U. Furthermore,
the two induction arms are balanced for the upfront randomized G-CSF prim-
ing yes or no, and for prolonged maintenance or autologous transplantation.
Significant differences in the relapse-free survival (RFS) between the two in-
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Figure 1: AMLCG 1992 trial: RFS according to maintenance versus S-HAM
excluding the 20% patients in the good risk group
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Figure 2: AMLCG 1992 trial: Survival of CR patients according to mainte-
nance versus S-HAM excluding the 20 % patients in the good risk group
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Figure 3: AMLCG 1999 trial: RFS according to induction by TAD-HAM versus
HAM-HAM (blinded) in the combined poor risk group
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Figure 4: AMLCG 1999 trial: Survival of CR patients according to induction by
TAD-HAM versus HAM-HAM (blinded) in the combined poor risk group
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Figure 5: AMLCG 1999 trial: Survival of all patients entering according to in-
duction by TAD-HAM versus HAM-HAM (blinded) in the combined poor risk
group

duction regimens X and Y (blinded) are seen in older (p=0018) rather than
younger patients, and those with high (p=00033) rather than low LDH, while
neither patients with favorable nor those with unfavorable karyotype contribut-
ing 10% and 17% to the patients show these differences. Based on a multi-
variate analysis a combined poor risk group was defined including age 60+ Y
or unfavorable karyotype or LDH >700 U or day 16 bone marrow blasts
>40%, while in a combined good risk group documented absence of any of
the poor risk features by complete data was required. In the combined poor
risk group representing 69% of the patients induction X vs Y resulted in a su-
perior RFS (p=0.0024) (fig. 3) while in the combined good risk group (29%
patients) this difference in RFS is not seen. Similarly to RFS, differences in
favor of induction X versus Y are found in the survival of patients entering and
the survival of patients attaining CR in those of 60+ Y (p=0.031/0.034), pa-
tients with LDH 700+ U (p=0.0054/.039), and patients in the combined poor
risk group (p=0.0069/0.038) (figs. 4 and 5).

We conclude that considering multiple risk factors a poor rather than a
good prognosis in patients with AML can be improved by adequate treatment.
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AML Studies of the East German Study Group — OSHO
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The East German Study group (OSHO), founded in 1983 in the former East
Germany (DDR), has a long tradition in performing clinical studies on patients
with AML. To date almost 1500 patients from 36 hospitals have been included
in six AML protocols. The strength of the study group has been the previously
nationwide, and now in the new German countries still is, the complete con-
secutive reporting of patients with AML and other hematological malignancies
using a centralized reviewing system. The following protocols dealt with AML
in younger (<60 a) patients: AML 85, AML 89, AML 91, AML 93 and AML 96.
In the first two studies the role of autologous and allogeneic hematopoietic
stem cell transplantation was investigated. A superiority of allogeneic HSCT
compared to autologous HSCT and conventional chemotherapy has been
proven. The effect of Granulocytes colony stimulating factor (G-CSF) on neu-
trophil recovery, on a possible reduction of therapy associated morbidity and
mortality, on the feasibility of dose intensification and on relapse was investi-
gated in the AML 91 and 93 studies. The results of the AML 91 protocol
showed that G-CSF accelerates reconstitution without increasing the relapse
rate. AML 93 investigated the role of priming on treatment results showing no
difference in CR and DFS.

Starting in 1996 a new study generation was initiated taking into consider-
ation pharmacokinetic measurements of Ara-CTP. Intracellular Ara-CTP for-
mation is saturated at much lower infusion rates than used in HIDAC sched-
ules, probably causing cytarabine accumulation in the plasma and increased
toxicity. It was our objective to investigate in a phase Il study feasibility and
efficacy of intermediate doses of cytarabine (IDAC) delivered at the presump-
tive saturating infusion rate over a prolonged period of time. Forty previously
untreated AML patients with de novo AML received intermediate doses of cyt-
arabine (2 to 4 g/m2/d) at moderate infusion rates (250 to 667 mg/m2/h/d) and
prolonged infusion over 6 or 8 hours. Cytarabine was applied in combination
with an anthracycline on alternate days (day 1,3,5,7). Thirty-two of the 40 pa-
tients (80%, 95%Cl: 64%—91%) achieved CR after induction treatment. TRM
during induction chemotherapy was only 2.5%. After two to four IDAC cours-
es, stem cell harvesting was successful in 71% of the patients eligible for
HDCT. After two years 62% (95%Cl: 46%—78%) of all patients were alive and
57% (95%Cl: 35%—79%) of the patients who entered CR were free of leuke-
mia. Using this experience a phase Il study comparing intermediate doses of
AraC given in two different schedules in combination with Idarubicin or Mitrox-
antrone was initiated. In addition the use of autologous, related and in high-
risk patients the use of unrelated HSCT was intensified. After recruitment of
360 patients with the novo and secondary AML, the complete remission rate
reached 68% (Cl 95%; 63%—73%) in both arms with an early death rate of
10% (7%—-14%). Multivariate analysis indicated that cytogenetics and pres-
ence of prior MDS or secondary AML were significant prognostic parameters
influencing response rates, irrespective of treatment allocation. A longer fol-
low up is necessary before definitive conclusions can be drawn with regard to
the two treatment modalities. The accrual was terminated in 2003 and more
follow up is needed for looking at the long term results.

Along this line, a new AML study (AML 2002) was started in patients be-
low the age of 60 years investigating the role of optimised AraC infusion in
comparison to the standard arm of the German AML Intergroup. Furthermore
the question of improving the CR rate by using MITO/Flag compared to Mitox-
antron/AraC treatment is raised. Finally the role of one in comparison to two
consolidation therapies before autologous or allogeneic HSCT is investigated.
For patients with unfavorable karyotyp (-5/5q, —=7/7q, abnormal (11923) and
complex karyotyp) early allogeneic related or unrelated stem cell transplanta-
tion after induction therapy is tested. More than 90 patients have been en-
tered so far in this study.

In elderly patients (over the age 60 years) each patient is registered in the
AML 97 study first and, according to the clinical situation, treated according to
one of three arms with either curative, palliative or supportive intention. Since
March 1998, a total of 432 patients were enrolled in these three protocols
(curative 320, palliative 80 and supportive 32 patients). Excellent results have
been obtained in the curative arm using an AraC and Mitoxantron combina-
tion. CR were obtained in 75,7% (68%—81%) of patients with de novo AML
and in 60,0% (51%—68%) in patients with secondary AML with an early death
rate of 11,4% (7%—17%) and 17,5% (12%—25%) respectively. Cytogenetics at
diagnosis were again the most important prognostic factor for CR (p<0,0005,
multivariate analysis). 100% of the patients with favourable, 81,2% with nor-
mal, 78,1% with other aberrations and only 45,6% with unfavourable karyotyp
achieved CR. The event free survival (EFS) at 2 years, however, was
0,19+0,04% for patients with de novo and 0,15+0,05% for patients with sec-
ondary AML. OS according to favourable, normal and unfavourable cytoge-

netics was 52%, 30% and 11% respectively. The median survival for patients
treated with the palliative protocol was 52 days and the median survival for
patients with supportive care 11 days.

In order to improve postremission therapy in older patients or younger patients
with contraindications to conventional transplants, a protocol using allogeneic
related or unrelated stem cell transplant was designed and tested within the
Seattle consortium. More than 100 patients have been entered in this protocol
using Fludarabine and 200 TBI pretransplant in addition to cyclosporine and
mycophenolate mofetil posttransplant so far. Sustained allogeneic engraftment
was obtained in 95,6% of the patients with related and 93% of the patients
with unrelated donors. For patients in CR1 OS of 67%+14% for unrelated and
45%+13% for related transplants was reached. This protocol is now open for
all patients over the age of 60 years and will be tested in a randomised fash-
ion.
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In 1994, the CALGB began a series of trials for patients (pts) with untreated
AML aimed at establishing the toxicity and efficacy of induction chemotherapy
regimens incorporating pharmacologic inhibition of Pgp, a transmembrane,
ATP-dependent pump encoded by MDR-1. The role of Pgp in primary drug re-
sistance and treatment failure in AML has been well documented [1]. Pgp,
along with other drug resistance mechanisms, is especially prevalent in AML
occurring in older patients and in refractory disease [2] . Furthermore, there
are data pointing to a primary role for Pgp with respect to drug resistance in
AML stem cells [3].

A phase 3 trial evaluating the effect of cyclosporine A (CsA), a first gener-
ation Pgp-inhibitor, in relapsed AML showed a significant advantage of the
modulator-containing induction regimen over the chemotherapy regimen giv-
en alone with respect to disease-free (DFS) and overall (OS) survival [4].
PSC-833 (P), a non-immunosuppressive CsA analogue with substantially
greater in vitro potency as a Pgp inhibitor, was chosen for study within
CALGB. While these trials were being performed, other investigators estab-
lished that Pgp-susceptible agents, including the anthracyclines, epidophyllo-
toxins, and taxanes, had to be dose-reduced by 25%—-66% in order to be
combined safely with PSC-833, and that greater reductions were needed
when Pgp-susceptible agents were used in combination [5, 12]. Dose-limiting
toxicities (DLT) generally consisted of mucositis and hepatic dysfunction, es-
pecially hyperbilirubinemia. The CALGB trials have evaluated concurrent ad-
ministration of daunorubicin (D) and etoposide (E), along with ara-C (A) with-
out (ADE regimen) and with P (ADEP) in order to utilize two active agents
subject to Pgp-mediated efflux. Furthermore, rather than perform classic
phase | trials, parallel phase | trials were performed separately both in older
(CALGB 9420) [6] and younger adults (CALGB 9621) [7]. Large numbers of
patients were enrolled in successive treatment groups in which D or E was
dose-escalated or reduced in an attempt to establish ADE and ADEP induc-
tion regimens that were associated with comparable clinical toxicity and effi-
cacy so that subsequent phase lll trials could be performed in both age popu-
lations. The large number of patients enrolled contributed to a precision in the
estimation of the equitoxic doses that could not otherwise be achieved. Final-
ly, a decision was made not to establish pharmacokinetic equivalence be-
tween regimens, in part because drug serum levels may not be indicative of
intracellular drug concentrations in the presence of modulators of drug efflux.

The 9420 and 9621 phase | induction regimens are outlined in Table 1. D
and E are given daily for 3 days by short i.v. infusion; A is given by c.i.v. over
7 days. The P dose is 2.8 mg/kg i.v. loading dose followed by a 72 hour c.i.v.
at 10 mg/kg/day overlapping the D and E administration. The table includes
the initial doses of D and E and the final doses chosen for phase Ill testing (in
boldface), and the direction of dose escalation and/or de-escalation (arrows),
but doesn’t include the multiple intervening treatment groups which were
evaluated. Altogether, seven dose cohorts were studied in older patients and
15 cohorts in younger patients to derive the appropriate phase Ill regimens to
test.

The phase 3 trial comparing ADE and ADEP in older pts (CALGB 9720)
was halted after enrollment of 120 pts because of excess early mortality in
pts treated with P [8]. CR rates were 46% for ADE and 39% for ADEP
(p=0.008), but median DFS (7 vs. 8 months) and OS (33% at 1 yr) were near-
ly identical. The observed excess toxicity in that study, coupled with the sub-
stantial tolerance for escalated doses of D in younger pts, led to the expan-
sion of 9621 to include 410 pts and the determination of equitoxic phase 3
doses of D for the subsequent comparative study (CALGB 19808) that were
50% higher in ADE and equal in ADEP to those used in older pts in 9720.
The E dose used in ADEP in 19808 was reduced by 33% from that used in
9720.

In both phase | studies, mucositis and hepatotoxicity proved dose-limiting
in ADEP. Diarrhea was also a DLT in the older pts. In the younger pts, excess
cardiotoxicity was not observed in pts receiving higher than conventional dos-
es of D (up to 95 mg/m2/day).

Outcomes with respect to achievement of complete remission (CR), DFS
and OS among pts treated with either ADE or ADEP on CALGB 9420 and
9720 are roughly comparable to historical controls [6]. Among younger pts
treated on 9621, the CR incidence in both ADE and ADEP (about 80% in both
regimens) has been higher than the prior CALGB experience. In addition, the
percentage of pts achieving CR with one induction using ADEP has been
over 90% [7 and unpublished data].

Because relapse of AML is likely due to drug resistance in leukemic stem
cells, we hypothesized that the benefit of an MDR-modulator would lead to
prolonged DFS, and that this would be most apparent in younger pts who
characteristically have lower levels of Pgp expression. A trend has emerged
from the non-randomized phase | 9621 trial favoring the use of ADEP with re-
spect to DFS in pts <45 yrs with a three-fold increase in DFS as compared to
ADE, but this remains to be confirmed by analysis of the randomized trial
19808.
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Table 1. Induction regimens. Doses are in mg/m2/day.

CALGB 9420 CALGB 9621
(110 pts age >60) (410 pts ages 15-59)
ADE ADEP ADE ADEP
A 100 100 100 100
D 30—60 30—40 60—95—90 40—-50—40
E 100 100—60 100-150—100  60—40
P 0 + 0 +

The phase 3 comparison of ADE and ADEP in younger pts (19808) com-
pleted accrual in August, 2003 after 300 pts had been registered, because P
was no longer available. Relevant endpoints continue to be tabulated in that
trial to see if differences emerge in favor of Pgp modulation during induction,
particularly among the younger pts who may be less likely to utilize multiple
drug resistance pathways. Additional pts are accruing onto that trial using the
ADE induction therapy (doses of 100, 90, and 100 mg/m?/day, respectively) in
order to complete a phase 3 evaluation of post-remission/consolidation immu-
notherapy with interleukin-2 compared to observation.

An important component of these trials has been in vitro measurements of
P-modulatable dye (DiOCy(3)) efflux within pre-treatment AML blasts and
from samples obtained at relapse. Among pts receiving ADE, those whose
pre-treatment blasts exhibited P-modulated dye efflux had significantly lower
CR and OS rates than those without such efflux. Despite studying only a
small numbers of pts, those with P-modulated dye efflux had a longer DFS
(median, 14 months) when treated with ADEP rather than with ADE (5
months, p=0.07) [8]. These findings raise the possibility of individualizing re-
mission induction therapy according to pretreatment measurements of drug
resistance.

Although P has become unavailable, third generation Pgp modulators are
now entering clinical trials. The CALGB plans to evaluate the pipecolinate de-
rivative VX-710 (biricodar, Incel), a multipotent modulator that inhibits Pgp,
Multidrug Resistance Protein (MRP) and Breast Cancer Resistance Protein
(BCRP) and significantly inhibits drug efflux from AML cells [9]; it also lacks
pharmacokinetic interactions with drug substrates [10]. Beyond inhibition of
drug efflux, pharmacologic blockade of Pgp may enhance apoptosis, a mech-
anism which can be independently exploited using pro-apoptotic agents [11].
The role of strategies aimed at inhibiting Pgp and other drug resistance
mechanisms continues to be defined in the treatment of AML.
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Treatment of Acute Myeloid Leukemia Younger Adults: The GOELAM
Experience
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In the past fifteen years the GOELAM group has initiated three randomized tri-
als for acute myeloid leukemia (AML) therapy in younger adults (up to 60
years of age).

The GOELAM1 Trial

In the GOELAM1 study (1987-1994) the main question was the comparison of
autologous bone marrow transplantation (ABMT) and intensive consolidaton
chemotherapy (ICC) as post-remission therapy.

The results of this trial were published in 1997 (1) and updated in 2001
(2).In this trial patients aged 15 to 50 with de novo AML (all FAB subtypes in-
cluding M3) were eligible. Patients with a previous myelodysplasia for more
than 3 months were excluded but patients with an antecedent of unexplained
cytopenia could be included. Also excluded were patients with a myeloprolif-
erative disorder in blast crisis, patients who had previously received chemo-
therapy or radiotherapy, patients with clinical or electrocardiographic signes of
heart failure or coronary disease and patients with hepatic or renal failure.

The induction treatment consisted of ARA-C (200mg/m2/D Cl on days 1-7)
with either Idarubicin (IDR) (8mg/m2/D IV on days 1-5) or Rubidazone (RBZ)
(200mg/m2/D IV on days 1-4).A bone marrow aspiration was performed on
day 17. If the marrow was hypoplastic and nonblastic, no further treatment
was administered. If the marrow was hypoplastic and contained less than
50% blasts, a second induction course was administered with a combination
of three days of ARA-C and two days of the anthracycline initially allocated.
An alloBMT was offered to all patients aged 40 and younger and with an HLA
identical sibling. All other patients aged 51 and younger were assigned to re-
ceive a first course of ICC consisting of HD ARA-C (3 g/m?) given as a 3 hour
infusion every 12 hours, days 1—-4 combined with either IDR (10 mg/m2/D,
days 5-6) or RBZ (200 mg/m2/D days 5-6). Bone marrow was harvested af-
ter the first course of ICC without any in vitro manipulation. All patients still in
CR were randomly assigned to receive a second course of ICC or an auto-
BMT. The second course of ICC consisted of m-Amsa (150 mg/m2/D days
1-5) and etoposide (100 mg/m2/D days 1-5). The conditioning regimen prior
to ABMT consisted of busulfan (4 mg/kg/D p.o. for 4 consecutive days) and
cyclophosphamide (50 mg/kg/D IV for 4 consecutive days).

Overall results. From November 1987 to May 1994, 517 eligible patients
were included by 16 centers. Of the 503 patients evaluable for induction treat-
ment, 366 (73%) achieved CR. With a median follow-up of 4 years, the 4-year
actuarial DFS of the 366 patients who achieved CR was 39%. The median
overall (OS) survival of the 517 eligible patients was 21 months and the 4-year
actuarial survival was 39%. The outcome was not significantly different be-
tween the two induction treatment arms (IDR or RBZ).

Post remission therapy. Eighty-eight patients under the age of 41 who had
an HLA identical sibling but only 73 patients underwent an alloBMT according
to the protocol. Their 4-year DFS was 47% and the 4-year OS was 54%. The
actuarial risk of relapse at 4 years was 37%.

We compared the outcome of the 88 patients for whom the intention was
to perform an alloBMT with the 134 patients up to the age of 40 without an
HLA-identical sibling for whom the intention was to perform another type of
intensive consolidation therapy. The 4-year DFS was 42% for allo BMT and
40% for intensive consolidation (p=0.54). The 4-year OS was 51% for allo
BMT and 52.5% for intensive consolidation (p=0.63).

Comparison of intensive consolidation chemotherapy and autoBMT (up-
dated results). Out of the 237 patients who underwent the first course of ICC,
only 164 patients were randomized according to the protocol (86 auto BMT, 78
ICC). With a median follow-up of 80 months, the 6-year DFS and OS were
44% and 52% respectively for the 75 patients who actually underwent auto
BMT. For the 71 patients who underwent ICC2 as assigned, the 6-year DFS
and OS were 38% and 55% respectively.

Comparison between the two post-remission strategies was made on an
intent-to treat basis. There was no significant difference concerning initial
prognostic factors between the 86 patients randomly assigned to auto BMT
and the 78 patients randomly assigned to ICC. The results are in Table 1.

Table 1. GOELAM1 trial. Comparison between autologous bone marrow trans-
plantation and intensive consolidation chemotherapy. Interet to treat analysis

ABMT N=86 ICC N=78 p-value
6-year DFS 44% 38% 0.47
6-year OS 50% 51% 0.75
Toxic death rate 13% 3%
Relapse rate 48% 60% 0.11




We concluded that after a first course of ICC ABMT is not superior to a
second course of ICC.

The GOELAM2 Trial

The results of this trial have been published in 2003 (3).For this trial, consider-
ing the results of the GOELAM1 protocol, we decided to stop auto BMT. The
objective of the GOELAM2 trial (1995-1999) was to improve the results of
chemotherapy by using quinine as a p-glycoprotein modulator.

We used quinine for a variety of reasons. Serum from patients receiving
conventional doses of quinine by intravenous infusion reverses the MDR phe-
notype of various tumor cell lines (4). Quinine is safe when combined with mi-
toxantrone and cytarabine for treating acute leukemia patients (5). This com-
pound does not significantly improve the response rate of refractory and re-
lapsed acute myelogenous leukemias (6) but increases the response of P-
glycoprotein-expressing myelodysplastic syndromes to a mitoxantrone-Ara-C
combination (7). There was a second randomised question concerning the in-
terest of G-CSF given after consolidation chemotherapy (8). The inclusion cri-
teria were the same as in the GOELAM1 trial except the upper age limit (60
instead of 50 years) and the exclusion of patients with M3 FAB subtype (who
were treated with ATRA-containing regimen). The induction treatment was the
IDR arm of the GOELAM1 protocol. Patients were randomly assigned to re-
ceive or not a continous intravenous infusion of quinine (30 mg/kg/day), start-
ing 12 hours before the first dose of IDR and ending 12 hours after the end of
the last IDR infusion. A bone marrow aspiration was performed on day 20. If
the marrow contained > 20% blasts, patients received a combination of Ara-C
(3 g/m2 on a 3-hour infusion every 12 hours) days 1-4 (total dose 24 g/m?2)
and mitoxantrone (12 mg/m2/d) days 5-6. According to the initial randomiza-
tion, patients also received quinine at the initially defined dose on days 4
through 6.

Patients in CR after 1 or 2 courses of intensive induction who were aged
45 years or younger with an HLA-identical sibling were proposed allogeneic
BMT. The conditioning regimen included total body irradiation (12 Gy, 6 frac-
tions from day -6 to day -4), cyclophosphamide (60 mg/kg/d, day -3 to day —2)
and granulocyte colony-stimulating factor (G-CSF) (5 ng/kg/d day —6 to day
—1). All other patients received the same 2 courses of ICC as in the GOE-
LAM1 trial. In patients randomly assigned to receive quinine, the MDR-revers-
ing agent (30 mg/kg/day by continuous intravenous infusion) was adminis-
tered from day 4 to day 6 during ICC1 and from day 1 to day 6 during ICC2.
During the first part of the study, patients also were randomly assigned to re-
ceive or not receive G-CSF (5 ug/d) from the day after chemotherapy until
granulocyte recovery throughout the 2 courses of ICC. As reported previously
(8), intermediate analysis demonstrated that G-CSF significantly reduced the
duration of neutropenia and hospitalization. Subsequently, G-CSF was ad-
ministered to all the patients who received ICC.

Bone marrow samples obtained at diagnosis were shipped by express
mail to one of 3 reference centers. Blasts cells were separated on fycoll-hy-
paque and cryopreserved. Frozen samples were distributed among the 3 ref-
erence centers were the following evaluations were performed : MDR1 gene
expression by RT-PCR, p-glycoprotein function by rhodamine efflux. More-
over quinine serum concentrations and MDR-reversing activity of serum sam-
ples were determined.

Overall Results. From February 1995 to January 1999, 425 eligible patients
were randomised by 17 centers (213 quinine, 212 control). CR was achieved
in 344 patients (81%) with no significant difference between the two arms.
While MDR1 gene and p-glycoprotein expression did not significantly influence
CR rate in the two groups of treatment, quinine significantly increased the CR
rate in 54 patients with rhodamine efflux (83% CR versus 48%, p=0.01). In 106
patients whose blasts did not demonstrate any rhodamine efflux, quinine did
not modify the CR rate. The 4-year OS of the 425 eligible patients was 42%
and the 4-year DFS of the 344 patients in CR was 43% without significant dif-
ference between patients with or without quinine.

Post remission therapy. Allo BMT: An HLA-identical sibling was identified in
82 of 207 patients aged 45 years or younger who achieved CR. Of those pa-
tients, 73 received the planned allo BMT. In intention to treat analysis, we com-
pared these 82 patients to 125 patients in the same age category and without
an HLA-identical sibling. The 4-year DFS was significantly better in the allo
BMT group (58% versus 42% p=0.018) while the benefit on 4-year overall sur-
vival did not reach statistical significance (60% vs 48%) (p=0.27).

Impact of quinine. Out of 262 patients assigned to ICC, 231 received the
first course and 194 patients received the second course. Quinine did not
influence the 4-year DFS (39% versus 38%) nor the 4-year OS (45% vs
47%) (p=0.91). Again, while MDR1 gene and p-glycoprotein expression did
not significantly impact DFS or survival in the two groups, quinine appeared
to improve the EFS and the OS in patients with rhodamine efflux. However,
due to small numbers of patients, the differences did not reach statistical
significance.

Conclusion. We concluded that 1) quinine did not improve the outcome al-
thought it improved CR rate in a small subgroup of patients defined by rhod-
amide efflux. 2) Allogeneic was superior to ICC in this trial.
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Table 2. Overall results of GOELAM1 and GOELAM2 trials

Nb of Age Inclusion CRrate 4-year 4-year
patients (median) criteria DFS (o]
GOELAM1 517 15-50 all FAB 73% 39% 39%
subtype (N=366) (N=517)
GOELAM2 425 15-60 M3 81% 43% 42%
Excluded (N=344) (N=425)

Table 3. Results of allogeneic BMT in the GOELAM1 and GOELAM2 trial (in-
tention to treat analysis)

DONOR NO DONOR
GOELAM1*  GOELAM2** GOELAM1*  GOELAM2**
N=87 N=82 N=134 N=125
4-year DFS 42% 58% 40% 42%
4-year OS 51% 60% 52.5% 48%

Summary of GOELAM1 and GOELAM2 trials. The overall results of the
GOELAM1 and GOELAM2 trials are shown in Table 2. Although the inclusion
criteria would have favored GOELAMA1 trial (upper age limit 50 instead of 60
and inclusion of M3 FAB subtype) the CR rate was higher in the GOELAM2 tri-
al (83% versus 71%). When restricting the analysis to comparable patients
(15-50 years , M3 excluded) the 4-year EFS was 38% in the GOELAM2 trial
versus 29% in the GOELAM1 trial (p=0.001). The better outcome in the GOE-
LAM2 trial appears in fact to be related to much better results of allo BMT
while there was apparently no improvement for patients without an HLA identi-
cal sibling (Table3).

In the ongoing LAM 2001 study two questions are being addressed : com-
parison of idarubicin and high-dose daunorubicin during induction treatment
and comparison of single versus double autologous peripheral stem cell
transplantation as post-remission therapy.
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AML in Older Patients: Current Approach of HOVON-SAKK Cooperative
Group
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The results of treatment of patients of older age (eg above 60 yrs) with acute
myeloid leukemia have remained unsatisfactory in spite of improvements in
supportive care, better remission induction chemotherapy programs and the
introduction of high dose cytotoxic therapy coupled to hematopoietic stem cell
transplantation. The reasons for the overall unsatisfactory outcome relate to
unfavorable disease intrinsic features and age related patient factors and co-
morbidity interfering with adequate treatment delivery. Future developments
clearly depend on a better recognition of the molecular heterogeneity of AML
allowing for risk adapted treatment as well as on the introduction of new mo-
dalities of therapy. The Dutch-Belgian-German HOVON Cooperative Group in
part in collaboration with partner groups has invested in evaluating modified
remission induction schedules and post induction regimens. In this presenta-
tion an overview will be presented of the HOVON rationale and approach.

Age and the Nature of Acute Myeloid Leukemia

F. R. APPELBAUM and H. M. GUNDACKER

Fred Hutchinson Cancer Research Center and University of Washington
School of Medicine, Seattle, Washington, USA

Introduction

The characteristics of acute myeloid leukemia (AML) change with the age of
the patient. As we and others have noted, AML in older individuals, when com-
pared to the disease in younger patients, more often is preceded by a myelo-
dysplastic phase, is more likely to have unfavorable cytogenetics, more fre-
quently expresses multi-drug resistance (MDR), and responds less well to
chemotherapy.’- 2 While these categorical conclusions can be made, less is
known about the extent of these associations and how they vary by decade of
patient age. Thus, in this current study, we took a closer look at how AML
changes with patient age.

Methods

Selected clinical and biologic features of AML in 921 patients entered onto four
Southwest Oncology Group trials, two dealing with patients age <56 (S9034
and S9500) and two directed at patients age >55 (S9031 and S9333), were
analyzed.3. 4.5.6

Results

Table 1 presents some of the demographics of the 921 patients. The percent
of non-white patients entered on studies declined significantly with age. Con-
trary to expectations, the proportion of patients with de novo presentation of
AML did not decrease in the very elderly (i.e. those over age 75) compared to
patients age 56-65 and 66-75.

Table 2 presents hematologic characteristics of the disease at diagnosis.
As shown, the only differences were a slightly higher white count and percent
circulating blasts in younger patients.

Table 3 details the results of cytogenetic studies for the 769 patients with
evaluable cytogenetics, first, grouped according to favorable, intermediate,
and unfavorable categories, and then for selected subtypes.

As shown in Table 3, with increasing age, the proportion of patients with
favorable cytogenetics including t(8;21) and inv(16), drops precipitously, while
the incidence of unfavorable cytogenetics, including —5 or 5q and -7 or 7q,
climbs. Also as shown in Table 4, multi-drug resistance as measured by
MRK16 staining increases with age.

Finally, as shown in Table 5, complete remission rates fall with increasing
age, the incidence of disease resistance as the cause of induction failure in-
creases, and the duration of overall survival and disease-free survival short-
ens. However, the biggest differences are restricted to patients above and be-
low age 55.

Table 1. Demographics

Age

<56 56-65 66-75 >75
Number 382 222 249 68
Sex (% male) 53% 56% 59% 54%
Race (% white) 83% 87% 92% 90%
Presentation (% de novo) — 78% 76% 81%
Table 2. Hematologic Values

Age

<56 56-65 66-75 >75
Number 381 222 249 68
Hgb (median) 9.1 9 9.1 9.2
WBC (median) 17.7 13.7 10 12.7
PLT (median) 49 49 61 58
% peripheral blasts 39 27 24 26
% marrow blasts 70 61 67 60
% FAB
M1 21 26 24 25
M2 33 35 32 29
M4 29 20 18 21
M5 9 9 9 10

Mé 2 2 4 4




Table 3. Cytogenetic Results

Age P#

<56 56-65 66-75 >75
Number* 333 183 199 54
Favorable (%) 20 5 5 4
I ntermediate 58 55 56 44 }<0.0001
Unfavorable 21 39 39 52
-5q or 5q 6 15 14 26 <0.0001
—70r7q 8 19 18 22 <0.0001
17p 2 9 7 1 =0.0001
1(8;21) 7 4 2 0 =0.0087
Inv (16) 9 2 4 7 =0.0011

*Includes only patients with evaluable karyotypes; # Chi-square tests using
age <56 versus age >=56

Table 4. MRK Positive Leukemias

Age
<56 56-65 66-75 >75
MRK+ (%)* 33% 62% 61% 57%

*Analysis restricted to S9333 and S9500: MRK+ is defined by the Kolmogorov-
Smirnov D-value measurement of expression.”

Table 5. Treatment Outcomes

Age
<56 56-65 66-75 >75
% Complete Response 64 43 38 36
% Resistant Disease 26 36 39 37
Median overall 23 9 6.6 4.2
survival (mo.)
Median disease-free 18* 7.4 8.3 7.5

survival (mo.)

*The age <56 group is restricted to S9500 to avoid influence of hematopoietic
cell transplantation.

Discussion

Perhaps the most striking finding of this study is that, although there is no ob-
vious influence of age on the presenting hematologic values or morphology of
AML, there is a profound effect of age on cytogenetics, the single most impor-
tant predictor of treatment outcome. In addition, we saw an increase in MDR
expression with age, although once patients were over age 55 no further in-
crease was obvious. Finally, as has frequently been noted, response rates and
duration markedly declined with age.

Why AML in older individuals is associated with unfavorable cytogenetics,
increased MDR and worse clinical outcome is unclear. We, and others, have
postulated that AML in younger patients more often results from a limited
number of mutational events diminishing the diversity of leukemic subclones
and leaving many cell functions, including the apoptotic apparatus, relatively
intact. In contrast, AML in the elderly may more often be the result of a string
of mutational events leading to multiple leukemic subclones with the opportu-
nity to develop multiple mechanisms of chemoresistance. A slightly different
hypothesis is that normal hematopoietic stem cells age, resulting in telomere
shortening, increased genetic instability and the accumulation of intracellular
damage. The change in the nature of AML with age may, thus, be the result
of a leukemic event occurring in an older stem cell.

Whatever the reason, AML in older patients has a worse outcome follow-
ing treatment. As in many other studies, the differences noted here may, in
part, be due to the diminished doses of therapy given to older patients. With
better supportive care, the need to lower doses in older patients is diminish-
ing, but even when identical doses of drugs are given, older patients do
worse.

The identification of high levels of MDR in AML from older individuals pro-
vides a potential target for therapy, and the Southwest Oncology Group cur-
rently is exploring initial treatment using cytarabine, continuous infusion dau-
nomycin and cyclosporine, a regimen found to be effective in patients with re-
lapsed disease.”
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In addition, the use of non-myeloablative hematopoietic cell transplanta-
tion in older individuals is being studied in older patients with matched sib-
lings.8
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Childhood AML as a Model for Therapeutic Targeting in Cancer:

Are we Aiming at the Right Targets?
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Improvements in the outcome of children with AML have come about in large
part through different approaches to dose intensification of traditional chemo-
therapeutic agents. The major pediatric cooperative groups developed pro-
gressively more dose intensive therapeutic approaches based on either timing
or drug exposure. In addition, the role of allogeneic and autologous hemato-
poietic stem cell transplantation was compared to chemotherapy. The results
were similar from all of the studies with event free survival reaching approxi-
mately 45 to 50% at five years or greater. In addition, autologous transplanta-
tion did not result in an improved overall survival while allogeneic transplanta-
tion showed improved disease free and usually event free survival. Subgroup
analysis has been hampered by the numbers of patients, thus leaving open
the issue of whether allogeneic transplantation from matched family donors is
optimally used during CR1 versus CR2 in good risk patients.

A significant effort has also focused on the development of risk assess-
ment in order to stratify different treatment approaches and avoid bone mar-
row transplantation when possible. Both cytogenetics and response to initial
therapy have been determined to provide for such risk group stratification al-
though the outcome for the majority of patients is not able to be accurately
defined using these criteria. Molecular characteristics of AML cells, such as
mutations in survival factor cytokines, have provided an additional method for
predicted outcome in patients. In addition, the in vivo response to therapy as
detected by measurements of minimal residual disease has also been dem-
onstrated to be a highly predictive measure of outcome. Prospective studies
will be needed to validate such prognostic factors and then test the efficacy of
stratified treatment approaches. Thus, no currently available risk group strati-
fication can accurately predict which type of therapy which will result in an op-
timal outcome in the majority of patients with AML.

The toxicity of such dose intensification treatments significantly limits fu-
ture attempts to dose intensify conventional therapies. Alternatives have thus
focused on the development of more AML specific targeted therapies that
minimize deleterious effects to normal tissues. These targeted therapies have
included immunotherapeutic antibodies, drug transporter inhibition, signal
transduction and survival pathway blockade, chromatin remodeling and tran-
scriptional therapy as well as antileukemic generating vaccines. Importantly,
each of these therapeutic approaches needs to be assessed in terms of the
critical question of whether they target the self-repopulating leukemic stem
cell or only nonrepopulating progeny. To this end, the identification and char-
acterization of the AML stem cell is critical for screening new therapies and
their usefulness.

Fundamental and early characteristics of leukemic and solid tumor stem
cells include genomic hypomethylation accompanied by specific promoter hy-
permethylation as well as a relatively quiescent proliferative physiologic state
and a limited lifespan due to replicative senescence. Recent work has now
linked these phenomena to tumor cell formation as well as providing a poten-
tial new approach to treatment based on therapeutic stem cell eradication
through replicative senescence. Screening for new agents that are directed at
eradicating leukemic stem cells based on such mechanisms may lead to ther-
apeutic approaches that are fundamentally different than currently used cyto-
toxic treatments and provide more long lasting cures.

MRC Trials in Childhood Acute Myeloid Leukaemia

.M. HANN*, D.K.W. WEBB*, B.E.S. GIBSON?, and C.J. HARRISON
*Great Ormond Street Children’s Hospital and Molecular Haematology Unit,
Institute of Child Health, London, UK; °Royal Hospital for Sick Children,
Yorkhill, Glasgow, Scotland; “Leukaemia Research Fund, Cytogenetics
Group, Cancer Services Division, University of Southampton, UK

Keywords: MRC, Acute Myeloid Leukaemia; Childhood

Abstract

The modern approach to therapy for acute myeloid leukaemia (AML) in chil-
dren began in the late 80’s and in the MRC series led to a 30% improvement
in survival, up to levels of about 50%. Since 1995 the most recent trial AML 12
has taken those figures to two thirds event free survival and similar overall sur-
vival. Resistant disease rates remain at 4% overall but the death rate in com-
plete remission has fallen from 11% to 6% despite increasing intensity of ther-
apy, and due to advances in supportive care including nutrition and antibiot-
ics/antifungals. However, although relapse rates have continued to fall, the
biggest challenge is to reduce the currently one third relapse rate. We are
much better at predicting who is likely to relapse, based mainly on primary re-
sistance to therapy and karyotype. Analysis of 629 out of the last 808 cases in
whom cytogenetic testing was successful (78%) has shown very clearly that
1(8;21), t(15;17), inv(16) are independent good risk features. Additionally, loss
of a sex chromosome in the 8;21 group defines a group which does exception-
ally well, with 93% EFS at 5 years. Chromosome 7 abnormalities also remain
of independent prognostic significance when age, WHO classification and
white cell count are taken into account, with monosomy 7 doing even worse
than 7q abnormalities. The current trial MRC AML 15 investigates the role of
fludarabine — idarubicin combination therapy in the induction courses and the
role of high dose cytarabine during consolidation; the aim being to increase ef-
ficacy and reduce toxicity, particularly that involving the heart. New approach-
es such as targeted antibody therapy will be explored when toxicity data for
children permits.

Introduction

Acute Myeloid Leukaemia (AML) in children was a rather depressing disease to
treat until the mid-1980’s, with a dismal outcome of less than a third cured in all
trials series (fig 1). The subsequent improvement has been one of the great
success stories of medicine and has been achieved through improved support-
ive care, especially in the treatment of bacterial and fungal infection, and the
tried and tested method of large collaborative randomised clinical trials. Al-
though the latter can occasionally throw up difficulties in interpretation (13)
these merely illustrate the need to continue in the same way and hopefully with
even greater international collaboration. The only current alternative would be
medical prejudice, which gets us nowhere. Improvements in cure rates for AML
have involved the use of very high dose pulsed chemotherapy regimens, with a
diminishing role for allogeneic bone marrow transplant (allo-BMT) which is cur-
rently performed in only one in ten children in first remission treated within the
MRC AML trials and in most of the one third whose disease recurs (1,2,10,12).
The challenge facing us now is to hone down the use of anthracyclin drugs
without compromising efficacy and to investigate new regimens of therapy such
as anti-CD33 mylotarg (7) and fludarabine (8). This article will thus summarise
the most important findings from the MRC trials over the past 15 years and at-
tempt to address the challenges, which we currently face.

Overall Outcome of Medical Research Council AML 10 & 12 Trials

The results of the MRC AML 10 trial, which ran from 1988 to 1994, have al-
ready been published and will only be summarised here and used as a com-
parison to MRC AML 12 from the 1995-2002 era (table 1) . MRC AML 10 (10)
showed clearly that cranial irradiation should only be considered in children
beyond infancy with central nervous system (CNS) disease at the outset, be-
cause intrathecal therapy with intensive chemotherapy is associated with a
very low risk of relapse in this site, without the serious toxicity associated with
irradiation. In addition, there was no advantage of thioguanine over etoposide
(the latter at a dose of 100 mg/m? for 5 days in both induction courses) (6).
Previous studies had suggested that one or other drug had specific activities in
various subtypes of AML e.g. etoposide in monocytic variants, but there was
no evidence for such an effect. Patients were randomised to receive a high
dose procedure with autologous bone marrow rescue (ABMT) if they did not
have a matched sibling donor, and although those who received the ABMT
had a lower risk of relapse, this did not affect overall survival probably because
of a higher salvage rate in those who relapsed after chemotherapy alone. The
assumption has been made that equivalent effects could be achieved with less
damaging chemotherapy regimens (such as, possibly, CLASP in AML 12).

In addition to documenting the lack of overall efficacy of ABMT, the AML 10
trial showed that contemporary allo-BMT protocols did not convincingly im-
prove the outcome for any of the groups of children with AML. The swings and
roundabouts effect of BMT, with increased treatment-related mortality (TRM)
and reduced numbers of relapses was well demonstrated (1) and subsequent-
ly only one in ten children in the UK have been transplanted in first remission,
usually those in the poor risk group defined below. This again brings to the
fore the need to reduce TRM both with chemotherapy and BMT from often un-
acceptable levels (9). It was particularly pleasing when we saw the fall in



Figure 1. Results of the MRC AML
trials for children since 1970. The
AML 10 trial was 1988-1994 and
AML 12 began in 1995, demonstrat-
ing the improvement in outcome over
time.

@
=
[+
k7
)

S109

MRC AML TRIALS: SURVIVAL AT AGE 0-14

3 4
Years from Entry

Table 1 Table 2
Event MRC AML 10 MRC AML 12 P Value Event ADE MAE »p 4 5 p
n=341 n=529 Courses Courses*

Induction death % 4 4 - Induction death % 3 6 - - -

Resistant disease % 4 4 - Resistant disease % 4 4 - - -

Complete remission 92 92 0.9 Complete remission 92 90 0.3 - -
rate % rate %

Death in complete 1 6 0.008 Death in CR % 7 5 0.4 2 1 0.3
remission % Relapse rate 37 29 0.06 33 32 0.9

Disease free 53 63 0.005 Disease free 59 68 0.04 65 66 0.8
Survival % survival %

Event free survival % 48 58 0.02 Overall survival % 64 70 0.1 81 78 0.5

Overall survival % 57 68 0.002

Comparison of the last two MRC childhood AML trials. Survival rates are all at
5 years.

deaths during complete remission from 11% in AML 10 to 6% in AML 12 (ta-
bles 1 and 2) and currently our quality aim is to maintain that level at 5% or
less, and we commend that aim to other groups working within this area.

MRC AML 12 recruited 564 children between April 1995 and May 2002
from 30 centres in the UK, Republic of Ireland, Netherlands and New Zealand.
504 (95%) were randomise between ADE (Danorubicin 50mg/m?2 times 3) and
MAE (Mitoxantrone 12mg/m2 times 3) for the first two chemotherapy courses.
Additionally 270 were randomised between a total of four or five courses. The
results (figure 1 and tables 1 and 2) were excellent with a complete remission
(CR) rate of 92%, induction deaths 4% and resistant disease 4%, deaths in re-
mission 6% and a 5-year relapse rate of 33%. The improvement is only in
small part due to reduction in TRM and not at all to the randomised compari-
sons, with no significant differences between 4 and 5 courses (the additional
course being a capizzi-type asparaginase — Cytarabine course, CLASP). This
is another demonstration, if it were needed, of the dangers of historical com-
parisons and the need for randomisation (13). Only 44 matched sibling allo-
BMT’s, 16 unrelated donor transplants and one other have been performed in
first CR. Donor versus no donor comparisons within the standard (77% v 77%)
and poor (27% v 58%) risk groups do not show any survival differences, al-
though numbers are small and the recommendation is still to consider BMT in
the poor risk group if a good donor can be found, in the hope of a greater anti-
leukaemia effect with newer BMT regimens and in the absence of a major
breakthrough with other modalities of therapy.

Prognostic Factors and Special Groups

Concomitant with improvements in outcome of treatment has emerged the
ability to predict outcome. This has three main advantages the first being that

Randomised questions in MRC AML 12

*5 course=CLASP (Cytarabine-asparaginase)
ADE=Daunorubicin, Cytarabine, etoposide
MAE=Mitoxantrone, Cytarabine, etoposide
Survival rates are all at 5 years

we can tell the families what are the chances of cure. Secondly, we can begin
to identify groups, which need greater or lesser or different therapies, and fi-
nally this will allow us to gradually begin to understand the underlying biology
of the disease and to replace current blunderbuss toxic therapies with hopeful-
ly more targeted treatments.

From the outset it became clear that the “old chestnuts” of prognosis were
either unhelpful or untrue (11,14). Thus, although it is extremely important to
identify groups at particular risk of problems e.g. bleeding with acute promy-
elocytic leukaemia (APL) and bleeding/leukostasis with high-count monocytic
varieties, this did not necessarily lead to better therapeutic options, with the
exception of all-trans retinoic acid (ATRA) for APL. The other morphological
types show interesting biological associations e.g. Downs’ syndrome and
megakaryoblastic leukaemia (M7), but otherwise there is no convincing evi-
dence that these lead to more effective altered approaches.

The best indicators of outcome have turned out to be resistance to therapy
(e.g. more than 15% blasts after course 1) and karyotype. However, we must
never make the leap of faith that would lead one to assume that reductions
could safely occur for lower risk patients and increases for higher risk chil-
dren. There is little evidence to support reductions of therapy in any group at
present, the exception being Downs’ syndrome wherein we have confirmed a
very low relapse risk, increased toxicity with full protocols (4) and probably an
equally good response with lower anthracycline doses and Cytarabine-based
regimens. MRC trials have not confirmed the poor outcome, which some
groups have quoted in relation to infants with AML and M7 subtype (3, 14)



S110

Figure 2. MRC AML 12 trial children.
Survival by risk group, showing sig-
nificantly worse results in the poor
risk group.
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AML10: Survival from relapse by duration of 1st CR

Years from relapse

Table 3 Table 5
Risk Group MRC AML 10 MRC AML 12 Chromosomal Change EFS % 5 Year P value in univariate
analysis versus overall
OS from RR OS from RR group
CR CR
t(8;21) 81 0.0001
Good 80% 35% 84% 22% 1(15;17) 78 0.02
Standard 61% 37% 76% 36% Inv(16) 82 0.01
Poor 34% 39% 39% 50% -7 30 0.003
Ch5 abnormalities 25 0.0008
MRC AML 10 versus 12 outcome by risk group 3qg abn 47 0.5
0S from CR=survival from complete remission 11923 rearr* 67 0.4
RR=relapse risk +8 62 0.6
Del (99) 67 0.8
1(6;9) 50 0.3

Table 4

Chromosomal Change Incidence % n=808

11g23* 15
Trisomy 8 14
t(8;21) 12
1(15;17) 8
Inv(16) 6
Monosomy 7 4.5
Ch5 abnormalities 1.6

Incidence of chromosomal abnormalities in MRC AML 10 and 12 trials.
*19:11 accounts for 43% of 11923 abnormalities

Ch=chromosome

Inv=inversion

and would contend that these standard risk patients should continue to be
treated within clinical trials. We have also not demonstrated an advantage as-
sociated with additional therapy for poor risk groups and these should also
continue within current trials investigating ways to achieve greater efficacy.
Chromosomal changes have greatly assisted us in predicting outcome and
stratifying therapy (tables 3, 4 Refs 3, 5, 14). Improvements in chemotherapy
in the recent past have begun to blur the distinctions between good and stan-
dard risk groups, but the poor risk category continues to be at high risk of re-
lapse. The good risk group includes those with t(15;17), t(8;21) and inv(16).
The poor risk groups are those with abnormalities of chromosomes 5 and 7
and those with complex (5 or more) chromosomal changes. We have now
demonstrated clonal chromosome changes in 629 out of the 808 AML 10 and
12 trial children in whom cytogenetic analysis was successful (78%). Table 4
shows the incidence of the various changes with 11923 being the most com-
mon. Table 5 shows the event free survival (EFS) data. We have confirmed
that t(8;21), t(15;17) and inv(16) are good risk features, and for the first time it

MRC AML 10 & 12 808 patients (629 clonal changes) outcome versus chro-
mosomal changes.

*=no difference observed between t(9;11) and other 11923 subgroups.
EFS=event free survival

Ch=chromosome

abn=abnormality

rearr=rearrangement

was shown that within the t(8;21) group a further improvement in outcome
was noted in patients with loss of a sex chromosome, leading to a 93% EFS.
We have also confirmed the poor outcome associated with chromosome 7
and within that group the monosomy 7 patients have a particularly poor out-
come, with 30% EFS at 5 years. A similarly dismal outcome occurred in the
small group with chromosome 5 abnormalities (EFS 25% at 5 years). Howev-
er, we could not confirm a statistically worse outcome associated with 3q ab-
normalities.

Children with APL continue to have an excellent EFS of 78% at 5 years
with anthracycline and ATRA-based AML 12 type therapy and the intention is
to continue that approach at present.

We will continue to look at prognostic factors and in AML 15 we will exam-
ine the influence of molecular markers such as flt3.

Supportive Care

It is beyond the scope of this short review to mention other than the most im-
portant elements of supportive care. That is not to denigrate its vital impor-
tance in the management of AML and the constant vigilance which is neces-
sary, to detect the emergence of “new” pathogens and other problems (9). In
MRC trials the incidence of TRM has fallen since major emphasis has been
placed upon nutritional support and antimicrobial therapy, especially in the
youngest patients who now do at least as well as the rest (tables 1 and 2). The
difficulties of leukostasis and bleeding remain a problem in the high white
count children, but judicious blood product support and early institution of ef-
fective chemotherapy has made some inroads. Almost half of the TRM in our
trials is due to infection and the biggest problem is with Aspergillus. An ag-
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Figure 3. MRC AML 10 trial, children d
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gressive approach to early diagnosis using CT scans allied to very high dose
modern effective antifungals means that the majority of such patients now sur-
vive, and this may improve further if combination therapies such as ambisone
and caspofungin or variconazole and caspofungin are shown to be effective. It
is unlikely that a single agent will do the trick, and trials of combinations are
greatly needed. Better diagnostic techniques may possibly be on the horizon
and trials of potentially effective prophylactic agents such as the echinocan-
dins, posaconazole etc may prove to be effective; but it will be essential to per-
form very large blinded randomised trials in high-risk patients, and for extend-
ed periods of time. Otherwise we will remain in our current state of ignorance
in this area.

Management of Relapse

The collaborative I-BFM-SG-MRC study is the model for future AML trials.
There is an absolute need for international trials looking at problems where
small numbers preclude a “going it alone” attitude; such as relapsed AML. It

FLAG - Fludrabine, cytarabine, G-CSF
MACE - M-AMSA, cytarabine, etoposide

No CR - go to 1-BFM-SG-MRC
Relapse protocol

Ida - Idarubicin R - Randomisation

MIDAX - Mitoxantrone, cytarabine

should not be long before this is translated to first line therapies. Within the
MRC trials we have shown (12) that 90% of relapses occur in the marrow and
that 70% occur within the first year from diagnosis, and historically approxi-
mately two thirds of these can be induced into a second remission. Clearly, the
hope is that the latter figure will improve with the addition of newer agents such
as fludarabine-daunoxome based regimens; a question addressed in the col-
laborative trial. It is very clear that the time to relapse is a major indicator of
subsequent outcome, at opposite poles are those who relapse whilst still re-
ceiving therapy who have a 13% CR rate and those who relapse after two
years from diagnosis who have an 80% CR rate. This is of course translated in-
to a survival benefit (Fig 3). As might be expected, those patients who are good
risk from the outset do better. The role of transplant for these patients requires
to be better defined for instance by looking at the use of haplo-bmt in the very
high risk children with no good matched sibling or unrelated donor, and evaluat-
ing ABMT in the late relapses with no good match. The best available current
evidence is that some type of high dose procedure is required in these patients.
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The Way Ahead and Conclusions

It would seem that the major current issues that require resolution through ran-
domised trials are as follows:

(1) Can toxicity be reduced especially in relation to the heart?

The first step along the way is to take part in the liposomal Daunorubicin
randomised relapse study. The second step is to investigate the use of re-
duced anthracyclin dose regimens, and this is for instance being done in
the MRC AML 15 study (figure 4), which randomly allocates patients to re-
ceive the standard MACE and MIDAC consolidation, versus high doses of
Cytarabine. In the absence of cardio protective agents that are effective
and do not compromise the anti-leukaemic effect of chemotherapy sched-
ules, these approaches show the greatest current promise.

(2) We need to reduce the relapse rate, especially in the highest risk group of

patients.
AML 15 addresses the question as to whether FLAG-based regimens fulfil
their initial promise, which was registered in very challenging situations
such as relapsed and resistant disease. We will also answer the question
as to whether or not idarubicin is well tolerated and more efficacious as an
induction agent. With regard to newer agents, we hope to include anti-
CD33 mylotarg as a randomised alternative when more toxicity data is
available, from studies e.g. in relapsed or resistant disease, and to trial
new promising agents in the collaborative relapse studies, as they become
available. However, the failure of a fifth course of ABMT or CLASP to make
a significant clinical difference may indicate that we have reached the ceil-
ing with regard to conventional chemotherapy.

(3) The role of modern BMT approaches requires to be established, especially
in the poor risk patients. Measures to enhance the graft versus leukaemia
(GVL) effect such as early withdraw of immunosuppression need to go
hand-in-hand with efforts to bear down on the current TRM rates which ob-
viate the benefits from reduced relapse rates.

All'in all this is a challenging and exciting time!
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Introduction

Prognosis for children with AML has improved considerably during the last 15
years. This was due to intensification of chemotherapy including SCT. Al-
though some children had been cured by standard AML treatment, prognosis
remained poor in others. To improve the prognosis of patients with poor out-
come without risking a higher rate of mortality and morbidity in those with fa-
vourable outcome, a risk-adapted therapy based on the stratification system
resulting from a retrospective analysis of studies 83 and 87 was applied in
study 93.

By using morphological criteria based on data of the above named stud-
ies, we could define prognostic groups. With more data on response on day
15, the definitions became even more decisive. We could show a strong cor-
relation between a rapid decrease in bone marrow blast cell count during in-
duction and the quality of remission (CR and CCR) [11]. This was also seen
by Wells et al. reporting a significant difference in survival in children with less
or more than 5% blasts on day 14 in the CCG study [15]. Currently most AML
study groups use stratification according to cytogenetic results, and our pres-
ent analysis corroborates the findings of the preceding studies revealing a
high correlation between well-defined morphological and cytogenetic sub-
types. We can show that the difference between risk groups may change with
intensity of therapy, but their definition remains stable over consecutive trials.

Patients and Methods

The entry criteria for study AML-BFM 93 and -98 included: Newly diagnosed
AML patients aged between 0 and 18 years and written informed consent of
the patient or parent. Patients with myelosarcoma, secondary AML, myelodys-
plastic syndromes were excluded (Down’s syndrome was excluded from this
analysis). All eligible patients of study 93 and those patients of study 98 who
had been diagnosed until the end of October 2002 were included. Study 98 is
still open for recruitment at the time of writing (11/2003).

Diagnosis

The initial diagnosis of AML and its subtypes was determined according to the
FAB classification [1;3]. All initial smears were routinely examined at the Uni-
versity Children’s Hospital in Minster and were reviewed by a panel of hae-
matologists including 1-2 external experts (T. Buchner, H. Léffler). The diag-
noses of MO and M7 subtypes always require the confirmation by immunologi-
cal methods [1;2]. Day 15 bone marrow aspirates were reviewed centrally.

Treatment

The treatment schedule of study AML-BFM 93 is shown in Figure 1. For de-
tails see [7]. Briefly, after diagnosis patients were randomised to receive the 8-
day induction with either daunorubicin (in the ADE induction) or with idarubicin
(AIE induction). After induction, patients were treated according to risk groups
(standard risk group: FAB M1, M2 with Auer rods and FAB M4eo with <5%
blasts on day 15 in the bone marrow, FAB M3 independently from blast count
on day 15; high-risk group: all others) [11] (Figure 2).

High-risk patients were randomised to receive either HAM (=high-dose
cytarabine 3 g/m?2 every 12 h for three days and mitoxantrone 10 mg/m2 on
days 4 and 5) followed by consolidation (=arm “early HAM”) or 6-week con-
solidation followed by HAM (=arm “late HAM”). Standard-risk patients re-
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Figure 1: Treatment schedule of Study AML-BFM 93
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Figure 2: Risk classification by morphology, cytogenetics and response on
day 15 in studies AML-BFM 93 and 98

ceived consolidation only, without HAM. Subsequently, all patients were treat-
ed with one intensification block of high-dose cytarabine and etoposide fol-
lowed by cranial irradiation with 18Gy (standard dose in children >3 years
old) and maintenance with daily thioguanine 40 mg/m2 orally and cytarabine
40 mg/m?2 subcutaneously x4 days monthly for a total treatment duration of 18

Table 1: Pre-treatment clinical data of patients of studies AML-BFM 93 and 98
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months. Allogeneic SCT in first CR was recommended in children of the high-
risk group only if a sibling donor was available.

In study AML-BFM 98, there were only minor therapy modifications of the
overall treatment schedule. Standard risk patients (except FAB M3 and
Down’s syndrome patients) received the same chemotherapy as high-risk pa-
tients. Patients with favourable cytogenetics were stratified to the standard
risk group like patients with favourable morphology.

Patients were randomly assigned to either the standard six week consoli-
dation phase or to a two-cycle therapy (cytarabine, idarubicin block=500
mg/m2 per day continuous infusion cytarabine x4 days together with ida-
rubicin 7 mg/m?2 per day on day 3 and 5, and high-dose cytarabine 1 g/m2 ev-
ery 12 hours for 3 days combined with mitoxantrone 10 mg/m2 per day on day
3 and 4). The cumulative dose of anthracyclines within the two cycles was
similar to that the one given in the consolidation course. In addition, patients
without initial CNS involvement were randomised to receive cranial irradiation
of either 12Gy or 18 Gy.

In the former AML-BFM studies 83 and 87 adriamycin or daunorubicin
were given instead of idarubicin in a cumulative dose of 400 and 300 mg/m2,
respectively. High-dose cytarabine combined with etoposide was applied in
study 87 after consolidation and not given in study 83 [6;9].

Definition and Statistics

Complete remission (CR) was defined according to the CALGB criteria [5] and
had to be achieved by the end of intensification treatment. Early death (ED)
patients were those dying before or within the first 6 weeks of treatment.
Event-free survival (EFS) was calculated from date of diagnosis to last follow-
up or to the first event (failure to achieve remission, early death, resistant leu-
kemia, relapse or death of any cause). Failure to achieve remission was
counted as event on day 0. Survival was calculated from date of diagnosis to

AML-BFM 93 AML-BFM 98 AML-BFM 93/98
n % n % n %
Number eligible patients 471 100.0 430 100.0 901 100.0
Gender (male) 255 54.1 229 53.3 484 53.7
Age <2 years 112 23.8 105 24.4 217 24.1
2-9 years 174 36.9 134 31.2 308 34.2
210 years 185 39.3 191 44.4 376 41.7
Leukocytes (x10°/mm?®)
<20 241 51.2 227 52.8 468 51.9
20-<100 143 30.4 118 27.4 261 29.0
2100 87 18.5 85 19.8 172 19.1
CNS leukemia 45 10.3* 47 8.7 92 9.2*
FAB Types
Mo 25 5.3 20 4.7 45 5.0
M1 55 11.6 63 14.6 118 13
(M1 with Auer) (35) (7.4) (33) (7.7)* (68) (7.5)*
M2 125 26.6 108 25.1 233 25.9
(M2 with Auer) (94) (20.0)* (79) (18.4)* (173) (19.2)*
M3 23 4.9 27 6.3 50 5.5
M4 91 19.3 83 19.3 174 19.3
(M4eo) (36) (7.6) (34) (7.9) (70) (7.8)
M5 101 21.4 92 21.4 193 21.4
Mé 16 3.4 1" 26 27 3.0
M7 3 6.6 24 5.6 55 6.1
other 4 0.8 2 0.5 6 0.7
Karyotypes nd 184 39.1 55 12.8 239 26.5
Cytogenetic favorable** 82 28.6* 100 26.7* 182 27.5*
normal 56 19.5* 98 26.1* 154 23.3*
other 149 51.9* 177 47.2* 326 49.2*
Standard risk 161 34.2 151 35.1 312 34.6
High-risk 310 65.8 279 64.9 589 65.4
nd = no data

* percentage of patients with data
** Definition of favorable cytogenetics: t(8;21), t(15;17), inv16
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Table 2: Results in Studi
AMLBEM 93 and 08 AML-BFM 93 AML-BFM 98 Total
n % (SE) n % (SE) n %(SE)
No. of Patients 471 100 430 100 901 100
Median follow-up of pts. in
CCR (years, range) 6.0 (1.1-9.7) 2.1 (0.3-4.5) 35 0.3-9.7)
Early deaths (total)* 35 7.4 14 33 49 5.4
Blasts day 15 > 5% 96 25.1%* 66 17.7%* 162 21.4%*
Non-response 49 104 36 8.4 85 9.4
CR achieved
387 82.2 380 88.4 767 85.1
Death lll' C?R (cumulative 18 38(1) 17 4.0 35 3.9
incidence)
Relapse (cumulative 131 28.1 (3) 116 27.0 249 27.6
incidence)
Lfu in CCR 14 3.0 0 14 1.6
3-year pEFS 53 (2) 51(3) 53(2)

*  Early deaths are defined as death until day 42

** Percentage of patients with data

Abbreviations: CR, complete remission; CCR, continuous complete remission; Ifu, lost to follow-up;

death of any cause or last follow-up. Disease-free survival (DFS) of patients
achieving remission was calculated from date of remission to first event (re-
lapse, death of any cause). Survival rates were calculated according to Ka-
plan-Meier and compared by log-rank test. Toxicities were measured accord-
ing to the NCI common toxicity criteria.

Univariate analysis was done using the Wilcoxon test for quantitative vari-
ables and Fisher’s exact test for qualitative variables. When frequencies were
sufficiently large, y2statistic was used. Computations were performed using
SAS (Statistical Analysis System Version 6.12, SAS Institute Inc, Cary, NC).

Results

Patient Characteristics:

Table 1 gives the pre-treatment clinical data of patients, distribution of FAB
subtypes, cytogenetic groups and risk groups of the 901 patients of studies
AML-BFM 93 (n=471) and AML-BFM 98 (n=430). Patient distribution was simi-
lar in both studies.

Treatment results

Overall results: The overall results (per study and accumulated) are shown in
Table 2: In study AML-BFM 93, 387 of 471 (82%) patients achieved remission,
3-year survival, event free survival (EFS), and disease free survival were 61%
SE 2%, 53% SE

2% and 64% SE 2%, respectively [7]. Remission rate increased in study
AML BFM 98 (88% vs. 82%, p=0.01), however, according to preliminary re-
sults pEFS was in the same range as in study 93 (3-year pEFS 51%, SE 3%,
p logrank=0.97).

Blast cell reduction on day 15: In study AML-BFM 93 there was a significant
better blast cell reduction in the bone marrow on day 15 in patients who were
treated according to the idarubicin arm (25 of 144=17% of patients with >5%
blasts compared to 46 of 149=31% of patients after daunorubicin, py2=0.01).
In study AML-BFM 98 which assigned idarubicin induction to all patients the
percentage of patients with >5% blasts was 18% (66 of 372 patients).

CR rate and DFS were significantly better in both studies in children with a
BM blast count <5% on day 15 compared to those with >5% blasts (CR 91%
vs 80%, p<0.001; pDFS 0.60 SE 0.02 vs 0.49 SE 0.05, p=0.01; (studies
93/98, FAB M3 patients excluded). Figure 3 shows the EFS in comparison to
the previous studies 83 and 87. In studies 93/98 the differences between pa-
tients with >5% or <5% blasts were minor than in studies 83/87, however, still
significant.

Cytogenetics: Outcome of 182 patients from studies 93 and 98 with favourable
karyotypes [t(8;21), t(15;17), inv16] was significantly better compared to others
(other and normal karyotypes, n=480), 5-year pEFS in studies 93/98 with fa-
vourable karyotypes was 74%, SE 4% compared to others 41%, SE 3%, p log-
rank=0.0001.

There was a significant correlation between the risk groups defined by
morphology and blast count on day 15 and the groups defined by cytogenet-
ics. Table 3 shows the results for these risk groups in studies 93/98.

0 1 2 3 4

years 5
AML-BFM 83+87 <=5% BM15 .56, SE=.03 (N=278, 122 events)
AML-BFM 83+87 > 5% BM15 .30, SE=.04 (N=127, 89 events)
AML-BFM 93+98 <=5% BM15 .58, SE=.03 (N=286, 120 events)

. AML-BFM 93+98 > 5% BM15 .44, SE=.05 (N= 96, 54 events)

Figure 3: 5-year event free survival in patients of studies 83/87 compared to
studies —93/98 according to blast count on day 15

This confirms the results of studies 83/87 with larger numbers of patients.
Only high-risk patients with unfavourable cytogenetics show a poor outcome.

High-risk group: In study AML-BFM 93 improvement of prognosis benefited
only the 310 high-risk patients (remission rate and 5-year pEFS in study AML-
BFM 93 vs study 87: 78% vs 68%, p=0.07, and 44%, vs. 31%, p log-
rank=0.01). The placing of HAM as the 2nd or 3rd therapy course was of minor
importance. However, patients who received the less intensive daunorubicin
treatment during induction benefited from early HAM [8].

Standard risk group: In study AML-BFM 98 standard risk patients were treated
with the same intensity (with HAM) as high-risk patients. However, interim
analysis showed no significant advantage of this treatment intensification. Re-
sult remained in the same range as in study 93 and as in the previous studies
(Figure 4).

Discussion

In the 70ies, children with AML only rarely survived, whereas nowadays,
50%—0% of children with AML are long-term survivors [7;13;14]. This was
achieved mainly by a more intensified chemotherapy and far better supportive
care. Nevertheless about 40% of the patients cannot be cured by the help of
the current therapy protocols. This might be possible by more intensive treat-
ment including SCT, however, this should be performed without increasing tox-
icity for those children who can be cured with standard AML treatment. Cur-
rently, the SCT related mortality rate after allogeneic HLA identical SCT is
about 10% and after unrelated SCT about 20% [12]. The goal of our risk group
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(1] 1 2 3 4

years 5
AML-BFM 83+87 SR .67, SE=.04 (N=150, 49 events)
== AML-BFM 83+87 HR .33, SE=.03 (N=339, 228 events)
—_——— AML-BFM 93+98 SR .65, SE=.04 (N=161, 56 events)
AML-BFM 93+98 HR .43, SE=.03 (N=310, 177 events)

Figure 4: 5-year event free survival in standard (SR) and high-risk (HR) pa-
tients of studies 83/87 compared to studies —93/98

Table 3: Correlation between cytogenetics and risk groups in studies AML-
BFM 93/98

Karyotypes favourable Karyotypes unfavourable
N=182 N=461
Risk Groups N (%)* 5-year pEFS N (%)* 5-year pEFS
(defined) % (SE) % (SE)
SR n =251 150 (60) 72 (4) 101 (40) 52 (6)*
HR n =411 323 84(7) 379 (92) 390)

* percentage of standard risk (SR) and high-risk (HR) patients, respectively

definition was to identify patients who may benefit from a more experimental
therapy or from a less toxic treatment in order to reduce the treatment-related
mortality and morbidity.

From a biological point of view AML is a very heterogeneous disease not
only by morphology but even more by immunophenotypic and cytogenetic
features. However, some subtypes of AML are characterized by a significant
correlation between morphology, immunophenotypic features and karyotypes
[10]. The three subgroups of AML presenting with characteristic morphologic
features, FAB M1/ M2 with Auer rods, M3 and M4 with eosinophils implicate a
good prognosis. Children with these subtypes have a high response rate and
a low rate for early death and relapse. In addition, we could show that the
blast count on day 15 is a significant indicator for response and high pEFS
(Figure 3). The definition of a standard risk group which comprises about one
third (35%) of patients was possible by combining favourable morphological
subgroups with blast cell reduction on day 15 and cytogenetic results. As
shown in table 3 there is a good correlation between risk groups defined by
morphology and blast count on day 15 and cytogenetics. By defining the fa-
vourable group by favourable karyotypes only, the group would be smaller
(27%) compared to our defined standard risk group.

Patients with favourable cytogenetics and high-risk criteria by morphology
are included in our standard risk group since study 98 (Figure 2). Standard
risk patients defined by morphology only who have unfavourable cytogenetics
mainly have normal karyotypes and will have an intermediate prognosis. Till
now, they have remained in the standard risk group, however, in the future,
those with FLT3 internal tandem duplication will be shifted to the high-risk
group. In an retrospective analysis mainly of patients of the AML-BFM studies
it has been shown that FLT3 internal tandem duplication is an independent
prognostic factor in childhood AML [16].

In study AML-BFM 83, survival and event-free-survival rate increased
compared to the first study AML-BFM 78. The difference between the studies
consisted in the introduction of the ADE induction which was not given in
study 78. With this intensified induction outcome was significantly better in
patients with favourable morphology (most of these patients are now in our
standard risk group) [6]. Based on data of study 83 and 87 we defined risk
factors, which are still applicable today [11]. Mainly in study 87, we found the
prognostic significance of the blast cell reduction on day 15 which allows an
even better risk stratification.

In study AML-BFM 93, improvement of prognosis was seen in high-risk
patients due to the introduction of HAM as second or third therapy course. In
study AML-BFM 98 also standard risk patients have been treated with HAM.
P-EFS and p-survival in standard risk patients of studies 93 and 98 were simi-
lar to those of studies 87 and 83. These results were not expected, however,
they show that it is extremely difficult to increase prognosis in the standard
risk group. Analogous observations have been reported from the MRC trial. In
the “MRC-good risk group” defined by favourable cytogenetics there was no
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survival advantage by allogeneic SCT in 1stR compared to chemotherapy on-
ly [4;14].

There might be a possibility to increase survival in standard risk patients
by new therapeutic approaches like targeted therapy or subgroup directed
therapy. A new therapy option could be the application of FLT3 inhibitors in
FLT3 positive patients or with tyrosine kinase inhibitors for children with ras
mutations or c-kit mutations.

We could show in our studies that prognosis in risk groups may change
with intensification of chemotherapy but the prognostic value of the variables
used for stratification remained high over studies. This was shown for the fac-
tor blast cell reduction on day 15 (Figure 3) but also for the stratification
groups defined by combined risk criteria comparing event free survival and
also survival in risk groups of studies AML-BFM 83/87 and studies 93 and 98
(Figure 4).

Our data indicate that it was possible to improve prognosis in standard risk
patients in the 80ies by intensification of initial chemotherapy. In the last 10
years prognosis could be improved in high-risk patients with more intensive
therapy, e.g. high-dose cytarabine courses. This may indicate that these pa-
tients might even benefit from further treatment intensification. However, this
has to be done without increasing therapy related mortality (early death and
death in CCR). To reduce the therapy related mortality which averages out at
more than 10% in high-risk patients may be of the same importance.
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ABSTRACT

Purpose: To determine whether, after very intensive induction and consolida-
tion therapy in childhood AML, further maintenance therapy (MT) confers any
advantage.

Patients and methods: Three hundred-nine children with previously untreated
AML were registered in the LAME 89/91 protocol. This three-cycle intensive
regimen included an induction phase (mitoxantrone plus cytarabine) and, for
non-allografted patients, two consolidation courses, one containing timed-
sequential high-dose cytarabine, asparaginase and amsacrine. In the LAME
89 study, patients were given an additional MT consisting of mercaptopurine
and cytarabine for 18 months. In the LAME 91 trial, patients were randomized
to be given or not MT after consolidation therapy.

Results: Out of 309 patients, 276 (90%) achieved a complete remission. The
overall survival (OS) and event-free survival at 6 years for all patients were
60%+6% and 48%+6%, respectively. For the complete responders after con-
solidation therapy, the 5-year OS was significantly better in patients random-
ized for no further treatment than in patients randomized for MT (81%+13% vs
58%+15%; p=0.04) whilst the 5-year disease-free survival was not significantly
different (60%+19% vs 50%+15%; p=0.25). The improvement of OS in MT-
patients appeared to be related to a higher salvage rate after relapse.

Conclusion: Over 50% of patients can be cured of AML in childhood. In the
context of a very short and drug-intensive regimen, low-dose MT, owing to the
lack of improvement in disease control and the worsening of survival, should
not be recommended.

Over the past 20 years, the outcome of acute myeloid leukemia (AML) in
children has improved substantially. In the eighties, complete remission (CR)
was achieved in nearly 90% of patients but event-free survival (EFS) was
poor. Myeloablative therapy followed by allogenic bone-marrow transplanta-
tion (allo BMT) from an HLA-identical sibling was demonstrated, in our experi-
ence, to be the treatment of choice for improving DFS in children with AML in
first remission.[6] The major issue was how best to maintain complete remis-
sion for patients without an HLA sibling donor. Whereas several groups con-
tinued to include low-dose MT[1,2] and others decided to omit it,[5,10] in
1991, our group undertook a prospective randomized trial (LAME 91 proto-
col), the main aim of which was to assess the efficacy of MT in addition to an
intensive induction and consolidation chemotherapy. The main results have
been published previously[7] and are now updated and described in a higher
number of patients.

Patients and methods

Patients. Inclusion criteria in the LAME 89/91 protocol were as follows: de
novo AML with an FAB subtype ranging from M1 to M6, age less than 20
years. Patients with biphenotypic leukemia, secondary AML, and patients with
Down’s syndrome were not included. 309 children from 18 institutions were
registered in the protocol between December 1988 and December 1998.

Induction treatment. Induction therapy was a combination of cytarabine at
200 mg/m2/d by continuous IV infusion from day 1 to day 7 and mitoxantrone
at 12 mg/m2/d IV from day 1 to day 5. Patients who had more than 20% blasts
on day 20 bone marrow aspiration received additional chemotherapy (cytara-
bine at 200 mg/m2/d for 3 days and mitoxantrone at 12 mg/m2/d for 2 days).

Allo-BMT in CR1. Allo BMT was offered to all the 74 patients where an HLA-
identical family donor was available. Most of them were conditioned with
16 mg/kg busulfan and 200mg/kg cyclophosphamide.

Postremission therapy. Two consolidation courses were given to patients
without an HLA-matched family donor. Consolidation 1 was a combination of
etoposide (100 mg/m%/d IV, 1-hour infusion, from day 1 to day 4), cytarabine
(100 mg/m2/d as a continuous IV infusion from day 1 to day 4), daunorubicin
(40 mg/m2/d 1V, 1-hour infusion from day 1 to day 4). Consolidation 2 consist-
ed of cytarabine, 1 g/m2, 1-hour infusion, administered 12-hourly, on days 1, 2,
7 and 8, amsacrine at 150 mg/m2/d IV, 1-hour infusion, on days 4, 5 and 6, as-
paraginase at 6000 U/m2 on days 3 and 9.

Maintenance therapy. After consolidation chemotherapy, patients were treat-
ed with an 18-month maintenance program consisting of continuous oral 6-
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mercaptopurine at 50 mg/m2/d and monthly pulses of subcutaneous cytara-
bine at 25 mg/m2 twice a day for 4 days (LAME 89 protocol). From march
1991 to december 1998, children in first CR were randomly assigned to re-
ceive MT or no further therapy after consolidation 2. This randomization was
centrally performed, at the time of hematological recovery following consolida-
tion 2.

CNS prophylaxis. CNS prophylaxis was administered to patients with the M4
or the M5 FAB subtypes and to patients with an initial white blood cells (WBC)
count higher than 50x109/1. These patients were given five doses of intrathecal
chemotherapy (IT). Patients with initial CNS involvement were given three ad-
ditional IT doses and 24 Gy cranial radiation.

Statistical methods. The analysis was performed in February 2001. Event-
free survival (EFS), disease-free survival (DFS), and overall survival (OS)
were estimated with the Kaplan-Meier method. To study the impact of MT, DFS
and OS were also calculated from the day of randomization. For nonrandom-
ized patients, the endpoint was calculated as from the time of hematological
recovery following consolidation 2.

RESULTS

Patients characteristics. 309 patients entered the LAME 89/91 protocol; 146
were boys and 163 were girls, with a median age of 6.9 years. 42 children
(13%) were under 1 year old. The median of the WBC count at diagnosis was
25.6 x 1091 and the distribution of FAB subtypes was as follows : M1 (n=38),
M2 (n=87), M3 (n=19), M4 (n=42), M,g, (n=23), M5 (n=92) and M6 (n=8). 31
children (10%) had initial CNS involvement.

Induction outcome. 276 of the 309 children achieved complete remission
(90%), 257 after one course of induction chemotherapy (83%) and 19 after the
day 21 reinforcement. The induction toxic death rate was 5% ; there were six
early deaths (<8 days), nine toxic deaths and 18 leukemic failures. No clinical
prognostic factor was associated with achievement of CR.

Treatment allocation. Patient numbers according to treatment arms of the
LAME 89/91 protocol are shown in figure 1. Of the 276 patients in complete re-
mission, 74 were given an allo BMT; all the patients in CR1 with an HLA-identi-
cal family donor actually received the scheduled allo BMT. 179 patients were
given consolidation 1 and 164 consolidation 2. The treatment-related mortality
of the two courses of postremission therapy was 6%.

Potential biases or confounding variables (randomized study). 139 pa-
tients were eligible for MT, 70 were randomized and evaluable (36 with and 34
without). If patients of the LAME 89 and/or for whom no further therapy could
be administered are excluded, overall compliance of patients for randomiza-
tion was 68.6%. Table 1 shows the pretreatment characteristics of patients in
the two randomized arms.

Global results. The global LAME 89/91 EFS, DFS and OS at six years were
respectively 48%+6%, 53%+6% and 60%+6%.

Results of allo-BMT. The DFS was 49%+7% for non-allografted patients and
63%+11% for allografted patients (p=0.05).

Table 1. Patient Characteristics by Maintenance Therapy Randomization

Randomized patients p value for
homogeneity
Maintenance therapy MT — (n=34) MT+ (n=36)
(no. patients)
Median age (years) 5 5.2 0.67
Female/Male 1717 20/16 0.64
Median WBC 109/L 15 24 0.23
FAB subtypes (no. patients)
M1 4 4
M2 7 10
M3 3 2 0.55
M4/M4 eo 5/1 6/5
M5 12 9
M6 2 0
Cytogenetics (no. available) 24 26
t(15; 17) 2 2 1
1(8; 21) 5 4 0.72
11q,3 abnormality 6 9 0.46
inv(16) 3 5 0.70
59-/79- 0 0 1
Normal 8 6 0.42
Patients needing a second 2 1 0.61

course at day 21

Results according to prognostic factors. Outcome and prognostic factors
were analyzed in 276 (90%) of 309 LAME 89/91 patients who achieved CR af-
ter induction therapy. In multivariate analysis, OS was significantly higher in
patients with favorable cytogenetic findings (t(8;21), t(9;11), t(15;17), inv(16) vs
others ; p=0.005), in patients with low WBC count (<50x1091 vs >50x109/;
p=0.01), in patients achieving a CR1 with less than 20% marrow blasts on day
20 (p=0.08) and in patients receiving an allo-BMT in CR1 (p=0.03). Gender,
age (<1 year old vs 21 year old), CNS involvement, FAB subtype (M5 versus
others) were of no prognostic significance.

Results according to maintenance treatment. For randomized patients,
DFS was 50%+15% with MT and 60%+19% without (p=0.25), and OS was re-
spectively 58%+15% versus 81%zx13% (figure 2; p=0.04). One toxic death oc-
curred during MT in a randomized infant and was related to fulminans hepati-
tis. 31/70 patients relapsed ; MT- randomized patients had a higher likelihood
of achieving a second CR than did MT+ patients (11/13 vs 8/18; p=0.03) (table
2).

For the whole population, including randomized and nonrandomized pa-
tients, the DFS was 50%+11% for MT+ patients and 63%+12% for MT- pa-
tients (p=0.48). The OS was 59%=+11% for MT+ patients and 73%=+11% for
MT- patients (p=0.08). The probability to achieve a second CR was signifi-
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Figure 2. Overall survival comparison of randomized patients with mainte-
nance therapy vs those without maintenance therapy; with time from the day
of randomization.

............... ~OS with MT (n=36), —_______ OS without MT (n=34); p=0.04

Table 2. Outcome according to maintenance therapy. Randomized patients

Randomized patients

MT- MT+
No. of patients 34 36
Relapses 13 18
CR2 achievement 1113 8/18; p=0.03
Median of CR 2 duration (months) 28 15
Mean and range 38 (5-96) 26 (4-75)

of CR 2 duration (months)

cantly higher for MT- patients than for MT+ patients (19/28 vs 14/34;
p=0.04).

DICUSSION

With the LAME 89/91 intensive chemotherapy regimen, more than half of the
children have been cured. Our results compare favorably with the more re-
cently published pediatric AML studies. [2, 5, 8, 14, 15] Either drug-intensity or
each of the three therapeutic phases may have contributed to the improve-
ment in outcome.

Induction therapy. The 90% CR rate is within the range of the best results re-
cently reported (74-92%) from large trial groups. [2, 8, 14, 15] With the combi-
nation of a high dose of mitoxantrone plus cytarabine, our intention was to
reach a maximum drug-intensity. Intensifying induction therapy has been dem-
onstrated to improve long-term prognosis in AML, irrespective of the postre-
mission regimen, chemotherapy or autograft or allograft. [14]

Allo-BMT in CR1. Children who achieve CR have occult residual disease re-
quiring intensified therapy or allo BMT early in first remission. Overall, superi-
ority of allo BMT in reducing the relapse risk and increasing DFS was suggest-
ed in our preliminary LAME 89/91 report, [6] was demonstrated in the CCG ex-
perience[15] and is confirmed by these updated results.

Postremission therapy. In the LAME 89/91 protocol, consolidation 2, consist-
ing of an intensive sequentially timed association of high-dose cytarabine, as-
paraginase and amsacrine, was the most striking phase of the postremission
therapy. Dose escalation of cytarabine was used in most of the recent pediatric
studies. [5, 8, 10, 12] The CCG 213P trial demonstrated the importance of tim-
ing of high-dose cytarabine consolidation. [12] The promising results with a
very short, four-course, induction and cyclic intensification therapy in the MRC
AML 10 protocol [10] or with the use of only three induction and intensification
courses in the LAME 89/91 protocol support the role of drug-intensity.

Maintenance therapy. After standard-dose induction therapy, low-dose MT
can improve DFS compared with no further therapy, at least in a subset of pa-
tients, both in adults and in children. The BFM protocol has successfully ex-
plored this approach ; CR was achieved in 82% of patients with a 5 year EFS
at 51%. [2] In our randomized study, MT not only failed to improve the 5 year-
DFS and to prevent relapse, but MT+ patients did significantly worse than MT-
patients in terms of OS ; the negative predictive value of MT is demonstrated

in randomized patients and is also suggested in all patients as treated. Similar-

ly, in the randomized CCG trial 213, a phase of aggressive intensification elimi-

nates the benefit of MT which was, in addition, even demonstrated to be inferi-
or, in terms of survival, to stopping therapy. [13] It is worth noting that the very
good long-term EFS for patients with the AML 10 MRC regimen was obtained

without any low-dose MT. [10]

In the LAME 89/91 trial, only one death in CR occurred during MT with the
result that the difference in terms of OS could not be related to toxicity. The
probability to achieve a second CR was significantly better for MT- patients
than for MT+ patients both in the randomized study and in all patients as
treated. We suggest that the benefit in MT- patients, i.e. a better survival with-
out either a significantly better DFS or a lowered toxic death rate, is related to
this higher salvage after relapse.

The mechanism leading to treatment failure in relapsing MT+ patients re-
mains unclear. Acquired drug resistance in the maintenance group might ex-
plain the lower CR2 rate. It has been suggested that MDR1 expression in
AML blasts could be strongly up-regulated by cytarabine, and that it is corre-
lated with clinical drug resistance. [3] It may be that long-term exposure to
low-dose cytarabine will up-regulate MDR1 gene expression and ultimately
lead, as in our study, to a higher rate of refractory disease after relapse in
MT+ patients. However, cytarabine-induced up-regulation of MDR1 was not
confirmed in paired analysis. [11] Mechanisms other than MDR1 might be re-
sponsible for the development of clinical drug resistance. [4,9].

Cure rate in AML has improved with intensive induction and postremission
therapy with optimized timing. The best results were obtained with the most
drug-intensive regimens. Low-dose MT is of no benefit in childhood AML after
LAME 89/91 intensive chemotherapy.

Future improvements are unlikely to come from further increases in inten-
sity, the indication of which could be limited to poor-risk leukemia and relapse,
according to a risk-directed strategy in AML. Better chemotherapeutic agents,
novel therapies, chemotherapy resistance modifiers should be explored.

The following options will be prospectively addressed in the forthcoming
LAME protocol:

— to carry on with an intensive regimen including the LAME 89/91 unmodified
induction therapy, three consolidations delivered over a short period and no
MT

— to match treatment with prognostic factors (cytogenetics, marrow response
on day 15)

— to offer an allo-BMT to most patients where an HLA-identical family donor is
available

— to determine whether the use of low dose IL2, delivered after intensive in-
duction and consolidation therapy confers any advantage in childhood AML.
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Introduction and Purpose

Acute myeloid leukemia (AML) in both children and adults requires intensive
myelosuppressive induction therapy for achieving a remission; and further ag-
gressive post-remission intensification for durable long-term survival. In chil-
dren improvement in both induction success and long-term outcome have
been slow but consistent over the last 25 years.

For induction therapy in AML, the question of whether intensity of treat-
ment effects long term outcome rather than just remission success had not
been rigorously tested when the Children’s Cancer Group (CCG) Trial 2891
opened in 1989, for newly diagnosed children with AML, myelodysplastic syn-
drome (MDS) and granulocytic sarcomas. The concept has important implica-
tions, as investigators treating patients with AML are often faced with whether
or not to continue intensive therapy in the face of profound myelosuppres-
sion. Specifically, is the added myelosuppression in such a patient worth the
risk of further prolongation of pancytopenia?

To test this hypothesis, children with AML were randomized at diagnosis to
either a sequentially timed or standard timed induction approach. The primary
end point of this study was patient survival from AML diagnosis.

Patients and Methods

CCG 2891 opened in October in 1989 and closed in April 1995. For the pur-
pose of this report, children and adolescents younger than 21 years of age
with blood and marrow biopsy confirmation of the diagnosis of the acute my-
eloid leukemia MO to M7, and acute undifferentiated or biphenotypic leukemia
with evidence of meyloid differentiation noted on cytologic examination were
included. Patients with Down Syndrome, Fanconi Anemia, AML as a second
malignant neoplasm, de novo MDS, isolated granulocytic sarcoma, or Ph’ pos-
itive CML in the chronic phase have been excluded. Within this “de novo” AML
subset, 887 patients were eligible and form the basis of this report.

All of the details of the treatment on CCG 2891 have been previously re-
ported in detail [1,2]. Patients at diagnosis were randomized to two induction
regimens in which identical drugs and doses were used and administered,
with randomization between a “standard timing” and “intensive timing” ap-
proach. Patients received a 5-drug cycle of induction therapy administered
over four days: dexamethasone, cytarabine, 6 thioguanine, etoposide, and ru-
bidomycin (daunorubicin), or “DCTER.” Patients randomized to intensive tim-
ing received a second obligatory cycle of DCTER therapy identical to Cycle
#1 after a six-day rest, irrespective of marrow or hematologic status. Delays
of two to four days were permitted for patients who experienced severe ileus
or other life-threatening events with Cycle #1. Patients randomized to stan-
dard timing therapy had a bone marrow examination, including biopsy, on day
14. If there was evidence of clearing of circulating blasts in a hypoplastic mar-
row, indicating a large leukemia cell kill from the first cycle (two-thirds of the
patients), Cycle #2 — identical to Cycle #1 — was held until the patients’ blood
counts recovered or there was clear sign of leukemia progression. The one-
third of patients with residual leukemia documented on day 14, defined as
more than 40% blasts in a mildly hypocellular to hypercellular marrow, re-
ceived Cycle #2 at that time.

Four induction cycles were administered to all patients prior to entering the
post-remission phase, even for patients achieving remission during the first
two cycles. Standard timing induction therapy was closed in May 1993 after a
recommendation by the Data Monitoring Committee, with all patients subse-
quently receiving the intensive timing arm. Furthermore, filgrastim was intro-
duced for all patients during the induction phase at that time. This addition
had no overall effect on induction success, post-remission outcome or overall

Table 1: Induction Results on CCG 2891 (N=838*)

Induction Regimen Remission (%) Fail (%) Death (%)
Standard Timing 229 (72%) 75 (24%) 13 (4%)
(N=317)

Intensive Timing 416 (80%) 57 (11%) 48 (9%)
(N=521)

P Value 0.01 <0.001 0.006

* Excludes 36 patients who withdrew before induction success could be deter-
mined, and 13 patients who received 2 standard timing cycles with 2 subse-
quent intensified timing cycles (crossed over once Standard Timing Arm was
closed in May 1993).
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survival, and results have been reported separately [3]. At the end of induc-
tion, patients with five — or six -antigen HLA matched family donors were allo-
cated to allogeneic BMT [3]. The remaining patients were randomized be-
tween intensive therapy requiring autologous BMT rescue and non-marrow
ablative therapy consisting of four courses of three different chemotherapy
regimens, including one with intensively-timed high-dose cytarabine [2].

Data obtained in this study were reanalyzed in August 2001 with a cut-off
of February 2001, and with use of several standard methods. All reported
comparisons were based on regimens to which patients were allocated, or
“intent to treat.”

Results

Characteristics of the 887 patients included this study showed no statistical dif-
ferences between patients randomized to the intensive timing and standard
timing arms, including cytogenetics.

Although there were relatively small differences in the overall induction
success rate, the reasons for failing to achieve remission were markedly dif-
ferent between the two arms. Patients randomized to the standard timing arm
had a leukemia failure rate more than double than those on the intensive tim-
ing arm; while those randomized to the intensive timing arm were more than
twice as likely to die from complications during induction therapy.

Patients who received intensive timing induction had an overall survival
(OS) of 49+4% at 10 years vs. 35+5% for those on the standard timing arm
(P=0.001). The advantage of intensive timing induction therapy was seen well
past the induction phase (EOI).

Actuarial 0S at 10 years post-induction was 60+5% for those on the inten-
sive timing arm and 44+7% for those on the standard timing arm (P=0.001).

The positive effect of intensive timing therapy on outcome in the post-
remission phase was seen for patients allocated or randomized to all three
post-remission regimens.

Summary, Conclusion and Brief Discussion

Intensively timed induction therapy for patients with childhood AML markedly
improves long-term survival from diagnosis, as well as from achieving remis-
sion. Hence, intensity of induction treatment clearly effects long-term outcome
rather than just remission success.

Several unanswered questions remain as to the optimum way to intensify
therapy for children, adolescents, and adults with newly diagnosed AML.
First, as reported by several national cooperative groups in this supplement,
comparable long-term results can be seen in patients receiving aggressive in-
duction therapy that is not based on a timing principle. Hence, the method of
intensifying therapy may not be as important as the intensification itself.

Table 2: The Effect of Induction on Post-Remission Survival at 10 Years

Induction (N) Allogeneic (N) Autologous (N) Chemo- (N)
Program BMT BMT therapy
Standard  (189) 44+14% (63) 35+13% (57) 47+12%  (69)
Timing

Intensive  (337) 70+9% (114) 55+10% (115) 57+10% (108)
Timing

P Value 0.007 0.02 0.34

Furthermore, the results in children and adolescents may have direct ap-
plicability to young adults with newly diagnosed AML. As previously shown
[4], results from CCG 2891 comparing adolescents 16—21 years of age ver-
sus children 0—15 show comparable results; while the intensive timing arm
was superior to 16—21 year olds treated on the Leukemia Service at the MD
Anderson Cancer Center (MDACC) over a several year period of time. At
MDACC, 16-21 year olds had a similar survival to patients 21-45 years of
age. Based on these results, MDACC is now examining the role of intensive
timing induction therapy in young adults with newly diagnosed AML present-
ing to their institution.

Finally, the CCG 2891 results utilizing intensive timing have been con-
firmed in two subsequent CCG trials, CCG 2941 (Ref. 5), and CCG 2961,
which is reported separately.
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Abstract

Up to 80% of pediatric patients with acute lymphoblastic leukemia (ALL) can
be cured if intensive therapy is applied. Severe side effects are encountered in
all patients of which, however, only the minority is life-threatening. The leading
cause of failure in childhood ALL is still recurrence of disease. To reduce the
rate of relapses, but also to limit treatment morbidity, the ALL-BFM group has
aimed to improve the risk-adaptation of therapy. The most important addition
to clinical factors (e.g. age, WBC, extramedullary involvement), and biological
characteristics (such as immunphenotype and cytogenetics), was the recogni-
tion of early in vivo treatment response as the strongest predictor for relapse.
The determination of leukemic blasts in peripheral blood after exposure to 7
days of prednisone (PRED) and one dose of intrathecal methotrexate (predni-
sone response) as developed by BFM identified multidrug resistant patients:
Such patients had still more than 1,000 blasts per pL at day 8 of therapy (de-
fined as PRED poor responders, 10% of all patients). Prognosis for these was
only approximately 35% as compared to approximately 80% in patients with
adequate PRED response.

Patient characteristics at relapse reveal that most of them were originally
comprised in “good risk” patient subgroups: e.g., in trial ALL-BFM 90, 50% of
the relapses were noted in patients with c-ALL even though that group had an
EFS of 82% (SE 1%). 70% of the recurrences are found among patients with
good response to PRED indicating the lack of specificity in the definition of
that subgroup. Therefore, the more refined way of determining in vivo re-
sponse based on the detection of minimal residual disease (MRD) at defined
timepoints by identifying clone-specific T-cell receptor- (TCR) or immunglobu-
line (Ig) gene rearrangements appears to be able to define the patient at high
risk to relapse more specifically. In the current ALL-BFM strategy, the high
sensitivity of the method is utilized to apply treatment reduction in patients
with fast clearance of leukemia. Persistent disease in contrast is an indication
for treatment modification and intensification. Logistics and quality controls
are demanding but essential for the introduction of this new technology into
clinical practice.

Recent developments derived from BFM and other major clinical
ALL trials

In childhood ALL, clinical and biological features such as patient age, WBC,
organ involvement, immunophenotype and cytogenetics have been used by all
major study groups to modulate treatment composition and intensity. Treat-
ment intensity itself turned out to be a major prognostic factor [1-6] The BFM
study group has addressed the impact of treatment intensity early on in ran-
domized trials ALL-BFM 76 and 83 conducted between 1976 and 1986 [6, 7].
It was demonstrated that the repetition of (slightly) modified induction therapy
was highly efficient in reducing relapses both in high and standard risk pa-
tients. The importance of delayed reintensification for standard and intermedi-
ate risk patients was confirmed in trials ALL-BFM 86 [1] and CCG-105 [8]. The
ALL-BFM Study Group also demonstrated, that in standard risk patients, crani-
al radiotherapy is an essential component of ALL therapy if not replaced by
adequately dosed methotrexate [6, 9]. The prognostic influence of early treat-
ment response was prospectively evaluated in trial ALL-BFM 83, and later uti-
lized in trials ALL-BFM 86 and 90 to identify a group of ALL patients with the
highest risk for relapse [1, 10, 11]. Various approaches to determine the early
in vivo response were developed in the last 15 years, mainly concentrating on
the cytomorphological evaluation of blast cell clearance from the peripheral
blood and the bone marrow [12—14]. Only recently, more sensitive methods of
minimal residual disease detection have been applied systematically to evalu-
ate the in vivo response [15-18]. The predictive value of MRD determination,
however, depends completely on timing and intensity of therapy [19, 20]. In
parallel to recent advances in risk-adaptation of treatment, some important at-
tempts have been made to reduce the toxicity by limiting in particular the com-
ponents with the potentially most relevant long-term toxicity, e.g. such as ra-
diotherapy.

Prognostic parameters at diagnosis

WBC, age, gender, cytogenetic and immunphenotypic subtypes are the major
initial factors determining the risk of relapse [1, 11]. To determine the risk of re-
lapse it is useful to rely on parameters which are uniformly available and not
subject to methodological variations. Standard (SR) and high risk (HR) pa-
tients have been defined by age/WBC subsets, e.g. in the classification of the
National Cancer Institute: SR, age 1-9 years, and WBC <50,000/mm3; HR,
age >10 years or WBC >50,000/mms3 [21]. The BFM group prepared results
accordingly, thus demonstrating a 6y-EFS of 86+1% for NCI-SR patients
(n=1395), and 64+2% for NCI-HR patients (n=724) in trial ALL-BFM 90 (T-ALL
patients included). Infants which were not included in the NCI definition were
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Fig. 1: Event-free survival (at 8 years) in trial ALL-BFM 90 according to predni-
sone response

also analyzed: their 6y-EFS was 50+7% [11]. With regard to the risk groups as
defined in trial ALL-BFM 90, 6y-EFS was 85+2, 82+1, and 34+3% for SR
(n=636), MR (n=1299), and HR (n=243) patients, respectively. Molecular
screening for fusion genes and cytogenetics at diagnosis are useful methods
to identify some of the high risk patients, but the majority of the patients at risk
will not be recognized [22].

Response evaluation: New approach to more specific risk prediction
Early response to prednisone

Response to treatment as measured by blast count in peripheral blood after 7
days of PRED and one IT injection of MTX had prospectively been evaluated
in trial ALL-BFM 83 [10]. This study identified a novel prognostic marker that
was more predictive of relapse than any other marker used thus far: 8% of the
patients formed a small poor risk group that was characterized by the pres-
ence of >1000 leukemic blasts per pl peripheral blood after the first week of
prednisone (PPR). After a median observation time in trial ALL-BFM 83 of 10
years, the probability for event-free survival (pEFS) for patients with PPR is
39%, compared to 66% in patients with adequate response to prednisone
(PGR). No other mathematical model nor any other single factor could de-
scribe a group of patients that was as large, and had a prognosis of less than
50% pEFS. Reflecting the reliability of this method, 8-10% of the patients
have been identified as PRED poor responders (PPR) in all three BFM trials
since 1983. In addition, some characteristics have constantly been observed
in this patient subset [1, 10] which indicate that this parameter is associated
with some well known poor risk features (Tab. 1). The specificity of PPR was
high, but the specificity of PGR was limited, as — due to the group size - the
majority of relapses (approximately 65%) was observed in the favorable group
of patients with PGR (Fig. 1).

Any treatment variation or intensification that was applied in trials ALL-
BFM 86 and 90 for patients with PPR did not significantly alter the outcome of
this group [11]. In trial ALL-BFM 95, however, significant improvement for pa-
tients with PPR has been demonstrated: 56+4% vs. 34+3% in trial ALL-BFM
90 [23]. The AIEOP study group demonstrated in trial AIEOP 9503 that high
risk patients defined by PPR had an improved outcome by the repeated use
of Protocol I, the key reintensification therapy element developed in trial ALL-
BFM 76 [7, 24]. Other study groups also utilized the prognostic significance of
blast cell reduction in PB or BM [5, 12, 14].

Response in the Bone Marrow

Since 1990, the BM on day 15 of therapy has been routinely evaluated in the
central laboratory of the ALL-BFM trial. In contrast to the evaluation of blood
smears, conclusive results were prevented occasionally by low cellularity. In
addition, the specificity of the BM evaluation was limited: The same number
(not percent!) of relapses was observed among patients with a M1, or a M2, or
a M3 marrow on day 15. Nevertheless, a M3 marrow — found in 13% of pa-
tients — was an indicator of high relapse risk, as 6y-EFS was only 44+5%.
When only patients with PRED-GR were analyzed, an M3 marrow was dem-
onstrated in 7.3% of the patients, with an EFS of 54+7%. Failure to achieve re-
mission as shown by a M2 or M3 BM at control time (in BFM, day 33 of induc-
tion), was the most adverse prognostic factor in trial ALL-BFM 90, as 6y-EFS
was only 11+5% for such patients. This poor risk subset comprises, however,
only 2.5% of all patients [11].

Response as assessed by evaluation of minimal residual disease (MRD)
In an effort to provide better specificity by response evaluation and to identify
previously unrecognized patients at high risk to relapse several studies have
been initiated in the 90s which aimed at a more sensitive, sub-microscopic
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Table 1: Outcome by prednisone good-response and prednisone poor-
response in specific patient subsets: Data from recent ALL-BFM trials

Patient subsets Prednisone Good- Prednisone Poor-

Response Response

No. of % EFS No. of % EFS

patients  (SE)! patients  (SE)!
NCI risk group?
Standard risk 1324 87 (1) 48 45 (7)
High risk 564 73 (2) 143 31 (4)
Immunophenotype
Pro-B ALL 80 68 (6) 19 0
Common ALL 1274 84 (1) 67 46 (6)
Pre-B ALL 338 79 (2) 13 31(13)
TALL 180 78 (3) 101 32 (5)
Genetic aberrations
1(9;22) or BCR/ABL pos. 37 55 (8) 20 10 (7)
Infants
all infants 78 53 (6) 27 15 (7)
infants with 11923 17 41 (12) 1 9 (9)
rearrangement
infants t(4;11) or 9 33 (16) 7 0

MLL/AF4 positive

1 Percent event-free survival (standard error) at 6 years; 2 For explanation of
NCI risk groups see Smith, M. et al.

monitoring of the leukemic cells during therapy. The two main techniques used
are flow cytometry utilizing aberrant immunophenotypes for clone detection,
and DNA based PCR technology to identify clone-specific rearrangements of
the T-cell receptor and immunoglobuline genes. Both techniques are applica-
ble to approximately 90% of the ALL patients. For the collaborative study of
the International BFM Study Group (I-BFM-SG) performed in Germany, ltaly,
Austria and the Netherlands, the DNA-based clonospecific detection of MRD
was chosen due to the high sensitivity of the approach. This technique had
been shown to provide a new tool for prognostic evaluation of patients with
childhood ALL [25, 26]. This study of four laboratories identified three distinct
risk groups on the basis of semiquantitative MRD determination at 5 and 12
weeks of therapy [16]: Two thirds of relapses were found among patients with
no or very slow clearance of MRD (this is the newly defined high risk group),
but virtually no failures were seen in the large group of patients (40%) with fast
clearance of leukemic blasts (considered new low risk group). Another 40% of
the patients had residual disease after 5 weeks of induction therapy but only
low level or no detectable disease at 12 weeks. These patients are considered
intermediate risk [17]. Interestingly, the response kinetics as measured by
MRD detection were quite different between patients with B-precursor ALL and
T-ALL [27]. For the small but significant patient subset which cleared their leu-
kemic cells to a level of less than 104 after only 14 days of BFM induction
therapy, the recurrence rate was none [18]. A Scandinavian study also found
that very fast clearance of blasts as assessed by a slightly different but sensi-
tive DNA-based MRD detection assay is associated with an excellent progno-
sis [20]. Thus, the MRD studies performed by the I-BFM-SG and the Scandi-
navian study suggest that treatment reduction might be possible in these new-
ly identified low-risk patients.

Another large study done by the EORTC could also specifically identify
high risk patients by DNA-based MRD detection after induction therapy [28]:
The sensitivity of that approach was lower, thus, the lack of a MRD signal af-
ter induction did not translate into freedom of relapse. Using immunological
detection of MRD, a St. Jude study demonstrated the overall prognostic val-
ue of MRD but could also not find a group of patients without risk of relapse
[15]. This could, however, also be due to the different timing of MRD evalua-
tion during a therapy which is also differently composed as compared to the
BFM-based regimen used in the two European studies mentioned above.
Remarkable differences are seen in the pattern of MRD levels if the compo-
sition and duration of induction therapy differs [19]: If only three drugs are
used in induction therapy, the specificity of the post-induction MRD result is
low if the BM is analysed also at 5 weeks. Another study which analysed
ALL samples for MRD by flow cytometry based on BFM therapy found a
strong prognostic impact of persisting MRD signals. The approach was ap-
plicable to a high proportion of the patients but also demonstrated that some
results from flow cytometry based MRD detection have to be taken with cau-
tion due to interaction with regenerating normal but immature lymphocytes
[29].

Perspective

All risk parameters have to be investigated for their overall prognostic rele-
vance. This means that identification of a rare biological factor which corre-
lates with a poor prognosis might not be very relevant for the total cohort, as
the outcome of the total group will not change much even when patients with
that parameter can be treated more adequately. On the other hand, if the unfa-
vorable subset of a given parameter comprises a large number of recurrences,
new and more effective therapy might improve overall outcome substantially.
In addition, if a parameter such as the high persistent level of MRD is highly
specific and is correlated with a dismal prognosis, it is justified, even mandato-
ry, to develop experimental therapies. Such a rational approach in utilizing the
specificity of response parameters (including MRD evaluation) has been initiat-
ed now by a large multicenter trial of the AIEOP and BFM ALL Study Groups
in Germany, Austria and ltaly. This study will still include the — successful —
principle of over-treatment but it will attempt to limit the over-treatment in a
large, well-defined subset of patients. It appears possible that these low-risk
patients can be spared some of the toxicity and late effects which were previ-
ously and are still currently found in children treated for ALL. A very similar ap-
proach is taken by a new trial of the International BFM Study Group in which
response in PB and BM at three time points of induction forms the basis for
stratification into three risk groups without the use of MRD evaluation.
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Abstract

Both the presence of the T(12:21) and high hyperdiploidy with +4, +10 and
+17 (triple trisomy) are favorable prognostic factors in children with NCI stan-
dard-risk B-precursor acute lymphoblastic leukemia. The 5-year EFS for both
groups is 85%. However, the kinetics of early response and the patterns of
treatment failure are markedly different in the 2 groups. Triple trisomy is also a
highly significant favorable prognostic factor for NCI high-risk patients. A ques-
tion remains as to whether more aggressive chemotherapy might further im-
prove outcome for NCI standard-risk ALL patients with T(12:21) or triple tri-
somy.

Significance of T(12:21) and High Hyperdiploidy with +4, +10, +17 (Triple
Trisomy) in B-Precursor Acute Lymphoblastic Leukemia

Introduction

The outcome for children and adolescents with acute lymphoblastic leukemia
(ALL) has improved over time. Five-year event-free survival (EFS) for children
and adolescents with B-precursor ALL are approximately 70-80% with modern
therapy. Treatment intensification has generally lead to better EFS results for
children and adolescents with B-precursor ALL. However, it must be borne in
mind that 40-50% of patients with B-precursor ALL may be cured with simple
anti-metabolite-based therapy. This has led to a search for prognostic factors
which might identify both low-risk patients who could achieve cure with mini-
mal therapy and high-risk patients who may require further therapeutic intensi-
fication which might include stem cell transplantation. Age and WBC are two
critical pretreatment prognostic factors. In addition, both classical and molecu-
lar cytogenetic abnormalities in ALL blasts have significant prognostic impor-
tance. The presence of the 12/21 translocation (TEL-AML1) or a high hyper-
diploid karotype including +4, +10 and +17 (triple trisomy) is associated with a
favorable outcome, while the presence of the 9/22 translocation (PH+) or the
4/11 translocation is associated with a poor outcome. Hypodiploidy (<45 chro-
mosomes) is also associated with an adverse outcome. In this paper, we pres-
ent selected analyses concerning the prognostic significance and outcome for
children with T(12:21) and triple trisomy entered on CCG ALL studies between
1995-2002.

Influence of T(12:21) and/or Triple Trisomy in NCI Standard-Risk
Patients

Standard-risk ALL includes patients 1-9 years of age and <50,000 WBC. On
the CCG-1952 trial for standard-risk ALL, patients received 3-agent induction
(vincristine, prednisone and L-asparaginase), CNS prophylaxis with IT metho-
trexate alone, interim maintenance with vincristine, prednisone, 6MP, MTX,
and 2 delayed-intensification courses (dexamethasone, vincristine, L-asparagi-
nase, adriamycin, cytoxan, cytosine arabinoside and 6-thioguanine), followed
by maintenance therapy. Patients with an M3 day-14 bone marrow received in-
tensified therapy (augmented BFM). Patients were randomized to IT-MTX ver-
sus triple intrathecal therapy (hydrocortisone, ARA-C, MTX) and 6-mercapto-
purine or 6-thioguanine. Two thousand one hundred seventy four patients
were entered on CCG-1952. Of these, 1009 patients were tested for the
T(12:21), and 193 patients were identified as having the translocation. One
hundred twenty eight of 942 evaluable patients had triple trisomy. The 5-year
EFS for patients with the T(12:21) was 85.3% compared to 79.6% for patients
lacking the T(12:21) (P=0.02). The 5-year EFS for triple trisomy patients was
86.1% compared to 79.9% for non-TT patients (P=0.03). Despite the similar
excellent EFS results for these 2 cytogenetic subgroups, the kinetics of early
marrow response and the pattern of treatment failure were very different in the
2 groups. In the triple trisomy group, 30.9% of patients had an M3 day-7 mar-
row compared to only 14.5% of patients with an M3 marrow in the T(12:21)
group. Patients with triple trisomy have also been shown to have higher levels
of MRD at end induction than patients with T(12:21).

The following table shows the type of events occurring in the triple trisomy
and T(12:21) groups.

Thus, marrow is the predominant relapse site for T(12:21) patients, while
the CNS is the predominant site of relapse for triple trisomy patients. Four
hundred forty seven patients had both T(12:21) data and ploidy data avail-

Table 1: Events in T(12:21) and Triple Trisomy Patients

Event T(12:21) Triple Trisomy
N=194 N=129

M3 12 3

CNS 4 7

Testicular 2 1

Other 1 1

Death in remission 3 0
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able. One hundred thirty nine patients had either T(12:21) or triple trisomy,
while 308 patients had neither favorable cytogenetic feature. The 5-year EFS
for the T(12:21) or triple trisomy group was 84.7% versus 77.6% for the group
lacking either favorable cytogenetic feature (P=0.01).

Significance of triple trisomy in NCI high-risk patients

NCI high-risk patients were treated on the CCG-1961 study. Patients were
classified as either rapid or slow early responders on the basis of a day-7 bone
marrow aspirate (<25% blasts-rapid response; >25% blasts-slow response).
Rapid early responders were randomized to CCG-modified BFM therapy,
CCG-modified BFM with a second delayed intensification, augmented BFM, or
augmented BFM with a single delayed intensification. Slow early responders
received augmented BFM with or without cytoxan/idarubicin in delayed intensi-
fication phases. Approximately 5% of patients with evaluable cytogenetics had
triple trisomy (N=51). Of these 51 patients, 24 were rapid responders. There
have been no events in the 24 rapid responder patients and only 3 of the 27
slow early responders have had events (2 marrow relapses and 1 death in re-
mission). Ninety-five high hyperdiploid patients had +10. There were no events
among 52 rapid responder patients and 6 events in the 43 slow early respond-
ers (2-death in remission: 4-marrow relapse).

Conclusion

In NCI standard-risk patients, both T(12:21) and triple trisomy predict for excel-
lent outcome. However, the two groups differ significantly with respect to re-
sponse kinetics and pattern of events. In the NCI high-risk patients, triple tri-
somy patients also have an excellent outcome, and the outcome is better than
that for standard-risk patients with triple trisomy. This raises the issue of
whether intensification of treatment might improve the already excellent out-
come for standard-risk triple trisomy patients.
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Abstract

The current cure rate of 80% in childhood acute lymphoblastic leukemia (ALL)
attests to the effectiveness of risk-directed therapy developed through well-de-
signed clinical trials. The ongoing Total Therapy Study XV at St. Jude Chil-
dren’s Research Hospital was designed to further increase cure rate and to im-
prove quality of life. The study consists of intensive systemic and intrathecal
therapy but does not include cranial irradiation, irrespective of a patient’s risk
features. The intensity of postremission consolidation, continuation and rein-
duction therapy is based on the level of minimal residual disease at the end of
induction, as measured by both flow cytometric detection of aberrant immuno-
phenotypes and polymerase-chain-reaction amplification of clonal antigen-re-
ceptor gene rearrange-ments. Status of thiopurine methyl-transferase is deter-
mined prospectively for treatment modification. Pharmacogenetic, pharmaco-
dynamic, gene expression and proteomic profiling studies of host normal cells
and leukemic cells are performed in parallel to elucidate the mechanisms of
drug resistance and to advance our understanding of leukemogenesis.

Key words: Acute lymphoblastic leukemia, Cranial irradiation, Methotrexate,
Central-nervous-system leukemia, Risk assessment.

Introduction

Despite the cure rate of 80% achieved in some of the most successful clinical
trials for childhood acute lymphoblastic leukemia (ALL) to date [1], refractory
and relapsed forms of this disease still represent a leading cause of cancer-re-
lated deaths in children and pose formidable challenges. Moreover, a substan-
tial proportion of the survivors of childhood ALL encounters long-term compli-
cations [2]. Current efforts focus on the optimization of the use of the existing
antileukemic agents, early and vigorous assessment of the risk of relapse, and
the pharmacogenetics of host normal cells to avoid under- or over-treatment
[2]. The goal is to improve not only the cure rate but also the quality of life of
the patients. In our current study (Total Therapy XV), emphasis is placed on
the reduction of long-term sequelae by limiting the cumulative doses of anthra-
cyclines (100 mg/m2 in low-risk and 230 mg/m?2in standard- or high-risk cases)
and cyclophosphamide (1 gm/m2 and 4.6 gm/m2, respectively), and by omit-
ting cranial irradiation in all patients. Etoposide is given only to a small propor-
tion of the patients (~5%) who will undergo allogeneic hematopoietic stem cell
transplantation for high-risk leukemia. Here we briefly describe the rationale of
the treatment approach of the study.

Risk assessment

Presenting age, leukocyte count, and leukemic cell genotype are used for risk
classification in virtually all contemporary clinical trials [3]. Treatment response
to remission-induction therapy is also a well-recognized independent prognos-
tic factor [2, 4]. In this regard, evaluation of treatment response has been sig-
nificantly refined by the development of methods to measure minimal residual
disease, such as flow cytometric detection of aberrant immunophenotypes and
polymerase-chain-reaction analysis of clonal antigen-receptor gene rearrange-
ments. These methods are at least 100-fold more sensitive than morphological
examination and their specificity is also more superior [5-7].

In study XV, patients are assigned to three risk groups—Ilow, standard-
and high-risk (corresponding to standard-, high, and very high-risk categories
in other protocols). B-cell precursor cases with age between 1 and 10 years
and presenting leukocyte count <50x109/L, leukemic cell DNA index >1.16, or
TEL-AML1 fusion are provisionally classified to have low-risk ALL, provided
that they do not have testicular or central-nervous-system (CNS) leukemia
(i.e., CNS3 status), hypodiploidy (<45 chromosomes), E2A-PBX71 fusion, or
MLL rearrangement. Patients with BCR-ABL fusion (Philadelphia chromo-
some) are designated to have high-risk disease, and all others including all T-
cell ALL cases are provisionally classified to have standard-risk ALL. Final
risk status depends on the response to remission-induction therapy. Any pa-
tients with 0.01% to 0.99% residual leukemia after completion of 6-week in-
duction therapy are considered to have standard-risk ALL and receive inten-
sive postremission therapy, whereas those with 1% or more residual disease
are designated to have high-risk ALL and are candidates for allogeneic hema-
topoietic stem cell transplantation.



Upfront-treatment with high-dose metho-trexate

We have been studying the pharmaco-dynamics of methotrexate, mercaptopu-
rine, or both in an upfront window-therapy approach (i.e., before conventional
remission induction) since 1991 in consecutive Total Therapy studies. Given
the same dosage, T-cell leukemic blasts accumulate significantly less metho-
trexate polyglutamates than B-lineage blasts; among B-lineage cases, non-hy-
perdiploid blasts accumulate less polyglutamates than hyperdiploid blasts [8].
The findings support the use of increased dose of methotrexate (e.g.,
5 gm/m2) in T-cell and higher-risk B-cell precursor cases [9]. The length of ex-
posure is another important determinant of methotrexate polyglutamate forma-
tion and anti-leukemic effects in preclinical in vitro and in vivo models, with lon-
ger exposures at equal extracellular concentrations resulting in greater poly-
glutamylation and effects [10, 11]. Because findings from cell lines might not
apply to patients, we are conducting an upfront window study in which patients
are stratified and randomized to receive methotrexate at a dose of 1 gm/m2
administered over 24 hours or the same dose over 4 hours. While both sched-
ules should yield equivalent systemic exposure (i.e., the area under the plas-
ma concentration-time curve), we will determine if methotrexate polyglutamate
accumulation and pharmacodynamics differ between the two treatment groups
and if the optimal duration of treatment differs between major ALL subtypes.
Gene expression and proteomic profile studies will also be performed before
and after methotrexate treatment to extend our previous observations that leu-
kemic cells of different molecular subtypes share a common pathway of ge-
nomic response to the same treatment, and that the changes in gene expres-
sion are treatment-specific [12]. Additional studies may identify specific molec-
ular target(s) or signaling pathway(s) for improved therapy.

Remission induction

Four days after methotrexate treatment (or immediately after diagnosis in pa-
tients who do not receive upfront methotrexate), remission induction therapy be-
gins with daily prednisone (40 mg/m2 for 28 days), weekly vincristine (1.5 mg/m2
for four doses), weekly daunorubicin (25 mg/m2 for two doses), and thrice week-
ly E coli asparaginase (10,000 units/m2 intramuscularly for 6 doses). Patients
with 5% or more residual leukemia in bone marrow after 2 weeks of induction
are given three additional doses of asparaginase. Subsequent induction therapy
consists of cyclophosphamide (1,000 mg/m2) on day 26, mercaptopurine
(60 mg/m2 per day) on days 26-39 and cytarabine (75 mg/m?2) on days 27-30
and 34-37. Upon recovery of hematopoietic function, bone marrow is performed
to determine remission status and the presence of minimal residual disease.

Consolidation/Reintensification therapy

Consolidation therapy consists of high-dose methotrexate and age-adjusted
triple intrathecal therapy with methotrexate, hydrocortisone and cytarabine (ev-
ery other week for 4 doses) and daily mercaptopurine (50 mg/m2 per day) for
8 weeks. The dosage of methotrexate depends on the risk classification of pa-
tients, since higher dose (i.e., 5 gm/m2) is needed to improve outcome of T-cell
and standard-/high-risk B-cell precursor ALL [9] and lower dose (2.5 gm/m?2) is
adequate for low-risk B-cell precursor cases [13]. As we have shown that indi-
vidualized dose based on the clearance would improve outcome by avoiding
low or excessive system exposure [13], the dose is targeted to achieve a
steady-state concentration of 65 uM or 33 uM, respectively. Reintensification
therapy with high-dose cytarabine, etoposide, dexamethasone, and asparagi-
nase is given to only high-risk cases following consolidation therapy to maxi-
mize leukemic cell kill before allogeneic hematopoietic stem cell transplanta-
tion. In this regard, high levels of minimal residual leukemia conferred a poor
outcome even in the setting of allogeneic stem cell transplantation [14—17].

Continuation therapy (120 weeks for girls and 146 weeks for boys)

In the first 20 weeks of continuation therapy, low-risk cases receive daily mer-
captopurine (75 mg/m2) and weekly methotrexate (40 mg/m?2) with pulses of
daily mercaptopurine (75mg/m?), dexamethasone (8 mg/m2 per day in three di-
vided doses for 5 days) and vincristine (2 mg/m2) given every 4 weeks; stan-
dard-risk cases receive daily mercaptopurine (50 mg/m?2), weekly E coli aspar-
aginase (25,000 units/m2), and doxorubicin (30 mg/m2) plus vincristine
(1.5 mg/m2) every three weeks. All patients receive reinduction therapy twice
(weeks 7-9 and weeks 17-20) during the first 20 weeks of continuation thera-
py. Reinduction therapy in low-risk cases consists of dexamethasone (8 mg/m2
on days 1-8 and days 15-21), vincristine (1.5 mg/m2 weekly for 3 doses), as-
paraginase (10,000 units/m2 thrice weekly for 9 doses) and doxorubicin
(30 mg/m2 on day 1). In standard-risk cases, reinduction therapy consists of
dexamethasone and vincristine (doses same as those in low-risk cases) as
well as asparaginase (25,000 units/m2 on days 1, 8 and 15), plus doxorubicin
(30 mg/m2 on days 1 and 8) in the first course, or high-dose cytarabine
(2 gm/m2 every 12 hours for four doses on days 15 and 16) in the second
course. In this regard, two recent studies showed that double reinduction ther-
apy improved outcome of cases with standard (or intermediate)-risk and high-
risk ALL [18,19]. Preliminary result suggested that the interrupted use of dexa-
methasone reduces the risk and severity of osteonecrosis [9] but it is not cer-
tain if this schedule would compromise the antileukemic efficacy of this agent.
The remaining continuation therapy in low-risk cases consists of daily mer-
captopurine (75 mg/m2) and weekly methotrexate (40 mg/m2), interrupted by
pulse therapy every 4 weeks (up to week 100) with dexamethasone (8 mg/m2
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per day in 3 divided doses for 5 days), vincristine (2 mg/m?2) and mercaptopu-
rine (75 mg/m2 per day for 7 days). In standard-risk cases, the remaining con-
tinuation therapy consists of 3 drug pairs given in 4-week blocks: mercapto-
purine (75 mg/mz daily for 7 days) plus methotrexate (40 mg/m2 per week) in
the first and second weeks, cyclophosphamide (300 mg/m2) plus cytarabine
(300 mg/m2) in the third week (to be replaced by mercaptopurine and metho-
trexate after week 67), and dexamethasone (12 mg/m2 per day in 3 divided
doses for 5 days) plus vincristine (2 mg/m2) in the fourth week (to be replaced
by mercaptopurine and methotrexate after week 100).

The dosages of mercaptopurine and methotrexate are tailored to the limits
of tolerance (as indicated by the total leukocyte and absolute neutrophil
counts) but caution is taken to avoid overzealous escalation of dosages lead-
ing to the interruption of chemotherapy which has been associated with an in-
ferior outcome [20]. Methotrexate is given intravenously to ensure compliance
[21]. Thiopurine methyltransferase phenotype and genotypes are determined
prospectively in all patients. The dosage of mercaptopurine is reduced in
those with low enzyme activity to avoid excessive hematopoietic toxicities and
to decrease the risk of therapy-related cancers [22, 23].

CNS-directed therapy

Although cranial irradiation is the most effective CNS-directed therapy, its use
has been limited to patients at high risk of CNS relapse in contemporary clini-
cal trials because of the associated neurocognitive sequelae, endocrinopathy,
and second tumors [2, 3]. In our recent study of long-term survivors, prior
treatment with cranial irradiation was associated with low employment rate,
low marriage rate (in women), and an excess of late mortality due to second
cancer [24]. In fact, the cumulative risk of second tumor exceeded 20% at 30
years after initial remission. In Study XV, we will determine if cranial irradiation
can be omitted in all patients and replaced by risk-directed systemic and intra-
thecal therapy. Because traumatic lumbar puncture at diagnosis increased the
risk of CNS relapse [25, 26], we routinely perform this procedure under deep
sedation or general anesthesia, transfuse patients with thrombocytopenia (i.e.,
<100x109L), and instill age-adjusted intrathecal cytarabine immediately after
collection of cerebrospinal fluid [27]. Moreover, only the most experienced cli-
nicians perform the procedure because experience is one of the most impor-
tant determinants of a successful lumbar puncture [28].

Age-adjusted triple intrathecal chemotherapy with methotrexate, hydrocor-
tisone, and cytarabine is given on day 19 and at the end of remission induc-
tion (coinciding with the start of consolidation therapy with high-dose metho-
trexate). Because of their increased risk of CNS relapse, additional intrathe-
cal therapy is given on days 8 and 26 of remission induction in patients with
CNS2, CNS83, traumatic lumbar puncture with blasts, T-cell ALL with leuko-
cyte count>50x109/L, B-cell precursor ALL with leukocyte count>100x109/L,
or the presence of Philadelphia chromosome, MLL rearrangement, or hypo-
diploidy <45 chromosomes [27]. Triple intrathecal chemotherapy is given ev-
ery other week during consolidation therapy, and then every 8 weeks in low-
risk cases and every 4 weeks in standard-risk cases up to one year (or every
4 weeks to the time of transplantation in high-risk cases); those at particularly
high risk of CNS relapse (i.e., T-cell ALL with leukocyte count >50x109/L, B-
cell precursor ALL with leukocyte count>100x109/L, presence of Philadelphia
chromosome, MLL rearrangement or hypodiploidy <45, or CNS3 status) con-
tinue to receive intrathecal therapy every 8 weeks beyond the first year until
week 96 of continuation therapy.

Preliminary results

From July 2000 to July 2003, 150 patients aged 1 to 18 years were enrolled on
the study. Upon the completion of remission induction therapy, 146 (97.3%) of
the patients attained complete remission. Of the 4 initial induction failures, 1
was caused by a fatal sepsis and the other 3 were due to refractory leukemia.
All 3 refractory cases eventually achieved remission with extended induc-
tion/consolidation therapy. Post-remission failures include 3 hematological re-
lapse, and 1 case each of lineage switch, death in remission (from typhlitis) and
CNS relapse. Notably, the CNS relapse occurred in a patient with standard-risk
ALL who would not have received cranial irradiation if he were enrolled in our
previous Total Therapy studies in the 1990s. Event-free survival and overall
survival rates (SE) at 2 years are 91.1% (4.0%) and 94.8% (2.9%), respectively.

References

1. Pui C-H, Relling MV, Downing JR (2004) Acute lymphoblastic leukemia.
N Engl J Med (in press)

2. Pui C-H, Campana D, Evans WE (2001) Childhood acute lymphoblastic
leukaemia-current status and future perspectives. Lancet Oncol 2:597-607

3. Pui C-H, Evans WE (1998) Acute lymphoblastic leukemia. N Engl J Med
339:605-615

4. Gaynon PS, Desai AA, Bostrom BC, Hutchinson RJ, Lange BJ, Nach-
man JB, Reaman GH, Sather HN, Steinherz PG, Trigg ME, Tubergen
DG, Uckun FM (1997) Early response to therapy and outcome in child-
hood acute lymphoblastic leukemia: a review. Cancer 80:1717-1726

5. Pui C-H, Campana D (2000) New definition of remission in childhood
acute lymphoblastic leukemia. Leukemia 14:783-785

6. Szczepanski T, Orfao A, van der Velden VHJ, San Miguel JF, van Don-
gen JJ (2001) Minimal residual disease in leukaemia patients. Lancet
Oncol 2:409-417



S126

7. Campana D (2003) Determination of minimal residual disease in leukae-
mia patients. Br J Haematol 121:823-838
8. Synold TW, Relling MV, Boyett JM, Rivera GK, Sandlund JT, Mahmoud
H, Crist WM, Pui C-H, Evans WE (1994) Blast cell methotrexate-polyglu-
tamate accumulation in vivo differs by lineage, ploidy, and methotrexate
dose in acute lymphoblastic leukemia. J Clin Invest 94:1996-2001
9. Pui C-H, Sallan S, Relling MV, Masera G, Evans WE (2001) International
childhood acute lymphoblastic leukemia workshop: Sausalito, CA, 30 No-
vember-1 December 2000. Leukemia 15:707-715
10. Treon SP, Chabner BA (1996) Concepts in use of high-dose methotrex-
ate therapy. Clin Chem 42:1322-1329
11. Gorlick R, Goker E, Trippett T, Waltham M, Banerjee D, Bertino JR
(1996) Intrinsic and acquired resistance to methotrexate in acute leuke-
mia. N Engl J Med 335:1041-1048
12. Cheok MH, Yang W, Pui C-H, Downing JR, Cheng C, Naeve CW, Relling
MV, Evans WE (2003) Treatment-specific changes in gene expression
discriminate in vivo drug response in human leukemia cells. Nat Genet
34:85-90
13. Evans WE, Relling MV, Rodman JH, Crom WR, Boyett JM, Pui C-H
(1998) Conventional compared with individualized chemotherapy for
childhood acute lymphoblastic leukemia. N Engl J Med 338:499-505
14. Knechtli CJ, Goulden NJ, Hancock JP, Grandage VL, Harris EL, Garland
RJ, Jones CG, Rowbottom AW, Hunt LP, Green AF, Clarke E, Lankester
AW, Cornish JM, Pamphilon DH, Steward CG, Oakhill A (1998) Minimal
residual disease status before allogeneic bone marrow transplantation is
an important determinant of successful outcome for children and adoles-
cents with acute lymphoblastic leukemia. Blood 92:4072-4079
15. van der Velden VH, Joosten SA, Willemse MJ, van Wering ER,
Lankester AW, van Dongen JJ, Hoogerbrugge PM (2001) Real-time
quantitative PCR for detection of minimal residual disease before alloge-
neic stem cell transplantation predicts outcome in children with acute
lymphoblastic leukemia. Leukemia 15:1485-1487
16. Bader P, Hancock J, Kreyenberg H, Goulden NJ, Niethammer D, Oakhill
A, Steward CG, Handgretinger R, Beck JF, Klingebiel T (2002) Minimal
residual disease (MRD) status prior to allogeneic stem cell transplanta-
tion is a powerful predictor for post-transplant outcome in children with
ALL. Leukemia 16:1668-1672
17. Goulden N, Bader P, Van der Velden V, Moppett J, Schilham M, Masden
HO, Krejci O, Kreyenberg H, Lankester A, Révész T, Klingebiel T, van
Dongen J (2003) Minimal residual disease prior to stem cell transplant for
childhood acute lymphoblastic leukaemia. Br J Haematol 122:24-29
18. Arico M, Valsecchi MG, Conter V, Rizzari C, Pession A, Messina C,
Barisone E, Poggi V, De Rossi G, Locatelli F, Micalizzi MC, Basso G,
Masera G (2002) Improved outcome in high-risk childhood acute lympho-
blastic leukemia defined by prednisone-poor response treated with dou-
ble Berlin-Frankfurt-Muenster protocol Il. Blood 100:420-426
19. Lange BJ, Bostrom BC, Cherlow JM, Sensel MG, La MK, Rackoff W,
Heerema NA, Wimmer RS, Trigg ME, Sather HN (2002) Double-delayed
intensification improves event-free survival for children with intermediate-
risk acute lymphoblastic leukemia: a report from the Children’s Cancer
Group. Blood 99:825-833
20. Relling MV, Hancock ML, Boyett JM, Pui C-H, Evans WE (1999) Prog-
nostic importance of 6-mercaptopurine dose intensity in acute lympho-
blastic leukemia. Blood 93:2817-2823
21. Pui C-H, Sandlund JT, Pei D, Rivera GK, Howard SC, Ribeiro RC,
Rubnitz JE, Razzouk BI, Hudson MM, Cheng C, Raimondi SC, Behm FG,
Downing JR, Relling MV, Evans WE (2003) Results of therapy for acute
lymphoblastic leukemia in black and white children. JAMA 290:2001-2007
22. Relling MV, Hancock ML, Rivera GK, Sandlund JT, Ribeiro RC, Krynetski
EY, Pui C-H, Evans WE (1999) Mercaptopurine therapy intolerance and
heterozygosity at the thiopurine S-methyltransferase gene locus. J Natl
Cancer Inst 91:2001-2008
23. Relling MV, Rubnitz JE, Rivera GK, Boyett JM, Hancock ML, Felix CA, Kun
LE, Walter AW, Evans WE, Pui C-H (1999) High incidence of secondary
brain tumours after radiotherapy and antimetabolites. Lancet 354:34-39
24. Pui C-H, Cheng C, Leung W, Rai SN, Rivera GK, Sandlund JT, Ribeiro
RC, Relling MV, Kun LE, Evans WE, Hudson MH (2003) Extended fol-
low-up of long-term survivors of childhood acute lymphoblastic leukemia.
N Engl J Med 349:640-649
25. Gajjar A, Harrison PL, Sandlund JT, Rivera GK, Ribeiro RC, Rubnitz JE,
Razzouk B, Relling MV, Evans WE, Boyett JM, Pui C-H (2000) Traumatic
lumbar puncture at diagnosis adversely affects outcome in childhood
acute lymphoblastic leukemia. Blood 96:3381-3384
26. Burger B, Zimmermann M, Mann G, Kihl J, Léning L, Riehm H, Reiter A,
Schrappe M (2003) Diagnostic cerebrospinal fluid examination in children
with acute lymphoblastic leukemia: significance of low leukocyte counts
with blasts or traumatic lumbar puncture. J Clin Oncol 21:184-188
27. Pui C-H (2003) Toward optimal central nervous system-directed treatment
in childhood acute lymphoblastic leukemia. J Clin Oncol 21:179-181
28. Howard SC, Gajjar AJ, Cheng C, Kritchevsky SB, Somes GW, Harrison PL,
Ribeiro RC, Rivera GK, Rubnitz JE, Sandlund JT, de Armendi AJ, Razzouk
BI, Pui C-H (2002) Risk factors for traumatic and bloody lumbar puncture in
children with acute lymphoblastic leukemia. JAMA 288:2001-2007

Main Session VIII

The Emerging Genetics of T-cell Acute Lymphoblastic Leukemia:
a Fish Tale
A.T. LOOK
Dana Farber Cancer Institute, Harvard Medical School, Boston, USA

Subsets of childhood T-cell leukemias arise from oncogenes activated by anti-
gen receptor gene translocations. Otherwise, little is known about the molecu-
lar pathogenesis of this thymic cancer. Here we show that three different T-cell
oncogenes (LYL1, HOX11 and TAL1) are often expressed in the absence of
chromosomal abnormalities, and that HOX11 activation is significantly associ-
ated with a favorable prognosis. Using oligonucleotide microarrays, we identi-
fied three distinct gene expression signatures that were indicative of leukemic
arrest at specific stages of normal thymocyte development: LYL1+ (pre-T),
HOX11+ (early cortical thymocyte) and TAL1+ (late cortical thymocyte). Hierar-
chical clustering analysis of the microarray findings allowed us to devise a
prognostically relevant classification system that accommodated all T-cell
cases in this series and integrated oncogene activation and specific chromo-
somal deletions into emerging multistep molecular pathways of thymocyte leu-
kemogenesis. These results demonstrate a previously undetected molecular
heterogeneity among childhood T-cell leukemias, and suggest the ability of
gene expression profiling to stratify patients into clinically relevant subgroups.
A new area of research in the laboratory involves the use of a zebrafish
genetic system to clarify developmental pathways subverted in human T cell
leukemia, which act downstream of the dysregulated expression of master
transcriptional regulatory proteins in developing thymocytes. We have gener-
ated a model of clonally derived T-cell acute lymphoblastic leukemia in trans-
genic zebrafish expressing mouse c-myc under control of the zebrafish Rag2
promoter. Visualization of leukemia cells expressing a chimeric transgene en-
coding Myc fused to green fluorescent protein (GFP) revealed that leukemias
arose in the thymus, spread locally into gill arches and retro-orbital soft tis-
sue, and then disseminated into skeletal muscle and abdominal organs. Leu-
kemia cells homed back to the thymus in irradiated fish transplanted with
GFP-labeled lymphoblasts. The T-cell leukemias that arise in Rag2-myc
transgenic fish aberrantly overexpress both Tall and Lmo2, indicating that
these leukemias faithfully recapitulate the pattern of oncogene expression
found in 60% of human T-cell leukemias. This transgenic model provides a
platform for drug screens and for genetic screens aimed at identifying muta-
tions that suppress or enhance c-myc-induced carcinogenesis. Forward ge-
netic screens in the zebrafish hold promise for the discovery of genetic modi-
fiers, such as tumor suppressor genes, whose mutational inactivation will en-
hance the rate of tumorigenesis, and genes that encode novel candidate drug
targets, whose inactivation will delay or prevent the onset of malignancy.
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ABSTRACT

Intensive combination chemotherapy for adults with acute lymphoblastic leuke-
mia (ALL) has resulted in complete remission rates of 70-90%, but overall sur-
vival remains at 30-40%. Prognosis depends on clinical features such as age
and white blood cell count as well as on biological characteristics such as im-
munophenotype and cytogenetic or molecular abnormalities. Complex multi-
agent regimens have evolved to treat distinct subsets of ALL. Different groups
of investigators in the United States have been testing various strategies to im-
prove upon these outcomes. These clinical trials include escalation of chemo-
therapy doses, particularly anthracyclines and antimetabolites, early use of
stem cell transplantation, incorporation of monoclonal antibodies into frontline
regimens, development of new chemotherapeutic agents, and the use of mo-
lecular monitoring as an intermediate endpoint to measure treatment effective-
ness.

Intensive combination chemotherapy for adults with acute lymphoblastic
leukemia (ALL) has resulted in complete remission (CR) rates of 70-90%, but
overall survival (OS) remains at 30-40%. Different groups of investigators in
the United States have been testing various strategies to improve upon these
outcomes. These clinical trials include escalation of chemotherapy doses,
particularly anthracyclines and antimetabolites, early use of stem cell trans-
plantation, incorporation of monoclonal antibodies into frontline regimens, de-
velopment of new chemotherapeutic agents, and the use of molecular moni-
toring as an intermediate endpoint to measure treatment effectiveness.

The Cancer and Leukemia Group B (CALGB) hypothesized that early
dose intensification of daunorubicin (Dnr) and cytarabine (Ara-C) would im-
prove disease free survival (DFS) and that intensive high-dose intravenous
(IV), oral, and intrathecal (IT) methotrexate (MTX) could replace cranial radio-
therapy (RT) for central nervous system (CNS) prophylaxis. The CALGB un-
dertook a Phase Il study (19802) to examine these issues [8, 9]. Treatment
consisted of 6 monthly courses of intensive therapy followed by 18 months of
maintenance therapy. Five drugs (cyclophosphamide [Cy], Dnr, prednisone,
vincristine, I-asparaginase) were given with G-CSF support for remission in-
duction [3, 4, 10]. In patients <60 years old, the Dnr dose in the induction
course (module A) was increased in cohorts from 45 mg/m2/day on days 1, 2,
and 3 (used in prior CALGB ALL studies) to 60 and then to 80 mg/m2 daily for
3 days. In patients >60 years old, Cy was omitted from module A, and Dnr
was increased from 30 to 60 mg/m2/day for 3 days. Consolidation with Cy
plus high-dose Ara-C, and CNS prophylaxis with IV, oral, and IT MTX were in-
troduced in the post-remission treatment modules for all patients. No cranial
RT was given.

Between January 1999 and January 2001, 163 adults with untreated ALL
(FAB L1 and L2) were enrolled on study. The median age was 41 years
(range, 16-82); 100 (61%) were male. The median white blood cell (WBC)
count at presentation was 10,050/ul (range, 500-348,500). A large propor-
tion, 42 (43%) of 97 centrally reviewed and evaluable cases, had poor risk cy-
togenetics as defined in prior CALGB studies: 29 with t(9;22), 7 with abnor-
malities of 11923, 4 with —7, and 2 with +8. One hundred twenty-seven (78%)
of the 163 patients [95% confidence interval (Cl), 74-84%] achieved a CR,
comparable to CR rates (81-85%) achieved in 3 prior CALGB studies with
lower doses of Dnr [3, 4, 10]. By age, the CR rates were 43/47 (91%) for pa-
tients <30 years, 65/83 (78%) for patients 30-59 years, and 19/33 (58%) for
patients >60 years. There were 18 (11%) induction deaths and 18 (11%) in-
duction failures due to refractory ALL. Thirty-nine patients < 60 years re-
ceived Dnr at 60 mg/mz; 2 patients (5%) died during induction and 2 (5%) had
refractory disease. This was not significantly different when compared to the
8 (9%) induction deaths and 11(12%) with refractory disease among the 91
patients who received Dnr at 80 mg/m2. Thirteen high-risk patients had an al-
logeneic stem cell transplant (SCT) in CR1 and 12 more were transplanted
after relapse.

With a median follow-up of 2.4 years for survivors, 63/163 (39%) are alive
and 44/127 (35%) are in continuous CR. Relapses have occurred in 66 (52%)
patients; of these, 8 (5%) had isolated CNS relapses. The median DFS is 1.5
years [95% CI, 1.0-1.9] and the median OS is 1.6 years [95% CI, 1.2-2.4].
Age >60 years impacted adversely on DFS (p=0.02). Of interest, neither
poor-risk cytogenetics nor presenting WBC >30,000/ul significantly affected
DFS. Both older age (p<0.0001) and adverse cytogenetics (p=0.024) were
associated with significantly shorter OS.

In conclusion, intensification of Dnr during treatment of adult ALL is feasi-
ble, and the post-remission therapy piloted in CALGB 19802 was generally
well tolerated and could be given in the outpatient setting. To date, intensified
Dnr has not resulted in an improvement in DFS as has been reported by oth-
ers. However, very few relapses after 2 years have been noted. CNS prophy-
laxis without cranial RT has been well tolerated and has not resulted in an in-
crease in CNS relapses. Longer follow-up is needed to determine the poten-
tial benefit of intensified Dnr on late relapses. Nevertheless, further Dnr dose
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escalation seems unlikely to result in significant improvements in outcome.
Novel agents that eradicate minimal residual disease (MRD) should be intro-
duced into clinical trials of adult ALL.

Weiss and colleagues at the Memorial Sloan-Kettering Cancer Center
have studied induction regimens that contain high doses of mitoxantrone or
idarubicin. Their randomized trial comparing high-dose Ara-C (3000 mg/m?2
given once daily by 3-hour IV infusion for 5 days) plus a single dose of mitox-
antrone (80 mg/m2 on day 3) to a standard regimen of Dnr, vincristine, and
prednisone (the L-20 regimen) is continuing to accrue newly diagnosed pa-
tients. Recently, they reported on the use of a single, high dose of idarubicin
(40 mg/m2) given on day 3 together with 5 days of high-dose Ara-C [12].
Among 29 patients with primary refractory ALL (n=8) or recurrent ALL (n=21),
there were 11 (38%) who achieved a CR (95% ClI, 20-56%). The treatment
was severely myelosuppressive, filgrastim (G-CSF) was routinely used, and
there was one treatment-related death.

Additional dose intensification with early use of stem cell transplantation
(SCT) continues to be explored in the U.S. by the Eastern Cooperative Oncol-
ogy Group (ECOG) together with the Medical Research Council of the United
Kingdom in ECOG study E2993 [2, 5, 6]. Over 1400 adults <60 years old
have been registered on this study so far. The median age is 30 years (range,
14-60). The induction death rate is 5%, and 4% have had resistant disease.
Patients <50 years old who have an HLA-compatible sibling are assigned to
allogeneic SCT in first CR. All other CR patients are offered randomization
between autologous SCT and consolidation therapy followed by maintenance
for 2.5 years. Matched unrelated donor SCT is an option for Philadelphia
(Ph)-positive ALL patients. The CR rate is 84% for Ph+ ALL patients, and
their 5 year survival is estimated to be 23% overall. The CR rate is 93% for
Ph-negative ALL patients, and their 5-year survival is estimated to be 41%.
The study continues to accrue patients, predominantly to answer the random-
ized autologous SCT question.

The availability of imatinib mesylate has led to several prospective studies
in the U.S. for patients with Ph+ ALL. Thomas and colleagues at the M.D. An-
derson Cancer Center have added imatinib (400 mg/day) to the first 14 days
of each course of their hyper-CVAD regimen [11]. Eight intensive courses are
followed by one year of maintenance with imatinib at 600 mg/day plus month-
ly vincristine and prednisone. In addition, 2 early and late intensifications are
given with hyper-CVAD and imatinib. To date, 25 patients have been reported
on. Median age was 42 years (range, 19-75). No unexpected toxicities were
observed. The toxicity profile was similar to that seen with hyper-CVAD alone.
Allogeneic SCT was performed in 10 patients in CR within a median of 3.5
months (range, 1-8 months) from the start of therapy. After a median follow
up of only 18 months, there have been 4 relapses and 2 deaths in remission.
The 2-year DFS is estimated to be 85%.

The CALGB and the Southwest Oncology Group (SWOG) are enrolling
Ph+ ALL patients in first CR onto a study (CALGB 10001) in which 4 weeks of
imatinib are given at 400 mg twice per day for 2 months. For those who lack
an HLA-compatible donor, filgrastim-mobilized stem cells are then collected
for use in autologous SCT. Molecular monitoring using quantitative RT-PCR
for BCR/ABL is performed at defined time points as well as for the stem cell
product. Imatinib is resumed after recovery from the SCT and continued until
the patient’s bone marrow specimens are consistently RT-PCR negative.

Two monoclonal antibodies are now being tested in frontline therapy of
ALL in the U.S. Investigators at the M.D. Anderson Cancer Center found that
patients with CD20-positive ALL had a worse outcome. Therefore, rituximab
(375 mg/m?) was added on days 1 and 8 of each of the first 4 courses of the
hyper-CVAD regimen for the half of adult patients with precursor-B ALL

Real-time MRD detection following induction therapy on
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whose lymphoblasts express CD20. The antigen CD52 is detected on about
80% of ALL blasts. The CALGB is testing the monoclonal antibody Campath-
1H during post-remission therapy for patients whose lymphoblasts expressed
CD52 at diagnosis. In CALGB study 10102, the antibody is given subcutane-
ously at 30 mg/day three times per week for 4 weeks at a time of minimal re-
sidual disease. RT-PCR monitoring for molecular responses as well as Cam-
path pharmacokinetics are being studied.

One important goal of minimal residual disease (MRD) studies in adult
ALL is the identification of new prognostic groups that will facilitate optimal
post-remission treatment planning. Quantitative real-time (QRT) PCR technol-
ogy provides precise MRD quantification with excellent reproducibility applica-
ble to large cooperative group studies. The CALGB has performed a pilot
study (CALGB 20101) to examine feasibility and clinical relevance of MRD
detection using QRT PCR of leukemia clone-specific rearrange-ments of ei-
ther the IgH and/or TCRy gene during treatment of 37 adults with newly diag-
nosed ALL who had enrolled onto a single CALGB treatment study (CALGB
study 19802) [7]. For QRT PCR, consensus upstream primer and probe pairs
with a patient-specific downstream primer were employed. Results are ex-
pressed as a normalized quotient (NQ) of IgH or TCR to GAPDH. The sensi-
tivity of the assay ranges from 1 in 104-105. At least one clonal marker for
MRD analysis was detected in 31 of 37 (84%) patients. Twelve of these 31
patients had blood and bone marrow samples available for MRD detection
one month following intensive 5-drug induction therapy. An exploratory analy-
sis was used to identify an optimal cut-point for dichotomizing these patients
into 2 groups according to survival. One month after induction therapy, NQ
values of >0.005 were associated with both shorter DFS (p=0.02), and a me-
dian OS of only 11 months (p=0.01). The 6 patients with NQ values <0.005
had a median age of 27 years (range, 18-51) and lower presenting WBC
counts (6800-54,000/ul), and one had a t(9;22) compared to the 6 patients
with NQ >0.005 where the median age was 32 years (range, 19-64), the pre-
senting WBC ranged from 5500—-80,800/pl, and 2 had a t(9;22). NQ values of
paired bone marrow and blood samples showed very good agreement based
on the intraclass correlation coefficient (0.895; p<0.001). These results sug-
gest that blood and/or bone marrow MRD detection using QRT PCR of clone-
specific IgH or TCR genes is feasible for the majority of adults with ALL (84%)
and identifies patients immediately after achievement of CR who are at high-
risk of early relapse and poor survival. The CALGB is confirming these prom-
ising results prospectively in a larger patient cohort. MRD detection using
QRT PCR of IgH or TCR is a novel prognostic marker in adult ALL that may
allow clinicians to alter or intensify treatment in first CR.

The most promising new drug for patients with T-cell ALL may be nelarab-
ine (2-amino-9-D-arabinosyl-6-methoxy-9H-purine; compound 506U78). Pre-
clinical studies have demonstrated that immature T-lymphocytes and T-
lymphoblasts are extremely sensitive to the cytotoxic effects of deoxyguano-
sine and its analog, ara-G. Ara-G is difficult to synthesize and poorly water
soluble; however, 506U78 is a soluble pro-drug of 9-D-arabinofurano-sylgua-
nine (ara-G), a deoxyguanosine derivative. 506U78 is rapidly demethylated in
the serum by adenosine deaminase to ara-G. Phase | studies determined a
maximum tolerated dose of 40 mg/kg/day for 5 days in adult patients. The
dose limiting toxicity was neurologic, consisting of seizures, obtundation and
ascending paralysis. As predicted by preclinical in vitro studies, the highest
response rates were observed in patients with relapsed T-cell ALL and T-lym-
phoblastic lymphoma (LBL). The CALGB and SWOG have completed an in-
tergroup phase |l study (CALGB 19801) of 506U78 in patients with relapsed
or refractory T-lineage ALL or LBL [1]. In order to decrease the risk of neuro-
logic toxicities, we tested a dosing regimen of 1.5 g/m2 given IV once per day
on an alternate day schedule (days 1, 3, and 5).

Between August 1998 and September 2001, 40 patients were enrolled, 22
with T-ALL and 18 with LBL. Patients with greater than 25% lymphoblasts
within the bone marrow were considered to have ALL. The lymphoblasts had
to express at least two T-cell antigens. All patients were refractory to at least
one induction regimen or were in first or greater relapse after achieving a CR.
Patients could not have evidence of CNS disease and had to have a calculat-
ed creatinine clearance of greater than 50 ml/min. A maximum of two induc-
tion courses was administered. Each cycle was repeated every 21 days.
Those patients achieving a CR were allowed to receive an additional 2 cours-
es as consolidation therapy. The median age was 34 years (range, 16-66).
There were 33 males and 7 females. Thirty-eight patients were evaluable for
response: one patient with LBL was never treated and one patient with ALL
withdrew consent after 11 days after achieving CR. Of the 21 evaluable pa-
tients with ALL, there were 6 CRs and 2 partial remissions (PR) for a total re-
sponse rate of 38% (95% Cl, 18-62%). For the 17 evaluable patients with
LBL, there were 4 CRs and no PRs for a total response rate of 24% (95% Cl,
7-50%). The overall response rate (CR+PR) for the 38 evaluable patients
was 32% (95% Cl, 18-49%). One patient had a seizure and subsequent con-
fusion, which resolved. One patient developed hallucinations but was also re-
ceiving narcotics. He was retreated without the recurrence of additional neu-
rologic symptoms. The principal toxicity was marrow suppression. Grade 3 or
4 neutropenia and thrombocytopenia occurred in 43% and 33% of patients,
respectively.

The median OS for the 40 patients was 4.6 months (95% CI, 3-10
months). The median DFS for the 10 patients achieving CR was 9.8 months
(95% CI, 3—15 months). The one-year OS was 32% (95% ClI, 16-47%) and

the one-year DFS was 40% (95% CI, 10-70%). These results suggest that
506U78 is well tolerated, and has significant anti-tumor activity in patients
with relapsed or refractory T-cell lymphoblastic leukemia/lymphoma. Studies
using 506U78 in patients with newly diagnosed T-cell malignancies are war-
ranted.
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Abstract

The German Multicenter Study Group for Adult ALL (GMALL) conducts since
1984 trials with risk adapted study design. The model of conventional prognos-
tic factors comprises now WBC, age, immunophenotype, cytogenetics and
molecular genetics. Risk stratification according to these factors allows a high-
ly significant prediction of relapse risk in adult ALL. In the recent GMALL study
minimal residual disease (MRD) was added to the risk model. Trials in child-
hood and adult ALL showed convincingly that MRD is a relevant and indepen-
dent prognostic factor. It is of particular value in standard risk (SR) patients as
defined by conventional factors. In the current GMALL study a risk stratifica-
tion according to conventional factors is followed by a MRD based stratification
in SR patients. Whereas high and very high risk patients receive a stem cell
transplantation (SCT) in first CR after induction and first consolidation, SR pa-
tients receive cyclic consolidation therapy for one year with MRD monitoring.
At the end of the first year a stratification according to course and level of
MRD takes place. Treatment is stopped in patients with low risk whereas in
high risk patients a SCT is planned. Patients who cannot be allocated to either
group are treated as intermediate risk and receive one year of intensified
maintenance therapy. Preliminary results show that MRD based risk stratifica-
tion is feasible and that the treatment recommendations for MRD based risk
groups are reasonable. In the future however an earlier identification of high
risk patients (after 4 months) will be attempted.

Introduction

In recent adult ALL trials published between 1999 and 2002 a tendency to-
wards higher complete remission (CR) rates of 80-85% and leukemia free sur-
vival (LFS) rates of 30-40% could be observed [16] [18]. Intensified consolida-
tion, the extended use of stem cell transplantation (SCT), improvement of sup-
portive care and more experience in participating centers could have contribut-
ed to better outcome. Furthermore a number of promising new treatment and
management modalities for ALL came up including molecular targeting with
BCR-ABL kinase inhibitors, antibody therapy and new approaches in SCT. In
addition risk adapted treatment strategies are developed since many years
and risk models are continuously amended by new prognostic factors e.g. by
evaluation of minimal residual disease (MRD).

The “classic” risk model for adult ALL includes immunophenotype, white
blood cell count, cyto- and molecular genetics [19] [16]. Recently it was dem-
onstrated that major subgroups of ALL are characterised by different gene ex-
pression profiles as well [29] [10]. Age is another highly significant prognostic
factor. In adult ALL prognostic factors are mainly determined at diagnosis. In
addition response to treatment is significantly correlated with outcome. This is
evaluated as time to achievement of CR - mostly analysed after 2—4 weeks.
In childhood ALL even an earlier evaluation of response to a few days of
prednisone treatment has a highly significant prognostic impact. This was
confirmed recently in adults [1].

Stratification according to conventional risk factors

Many study groups have combined the above mentioned prognostic factors in
a risk stratification followed by risk adapted therapy. The German Multicenter
Study Group for Adult ALL (GMALL) conducts risk adapted studies since 1984
[19] [13]. In all studies risk stratification took place after an 8 week induction
therapy and achievement of CR. The risk model was refined continuously. In
the recent GMALL Study 05/93 the following adverse risk factors (RF) were
applied: Ph/BCR-ABL, t(4;11)/ALL1-AF4, pro B-ALL, WBC >30000/pL, time to
CR more than four weeks. Patients were stratified to four treatment arms: B-
precursor ALL with the risk groups standard risk (SR, no RF), high risk (HR, >1
RF), elderly (ER, >50 yrs) and T-ALL (independent of RF). Highly significant
differences between the risk groups were observed for CR-rate, rate of contin-
uous complete remission (CCR) and survival (table 1) [12]. In the current
GMALL study this risk model has been amended by inclusion of immunologi-
cal subtypes of T-ALL and minimal residual disease (see figure 1).

Role of MRD in risk stratification

The highly predictive value of the above mentioned prognostic factors mea-
sured at diagnosis or after induction therapy has been confirmed by many
studies. However an assessment of individual response after achievement of
CR was not possible until recently. MRD evaluation emerged as a new method
to enlighten this so called “black box” of clinical remission. Standard risk (SR)
ALL patients are of particular interest for MRD evaluation since in this sub-
group no parameters for prediction of relapse are available so far. A high CR
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Figure 1: Combined Risk Stratification According to Conventional Factors and
MRD in GMALL Study 06/99

Table 1: Outcome according to conventional risk groups in GMALL study
05/93*

Standard Risk High Risk Elderly T-ALL
15-50 years 15-50 years >50years 15-65 years
Evaluable 291 352 216 304
CR 87% 85% 70% 86%
CCRat5yrs 47% 27% 16% 51%
Med. RD 57 15 17 Nr

Abbreviations: CR,complete remission; CCR, continuous complete remission,
Med RD, median remission duration* [12].

rate and long median remission duration is achieved but relapses occur con-
tinuously up to 6 years accounting for an overall relapse probability of nearly
50% (table 1) . Other study groups allocate all SR patients with sibling donor
to allogeneic SCT in first CR [24]. The GMALL decided to follow an alternative
strategy, since overall results with chemotherapy in SR patients were equal to
results of SCT. Therefore it seemed inappropriate to allocate SR patients to a
treatment procedure with high early mortality and considerable long-term side
effects. MRD evaluation emerged as absorbing new method for analysis of in-
dividual treatment response in order to identify SR patients with poor response
on molecular level which are prone to relapse.

Methods for MRD detection

MRD is defined as leukemic cells undetectable by morphologic examination
which reaches at best a sensitivity of 1-5 leukemic cells in 100 normal cells
(102). In ALL several methods fulfill the pre-requisites of reliable MRD tech-
niques such as discrimination between normal and malignant cells, stable
markers, reproducible and quantifiable results [26]. MRD evaluation in ALL
can be based on detection of leukemia specific constellations of surface mark-
ers by flow cytometry (FACS), fusion genes related to specific chromosomal
translocations e.g. BCR-ABL in t(9;22) by polymerase chain reaction (PCR)
and individual rearrangements of immunoglobulin (IgH, IgK) and T-cell recep-
tor genes (TCR-B,y,8) by PCR and recently by real-time PCR. These methods
reach in ideal cases a sensitivity of at least 10-4. Overall 90% of the ALL pa-
tients have at least one target for MRD evaluation (reviewed in [11] [6] [26]).

Results of MRD studies

In childhood ALL it has been demonstrated convincingly that level and course
of MRD are independent prognostic factors [27] [9] [7] [22]. These results were
confirmed in the meantime by a considerable number of mainly retrospective
studies in adult ALL. There are however some important differences. A very
good response as indicated by an early and rapid decrease of MRD already
during induction may be associated with a very low relapse risk [5]. However
in general the decrease of MRD occurs slower in adults and fewer patients
reach a negative MRD status. This applies particularly for patients with low
MRD immediately after induction who still show a considerable relapse rate of
approximately 50% [2] [23] [28]. Thus in adult ALL MRD analysis immediately
after induction provides a good tool for identification of high relapse risk but
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Figure 2: Risk adapted treatment de-
cisions in GMALL study 06/99
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Table 2: MRD based stratification in GMALL study 06/99

MRD risk group Day 712 Week 16 until week 52
MRD low risk <10+ and always <104

(MRD-LR) negative in week 52
MRD high risk >104 and 2 times >10-4
(MRD-HR) not negative in week 52
MRD intermediate risk MRD evaluation not possible

(MRD-IMR) Technical pre-requisites not fulfilled®

Inconclusive course of MRD

a after induction, before first consolidation

b during consolidation

¢ Technical pre-requisites: At least 2 clone-specific markers, minimum sensitiv-
ity of 10-4 material from decisive time-points available

not of those with low risk. The longitudinal course of MRD may be more impor-
tant in adults compared to children. High MRD at any time-point after induction
is associated with a higher relapse risk [8] [4] and the predictive value increas-
es at later time-points (months 6-9) [21].

The predictive value of MRD evaluation depends on the technical quality
such as sensitivity (10~ for negative results), number of targets (at least two)
and on the frequency of evaluations (3 monthly) in individual patients. In a
retrospective study of the GMALL a broad spectrum of target genes (IgH, Igu
and TCR rearrangements) was measured quantitatively with high sensitvity
(<10-4). A combination of several time-points for MRD evaluation during the
first year yielded the highest discriminative value for relapse risk. MRD levels
>10~4 at more than 1 time-point after induction therapy were associated with a
significantly higher relapse rate of 73% (11/15) compared to 13% (4/31) in pa-
tients with MRD < 104 at all time-points [3]. According to these results in
adult ALL a variety of potential clinical applications for MRD evaluation is al-
ready evident [17] [14]. This includes new definition of CR, MRD based risk
stratification and efficacy monitoring of new treatment elements.

GMALL approach

According to these findings the GMALL group has started a pilot study

(GMALL 06/99) with prospective monitoring of MRD [4] [17]. It has the follow-

ing basic principles:

— Combination of “conventional” and “MRD based” risk factors in two sequen-
tial stratifications

— MRD based risk stratification in standard risk patients only

— Predefined technical pre-requisites

— Definition of MRD based risk groups based on MRD level and course during

1st year

Prospective definition of treatment options for MRD based risk groups

Aim of the study was to develop a treatment model with stratification according
to “conventional” risk factors (RF) and according to course of MRD (figure 1).
MRD evaluation was based on TCR and Ig rearrangements. Initial treatment
consisted of an intensified and shortened 7 drug induction therapy followed by
early consolidation including HDMTX, HDAC and stem cell collection in all CR
pts [17].

Risk stratification

Stratification | after 3 months (induction | and Il and consolidation I) was per-
formed according to “conventional” risk factors (figure 1). Patients were there-
by allocated to a very high risk (VHR), a high risk (HR) and a standard risk
(SR) group with approximately one third of the patients allocated to each
group. VHR and HR patients received one more consolidation cycle and were

Stratification |
according to risk factors

Stratification Il
according to MRD

MRD-LR #* Stop therapy

Consolidations

SCT, int. maintenance or

MRD-HR » experimental treatment

MRD-IR -+ Int. maintenance

SCT
* ¢ * * *
wk16 wk22 ~ wk30  wk41  wk52

candidates for SCT in CR1. SR patients received cyclic consolidation until
month 12 and were followed for MRD.

A 2nd risk stratification was introduced based on MRD results obtained
at 9 time-points during the first year of chemotherapy in SR patients. The cri-
teria for allocation to a MRD based low risk (MRD-LR) and high risk (MRD-
HR) group are detailed in table 2. The remaining patients were allocated to a
MRD intermediate risk (MRD-IMR) group. Scheduled treatment options were
stop of therapy for MRD-LR, SCT or experimental therapy for MRD-HR. For
the MRD-IMR group intensified maintenance therapy with 6 further consolida-
tion cycles during the 2nd year of therapy was recommended (figure 2).

Results of the MRD based risk stratification in GMALL study 06/99

The study started 10/99 with more than 100 participating centers. An interim
analysis of MRD risk stratification at month 12 was possible in 98 SR patients
with at least 1 marker [15]. The risk groups according to MRD were distributed
as follows: MRD-LR 36%, MRD-HR 9% and MRD-IMR 55%. The major rea-
sons for allocation to MRD-IMR were lack of a 2nd marker (58%), insufficient
sensitivity (51%) and inconclusive course of MRD (28%). Most patients in the
MRD-IMR group had however combinations of several reasons e.g. only one
marker and insufficient sensitivity which made an assessment of the relapse
risk impossible.

Further treatment after MRD risk stratification was evaluable in 88 pa-
tients. In nearly all MRD-LR patients therapy was stopped. The relapse risk in
this cohort is so far approximately 20%. In MRD-HR less than half of the pa-
tients could receive SCT. In several cases the relapses occurred shortly after
the end of the first year of therapy and before the MRD results were avail-
able. Only patients with immediate SCT remain relapse free in the MRD-HR
group. In MRD-IMR half of the the patients received intensified maintenance,
in 25% treatment was stopped and 25% received conventional maintentance.
In this group the relapse risk was overall also around 20% with lowest relapse
risk for intensified maintenance and highest relapse risk for premature stop of
therapy [15].

Summary and conclusions

MRD evaluation with several different methods is at least in specialised labora-
tories an established technical procedure in ALL. Altogether there is also suffi-
cient evidence that level and course of MRD are strong independent prognos-
tic factors in adult ALL. The published results indicate that the identification of
high-risk patients by MRD analysis is relatively clear although the optimal time-
point and necessary therapeutic consequences need to be defined. The defini-
tion of low-risk according to MRD is however still controversial and depends
not only on time-point of evaluation but also on technical pre-requisites such
as sensitivity, number of targets for MRD evaluation etc. and therapeutic con-
sequences.

In the GMALL study 06/99 it was demonstrated for the first time in adult
ALL that prospective MRD evaluation and risk stratification can be performed
successfully in a large multicenter trial. Complete series of samples for one
year and even more could be collected in the majority of patients.

In SR patients defined by conventional risk factors a group of MRD-LR pa-
tients could be identified in whom a considerable reduction of treatment dura-
tion from 2.5 years to 1 year may be justified. Only 10% MRD-HR patients
were identified after 1 year mainly due to the fact that relapses occurred al-
ready during chemotherapy. It is concluded that MRD-HR patients must be
identified earlier to initiate therapy intensification such as SCT or experimen-
tal therapy before clinical relapse. In the current study GMALL 07/2003 MRD
interim analysis will be performed after induction and two consolidation cycles
(month 4) with the major aim to identify MRD-HR patients defined as MRD >
104 at two time-points after induction as candidates for SCT in CR1.

Unexpectedly the MRD-IMR group was large (>50%) partly due to strict
quality standards for MRD evaluation as mandatory for a prospective study.
Similar observations have been made in childhood ALL [25]. Most importantly
the therapeutic recommendation, which was intensified maintenance therapy,
resulted in good outcome. Further characterisation of this subgroup also by



other means e.g. gene profiling is attempted [20]. Overall the interim results
demonstrate that the treatment recommendations for the MRD risk groups
are reasonable and should be pursued further. The MRD based risk stratifica-
tion will therefore be continued in the ongoing GMALL study 07/2003.

Supported by Deutsche Krebshilfe and partly by BMBF, Competence Network
Leukemias, Grant No 01GI 9971
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Results of the International LALA-94 Trial .
H. DOMBRET, X. THOMAS, V. LHERITIER and D. FIERE
for the LALA Group, Paris, France

Study design

In this prospective multicenter study conducted by the French-Belgium-Swiss-
Australian LALA Group, we analyzed the benefits of a risk-adapted post-remis-
sion strategy in adults (15-55 years) with acute lymphoblastic leukemia (ALL),
re-evaluating stem cell transplantation (SCT) in the most aggressive cases. A
total of 1,000 patients entered the trial between 1994 and 2002. The present
analysis deals with 922 evaluable patients according to the following risk-
groups: standard-risk ALL (group 1, #430); high-risk ALL (group 2, #238); Ph+
ALL defined by the presence of t(9;22) and/or BCR-ABL transcript (group 3,
#198); central nervous system-positive (CNS+) ALL (group 4, #56). Criteria
used to define the high-risk group 2 were to need a salvage course to reach
CR and/or to have B-lineage ALL with at least one of the following bad factors:
1) WBC > 30.109L; 2) pro-B CD10-/CD20- phenotype; 3) presence of 11923
abnormality and/or MLL-AF4 transcripts or presence of t(1;19) and/or E2A-
PBX1 transcripts; 4) co-expression of myeloid antigens.

Treatments

All patients received a 4-drug/4-week induction course with an initial daunoru-
bicin (DNR) vs idarubicin (IDA) randomization. Salvage therapy consisted of
an intensive mitoxantrone and intermediate-dose cytarabine (MIDAC) course.
Group 1 patients then received chemotherapy alone and were randomized be-
tween an intensive and a less intensive arm, except those needing salvage to
reach CR who were then included in group 2. All group 2, 3, and 4 patients re-
ceived intensive MIDAC as consolidation (or salvage) and those with an HLA-
identical sibling were then assigned to allogeneic SCT in first CR. Autologous
SCT was offered to all other CR patients in groups 3 and 4, while in group 2
they were randomized between chemotherapy and autologous SCT.

Results

The CR rate after one course of induction was 72%. Salvage rate was 53%.
Overall, 771 patients achieved CR (84%). Resistance and mortality rates were
11% and 5%, respectively. With a median follow-up of 3.5 years, median dis-
ease-free survival (DFS) was 16 months with an estimated 3-year DFS at
33%. In patients receiving only chemotherapy, DFS was significantly improved
in the IDA as compared to the DNR arm (p=0.04). In group 1, the 3-year DFS
was 37% without difference between both post-CR treatment arms. In the 239
patients with T-ALL, most of them (#x) treated in the standard-risk group 1
(since only those who needed salvage were then included in group 2), results
were disappointing with a 3-year DFS at 29%. In a subset of 91 T-ALL patients
well-studied for immunophenotype and genotype, CR rate after induction was
significantly lower in immature (cTCRp negative) cases and HOX11L2 expres-
sion was associated with a poor outcome (Asnafi et al. ASH 2003). In group 2
and 4, the 3-year DFS was 36% and 42%, respectively. In these patients
(group 2+4), DFS was significantly improved in those with an HLA-matched
sibling (p=0.02). In group 2 patients, autologous SCT and chemotherapy re-
sulted in comparable outcomes. In group 3 (Ph+ ALL), 3-year DFS was 21%.
In a previous interim analysis of 154 group 3 patients, HLA-matched sibling
availability and molecular response after induction and MIDAC were indepen-
dent good-prognostic factors for outcome (Dombret et al. Blood 2002). In
these patients, combined MIDAC and imatinib mesylate administration is un-
der investigation (AFRO3 study).

Conclusions

In high-risk ALL patients, allogeneic SCT was associated with longer DFS
while no significant benefice of autologous SCT over chemotherapy was evi-
denced. Adapted treatments based on prognostic subsets characterization
might be required for T-ALL patients. Combination of imatinib mesylate with in-
tensive chemotherapy has to be evaluated and standardized in those with Ph+
ALL.
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Dose-Reduced Conditioning Therapy in High-Risk AML

H.-J. KOLB, C. SCHMID, M. SCHLEUNING, J. TISCHER, M. WEISSER,
M. HUMANN, A. RANK, and G. LEDDEROSE

Hematopoietic Cell Transplantation, Dept. Medicine IlI,

University of Munich & GSF-National Research Center for Environment
and Health, Munich, Germany

The aim of the conditioning treatment has changed from maximally tolerated
doses of chemo-radiotherapy to dose-reduced conditioning, since the domi-
nant role of the graft-versus-leukemia effect has been recognized. Dose-
reduced conditioning has been studied in combination with cytoreductive ther-
apy prior transplantation and transfusion of donor lymphocytes (DLT) after
transplantation. Unfavorable karyotype, refractory or relapsed disease and an
antecedent hematological disorder define high risk AML. MDS with blast ex-
cess are also included. We combined a 4 day course of chemotherapy with all-
oSCT after dose reduced conditioning. Fludarabin (30 mg/m?), AraC (2x2
g/m2) and Amsacrine (100 mg/m?2) were given on each of 4 consecutive days.
After 3 days of rest, the patients were conditioned with 4Gy TBI, Cyclophos-
phamide and ATG. Most patients received mobilized blood stem cells (MBSC)
from HLA.matched siblings and unrelated donors. DLT were scheduled to be
given prophylactically on day 90i, if graft-versus-host disease (GVHD) was ab-
sent. 72 patients were treated (9 patients with unfavorable karyotype, delayed
response to induction therapy or secondary AML in CR1, 7 patients in CR2, 27
patients in 1st or 2nd relapse, 23 patients in refractory disease, and 6 patients
in untreated progressive MDS or secondary AML). 4 relapsed patients had re-
ceived an autologous transplant before, and 22 patients had an unfavorable
karyotype. Median age was 50.2 (18.5-65.8) years. 35 patients had a family
and 37 an unrelated donor.

All patients surviving more than 30 days engrafted, and all but four pa-
tients were free of blasts in blood and bone marrow at day 30. Additionally,
one patient achieved a CR after discontinuation of immune suppression.
>95% donor chimerism was achieved in 85% of the patients at day 45 and in
92% at day 90. Overall survival and disease free survival was 50% after one
and 42% after two years. Interestingly, survival was identical in patients with
and without an unfavorable karyotype. Treatment related mortality was 18%
before day 100. 58% of the patients developed acute and 40% developed
chronic GvHD. 8 patients relapsed at a median of 102 days from transplant.
Discontinuation of immune suppression and adoptive immunotherapy re-
induced remissions in four cases. So far, 12 patients have received prophy-
lactic DLT. Mixed chimerism was converted into complete chimerism in one
patient, and 3 patients developed chronic GvHD. To date, none of the 12 pa-
tients has relapsed.

We conclude that the combination of cytoreductive chemotherapy and in-
tensity reduced conditioning is well tolerated even in elderly patients and may
induce long term remissions in patients with high risk AML and MDS. Only a
minority of patients were given prophylactic DLT and the role of DLT for the
maintenance of remissions remains to be defined.
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In the SHG AML 96 study for AML, patients younger than 60 years were treat-
ed according to their cytogenetic risk profile. In the intermediate risk group (in-
cluding inv16) in patients below the age of 55 years an allogeneic transplanta-
tion was the first treatment option in patients with a related donor. In the high
risk group, an unrelated donor search was initiated and a transplant was of-
fered to all patients below the age of 45 years.

The results after allogeneic transplantation were worse compared to our
previous studies out of the early ’90 which might be explained by an increase
of the median age of about 10 years. We therefore started to evaluate the use
of reduced intensity conditioning protocols in AML. Sayer at al. recently pub-
lished these data in BMT 2003. 113 patients received an allogeneic transplant
after reduced intensity conditioning (predominantly busulfan/flud-arabine
based) because of age, comorbitities, previous infections or relapse after au-
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tologous transplants. The results shown in figure 2 compare favourable with
those after full dose conditioning in patients with a much better performance
status.

Reduced intensity conditioning followed by an allogeneic transplant in
AML resulted in engraftment and a disease-control was achieved even in
poor-risk disease. Early TRM seems to be low, but the rate of GvHD and in-
fectious complications is comparable to that after standard conditioning. The
German cooperative transplant study group will follow a prospective random-
ized protocol in the context of the German Intergroup study within the compe-
tence network of acute and chronic leukemias. The standard conditioning
therapy with 12 Gy TBI and 120 mg/kg cyclophosphamide will be compared
in patients with AML in first complete remission with fludarabine and 8 Gy
TBI.

The complete remission rate in AML patients with high risk cytogenetics is
only around 50%. We therefore initiated a pilot study to transplant high risk
patients very early after induction chemotherapy. The results looked very en-
couraging (Platzbecker et al, BMT 2001: 243-246) and this program will be
evaluated in our current AML2003 program.

Figure 1: Design of the AML"96
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Abstract

Using the data of the patients in complete remission (CR) up to the age of 45
years included in the EORTC-LG/GIMEMA AML-10 trial we investigated the
value of the strategy to perform either an autologous (auto-SCT) or an alloge-
neic (allo-SCT) stem cell transplantation on an intention to treat basis. Be-
tween 1993 and 1999, out of 1198 pts, 822 achieved CR. 734 pts, constituting
the study group, received an intensieve consolidation course: 293 had a sib-
ling donor and 441 had not. Allo-SCT and auto-SCT was performed in 68.9%
and 55.8%, respectively. Cytogenetics was successfully performed in 446 pts.
Risk groups were: good (t(8;21), inv(16)), intermediate (NN or -Y only),
bad/very bad (all others). Median follow-up was 4 years. The 4-year disease-
free survival (DFS) rate of patients with a donor vs of those without a donor
was 52.2% vs 42.2%, p=0.044; the relapse incidence was 30.4% vs 52.5%,
death in first complete remission was 17.4% vs 5.3%, and the survival rate
was 58.3% vs 50.8% (p=0.18). The DFS rates in pts with and without a sibling
donor were similar in pts with good or intermediate risk cytogenetics, but
43.4% and 18.4%, respectively, in pts with bad or very bad risk cytogenetics.
In younger patients (15-35 yrs), the difference was more pronounced. The
strategy to perform an allo-SCT in patients where a family donor was available
led to better overall results than to perform an auto-SCT, especially for young-
er patients or those with bad or very bad risk cytogenetics.

Introduction

The strategy to perform a transplantation with allogeneic or autologous bone
marrow or blood derived stem cells after induction and consolidation courses
for patients with acute myelogenous leukemia (AML) is a common practice in
many large centers in the world. However, the value of such a transplantation
strategy for individual prognostic subgroups of AML is unknown.

Previously, the AML-8A trial of the EORTC Leukemia Group and the lItal-
ian GIMEMA group showed that a strategy to perform an auto-SCT results in
a significantly longer disease free survival (DFS) than to perform a second in-
tensive consolidation course, but significant differences between auto-SCT
and allo-SCT could not been detected due to the limited number of patients.

The EORTC and GIMEMA Leukemia Groups subsequently conducted the
AML-10 study. All patients were randomized for one of three anthracyclines
added to cytosine arabinoside and etoposide as remission induction treat-
ment. After achievement of complete remissiom (CR) one intensive consoli-
dation course was given. This course was to be followed by an allo-SCT in
the patients with a HLA-identical family donor or by auto-SCT in those who
lacked such a donor.

The AML-10 trial offered the possibility in patients up to the age of 45
years to assess the value of early allo-SCT vs auto-SCT on the basis of inten-
tion-to-treat2 by comparing the outcome of the group of patients with an HLA
identical sibling donor (“Donor” group) with the outcome of patients without
such a donor (“No Donor” group).

Patients and Methods

The EORTC-LG/GIMEMA AML-10 study was conducted from November 1993
to December 1999 in 80 European centers. All patients, up to the age of 60,
with previously untreated AML, except acute promyelocytic leukemia, with
more than 30% blast cells in the bone marrow, were eligible.

Randomization for either daunorubicin, mitoxantrone or idarubicin was
performed at the time of registration. Remission induction treatment consisted
of 10 days of standard dose cytosine arabinoside, five days of etoposide and
three days of either daunorubicin or mitoxantrone or idarubicin. In case of
complete remission after one or two courses a single course of consolidation
therapy is administered consisting of intermediate dose cytosine arabinoside
and the anthracycline, randomized at registration. Patients with a sibling do-
nor were assigned to undergo an allogeneic SCT. All patients without such a
donor had to receive an autologous blood or bone marrow SCT.

2157 patients were randomized. Among 1198 patients between 15 and 46
years of age, 62 patients were considered as inevaluable for the treatment re-
sponse, mainly due to the lack of clinical documentation. Out of the remaining
1136 pts, 822 (72.4%) entered complete remission after 1 or 2 courses of in-
duction therapy. Among them, 50 patients were off—protocol treatment. Out of
772 patients who received consolidation, 38 have not been HLA-typed.
Among the 734 patients, 55 had no sibling. Of the remaining 679 patients,
293 had an HLA identical sibling donor (“Donor” group) and 386 had no family
donor. By adding to this latter group those 55 patients with no siblings, a 441
patient group has been formed, which was designated as “No Donor” group.
The median follow-up was 4 years. The CALGB criteria for response to treat-
ment and relapse were used. As cytogenetic classification the ISCN system

has been applied3. Risk groups were: good (1(8;21), inv(16)), intermediate
(NN or -Y only), bad/very bad (all others). The patients with unknown, not
done or unsuccessful cytogenetics were grouped together as “unknown”. All
analyses were based on the intent-to-treat principle.

Results

Allo-SCT was performed in 202 (68.9%) of 293 patients with a sibling donor
and auto-SCT in 246 (55.8%) of 441 patients without such a donor.

The 4-year DFS rate (+SE) of the “Donor” group was superior to that of
the “No Donor” group: 52.2% (+3.2%) vs 42.2% (+2.6%), p=0.044; The re-
lapse incidence was 30.4% (+2.9%) vs 52.5% (+2.6%) (p<0.0001), and the
incidence of death in CR was 17.4% (x2.4%) vs 5.3% (+1.1%) (p<0.0001),
respectively. The survival from CR rate was 58.3% (+3.2%) vs 50.8% (+2.7%)
(p=0.18).

Cytogenetics was successfully performed in 446 pts. Intention-to-treat
analysis revealed that the 4-year disease-free survival (DFS) rates in patients
with and without a sibling donor were 61% and 66%, respectively, for patients
with good risk cytogenetics, and 45% and 49%, respectively, for patients with
intermediate risk cytogenetics. In contrast the DFS in patients with bad or
very bad risk cytogenetics was 43.4% for those in the donor group and only
18.4% for those in the no donor group. Patients with an “unknown” cytogenet-
ic analysis (N=288) showed the same trends as the whole study group.

Overall, the results with respect to survival, DFS and relapse incidence
were not different between the age groups (15-25, 26-35 and 36—45 years).
TRM was slightly higher for the oldest age group. Within the “No Donor”
group DFS, relapse incidence and TRM were similar in all age groups . In pa-
tients with a sibling donor, TRM showed a slight age effect; the older the pa-
tients the higher the TRM. In patients <35 years old, the DFS for the patients
with a sibling donor was longer than for those without a donor, due to a lower
incidence of relapse and a lower increase in the TRM incidence. In older pa-
tients (36—45) the lower incidence of relapse (29.6% vs 48.3%) for the “Do-
nor” group was counterbalanced by a far higher incidence of death in CR
(21.1% vs 5.5%).

Conclusion

In this study we show that using analysis by intention-to-treat of the EORTC-
LG/GIMEMA AML-10 trial patients in complete remission under the age of 46
assigned to allo-SCT have a significantly better outcome than those planned
to undergo an auto-SCT. This seems specifically true for patients with bad or
very bad risk cytogenetics.
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The Medical Research Council Leukaemia Working Parties have attempted to
define the role of allogeneic and autologous stem cell transplantation in AML
in two large prospective trials between 1998-2002. Nineteen hundred and six-
ty-six patients were recruited to AML10. In this trial the question being exam-
ined was what was the value of adding a transplant to 4 courses of intensive
chemotherapy which itself resulted in an overall 40% survival. Allograft was
assessed on a donor vs no donor analysis. Patients without a donor were ran-
domised after course 3 to have 1 more course only or 1 course plus an auto-
graft. Overall both types of SCT reduced the risk of relapse (allo 34% vs
50%/auto 37% vs 58%), improved the disease free survival (allo — 51% vs
44%/auto 53% vs 40%) but did not improve overall survival. In this trial a sim-
ple risk stratification was devised based on cytogenetics and morphological re-
sponse to course 1. When the comparisons are done within the three risk
groups there was a reduction in relapse risk in all groups, but no survival ad-
vantage was observed in patients of favourable or poor risk. Patients >45
years shown no survival benefit. Only standard risk patients had a survival ad-
vantage.

AML10 suggested that more treatment was better. The AML12 trial ques-
tioned whether the antileukaemic benefit of ‘more’ (ie transplant) could be
achieved with an extra course of chemotherapy. A total of 4 vs 5 courses
were then compared. Patients who were not good risk were randomised to
stem cell transplant or not. Patients allocated to SCT who had a donor re-
ceived an allograft, those who lacked a donor received an autograft.

Although further follow-up is required on the 1224 patients allocated to 4
vs 5 courses, there was no overall survival advantage for a 5th course but
with a favourable trend in patients 15-35 years. There was no overall survival
difference between those randomised to transplant (auto or allo) or chemo-
therapy, although there was a reduction in relapse risk. The decision to ex-
clude favourable disease was vindicated since the outcome for these patients
in AML12 (no SCT) was not different from AML10 (included SCT). When the
comparisons were made within the risk and age subgroups no survival ad-
vantage was apparent in any subgroup.

Analysing the value of allograft using a donor vs no-donor comparison has
been open to criticism, because as many as 40% of cases do not receive the
transplant. A cohort of patients in these studies with donors who did or did not
receive the allograft were compared, no survival difference was seen sug-
gesting that the genetic analysis in this study was representative.

In designing the current study AML15 (opened June 2002), the aim as to

continue to assess allogeneic transplant in standard and poor risk patents, as
course 3 in the hope that more patients would receive the transplant so that
more patients would access the greater antileukaemic mechanism. The ques-
tion being posed is “does a transplant as course 3 improve survival compared
with 4 or 5 courses of chemotherapy?”
Non-ablative transplants can be undertaken safely in older patients. The effica-
cy is encouraging but uncertain in AML. The AML15 trails provides that all
standard risk patients with an available donor will, if under 35 years receive an
early standard transplant. Patients >45 years will be eligible only for a non-ab-
lative transplant. Patients 36—45 years may receive either approach. Because
the efficacy of non-intensive allograft is not known, the transplant will be deliv-
ered after 3 courses of chemotherapy.

In summary, in neither of these major trials was there an overall survival
advantage of adding transplant to 4 courses of chemotherapy although the
risk of relapse could be reduced. Good risk patients derive no additional
benefit. Patients over 35 years did not benefit in either trial in spite of
the fact that the risk of relapse is increased in this age group. This is pri-
marily due to an excess treatment related mortality which suggests that this
may be the age threshold from which to evaluate the non-intensive ap-
proaches.

During this period 396 patients received SCT, of these 181 were auto-
grafts and 215 were allografts of which 117 were from volunteer unrelated do-
nors.
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Introduction

Allogeneic stem cell transplantation (allo-SCT) is considered the most potent
postremission therapy for acute myeloid leukemia (AML) [1-3]. Its superior an-
tileukemic activity is largely ascribed to the powerful graft-versus-leukemia
(GvL) effects exerted by donor lymphocytes [4, 5]. However, due to consider-
able treatment-related lethality the gains in relapse prevention do not neces-
sarily translate into survival advantages in the overall patient population.
Therefore, allo-SCT for adult patients with AML in first complete remission
(CR1) is currently recommended only for younger and medically fit patients
who are at intermediate to high risk of relapse and have an HLA-identical sib-
ling donor. Stem cell allografting from alternative donors in CR1 is considered
an option for high risk patients as defined by cytogenetic abnormalities or in-
complete response after one course of induction chemotherapy and should
usually be performed in the context of a clinical protocol [6].

AMLCG Trials

Indications and Use of Allo-SCT in CR1. The protocol of the AMLCG 1986 trial
recommended allogeneic bone marrow transplantation (allo-BMT) for CR1 pa-
tients up to the age of 40 years with an HLA compatible sibling donor. The
transplant was to be performed within 6 months of remission entry. Out of 495
evaluable patients in CR1 aged <60 years, 51 patients (10%) with a median
age of 32 years (range: 16—49) underwent allo-BMT on this protocol. The
transplants were performed at a median of 4 months after CR1 was document-
ed.

The AMLCG 1992 protocol recommended allo-BMT in CR1 for all patients
up to the age of 50 years with an HLA-identical sibling donor. The transplant
was to be performed within 3 months of remission entry. Out of 408 evaluable
patients in CR1 aged <60 years, 42 patients (10%) with a median age of 36
years (range: 18—49) underwent allo-BMT. Deviant from the protocol recom-
mendations, the transplants were performed after a median of 4 months since
CR entry.

The ongoing AMLCG 1999 trial follows a randomized factorial design com-
paring (i) high versus standard dose AraC during induction treatment, (ii) G-
CSF priming versus no priming, and (iii) autologous SCT versus maintenance
chemotherapy. All CR1 patients up to the age of 60 years are eligible for an
allo-SCT from a matched sibling donor. A stem cell allograft from a related or
unrelated donor is recommended for high risk patients with unfavorable com-
plex karyotype abnormalities. The transplant is to be performed within 3
months of remission entry. As of 09/2003, 340 patients with de novo AML and
below age 60 had entered CR after induction treatment. To date, 56 (16%)
and 51 (15%) of those 340 patients underwent allo-SCT and auto-SCT, re-
spectively.

Matched-Pair Analyses. The results of allo-BMT in CR1 were compared to
postremission chemotherapy by means of a matched-pair analysis based on
the combined data from the 1986 and 1992 trials. Patient pairs were matched
for the following criteria: (i) time in CR1, (ii) age (+ 2 years), (iii) type of induc-
tion therapy, (iv) gender, (v) time since enrolment into the protocol. For the
overall patient population, the results shown in Figures 1-3 confirm the superi-
or antileukemic activity of allo-BMT at the expense of a higher transplant-relat-
ed lethality. Nonetheless, the significantly improved relapse free survival would
favor allo-BMT. However, the trend suggesting improved overall survival fails
to reach the level of statisti cal significance.

A matched-pair analysis for the 1999 ftrial is currently in progress and will
be presented. This analysis will allow cross comparisons of allo-SCT, auto-
SCT and conventional postremission treatment and will consider cytogenetic
risk categories as the primary matching criterion.

Reduced Intensity Ablative Conditioning. More recently, reduced intensity con-
ditioning followed by allo-SCT has been explored in various hematological ma-
lignancies including AML [7, 8]. These novel transplant strategies aim at re-
ducing transplant-related lethality and rely on harnessing GvL effects rather
than the eradication of the malignant clone by high-dose chemoradiotherapy.
In an intergroup pilot trial of the AMLCG and SHG Dresden as well as associ-
ated centers, a myeloablative conditioning regimen with reduced dose total
body irradiation (TBI) followed by allo-SCT was evaluated. The rationale of the
study was to lower transplant-related lethality while preserving the antileuke-
mic effect of TBI. 50 patients with AML in CR1/CR2 (9/9), PR/untreated re-
lapse (1/7) or with primary/secondary refractory disease (24) underwent allo-
SCT from related (n=24) or unrelated (n=26) donors. Most of the patients were
not considered eligible for conventional conditioning. Median age was 52
years (range: 20-65). The preparative regimen consisted of 8 Gy TBI, fludar-
abine (30 mg/m2/d IV x4), and optional ATG (rabbit, 20 mg/kg/d x2) followed
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by immunosuppression with CsA/MTX. The median follow-up was 406 days
(range: 9-1196).

Complete donor engraftment was documented within 6 weeks and sus-
tained in all evaluable patients. Cumulative probabilities of grades Il, Il and
IV acute GVHD were 12%, 4%, and 2%, respectively. Grade Ill-IV acute
GVHD occurred in 0% of pts after related and in 12% after unrelated SCT and
was fatal in 1 pt (2%). Estimated probabilities for treatment-related lethality at
2 years were 0% for CR1/CR2 (95% Cl, 0% to 18%), 43% for PR/untreated
relapse (95% Cl, 18% to 59%), and 51% for refractory disease (95% Cl, 8%
to 75%). Probabilities for relapse lethality (2 years) were 5% for CR1/CR2
(95% Cl, 0% to 27%), 38% for PR/untreated relapse (95% ClI, 8% to 75%),
and 42% for refractory disease (95% Cl, 22% to 65%). 2-year estimates for
relapse-free survival (RFS) were 89% for CR1/CR2 (95% ClI, 62% to 97%)
and 8% for refractory disease (95% Cl, 1% to 27%). For PR/untreated re-
lapse RFS at 1 year was 29% (95 Cl, 4% to 61%).



Thus, for AML patients in CR conditioning with 8 Gy TBl/fludarabinezATG

prior to allo-SCT appears to result in markedly reduced transplant-related le-
thality and favorable survival data. Based on this phase Il trial, a randomized
German Intergroup Study comparing conventional conditioning (12 Gy
TBl/cyclo-phosphamide) to the 8 Gy TBI/fludarabine regimen prior to allo-
SCT in patients with AML in CR1 was initiated and integrated into the 2003
AMLCG protocol.
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