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Acute Myeloid Leukemia

Treatment of elderly acute myeloid leukemia with
valproic acid and all-trans retinoic acid 

Valproic acid (VPA) has been demonstrated to be
able to inhibit histone deacetylase activity and to
synergize with all-trans retinoic acid (ATRA) in
inducing the differentiation of acute myeloid
leukemia (AML) cells. A pilot study of the
VPA/ATRA combination was performed in 11 eld-
erly patients with de novo AML (median age, 82
years). Complete marrow response was observed
in 3 patients, including 1 complete remission. Two
additional patients had hematologic improvement. 
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Acute myeloid leukemia (AML) is characterized by
arrested differentiation of leukemic cells at an early stage
of maturation. Revival of the maturation process and
reversal of the immature phenotype have been obtained
with all-trans retinoic acid (ATRA) in acute promyelocytic
leukemia (APL) cells (AML-M3 in the French-American-
British classification). In vitro, ATRA is also capable of
inducing differentiation of non-M3 AML cells, such as
HL60 cells. The differentiation process is dramatically
increased in the presence of cyclic adenosine monophos-
phate (cAMP).1 However, in vivo, ATRA-induced differen-
tiation of AML cells has only been observed in APL
patients. Apart from the PML-RARa fusion oncoprotein
target, one explanation of this selective effect might be
that the ATRA-receptor complex is unable to bind target
gene promoters because of epigenetic chromatin modifica-
tions, such as hypermethylation of promoter CpG islands,
recruitment of co-repressors, and histone amino acid
deacetylation. Some studies using sodium phenylbutyrate
as a histone deacetylase (HDAC) inhibitor in patients with
AML or myelodysplastic syndromes (MDS) have already
been reported.2

In the present study, we administered ATRA in combi-
nation with another HDAC inhibitor, namely valproic
acid (VPA),3 in elderly patients with AML. Of interest, VPA
has been demonstrated to be able to synergize with ATRA
in inducing the differentiation of non-M3 AML cells and
more recently to be capable, as a single agent, of inducing
clinical responses in patients with MDS or secondary
AML.4,5 All consecutive patients aged 70 years or more
with de novo non-M3 AML unsuitable for intensive
chemotherapy were eligible after informed consent had
been obtained. Between November 2001 and August
2003, 11 patients (median age, 82 years) were treated
(Table 1). Two eligible patients diagnosed during the same
period were not included because of white blood cell
counts (WBC) > 30¥109/mm3. Oral VPA was administered
daily at the dosage required to reach therapeutic serum
concentrations for treatment of seizures (between 50 and
100 mg/mL). ATRA was given daily at the dosage of 45
mg/m2/day, beginning a week after the initiation of VPA.
In order to increase intracellular cAMP levels, patients also
received theophylline orally at the dosage required to
reach therapeutic serum concentrations for treatment of
asthma (between 10 and 15 mg/mL), at least when well
tolerated. Patients with WBC > 10¥109/mm3 (patients nos.
1, 2, 5, 7, and 9) initially received low-dose hydroxyurea
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(500 mg twice a day for a maximum of 7 days). All
patients were treated, as far as possible, as out-patients.
They all received at least one month of the VPA/ATRA
combination therapy. The median duration of VPA/ATRA
therapy was 3 months (range, 1 to 26). Overall, the treat-
ment was quite well tolerated. The main side effects were
tremor, mental confusion (leading to treatment interrup-
tion in 2 patients), and theophylline-related palpitations.
Target VPA serum concentrations were rapidly obtained in
all patients. These concentrations have been shown to be
high enough to induce HDAC inhibition in vitro, as well as
in vivo.3,4,6 Conversely, the target theophyylline serum con-
centrations were reached in only 4 patients (patients nos.

2, 3, 5, and 6), because of side effects.
Responses are presented in Table 1. According to AML

criteria,7 3 patients (patients nos. 2, 3, and 4) responded.
We observed one complete remission (CR) and two mor-
phologic CR with incomplete blood count recovery (CRi)
(Table 1). According to MDS criteria,8 two additional
patients (patients nos. 5 and 8) had hematologic improve-
ment (Table 1). In these 5 responders, the median time to
response was 2 months. Finally, all patients died within 1
to 28 months after initiation of treatment, all CR and CRi
patients having AML recurrence before death. Because of
the low numbers of patients, prognostic factors cannot be
readily determined, but it was noteworthy that 4 respon-
ders had a normal karyotype. It should also be stressed
that 3 responders had reached a therapeutic theophylline
serum concentration. As we did not document ATRA-
induced differentiation in vivo, we cannot confirm the
mechanism through which VPA may have induced
responses. It remains possible that VPA had direct differ-
entiating and/or pro-apoptotic effects on AML cells.9,10 Of
note, responses have been observed using VPA alone in
the Düsseldorf MDS study.5

In conclusion, VPA appears to be a safe, orally applica-
ble HDAC inhibitor to be tested in combination with dif-
ferentiating or demethylating agents, such as 5-azacyti-
dine or decitabine, in elderly patients with AML. Even if
hampered by obvious patient selection biases, a compari-
son of the results of the present study with recent unpub-
lished historical data from AML patients aged 80 years or
more from our institution not considered fit for intensive
chemotherapy and treated with low-dose cytarabine or
best supportive care is shown in Table 2.

Emmanuel Raffoux, Pascal Chaibi,
Hervé Dombret, Laurent Degos

Department of Hematology, Hôpital Saint-Louis, Paris, France
Key words: valproic acid, ATRA, elderly, acute myeloid leukemia,
combination therapy. 

Table 2. Results of non-intensive approaches in very old patients
with AML treated in our institution.

Present VPA/ATRA Low-dose Best supportive
study cytarabine* care*

Patients (N.) 11 14 13

Median age (range) 82 y (70-85) 83 y (80-89) 82 y (80-89)

Performance status >2 (N.) 4 3 7

White blood 0 1 2
cell count > 30¥109/L (N.)

CR/CRi/PR (N) 1/2/0 2/1/2 0/0/0

Median survival 24 weeks 12 weeks 3 weeks

Alive at 12 months (N.) 2 3 0

*historical data; CR: complete remission; CRi: morphologic CR with incomplete
blood count recovery; PR: partial remission.

Table 1. Patients’ characteristics, response to therapy, and outcome.

Pt. N. Age FAB BM blast Cytogenetics Treatment Response Time to Response Survival
(years) subtype percentage duration response duration

AML criteria7 MDS criteria8

1 82 M0 80% Complex 2 months Progression Progression NA NA 3 months

2 70 M2 70% Normal 26 months CR CR 4 months 22 months 28 months

3 81 M2 80% Normal 19 months CRi Stable 3 months 16 months 28 months

4 84 M2 42% Complex 5 months CRi Stable 2 months 3 months 6 months

5 82 M2 53% Normal 4 months No response MaR-N, MiR-E 2 months 2 months 4 months

6 83 M2 44% Normal 2 months No response Stable NA NA 6 months

7 84 M2 40% ND 1.5 months Progression Progression NA NA 2 months

8 79 M4 30% Normal 6 months No response MaR-N 2 months 4 months 6 months

9 83 M5 80% Complex 1 month Progression Progression NA NA 1 month

10 70 M6 75% Complex 2 months Progression Progression NA NA 7 months

11 85 M6 52% Normal 6 months No response Stable NA NA 8 months

ND: not done; NA: not applicable; BM: bone marrow; CR: complete remission; CRi: morphologic CR with incomplete blood count recovery; MaR-N: major neutrophil
response; MiR-E: minor erythroid response.
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Malignant Lymphomas

An enzyme-linked immunosorbent assay to
screen for inhibitors of the oncogenic anaplastic
lymphoma kinase

The discovery of novel anti-cancer drugs target-
ing anaplastic lymphoma kinase (ALK), an onco-
genic tyrosine kinase, raises the need for in vitro
assays suitable for screening compounds for ALK
inhibition. To this aim we have developed and opti-
mized an ALK-specific enzyme-linked immunosor-
bent assay that employs a novel ALK peptide sub-
strate and purified ALK kinase domain.
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The anaplastic lymphoma kinase (ALK) is a receptor
tyrosine kinase normally expressed in the developing
nervous system.1 However, chromosomal translocations
involving the ALK gene (2p23) lead to the expression of
constitutively activated ALK fusion proteins such as
NPM/ALK, in tissues outside the nervous system.2,3 ALK
fusion proteins stimulate mitogenic and anti-apoptotic sig-

naling pathways, leading to malignant transformation in
cancers such as anaplastic large cell lymphoma (ALCL).4-6

Therefore, ALK represents a valid target for pharmaceuti-
cal intervention. In the present study, we describe the
development of an enzyme-linked immunosorbent assay
(ELISA) that can be used to rapidly screen compounds for
their ability to inhibit ALK in vitro.

His-tagged recombinant ALK (rALK) protein contain-
ing the predicted ALK kinase domain spanning amino
acid residues 1116-1392 (NCBI Accession Code:
Q9UM73), was expressed in Sf9 cells using a bac-
ulovirus expression system. rALK protein was purified
to apparent homogeneity as assessed by sodium dode-
cylsulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and silver staining and was shown to maintain
autophosphorylation activity throughout the purifica-
tion procedure, indicating the correct folding of the
purified protein (Figure 1A). Using purified rALK we
identified a specific peptide substrate of ALK (pep-
tide#1: ARDIYRASFFRKGGCAMLPVK) resembling the
ALK activation loop (ARDIYRASYYRKGGCAMLPVK),
which displayed a phosphorylation rate 3-fold higher
than that of the general substrate, polyGlu4Tyr (Figure
1B). In the ALK-ELISA, peptide#1 was immobilized on
an ELISA plate and phosphorylated by purified rALK in
the presence of ATP and co-factors. The immobilized
phosphorylated substrate was detected using anti-phos-
photyrosine and horse-radish peroxidase (HRP)-conju-
gated antibodies. Addition of HRP substrate stimulated
a colorimetric reaction which was detected by spec-
trophotometry. Assay conditions were optimized for
measuring ALK inhibition. A saturating amount of pep-
tide#1 (2.5 mg/well) and an amount of rALK within the
linear range of the colorimetric response (15 – 150 ng
protein/well) were used. Plotting phosphorylation of
peptide#1 by rALK against time indicated that there was
a linear increase in absorbance up to 16 minutes (Figure
1C). No increase in absorbance was observed in the
absence of peptide or with a negative control peptide,
indicating that background noise was negligible. A reac-
tion time within the linear range (10 min) was chosen
for maximum sensitivity in measuring ALK inhibition. 

The reliability of the ALK-ELISA in measuring ALK
inhibition was assessed using the general kinase
inhibitor, staurosporine. In a conventional in vitro
radioactive kinase assay, performed in the presence of 30
mM ATP, staurosporine inhibited phosphorylation of pep-
tide#1 by rALK with an IC50 of 123 nM (Figure 2A). In the
ALK-ELISA performed under the same conditions, the
IC50 value for staurosporine was identical to that
obtained in the radioactive assay (150 nM) (Figure 2B). In
the presence of 300 mM ATP an IC50 value of approxi-
mately 700 nM was obtained in the ALK-ELISA. This
increase in IC50 at higher concentrations of ATP reflects
the competition between staurosporine and ATP for
binding the ALK kinase domain. As the majority of
kinase inhibitors developed so far are ATP competitors,7

and considering the high concentrations of ATP observed
in cells (>1 mM), it is desirable that in vitro screening
assays for ALK inhibitors are performed in the presence
of high concentrations of ATP. Unlike the radioactive
assay, which is restricted by specific activity considera-
tions, the ALK-ELISA can be performed at ATP concen-
trations approaching physiological concentrations, there-
fore should generate results closer to those observed in
cells. Indeed, the IC50 value obtained in the presence of
300 mM ATP (700 nM) in the ALK-ELISA is closer to the
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