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ABSTRACT

Background

Sorafenib is a multi-kinase inhibitor with activity against fms-like tyrosine kinase 3 with inter-
nal tandem duplication mutation and Raf kinase among others. A phase I dose escalation study
of sorafenib was conducted in patients with advanced myelodysplastic syndrome and relapsed
or refractory acute leukemias.

Design and Methods

Fifty patients received one of two different schedules; Schedule “A”: once or twice daily, five
days per week, every week for a 21 day cycle, and Schedule “B”: once or twice daily, for 14
days every 21 days. Dose limiting toxicities were grade 3/4 hypertension, hyperbilirubinemia,
and amylase elevation. The recommended phase II dose in hematologic malignancies is 400 mg
twice daily for both schedules.

Results

Complete remissions or complete remissions with incomplete recovery of platelets were
achieved in 5 (10%) patients (all with fms-like tyrosine kinase 3-internal tandem duplication).
Significant reduction in bone marrow and/or peripheral blood blasts was seen in an additional
17 (34%) patients (all with fms-like tyrosine kinase 3-internal tandem duplication). Eleven of
these responses (including 3 complete remissions/complete remissions with incomplete recov-
ery) lasted for 2 cycles or beyond. In conclusion, sorafenib is active and well tolerated in acute
myelogenous leukemia with fms-like tyrosine kinase 3 internal tandem duplication mutation.

Conclusions

Additional studies of sorafenib in patients with acute myelogenous leukemia, particularly those
with fms-like tyrosine kinase 3 internal tandem duplication, are warranted, including sorafenib-
based combinations. (ClinicalTrials.gov Identifier: NCT00217646)
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Introduction

Signaling through multiple membrane receptor kinases
stimulated by growth factors or extra-cellular stimuli is
integrated in the mitogen activated protein kinase (MAPK)
pathway. Ras/Raf/MEK/ERK (MAPK) signaling cascade is
one of the most studied signaling pathways in hematolog-
ic malignancies.! Raf kinase is downstream of guanosine
tri-phosphate (GTP) activated Ras and in turn activates
mitogen activated protein kinase (MEK). MEK in turn acti-
vates external signal-regulated kinase (ERK) 1 and 2
(MAPK). MAPK signaling is constitutively activated in
more than 50% of primary acute myeloid leukemia (AML)
samples’ and is associated with poor outcome.® Inhibition
of MAPK signaling not only results in growth arrest of
leukemia cells but also in activation of the apoptotic path-
way through upregulation of pro-apoptotic proteins like
Bim,* reduced phosphorylation of anti-apoptotic Bcl-2°
and enhanced proteasome mediated destruction of anti-
apoptotic Mcl-1.° Inhibition of MAPK pathway has been
shown to impair growth and survival of primary samples
with constitutive MAPK activation.” Sorafenib is a multi-
kinase inhibitor that inhibits several critical tyrosine kinas-
es including vascular endothelial growth factor receptor
(VEGFR-2), FMS like tyrosine kinase-3 (Flt-3), and c-Kit
and Ret*’ Sorafenib inhibits activation of MAPK by
inhibiting its upstream kinase Raf.

FLT3 kinase activity is necessary for stem and progenitor
cell proliferation.”” Activating mutations of FLT3 kinase-
internal tandem duplication (ITD) and point mutations
(D835) are present in 20-30% of adult AML patients, and
are associated with worse outcome, particularly in
patients with cytogenetically normal AML."** The MAPK
pathway is activated downstream of mutant FLT3 signal-
ing.”® Sorafenib directly targets mutant FLT3 kinase,
inhibiting the growth and survival of mouse and human
FLT3-ITD AML cells at low nanomolar concentrations
with minimal or no effect against wild-type FLT3 or FLT3
D835."% The potential dual inhibition of Raf and FLT3
kinases by sorafenib makes it an attractive agent for the
treatment of acute myeloid leukemia. We report on the
results of a phase I trial of sorafenib in patients with refrac-
tory acute leukemias or myelodysplastic syndromes,
exploring two different dosing schedules.

Design and Methods
Eligibility

Patients with relapsed or refractory acute myeloid
leukemia (AML), acute lymphoblastic leukemia (ALL),
myelodysplastic syndromes (MDS), chronic myelomono-
cytic leukemia (CMML) or chronic myeloid leukemia in
blastic phase (CML-BP) were eligible. Eligibility criteria
also included: 1) Eastern Cooperative Oncology Group
performance status <2; 2) age 18 years or older; 3) ade-
quate organ function (total bilirubin =<1.5 mg/dL; ALT
(SGPT) <2.5 times the institutional upper limit of normal;
creatinine =<2.0 mg/dL, or creatinine clearance of 60
ml/min/1.73m” or more for patients with creatinine levels
over 2.0 mg/dL; 4) no chemotherapy except hydroxyurea
within two weeks of study drug treatment (hydroxyurea
should have been discontinued at least 24 hours prior to
start of study drug); 5) absence of proliferative disease
defined as absolute blast count over 20x10°/L (except
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patients with FLT3 ITD who were allowed to take part
regardless of blast count). Patients with uncontrolled
hypertension (i.e. sustained systolic blood pressure =150
mmHg or diastolic 290 mmHg) were excluded. The
Institutional Review Board (IRB) approved the protocol
and the informed consent.

Treatment plan

Sorafenib was supplied as 200 mg tablets for oral admin-
istration. Two different schedules of administration were
investigated; Schedule “A”: once or twice daily, five days
per week, every week for a 21 day cycle, and Schedule
“B”: once or twice daily, for 14 days every 21 days. The
starting dose for both schedules was 200 mg twice daily
(BID) (i.e. dose level 0) (Table 1). One cycle of therapy was
defined as 21 days for both schedules. Patients with per-
sistent grade 2 or with any grade 3-4 drug-related toxicity
had treatment interrupted until toxicity resolved to grade
1 or less, to be restarted at the next lower dose level with-
out making up for missed doses. For patients who
achieved a remission or normalized their counts, therapy
could be interrupted for cytopenias (granulocytes <
1x10°/L or platelets <50x10°/L) with dose reduction upon
resumption of therapy if recovery took over two weeks.
Intrapatient dose escalation was permitted once the next
dose level was considered safe. Treatment could continue
for six months from the time of the first dose or until dis-
ease progression or unacceptable adverse event.

Response evaluation

Response was evaluated according to the modified
International Working Group IWG) criteria.’ A complete
response (CR) required disappearance of all signs and
symptoms related to disease, peripheral blood counts with
absolute neutrophil count 1x10°/L or over and platelet
count 100x10°/L or over, and normal bone marrow mor-
phology with no evidence of dysplasia and 5% blasts or
under. Complete response with incomplete platelet recov-
ery (CRp) was defined as a CR but with a platelet count of
less than 100x10°/L without platelet transfusion require-
ments. Partial response (PR) was defined as fulfilling the
criteria for CR in the peripheral blood but with 6% to
25% blasts in the marrow or at least a 50% decrease in
bone marrow blasts compared with pre-treatment values.

Translational studies

Peripheral blood mononuclear cell isolation: heparinized
whole-blood (10 ml) collected at baseline (day 0, before
sorafenib administration), day +1 and day +4, was subject-
ed to RBC lysis in hypotonic buffer (0.15 M NH4C], 0.02
M Tris-HClI), and mononuclear cells were resuspended

Table 1. Dose levels of sorafenib.
Dose Level Sorafenib dose in mg

-1 200 once daily
0 200 twice daily
1 600 once daily
2 400 twice daily
3 600 twice daily

For schedule A sorafenib was administered for five days every week; for schedule B it
was administered for 14 days every 21 days, and for both schedules, one cycle was
defined as 21 days.
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and washed once with PBS.

For evaluation of apoptosis in leukemic blasts, the
mononuclear cells from patient blood samples were
stained with APC-conjugated anti-CD34 or anti-CD33
antibodies and annexin-V-FLUOS, and the changes in cel-
lular mitochondrial inner transmembrane potential were
determined by staining with chloromethyl-X-rosamine
(CMXRos, Invitrogen Co). The samples were analyzed by
three-color flow cytometry as previously described.”

For immunoblot analyses, rabbit polyclonal phospho-
FLT3 (Tyr591) (Cell Signaling Technology, Beverly, MA,
USA), rabbit polyclonal FLT3 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), mouse monoclonal phospho-ERK
(Thr202/Tyr204), horseradish peroxidase (HRP)-conjugat-
ed goat anti-rabbit and anti-mouse IgG secondary anti-
bodies (Santa Cruz Biotechnology) were used. Antibody
binding was visualized with the use of an enhanced
chemiluminescence  detection system (ECL-plus;
Amersham Pharmacia Biotech). The semiquantitative
immunoblotting data were generated by Scion Imaging
software (Beta 4.03; Scion Corporation, Frederick, MD,
USA).

Statistical analysis

Dose escalations were carried out in standard “3+3”
design. Occurrence of dose limiting toxicity (DLT) in first
cycle in any patient was cause for the addition of at least
3 additional patients at that dose level. All patients who
received therapy on study were considered evaluable for
toxicity. DLT was defined according to toxicity occurring
during the first cycle. Non-hematologic DLT was defined
as grade 3 or 4 toxicity (NCI common criteria, version 3.0)
considered at least possibly related to sorafenib. Grade 3
or 4 nausea, vomiting and diarrhea were considered DLT
only if uncontrolled by adequate therapy. Hematologic
DLT was defined as grade 3 or higher pancytopenia with
a hypocellular bone marrow and no marrow blasts lasting
for six weeks or more after the start of a course.

Patients were enrolled into one of the two schedules
using an alternating assignment strategy starting with
Schedule A. Once enrollment in one dose level was com-
pleted and all patients were evaluated for toxicity and
determined not to have DLT, the next cohort was enrolled
in the alternative schedule. Patients who were removed
from study before completion of one cycle of therapy in
the absence of DLT (e.g. for disease progression) were
replaced. The alternating assignment strategy was repeat-
ed until a maximally tolerated dose (IMTD) was reached
within a schedule after which all subsequent patients
were enrolled into the schedule that remained open. MTD
was defined as the highest dose at which fewer than 2 of
6 patients experienced DLT. Additional patients were
enrolled at the MTD on each schedule to further define
safety.

Changes in apoptosis (Annexin V binding), mitochondr-
ial inner membrane potential (CMXRos staining) on days
1 and 4 compared to baseline in leukemia cells from
patients with FL'T3 ITD mutation + D835 mutation versus
FLT3 wild-type/D835 mutation alone were assessed by
Student’s t-test for significance.

Results

Patients’ characteristics

From August 2006 to December 2009, 50 patients were
enrolled: 31 to Schedule A and 19 to Schedule B. More
patients were enrolled to Schedule A as this schedule was
favored first for expansion at MTD. The median age was
61 years (range 21-88 years). Forty-eight patients had a
diagnosis of AML, one CMML-2, and one with bipheno-
typic leukemia (Table 2). Twelve (25%) of the 48 patients
with AML had secondary AML and all but one (with
CMML-2) had received prior therapies (median 3; range 0-
5 prior therapies). Twenty-eight (56 %) patients had FLT3-
ITD only, 5 (10%) had D835 only, and 6 (12%) had both
mutations. Three (6%) patients had received other FLT3
inhibitors (AC220=2, KW 2449=1) and 8 (16%) had prior
stem cell transplant (SCT) (Table 2).

Patients received a total of 120 cycles of sorafenib. Five
patients needed brief (one to 7 days) interruptions due to
toxicities. Eight (16%) patients discontinued therapy
before the end of the first cycle; 2 of them discontinued for
DLT and 6 (12%) for progressive disease (5 in Schedule A
and one in Schedule B) and were thus replaced. Twenty-
five (81%) of 31 patients in Schedule A and 16 (84%) of 19
patients in Schedule B completed at least one cycle of
study treatment. Twenty patients (40%) completed more
than one cycle (2 in 10 patients, 3 in 3 patients, and 4 or
more in 7 patients).

Toxicity

Treatment overall was well tolerated. The most com-
mon adverse events (regardless of causality) were fatigue
in 29 (58%), nausea/vomiting in 22 (44%), diarrhea in 18
(36%) and dyspnea in 15 (30%) patients (Table 3). Grade
3-4 non-DLT defining toxicities included fatigue in one
patient, nausea/vomiting in 2 patients, dyspnea in one,
creatinine elevation in one patient, transient electrolyte
abnormalities in 14 patients and bone pain in one patient.

Table 2. Characteristics of patients treated with sorafenib (n=50).

Parameters n=50
Diagnosis Number (%)
AML 48 (96)
CMML-2 1(2)
Biphenotypic acute leukemia 1(2)
Age years, median (range) 60 (21-88)
Gender
Male 25 (50)
Female 25 (50)
Prior therapy, median (range) 3 (0-5)
ECOG performance status
0-1 46 (92)
2 4(8)
Cytogenetics
Diploid 27 (54)
Miscellaneous 17 (34)
Complex (=3 abnormalities) 6 (12)
FLT3 Mutation
ITD alone 28 (56)
D835 alone 5 (10)
Both 6 (12)
Wild-type 11 (22)




Grade 1-2 skin rash was encountered in 12 (24%) patients
and 5 (10%) patients developed grade 1-2 hand-foot syn-
drome. There was no clear difference in the incidence or
type of adverse events between the two treatment sched-
ules. On Schedule A, two DLTs (grade 3 hyperbilirubine-
mia and hypertension, respectively) were encountered at
dose level 3 (i.e. 600 mg twice daily for five days per
week). A total of 15 patients (one received less than 21
days of therapy and was replaced) were treated at dose
level 2 (400 mg twice daily) without any DLT. On
Schedule B one DLT (grade 3 hyperbilirubinemia) was
encountered at dose level 2 (400 mg twice daily) with no
additional DLT after expansion of the cohort to 6 patients.
Two DLTs (congestive heart failure/atrial fibrillation and
asymptomatic elevation of amylase/lipase, respectively)
were encountered in the next dose cohort. Thus, for both
schedules, dose level 2 (400mg twice daily) was deemed to
be the MTD. Toxicities regardless of attribution and
according to schedule and dose level are summarized in
Table 3.

Responses

A total of 5 (10%) patients responded, 3 with CR and 2
with CRp (Schedule A=3, Schedule B=2) (Online
Supplementary Figure S1). The age range of the responders
was 21-75 years and median number of prior therapies
was 3 (range 1-4). All but one of the responders had reduc-
tion of bone marrow blasts to below 5% by C1D21. Two
of the responders proceeded with stem cell transplant and
in the other 3 patients responses lasted for four weeks,
four weeks, and more than six months, respectively. The
patient with the longest response (Patient 41), with AML
evolving from CMML, had received 2 prior therapies
(with a brief response to decitabine) and had FLT3-ITD.
On Schedule B at dose of 600 mg twice daily, he devel-
oped elevation of amylase and lipase after five days of
administration of sorafenib requiring interruption of ther-
apy. Still, by day 15 his bone marrow blast had decreased
from 40% to 2%. He had also cleared his circulating blasts
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Figure 1. Percentage changes in bone marrow blasts from baseline
according to FLT3 mutation status. Patients with both internal tan-
dem duplication (ITD) and D835 mutation are counted as ITD muta-
tion. Only information from patients with at least one follow-up bone
marrow examination in addition to the baseline is included. *= no
follow-up marrow done due to disease progression (ITD=4, WT=3,
D835=3). 0=no change in marrow blast percentage.

by day 5 and his platelets improved from 25x10°/L to
103x10°/L by day 8. Upon resolution of toxicity, he
resumed therapy at 400 mg twice daily and is currently on
cycle 12 of treatment.

In addition, 3 patients (all FLT3-ITD) had clearance of
marrow blasts (morphological leukemia free status) from
pre-treatment blast count of 85%, 83%, and 55%, respec-
tively without recovery of blood counts; one of these
patients proceeded to stem cell transplant (SCT). Twelve
(24%) additional patients had reduction in bone marrow
blasts (250% in 9 and 25-49% in 3 patients) (Figure 1). The
improvement in blast count lasted four weeks or longer in
11 of these patients. Two additional patients had a reduc-

Table 3. Toxicities irrespective of attribution.

Schedule A
(5 days every week
for 21 days)

Schedule B
(days 1-14 every
21 days)

N. patients with grade 1-2 / 3-4

Sorafenib in hematologic malignancies -

N. of 3 5 15 8 3 3 7 6
patients
Dose level 0 1 2 3 0 1 2 3
Fatigue 20 50 90 10 10 30 91 30
Gastro-intestinal
Nauseawvomiting 10 30 N N 10 10 50 30
Diarrhea 00 30 30 40 00 20 50 20
Colitis 00 00 0/0 0/0 0/0 01 00 00
Mucositis 00 10 10 10 00 01 01 02
Pulmonary
Dyspnea m um 10 0/0 20 00 40 40
Effusion 00 10 00 00 0/0 0/0 10 00
Hypoxia 01 00 0/0 0/0 01 0/0 00 00
Cardiac
Arrythmia 00 20 3N 0/0 00 00 10 01
(DLT)
Pericardial effusion 00 0/0 0/0 10 0/0 0/0 10 00
LV dysfunction 00 00 0/0 0/0 00 00 00 01
(DLT)
Hypertension 00 20 0/1 21 (DLT) 00 00 04 01
Edema 01 30 30 0/0 00 01 02 02
Electrolyte 00 21 43 23 10 072 52 40
Amylase/lipase 00 00 0/0 10 00 00 00 01
(DLT)
Liver
Bilirubin 00 00 10 31 (L) 00 00 7m o
(DLT)
AST/ALT 00 00 21 20 10 10 00 10
Creatinine M ol 0/0 0/0 00 00 00 20
Skin
Rash m 20 10 20 0/0 140 30 20
Hand-foot 00 00 0/0 10 10 10 10 10
Bone pain 00 10 /1 01 10 140 20 20
Neutropenic fever 0/1 /1 0/6 073 0/0 02 05 01
Non-neutropenic 10 140 0/0 0/0 10 00 00 00
fever
Pneumonia 01 00 10 0/0 072 0/0 00 00
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tion of over 50% in circulating blasts that lasted for four
weeks. In total, 7 patients (one achieving CR, one CRp and
5 with significant reduction in marrow blasts) were able to
proceed to SCT after responding to sorafenib. The
changes in peripheral blood blasts are shown in Figure 2
stratified by FLT3 ITD status and the marrow blast
changes are summarized in the Online Supplementary Table
S1 and S2.

Responses were seen at all dose levels but confined to
patients with FLT3 mutation. No response was seen in
patients without FLT3 mutation or among the 3 patients
with FLT3-ITD mutation who had received prior therapy
with other FLT3 inhibitors. These last 3 patients had tran-
sient reductions in marrow blasts without achieving
remission on their prior therapy with other FLT3
inhibitors.

Translational studies

Data for translational studies is available for 24 patients.
Induction of apoptosis and changes in mitochondrial
membrane potential increased in peripheral blood
mononuclear cells on days +1 and +4 compared to base-
line in patients with FLT3 ITD and ITD+D835 dual muta-
tion. In contrast, there was no statistically significant
change in patients with D835 mutation or wild-type FLT3
(Figure 3). Protein lysate for immunoblots was available
from 20 patient samples. Inhibition of FLT3 phosphoryla-
tion was seen in 6 out of 14 patient samples with FLT3
ITD mutation (Online Suplementary Figure S2). Five out of
these 6 patients with demonstrable inhibition of FLT3
phosphorylation had clinical response (CR=one, reduction
in marrow blast=4). Inhibition of ERK phosphorylation
was seen in 6 patient samples (both ERK and FLT3 inhibi-
tion in 3). Three out of 6 patients without FLT3 ITD muta-
tion who were tested showed reduction in FLT3 and/or

in a compassionate use report involving 6 patients.” Based
on our study, the recommended phase II dose for
sorafenib in acute leukemia is 400 mg twice daily given
either for five days every week or for two consecutive
weeks every three weeks. The MTD is similar to that
found in the first phase I study in solid tumors (400 mg
twice daily), although in that study sorafenib was admin-
istered continuously.” In another phase I trial in solid
tumors using a one week on and one week off schedule,
the MTD was established at a higher dose of 600 mg
twice daily.” In phase I studies with hematologic malig-
nancies, one study established MTD at 400 mg twice daily
for 21 days in a 28 day cycle” while a second study estab-
lished MTD at 300 mg twice daily administered continu-
ously.” In our study, continuous dosing was not explored.
The DLTs in our study included hyperbilirubinemia (in 2
patients), hypertension, hyperamylasemia and congestive
heart failure/atrial fibrillation (one patient each). Other
studies in solid tumors reported additional DLTs including
fatigue, skin rash, hand-foot syndrome, and hyperten-
sion.””!

Sorafenib showed single-agent clinical anti-leukemic
activity in patients with AML at multiple dose levels
including CR in 3 patients and CRp in 2 patient. While
CR/CRps have been reported with AC220, other FLT3
inhibitors as single agents have shown mostly reduction in
blast counts, but rarely CR/CRp.”** Besides clinical activi-
ty, these studies have shown that effective FLT3 inhibition
is necessary for clinical response.”” In our study, 5 of the
6 patients who had demonstrable FLT3 inhibition by
Western blot had clinical responses (one CR, 4 reduction

FLT3-ITD(+D835) Mutation FLT3-wt & D835 mutation

ERK phosphorylation. (n=18) (n-6)
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IZ 128
Discussion " . I I
Z/ o o 00e0® %32 oo .
In this phase I study we identify sorafenib as a valuable % *| | -5 I o
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Figure 2. Changes in median number of peripheral blood absolute
blast count (total white blood cell count X % blasts) with time
according to FLT3 mutation status. Patients with both internal tan-
dem duplication (ITD) and D835 mutation are counted as ITD muta-
tion. (N, ITD=34, Wild-type/D835=16)

Figure 3. Apoptosis and changes in mitochondrial membrane poten-
tial in peripheral blood mononuclear cells (PBMC). Apoptosis induc-
tion in PBMCs (collected prior to sorafenib and on days 1 and 4) was
measured by annexin V binding and percentage of cells with
changes in mitochondrial membrane potential was measured by
staining with chloromethyl-X-rosamine (CMXRos, Invitrogen Co)
using flow cytometry.

haematologica | 2011; 96(1)




in marrow blasts). Our data show statistically higher
apoptosis induction in FLT3 ITD+D835 samples, but
results should be taken with caution because of the low
number of samples from patients with FLT3 WT, partly
due to the lower WBC count in these samples.

Unfortunately, responses with sorafenib in the present
study and in studies with other FLT3 inhibitors have usu-
ally only been of short duration. This could either mean
that alternative survival pathways are able to rescue AML
cells despite blockade of FLT3 activation, or that other
events (e.g. development of mutations in FLT3) make inhi-
bition with the inhibitor no longer effective.””
Interestingly, we did not observe clinical activity in
patients with FLT3 mutations who had been previously
exposed to other FLT3 inhibitors. Investigation of the
mechanism of secondary resistance to sorafenib and other
FLT3 inhibitors is ongoing.

The ideal schedule for administration of FLT3 inhibitors
in general and sorafenib in particular remains to be deter-
mined. We investigated two schedules with interrupted
administration hoping that it would allow higher dose
administration to achieve deeper FLT3 inhibition. Despite
the discontinuous schedule, the MTD was no different
than that achieved with a continuous administration in
solid tumors.

The transient nature of the responses reported here with
sorafenib and elsewhere with other FLT3 inhibitors®? sug-
gests that combination therapy with other agents should
be explored. Flt3-ITD up-regulates the chemokine receptor
CXCR4¥ and indeed, inhibition of CXCR4 in combination

with sorafenib resulted in enhanced anti-leukemia activity
in vitro®" and this concept is presently being investigated in
a clinical trial. Combination of sorafenib with the Bcl-2
inhibitor ABT-737 has shown synergistic activity® and the
new ELT3-ITD inhibitor FI-700 was shown to also neutral-
ize Mcl-1, a major anti-apoptotic protein.** Combinations
with chemotherapy may be particularly dependent on the
schedule of administration, at least for some of the FLT3
inhibitors.** Studies of sorafenib in combination with
chemotherapy for patients with AML have been initiated
and early reports suggest high response rate in patients
with FLT3-ITD.*

We conclude that administration of sorafenib to patients
with acute leukemias can be accomplished with a favor-
able toxicity profile, with a recommended phase II dose of
400 mg twice daily, similar to that used in solid tumor
studies. Sorafenib has significant anti-leukemia activity in
patients with FLT3 ITD. Further studies of sorafenib in
these patients, including studies exploring combination
with other agents are warranted.
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