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A novel approach to treatment in childhood acute
myeloblastic leukemia and myelodysplastic
syndrome with high-dose methylprednisolone as a
differentiation- and apoptosis-inducing agent of
myeloid leukemic cells

Cocukluk yasi akut myeloblastik I6semi ve myelodisplastik sendromunda
myeloid I6semik hiicrelerde farklilasma ve apoptosisi saglayan yiiksek doz
metilprednizolon ile yeni bir tedavi yaklasimi
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Abstract

Differentiation-inducing therapy with all-trans retinoic acid significantly improved the outcome in children with acute
promyelocytic leukemia (APL). Therefore, use of agents that induce differentiation of leukemic cells in non-APL children
appears to be a highly promising therapeutic approach. Based on the experimental studies in mice, we have shown that
short-course high-dose methylprednisolone (HDMP) treatment can induce terminal differentiation of leukemic cells in
children with various subtypes of acute myeloblastic leukemia (AML-M1,-M2,-M3,-M4,-M7). It has also been shown to
induce apoptosis of myeloid leukemic cells with or without differentiation. Administration of HDMP as a single agent
resulted in a rapid clinical improvement, a marked decrease in blast cells in both peripheral blood and bone marrow and
dramatic decreases in the size of extramedullary leukemic mass in children with AML and myelodysplastic syndrome
(MDS). Addition of HDMP to cytotoxic chemotherapy regimens increased the remission rate and improved the outcome
in these children. Future clinical trials with HDMP would contribute to further improvements in the treatment results in these
children. (Turk J Hematol 2010; 27: 1-7)
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Ozet

Akut Promyelositik Losemili (APL) ¢cocuklarda, 16semik hiicrenin normal hiicreye dénusuni (farkllasma) saglayan all-trans
retinioik asidin (ATRA) kullaniimasi ile tedavi sonuglarinda énemli ilerlemeler elde edilmistir. Bu nedenle APL disinda diger
akut myeloblastik I16semi (AML) subtiplerinde I6semik huicrelerin farkllasmasini saglayan ilaglarin kullaniimsi, bu hastalar igin
de 6nemli ve Umit verici bir tedavi yaklasimi olacaktrr. Fare myeloid l6semik hucrelerin steroid ile farkllasmasinin
saglanabilecegini gosteren in vitro calismalara dayanarak, biz de, literatiirde ilk defa olmak izere, AML’li cocuklarin farkl
subtiplerinde (AML M1,-M2,-M3,-M4,-M7), kisa sireli yiksek doz metilprednizolon (YDMP) tedavisi ile I6semik hiicrelerin
normal hiicrelere donebilecegini gosterdik. Ayrica YDMP tedavisi, I6semik hiicreden dénlisen veya direkt olarak myeloid
|6semik hiicrelerin apoptotik dlimine neden olmaktadir.

Diger 16semi ilaclan kullaniimaksizin YDMP, hastalara verildikten kisa stire sonra , kilinik bulgularda diizelme, periferik kan
ve kemik iligi I6semi hiicrelerinde énemli bir azalma ve kemik iligi disindaki I6semi hiicre kitlesinin hizla kiigilmesine neden
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olmaktadir. YDMP’ nun sitotoksik tedavi protokollarina ilavesi ile hastalarin remisyon ylizdeleri artmis ve hastaliksiz yasam
sureleri uzamistir. Bu nedenlerle, YDMP ile yapilacak kilinik ¢calismalarin, AML ve myelodisplastik sendromlu ¢ocuklarin
tedavilerinden alinacak sonugclara 6nemli katkisi olacagi kanisindayiz. (Turk J Hematol 2010, 27: 1-7)
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rom, gcocuklar
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Introduction

Glucocorticoids (GCs) have been used successfully in the
treatment of childhood acute lymphoblastic leukemia (ALL) since
the late 1940’s. To enhance their effectiveness, higher doses of
GCs (250 to 1000 mg daily) were used, mostly in adults, up to the
early 1960’s. Massive doses of steroid induced hematologic
improvement more rapidly in ALL patients, and the beneficial
effect was noted in patients who became resistant to convention-
al-dose steroid and also in a few patients with acute myeloblastic
leukemia (AML) [1-3). However, for a long period, the therapeutic
benefits of GCs at higher doses were not evaluated in clinical tri-
als. Recently, in in vitro studies, higher antileukemic activity [4),
which may be associated with an increase in apoptosis [5,6), and
favorable clinical results were obtained by increasing the dose of
GCs in childhood ALL [7-12].

In contrast to ALL, in patients with AML, it is generally believed
that GCs in conventional dose have limited or no effect. Despite
the favorable results obtained in childhood ALL, progress in the
treatment of children with AML with currently used regimens,
which mainly depend on the eradication of blast cells by cyto-
toxic agents, remains unsatisfactory [13,14]. However, the pos-
sibility of treatment with agents that induce terminal differentiation
of myeloid leukemic cells has long been proposed as a promising
approach for improvement in the prognosis of patients with AML.
Differentiation-inducing therapy with a derivative of vitamin A, all-
trans retinoic acid (ATRA), resulted in significant improvement in
the outcome in children with acute promyelocytic leukemia (APL,
AML-M3) [15,16]. However, the results in non-APL patients
obtained with ATRA are not encouraging. Based on the in vitro
studies, which revealed that arsenic trioxide can induce differen-
tiation and apoptosis of APL cell line NB4 and fresh APL cells with
t (15;17) dose-dependently [17], it has also been incorporated in
the treatment of adult APL patients. However, there are limited
data regarding results in children with APL [18].

GC-induced differentiation and/or apoptosis of

human myeloid leukemic cells in vitro

Since the early 1970’s, a number of experimental studies
have shown that prednisolone (PRD) and dexamethasone
(Dex) are the most potent agents for inducing differentiation of
mouse myeloid leukemic cells into macrophages and granulo-
cytes [19-22]. Moreover, a high concentration of Dex caused
complete arrest of mouse myeloid leukemic cell proliferation
and prolonged the survival in mice inoculated with sensitive M1
cells [23]. In further studies, differentiation- and/or apoptosis-
inducing effects of Dex or methylprednisolone (MP) on human
primary AML cells [24-26] and myeloid leukemia cell lines (HL-
60, NB4, U937, HIMeg and t(8;21)-positive myeloid leukemia
cells), in a dose-dependent manner, have been demonstrated
in vitro [27-32]. Various effects of steroid on human and mouse
myeloid leukemic cells were reviewed previously [33,34].

Other steroid derivative-induced differentiation and/

or apoptosis of human myeloid leukemic cells in vitro

Very recently, Chow et al. [35] reported that 2-methoxyestra-
diol (2ME2), a natural metabolite of 17p-estradiol, can induce
apoptosis in different types of AML cell lines (HL-60, NB4 and
U937) and in primary human AML cells (MO, M1, M2) in vitro in
a dose-dependent manner. Trafalis et al. [36], who evaluated
the effects of two homo-aza-steroids (1 androgen and 1 estro-
gen derivative) on leukemic blasts obtained from patients with
various subtypes of AML, indicated the capacity of differentia-
tion. Several aminosteroid compounds have also been shown
to inhibit proliferation and/or induce differentiation in HL-60
cells dose-dependently [37,38]. In addition, a cardiotonic ste-
roid, bufalin, has been shown to induce differentiation of
human myeloid leukemia-derived cell lines, HL-60, U937 and
ML1, and leukemic cells from 4 of 20 AML patients in primary
culture [39,40]. In all these studies, therapeutic potential of
these different steroid derivatives as possible novel agents in
the blood malignancies has been indicated [35-40].
Furthermore, in addition to another steroid derivative, 1la,
25-dihydroxyvitamin D3 and its analogs, which is well known to
induce differentiation [41], isomeric pregnhadienedione steroids
(guggulsterones, naturally occurring plant sterols) and 16-dehy-
droxyprogesterone with increasing concentration have been
shown recently to exert antileukemic effect by inducing differ-
entiation and apoptosis in human AML cell lines (HL-60, NB4
and U937) by Samudio et al. [42]. These compounds also
induced apoptosis in primary CD34-positive leukemia cells
obtained from relapsed patients with AML-MO and M2 [42].
Interestingly, it has been indicated that the pregnadienedione
structure of these steroids could offer the potential for develop-
ment of novel chemotherapeutics.

Here, the results of our clinical studies with another pregna-
dienedione steroid derivative, MP, which induces differentiation
and apoptosis of myeloid leukemic cells in vivo, will be reviewed.

Short-course HDMP treatment-induced differentiation

of myeloid leukemic cells in vivo

Since 1988, we have shown the remarkable antileukemic
effects of MP at high doses, in various subtypes of newly diag-
nosed and relapsed children with AML [43,44]. Children who
had no infection were given MP sodium succinate (Prednol-L,
MN Pharmaceutical, Turkey) orally, at a single daily dose of
20-30 mg/kg (not exceeding 1 g daily) together with an ant-
acid. Based on the experimental studies on induction of dif-
ferentiation of mice myeloid leukemic cells, we first demon-
strated morphologic evidence of in vivo differentiation of
myeloid leukemic cells to mature granulocytes in a boy with
AML-M4 treated with HDMP alone in 1991 [45]. In our further
studies, short-course (3 to 7 days) high-dose (HD)MP treatment
was also shown to induce terminal differentiation of myeloid
leukemic cells in children with APL (AML-M3) and in other sub-
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types of AML (AML-M1,-M2,-M4,-M7) [46-49]. In addition to
rapid reduction of blast cells, morphologic changes including
presence of Auer rods in mature cells (Figure 1) and surface
marker analysis of peripheral blood and/or bone marrow cells by
flow cytometric studies confirmed the evidence of in vivo differ-
entiation of myeloid leukemic cells. More recently, MP has been
shown by Corsello et al. [32] in vitro to induce differentiation of
AML cell lines with a t(8;21) in a dose-responsive manner. In this
study, treatment of t(8;21)-positive Kasumi-1 cells with MP
revealed loss of AML1-ETO protein expression in a proteasome-
and GC receptor-dependent manner. Moreover, in three pri-
mary patient AML samples, AML1-ETO protein was reduced
with in vitro MP treatment. MP could also be the effective agent
for the targeted inhibition of dysregulated transcription factors in
some other subtypes of AML. It will be interesting to explore
whether or not HDMP treatment induces cellular differentiation
in some other malignant diseases.

Short-course HDMP treatment-induced apoptosis of

myeloid leukemic cells in vivo

Apoptosis (programmed cell death) has been demonstrat-
ed in vitro to be the common mode of cell death of differenti-
ated human myeloid leukemic cells (HL-60) [50]. We have also
shown that induction of apoptosis of myeloid leukemic cells
with or without differentiation is possible with HDMP treatment
in vivo and in vitro [26,49,51]. In addition to ultrastructural find-
ings, light microscopic studies revealed the morphologic evi-
dence of apoptosis in bone marrow cells obtained from differ-
ent subtypes of AML children (AML-M3,-M4 and -M7) who
received short-course HDMP (4 days) as a single agent.
Incubation of low (10-6M) and high (10-3M) concentration of
MP with freshly obtained leukemic cells from AML children
resulted in a dose-dependent increase in differentiated cells
and in apoptosis [26]. Previously, Blewitt et al. [52] demon-
strated that GCs at suprapharmacologic concentration, in
contrast to low-dose, showed massive lethal effect possibly by
inducing apoptosis in human myeloid leukemic cells in vitro [52].
It was also reported that cytolethal effects of GCs (hydrocorti-
sone, Dex, MP) are dose-dependent, and among the GC
preparations tested, the most severe cytolethal effect was
obtained in human lymphoid and myeloid leukemic cells when
exposed to a suprapharmacologic dose of MP (10-3M) [53].
Dex- and/or MP-induced apoptosis has been demonstrated in

Figure 1. Four to seven days after HDMP treatment, maturing myeloid cells and
granulocytes containing Auer rods are seen in the bone marrow smear of children
with AML (M1,- M2,- M4) (Wright stain X 2000)

AML cell lines (Kasumi-1 and Skno-1 cells) with a t(8;21) [28,32],
HL-60 and in human acute megakaryocytic leukemia (AmegL)
cell lines in a dose-dependent manner [27,30]. A plant steroid,
diosgenin, has also been shown to induce megakaryocytic dif-
ferentiation and apoptosis in a human erythroleukemia cell line
dose-dependently [54]. In addition to the results of in vitro stud-
ies and the rapid hematological and morphological improvement
detected four days after HDMP treatment via induction of dif-
ferentiation and apoptosis of leukemic cells, as observed in our
patients with AmegL [26,49], it is important to note that addition
of HDMP to induction therapy appears to be a very promising
treatment approach in these patients who have poor prognosis.
Suppression of the Bcl-2 by MP or Dex might indicate the role
GCs in inducing apoptosis of myeloid leukemic cells [32,55,56].
Dex has also been shown to significantly suppress expression of
c-myc and c-myb genes during Dex-induced differentiation of
mouse myeloid leukemic cells [56,57].

Therapeutic effects of HDMP in children with AML

Effect of HDMP on blast cells

During our long-term clinical studies, in a short-period (24 or 48
hours) after administration of HDMP treatment alone, dramatic
clinical improvement (improved activities; resolution of bone pain
and unexplained high fever) was observed in most of the AML
children who had not received HDMP previously. In addition, rapid
decrease in blast cells in both peripheral blood and bone marrow
with a concomitant increase in the number of maturing and mature
myeloid cells (metamyelocytes and polymorphonuclear leuko-
cytes) was detected after short-course (4 to 7 days) HDMP without
using any other antileukemic agents in different subtypes of AML
children [43-49,58,59]. Changes in marrow blasts 4-7 days after
HDMP treatment alone or two weeks after HDMP combined with
cytosine arabinoside (Ara-c) are shown in Table 1. Marked
decrease in marrow blasts was also detected in relapsed children
[44]. In a patient with refractory AML, complete remission (CR) was
also described by Sugawara et al. [60] using HDMP combined
with granulocyte colony-stimulating factor (G-CSF). Although a
similar effect was not obtained in our patients who previously
received HDMP, it is important to note that 3-4 months after its
discontinuation, some of the patients responded again to HDMP.

Effect of HDMP on extramedullary infiltration

More importantly, dramatic decreases in the size of extramed-
ullary leukemic infiltration (orbita, gingiva and soft tissue) were
detected in 24 hours to 7 days after initiation of HDMP treatment
[43-45,58,61]. Rapid decreases in orbital and spinal mass follow-
ing the administration of HDMP treatment alone were also
reported by others in children with AML-M2 and t(8;21) transloca-
tion [62,63]. Furthermore, we demonstrated complete resolution
of pleural effusion and marked decrease in pericardial effusion in
children with chronic myelomonocytic leukemia (CMML) four days
after HDMP treatment alone, which also induced differentiation
and apoptosis of malignant cells in the pleural effusion [64]. Based
on these results, we can suggest that addition of short-course
HDMP to initial treatment would be a very effective approach for
the treatment of patients presenting with extramedullary infiltration

Combined HDMP with cytotoxic chemotherapy
In our previous study reported in 1992, addition of HDMP
to mild antileukemia regimens (adriamycin and Ara-c) increased
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Table 1. Decrease in percent of marrow blasts after HDMP alone or HDMP combined with Ara-c in children with newly diagnosed AML and

MDS

No. of Duration of Blast cells%

Patients Treatment treatment (day) <5% 0-15% References
37+ HDMP 4-7 12(32%) 20(54%) 58

26+ HDMP+ Ara-c 15 7(27%) 17(61%) 59

4** HDMP+LD-Ara-c 15 4(100%) - 66

g HDMP 4 7(88%) 8(100%) 79

*AML,**RAEB and RAEB-t, Ara-c (3mg/kg, 3 days a week), LD Ara-c (10 mg/m?2)

HDMP: High-dose methylprednisolone; LD Ara-c: Low-dose cytosine arabinoside; AML: Acute myeloblastic leukemia; MDS: Myelodysplastic syndrome; RAEB: Refractory anemia with

excess of blasts; RAEB-t: RAEB in transformation

the CR rate to 84.6% in 26 newly diagnosed AML children with
or without extramedullary infiltration when compared to the CR
rate (62%) of historical controls [59.65], and reduced the num-
ber of early relapses occurring within 12 months (45% vs 78%)
and 24 months (76% vs 90%), respectively. However, differ-
ence in five-year disease-free survival (DFS) rate was not sig-
nificant (18% vs 10%). In our subsequent studies with two
different treatment protocols reported in 2004, the CR rate was
87% and 89% in 23 and 45 children, respectively, who had no
extramedullary infiltration at presentation [58]. By using inten-
sive maintenance therapy, improved outcome was achieved
and the five-year DFS rate was 44% and 35% , respectively. In
this study, in a small number of children (n=7) who presented
with myeloblastoma, five-year DFS rate was 71% [58].
However, this improvement was not noted in children with
gingival infiltration. We believe that further studies in these het-
erogeneous group of AML patients who have large differences
in outcome should be explored with combined HDMP and
more intensive chemotherapy than used in our studies, in an
effort to improve the outcome. HDMP treatment was well toler-
ated, HDMP-related toxicity was mild, and no life-threatening
events occurred [58,59]. During induction therapy, after the
addition of cytotoxic agents to HDMP, mortality rate was 4% in
112 children with AML [58]. However, unlike with cytotoxic
agents, in a short period after initiation of HDMP, increase in
white blood cell (WBC) count, which was controlled by the
administration of cytotoxic drugs, was observed in 25% of the
AML children and in children with myelodysplastic syndrome
(MDS) as well [58,66]. This increase was not associated with
the increase in peripheral blast cells. Rapid increase in WBC
count following massive-dose steroid therapy was also noted
in some patients with AML in previous studies [2,3]. Therefore,
patients with WBC count >25x109/L at diagnosis were given
chemotherapy concomitantly with HDMP administration.
Since an early blast cell clearance by remission induction
therapy is a major independent prognostic factor, the improved
outcome in our patients could be related with the initial striking
decrease in leukemic cells in the bone marrow and in the extra-
medullary site obtained with HDMP as a differentiating- and
apoptosis-inducing agent. In addition, administration of short-
course (4 days) HDMP treatment during induction therapy result-
ed in a rapid increase in T4+, T8+ T-cells and natural killer (NK)
cells, possibly due to stimulation of marrow CD34+ cells, which
may also contribute to the antileukemic effect of HDMP [67]. It has
also been shown by Vitale et al. [68] that pharmacological con-
centration of MP can induce preferential and rapid in vitro differ-
entiation of CD34+ hematopoietic precursors to NK cells.

Recently, dramatic selective blast cell reduction associated
with apoptosis and improved outcome were reported by Suzuki
et al. [69] in elderly patients (63-89 years) with AML secondary
to MDS treated with MP alone (125 mg, body). Significant blast
reduction with hematological and cytogenetic remission follow-
ing HDMP (1000 mg/day) treatment alone was also demon-
strated by Shimohakamada et al [70] in an adult AML patient
who had pulmonary infection. However, the optimal dose of MP
in inducing differentiation and apoptosis remains unknown.

The stimulation of normal myelopoiesis with HDMP treat-
ment would be an additional benefit in the treatment of these
patients. Short-course (3-5 days) HDMP treatment shortens
the chemotherapy-induced neutropenic period in children with
AML and ALL during induction and maintenance therapy, pos-
sibly by stimulating the CD34+ hematopoietic progenitor cells
[71-73]. Pretreatment with short-course HDMP, before high-
dose consolidation therapy, reduced the duration and severity
of neutropenia in children with AML [74]. We suggest that the
effect of short-course HDMP should be evaluated in non-leu-
kemic malignancies in order to stimulate neutrophil recovery.

Therapeutic effects of HDMP in children with MDS

Although significant progress has been achieved in the
treatment of children with MDS who could have received
hematopoietic stem cell transplantation, treatment results with
standard chemotherapy regimens have been generally unsat-
isfactory [75,76]. Since progressive impairment in differentia-
tion of hematopoietic cell lineages is the main pathophysiolog-
ical feature, there has been great interest in using differentia-
tion-inducing agents in MDS. However, results with retinoic
acid and vitamin D3 are not encouraging [77].

On the other hand, we obtained promising results in children
with various subtypes of MDS (refractory anemia with excess
blast (RAEB), RAEB in transformation, juvenile myelomonocytic
leukemia (JMML) and CMML) with the addition of HDMP to cyto-
toxic chemotherapy [66,78,79], with the exception of patients
with IMML and monosomy 7. As observed in AML children, a
marked decrease in blast cells both in peripheral blood and bone
marrow was also detected after HDMP treatment (Table 1). In
addition, dramatic resolution of extramedullary infiltration (orbital,
spinal and pleural), possibly due to its differentiation- and apop-
tosis-inducing effects, was also noted in these children [66,79].
With the use of combined HDMP and mild cytotoxic chemo-
therapy, higher CR rate (70%) was achieved in 17 of 25 children
with different subtypes of MDS [79]. Improvement in the outcome
in these children, especially in children with CMML, seems to be
promising. Our preliminary data showed that short-course HDMP
treatment might also be beneficial by remarkably increasing
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serum levels of interleukin-2 in children with CMML [80]. As
obtained with anti-thymocyte globulin and cyclosporin A, modu-
lation of immune response by HDMP might contribute to its
beneficial effect in some patients with MDS. In contrast to other
immunosuppressive agents, an advantage of the use of short-
course HDMP and its favorable effects have been indicated in
adult patients with refractory anemia [81-83]. Decrease in serum
tumor necrosis factor-alpha after short-course HDMP therapy
observed in children with AML and ALL might indicate that it is
also effective in MDS, leading to hematologic improvements [84].
In addition, an inhibitory effect of steroids (PRD and Dex) has
been shown in vitro on the production of leukemia-associated
inhibitor from human myeloid leukemic cells, which has been
suggested by Olofsson et al. [85] as being responsible for the
suppression of normal hematopoiesis. The possibility of HDMP-
induced suppression of inhibitory activity of MDS abnormal
clones [86] may also contribute to its effect in MDS. These pos-
sibilities might explain the favorable response to short-course
HDMP treatment obtained in our patient with hypoplastic MDS
as well as in a case with hypoplastic AML [87,88].

Identification of responsive MDS patients to GC therapy by
in vitro technique was first reported by Bagby et al. [89]. In that
study, it was suggested that if therapeutically achievable con-
centrations of cortisol enhance colony growth of marrow cells
and if the colonial cells are well differentiated (granulocyte
maturation was observed in 2 patients), the patients will likely
respond favorably to PRD therapy. Interestingly, they described
responses when higher doses of PRD were used in patients
who were considered in vitro non-responders. Beneficial
effects of high-dose steroid in patients with MDS were also
reported by others [90-94]. Based on these studies, HDMP
combined with chemotherapy followed by autologous stem
cell transplantation can be considered as an alternative thera-
peutic approach in children with MDS who are not suitable for
bone marrow transplantation.

In conclusion, our clinical studies indicate that addition of
short-course HDMP as a differentiation- and apoptosis-induc-
ing agent to cytotoxic chemotherapy regimens represents a
promising approach in the treatment of children with AML and
MDS. In further studies, its effective dosage, duration of admin-
istration and role in maintenance therapy should be evaluated.
Although the factors involved in the mechanisms of HDMP
effect in inducing differentiation, apoptosis and stimulation of
myelopoiesis are not well known, it may be effective through
complex mechanisms to target several antileukemic pathways.
Further studies, enhancing the understanding of the metabolic
and molecular basis of these effects, could provide important
therapeutic benefit in children with AML and MDS. Based on
the results of our clinical studies, short-course HDMP also
deserves evaluation regarding its effect in the treatment of
some other malignancies.
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