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The farnesyltransferase inhibitor tipi-
farnib exhibits modest activily against
acute myelogencus ieukemia. To bulid on
these results, we examined the effect of
combining tipifarnib with other agents.
Tipifarnib inhlbited signaling downstream
of the farnesylated small G protein Rheb
and synergistically enhanced etoposide-
Induced antiproliferative effects in lym-
phohematopoietic ceil lines and acute
myelogenous leukemia isolates. We sub-
sequently conducted a phase 1 trial of

70 years of age who were not candidates
for conventional therapy. A total of 84 pa-
tients {median age, 77 years) received
224 cycles of oral tiplfarnib (300-600 mg
twice daily for 14 or 21 days) plus oral
etoposide (100-200 myg daily on days 1-3
and 8-10}). Dose-limiting toxicitles oc-
curred with 21-day tipifarnib. Complete
remissions were achieved In 16 of
54 {30%) recelving 14-day tipifarnib ver-
sus 5 of 30 (17%) recelving 21-day tipi-
farnib. Complete remissions occurred In
50% of two 14-day tipifarnib cohorts:

3A (Hpifarnib 600, etoposide 100} and
8A (tipifarnib 400, etoposide 200). In vivo,
tipifarnib plus etoposide decreased ribo-
somal S6 protein phosphorylation and
increased histone H2AX phosphorylation
and apoptosis. Tipifarnib plus etoposide
is a promising orally bioavailable regimen
that warrants further evaluation in eiderly
adults who are not candidates for
conventional induction chemotherapy.
These clinical studies are registered at
www.clinicaltrials.gov as #NCT00112853.
(Blood. 2009;113:4841-4852)

tipifarnib plus etoposide in adults over

Intfroduction

Response rates and survival in elderly {age > 70 years) acute
myelogenous leukemia (AML) patients remain limited. Part of this
poor response reflects the inability of very elderly patients to
tolerate intensive chemotherapy.!-* Equally important, however, are
the genetic complexity and inherent resistance of these AMLs to
the cytotoxic effects of traditional cytotoxic agents because of their
frequent evolution from antecedent hematologic disorders, such as
myelodysplasia (MDS), which itself has evolved in the setting of
toxin exposures.’ These AMLs exhibit complex genetic profiles
that probably reflect cumulative genomie damage, a feature associ-
ated with drug resistance and poor clinical outcome. !5
Famnesyliransferase inhibitors (FTIs) are a new class of therapeu-
tic agents that are undergoing extensive clinical testing in various
hematologic malignancies.®!! These agents inhibit farnesyltrans-
ferase, an enzyme that transfers the 15-carbon farnesyl group to
various polypeptide acceptors, including the chaperone HDI-2,
nuctear lamins, and small guanosine triphosphate-binding polypep-
tides of the Ras, Rho, and Rheb families.'** Inhibiting famesyla-
tion of these polypeptides leads to diminished cell proliferation
and, in some model systems, cell death, These cytotoxic effects

have been attributed to Fll-induced inhibition of prosurvival
signating by Akt,'>!8 the Rheb target mammalian target of rapamy-
cin {(mTOR),™ ! or mitogen-activated protein kinases.!®2! Alterna-
tively, it has been suggested that FTIs induce apoptosis by causing
up-regulation of the proapoptotic Bel-2 family members Bax,?
Bak,? or Puma.2

Tipitarnib (R115777, Zarnestra), an orally bicavailable nonpep-
tidomimetic methylguinolinene FTI, exhibits clinical activity in
patients with myetoid malignancies, including elderly adults with
AML who are not candidates for iraditional cytotoxic chemo-
therapy,>* high-risk MDS,” myeloproliferative disorders
(MPDs),0 and imatinib-resistant chronic myelogenous leukemia.?!
A phase 2 stody of tipifarnib 600 mg twice daily for 21 of 28 o
63 days in 158 older adults (median age, 74 years) with previousiy
unteeated, poor-risk AML yielded a complete remission (CR) rate
of 149, with an additional 10% partial remission (PR) or hemato-
logic improvement (HI).?8 Among CR patients, 82% had prior
MDS and 40% had adverse cytogenetics.

Although it is possible that the antileukemic effects of tipifarnib
might be enhanced by adjusting the dose or schedulg, an alternative
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approach would be to combine this agent with existing antileuke-
mic drugs. Toward this end, previous in vitro studies revealed that
the antiproliferative effects in human AML cells are additive when
tipifarnib is combined with cladrabine or fludarabine’” and synergis-
tic when tipifarnib js combined with bortezomib® or daunorubi-
cin,™ possibly reflecting competitive inhibition of P-glycoprotein
(Pgp) in the latter case.

fn an attempt to build on earlier results, the present study
examined the effects of combining tipifarnib with other oral
antileukemic agents. Preclinical results demonstrated synergy
when myeloid and lymphoid cell lines as well as AML clinical
specimens were treated with tipifamib and the topoisornerase
. I poison etoposide,’™* which has activity in AML as a single
agent®* and when combined with drugs, such as idarubicin. 42
Accordingly, we conducted & phase 1 trial of oral tipifamib plus
oral etoposide (T + E), with escalating doses of both drugs and
exploration of 2 different durations of tipifarnib administration
(14 vs 21 days), to examine the safety and tolerability of T + Ein
patients who were not candidates for conventional induction
chemotherapy, determine the effects of the combination on leuke-
mic cells harvested on day 8 of therapy, and preliminarily assess the
antileukemic activity of the combination.

Methods

Materials

Tipifamib was provided by David End (Jobnson & Johnson, Springhouse,
PA); and etoposide was purchased from BIOMOL Research Laboratories
(Plymouth Meeling, PA). Antibodies were obtained as follows: anti—
phospho-Ser'¥-histone H2AX from Upstate Biotechnology (Charlottes-
ville, VA), mouse IgGl isotype control from Scuthern Biotechnology
(Birmingham, AL), Alexa Fluor 488 goat anti-mouse IgG from Invitrogen
(Carisbad, CA), and antibodies for immunoblotting from Cell Signaling
Technology (Danvers, MA) or as previously described.*

Preclinical studies

HL-60,%43 Jurkat, 8 and DoHH2 cells (from Thomas Witzig, Mayo Clinic)
were cultured in RPMI 1640 with 10% heat-inactivated fetal calf serum,
100 units/mL penicitlin G, 100 pg/mL streptomycin, and 2 mM glutamine.
Jurkat-derived E2.1 cells, which lack Fas-associated death domain and are
resistant to death ligand-induced apoptosis,¥’ were grown as previously
described. ™ 1937 AML cells (ATCC, Manassas, VA) were cuitured as
specified by the supplier.

To assess effects on coleny formation, HL-60 cells plated in 0.3%
agar’38 were exposed to increasing concentrations of one or bath drugs fer
10 to 14 days; and colonies containing more than 50 cells were counted.
Likewise, aliquots containing 6 X 10° freshly isolated mamow mono-
puclear cells plated in Methocult medium (StemCell Technologies, Vancou-
ver, BC) containing one or both drugs {or diluent) were examined on day 14
for leukemic colonies according to established morphoiogic criteria.®?

To assess apoptosis, log-phase cells were treated for 24 hours with
diluent (0.1% dimethyl sulfoxide), etoposide, and/or tipifarnib; pelleted;
znd examined for apaptotic changes as described. 3% Whole-cell lysates
were also prepared for electrophoresis and immunobletting.?

Patient eligibility and selection

Between April 2005 and November 2006, 101 adults more than 70 years of
age with Eastern Cooperative Oncology Group (ECOG) performance status
(PS) 0 to 2, pathclogically confirmed (using World Health Organization
criteria),® newly diagnosed de novo or secondary (MDS, MPD, treatment-
related) AML excluding acute progranulocytic leukemia, were evaluated
for eligibility using previously described criteria.?® Patients were ineligible
if they had peripheral blast count more than 30 000/pL or a projected
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Table 1. Dose escalation schema for oral tipifarnib plus oral
etoposide

Dose level (no. patients Dally tipifarnib ~ Fioposide dose, days 1-3

treated) dose, mg BID and 8-10, mg QD

Tipitarnib 14-day schedule
1A (8) 300 100
2A (8) 400 100
34 (6) 600 100
4A{6) 300 150
5A{6) 400 150
64 {6) 500 150
7A (6) 300 200
8A(B) 400 200
9A (B) 600 200

Tipltarnib 21-day schedule
1B (6) 300 100
2B (6)* 400 100
3B (0) 600 100
4B (6) 300 150
5B (B) 400 150
6B (0) 600 150
7B (6)" 300 200
8B (0) 400 200
9B {0) 600 200

BID indicates twice a day and QD, once a day,
*Dose-iimiting toxicity reached.

doubling time of less than 2 days, but cytoreduction with hydroxyurea was
permiited until 24 hours before T +- E. Prior therapy for MDS (cytokines,
thalidomide/lenalidomide, interferon, S-azacytidine/decitabine) was not
exclusionary. All patients provided written informed consent with the
approval of the Institutional Review Boards and according to the guidelines
of each participating institution, in accerdance with the Declaration of
Helsinki.

Treatment schema

To determine whether T + E would interact positively with respect (o
clinical outcome and/or negatively with respect te toxicity, T + E were
varied over multiple dose levels. The planned dose-escalation schema is
depicted in TFable 1. Initially, we fixed the etoposide dose (100 mg orally
daily on days !-3 and 8-10) while escalating tipifarnib over 3 dose levels
(300 mg, 400 mg, 600 mg orally twice a day). If no more than 1 of
6 patients expericnced dose-limiting toxicity (DLT) at the highest tipifarnib
dose (600 mg twice a day), then a higher etoposide dose {150 mg daily on
days 1-3 and 8-10) was instituted while escalating tipifamib across the same
3 dose levels. Tipifamib was administered for 14 (“A” cohorts) or 21 days
(“B™ cohorts).

Each treatment cycle was 28 days, followed by a rest pericd of up to
35 days to allow count recovery, Subsequent cycles began between day 29
and day 64 of the previous cycle. Patients were eligible to receive a second
cycle if stable disease or any clinical improvement (CR, PR, HI} was
achieved. Patieats achieving CR were permitted up to 6 cycles of T + E.
Patients achieving PR or HI could receive T + E until disease progression
or unacceptable toxicity ensued. All patients received supportive care as
previously described. 28 Growth factors were not permitted.

Response and toxicity evaiuation

Bone marrow aspiration and biopsy were performed before treatment and at
hematologic recovery or when leukemia regrowth was suspected clinically,
typically 14 to 21 days after the last dose of tipifarnib. Hematologic
recovery and response criteria, as previously described,® are consistent
with Cheson et al.?!

National Cancer Institute (NCI) Common Toxicity Critesia, version 3.0,
were used to describe and grade all adverse events. DLT was based on
toxicities incurred during the first treatment cycle. Ff 2 of 3 or 2 of 6 patients
developed DLT, the maximum tolerated dose was defined as one dose level
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Figure 1. Antiproliferative eifects of tipifarnib-contalning combinations, (4B} Log-phase HL-60 cells were treated with the Indicated concentration of etaposide (O, A),
tipifarnib (O, 8), or the combinaticn at a 2:1 ratic (@, A,B). (C) Combination index values calculated from the data shown in panels A and B when data were analyzed by the
median etfect method® as previcusly described in detail.#? (D) Summary of resulls oblained when tipifamit was combined with multiple orally bloavailable antifeukemic agents.
Resulis are axpressed as the mean x SO of combination index values at the [Csp and [Cog in the indicated number of independent experments.

below which DLTs were observed. Myelosuppression was not considered
dose limiting except where marrow hypoplasia persisted for more than or
equal to 42 days with marrow cellularity less than or equal to 5% and no
evidence of leukemia. T + E was discontinued for progressive disease or
grade 4 nonhematologic toxicity. T + E was withheld temperarity for more
than or equal to grade 2 neurotoxicily or nephrotoxicity, grade 3 other
nonhematologic toxicity (excluding alopecia or confrolled nausea and
vamiting), or grade 4 granufocytopenia or platelets less than 20 G00/L
lasting more than 3 weeks after completion of each 28-day cycle. T + E
could be resomed at 2 lower tipifarnib dose after resclution to less than
grade 1 nonhematologic toxicity within 28 days of first cecurrence.

Statistical methods

Although this is a phase 1 study, both drugs are known to have activity in
this patient population. Thus, both clinical response and toxicity criteria
were used to select the recommended phase 2 dose. The ideal combination
for chronic administration would evince maximal response and have no
additive or synergistic nonhematologic toxicities grade 2 or greater. For
each criterion (efficacy and toxicity), a response surface was constructed
using a flexible 2-dimensional polynomial5? Model building was per-
formed to ensure that the model was not overspecified, which could lead to
erroneous dose selection; and the fitted model was compared with the
empirical resuits at each dose combination. The maximum point (clinical
response) or minimum point (maximuom toxicity grade) in the surface was
determined using the fitted model. Multiple dose schedules were then
selected for further examination based on the results of both the toxicity
model and efficacy mode!l, with the aim of designing and condacting a
randomized phase 2 trial. We intended to Iook for dosing regions with high
efficacy and acceptable toxicity. However, because of a flat surface
describing the relationship between dose and toxicity, doses taken forward
were determined primarily based on the efficacy response surface. Logistic
regression was used (o assess the association between grade 3 and higher
toxicities and patient characteristics, doses of bath agents, and schedule,
COrdinal logistic regression was also performed to explore the same
associations, treating toxicity grade as ordinal as a comparison, A multiple
regression was also performed on response to determine whether patient
characteristics were associated with response and how that may affect
inferences comparing the single-agent tipifarnib study to this combination
study of T + E. Simple regressions were fizst fit to models with toxicity as
the outcome and patient characteristics as predictors (age, number of
comorbidities, secondary AML, advanced cytogenetics), Patient character-
istics that had a P value less than .10 were then included in a muliiple
regression with dose and schedule variables. The final model was then used
to demonstrate the association of dose and schedule with toxicity, adjusting
for patient characteristics. Proporticns were compared using Fisher exact
test. Kaplan-Meier methods were used for deseribing overall survival (05)
and disease-free survival (DFS). Resulis were analyzed as of May 1, 2008,

Laboratory correlates

AML. marrow blasts obtained before therapy (day 0) and on day 8 before
drug desing were enriched to more than 70% blasts by Ficoll-Hypaque

density gradient separation. The percentages of celis with extractable
chromatin were estimated by calculating sub-2N DNA in ungated speci-
mens afier cell-cycle analysis using propidivm iodide as described.>
Samples were stained with antibody to phospharylated histone H2AX, S5
which is present in cells containing unrepaired DNA damage® or undergo-
ing apoptosis,™ and examined by flow cytometry as described. ¥

Resulis
Preclinical study

To identify orally bioavailable antileukemic agents that might
enhance the antiproliferative effects of tipifarnib, the effects of
tipifarnib and other agents on colony-forming ability of HL-60
cells were examined. Clinically achievable concentrations?-798 of
T + E applied simultaneously inhibited colony formation more
thar either drug alone (Figure 1A,B). Formal analysis by the
median effect method’® demonstrated synergy at concentrations
that exceeded the ICs; of the combination, as indicated by a
combination index less than ! (Figure 1C,D). Tipifamnib also
synergized with chlorambucil, melphalan, and, to a lesser extent,
topotecan, but not hydroxyurea or the cyclophosphamide prodrug
4-hydroperoxycyclophosphamide (Figure 1D},

In further experiments, tipifamnib increased etoposide-induced
apoptosis in diverse myeloid and lymphoid cell lines (Figure 2;
Figure S1, available on the Blood website; see the Supplemental
Materials link at the top of the online ariicle) as manifested by
increases in apoptotic morphology (Figure 2A,B), DNA fragmenta-
tion (Figure 2C,D)), phosphatidylserine exposure (Figure S1A,B),
and cleavage of caspase substrates (Figure S1D). The increased
histone H2AX phosphorylation observed with the combination also
reflected increased apoptosis®® as evidenced by the ability of
caspase inhibition to suppress this alteration (Figure S1D). In all
cases, tipifarnib either increased etoposide-induced apoptosis with-
out any effect itself, meeting one definition of synergy,f or
synergistically enhanced apoptosis by median effect analysis
{Figure SIC,EI).

Several experiments examined the mechanistic basis for this
synergy. The observation that T+ E synergized in I2.1 celis
{(Figure S1H,I), which are resistant to death receptor-mediated
apoptosis (Figure S1G),*47 ruled out involvement of death recep-
tors in the synergy. Immunoblotting (Figure 3A) and aikaline
elution (Figure 3B) failed to show any effect of tipifarnib on levels
of the etoposide target enzyme topoisomerase Iloe or etoposide-
induced stabilization of topoisomerase II-DNA cleavage com-
plexes, ruling out the possibility that the FTI was enhancing
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Figure 2, Tipifarnib enhances induction of apoplosis by etopo-
side in AML cell lines. [A) Log-phase HL-60 cells wers treated for
24 hours with difuent, 1.5 pM etcposide, 1 nM tipifamib, or the
combination of 1.5 ph4 etoposide plus 1 uh tipifamib. Af the comple-
tior of the incubation, cells were fixed, stained with Hoechst 33258,
and examined by fucrescence microscopy, Arrow reprasents apopto-
tic cells. {8) Samples shown in panel A and additional samples treated
with difering concentrations of etoposids in the absence or presence
of 1 uM tipifaznid were examined by fluorescence microscopy
{=> 500 cells/sample) by an investigator blinded fo the treatment, and
the percentage of cells displaying apoptolic morphologic changes
was recorded. Inset in paneg! B: summary of 4 independent experi-
ments in whick HL-80 cells were treated with diiuent, 2 pM etoposide,

]

o r
0.0 0.5

1 uM tipifamib, or 2 pM etoposide plus 1 pM tipifarnib. Error bars

1.0 .5 2.0

Etoposide {uh) represent = 1 SD. *P = .015 by paired t test. {C) Log-phase U837
cells were treated for 24 hours with ditvent, 0.375 uM eloposide,
C 1 pi tipHfamnib, or the combination of 0.375 plM etoposide plus 1 pM
T O [ - Tipifarnib tipifarnib. At the completion of the incubation, cells were permmeahil-
g 5 © B + Tipifarnid ized, stained with propidium iodide, and examined by flow microfluo-
g g ol * rimetry. () Samples shown in pane! G and additional samples treated
£ G n with differing concentrations of etoposide in the ebsence or presence
g 33 66l 2] of 1 kM tipifarnib were examined by flow ¢ylomelry, and the per-
= % gﬁ: centage of cells with less than 2n DNA conlent was recorded.
8 _t; sol- —330 {0 inset) Summary of 4 independent experiments in which U837 cells
s §.za were treated with diiuent, 0.375 wM stoposide, 1 pht tipHfamnib, or
o‘%@ .193_- 20l = g 0.375 uM etoposide plus 1 pM fipifamib. Error bars represent = 1 5D.

’1{7 £ L *P = 008 by paired ttest.
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efoposide uptake or interaction with its target. Additional immuno-
blotting failed to demonstrate increases in Bax, Bak, or Puma,
(Figure S2A); suppression of eyclin Bl (Figure S2B), a change
implicated in RhoB-mediated apoptosis®®; or significant alterations
in signaling through the kinases Akt and ERK (Figore S2B).
Among the diverse changes previously implicated in FIT ac-
tion,'3?* only diminished phosphorylations of ribosomal 86 protein
and its upstream kinase p70 56 kinase 1 was observed in multiple
AML cell lines (Figure 3C,D}. The occurrence of these alterations
in the absence of Akt inhibition, as evidenced by unaltered GSK3p3
phosphorylation (Figure S2B), has in other cells been attributed to
FTl-induced decreases in Rheb prenylation and consequent mTOR
inhibition.!”$* Collectively, these results not only provided a
potential new marker of FTT action in AML cells but also indicated
a parallel between the actions of tipifamib and rapamycin, which
similarly synergizes with etoposide ir myeloid cells.®

In a final series of in vitro experiments, effects of the combina-
tion on primary AML isolates were examined. As illustrated in

Figure 4A-D, tipifarnib enhanced etoposide-induced decreases in
colony formation even though the FIT had only a modest effect by
itself. Analysis by the fractional product approach®! in 11 samples
where tipifarnib inhibited coleny formation only at the highest
concentration tested revealed greater than additive effects in & {eg,
Figure 4A-C) and additive effects in 3. In an additional 4 AML
samples where tipifarnib was active at multiple concentrations,
analysis by the median effect method™ likewise demonstrated
synergy, as indicated by combination indices less than 1 at the
majority of data points (Figure 4D,E).

Phase 1 clinical study

Patient demographics, To assess the tolerability of the T+ E
combination in lenkemia patients, we performed a phase 1 clinical
trial. Of the 101 patients evaluated for eligibility, 84 were enrolled.
Reasons for ineligibility included screen failure resulting from
diagnosis being MDS or MPD rather than AML (10}, patients
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A Tipifarnib B 2 C D
_ = TFipifarnib Tipifarnib
— S
28 tsa0b BP7o 86K
Topo llx 'g g @SS
g7 P70 SBK
*U"’_._.
HSPoD é g_ 1000f
28 s6
£3 ®s6
GRS 500 Unprocessed
P O Control HDJ-2
g © + Tipifarnib Processad
d R S S W S8 HEPen |e
4] 2 4 6 8 10 R
Etcposide (nM} 1 2 3 4 5 86

Figure 3, Tipifarnib preferentially inhibits sfgnaling downstream of mTOR. (A) HL-60 cefls treated with 0, 62.5, 125, 250, 500, or 1000 nM tipifarnib (lanes 1-6,
respectively) were washaed and examined for topoisomerase lla content by immunaoblotting. Numbers at right represent migration of molecular markers in kilodafons, The
same blot was probed with anti-Hsp30 as a loading control. (B) Alkaline elution to evaluate the possibility that tipifamib enhances eloposide uptake andfor trapping of covalent
topoisomerase 1I-DNA complexes, After log-phase HL-60 cells were treated for 24 hours with 1 M tipifamib or diluent, etoposide was added for 30 minutes. The ability of
eloposide to stabilize covalent protein-DNA covalent complexes was quantitated as indicated.5? (G) HL-60 cells were treated with diluent (fane 1), 62.5 (fans 2), 125 (fans 3),
250 (lane 4}, 500 (fane &), or 1000 nM (fane 6) fipifamib for 24 hours. Whole-cell lysales were blotted with antibodies to phospho-The*#-p7056 kinase, phospho-Ser?d3236.56,
p70S6 kinase, and total $6 profein. {D) U937 cells were treated with diluent {fana 1}, 125 (lane 2), 250 (lane 3), 500 (fane 4), or 1000 niM (lane 5) tipifarnib for 24 hours.
Whole-cell lysates were biotted with antibodies to phospho-Ser®%2%.56, total 56, the famesylated protein HDJ-2 2nd, as a loading control, heat shock protein 90,
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Figure 4. Effect of tipifarnil» on antiprofiferative effects of etoposide in clinical AML isolates. (A-C) Freshly isolated mononuclear cells from 3 newly diagnosed AML
patients were plated In methyleafiulose in diluent, 25 nM tipifamib plus 50 to 200 nb etoposide, or 25 nk tipifarnib plus 50 to 200 n* etoposide as indicaied. Bars represent
relative colony counts observed after the indicated ireatment. O represents relative colony counts predicted from the efiects of the individual agents using the fractional product
methad 81 (D) Freshly isolated mononuctear cells from a newly diagnosed AML patient were plated in methylcellulose in the presence of etoposide alene (O), tipifarnib alona
(inset), or 25 nM tipifarnib plus the indicated concentration of etoposide (@). (E) Combination Index values®® calcuiated from the data in panel D (@) and assays in
samples from 3 olher AML patients (O and A) under conditions that are render the analysis equivalent to isobclogram analysis.5® Note that a combination index less than

1.0 indicates synergy.

declining therapy (4), creatinine more than 2.0 mg/dL (1), and
alternate therapy (2). As detailed in Table 2, the 84 patients enzolled
had a median age of 77 years (range, 70-91 years}, with 58 (69%}
being more than 75 years old, and median ECOG PS of ] (range,
0-2), with only 12 of 84 (14%) having a performance status of 0.
Sixty-six (79%) had at least one poor risk disease feature, including
secondary AML (55%) and adverse cytogenetics (549%). All
26 patients 70 to 74 years of age had at least one poor risk disease
feature: 3 presented with marked hyperlenkocytosis and FLT3-ITD
positivity, and 23 (88%) had secondary AML with or without
adverse cytogenetics. For patients with secondary AML, the
duration of antecedent hematologic disorder ranged from 1.5 months
to 12+ years; and 16 (35%) had received some treatment for their
antecedent hematologic disorder. Almost all patients also had at
least one nonhematologic comorbidity, and 45% had 3 or more.
Table 3 demonstrates the comparability of patients receiving
tipifamib for 14 days (A) versus 21 (B).

Toxicities. Fourteen of 18 planned dose levels were completed,
with 224 cycies administered (median, 2 per patient; range, 1-7).
Fifty-five patients (67%) received at least 2 cycles of T + E, with
the second cycle beginning on median day 31 {range, 29-46); 31
(37%) received 3 or more cycles. Table 4 details the spectrum of
nonhematologic toxicities. Al 9 “A” cohorts (14 days of tipifarnib)
were completed with no more than one DLT per 6 patients at a
given dose level. For “B"” cohorts (21 days of tipifarnib), DLTs
occurred in 2 patients each in cohort 2B (mucositis, death from
fungal preumonia) and cohort 7B (hyperbilirubinemia, multiorgan
failure), prectuding initiation of cohorts 3B, 6B, 8B, and 9B (Tables
1, 51). Notably, more than grade 3 oropharyngeal mucositis was
detected in 6 patients (7%) across all etoposide doses and was seen

more frequently with the 21-day tipifarnib schedule (4 of 30) than
the 14-day schedule (2 of 54), although this difference did not reach
statistical significance (P = .18, Table 5).

A polynomial model was fit to the data for estimating the joint
association between doses of each drug and observed DLTs for
each of the 14- and 21-day schedules separately, and alsc for both
schedules together. There appeared to be no association between
dose and DLTs. Based on this finding, we estimated DLT rates for
each of the 14- and 21-day schedules. For the 14-day schedule, the
estimated DLT rate was estimated to be 0.06 (95% confidence
interval [CI], 0.02-0.16); and for the 2i-day schedule, it was
estimated to be 0.13 (95% CI, 0.05-0.31).

To address the concern that the higher foxicity seen in the
21-day versus 14-day schedule may have been a result of patient
characteristics (Table 3), we considered age, adverse cytogenetics,
number of comorbidities, and secondary AML in a multiple
regression model, along with doses of each drug and schedule.
Patient characteristics that exhibited a P value of less than .10 ina
simple logistic regression model with toxicity as outcome were
then included in a multiple logistic regression model with doses
and schedale. The cutcome was grade 3 or higher toxicity rather
than DLETs, resulting from sparseness of DET occurrences. This
analysis (Table S2) showed that, after adjustment for patient
characteristics {(age and number of comorbidities), there was still a
trend toward higher toxicity with the 21-day tipifamib schedule.

A positive feature of T + E is the possibility of administering
this regimen in the outpatient setting. Nonetheless, hospitalizations
were required during 59 of 224 (26%) cycles {Table 4). The
majority of hospitalizations occurred during the first cycle (40 of
59, 68%) and lasted a median 8 days (range, 2-45 days). Although
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Table 2. Demographic and biolagic characteristics of 84 elderly
adults with newly diagnosed AML treated with fipitarnib plus
etoposide
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Table 4. Toxicities encounteraed during tipifarnib plus eloposide
therapy

Cycle 1 (% of 84 Total (% of 224

Charactaristic Value Toxicity patients} cycles)
Sex, n (%) Hospitalizations 42 (50%}) 58 (265}
Male 40 {48} Documented infections 25 {30%) 36 {16%)
Female 44 (52) Skinfoellulitis 7 9
Median age, y (range) 77 (70-91) Pneumonia & 10
Biologic disease features Sinusitis 2 3
Secondary AML 46 (55%} Pharyngitisfesophagitis 3 3
MDS/AML 36 Gastrointestinal 1 4
Treatment-related AWML 10 Genflourinary 3 3
Prior MDS therapy 16146 (35%)" Bacteremia (no site) 3 4
Adverse cytogenetics 43 (of 79 performed, 54%)  Neulropenic fever 20 (24%) 30 (13%)
Single —Sor -7 7 prug-related toxicities
Complex (> 3 lesions) a7 Neurotoxicity {grades 1-3) 12 (14%)” 20 (9%t
FLT-31TD (normal cylogenetics) 6 Mucositis (grade > 2) 10 (12%) 12 (5%)
Maedfan pretreatment peripheral blood WBG Gastrointestinal {grade = 2) 9 (11%) 12 (5%}
{range) 5200/pL (300-226 000) Hyperbitirubinemia (grade > 2) 4 (5%} 6 (3%)
Blasts > 10 000/kL 26 (31%) Renal {grade > 2) 3 (4%) 4 (2%}
Prelreatment hydroxyurea Rash (grade > 2} 4 (5%} & (3%}
{blasts > 30 000/ul) 15 (18%} Fatigua (grade > 2} B (795) 12 (5%}
Madian pretreatment marrow blast parcentage 55% (18%-36%) Cardiac (grades 1-5} 3 (4%)1 8 (4%)§
{range) Death G (11%) 13 (5.8%)
Patiants with > 1 poor-risk disease feature, n (%) B6 {79%) infection 5 5
Host comorbidities, no. of patients Cardiac 1 4
Cardicvascular 30 Cerebrovascular 1 2
Pulmonary 17 Pulmonary 2 2
Gastrointestinal 13
Renal i3 *Fr?ur grade 1, ﬁve grade 2, and ih.ree grade 3.
TSix grade 1, eight grada 2, and six grade 3.
Diabales i2 {0ne grade 5.
Neurologic (central) 11 §Four grade 5.
More than 2 prior malignancles 22 (B)
tore han 1 comorbidity 76 (90%)
More than 3 comorbiditios a5 (42%) died of cardiac (3) or cerebrovascuiar (1) causes during cycles 2 to

*Prior MDS therapy: 7, growth factors alone; 9, 5-azacytidine/daciabine ar
thalidomideflenalidamide,

documented infections and/or meutropenic fevers were the most
common causes for hospitalization in any cycle, there were
7 hospitalizations {3 in cycle 1) for cardiac events {4}, pulmonary
decompensation (1), and cerebrovascular evenis (2).

During the first cycle of T + E, 9 (11%) patients had grade 5
events: infection (5), extension of previous cerebrovascular acci-
dents (1), pulmonary decompensation (2), and acute myocardial
infarction (1). Death in cycle 1 occurred in 3 of 54 (6%) “A” cohost
patients and 6 of 30 (209) “B” cohotrt patients (P = 06, Table 5).
Two patients who died of infection (1 cohort 28, 1 cohort 4A) did
s0 with normal marrow recovery without evidence for residual
AML. Four {7%) of 55 patients receiving 2 or more cycles of T + E

Table 3. Comparative demographics of patients recelving 14 days
versus 21 days of tipifarnib

t4-day 21-day
schedufe, % schedule, %

Characteristic (n = 54} (n = 30) P
Age > 75y 69 88 > 999
Mo. of comorbidities 85

0 9 13

1 19 20

2 28 20

3 44 47
Advarse cylogenetics 68 47 .50
Secondary AML 50 &0 49

4, none in CR or PR, and all with underlying vascular disease.

Clinical outcome. Of the 84 patients receiving T + E, 21 (25%)
achieved CR, with median CR duration being 9.8 months (95% CI,
8.1-c0; Figure 5A). A summary of the 21 CR patients is presented in
Table 6. Those achieving CR had a median age of 77 years (range,
71-85 vears); and 16 {76%) had at least one poor-risk disease
feature, including secondary AML with adverse cytogenetics in
6 (29%), secondary AL without adverse cytogenetics in 7 (33%),
and adverse cytogenetics without a history of secondary AML in
3 (14%). CR was achieved after cycle 1 in 14 (67%) and by the end
of cycle 2 in all but 1 patient. An additional 3 (4%) patients
achieved PR and 9 {11%) achieved HI. Of 26 patients presenting
with peripheral blood blast counts greater than 10 000/uL, 7 (27%)
had some type of improvement (2 CR, 5 PR/HI). Nore of the
6 patients whaose blasts expressed FLT-3 ITD achieved CR, and
only 1 achieved HI.

As depicted in Figure 5B, median OS for the entire group of
84 patients is 5.3 menths (95% CI, 3.4-8.1). Figure 5C depicts
OS based on clinical response. For patients with stable disease

Table 5. Comparison of 14-day versus 21-day tipifarnib
administration

14 days (A) 21 days (B} P
Toxichly, no. (%) of patients
Grade 3 mucositis 2/54 (4) 4{30(13) .18
Induction death a/54 (8) 630 (20} .06
Efficacy, day to begin cycle 2, 30 (29-43) 35 (28-46)
median {range)
Complete remission, no. (%) 16/54 (30) 5/30 (17) .29

of patients
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Figure &. Survival curves of patienis treated with 7 + E. (A) DFS {madian, —;
95% Cl, —) for 21 patients wha achieved complets remission in response to T + £,
(B} OS (median, —; 95% GCl, ) for 84 adulls trealed with T+ E. (C) OS for
21 patients achieving complete remission (GR, —), 13 patients achieving partial
remission or hematclogic Improvement (PE/AI, —-), and 49 patients who did not
achieve rasponse (NR/NE, - -).

or progressive disease, median OS was 2.1 months (range,
0.25-26+ months; 95% CI, 1.6-3.4), with 1 (2%} of 51 nonre-
sponding patients cwrently alive at 26.2 months. Patients achiev-
ing PR or HI had a median O3 of 11.0 months (range,
1-14.2 months; 95% CI, 8.1-c0). For the 21 CR patients, median
08 is 22 months (range, 3.5-36+ months; 95% CI, 11.2-0), with
14 (67%) surviving more than 1 year and 9 (43%) still living at
15.5+ to 36+ months.
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The pretreatment considerations that precluded intensive induction
thezapy at the time of diagnosis were also present at relapse. Accord-
ingly, none of these patients received intensive induction therapy even at
relapse. Any patient who achieved a CR of at least 4 weeks after
completion of ali cycles of therapy was eligible to be re-treated at the
original dose level of T -+ E, provided that eligibility criteria were still
met (eg, ECOG PS 0-2). Relapses occurred 5 to 32 months after
achieving first CR (median, 10 months). Of 11 CR patients who
relapsed and were retreated, 5 achieved a second CR lasting 3.5 to
17+ months. The median CR1 duration was 16 manths for the 5 pa-
tients achieving a second CR and 9.3 months for the 6 patients who did
not achieve a second CR.

When the relationship between dose or schedule and response
was examined, CR was observed in 15 (31%) of 48 patients who
received more than 400 mg tipifamib twice a day, including 13 of
36 (36%) treated with tipifarnib on 14-day schedules. Nine of
24 (37.3%) who received etoposide 200 mg daily on days | to 3 and
& to 10 achieved CR, in contrast to 12 of 60 {20%) who recejved
lower etoposide doses. CR rate was 16 of 54 (30%) for patients
receiving tipifamib for 14 days and 5 of 30 (17%) for patients
receiving tipifarnib for 21 days (£ = .29, Table 3). CR raies of 50%
€3 of 6 patients per cohort) were achieved in cohorts 3A (tipifamib
600 mg twice a day, etoposide 100 mg), 8A (tipifarnib 400 mg
wice a day, etoposide 200 mg), and 9A (tipifarnib 600 mg twice a
day, etoposide 200 mg). There were no DLTs in cohorts 3A and 8A
and only 2 of 6 in cach cohort had grade 3 nonhematologic
toxicities. In contrast, 4 of 6 in cohort 9A had grade 3 or 4 toxicities
and one died from disseminated fungal infection.

Using a polynomial model, we estimated the relationship
between drug doses and CR. Compared with a nonparametric
model, where empirical response rates ars estimated at each dose
combination, the polynomial model borrows sirength across dose
combinations and assumes a simpler structure with relatively {ew
degrees of freedom. This approach provides more power znd
precision for estimating response rates using the fitted model. As
shown in Figure 6, there appears to be an improverment in response
with higher dose levels of each drug, although the dose-response
relationship for tipifarnib appears to be steeper than for etoposide.
Based on the toxicity and response results described herein, we
recommend dose cohorts 3A and 8A for further study.

Laboratory correlates, Paired bone marrow samples from a
subset of patients were analyzed to determine whether the changes
observed in vitro (Figures 2-4) could alse be observed in vive. To
determine whether tipifarnib could diminish $6 phosphorylation in
vivo, samples from 42 patients were probed as iflustrated in Figure 7.
56 phosphorylation was detectable before therapy in 38 (90%). Of
the 38, 8 were uninformative on day 8 because of a decrease in the
loading controls, 10 of the remaining 30 (33%) showed a decrease
in §6 phospharylation on day 8 (eg, samples A, B), and 20 (67%)
showed no decrease (eg, sample C). Importantly, the decreases
occurred without decreased Akt-mediated phosphorylation of
GSK3p, suggesting that tipifarnib inhibits the Rheb/mTOR path-
ways in some, but not all, patients without affecting upstzeam
signaling.

H2AX phosphorylation was examined in paired samples from
33 patients. As depicted in Table 7, the 8 patients who achieved CR
had a median 1.9-fold increase in the percentage of H2ZAX-positive
marrow blasts from day 0 to day 8, whereas there was no
measurable change in the remaining 25 patients (6 PR/HI, 19 NR).
When examined for staining intensity, the differences were less
pronounced, with median increase for CR patients’ blast cells being
1.13, and no change for the remaining 25 patients.

<
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Table 6. Clinical and cytogenetic characteristics of patients achieving CR with tipifarnib plus etoposide

Age, Prior Prior Dose
ylsex SAML treatment* PST Comorbldities Cylogenetics leval DFS/0S, mo
a5/F Yes 0 1 Breast carcinoma, sinusitis, HBP 46XX, 13q— 2A 32/37.5+
72/F No 0 1 HBP, spinal stenosis 46XX 24 16/35+
83/F Yes 2 2 "NHL, diverticulitis, UTE 45%,—X, 1{1;11) is08q, 20q— 2B 2.6/6
71F Yes 2 1 Breast carcinoma, osteoporosis 46XX 3A 23/34+
7 Yes 0 1 HBP, osteoarthitis 4BXY 34 9.6/23
as5/F No 0 1 Nene 46XX 3A 2.9M12.8
83fF Yes a 0 HBP, hypothyroidism, arthritis 46XX, Bq—,7q~ 209~ 4A 6.7/9.5
76/F No 0 1 Alal ibillation 4BXX ' 2A 19.1/22
81/M Yes 1 2 Preumonla, arthiits, HBP femoral DVT 46XY 4B 8.i/11.2
76/F No 4] 1 Gastrilis with ulcer, hypothyroidism 46XX 4B 5.4M11
71F Yes 1,2 1 Breast carcinoma, gastric uicer 46XX 5A 2.8/4
TiMA Yes 1 2 Chronic renal failure, CAD prigumonia, asthmatic 468XY, 20— 5B 4/6.6
bronchitis
i Yes o] 1 HBP, hypothyroidism, reclal fissure ABXK 6A 22.1+/24
TiIF Yes 2 2 Lung carcinemna, CAD, HBP, DM 48X, H9;11;19) TA 9.3/1.2
g1/M No 0 2 COPD, HBP, urosepsis 47XY,+8 7B 7.3/8.3
T9F No 0 1 Colon carcinoma, HBP 46XX BA 20722+
76/M No o 1 Colon carcinoma, seizure disorder, CAD, DOE 46X, 19;11) BA 9.47110.7
BO/F No 8] 0 BP 45XX, -7 8A 20.5+/22+
TAF Yes o] 2 DM, pneumonia, HBP, arthritis, essential tramor AT¥K,+1,+30,—50Q,—7,—~10,+12p, oA 8.817.2
+17p,+21g
76/F Yes 1,2 2 Breast carcinoma, GERD, COPD, recurrent UTI 48XX 9A 15.2118.5+
79/M Yes 1 1 HBP, gout, GERD, COPD - Net done 9A 9.7H9+

SAML indicates secondary AML; HBP, high tlood pressure; NHL, non-Hodgkin lymphoma; UTY, urinary fract infaction; DVT, deep vein thrombosis; CAD, coronary artery
disease; DM, diabstes mellitus: COPD, chrenic obstructive pulmonary disease; DOE, dyspnea on exerton; and GERD, gastroesophageal reflux disease,
*Prior treatment: 0 indicates none; 1, antecedent hemalologle disorder and 2, prior malignancy.

tPerformance status based on Eastern Cooperative Oacology Group criteria.

Because increased H2ZAX phosphorylation might reflect the
ability of tipifarnib to increase etoposide-induced apoptosis (Figure
S1D), we also stained blasts from 27 patients with PI and searched
for “subdiploid” apoptotic cells (Table 7). Among the 6 CR
patients, there was a 2-fold increase (range, (.6-5.2) in the
percentage of cells with subdiploid DNA content on day 8 relative
to day 0. For non-CR patients, treatment-related changes in the
apoptotic fraction varied over a very wide range from 0.2- o
19.8-feld (median, 0.8-fold).

Paired samples from 18 patients were studied for both H2AX
staining and apoptosis. Serially obtained-marrow populations from

S 040

0.35
05
o4
0.30
03
CR rate
0z i [ 025
0.1
foz
[ o.as
Tipifariib doSe )
350 120 Etoposide dose
00450 r0.10
— 0.05

Flgure §, Estimated dose-response relationship between combinations of
etoposide and tipifarnib. The height of the surface and its shading indicate the
response rate for each dose combination.

3 of 4 CR patients (75%) demonstraied concomitant increases in
both HZAX phosphorylation and sub2N DNA on day 8, whereas
only 2 of 14 non-CR patients (14%) demonstrated increases in both
parameters (P = .04), despite the finding that 5 of 14 exhibited
increases in vH2AX staining and 6 of 14 exhibited increases in
sub?N DNA. These observations suggest that linked changes in

Patient A B C
Day 08 08 08

25 | ®s6
50

(P)GSK3p
50-+

GSK3p
[C] Prelamin A

N Unprocessed
50 HDJ-2
Processed
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Figure 7. Assessment of pathway inhibition in situ. Bone marrew moncnuciear cefls
harvested befora institution of therapy (day 0) and on day 8 before drug administration were
subjected to immuncblotiing with antbodies that secognize phosphor-Ser®325 dbosomal
protein 6, GSK3p phosphorylated by Akt on Ser? and total GSK3f. The shiftin HDJ-2and
appearance of prelamin A on day 8 served fo confimn FTase inhibition 810 whereas Bak
served as a loading control. Note that S8 phosphorylation was inhibited in 2 patients
(patienits A and B} but not tha third (patient C).
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Table 7. in vivo effects of tipifarnib plus stoposide on DNA damage and apoptosis in AML marrow blasts

Clinlcal outcome

CR in=8 Non-CR (n = 25)

fledlan fold increase In total population yH2AX stalning {day 8/day 0}, (range) 1.9 {6.6-3.1} 0.58 (0.01-2.6}

=120k : ' - 5/8 (62.5%) /25 (35%)

= 1.5-fold 48 (50%) 425 (16%;)
Median fcld Increase in yH2AX stalning intensity {“per cell”} {day B/day 0}, {range) 1.13 {0.75-1.6) 0.9 (0.5-1.2)

= 1.2-fold ' . : : .. 318 (37.5%} . 1125 {4%)
Median fold increase in sub2N DMNA content {day 8/day 0), {range} 2.0 (0.6-5.2) 0.8 {0.2-19.8)

= 1.2-fold : - ' 5/8 (83%) 10/21 (48%)

= 1.5-fold 4{6 (67%) 8121 (38%)

Nen-CR includes partlal remissionshematologic improvement (PR/HI} and no remission (NR).

both phospho-H2AX staining and subdiploid DNA content might
correlate with response.

Discussion

Our preclinical studies presented herein demonstrate that tipifamib
inhibits signaling downstream of mTOR and, like rapamycin,®
enhances the antiproliferative effects of etoposide in AML cell
lines and clinical specimens. Based on these results, we performed
a multicenter phase 1 trial that demonstrated the ability to safely
administer T + E to elderly AML patients who are not candidates
for conventional induction therapy on the basis of both host and
disease biology, based on criferia set forth by multiple
investigators,!-266.67

In cur previous phase 2 study of single-agent tipifarnib adminis-
tered for 21 consecutive days, grade 3 or 4 adverse events occurred
in 47% of eldesly AML patients.?® When the same 21-day schedule
of tipifarnib was combined with etoposide in the present study,
DLTs of grade 4 mucositis, grade 3 hyperbilirubinemia, and
multiorgan failure precluded dose escalation beyond cchorts 2B,
5B, and 7B (Table S1). In contrast, the same etoposide schedule
was better tolerated when tipifarnib was administered for 14 days,
with successful accrual of patients to all "A” cohorts. Oral
mucositis, 2 well-known toxicity of etoposide, has not accompa-
nied previous studies of single-agent tipifarnib.23-% The apparent
relationship between tipifarnib schedule and mucositis induction
may represent synergy between T + E against normat oral mucosa.
In contrast, tipifarnib-related neurotoxicity did not appear to be
enhanced by combination with etoposide in “A” or “B” cohorts.
Taken together, the 14-day T + E regimens (“A” cohorts) were
tolerable and can be recommended for further study.

The CR rate with T + E appears fo be higher than that of
tipifarnib alonme. The CR rate in our previous phase 2 trial of
single-agent tipifarnib {administered for 21 days) was 14%.%
A phase 3 study of single-agent tipifarnib versus best supportive
care (including hydroxyurea) in 457 adults more than 70 years of
age with newly diagnosed AML who were deemed unfit for
coaventional chemotherapy likewise demonstrated CRs with DFS
of 8 months and OS of 22 months in only 8% of those randomized
fo tipifarnib (compared with no CRs in the supportive caref
hydroxyurea arm). Ag indicated in Table S3, the patient popula-
tions enrolled in our previous phase 2 trial of single-agent
tipifarnih?® and the present phase 1 trial are comparable with
respect to most patient characteristics, In the current study, the
overall CR rate with T + E was 25% (compared with 14% CR rate
in our single-agent trial,?® P = (036), with a CR rate of 36% for
tipifarnib doses of at least 400 mg twice a day for 14 days,

Furthermore, a CR rate of 50% occurred in 3 14-day cohorts (34,
8A, and 9A) without death or DLT in 3A and 8A. It is noteworthy
that the propertion of patients with age more than 75 years in our
single-agent tipifamib study was 47%, whereas in the T + E study
it was 65% (Table S3, P = .01); and the combination of T + E
appears more efficacions in patients more than 75 years of age
compared with younger patients (Table 52). Based on a multiple
regression model adjusting for nomber of comorbidities, we found
that for patients with 2 comorbidities (the median number of
comaorzbidities), the estimated response rate in patients younger than
75 years was 14% and in those older than 75 years was 32%. This
stifl sugpests an improvement over our previous single-agent
tipifarnib study, which had an overall response rate of 14% across
both age groups.?

The mechanism for the synergy between tipifamib and etopo-
side is not entirely clear. Tipifarnib inhibits the drug efflux activity
of Pgp in human acute T-lymphoblastic lenkemia and AMI, cell
lines.* Because etoposide is 2 Pgp substrate®® and high levels of
Pgp expression correlate with clinical drug resistance in elderly
AML patients,!"? we cannot rle out the possibility that tipifamnib-
induced Pgp inhibition contributes to the results observed in the
present clinical trial. On the other hand, results in Figures 2 and 3
demonstrate that tipifarnib &lso enhances etoposide-induced apopto-
sis under conditions where drug uptake and action at the Tevel of
topoiscmerase If are unchanged. Additional data (Figure 1D)
demonstrate that tipifamib also sensitizes celis to chlorambucil and
melphalan, which are not Pgp substrates. Thus, it appears that
tipifarnib can enhance the effects of certain DNA-damaging agenis
independent of its effect on Pgp.

Results of the present study demonstrate, for the first time, that
tipifarnib can inhibit signaling downstream of mTOR in the
absence of Akt inhibition. These findings are hallmarks of Rheb
inhibition and, in conjunction with recently published animal
studies,”! suggest that further study of this small G protein in AML
is warranted. Because S6 phosphorylation was only inhibited in a
subset of AML patients treated with T + E (Figure 7), further study
is also needed to understard why Rheb is inhibited in some AMLs
and not others.

The correlative studies also demonstrated that treatment with
T + Ein vive is accompanied by drug-induced increases in histone
H2AX phosphorylation and, to a lesser extent, DNA fragmentation
in AML marrow blasts, with the suggestion that achievement of CR
may be associated with modest but measurable increases in both
parameters {Table 7). Importantly, the increased H2ZAX phosphory-
lation was observed before administration of etoposide on day 8
and, therefore, probably doesn’t reflect direct topoisomerase II-
mediated strand breaks. Instead, it might reflect DNA damage
associated with ongoing cell death (Figure S1D).%¢ Consistent with
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this possibility, in the small subgroup of CR patients in whom both
parameters were assessed concemitantly, increased phospho-
H2AX staining and apoptosis were linked, although this was not
necessarily the case in the non-CR patients (Table 7). On the other
hand, it is also possible that the observed link between DNA
damage and apoptosis in our responsive patients relates o the
recent finding that response to single-agent tipifarnib is associated
with lower expression of APTX,” the gene encoding the DNA
repair protein aprataxin.”® In particular, active aprataxin may be
able io repair damaged DNA in a way that uncouples the detection
of that damage and the eventual completion of programmed cell
death. Further studies are required to examine the relationship
between aprataxin expression, phospho-H2AX staining, apoptosis
induction, and clinical response to T + E.

In conciusion, based in part on preclinical studies presented
herein, we have performed a phase 1 trial of T + E in elderly AML
patients. The combination has yielded encouraging clinical results
in a group of patients for whom traditional antileukemia chemo-
therapy may not be appropriate because of advanced age, poor risk
biologic disease features, and/or the presence of significant nonhe-
matologic comorbidities.t26567 After this study was completed,
Burmett et al reported that adminisization of low-dose cytarabine to
adults with AML or high-risk MDS deemed unfit for intensive
chemotherapy resulted in OS of 3.5 to 4 months, with a CR rate of
18%, median DFS of § months and OS of 19 months for CR
patients.5 In addition, Burnett et al’* and Erba et 17 reported CR
rates 35% to 40% and 30-day mortalities of 15% to 20% with
single-agent clofarabine in adults 60 to 65 years of age and older.
Although these results appear somewhat similar to ours, there are
some notable differences. First, our results reflect response rates
over multiple dose cohorts, and the response rate in cohorts 3A and
8A recommended for further study might actuaily be higher (Figure
6). To assess this possibility, a randomized phase 2 trial of these
cohorts is pfanned. Second, no patient with adverse cytogenetics
achieved a CR in Bumeit's low-dose cytarabine series,®’ whereas
T + E induced CR in 9 of 43 (21%) with adverse cytogenetics.
Although clofarabine induced CRs in patients with adverse cyoge-
netics and secondary AMLs, the CR durations (median DFS,
6 months; 26% survival at I year) may not be as long as those
achieved with T + E. Nenetheless, cytogenetics remain a powerful
determinant of response for all therapeutic strategies tested to date,
and it rernains to be seen how effective optimal doses of T + E will
be in overcoming the negative impact of adverse cytogenetics. On
the other hand, because fow-dose cytarabine®” and oral clofara-
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