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Abstract

Erlotinib, an epidermal growth factor receptor (EGFR) inhib-
itor, may have off-target activity inducing acute myeloid leu-
kemia (AML) differentiation, possibly through SYKinhibition.
We investigated erlotinib in a pilot phase Il study for efficacy
in relapsed/refractory AML patients at a dose of 150 mg once
daily in 28-day cycles. Twenty-nine patients were treated for
a median of 29 days (range 12-142 days). Seven patients
(24%) received >1 cycle of therapy and 12 (41%) discontin-
ued treatment before day 28 due to disease progression.
One patient (3%) achieved complete remission and 2 (7%) a
>50% reduction in blasts. The most common toxicities asso-
ciated with erlotinib were fatigue in 10 patients (34%), diar-
rheain 10 (34%), nausea in 8 (28%), and rash in 7 (24%). Only
2 patients (7%) had study drug-related adverse events re-
quiring dose reductions and eventual discontinuation. The
main reason for treatment discontinuation was disease pro-

gression in 26 patients (90%). All patients had died by the
time of the last follow-up. Progression of disease was the pri-
mary cause of death in all patients. Median overall survival
was 14 weeks (range 2.3-96.9 weeks) and median event-free
survival was 5 weeks (range 1.7-21.0 weeks). Erlotinib as a
single agent has limited clinical efficacy in patients with re-
lapsed/refractory AML. ©2018'S. Karger AG, Basel

Introduction

The treatment of relapsed/refractory acute myeloid
leukemia (AML) remains an ongoing challenge with a
very poor outcome, with only 10% of patients surviving
for 3 years. Currently, the standard treatment includes
intensive salvage chemotherapy in physically fit patients,
leading to complete remission and subsequent allogeneic
hematopoietic stem cell transplantation (HSCT) [1].

Trial registration: clinicaltrials.gov ID: NCT01664897.
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However, this approach is not always feasible in many
situations such as older age, comorbid conditions, poor
performance status, early relapse, and adverse genetic
factors. There is a need to identify and evaluate new ther-
apeutic agents in clinical trials, whenever possible [2].
Over the past decade, a better understanding of the ge-
netic landscape of AML has led to the discovery of impor-
tant molecular abnormalities and biologic pathways that
could serve as potential targets for AML treatment [3].
Erlotinib is a potent, selective, and reversible tyrosine
kinase inhibitor that acts on epidermal growth factor re-
ceptor (HER1/EGFR). Based on the EURTAC trial, a
phase 3 randomized study, in 2013, the FDA approved
erlotinib (150 mg orally once daily) for the treatment of
patients with untreated locally advanced or metastatic
non-small-cell lung cancer (NSCLC) harboring activat-
ing EGFR mutations [4]. Interestingly, 2 case reports on
patients receiving erlotinib for NSCLC with a simultane-
ous diagnosis of AML documented concomitant efficacy
in NSCLC and AML [5, 6]. In addition, gefitinib, another
EGER inhibitor, has been reported to induce differentia-
tion in 3 AML cell lines, suggesting a possible off-target
effect on myeloid leukemia cells [7, 8]. Boehrer et al. [9,
10] later tested erlotinib’s effects in AML and myelodys-
plastic syndrome (MDS), and found erlotinib to be more
potent at inducing differentiation than other FDA-ap-
proved EGFR tyrosine kinase inhibitors. Furthermore,
using a novel, integrated orthogonal proteomic and ge-
netic approach to identify the off-target activity of erlo-
tinib in AML, as EGFR is not widely expressed in AML,
spleen tyrosine kinase (SYK) inhibition was identified as
the potential off-target anti-AML mechanism [11]. SYK
is a critical tyrosine kinase signaling molecule of activat-
ing Fc receptors [12] as well as B cell receptors (BCR) [13,
14]. SYK is highly expressed and phosphorylated in AML,
and SYK inhibition has been reported to trigger the dif-
ferentiation of AML cells [15]. To date, no SYK inhibitors
have been clinically tested in AML. Based on these obser-
vations and reports, we hypothesized that erlotinib could
have clinical activity in patients with AML, possibly
through SYK inhibition, and we conducted a phase II
clinical trial for patients with relapsed or refractory AML.

Methods

Patient Eligibility

Patients with AML, who were either refractory to/relapsed after
previous therapy, were eligible for this study. Eligibility was also
extended to those with MDS or chronic myelomonocytic leukemia
(CMML) who failed treatment with hypomethylating agents and
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whose disease had progressed to AML. Additional inclusion crite-
ria included an Eastern Cooperative Oncology Group perfor-
mance status (ECOG-PS) of 0-2, adequate hepatic function (total
bilirubin <2 x ULN, ALT <£2.5 x ULN), and adequate renal func-
tion (creatinine <2 x ULN). All patients were required to have a
wash-out period of 2 weeks from previous chemotherapy, except
in the case of rapidly progressing disease with no evidence of clin-
ically significant toxic effects from the prior treatment. Patients
with rapidly proliferative disease were allowed the use of hydroxy-
urea prior to study entry and for the first 4 weeks of study treat-
ment. Both males and females with reproductive potential were
required to practice effective contraception and all females with
child-bearing potential had a negative pregnancy test prior to the
initiation of the study. Patients with other known diseases (except
carcinoma in situ) or concurrent severe/uncontrolled comorbidi-
ties (such as uncontrolled diabetes or hypertension, congestive
heart failure NYHA Class III or IV, recent myocardial infarction
within 6 months, chronic renal failure, active infection, or gastro-
intestinal disorders that could interfere with erlotinib absorption)
were excluded. Those able to receive a stem cell transplant within
4 weeks were also excluded, as they would not be able to reach the
28-day mark. The study was approved by the Institutional Review
Board of The University of Texas MD Anderson Cancer Center,
and all patients signed an informed consent document in accor-
dance with the Declaration of Helsinki. The study was registered
in clinicaltrials.gov as No. NCT01664897.

Treatment Regimen and Safety Monitoring

Patients received erlotinib 150 mg once daily in consecutive 28-
day cycles until clinically significant disease progression or unac-
ceptable toxicity. Erlotinib was to be taken at approximately the
same time each day with up to 200 mL of water 1 h before or 2 h
after a meal. Erlotinib was not to be taken with grapefruit and any
missed doses were not made up. Dose reductions to 100 and 50 mg
daily were indicated for patients with significant adverse events.
Patients with persistent toxicity at the 50-mg daily dose were re-
moved from the study. No dose reductions or treatment interrup-
tions were planned for hematologic parameters during the first 4
weeks of therapy. After 4 weeks, dose reductions for hematologic
effects could be considered on an individual basis. Patients under-
went treatment until there was progression of disease or drug tox-
icities that could not be controlled with dose adjustments.

Evaluation

Pretreatment evaluation involved obtaining a complete histo-
ry, a physical examination, a complete blood count (CBC), blood
chemistry, a pregnancy test if applicable, and bone marrow (BM)
aspiration with cytogenetic and molecular testing, and was done
within 14 days of initiation of the study. Evaluation during treat-
ment consisted of physical exams and assessment of adverse
events, and CBC and blood chemistry once weekly for the first 3
months and then every 2-4 weeks up to 6 months of therapy. BM
aspiration was planned on day 28 (+7 days) and then every 2-3
months for 1 year. Responders were patients who achieved com-
plete remission (CR), CR with incomplete hematologic recovery
(CRi), partial remission (PR), hematologic improvement (HI), or
a morphologic leukemia-free state (MLF) according to the defini-
tions of the International Working Group [16]. Adverse events
were evaluated throughout the course of therapy according to the
Common Terminology Criteria for Adverse Events (CTCAE) v4.
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Collection and Isolation of Peripheral Blood Mononuclear Cells

Peripheral blood was collected from consenting patients at
baseline and during the course of erlotinib therapy. Only patients
who agreed for optional laboratory investigations and signed in-
formed consent forms participated in this study. Peripheral blood
mononuclear cells (PBMCs) were separated by Ficoll-Hypaque
density centrifugation according to the manufacturer’s instruc-
tions (Atlanta Biologicals; Flowery Branch, GA, USA), and PBMC
pellets were stored for further analysis.

Cell Lines and Culture

The AML cell lines, OCI-AML3, ML-1, KG1, and MOLM-13,
were cultured in RPMI 1640 (Hyclone; Logan, UT, USA) contain-
ing 10% fetal bovine serum, and then tested for mycoplasma infec-
tion. The erlotinib inhibitory kinase effect was further assessed in
KG1 and MOLM-13. Cell lines were left untreated or were treated
with vehicle or an increasing dose of erlotinib (Selleckchem; Hous-
ton, TX, USA) for the indicated times and then harvested, and cell
pellets were stored for further analysis.

Western Blot Analysis

Cell lysates were prepared as previously described [17], and
then subjected to SDS-PAGE followed by immunoblotting with
antibodies against SYK, phospho-SYK (Tyr*?), SRC, phospho-
SRC family (Tyr*®), all from Cell Signaling Technology (Beverly,
MA, USA), p-actin (Cytoskeleton; Denver, CO, USA) and phos-
photyrosine from EMD Millipore (Corp. Billerica, MA, USA).

Study Design

This was a phase II, single-institution, single-arm, open-label
study to assess the efficacy and safety of erlotinib in patients with
refractory or relapsed AML. The starting dose was selected based
on the standard dose for first-line therapy in patients with NSCLC.
The historical experience in this patient population is a response
rate of <1% with standard therapy. Therefore, an overall response
rate within the first 3 months of therapy of 20% was defined as a
rate of interest for the further pursuit of this approach. A Simon’s
optimal 2-stage design was used: 14 patients enrolled in the Ist
stage; if 21 responded, 15 more patients were to be enrolled in the
2nd stage, i.e., a total of 29 patients. These sample sizes are based
on Simon’s optimal 2-stage designs of a = 0.05 with a power of 95%
(B = 0.05) to test the null hypothesis that the overall response rate
(ORR) will be <1% versus the alternative hypothesis that ORR will
be 220%. If at least 1 patient of the first 14 did not show a response,
the study would have been terminated early for futility. If there were
at least 2 responses achieved after the completion of the 2nd stage,
the study would conclude that erlotinib improves the response rate
from 1 to 20%. The probability of at least 2 responses under the null
hypothesis (ORR = 1%) is 3% while the probability of at least 2 re-
sponses under the alternative hypothesis (ORR 220%) is 94.8%.

Results

Study Population

From May 2013 to May 2014, 30 patients were enrolled
in the study. One patient did not start therapy because of
arapid deterioration after obtaining informed consent, so
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Table 1. Patient characteristics

Age, years 67 (20-83)
Male/female 17/12 (59/41)
Relapsed disease 17 (59)
Refractory disease 12 (41)
Secondary AML 10 (34)
Previous transplantation 7 (24)
White blood cells, x10°/L 2.20 (0.5-36)
Hemoglobin, g/dL 9.40 (8.2-12.4)
Absolute neutrophil count 0.25 (0.0-6.4)
Platelets, x10°/L 27.00 (8-138)
Bone marrow blasts, % 53.50 (6-94)
Peripheral blasts, % 52 (0-95)
Prior treatments 2 (1-6)
Cytogenetics

Complex 21(72)

Diploid 8 (28)
Molecular profile

NPM1 6 (21)

IDH2 6 (21)

FLT3 5(17)

IDHI 4(14)

TP53 4(14)

KIT 2(7)

Values are expressed as median (range) or 7 (%).

29 patients were evaluable for response and toxicity. The
median age for the 29 patients was 67 years (range 20-83
years), and 17 (59%) were males. Seventeen patients
(59%) had relapsed disease with a median duration of pri-
or remission of 5 months (range 1-13 months) and 12
(41%) had refractory disease. Ten patients (34%) had sec-
ondary AML, 7 progressing from prior MDS and 3 after
chemotherapy for other tumors. All patients had received
previous treatments, with a median of 2 (range 1-6), and
7 (24%) had previously received HSCT. Complex cytoge-
netics was identified in 72% of patients. Molecular abnor-
malities were identified in 17 of 28 patients (61%) with
evaluable molecular analysis, includingNPM1in 6 (21%),
IDH2in 6 (21%), FLT3in5(17%),IDH1 in 4 (14%), TP53
in 4 (14%), and KIT in 2 (7%). Patient characteristics are
summarized in Table 1.

Outcomes

Patients received therapy for a median of 29 days
(range 12-142 days). Twelve patients (41%) discontinued
therapy before 28 days because of disease progression.
Seven (24%) received >1 cycle of therapy: 3 received 2
cycles, 2 received 3 cycles, and 1 each received 4 and 5
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Fig. 1. Kaplan-Meier analysis of overall survival.

Table 2. Response to therapy

Response n %
Complete remission 1 3
Partial remission 0 0
Hematologic improvement 2 7
Progression of disease 26 90

cycles, respectively. All 29 patients (100%) eventually dis-
continued therapy: 26 (90%) for disease progression, 2
(7%) for adverse events (both after 2 cycles), and 1 (3%)
for noncompliance after 1 cycle.

One patient (3%) achieved CR and 2 patients (7%) had
a>50% reduction in BM blasts (from 91 to 23%, and from
62 to 9%, respectively) for an overall response rate of 10%
(Table 2). The patient who achieved CR was a 60-year-old
male with complex cytogenetics who had previously been
heavily treated with high-dose ara-C-containing regi-
mens and received 2 allogeneic HSCTs. This patient re-
ceived 5 cycles of therapy with erlotinib before progress-
ing. The 2 patients with improvement in blasts experi-
enced disease progression during the 2nd cycle and were
removed from the study. There was a temporary HI in a
total of 9 patients (31%), with an initial improvement in
neutrophils in 8 patients from a median of 0.28 (range
0.07-0.78 x 10°/L) to 1.07 (range 0.62-2.22 x 10°/L), and
in platelets in 2 patients (from 17 to 49 x 10°/L and from
41 to 265 x 10%/L, respectively). Improvements were not
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Fig. 2. Kaplan-Meier analysis of event-free survival.

significant, sustained, or associated with a blast response,
so these patients are reported as having no response/pro-
gressive disease.

At the time of the last follow-up, all patients (100%)
had died, with a median survival of 3.5 months (range
0.6-24 months) from the start of their treatment. None of
the patients died while on therapy. Progression of disease
was the primary cause of death in all patients. The me-
dian overall survival (OS) was 14 weeks (range 2.3-96.9
weeks) (Fig. 1). The median event-free survival (EFS) was
5 weeks (range 1.7-21.0 weeks) (Fig. 2).

Adverse Events

The most common treatment-emergent adverse events
were pneumonia in 14 patients (48%), neutropenic fever
in 13 (45%), and shortness of breath in 11 (38%), most of
them considered as not related to the study drug. The
most common adverse events considered possibly or
probably related to erlotinib were fatigue in 10 patients
(34%), diarrhea in 10 (34%), nausea in 8 (28%), and rash
in 7 (24%). Overall, erlotinib was tolerated well and there
were no treatment interruptions for toxicity. Only 2 pa-
tients (7%) had study drug-related adverse events requir-
ing dose reductions and eventual discontinuation: grade
3 fatigue in one and grade 3 diarrhea in the other, which
did not improve with dose reductions to 50 mg daily,
eventually requiring discontinuation. One patient (3%)
developed a subdural hematoma not related to the study

drug. All adverse events and toxicities are summarized in
Table 3.

Acta Haematol 2018;140:30-39 33
DOI: 10.1159/000490092



Table 3. Adverse events and toxicities

Adverse event Total Grade 1 Grade2 Grade 3/4
Pneumonia 14 (48) 0(0) 0 (0) 14 (48)
Neutropenic fever 13(45) 0(0) 0(0) 13 (45)
Shortness of breath 11 (38) 3 (10) 4 (14) 4 (14)
Fatigue 10 (34) 3 (10) 5(17) 2(7)
Diarrhea 10 (34) 4(14) 5(17) 1(3)
Nausea 8(28) 2(7) 5(17) 1(3)
Rash 7(24) 7(24) 0(0) 0(0)
Edema 5(17) 1(3)  3(10) 1(3)
Muscle aches 5(17) 0(0) 4 (14) 1(3)
Watery eyes 5(17) 4(14) 1(3) 0(0)
Dizziness 4(14) 0(0) 2(7) 2(7)
Subdural hematoma 1 (3) 0(0) 1(3) 0(0)

Values are expressed as n (%).

Biomarker Investigation

First, we tested the expression of total protein and the
phosphorylated form of SYK and SRC in 4 AML cell lines
(Fig. 3a). We then confirmed the erlotinib inhibitory ef-
fect in vitro on these 2 kinase candidates by using KG1
and MOLM-13,2 AML cell lines selected due to their sig-
nificantly higher endogenous level of activated SYK and
SRC [18-20]. In both cell lines, erlotinib treatment re-
sulted in decreased phosphorylation of SYK and SRC at
Tyr*? and Tyr*!6, respectively, in a dose- and time-de-
pendent manner, with a more pronounced effect at 6 h
with 10 um (Fig. 3b).

We next examined the phosphorylation status of SYK
and SRCin 3 AML patient samples at baseline and during
the course of treatment (Fig. 3c). Phosphorylated SYK
was detected at baseline in 2 patient samples (AML-064
and AML-122). The extent of phosphorylated SYK in
AML-064 did not change during the course of the erlo-
tinib therapy, while phosphorylated SYK decreased con-
currently with the level of total SYK protein in AML-122.
Both patients had a transient modest decrease in periph-
eral blood blasts (from 95 to 62%, and from 75 to 61%,
respectively) during the first week of therapy but experi-
enced rapid progression thereafter, and were taken out of
the study before completing 1 cycle. In the 3rd patient
sample (AML-602), total SYK protein was observed;
however, phosphorylated SYK was barely detectable at
baseline and during erlotinib therapy.

All 3 patient samples showed phosphorylated SRC at
baseline and during erlotinib treatment with no decrease
during therapy (Fig. 3¢c). Notably, we observed 2-3 im-
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munoreactive bands of lower molecular weight that in-
creased concurrently by day 5 (Fig. 3c, asterisks). In ad-
dition, all 3 patient samples exhibited a similar pattern of
total tyrosine phosphorylated proteins (Fig. 3d), with the
exception that, in AML-064 and AML-122, a tyrosine
phosphorylated protein (approx. 75 kDa) was detected at
baseline and vanished after 5 days on erlotinib therapy
(Fig. 3d, asterisks). Furthermore, as a quality control for
the Western blot analysis, we concurrently analyzed the 3
patient samples with samples from the AML cell lines
KG1 and MOLM-13, either untreated or treated with 5
and 10 puM erlotinib for 6 h (Fig. 3¢, d). Due to the limited
number of patient samples available in this pilot study, no
conclusion can be drawn to exclude or validate SYK and
SRC as in vivo kinase candidates targeted by erlotinib in
AML.

Discussion

There is a pressing need for more therapeutic options
for patients with relapsed and refractory AML regardless
of age. Not only are the outcomes for this patient popula-
tion very poor, but standards of treatment have not
changed in decades. Better understanding of the biology
of AML has led to the development of many new targeted
therapies being recently approved by the FDA, such as
midostaurin for FLT3 mutant AML and enasidenib for
IDH2 mutant AML [1]. These options, however, are only
applicable to a minority of patients with AML. In the light
of preclinical data showing that an EGFR kinase inhibitor
can induce terminal differentiation of AML cells, we de-
veloped a pilot phase II study to evaluate the efficacy of
single-agent erlotinib in patients with relapsed/refractory
AML.

Unfortunately, erlotinib demonstrated limited clinical
efficacy in this trial for patients with heavily pretreated
refractory or relapsed AML. Three patients had some ev-
idence of a response to therapy, including 1 that achieved
a CR. This patient had minimal disease burden at base-
line, and achieved a remission that lasted 5 months. Two
other patients had a significant but transient decrease in
BM blasts. Most other patients progressed rapidly, fre-
quently before the end of the first cycle. It is possible that
the burden of disease may limit the potential benefit of
erlotinib as a single agent.

A study exploring erlotinib in patients with MDS/
AML after azacytidine failure demonstrated a 20% overall
response with a 5-month median duration of response
[21]. All 6 responders had a WHO classification of RAEB-
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Fig. 3. Evaluation of phosphorylated SYK and SRC status in AML
samples before and following erlotinib treatment. a SYK and SRC
proteins are highly phosphorylated in KG1 and MOLM-13. Ly-
sates from 4 AML cell lines were evaluated by Western blot with
the indicated antibodies. b Erlotinib treatment resulted in attenu-
ation of SYK and SRC phosphorylation in a dose- and time-depen-
dent manner. KG1 and MOLM-13 cell lines were left untreated
(U), or were treated with vehicle (D; DMSO), or the indicated con-
centrations of erlotinib. At the indicated times, the cells were col-
lected, lysed, and cell lysates were subjected to Western blot analy-

2. No response was seen in those who were classified as
AML and all but 1 of the patients who responded had a
normal karyotype. In another small pilot study conduct-
ed at the Indiana University School of Medicine, 11 AML
patients were treated with the same dose of erlotinib [22],
but this study was also not able to demonstrate clinical
efficacy. Whether this represents the inability of erlotinib
to control a more proliferative disease and/or higher dis-
ease burden, or whether specific molecular events in MDS
might make this disease more prone to responding to er-
lotinib, remains to be defined. Interestingly, Mahmud et
al. [23] identified a subset of patients (15%) with AML
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sis with the indicated antibodies. ¢, d Assessment of SYK and SRC
phosphorylation status in PBMCs isolated from 3 AML patients at
baseline and during erlotinib therapy. PBMCs were harvested at
baseline (pre), and at the indicated times during erlotinib treat-
ment. KG1 and MOLM-13 were treated for 6 h as indicated in b.
c Concurrently, cell pellets from PBMCs and cell lines were lysed
and subjected to Western blot analysis with the indicated antibod-
ies. d Total tyrosine phosphorylated proteins (p-Y) were also eval-
uated by Western blot analysis. U, untreated; D, DMSO; SE, short
exposure; LE, long exposure.

(Figure continued on next pages.)

expressing EGFR at the protein level. This may indicate
that erlotinib might be effective in this selected subset.
Based on preclinical data, SYK inhibition is the sus-
pected primary off-target anti-AML mechanism of erlo-
tinib that causes AML differentiation in vitro. Phosphor-
ylated SYK can be used as a biomarker of response and
is correlated with an unfavorable profile of AML regard-
less of age, cytogenetics, and white blood cells [24]. How-
ever, the preclinical data is not expansive and the exact
biology is not completely known. We were able to assess
SYK phosphorylation in only 3 patient samples enrolled
in this trial. Two showed SYK phosphorylation at base-
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line, with no significant changes during the course of
therapy for one of them, while the other demonstrated a
decrease in phosphorylation and total protein, and we
could not find any significant correlation with clinical
outcome.

Even when phosphorylation is demonstrated, the de-
pendency of the leukemic cells on SYK may vary from
patient to patient, and an adequate response may require
combination therapy as sustained differentiation is likely
not along a linear pathway. Erlotinib in combination with
azacytidine can be synergistic in AML cell lines by in-
creasing intracellular concentration of azacytidine [25].
This combination is worth testing in vivo as a potential
antileukemic treatment strategy. It is also possible that
the given in vivo concentrations of erlotinib may not be
enough to consistently provide SYK inhibition or multi-
ple kinase inhibition. There may also be different levels of
SYK activation in specific AML subsets, such as those
with FLT3 mutations. For instance, a study by Puissant et
al. [26] suggested increased sensitivity to SYK inhibition
in samples with FLT3 mutations; they were able to show

Erlotinib in the Treatment of Relapsed/
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higher levels of SYK activation in FLT3-ITD-positive
AML cells. Though they demonstrated different levels of
SYK kinase activity, the exact mechanism for this obser-
vation is still unknown. In our study, however, all 5 pa-
tients with FLT3 mutations progressed rapidly during the
first cycle. Further testing would need to be conducted to
determine if the tyrosine kinase inhibition effect by erlo-
tinib is limited to SYK, or if it causes differentiation
through multiple kinase inhibition.

In the preclinical data, not all the cell lines responded
to erlotinib exposure. Further studies would be required
to determine what differences account for inducing dif-
ferentiation in some cell lines and patient samples and not
others. In addition, SYK inhibition may also involve aber-
rant Lyn [27] or mTOR-mediated signaling [28]. Involve-
ment of other pathways may be synergistic or essential to
the primary mechanism. A better understanding of the
molecular biology of the anti-AML mechanism of erlo-
tinib is needed for better risk stratification of patients, i.e.,
those who may respond to treatment with this drug and
other tyrosine kinase inhibitors.
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Overall, erlotinib treatment was well tolerated, with
most of the adverse events related to the AML, other co-
morbidities, or concomitant medications. Erlotinib tox-
icities were generally of mild-to-moderate severity and
managed with medications. Since erlotinib was well toler-
ated, it could be an option for combination therapy if fur-
ther preclinical studies could elucidate the ideal popula-
tion in which it would be more likely to exert antileuke-
mic activity.

In conclusion, erlotinib has limited clinical efficacy in
patients with refractory or relapsed AML. The population
enrolled in this trial was previously very heavily treated,
including a high percentage of patients who had received
prior HSCT. Still, the outcome is disappointing. Further
exploration of erlotinib as a treatment option for AML
requires a better understanding of its anti-AML mecha-
nism in the occasional responses, in order to determine
the biomarkers that may help predict which patients
could potentially benefit from treatment as a single agent
or in combination with other agents. If more could be
understood about the biology of the anti-AML mecha-
nism, erlotinib and future generations of similar drugs
can be revisited as possible therapeutic options.
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