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Incorporating Novel Treatment Strategies

Into Conventional Therapy

Elihu H. Estey, MD

Conventional Treatment for Adult AML

The combination of an anthracycline and cytarabine (ara-C)
has been considered standard therapy for the induction of
remission of adult AML for nearly 4 decades.! This combina-
tion, referred to as the ‘3+7 regimen’, consists of an anthracy-
cline (eg, idarubicin or daunorubicin) administered daily for
3 days, followed by 7 days of a continual cytarabine infusion
(100-200 mg/m?).2

The patients bone marrow is assessed approximately
2-3 weeks after receiving treatment. In the event that the mar-
row continues to show blasts, the patient typically receives a
second course of the same drugs, generally given at a reduced
dosage (ie, 2+5 regimen). Conversely, if the bone marrow is
hypoplastic, a second course of therapy is delayed until evi-
dence of AML disease reemergence.

Little change in AML patient survival has been reported
over the past several decades. However, there are 3 patient
subgroups which are notable exceptions to this—all in
younger patients (<60 years) with specific subtypes of AML.
The first of these groups consists of patients with acute pro-
myelocyticleukemia (APL), whose rates of complete response
(CR) improved to 90%, and cure rates have approached
85% with the addition of new treatments including all-trans
retinoic acid (ATRA) and arsenic trioxide.*® The unique
sensitivity of APL to ATRA differentiates it from other sub-
types of AML, and due to its high cure rate, APL is often
now not included as an AML subtype. The second group of
patients experiencing significant improvements in survival
includes those with core binding factor (CBF) AML. CBF
AML is characterized by cytogenetic abnormalities that
result in the disruption of genes that encode subunits of
the CBE a transcription factor important for the normal
regulation of hematopoiesis.” These abnormalities include
translocation t(8;21)(q22;q22) or inversion of chromosome
16 [inv(16)(p13q22)/t(16;16)(p13;q22)], and are associ-
ated with a more favorable prognosis. CBF AML displays a
particular sensitivity to high-dose cytarabine (1-3 g/m? per
dose), which induces a CR in more than 90% of patients."
The monoclonal antibody gemtuzumab ozogamicin has
also contributed to the improved patient survival in CBF

AML patients. The third group of patients who have expe-
rienced significant improvements in survival are those with
an abnormal karyotype. Although these patients respond to
high-dose cytarabine, they do not do so to the same extent
as do CBF AML patients, and therefore do not achieve as
great a survival advantage as CBF AML patients.

In general, prognostic factors reveal more about what
therapies a patient should not receive as opposed to which
ones they should." Unfortunately, most patients still receive
the standard 3+7 regimen, despite the fact that many patients
will not respond well to therapy. Historically, the principal
predictor of patient response to therapy was whether the
patient had primary or secondary AML. Cytogenetics have
also frequently been used as a prognostic factor, although in
the past 5-10 years, there has been a greater push for more
molecularly-based markers such as the FMS-like tyrosine
kinase 3 (FLT-3). Indeed, incorporating these molecular
markers when categorizing patients reveals much more prog-
nostic information than cytogenetics alone.'? Age behaves
as a continuous variable in AML patients. For example,
there is more of a prognostic difference between 2 older
patients ages 61 and 68 years than between a patient who
is 58 and one who is 61 years. Other factors can modify
the effect of age, and a patient between 60-69 years with
a performance score (PS) lower than 2 and normal cyto-
genetics has a better prognosis compared with a patient
between 50-59 years with a PS of 2 and poor cytogenet-
ics. However, despite the fact that age is the most simple
and common division when categorizing AML patients,
the most important factor for predicting treatment-related
death is performance status.'

Determining the Efficacy of Emerging Therapies

Novel agents for AML are generally reserved for use in patients
who are either older or have experienced a disease relapse.
Many agents have been investigated in the clinical setting in
these patient populations, including clofarabine, cloretazine,
decitabine, and azacitidine. Overall, these agents are associ-
ated with a lower rate of early death (within 30 days). This
decreased rate of early death is likely due to reduced organ
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Table 1. Early Death Versus Resistance as Cause of Failure

With 3+7 Regimen

Age 56-65 66-75 >75
Patients, N 246 274 80
CR 46% 39% 33%
Early death 11% 20% 31%
Resistance 43% 41% 36%

Data adapted from Appelbaum et al. Blood. 2006;107:3481-3485.

CR=complete response

toxicity, such as that in the gut or the lung. Like conventional
chemotherapy, these drugs result in significant myelosuppres-
sion; however, unlike patients who experience organ failure,
many patients with myelosuppression can go on to live for
several months. This is in contrast to the typical 3+7 chemo-
therapeutic regimen, which can result in early death, most
often due to organ failure in addition to myelosuppression.
However, a retrospective analysis of 968 adults with
AML from 5 SWOG trials demonstrated that the real
issue in the treatment of older AML patients receiving a
standard 3+7 regimen is not early death, but resistance.'
In this study, although patients aged 66-75 years achieved
a 39% rate of CR, they experienced a 41% rate of therapy
resistance compared with only a 20% rate of early death.
Similarly, patients who were 75 years or older achieved a
33% rate of CR, had a 31% rate of early death, and a 36%
rate of resistance (Table 1). These data suggest that the major
problem with a standard 3+7 regimen is not toxicity result-
ing in early death, but a lack of response. Therefore, the real
question to be determined with novel agents is not if these
agents can reduce the risk of early death—although many
can—but if the therapy can be more effective than conven-
tional treatment. Unfortunately, this is a major problem in
the investigation of emerging therapies for AML. Currently,
there is little evidence to show whether they are indeed more
effective than standard therapy. In addition, it is important
to consider that even if an agent might increase a patients
overall survival (OS) by 6 months, it may still be more ben-
eficial for that patient to instead enroll in a clinical trial.
One recently published phase III study compared
azacitidine with conventional care in patients with high-
risk myelodysplastic syndrome (MDS), although when the
patients were reviewed, it was found that 32% were found
to have AML." These patients were randomized to receive
either azacitidine or conventional care regimens, consisting
of a 3+7 intensive chemotherapy regimen, low-dose cytara-
bine, or best supportive care. Azacitidine improved median
OS compared with conventional care (24.5 vs 15.0 months,

hazard ratio [HR] 0.58, P=.0001), as well as the 2-year OS
(50.8% vs 26.2%, P<.0001).

It is important to note that the primary mechanism of
action of many of these novel agents in AML has not yet
been established. For example, even if decitabine is known
to be a hypomethylating agent, it is not known for sure if its
activity in AML is due to this specific activity, or the result
of another effect.

Combination Strategies for AML Patients

It is generally accepted that future treatment strategies for
AML patients lie in effective combination regimens. There-
fore, instead of evaluating if a novel agent is more effective
than a standard 3+7 regimen, the real question is: can that
novel agent be improved upon itself?

This question was recently investigated in a random-
ized trial comparing clofarabine versus clofarabine plus
low-dose cytarabine as frontline therapy for older AML
patients.'® A significantly higher CR rate was observed with
the combination versus the single-agent therapy (63% vs
31%, P=.025). Although event-free survival (EFS) was
also significantly improved with the combination therapy
(7.1 vs 1.7 months, P=.04), the improvement in OS was
not determined to be of statistical significance (11.4 vs 5.8
months, P=NS) (Figure 1).

A pilot combination study evaluated azacitidine plus
gemtuzumab ozogamicin, finding this combination safe
and effective in elderly AML patients.”” A CR was achieved
in 55% of patients, and the median OS was 10 months.
Notably, this was a higher CR than achieved with gemtu-
zumab ozogamicin alone (22%) or azacitidine alone (18%)
in similar patient populations.'®"

Other combination strategies include combining the
hypomethylating agent decitabine with valproic acid (VPA),
although a phase I study showed a higher risk of encepha-
lopathy associated with this combination.?* Vorinostat,
a histone deacetylase (HDAC) inhibitor, is also under
investigation in combination with gemtuzumab ozogami-
cin, either with or with azacitidine. These and many other
combination strategies are currently being evaluated in
AML patients.

An important point to make regarding the investiga-
tion of novel and combination therapies is that the phase
III trial is becoming no longer useful in the setting of
AML. Phase III trials take too long to complete and are
largely limited by 2 treatment arms—an investigational
and a conventional (control) treatment. In addition, due
to the very small differences or improvements which are
generally observed, a large number of patients are needed
to complete the trial in order to determine statistical sig-
nificance. With advancements in cytogenetics and genetic
mutations in AML, it has also become increasingly clear
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Figure 1. Survival and event-free survival rates: clofarabine versus clofarabine plus low-dose cytarabine.

Data adapted from Faderl et al. Blood. 2008;112:1638-1645.

LDAC-=low-dose cytarabine

that it is unreasonable to think that all of the patients
recruited to these trials are inherently similar, and thus
should not be treated as such. When determining efficacy
or activity, it is important to consider that often, ‘improve-
ments’ observed within these trials are largely insignificant
to the patient (ie, an improvement in survival of at most
6 months). These trials are powered in such a way that there
is greater concern for false positives than false negatives.
While the issue of a false positive is important when the
standard therapy is already very good, this is not the case
in AML. Therefore, to improve these trials, it is necessary
to aim for larger improvements in response, using a lower
statistically significant threshold (ie, P=.10). Consequently,
these changes would allow for smaller, quicker phase III
AML trials, and permit more therapies to be investigated
in this setting.
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Clinical Trials in Adult AML

Wendy Stock, MD

Incorporating a Targeted Agent into
Frontline Therapy

Recent insights into the molecular pathogenesis of AML
have suggested that this disease may be effectively treated
with targeted therapies. Several clinical trials are now
exploring the addition of a targeted agent to frontline
therapy for AML.

One of the largest and most international clinical
trials currently ongoing in AML is the Cancer and Leuke-
mia Group B (CALGB) 10603 study.' This is a phase III
randomized, double-blind study evaluating the addition
of the protein kinase inhibitor midostaurin (PKC412) to
standard induction and consolidation treatment. Although
midostaurin targets multiple protein kinases, it potently
inhibits FLT-3, a tyrosine kinase mutated in neatly one-
third of patients with AML.>? Because these patients gener-
ally have a poor outcome with current standard approaches,
there is much interest in determining if targeting FLT-3
early in therapy could impact the natural history of AML.
Preclinical studies have demonstrated that midostaurin is
active in AML cell lines with mutated FLT-3.%° In CALGB
10603, adult patients (<60 years old) with newly diagnosed
AML and a confirmed FLT-3 mutation are randomized to
2 arms, receiving either midostaurin or placebo in addition
to standard therapy. Remission induction therapy is com-
prised of the 3+7 regimen daunorubicin (days 1-3) plus
continuous cytarabine (days 1-7), and either midostaurin or
placebo (days 8-21). At at least 4 weeks following induction
therapy, those patients with a CR continue on to receive
consolidation therapy comprised of high-dose cytarabine
(days 1, 3, and 5 every 12 hours) plus midostaurin (days
8-21, twice daily). Consolidation therapy then continues
for up to 4 cycles, every 4 weeks. At at least 2 weeks fol-
lowing consolidation therapy, patients remaining with a
CR receive up to 12 months of maintenance therapy which
is comprised of either midostaurin or placebo twice daily.
Since there are some data suggesting that patients with
FL'T-3 mutations may benefit from an allogeneic stem cell
transplant in first remission, patients and investigators may
choose this approach and they would then continue to be
followed for survival. Interim results of this trial have not
yet been reported since the study is still in the first year
of accrual.

As described in Dr. Estey’s previous section, CBF AML
is characterized by translocation [t(8;21)(q22;q22)] or
inversion [inv(16)(p13q22)/t(16;16)(p13;q22)] cytoge-
netic abnormalities that result in the disruption of genes
encoding subunits of the CBE® Patients with CBF AML
have a relatively favorable prognosis due to their sensitivity
to high-dose cytarabine as frontline consolidation ther-
apy.” However, despite these favorable cytogenetics, many
patients experience a disease relapse; the cure rate among
patients with CBF AML is only 50-60%.5'° Secondary
mutations have been identified in a number of patients
with CBF AML." Mutations in the receptor tyrosine kinase
c-Kit have been identified in 12-47% of patients with
t(8;21) and 22-38% of patients with inv(16)/t(16;16),
and have been associated with an increased rate of relapse
among patients with CBF AML."? In one study, mutations
in ¢-Kit were significantly associated with a shorter EFS
and relapse-free survival (RFS)." Another report showed
a significantly higher incidence of relapse at 24 months
among CBF AML patients with ¢-Kit mutations com-
pared with those without the mutation (90% vs 35.3%,
P=.002)." Importantly, this same study also showed that
CBF AML patients with mutated c-Kit had a significantly
lower OS (25% vs 76.6%, P=.006). Recently, 2 larger stud-
ies confirmed that c-Kit mutations were associated with a
higher risk of relapse among CBF AML patients.'>'® This
has provided rationale for targeting c-Kit in these patients
with the tyrosine kinase inhibitor dasatinib. An upcoming
open label phase I/II clinical trial will evaluate the addi-
tion of dasatinib to standard induction, consolidation, and
maintenance cycles in patients with CBF AML." This trial
is expected to begin in the next few months.

Treatment of Elderly AML Patients

One of the greatest challenges in AML therapy today lies in
the treatment of older adults with AML. These patients are
typically defined in the AML literature as patients 60 years
or older. Generally, older AML patients achieve lower rates
of CR and RFS compared with their younger counterparts—
an effect which seems to worsen with increasing age.'® For
example, the Medical Research Council (MRC) 8th AML
trial comparing the same therapy in younger and older AML
patients reported a 70% CR in patients 50 years of age or
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younger, compared with a CR rate of 52% for patients
60—69 years of age, and 26% for patients over 70 years of
age.”” A similar trend was noted in the CALGB 8525 study,
which also demonstrated a higher CR rate (73% vs 47%)
and 4-year disease-free survival (DFS) rate (31% vs 14%)
among younger (<60 years) patients versus older patients
(260 years), respectively.” More recently, a retrospective
analysis of 5 SWOG trials reported that older AML patients
were more likely to present with poor performance status
and lower white blood cell counts.?! Furthermore, this same
analysis showed that compared with patients younger than
56 years of age, those who where older than 75 years had
a higher incidence of multidrug resistance (33% vs 57%)
and unfavorable cytogenetics (35% vs 51%). The CR rate,
determined to be less than 50% among patients older than
55 years, was shown to decrease with advancing age. These
poor performance characteristics among older AML patients
are likely attributed to numerous biologic factors, such as a
higher likelihood of progressing to MDS, an increased cel-
lular resistance to chemotherapy, and a higher frequency of
karyotypes associated with a poor prognosis.?> Additionally,
features which naturally occur more frequently among the
elderly, such as comorbidities and impaired organ function,
may further contribute to a reduced response and survival.

A standard 3+7 chemotherapy regimen has been used
to treat older AML patients since a 1989 study showed
it to be an effective therapy in this patient population.??
However, the use of high-dose cytarabine consolidation
therapy is more controversial among elderly patients, which
was found to result in an inferior response in the CALGB
8252 trial, likely due to poor tolerance of the regimen.”
Therefore, older adults with AML may be the ideal group of
patients for clinical trials testing novel and emerging treat-
ment strategies.

One possibility for this high risk subset is testing the
feasibility and efficacy of reduced intensity conditioning
regimens with allogeneic SCT as frontline therapy.”? Recent
data demonstrate that these regimens are now being used
with increasing ease in older AML patients with a reasonable
performance status. For example, in a phase II trial of 19
older adults with AML (median age, 64 years) who received
a reduced intensity conditioning regimen prior to allogeneic
SCT, a 68% rate of 1-year survival was reported.? In this
trial, the reduced intensity conditioning regimen consisted
of fludarabine, melphalan, and carmustine. A separate retro-
spective study also suggested that a reduced intensity condi-
tioning regimen was as effective as the more myeloablative
strategies typically used.”

Targeted agents are another treatment option being
explored in older adults with AML. One of these is the pro-
teasome inhibitor bortezomib. Bortezomib inhibits cell pro-
liferation and induces cell death by inhibiting protein turn-
over. Bortezomib was evaluated in older adults with AML

in a phase I dose-escalation trial, in which it was combined
with idarubicin and cytarabine (administered in a typical
3+7 regimen) as frontline therapy.?® Of the 31 patients eval-
uated in this trial, 9 had relapsed AML. Overall, a 61% rate
of CR was achieved, with an additional 3 patients achieving
a CR with incomplete platelet recovery. Although all doses
used in this study were found to be tolerable, a dose of
1.5 mg/m?* was selected for future phase II trials of bortezo-
mib in this setting. Based on these promising results, a phase
IT CALGB trial has been initiated to continue to evaluate
bortezomib in this patient population.”” In this single-arm
trial, older patients (60—75 years) will receive bortezomib in
addition to daunorubicin plus cytarabine as frontline induc-
tion therapy. The primary study outcome will be the rate of
remission induced by this therapy.

Several other therapeutic agents have also been investi-
gated for a potential role in the treatment of elderly AML
patients. One of these, clofarabine, is a purine analog that
induces cell death through inhibition of DNA synthesis.
BIOV-121, a phase II study of clofarabine as frontline
monotherapy, demonstrated it to be active in AML patients
65 years of age or older, producing a 44% overall response
rate (CR and incomplete CR [CRi])*® At the American
Society of Hematology (ASH) 2008 annual meeting, single-
agent clofarabine was also evaluated as frontline therapy
in the CLO24300606/CLASSIC 1I study, a prospective
single-arm phase II trial of AML patients 60 years of age or
older.?” Notably, these patients exhibited poor performance
status and an unfavorable blast karyotype. A 38% rate of
CR was reported in this study, and although a number
of patients experienced hepatotoxicity and hematologic
toxicities, only 6.2% of patients discontinued therapy due
to adverse events. Another agent, the nucleoside analog
decitabine, was also evaluated as frontline therapy for
older adults with AML in a phase II trial presented at ASH
2008. An overall response of 25% was experienced, and

complete remissions were reported in all patient subsets.*
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Molecular Characteristics Driving Therapy in AML

Jerald P. Radich, MD

The CALGB 8461 study prospectively analyzed 1,213
adult patients with newly diagnosed AML to determine
the effect of certain cytogenetic abnormalities on patient
prognosis, including the rate of CR, cumulative incidence
of relapse (CIR), and OS.! All patients received similar
treatment consisting of a 3+7 induction regimen, followed
by chemotherapy-based consolidation treatment with or
without maintenance therapy. Using patient pretreatment
karyotypes, the CALGB 8461 study developed a new
schema to risk prioritize patients based on the probability
of achieving a CR, CIR, and OS. In this schema, patients
with a normal karyotype were categorized as intermedi-
ate risk. Also included in the intermediate risk category
were patients with a t(9;11). Patients with either t(8;21)
or inv(16)/t(16;16) were categorized as having a favorable
risk. All other patients with either a complex karyotype
(23 cytogenetic abnormalities) or del 5q, del 7q, or -7
were categorized as having adverse risk. Using this criteria,
the rates of CR following induction therapy were 88%,
67%, and 32% for favorable, intermediate, and adverse
risk groups, respectively. The estimated 5-year CIR was

L
N=1,213
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60 —f=\-ee\rrmeeen

Favorable risk

T S e s

Overall Survival, %

90 —frrrerre X rrrrr e SN
Adverse risk

Years After Diagnosis

Figure 2. Results from Cancer and Leukemia Group B
(CALGB) 8641.

*Overall survival patients: ages 15-86 with untreated AML.

Data from Byrd, et al. Blood. 2002;100:4325-4336.

0.51 (SE, 0.04), 0.67 (SE, 0.02), and 0.92 (SE, 0.04). The
estimated 5-year OS was 55% (95% confidence interval
[CI], 47-62%), 24% (95% CI, 21-27%), and 5% (95%
ClI, 3-8%). (Figure 2).

In recent years, it has become well established that the
prognostic impact of cytogenetic abnormalities is greatly
influenced by the presence or absence of certain genetic
mutations. Overall, the frequency of genetic mutations
is high among AML patients (76.4%), and only 23.6%
display wild-type genetics.” However, the availability for
testing each genetic mutation is limited. Monitoring AML
patients in minimal residual disease (MRD) by either
polymerase chain reaction (PCR) or fluorocytometry will
become increasingly more common in the near future as
more genetic markers become available to help categorize
patients into prognostic subgroups. Several lines of data
show that patients who are in CR after induction and
consolidation therapy and have evidence of MRD by PCR
or fluorocytometry have a higher risk of relapse.>* This
suggests that future clinical trials are needed to determine
if modifying therapy based on MRD status is warranted in
these patients.

Case 1: AML Patient (<60 Years)
Refractory to Induction Therapy

Approximately 30% of AML patients do not achieve a
remission in response to a standard 3+7 chemotherapy
regimen.’ Regardless of their genetic abnormality, these
refractory AML patients generally have a poor outcome.
Although some of these patients may respond to a salvage
regimen that is comprised of high-dose cytarabine, few
patients experience a cure.® Therefore, these patients require
an alternative treatment strategy. One possibility is alloge-
neic SCT.” A retrospective review of 68 patients who under-
went allogeneic SCT for primary refractory AML found the
3-year DFS and OS were 31% (95% CI, 20-42%) and 30%
(95% CI, 18-41%), respectively. This same study found
that using an unrelated donor as the source of stem cells
was significantly associated with shortened OS (relative
risk [RR], 2.23; P=.0005) and shortened DFS (RR, 2.05;
P=.0014). Unfavorable cytogenetics prior to allogeneic SCT
was also significantly associated with shortened OS (RR,
1.68; P=.0107) and shortened DFS (RR, 1.58; P=.0038).
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Case 2: AML Patient (<60 Years)
With Good Risk Cytogenetics

The majority of AML patients with favorable cytogenetics
are classified as having CBF AML, described in the earlier
portions of this roundtable. An analysis of 370 patients (ages
16-83 years) with newly diagnosed CBF AML showed that
87% achieved a CR.® DES was not significantly affected by
the type of cytogenetic abnormality experienced by the CBF
AML patients; in fact, it was similar between patients with
either inv(16) or t (8;21). When the 5-year DFS was further
analyzed, researchers found that it was greatly impacted
by the type of post-remission therapy that the patient had
received. Although the 5-year DFS was relatively similar
among patients who received fludarabine plus cytarabine,
SCT, or high-dose cytarabine (61%, 61%, and 50%, respec-
tively), patients who received other therapies had a much
lower 5-year DFS (31%). The superiority of FA, HCT, and
HDAC therapy remained, even after adjusting for patient
age and percentage of peripheral blasts.

The prognosis of CBF AML patients can be further sub-
categorized using other genetic lesions. For example, c-Kit
mutations are a common mutation among AML patients. In
an analysis of 1,940 randomly selected AML patients, c-Kit
mutations were significantly more common among those
patients with a t(8;21).° Among t(8;21) patients, those with
c-Kit mutations had a significantly lower median OS com-
pared with those without a c-Kit mutation (304 vs 1,836
days, respectively; P=.006). A similar trend was observed with
median EFS as well (244 vs 744 days, respectively; P=.003).
Another study of 61 patients with inv(16) and 49 patients
with t(8;21) also evaluated the relationship between these
cytogenetic abnormalities and c¢-Kit mutations.”® A 5-year
CIR was significantly higher in inv(16) patients positive for
mutated c-Kit compared with those negative for mutated c-
Kit (56% vs 29%, P=.05). Similar results were also observed
for t(8;21) patients (70% vs 36%, P=.017). Mutated c-Kit
predicted a poorer OS among inv(16) patients but not
t(8;21) patients. Therefore, even patients with a favorable
cytogenetic prognosis may be further subdivided, and thus
affect treatment options.

Case 3: AML Patient (<60 Years)
With Intermediate Risk Cytogenetics

The majority of patients categorized as intermediate risk
have normal cytogenetics, although this category also
includes patients with +8, +6, or —y. Importantly, a number
of these cytogenetically normal patients do display genetic
mutations. A recent study investigated the mutational sta-
tus of 872 cytogenetically normal adult AML patients (<60
years of age) and correlated their mutational status with
clinical outcome.! One of the most common mutations

found was in the nucleophosmin gene (NPM1), occurring
in 53% of patients. NPM1 mutations are associated with
a favorable prognosis and improved survival.'? Another
highly mutated gene (42%) was found to be FLT-3 (31%
occurring as internal tandem duplications [ITD] and 11%
as mutations within the tyrosine kinase domain [TKD]).
FLT-3 ITD is linked with a decreased duration of remis-
sion and reduced OS; conversely FLT-3 TKD mutations
are associated with improved survival.”»' The CCAAT/
enhancer binding protein alpha gene (CEBPA) was found
to be mutated in 13% of the study population; mutations
in CEBPA are associated with increased remission dura-
tion, OS, and DFS." Finally, 7% of the study popula-
tion exhibited partial tandem duplications (PTD) in the
mixed-lineage leukemia gene (MLL). MLL PTD has been
linked with a decreased duration of remission.'

These genetic mutations may be compiled together
to help form a patient’s prognosis. For example, NPM1
mutations and FLT-3 ITD have been shown to signif-
icantly interact with each other in younger adults with
AML.? Patients positive for an NPM1 mutation and who
are FLT-3 ITD-negative have a significantly superior prog-
nosis, with the highest rates of OS and RFS compared with
other NPM1/FLT-3 combinations (Figure 3). Patients with
NPM1-mutation positive/FLT-3 ITD-positive, NPM1-
mutation negative/FLT-3 ITD negative, and NPM1-
mutation negative/FLT-3 ITD positive all have a similarly
poorer prognosis, with no statistical significance between
these 3 groups. Therefore, these poor prognosis patients
represent a subgroup which may require secondary therapy
or SCT. In fact, modern SCT strategies are quite effec-
tive in patients with intermediate risk disease, as it is with
poor risk disease. A meta-analysis of 1,151 AML patients
found that allogeneic SCT after first CR offered a sig-
nificant advantage in OS (HR. 1.15; 95% CI, 1.01-1.32;
P=.037)."® Further, this analysis showed that the efficacy
of allogeneic SCT was dependent on the cytogenetic risk
of the patient. Allogeneic SCT was especially effective in
patients with poor risk (HR, 1.39) and intermediate risk
(HR, 1.24) cytogenetics, but was less effective in patients
with good risk (HR, 0.90).

Case 4: AML Patient (<60 Years)
with Poor Risk Cytogenetics

Poor risk AML patients have del 5q, del 7q, -7, or complex
cytogenetics, defined as 3 or more cytogenetic abnormali-
ties. These patients typically have poor outcomes to con-
ventional therapy, and should be considered for secondary
therapeutic strategies or SCT. The results of SCT in this
patient subgroup differ depending on the study, but in
general, approximately 30-40% of patients with poor risk
cytogenetics can be cured with this strategy.
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Figure 3. Treatment results according to the combined nucleophosmin gene (NPM1) and FLT-3 ITD mutation status. NPM1

predicts favorable prognosis in younger adults with acute myeloid leukemia and normal cytogenetics.

Data adapted from Dohner et al. Blood. 2005;106:3740-3746.

Case 5: AML Patient (>60 Years)

Older patients (260 years of age) in general have a poorer
prognosis and decreased response to therapy, partly due to
a higher frequency of high-risk cytogenetics. Only 5-10%
of older AML patients are cured with conventional therapy,
and there is no difference depending on the type of induc-
tion regimen. A phase III study of 3 induction regimens
(a standard 3+7 regimen composed of 3 days of either
daunorubicin, idarubicin, or mitoxantrone with 7 days
of cytarabine) in 362 older AML patients showed no
difference in OS." The CALGB 8641 evaluated the
prognostic impact of the cytogenetic profile of 635 older
AML patients (260 years of age) who were treated with
conventional frontline therapy.’® Overall, nearly half of
these patients (48.5%) achieved CR, but the 5-year OS
rate was 6.6%. Complex cytogenetics (23 cytogenetic
abnormalities) predicted a lower rate of CR compared
with other patients (25% vs 56%). Patients with 5 or more
cytogenetic abnormalities performed even worse and had
a significantly lower 5-year DFS compared with patients
with other karyotypes (0% vs 9.1%, P<.001).
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CME Post-Test: Circle the correct answer for each question below.

1. According to Dr. Estey, all of the following AML 6. In a retrospective analysis of 5 SWOG trials,

patient subgroups have exhibited improved survival in
response to treatment, EXCEPT:

a. Patients <60 years of age with APL
b. Patients <60 years of age with CBF AML

c. Patients >60 years of age with CBF AML
d. Patients <60 years of age with an abnormal karyotype

. According to Dr. Estey, which of the following

prognostic factors is the most important for
predicting treatment-related death?

a. Performance status

discussed by Dr. Stock, which of the following was
NOT true regarding older (>75 years) AML patients?

a. Elderly patients had a higher incidence of multidrug
resistance.

b. Elderly patients had a higher incidence of unfavorable
cytogenetics.

c. Elderly patients had a decreasing rate of CR, which
continued to decrease with age.

d. Elderly patients were more likely to present with higher
white blood cell counts.

b. Age 7. BIOV-121, a phase Il trial discussed by Dr. Stock,

c. Cytogenetics sholwed. that.frontline clofarabine monotherapy is

d. Molecular genetics active in pat|ent_s >65 years of age, producing what
rate of CR + CRi?

. Which of the following statements is TRUE regarding a. 25%

a randomized study comparing single-agent b. 32%
clofarabine with clofarabine plus low-dose cytarabine c. 44%
as frontline therapy in older AML patients? d. 57%
a. Aslightly lower CR was observed with the combination
versus the single-agent therapy. 8. Inl the CALGB 8451 study, what risk category was
b. A significantly higher CR was observed with the given to AML patients with a normal karyotype?
combination versus the single-agent therapy. a. Favorable risk
c. OS was significantly improved in patients who received b. Intermediate risk
the combination strategy. c. Adverse risk
d. EFS was not significantly improved in patients who
received the combination strategy. 9. A retrospective review, discussed by Dr. Radich,
showed that allogeneic SCT was an effective

. CALGB 10603, an ongoing study discussed by Dr. Stock, treatment strategy for patients with primary
is a phase Il randomized trial to determine the efficacy refractory AML. Which of the following is NOT true
of adding which agent to standard therapy? regarding the findings of this study?

2. Azacitidine a. The 3-year OS was 30%.

b. Midostaurin b. Having an unrelated donor as the source of stem cells

c. Dasatinib was significantly associated with shortened OS.

d. Bortezomib c. Unfavorable cytogenetics prior to allogeneic SCT were
significantly associated with shortened DFS.

. In a study discussed by Dr. Stock, CBF AML patients d. Poor performance status prior to allogeneic SCT was
with mutated c-Kit had a significantly lower OS of significantly associated with shortened OS.
,,,,,,,,,, compared with the OS of 76.6% among
CBF AML patients without mutated c-Kit. 10. True or False? Younger patients with NPM1

mutations who are FLT-3 ITD-negative have a

a. 25% e . ) )
b. 32% significantly superior prognosis compared with
C' 38% other NPM1 and FLT-3 ITD combinations.
d. 45% a. True

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

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

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

—_ e e = e

2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3

4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5

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:

es, I wou e interested in participating in a follow-up survey. 0, I'm not interested in participating in a follow-up survey.
Yes, I would be interested ticipating in a foll Y. No, I g Y.

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

For Physicians Only:

I certify my actual time spent to complete this educational activity to be:
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: 6301



