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BACKGROUND. Valproic acid (VPA) inhibits histone deacetylase activity and, syn-
ergizing with all-trans retinoic acid (ATRA), achieves differentiation induction of
myeloid blast cells in vitro.

METHODS. We used VPA in 58 patients with acute myeloid leukemia (AML) who
were too old and/or medically unfit to receive intensive chemotherapy (32 AML
secondary to myelodysplastic syndrome [MDS], 22 de novo AML, 4 AML secondary
to myeloproliferative syndrome). VPA serum concentrations were 50-100 pg/mL.
Thirty-one patients received VPA monotherapy. ATRA was added later in 13 pa-
tients who did not respond or who relapsed. Another 27 patients received VPA plus
ATRA from the start. Median treatment duration was 93 days for VPA and 88 days
for ATRA.

RESULTS. The response rate was only 5% according to International Working
Group (IWG) criteria for AML but was 16% when IWG response criteria for MDS
were used, which capture hematologic improvement and stabilization of the dis-
ease. These endpoints, which are not necessarily correlated with diminishing blast
counts, are relevant for the patients’ quality of life. Among 23 patients with a
peripheral blast count > 5%, 6 (26%) showed a diminishing blast count, and 5 of
these had a complete peripheral blast clearance.

CONCLUSIONS. Future trials should combine VPA with chemotherapy or demethy-
lating agents. Cancer 2006;106:112-9. © 2005 American Cancer Society.

KEYWORDS: valproic acid, acute myeloid leukemia, histone deacetylase inhibitors.

Valproic acid (VPA), an anticonvulsant used for over 2 decades in
the treatment of seizures, has in vitro activity against a variety of
malignant cells. VPA modulates tumor growth, affecting different
cellular properties including proliferation,'? differentiation,®® tumor
metastasis,””® tumor immunogenicity,® and angiogenesis.”'° Some of
VPA’s activities were shown to be attributable to inhibition of histone
deacetylases (HDAC).>''? In contrast to other HDAC inhibitors, val-
proic acid specifically inhibits HDAC2, which undergoes basal turn-
over by proteasomal degradation.'?

Together with histone acetyltransferases (HAT), HDACs are in-
volved in chromatin modification, which plays a crucial role in the
regulation of gene transcription. Histone deacetylation restores a
positive charge of lysine residues in core histones, resulting in a tight
interaction of DNA and histones, and maintaining chromatin in a
transcriptionally silent state. Conversely, histone acetylation neutral-
izes the positive charge, thereby disrupting DNA-histone interactions
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and leading to a more “open” DNA conformation. This
facilitates access of transcription factors. It is hypoth-
esized that by this mechanism, HDAC inhibitors lead
to derepression of silenced tumor suppressor
genes.'*™7

Acute myeloid leukemia (AML) is a disease lend-
ing itself to HDAC-targeted therapies because several
leukemia-associated fusion genes inhibit gene tran-
scription via recruitment of HDACs.'®*2° VPA and
other HDAC inhibitors have also shown in vitro activ-
ity against AML blasts regardless of underlying genetic
alterations.®*'2

In a Phase II study of VPA as monotherapy or in
combination with ATRA, 23 patients with MDS and
sAML/MDS were treated, and an overall response rate
of 35% was observed. As a result of treatment, elevated
bone marrow blast counts were diminished in 3 of 9
patients.”* These effects in patients with MDS, to-
gether with published in vitro data supporting the use
of valproic acid in AML and demonstrating synergism
with ATRA, prompted us to initiate a trial in patients
with AML, using VPA as monotherapy or in combina-
tion with ATRA. The study included patients with re-
lapsed or refractory AML, as well as elderly patients
whose general condition precluded intensive chemo-
therapy. Because VPA is generally well tolerated and
can be administered orally on an outpatient basis, this
compound appears to be suitable for this group of
patients.

MATERIALS AND METHODS

Study Design

The study was performed to determine the response
rate to VPA and to examine the tolerability and the
effect of VPA + ATRA. VPA was administered to reach
serum concentrations between 50 and 100 pg/mlL,
which is also the therapeutic range in antiepileptic
treatment. Serum VPA levels were measured with a
commercially available fluorescence polarization im-
munoassay (Abbott, Wiesbaden, Germany). There
were two different treatment schedules for ATRA. At
one of the participating centers (Dusseldorf), 80
mg/m? each day was given in 2 divided doses, Days
1-7, every other week. At the other center (Ulm), 15
mg/m? was given daily, starting on Day 4. Both drugs
were administered orally. Treatment was continued as
long as neither significant side effects nor disease pro-
gression occurred. Evaluation of treatment response
included all patients who had received study medica-
tion for at least 2 weeks. This was the minimum time
to response that had been observed in MDS patients
treated with VPA alone.?* Thirty-one patients received
VPA monotherapy. The addition of ATRA was planned
for patients who showed no response after 6 weeks or
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relapsed after an initial response to VPA. In an attempt
to enhance responses, 27 patients started with a com-
bination of VPA + ATRA. During study treatment,
other investigational drugs or cytotoxic chemotherapy
were not allowed. As an exception, hydroxyurea or
oral idarubicin were permitted within the first 28 days
of study treatment if it was deemed necessary to con-
trol leukocytosis. During the trial, only 4 patients re-
ceived erythropoetin or G-CSF, which was not consid-
ered an exclusion criterion.

Inclusion Criteria

Patients with AML diagnosed according to World
Health Organization (WHO) criteria®® were eligible for
entering the study if they were refractory to chemo-
therapy, had a relapse after successful induction che-
motherapy, or were unable to receive intensive cyto-
toxic treatment because of old age or concomitant
disease. Eligibility criteria did not include a minimum
performance status or maximum serum creatinine.
Concomitant diseases were not considered an exclu-
sion criterion as long as they did not represent a
known contraindication for valproic acid, like liver
disease. Transaminases (AST, ALT) and alkaline phos-
phatase were required to be < 2.5 X ULN (upper limit
of normal). All patients gave written informed consent
according to institutional guidelines.

Between February 2002 and November 2004, 58
patients were entered into the study. Median age was
71 years. Seventy-two percent of patients were con-
sidered medically unfit for intensive chemotherapy.
These patients were not eligible for intensive treat-
ment because of old age (> 75 yrs) (n = 22), concom-
itant disease (n = 28), or complex karyotype in pa-
tients > 60 years of age (n = 11). Twenty-eight percent
of the patients had previously received one or more
cycles of chemotherapy and had relapsed or were
refractory. Seventeen percent had received alternative
treatments like cytokines, thalidomide, interferon-al-
pha or low-dose chemotherapy. Among patients who
were analyzed cytogenetically, only 1 showed a low-
risk karyotype (inv16), 69% had an intermediate-risk
and 28% a high-risk karyotype.*® Clinical characteris-
tics of the patients are summarized in Table 1.

Response Criteria

Treatment response was assessed according to revised
recommendations of the international working group
(IWG) for diagnosis, standardization of response cri-
teria, treatment outcomes, and reporting standards for
therapeutic trials in acute myeloid leukemia.?” Ac-
cording to those criteria, morphologic complete re-
mission (CR) requires a bone marrow blast count
< 5%, an absolute neutrophil count > 1000/pL, and
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TABLE 1
Clinical and Laboratory Characteristics of Study Patients
Characteristics Values
Age in yrs
median (range) 71 (42-86)
Gender, no. (%)
Male 33 (57)
Female 25 (43)
Diagnosis (%)
de novo AML 22 (38)
sAML/MDS 32 (55)
SAML/MPS 4(7)
Time from diagnosis, mos
Median (range) 1(<1-72)
Pretreatment
Previous chemotherapy cycles, no. (%)
None 42 (72)
1-2 10(17)
>3 6 (10)
Other treatments,* no. (%) 10 (17)
Previous allogenic PBSCT, no. (%) 3(5)
Interval between VPA and prior chemotherapy, days
Median (range) 38 (21-240)
Peripheral blast count, %
Median (range) 3 (0-90)
Bone marrow blast count, %
Median (range) 40 (10-100)

Baseline peripheral blood counts
WBC X10°/L, median (range)
Platelets X10°/L, median (range)

Karyotype, no. (%), Grimwade et al.”®

1900 (400-92,000)
53,500 (3000-540,000)

Low risk 12

Intermediate risk 27 (46)
High risk 11(19)
Not done 19 (33)

AML: acute myeloid leukemia; SAML/MDS: AML secondary to myeloplastic syndrome; sAML/MPS:
AML secondary to myeloproliferative syndrome; PBSCT: peripheral blood stem cell transplant.
# Including cytokines, interferon alpha, thalidomide, low-dose Ara-C, mitoxantrone, gemcitabine.

platelets > 100,000/ nL. Some patients fulfil criteria for
CR but show residual neutropenia and/or thrombocy-
topenia. This is called complete remission with in-
complete recovery of blood counts (CRi). The desig-
nation of PR requires ANC > 1000/uL, platelets
> 100,000/uL, and a decrease in percentage of bone
marrow blasts by at least 50%, to a level of 5-25%.
We also assessed responses according to IWG cri-
teria for MDS,?® which capture hematologic improve-
ment. Here, complete remission (CR) is defined as
hemoglobin > 11g/dL, platelets > 100,000/ L, granu-
locytes = 1500/ L, marrow blasts < 5%, and absence
of dysplasia in bone marrow. Patients with partial
remission (PR) fulfil the same criteria for blood counts
but have persisting cytologic abnormalities. Hemato-
logic improvement (HI) presenting as a major ery-
throid response (MaR-E) is defined as an increase in
untransfused hemoglobin > 2 g/dL, or a 100% de-

crease in transfusion requirements in patients with a
pretreatment hemoglobin < 11 g/dL. A minor re-
sponse (MiR-E) is an increase in hemoglobin between
1 and 2 g/dL. Concerning platelets, patients with pre-
treatment counts < 100,000/ uL are considered to have
a major response (MaR-P) if their platelets increase by
at least 30,000/ uL or if they reach transfusion inde-
pendence. A minor response (MiR-P) is equivalent to a
50% increase in platelet count, not exceeding 30,000/
L. A major neutrophil response (MaR-N) is defined as
an increase in neutrophils by = 500/uL, a minor re-
sponse (MiR-N) as an increase by < 500-uL. All im-
provements must continue for at least 2 months. Pa-
tients with stable disease (SD) show neither signs of
hematologic improvement nor evidence of progres-
sion for at least 2 months.

RESULTS

Response to Treatment

For the entire group of patients, median duration of
treatment was 93 days (range, 20—-476 days) for VPA,
and 88 days for ATRA (range, 18—476 days).

According to revised response criteria for AML, 1
patient (no. 11) with early relapse after intensive che-
motherapy reached CR, lasting for 16 months. There
was one CRi and one PR. Response rate was 5%. Two
patients had PR, but with incomplete recovery of cell
counts. Three additional patients had a complete pe-
ripheral blast clearance (starting from 54%, 40%, and
11% PB blasts), and 1 patient showed a decrease in
peripheral blasts from 32% to 10%.

Among 5 patients presenting with AML-M6
(erythroleukemia), 3 had circulating red blood precur-
sor cells (RBPC), which rapidly declined in 2 patients,
starting after only 5 days of treatment, from 70% to
0%, and from 53% to 15%, respectively. One of the 2
patients did not respond with recovery of peripheral
cell counts, whereas the other had significant im-
provement in all 3 lineages but failed to achieve a
response according to IWG criteria (MDS) because the
response duration was only 48 days.

According to TWG response criteria for MDS, 9
(16%) patients responded. Two patients showed a tri-
lineage response and three showed a bilineage re-
sponse. Median time to response was 70 days (range,
15-168 days). Median duration of response was 5.5
months (range, 2-20 mos) (Fig. 1). Clinical character-
istics of responders are given in Tables 2 and 3.
Twenty (34%) patients showed stable disease, with
median duration of 4 months (range, 2-16 mos).
Twenty-nine (50%) patients had progressive disease.
Response rates did not differ significantly between
VPA monotherapy, VPA + intermittent ATRA, and VPA
+ continuous ATRA.
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FIGURE 1. Median response duration (WG criteria for MDS).

Median overall survival was 6.74 months. It was
11.50 months in responders and 5.65 months in non-
responders (log-rank test: P = 0.0691; Breslow test:
0.0248) (Fig. 2).

There was no significant difference between re-
sponders and nonresponders in age, WBC, platelets,
and karyotype. Responses were more frequent in
males than females (P = 0.03), and there was a trend
for a smaller percentage of marrow blasts in the re-
sponders (36% vs. 51%; P = 0.09).

Effect on WBC
Of 10 patients initially presenting with elevated WBC,
5 (50%) had a decrease in WBC. Only two patients
discontinued study medication because of rapidly in-
creasing blast cells. Four patients received concomi-
tant cytoreductive medication (hydroxyurea or oral
idarubicin). Among these, only one was of the re-
sponders. This was a patient who had relapsed after
allogeneic bone marrow transplantation and showed
an increasing WBC (from 1500/ uL to 18,000/uL) dur-
ing the first 3 weeks of study treatment, whereas the
percentage of peripheral blasts decreased from 46% to
12%. With additional hydroxyurea, he achieved a com-
plete peripheral blast clearance lasting for 162 days.
When hydroxyurea was discontinued after 4weeks, the
blast count and WBC remained low, but platelets and
hemoglobin did not recover.

It is debatable whether addition of cytoreductive
treatment is necessary in patients who develop an
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increase in WBC during treatment with VPA. Interest-
ingly, 4 weeks after starting VPA, a patient with AML
arising from MDS/MPS had an increase in WBC up to
56.500/ L. Concurrently, the blast count decreased
from 27% to 3%. Leukocytosis represented neutrophils
at various stages of maturation, which probably devel-
oped from differentiating blast cells. Unfortunately,
there was no cytogenetic marker available for testing
this hypothesis. Subsequently, the WBC rapidly de-
creased to 1300/pL without concomitant cytoreduc-
tive treatment, and a complete peripheral as well as
bone marrow blast clearance was achieved that lasted
for 6 months.

Side Effects

In general, study treatment was well tolerated. Throm-
bocytopenia was observed in 14 patients and was at-
tributable to disease progression in most cases. In
three patients, thrombocytopenia led to cessation of
study treatment. Tremor, clearly related to therapy,
occurred in seven patients, four of whom had to dis-
continue study medication. Fatigue is often difficult to
evaluate because of disease-related symptoms. In
three patients, it was most likely attributable to VPA.
Side effects attributable to ATRA included Grade I/1I
skin toxicity in four patients, all of them receiving the
higher dose on the intermittent schedule, Grade I/II
gastrointestinal toxicity in three patients, and pleural
effusion in one patient. In the latter patient, the pleu-
ral effusion disappeared when ATRA was discontin-
ued.

DISCUSSION

This is the first trial to evaluate valproic acid as mono-
therapy and in combination with ATRA for the treat-
ment of AML. In a previous trial of VPA and VPA
+ ATRA for patients with MDS and sAML/MDS, we
found hematologic improvement in 7 of 23 patients, as
well as 1 partial remission (35% overall response rate).
Patients with low-risk MDS tended to have better re-
sponses. Nevertheless, a decrease in bone marrow
blasts was achieved in three of nine patients with
elevated blast count.?* This prompted us to investigate
the effect of VPA in AML.

Applying the revised IWG response criteria for
AML? to our trial, the response rate was only 5%.
However, the response rate was 16% when we used
IWG response criteria for MDS, which capture hema-
tologic improvement and stabilization of the course of
disease. These endpoints, which are not necessarily
correlated with diminishing blast counts, are relevant
for the patients’ quality of life. In our study, only four
patients received cytoreductive treatment. This infre-
quent requirement of cytotoxic drugs may be attrib-
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IWG: international working group; AML: acute myeloid leukemia; VPA: valoproic acid; ATRA: all-trans retinoic acid; PRi: partial remission with incomplete recovery of blood counts; FAB: French-American-British classification; SAML/MDS: AML secondary to myeloplastic syndrome;

SAML/CMML: AML secondary to chronic myelomonocytic leukemia; V-A: ATRA added in later; int: ATRA intermittent; VA: VPA + ATRA (intermittent or continuous); V: VPA monotherapy; CRi: complete remission with incomplete recovery of blood counts; PR: partial remission; CR:

complete remission; MiR-E: minor erythroid response; SD: stable disease; MaR-N: major neutrophil response; MaR-P: major platelet response; MaR-E: major erythroid response; ANC: absolute neutrophil count; Hb: hemoglobin.

# Ongoing treatment.

Characteristics of Responders (IWG Criteria for AML) after VPA Alone or in Combination with ATRA (Including 2 Patients with Reduction in Bone Marrow Blast Count but Incomplete

Recovery of Peripheral Cell Counts (PRi)

b Relapse after intensive chemotherapy.

TABLE 3
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FIGURE 2. Median survival of responders versus nonresponders.

utable to the high proportion of secondary and pan-
cytopenic, smoldering AML. Unlike Guel et. al.,?® who
treated 8 AML patients with VPA + ATRA and sug-
gested that concomitant cytoreductive treatment was
needed, we found that VPA was sufficiently active to
achieve an antiproliferative effect in 50% of patients
presenting with elevated WBC.

Nervi et al. also treated 8 AML patients with VPA
+ ATRA. They observed only one hematologic im-
provement. However, all patients showed morpho-
logic, cytochemical, and immunophenotypic features
of differentiation, the degree of which correlated with
hyperacetylation of histones H3 and H4. Differentia-
tion of leukemic blasts was confirmed by demonstrat-
ing cytogenetic abnormalities in maturing cells.*

Diverse, structurally different HDAC inhibitors
have recently entered clinical trials.>'*%3%3* In accord
with our results, preliminary data demonstrate hema-
tologic improvement or reduction of peripheral blast
cells in a subset of AML patients. Apparently, a de-
crease in marrow blasts occurs less frequently. With
depsipeptide,®® responses occurred preferentially in
patients with translocations known to recruit histone
deacetylases. With butyrate, Santini et. al. reported in
vitro selectivity for blasts from core binding factor
AML.?® Had our trial been restricted to patients with
core binding factor leukemia, we might have achieved
higher response rates. However, CBF-leukemias are
not frequent in elderly patients with AML, and VPA
was shown to be capable, at least in vitro, of inducing
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AML blast cell differentiation independent of under-
lying genetic alterations.®

Remarkable responses were seen in some patients
with AML-M6. A possible explanation involves tran-
scription factors regulated by histone deacetylases.
TAL1 and GATA1 have been shown to interact with
HDAGCs. In accord with these findings, inhibitors of
histone deacetylases induce differentiation of MEL
cells in vitro.?"3®

From our results, it is hard to speculate about the
additional benefit of ATRA. We found no significant
differences between VPA monotherapy, on the one
hand, and the two combination regimens on the other
hand. Schlenk et al.*° recently demonstrated an im-
proved response rate in elderly patients treated with a
combination of chemotherapy plus ATRA, so the Ger-
man Leukemia Study Group I (AMLSG) is now per-
forming a clinical trial comparing standard chemo-
therapy to the same regimen plus VPA and/or ATRA.

In elderly patients with AML, a reason for adding
VPA to standard chemotherapy is the frequently in-
creased expression of the multidrug resistance gene
and the p-glycoprotein gene; both are associated with
a particularly poor outcome.*® Tang et. al.*® reported
that VPA is capable of overcoming a multidrug resis-
tance phenotype in AML cell lines, showing synergy
with Ara-C. Another characteristic of secondary leuke-
mias in the elderly is an increased proportion of
CD34+ blast cells, which have a tendency to remain in
G0/1 phase of the cell cycle and, thus, show resistance
against chemotherapy. In vitro data indicate that
HDAC inhibitors are equally effective in killing prolif-
erating and nonproliferating tumor cells.*!

According to our clinical data, VPA has beneficial
effects but is not sufficiently active to be useful as
single-agent therapy for AML. In elderly patients who
are medically unfit for standard chemotherapy, VPA
may be combined with inhibitors of important path-
ways involved in AML pathogenesis, like FLT3- or
FTI-inhibitors, or with demethylating agents, which,
based on theoretical grounds as well as in vitro find-
ings and preliminary clinical data,** should be capable
of augmenting the reexpressor strategy.
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