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Abstract
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main treatment population. Either way, several intriguing new agents are now emerging from clinical studies, and
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host of recently recognized prognostic factors, new and already existing drugs being evaluated for the treatment of
AML, recently completed and ongoing clinical trials, and important directions for future research.
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Existing and Emerging Therapeutic Options for
The Treatment of Acute Myeloid Leukemia

Martin Tallman, MD

As is the case with many hematologic malignancies, acute
myeloid leukemia (AML) is a relatively uncommon disease
with approximately 13,400 new cases in the United States per
year.! The median age at the time of diagnosis is approximately
68 years old, and age is an important factor in therapeutic
decision-making,

AML can arise de novo, but many patients have therapy-
related AML, which evolves from antecedent hematologic
disorders such as myelodysplastic syndrome (MDS), or a
myeloproliferative disorder.

One of the most important advances in recent years is
the appreciation that AML is not a single disease. Rather, it is
a heterogeneous group of disorders. Knowing that a patient
exhibits a particular chromosomal abnormality is not enough
to characterize the patient as belonging to one AML subtype
or another, even within specific genetic subtypes; hetero-
geneity exists beyond the level of cytogenetic grouping.?

For example, AML exhibiting the t(8;21) abnormality
was, until recently, considered a single subtype of AML.
However, recent research has revealed several subdivisions
of t(8;21) AML, each likely associated with its own distinct
prognosis. For example, AML patients with t(8;21) have a
more favorable prognosis relative to other cytogenetic sub-
types, but t(8;21) patients who also have a ¢-KIT mutation
have a very unfavorable prognosis.?

Such findings impact treatment options for t(8;21)
patients. Allogeneic transplant has not been commonly
pursued for patients with t(8;21) AML, but considering
the poor prognosis associated with t(8;21) patients with
¢-KIT mutation, a matched-sibling transplant, or perhaps
even a matched unrelated donor transplant, is a reasonable
consideration.? Such observations reflect the current state
of AML research and treatment and represent an important
step forward for patients.

Prognostic Factors

Several prognostic factors have been clearly described for
AML that, upon analysis, enable clinicians to determine
whether a patient has a favorable (approximate 5-year over-
all survival [OS] of 55%), intermediate (5-year OS of 40%),
or poor (5-year OS of 10%) prognosis.*

Age, the intensity of post-remission therapy, and cytoge-
netics are the most well-studied prognostic factors for AML.
It has become routine practice to conduct a chromosome

analysis for all newly diagnosed patients because research has
clearly shown that cytogenetics are often closely associated
with prognosis.

Today, new prognostic factors are emerging in the
form of molecular markers. These markers are particularly
useful because they tend to occur in patients with so-called
normal karyotype AML, which comprises about 40% of
all AML patients.’

Normal karyotype AML has generally been consid-
ered to have an intermediate prognosis. However, recent
findings have demonstrated several identifiable molecular
markers within this patient category, including Wilms
Tumor 1 (WT1), FLT3, and EVI1, all of which confer an
unfavorable prognosis.®® Other molecular markers, such as
C/EBP-alpha and NPM1, are associated with a very favor-
able prognosis.'*!!

The identification of these molecular markers and their
associated prognosis can significantly impact treatment
considerations, such as whether or not to offer an allogeneic
stem cell transplantation, for such patients. For example,
because FLT3-negative patients who are also NPM1-positive
are considered to have a relatively favorable prognosis, they
would likely not be candidates for a stem cell transplant.

Current Treatment Strategies and Outcomes

The general strategy for AML includes induction therapy and
post-remission therapy. Induction therapy usually consists
of an anthracyline (typically daunorubicin) and cytarabine,
followed by multiple doses of cytarabine with or without
transplant for consolidation.

Most clinicians recommend allogeneic transplantation
for patients with high-risk disease. This approach would
include an allogeneic matched-sibling transplantation if
possible, and an alternative donor transplant in the absence
of a suitably matched sibling. This option would also be
considered for younger, intermediate-risk patients, except
for those who are FLT'3-negative/NPM1-positive.

For patients under age 60, the complete remission (CR)
rate following induction and post-remission consolidation
therapies with or without a transplant is very high: approxi-
mately 70—-80%.' The early death rate is 5-10%, but OS is
only 35-40%, despite the high CR rates.

Outcomes among older patients are poorer. Among this
population, the CR rate is 40-50% following induction and
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consolidation therapies. The early death rate is approxi-
mately 15-20%, and OS is approximately 10-15% at
3-5 years."

Dose intensification is one area that has been explored
in order to improve outcomes. Avenues that have been
explored are the inclusion of cytarabine in induction therapy,
chemotherapeutic regimens other than daunorubicin plus
cytarabine for consolidation therapy, and possible mainte-
nance therapy regimens.'*'> However, other than intensify-
ing post-remission cytarabine therapy for younger patients,
no dose-intensification strategy has proven effective. Like-
wise, the addition of etoposide has not led to improvements
in outcome, nor has the use of mitoxantrone plus etoposide

as induction therapy.'*"

Emerging Treatments for ANML

There are currently 2 main areas of focus in AML. One
area is stem cell transplantation, for which the pool of
potential patients has been expanded. Today, patients who
were formerly not considered transplant candidates, such
as older patients, are being considered for reduced-intensity
conditioning transplants.'® Other patients are undergoing
matched-unrelated donor and umbilical cord donor trans-
plants—2 approaches that were uncommon in the past. The
other area is new agents. A number of new compounds that
can be directed to specific genetic subtypes of AML are now
beginning to be integrated into therapy for AML.

For patients with acute promyelocytic leukemia (APL),
treatment with all-trans retinoic acid (ATRA) plus chemo-
therapy or in combination with arsenic represent significant
advances. ATRA and arsenic are novel agents directed against
the PML-RAR-alpha fusion transcript. With these new ther-
apeutic options, APL is now the most highly curable subtype
of AML, with 80-85% of patients cured of their disease.'>*!
Outcomes among high-risk APL patients are not as good as
those for low- and intermediate-risk patients, due to a higher
induction mortality rate and a higher relapse rate.

For patients with CD33-positive AML, the immuno-
conjugate agent gemtuzumab ozogamicin has been proven
advantageous. This drug has been approved by the US Food
and Drug Administration (FDA) in this setting, but only for
patients over age 60 who are in first relapse.”” The remission
rate associated with single-agent gemtuzumab for CD33-
positive AML patients is 26%.%

Patients with FLT3 mutations can potentially now
benefit from newly available FLT3 inhibitors; patients
with ¢-KIT mutations can be treated with tyrosine kinase
inhibitors such as dasatinib. Farnesyltransferase inhibi-
tors (FTIs) are proving effective in the treatment of AML
patients with ras mutations.

Combination therapy with these new agents is a very
promising approach. Studies have found a very high CR
rate in younger patients treated with gemtuzumab plus

Table 1. Cytogenetic Prognostic Factors in Acute Myeloid

Leukemia
Factor Associated Prognosis
t(8,21) Favorable
t(16,16) (eg, inversion 16) Favorable
NPM1 Favorable
C/EBPa Favorable
Normal karyotype Intermediate
Trisomy 8 Intermediate
Complex karyotypes:
monosomy 5, monosomy 7, Unfavorable
del5, del7, inv(3), t(6,9)
11923 Unfavorable
WT1 Unfavorable
FLT3 Unfavorable
EVI1 Unfavorable
MLL Unfavorable
ERG Unfavorable
BAALC Unfavorable
BAX Unfavorable

intensive induction and consolidation chemotherapy.”
Following these encouraging data, there are several ongoing
randomized trials verifying this approach. Data have begun
to emerge from these studies confirming the efficacy of this
combination for low- and intermediate-risk patients in
extending disease-free and possibly OS.*

As mentioned above, the FLT3 inhibitors are another
promising class of agents for the treatment of AML. These
agents—CEP701 and PKC412—specifically target the
FLT3 mutation and often the c-KIT mutation as well.?”
These agents may also target the vascular endothelial and
platelet-derived growth factors.

Several single-agent studies have shown that CEP701
and PKC412 have some biologic effect on AML such as
reducing the blast count, but are not necessarily effective
in extending survival time. However, subsequent studies of
these FLT3 inhibitors combined with chemotherapy have
demonstrated high remission rates.?** Following these ini-
tial findings, an ongoing randomized clinical trial is evaluat-
ing daunorubicin plus cytarabine with or without PKC412
in young patients with FLT3 internal tandem duplication.
These findings will be discussed in more detail in the follow-
ing discussions.

Likewise, FTIs appear to be more effective when
combined with chemotherapy, rather than given as single
agents. These inhibitors—the most well-studied of which is
tipifarnib—target ras mutations, which occur in 15-25% of
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AML patients.*® These mutations are most common among
patients with t(3;5) or inv(16) abnormalities. In a large ran-
domized trial evaluating 2 doses and schedules of tipifarnib
in previously treated adults aged 70 or older, the remission
rate was 5-10%.%" Investigators are hopeful that combina-
tion studies will yield better outcomes.

Clofarabine, a novel purine analog, is another prom-
ising agent for AML. Interestingly, this drug appears to
have more single-agent activity than some of the others
discussed above. In older, previously treated AML patients,
single-agent clofarabine is associated with remission rates of
40-60%.3? In particular, this agent appears to be effective
for patients with adverse cytogenetics, with an associated
remission rate of approximately 40%.

Amonafide, a topoisomerase II inhibitor, is another
potentially interesting agent for AML. This compound
intercalates into DNA, disrupts chromatin, and induces
apoptosis.” This agent may be more effective for therapy-
related AML rather than de novo AML. Encouraging phase
IT data spurred the initiation of an ongoing large random-
ized trial of amonafide plus cytarabine versus daunorubicin
plus cytarabine in therapy-related and secondary AML.*

Finally, a new group of plant-derived agents known as
parthenolides is also noteworthy. These agents putatively
target the leukemic stem cell, which has thus far eluded
prior drug development efforts.”® Parthenolides inhibit
NF-kappa-b, which leads to activation of p53, and induce a
rapid cell death in leukemic stem cells. Phase I and II studies
of these agents are underway.

References

1. Jemal A, Siegel R, Ward E, et al. Cancer Statistics, 2006. CA Cancer ] Clin.
2006;56:106-130.

2. Dohner H. Implications of the molecular characterization of acute myeloid leuke-
mia. Hematology Am Soc Hematol Educ Program. 2007;2007:412-419.

3. Paschka P, Marcucci G, Ruppert AS, et al. Adverse prognostic significance of KIT
mutations in adult acute myeloid leukemia with inv(16) and t(8;21): a Cancer and
Leukemia Group B Study. J Clin Oncol. 2006;24:3904-3911.

4. Slovak ML, Kopecky KJ, Cassileth PA, et al. Karyotypic analysis predicts out-
come of preremission and postremission therapy in adult acute myeloid leukemia:
a Southwest Oncology Group/Eastern Cooperative Oncology Group study. Blood.
2000;96:4075-4083.

5. Gaidzik V, Déhner K. Prognostic implications of gene mutations in acute myeloid
leukemia with normal cytogenetics. Semin Oncol. 2008;35:346-355.

6. Kottaridis PD, Gale RE, Langabeer SE, Frew ME, Bowen DT, Linch DC. Studies
of FLT3 mutations in paired presentations and relapse samples from patients with
acute myeloid leukemia: implications for the role of FLT3 mutations in leukemogen-
esis, minimal residual discase detection, and possible therapy with FLT3 inhibitors.
Blood. 2002;100:2393-2398.

7. Barjesteh van Waalwijk van Doorn-Khosrovani S, Erpelinck C, van Putten WL, et
al. High EVI1 expression predicts poor survival in acute myeloid leukemia: a study of
319 de novo AML patients. Blood. 2003;101:837-845.

8. Cilloni D, Messa F, Arruga E et al. Early prediction of treatment outcome in
acute myeloid leukemia by measurement of WT1 transcript level in peripheral blood
samples collected after chemotherapy. Haematologica. 2008;93:921-924.

9. Ommen HB, Nyvold CG, Braendstrup K, et al. Relapse prediction in acute
myeloid leukemia patients in complete remission using WT1 as a molecular marker:
development of a mathematical model to predict time from molecular to clinical
relapse and define optimal sampling intervals. Br ] Haematol. 2008;141:782-791.

10. Frohling S, Schlenk RE Stolze 1, et al. CEBPA mutations in younger adults with
acute myeloid leukemia and normal cytogenetics: prognostic relevance and analysis of
cooperating mutations. / Clin Oncol. 2004;22;624-633.

11. Verhaak RGW, Goudswaard CS, van Putten W, et al. Mutations in nucleophosmin
(NPM1) in acute myeloid leukemia (AML): association with other gene abnormalities
and previously established gene expression signatures and their favorable prognostic
significance. Blood. 2005;106:3747-3754.

12. Moore JO, George SL, Dodge RK, et al. Sequential multiagent chemotherapy is
not superior to high-dose cytarabine alone as postremission intensification therapy for
acute myeloid leukemia in adults under 60 years of age: Cancer and Leukemia Group
B study 9222. Blood. 2005;105:3420-3427.

13. Rowe JM, Neuberg D, Friedenberg W, et al, and Eastern Cooperative Oncology.
A phase 3 study of three induction regimens and of priming with GM-CSF in older
adults with acute myeloid leukemia: a trial by the Eastern Cooperative Oncology
Group. Blood. 2004;103:479-485.

14. Bradstock KF, Matthews JP, Lowenthal RM, et al, and Australasian Leukaemia
and Lymphoma Group. A randomized trial of high-versus conventional-dose cytara-
bine in consolidation for adult de novo acute myeloid leukemia in first remission after
induction therapy containing high-dose cytarabine. Blood. 2005;105:481-488.

15. Kolitz JE, George SL, Dodge RK, et al; Cancer and Leukemia Group B. Dose
escalation studies of cytarabine, daunorubicin, and etoposide with and without mul-
tidrug resistance modulation with PSC-833 in untreated adults with acute myeloid
leukemia younger than 60 years: final induction results of Cancer and Leukemia
Group B Study 9621. ] Clin Oncol. 2004;22:4290-4301.

16. Miyawaki S, Tanimoto M, Kobayashi T, et al. No beneficial effect from addition
of etoposide to daunorubicin, cytarabine, and 6-mercaptopurine in individualized
induction therapy of adult acute myeloid leukemia: the JALSG-AMLI2 study. Japan
Adult Leukemia Study Group. Int ] Hematol. 1999;70;97-104.

17. Anderson JE, Kopecky KJ, Willman CL, et al. Outcome after induction
chemotherapy for older adults with acute myeloid leukemia is not improved with
mitoxantrone and etoposide compared to cytarabine and daunorubicin: a Southwest
Oncology Group study. Blood. 2002;100:3869-3876.

18. Baron E, Storb R. Hematopoietic cell transplantation after reduced-intensity con-
ditioning for older adults with acute myeloid leukemia in complete remission. Curr
Opin Hematol. 2007;14:145-151.

19. Tallman MS, Andersen JW, Schiffer CA, et al. All-trans retinoic acid in acute
promyelocytic leukemia: long-term outcome and prognostic factor analysis from the
North American Intergroup protocol. Blood. 2002;100:4298-4308.

20. Tallman MS. Treatment of relapse or refractory acute promyelocytic leukemia.
Best Pract Res Clin Haematol. 2007;20:57-65.

21. AdesL, Chevret S, Raffoux E, et al, and European Acute Promyelocytic Leukemia
Group. Is cytarabine useful in the treatment of acute promyelocytic leukemia? Results
of a randomized trial from the European Acute Promyelocytic Leukemia Group. /
Clin Oncol. 2006;24:5703-5710.

22. Mylotarg (gemtuzumab ozogamicin for Injection) packaging label. Available
online at: http://www.fda.gov/cder/foi/label/2000/21174lbl.pdf. Accessed October
3,2008.

23. Larson RA, Sievers EL, Stadtmauer EA, et al. Final report of the efficacy and
safety of gemtuzumab ozogamicin (Mylotarg) in patients with CD33-positive acute
myeloid leukemia in first recurrence. Cancer. 2005;104:1442-1452.

24. Cortes J. Farnesyltransferase inhibitors in acute myeloid leukemia and myelodys-
plastic syndromes. Clin Lymphoma. 2003;4 Suppl 1:530-S35.

25. Kell WJ, Burnett AK, Chopra R, et al. A feasability study of simultaneous
administration of gemtuzumab ozogamicin with intensive chemotherapy in induc-
tion and consolidation in younger patients with acute myeloid leukemia. Blood.
2003;102:4277-4283.

26. Burnett AK, Kell WJ, Goldstone AH, et al. The addition of gemtuzumab ozo-
gamicin to induction chemotherapy for AML improves disease free survival without
extra toxicity: preliminary analysis of 1115 patients in the MRC AMLI15 trial. Blood
(ASH Annual Meeting Abstracts). 2006;108: Abstract 13.

27. Knapper S, Mills KI, Gilkes AF, Austin SJ, Walsh V, Burnett AK. The effects
of lestaurtinib (CEP701) and PKC412 on primary AML blasts: the induction of
cytotoxicity varies with dependence on FLT3 signaling in both FLT3-mutated and
wild-type cases. Blood. 2006;108:3494-3503.

28. Stone RM, DeAngelo DJ, Klimek V, et al. Patients with acute myeloid leukemia
and an activating mutation in FLT3 respond to a small-molecule FLT3 tyrosine kinase
inhibitor, PKC412. Blood. 2005;105:54-60.

29. Knapper S, Burnett AK, Littlewood T, et al. A phase 2 trial of the FLT3 inhibitor
lestaurtinib (CEP701) as first-line treatment for older patients with acute myeloid leu-
kemia not considered fit for intensive chemotherapy. Blood. 2006;108:3262-3270.

Clinical Advances in Hematology & Oncology Volume 6, Issue 11, Supplement 18 November 2008 5



30. Neubauer A, Maharry K, Marcucci G, et al. Patients with acute myeloid leukemia
and mutant RAS benefit from high-dose cytarabine intensification: a Cancer and Leu-
kemia Group B (CALGB) study. / Clin Oncol. ASCO Annual Meeting Proceedings.
2005;23(16S):6514.

31. Erba HP, Kopecky KJ, Kirschbaum MH, et al. Phase II studies of different
schedules and doses of farnesyl transferase inhibitor tipifarnib (R115777, Zarnestra,
NSC-702818) for patients of age 70 or older with previously untreated acute myeloid
leukemia: a North American Intergroup Study (S0432). Blood (ASH Annual Meeting
Abstracts). 2007;110:440.

32. Kline JP, Larson RA. Clofarabine in the treatment of acute myeloid leukaemia
and acute lymphoblastic leukaemia: a review. Expert Opin Pharmacother. 2005;6:
2711-2718.

33. Andersson BS, Beran M, Bakic M, Silberman LE, Newman RA, Zwelling LA. In
vitro toxicity and DNA cleaving capacity of benzisoquinolinedione (nafidimide; NSC
308847) in human leukemia. Cancer Res. 1987;47;1040-1044.

34. Erba HP, Rizzieri DA, O’Donnell MR, et al. Amonafide and ara-C treatment
for secondary acute myeloid leukemia (sSAML). J Clin Oncol. ASCO Annual Meeting
Proceedings Part 1. 2007;(185):7065.

35. Hassane DC, Guzman ML, Corbett C, et al. Discovery of agents that eradicate
leukemia stem cells using an in silico screen of public gene expression data. Blood.

2008;111:5654-5662.

New Agents for the Treatment of AML:

Recent Study Findings

Steven D. Gore, MD

Although there are not a large number of highly effective
new drugs, a few noteworthy new treatments are emerg-
ing (Table 2). Studies reported at the 2008 American
Society of Clinical Oncology (ASCO) annual meeting and
elsewhere point to important new therapeutic options on
the horizon.

Clofarabine

Clofarabine, a drug that is FDA-approved for the treatment
of acute pediatric leukemia, has recently been evaluated for
the treatment of adult leukemia. In a phase II study pre-
sented at the 2008 ASCO annual meeting, elderly patients
with previously untreated AML experienced an overall
response rate (ORR) of approximately 43%, which includes
a 40% CR rate. Five percent of patients experienced CR
with incomplete platelet recovery.! A response rate of
56% was observed in patients between the ages of 60 and
70 years, and the response rate was 40% among patients
with unfavorable cytogenetics. These are encouraging find-
ings for a single agent in a high-risk group of patients. It
must also be noted, however, that the induction mortality
rate in this study was 10%.

This agent has also been studied in several combination
therapy studies. In a dose-finding phase I study, patients
over age 60 with de novo AML were treated with clofarabine
plus cytarabine.? As it turned out, the maximum tolerated
clofarabine dose in this combination was lower than the
initial dose level, which was excessively toxic. With the safe
dose of clofarabine, 1 of 5 patients experienced a complete
response to the combination. The Eastern Cooperative
Oncology Group (ECOG) will conduct a follow-up study
on this combination.

In a study of clofarabine with or without cytarabine,
the CR rate among patients on the combination arm
was 63%, a very promising outcome among the older

population of patients included in the study. However, the
induction mortality rate was 30%, a rate that may be con-
sidered too high to warrant use of this combination.?

Cloretazine

Another new cytotoxic drug that has been studied recently
for AML is cloretazine, an alkylating agent that is some-
what similar to cyclophosphamide. In a study of elderly
AML patients, clofarabine was associated with a 35%
ORR, with a CR rate of 26%. Among patients with unfa-
vorable cytogenetics, the ORR was 23%.* The induction
mortality rate was 14%.

Based on these findings, a phase III randomized study
evaluated cytarabine with or without cloretazine in AML
patients in first relapse.” The CR rate was 23% among
patients receiving the combination, versus 16% among
patients receiving cytarabine alone. This difference was

Table 2. New Agents Under Evaluation for the Treatment of
Acute Myeloid Leukemia

Agent AML Subgroup

Clofarabine | Currently being evaluated for all AML patients

Cloretazine Currently being evaluated for all AML patients

Lestaurtinib | FLT3-mutated

Midostaurin | FLT3-mutated

Tipifarnib High AR.S—RPI:APTX ratio (low ratio does
not predict lack of response)

Lenalidomide | Currently being evaluated for all AML patients

Decitabine Currently being evaluated for all AML patients

Azacitidine Currently being evaluated for all AML patients
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not statistically significant. However, the ORR (CR plus
CR with incomplete platelet recovery [CRp]), was statisti-
cally significant with 37% versus 19% achieving remission
(P=.004). Unfortunately, the mortality rate was 40% and
9%, respectively, and it is thus difficult to envision this com-
bination as a realistic therapeutic option for relapsed AML,
despite the increased CR rate.

FLT3 Inhibitors (Lestaurtinib and Midostaurin)

Lestaurtinib and midostaurin are FLT3-targeted tyrosine
kinase inhibitors currently being studied in phase II
and III clinical trials for AML. In a phase II study of
single-agent lestaurtinib (ie, CEP701) among previously
untreated older AML patients who were not candidates
for intensive chemotherapy, clinical activity—defined as
transient reductions in bone marrow and peripheral blood
blasts or longer periods of transfusion independence—was
observed among 3 of 5 patients with mutated FLT3 and 4
of 22 evaluable patients whose leukemia possessed wild-
type FLT3.° These findings provided the rationale for the
currently ongoing phase II and III studies, which will be
discussed in the next section.

In a recent study of midostaurin (PKC412), biological
activity was observed in both FLT3-mutated and FLT3-
wild type AML patients.” Among 55 patients with mutated
FLT3, 39 patients experienced a minimum of 50% dec-
rement in peripheral blood blast percentage. Among 60
patients with wild-type FLT3, 23 patients experienced a
similar decrement in peripheral blood blast percentage.
Further studies of this agent are underway. Patients with
FLT3-mutated AML comprise a high-risk subgroup, and
additional data on these agents are eagerly awaited.

Tipifarnib

Several recent studies provide mixed indications about the
potential tipifarnib for AML patients. At the 2007 ASCO
meeting, Delmonte and colleagues reported a 64% CR rate
among 95 patients treated with high-dose cytarabine, ida-
rubicin, and tipifarnib as both induction and consolidation
therapies, followed by maintenance therapy with tipifarnib
alone.® This outcome was not necessarily better than that
seen with cytarabine plus idarubicin alone; however, among
patients with abnormalities in chromosomes 5 and 7—a very
high-risk subset—the CR rate was 70%, which is extremely
high for this population of AML patients.

Yet, Harousseau and colleagues recently reported that
in a study of 457 patients over age 70 (of which 24% were
over 80 years old) treated with tipifarnib versus supportive
care, the median survival was 107 versus 109 days, respec-
tively.” In addition, Erba and colleagues reported data from
an intergroup study of approximately 350 AML patients
over age 70 treated with 4 different schedules of tipifarnib.'

The response rate did not exceed 20% in any of the 4 arms.
Raponi and colleagues conducted a gene expression
analysis to search for factors that might predict response to
tipifarnib among elderly AML patients.! According to their
report, the level of the ratio of ARS-RP1 gene to APTX gene
is predictive for tipifarnib response; patients who reach a
high enough ratio level have a 92% chance of responding
to tipifarnib-based combination therapy. However, it is
important to note that the negative predictive value—the
likelihood of patients with a lower ARS-RP1:APTX ratio
not responding to this treatment approach—was only 28%.
In other words, a high ratio predicts response, but a low
ratio does not conclusively mean that no response is likely.

Lenalidomide

Lenalidomide has also been evaluated in the AML setting.
In one recent study, a group of elderly AML patients who
received a high dose of this agent experienced decreased blast
counts.'? Although no true CRs were observed, the results
indicate that lenalidomide may warrant study as part of a
combination regimen.

DNA Methyltransferase Inhibitors

There is also interest in exploring whether DNA methyl-
transferase inhibitors could be useful in the treatment of
AML. A randomized study of decitabine versus chemo-
therapy as consolidation therapy for intermediate- and
high-risk AML patients in first complete remission found
that decitabine was safe and well tolerated.” In a random-
ized phase II study of decitabine plus vorinostat, a histone
deacetylase inhibitor, 5 of 27 patients responded. In
another related study, Grovdal and colleagues treated 37
AML patients and 23 MDS patients with a median age of
68 years with cytarabine—based induction chemotherapy,
to which 50% achieved a CR." Patients then received
maintenance therapy with the DNA methyltransferase
inhibitor azacitidine. The median duration of response was
13 months, with 30% of patients in remission for more
than 20 months. The results are promising, but a random-
ized study is needed to confirm the findings.

Immunologic-based Therapy

New immunologic-based approaches to treating AML are also
under investigation. Raza and colleagues recently reported the
results of their phase I study of 18 AML patients treated with
lintuzumab, a humanized anti-CD33 antibody, to which 4
patients achieved a CR with acceptable toxicity.'®
Vaccination strategies include that presented by Berne-
man and colleagues at the 2008 ASCO annual meeting."”
As mentioned earlier, WT1 is frequently overexpressed
in AML. Seven AML patients in remission were given
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dendritic cells loaded with RNA coded for WT1, and all
patients developed immune responses to WT'1, with T cells
that recognized WTT1 circulating after vaccine administra-
tion. These data are preliminary but lead to questions about

whether this strategy could be an effective way to prevent
relapse of AML.
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Future Research Directions for the Treatment of AML

Judith Karp, MD

Except in the case of APL, there are still no standards of
care in the treatment of AML; currently available treat-
ment options are not effective enough to be considered
standards (Table 3). In order to further improve outcomes
among these patients, new concepts and clinical trials are
needed, and patients at every phase of the disease need to
be enrolled in clinical trials.

During the last 10 years, investigators and clinicians
have learned a great deal about the extremely heterogeneous
nature of AML. New technologies are enabling us to further
dissect molecular profiles and determine the prognosis asso-
ciated with them. To date, the best example of this approach
is the FLT3 internal tandem duplication (ITD)."? Investiga-
tors are now integrating available data about the nature of

this AML subtype into clinical studies (Table 4).

There are at least 2 noteworthy studies focusing on
AML patients with the FI'T3 mutation. Based on earlier
positive findings,? lestaurtinib (CEP701) is currently being
evaluated in a large study with relapsed patients in this
cytogenetic subgroup. In this study, lestaurtinib is given
immediately after chemotherapy.* Also, a current clinical
trial by Cancer and Leukemia Group B (CALGB) is evaluat-
ing daunorubicin with or without midostaurin, followed by
consolidation and maintenance with midostaurin, a tyrosine
kinase inhibitor; this trial is open only to newly diagnosed
patients with AML with a FLT3-ITD. These 2 studies are
prime examples of the kind of trial that our growing body of
information about molecular targets makes possible.

One important caution, however, is the fact that we
currently do not completely know what a drug can or will
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Table 3. AML: Much Work to Do Table 4. “Targeted” Therapy: Possible Candidates
Factor <55 yr >55 yr Molecular Target Agent
MRD 33% >60% FLT3 ITD CEP-701
Cytogenetics NPM1 mTor inhibitor

Favorable 16% <5% HDAC inhibitor
o .
Unfavorable 33% . ;40 % CEBP mutations ATRA
(55% for age 75+) AML-1 mutations Flavopiridol (?)
CR 64% <40% Methylation (CEPBa, p15) 5-aza (oral?)
DES (median) 21 mo 7 mo Translocations HDAC inhibitor
OS (median) 18 mo 8 mo VEGF Bevacizumab
(3.5 mo for age 75+)
Flavopiridol
Adapted from E Appelbaum, Blood. 2006. MCL-1 overexpression Flavopiridol

AML=acute myeloid leukemia; CR=complete response; DFS=disease-

free survival; MRD=minimal residual disease; OS=overall survival.

do. Investigators often assume that a particular agent will
target a particular molecule or pathway. Sometimes this
assumption proves correct, but other times the agent is
found to work by a completely different mechanism—an
experience that has characterized the FTTs.

An ongoing phase II randomized trial is comparing
2 dose schedules of the FTI tipifarnib plus etoposide,
with both drugs being given orally. A phase I study of this
regimen demonstrated a CR rate of 25% among elderly
AML patients with poor-risk disease.”> More specifically,
the CR rate was as high as 50% for certain dose schedules;
therefore, the phase II trial is evaluating the 2 schedules
that elicited the highest CR rates in the phase I study.
In addition, molecular profiles will be correlated with
outcomes, in order to see if response can be predicted by
cytogenetic subgroups.

Another area of current and future studies for AML is
maintenance therapy. Maintenance therapy has been very
successful in treatment of childhood acute lymphocytic
leukemia and in APL, including high-risk disease.*” How-
ever, by using traditional chemotherapy drugs like low-dose
cytarabine and other agents, maintenance therapy has not
proven very effective for most subtypes of AML.

Interestingly, the study of maintenance therapy war-
rants the evaluating of new drugs in a single-agent fashion.
For patients in whom relapse is likely, remission will prob-
ably last for less than 6 to 12 months. Because we know that
no available treatment options will be curative, such patients
should be given the opportunity for maintenance treatment
with potentially beneficial targeted agents. For example, one
recent study evaluated tipifarnib in patients with poor-prog-
nosis AML who were in remission.® Compared to historical
controls, patients who received tipifarnib experienced a sig-
nificantly longer duration of remission. This effect was seen

AML=acute myeloid leukemia; ATRA=all-trans retinoic acid;
FLT3-ITD=FLT3 internal tandem duplication; HDAC=histone
deacetylase; mMTOR=mammalian target of rapamycin; VEGF=vascular
endothelial growth factor.

predominantly among patients with myelodysplastic-related
leukemias, treatment-related leukemias, and leukemias with
abnormal cytogenetics.

Additionally, ECOG is conducting a study of tipifarnib
versus placebo in the maintenance setting for patients in
second or greater remission. This phase IIT study will test
the principle initially explored in the aforementioned phase
IT trial of adults with poor-risk AML in first remission.®

Along these lines, an ongoing CALGB study is evaluat-
ing decitabine maintenance following standard induction
therapy, followed by risk-adaptive dose intensification based
on chromosomal abnormalities.

DNA methyltransferase is another exciting area of cur-
rent research. One of the underlying principles behind this
approach is that methylation silences genes associated with
the development and/or progression of leukemia. However,
whether reversing methylation could then alter the leuke-
mogenic process remains to be determined.”® A CALGB
study is evaluating the DNA methyltransferase inhibitor
decitabine to better understand the potential role of this
class of agents in the treatment of leukemia.

Another research need is the evaluation of new agents
in first-line regimens. How can these new drugs be incorpo-
rated in a way that optimizes their molecular targeting abili-
ties? Studies need to evaluate these agents in the minimial
residual disease setting, the consolidation setting, and the
induction setting. Single-agent maintenance therapy studies
should also be considered.

Following the examples set by the FLT3 studies dis-
cussed above are other cytogenetic subgroups on which we
can focus. Studies have found that all-trans retinoic acid
(ATRA) may have a particularly important role among
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leukemias with the CEBP-alpha mutation.!! The cyclin-
dependent kinase inhibitor flavopiridol has heightened
activity in leukemias driven by vascular endothelial growth
factor or that overexpress the antiapoptotic molecule MCL-
1.'? Patients with NPM1 mutations may be explicitly sensi-
tive to mammalian target of rapamycin (mTOR) or histone
deacetylase inhibitors.!*!4

Examining these agents specifically among these patient
subgroups will likely prove an effective way to increase the
therapeutic armamentarium available for the treatment of
AML. These targeted therapies will be most effective among
patients with minimal residual disease. Therefore, intensive
chemotherapy followed by a more specific targeted drug
may be the optimal approach.

The ECOG is initiating a randomized phase II clinical
trial to evaluate 3 promising regimens in primary refrac-
tory and relapsed AML. The first regimen is flavopiridol
followed by cytarabine plus mitoxantrone, which has pro-
duced encouraging first-line results among patients with
poor-risk leukemia.'? The second regimen combines topo-
tecan, a topoisomerase-1 inhibitor, with carboplatin—an
approach pioneered by Dr. Scott Kaufmann of the Mayo
Clinic.”” The third regimen, based on work by Dr. Martin
Carroll of the University of Pennsylvania, adds the mTOR
inhibitor sirolimus to the MEC regimen (mitoxantrone,
etoposide, cytarabine).'¢

One of the intriguing features of this study is its incor-
poration of the “adaptive randomization” design. In this
approach, if one regimen is found to be producing much
worse outcomes than the others, that arm can be closed and
the patients can be switched to another regimen.

In summary, there is much exploring to do in order to
determine the optimal treatment approaches for the vari-
ous subtypes of AML. The notion that molecular profiling
will enable us to determine not only the prognosis but also
the appropriate therapy is clearly going to be the guiding
principle for both clinical trials and, increasingly, decision-
making in the clinic. However, leukemia does not develop
and progress on account of a single lesion—neither will

treatment by attacking single lesions lead to improvement.
Future therapeutic advances will most likely depend on tar-
geting several molecules and pathways.

References

1. Gilliland DG, Griffin JD. The roles of FLT3 in hematoopoiesis and leukemia.
Blood. 2002;100:1532-1534.

2. Levis M, Small D. FLT3 tyrosine kinase inhibitors. fnz J Hematol. 2005;82:
100-107.

3. Smith BD, Levis M, Beran M, et al. Single-agent CEP-701, a novel FLT3 inhibi-
tor, shows biologic and clinical activity in patients with relapsed or refractory acute
myeloid leukemia. Blood. 2004;103:3669-3676.

4. Levis M, Pham R, Smith BD, Small D. In vitro studies of a FLT3 inhibitor
combined with chemotherapy: sequence of administration is important to achieve
synergistic cytotoxic effects. Blood. 2004;104:1145-1150.

5. Karp JE, Lancet JE. Development of farnesyltransferase inhibitors for clinical can-
cer therapy: focus on hematologic malignancies. Cancer Invest. 2007;25:484-494.

6. Tallman MS, Nabhan C, Feusner FH, Rowe JM. Acute promyelocytic leukemia:
evolving therapeutic strategies. Blood. 2002;99:759-767.

7. Fenaux P, Chastang C, Chevret S, et al. A randomized comparison of all transreti-
noic acid (ATRA) followed by chemotherapy and ATRA plus chemotherapy and the
role of maintenance therapy in newly diagnosed acute promyelocytic leukemia. The
European APL group. Blood. 1999;94:1192-1200.

8. Karp JE, Smith BD, Gojo I, et al. Phase II of the oral farnesyltransferase inhibitor
tipifarnib (R115777, Zarnestra) as maintenance therapy in the first complete remis-
sion in adults with acute myelogenous leukemia and poor risk features. Clin Cancer
Res. 2008;14:3077-3084.

9. Jones PA, Baylin SB. The epigenomics of cancer. Cell. 2007;128:683-692.

10. Gore SD, Baylin S, Sugar E, et al. Combined DNA methyltransferase and
histone deacetylase inhibition in the treatment of myeloid neoplasms. Cancer Res.
2006;66:6361-6369.

11. Walkley CR, Purton LE, Snelling HJ, et al. Identification of the molecular
requirements for an RARa-mediated cell cycle arrest during granulocyte differentia-
tion. Blood. 2004;103:1286-1295.

12. Karp JE, Smith BD, Levis MJ, et al. Sequential flavopiridol, cytosine arabinoside,
and mitoxantrone: a phase II trial in adults with poor risk acute myelogenous leuke-
mia. Clin Cancer Res. 2005;11:8403-8412.

13. Sandsmark DK, Zhang H, Hegedus B, Pelletier CL, Weber JD, Gutmann DH.
Nucleophosmin mediates mammalian target of rapamycin-dependent actin cytoskel-
eton dynamics and proliferation in neurofibromin-deficient astrocytes. Cancer Res.
2007;67:4790-4799.

14. Swaminathan V, Kishore AH, Febitha KK, Kundu TK. Human histone chap-
erone nucleophosmin enhances acetylation-dependent chromatin transcription. Mol
Cell Biol. 2005;25:7534-7545.

15. Kaufmann SH, Karp JE, Letendre L, et al. Phase I and pharmacological study of
infusional topotecah and carboplatin in relapsed and refractory acute leukemia. Clin
Cancer Res. 2005;18:6641-6649.

16. Xu G, Thompson JE, Carroll M. mTOR regulates cell survival after etoposide
treatment in primary AML cells. Blood. 2005;106:4261-4268.

10 Clinical Advances in Hematology & Oncology Volume 6, Issue 11, Supplement 18 November 2008



. AML patients with both a t(8;21) mutation and a c-KIT

mutation have a prognosis that is:

a. favorable

b. unfavorable

c. intermediate

d. the prognosis associated with this combination has not been
determined.

. For AML patients with a normal karyotype, which of

the following molecular markers confer a favorable
prognosis?

a. WT1

b. FLT3

c. NPM1

d. EVI1

. CEP701 and PKC412, FLT3 inhibitors currently being

studied for the treatment of AML, may target which of
the following?

a. FLT3

b. cKIT

c. Vascular endothelial growth factor
d

e

. Platelet-derived growth factor
. All of the above

. In a phase lll randomized study of cytarabine with or

without cloretazine in AML patients in first relapse,
the CR rate among patients receiving the combination
regimen was:

a. 13%
b. 62%
c. 23%
d. 70%

. In a study of cytarabine, idarubicin, and tipifarnib

reported by Delmonte and colleagues, the CR rate
was extremely high for patients of which cytogenetic
subgroup?

a. Mutated c-KIT

b. t(8;21) mutations

c. Mutated FLT3

d. Abnormalities in chromosomes 5 and 7

AML: Current and Emerging Treatment Approaches

CME Post-Test: Circle the correct answer for each question below.

6. According to a study by Raponi and colleagues, a high
ratio of ARS-RP1 to APTX is predictive for tipifarnib
response, and a low ratio:

a. is predictive for no response

b. is not predictive for no response

c. was not observed among the patients included in the study
d. does not appear to exist among elderly patients with AML

7. In a randomized study of decitabine plus vorinostat for
AML, how many of the 27 patients responded?

a. 5

b. 24

c. 'There were no responses.

d. These agents have not been studied as combination therapy
for AML.

8. In an ongoing clinical trial of the FLT3 inhibitor
lestaurtinib, this agent is given to relapsed patients
with mutated FLT3:

a. In combination with induction chemotherapy

b. Immediately after chemotherapy

c. After a reduced-intensity conditioning transplantation
d. In combination with gemtuzumab

9. ECOG is currently conducting a clinical trial of
tipifarnib versus placebo for what population of
AML patients?

a. Those with mutated ¢-KIT

b. Previously untreated

c. Those in first remission

d. Those in second or greater remission

10. According to recent reports, patients with NPM1
mutations may be explicitly sensitive to:

a. mTOR inhibitors

b. Histone deacetylase inhibitors
c. Bothaandb

d. Farnesyltransferase inhibitors

Project ID: 5471



Evaluation Form: AML: Current and Emerging Treatment Approaches

To assist us in evaluating the effectiveness of this activity and to make recommendations for future educational offerings,
please take a few minutes to complete this evaluation form. You must complete this evaluation form to receive
acknowledgment for completing this activity.

Please answer the following questions by circling the appropriate rating:
1 = Strongly Disagree 2 = Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree

Extent to Which Program Activities Met the Identified Objectives
After completing this activity, I am now better able to:
1. Describe the importance of existing and emerging agents in the natural history of AML 1

2. Review results of clinical trials evaluating new treatment options in AML 1
3. Identify future research directions for the treatment of AML 1

NS NS ]
[SSERSRRON)

Overall Effectiveness of the Activity

The content presented:

Was timely and will influence how I practice
Enhanced my current knowledge base

Addressed my most pressing questions

Provided new ideas or information I expect to use
Addressed competencies identified by my specialty
Avoided commercial bias or influence

_— = = = =
NN NN NN
W W W W W W

Impact of the Activity
Name one thing you intend to change in your practice as a result of completing this activity.
Please list any topics you would like to see addressed in future educational activities.

Additional comments about this activity.

Follow-up

L N N N NN

IS
VARV IRV

(Y, RV, BV, BV, BV, BV, |

As part of our continuous quality improvement effort, we conduct postactivity follow-up surveys to assess the impact of our educational

interventions on professional practice. Please indicate if you would be willing to participate in such a survey:

Yes, I would be interested in participating in a follow-up survey. No, I'm not interested in participating in a follow-up survey.

If you wish to receive acknowledgment for completing for this activity, please complete the post-test by selecting the best answer to each

question, complete this evaluation verification of participation, and fax to: (303) 790-4876.

Post-test Answer Key

1 2 3 4 5 6 7 8 9 10

Request for Credit

Name Degree
Organization Specialty
Address

City, State, Zip

Telephone Fax E-mail

Signature Date

I certify my actual time spent to complete this educational activity to be:

For Physicians Only: ‘_\I
‘ PIM

I participated in the entire activity and claim 1.0 credits.
I participated in only part of the activity and claim credits.

Postgraduate Institute
for Medicine

Project ID: 5471



