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SUMMARY

Introduction: Treatment of acute lymphoblastic leukemia includes the use of high
doses of glucocorticoides (prednisone and dexamethasone), which significantly in-
crease the success of therapy due to lymphocytolitic effect.

The aim: The aim of the study was to determine tolerability of high doses of pred-
nisone and dexamethasone in children with acute lymphoblastic leukemia and the
structure and the intensity of adverse effects, occurred after application of these
medicines.

Subjects and methods: In a prospective study, we analyzed adverse effects of high
doses of glucocorticoides in children suffering acute lymphoblastic leukemia treated
in the Institute for Child and Youth Health Care of Vojvodina, since December 2010.
until October 2014, were analyzed. This study included 18 patients, aged from 2 to
15 years.

Results: Hyperglycemia appeared in 89% of patients treated with prednisone and in
61% of patients treated with dexamethasone. In order to control the high blood glu-
cose level (above 10 mmol /L), in 11% of patients insulin was used. Hypertension
appeared in 28% patients treated with prednisone and dexamethasone. Antihyperten-
sives were needed for regulation in 17% patients. Hypopotassemia and hypocalcaemia
were significantly more expressed after the use of prednisone in comparison to dex-
amethasone. In 11% of patients, the treatment with dexamethasone caused depres-
sive behavior, followed by agitation.

Conclusion: Adverse effects of dexamethasone and prednisone, administered in high
doses in children with ALL were known, expected and reversible. Adverse reactions
usually disappeared spontaneously or after short-term symptomatic therapy.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is one
of the most common malignancy in children
and adolescents. It is a disease that occurs by
malignant clonal proliferation of transformed
lymphoid progenitors (leukemiclymphoblasts)
that accumulate in the bone marrow, lymph
nodes, liver, spleen and other organs [1]. The
most common symptoms are fatigue and leth-
argy, fever, pain in bones and joints. Synthetic
steroids, prednisone and dexamethasone, rep-
resent part of ALL treatment in children [2].
The treatment of ALL is based on the proto-
col of Berlin-Frankfurt-Munster group (BFM)
and has four phases. Prednisone applies in the
first phase, while dexamethasone applies in
second or in the third phase of the treatment
[3]. Compared with natural glucocorticoids,
synthetic glucocorticoids have stronger phar-
macological activity. By changing the struc-
ture (adding fluorine atoms in the molecule)
mineralocorticoid adverse effect is decreased.
Glucocorticoid administration increases the
number of circulating neutrophils, and re-
duces the number of lymphocytes (T and B),
monocytes, eosinophils and basophils. A larg-
er number of neutrophils is caused by their in-
creased migration from the bone marrow, and
also because of the reduced passage through
the capillaries. This leads to the reduction of
the number of neutrophils in the place of in-
flammation [4]. In comparison to prednisone,
dexamethasone has better penetratation to the
blood-brain barrier and into the bone mar-
row, resulting in a better therapeutic outcome
(lower rate of relapse in the CNS and bone
marrow). Some adverse effects of dexametha-
sone are stronger compared to the prednisone,
but both glucocorticosteroids are used as part
of the treatment protocol for leukemia [5-8].
Common side effect of systemic administra-
tion of glucocorticoids is suppression of the
adrenal cortex, which occurs by inhibition of
corticotropin (ACTH) secretion. This is par-
ticularly evident if the therapy is administered
over the long period of time (more than 7 days)
and if it is abruptly stopped. Prevention of this
adverse effect is achieved by a gradual dose
reduction of these drugs [2]. Tatrogenic Cush-
ing’s syndrome is also an adverse effect of glu-
cocorticoid therapy. Due to the mineralocorti-
coid activity, usage of glucocorticoids leads to
metabolic disorders of water and electrolytes,
which result in water retention, hyponatremia,

Hospital Pharmacology. 2016; 3(2):387-394

hypokalemia and hipochloremic alkalosis and
high blood pressure. This side effects can limit
the usage of these drugs [2,3]. Glucocorticoids
stimulate gluconeogenesis and glycogenolysis
which can cause iatrogenic diabetes mellitus.
Muscle weakness, loss of muscle mass and os-
teoporosis with concomitant risk of fractures
are also common consequences of their ap-
plication. Glucocorticoids inhibit release of
growth hormone (even if it is administered in
lower doses). Mental disorders such as eupho-
ria, depression, psychosis, agitation and sui-
cide, are also observed during the treatment
of glucocorticoids [3,9]. Glucocorticoids can
cause a peptic ulcer disease due to the inhibi-
tion of arachidonic acid metabolism and pros-
taglandins, which protect mucous membrane
in the stomach and duodenum from hydro-
chloric acid and bile salts [3]. By suppressing of
cellular immunity, glucocorticoids increase the
tendency to fungal and viral infections [2,3,9].
Considering that the administration of gluco-
corticoids significantly increased therapeutic
efficiency of the protocol for the treatment of
acute lymphoblastic leukemia in children po-
tential toxicity of treatment is very important.
The aim of this study was to analyze the ad-
verse effects of high doses of corticosteroids in
these patients.

SUBJECTS AND METHODS

Children aged 2 to 15 (9 boys and 9 girls) all
treated according to the German BFM proto-
col in period from December 2010 to October
2014 were included in this observational pro-
spective study upon having their parents’ con-
sent. The patients were treated in the Institute
for Child and Youth Health Care of Vojvodina.
Consent was obtained by the Ethics Commit-
tee of the Institute for Child and Youth Health
Care.

Prednison is administered during the
first part of the induction phase (Protocol 1A)
with vincristine, daunorubicin and L asparagi-
nase. Prednisone is given orally, 60 mg/m2/d,
in 3 single doses from days 1-37. Prednison is
introduced gradually (25%, 50%, 75%, 100%
of total dose during first four days) and it is
tapered from days 29-37 by reducing the dose
for 50% on every third day. Vincristine was
administered as i.v. bolus at dose of 1.5 mg/
m2/d (maximal singe dose 2 mg), concomi-
tantly with daunorubicin 30 mg/m2/d given as
1 hour infusion on day: 8, 15, 22, 29. E. coli
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L-asparaginase is given as intramuscular in-
jection at dose of 5,000 U/m2/d, on day: 12,
15, 18, 21, 24, 27, 30, 33 (8 doses). Dexam-
ethason is administered during the first part
of the reinduction phase (Protocol II/1) with
vincristine, doxorubicin and L asparaginase.
Dexamethasone 10 mg/m2/d, is given orally or
intravenously in 3 single doses, on day: 1 - 21.
By day 22 taper down stepwise to withdrawal
over 9 days by halving the dose every 3 days,
giving the highest dose in the morning. Vin-
cristine was administered as iv bolus at dose
of 1.5 mg/m2/d (maximal singe dose 2 mg),
concomitantly with doxorubicin 30 mg/m2/d
given as 1 hour infusion on day: 8, 15, 22, 29. .
E. coli L-asparaginase is given as intramuscular
injection at dose of 10000 U/m2/d, on day: 8,
11, 15, 18 (4 doses). Dexamethason at dose 20
mg/m2/d (days 1-6) is given as part high dose
chemotherapy blocks containing vincristine
at standard, previously mentioned dose, high
dose methotrexate 5g/m2 in 24 hour infusion
on day 1, cyclophosphamide 200 mg/m2/d
over 1 hour infusion, 5 doses 12 hour apart
on day: 2 — 4 and high dose cytarabine (2 g/
m2, two doses 12 hours apart on day 5). Blood
pressure, psychologists’ opinion and course of
the disease were analyzed from the medical
records of patients during the period of appli-
cation of corticosteroids. The concentration of
glucose, sodium, potassium, calcium, urea and
creatinine in serum, as well as alanine amin-
otransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (GGT)
levels were analyzed as well.

RESULTS

Administration of glucocorticoids in children
diagnosed with ALL caused the impairment
in glucose regulation. Graph 1 shows the in-
cidence of hyperglycemia after administration
of prednisone and dexamethasone. Hyper-
glycemia occurred in 17 patients during ad-
ministration of prednisone and in 11 patients
during administration of dexamethasone. In 2
patients glucose blood level was higher than 10
mmol/L (which occurred during the applica-
tion of dexamethasone) therefore insulin was
administered.

High blood pressure (graph 2) was
found in 5 patients during administration of
prednisone and dexamethasone. The values
of high blood pressure were within the range
of 130/90 to 165/110 mmHg (according to

The incidence of hyperglycemia

dexametazone

prednisone

the criteria for the classification of hyperten-
sion according to the age of the child). In 3
patients, antihypertensive drugs (nifedipine,
spironolactone and captopril) were applied.
Spironolactone was applied to patient with hy-
pertension and hypopotassemia.

The incidence of hypertension
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The concentration of C-reactive pro-
tein (CRP) increased in 14 patients after pred-
nisone administration (graph 3) from 9.5 to
238 mg/l, and in 9 patients treated with dex-
amethasone from 14.7 to 101 mg/1. CRP is one
of the laboratory variables that indicates the
presence of an infection. Saprophytic microor-
ganism, staphylococcus and Candida species,
which proliferated due to impairment of the
immune system, were isolated in patients, and
ceftriaxone, amikacin and fluconazole were
administered.

The frequency of increased
CRP level

dexametazone

prednisone

Graph 1. The incidence of hy-
perglycemia after the applica-
tion of prednisone and dexam-
ethasone in children with acute
lymphoblastic leukemia

Graph 2. The incidence of hy-
pertension after application of
prednisone and dexamethasone
in children with acute lympho-
blastic leukemia

Graph 3. The frequency of in-
creased CRP level after applica-
tion of prednisone and dexam-
ethasone in children with acute
lymphoblastic leukemia
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Graph 4. The incidence of low-
er concentrations of potassium,
sodium and calcium after appli-
cation of prednisone and dex-
amethasone in children with
acute lymphoblastic leukemia

The incidence of lower
concentrations of potassium, sodium
and calcium
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Prednisone has lowered the concen-
tration of potassium in 13 patients, whereas
the usage of dexamethasone reduced this
concentration in 5 patients (graph 4), and
the value of this electrolyte were lower than
4 mmol/L. Hyponatremia, with values below
133 mmol/L, was observed in 9 patients dur-
ing administration of prednisone, or in 10
patients during the application of dexametha-
sone. Prednisone reduced the concentration of
calcium in 12 patients and dexamethasone in
5 patients (decreased values of calcium ranged
from 1.3 to 2.13 mmol/L).

Prednisone has increased alanine
aminotransferase (ALT) activity with an aver-
age value of 3.23 pkat/L + 4.20 and dexametha-
sone has also incerased ALT with an average
value of 2.86 pkat/L +2.26. This represents a 3.8
and 3.4 times higher values as compared to the
upper reference value. In patients treated with
prednisone and dexamethasone, an increase
of aspartate aminotransferase (AST) in serum
was also observed. The increase of AST activ-
ity after the administration of prednisone was
1.74 pkat/L + 1.61 (2.9 times higher values),
and after the administration of dexametha-
sone 2.24 pkat/L + 2.07 (3.7 times higher val-
ues). The level of gamma-glutamyltransferase
(GGT) was increased during the entire admin-
istration of glucocorticoids: 1.58 pkat/L + 3.94
during prednisone treatment (4.3 times) and
0.77 pkat/L + 0.38 on dexamethasone therapy
(2.1 times).

Prednisone has affected the value of
biochemical parameters in serum which indi-
cated changes in renal function. Concentra-
tion of urea in serum was increased 1.34 times
(8.08 mmol/L + 1.17), and also concentration
of uric acid was increased 1.53 times (452.53
mmol/L + 93.34). Elevation of values of these
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biochemical parameters were less during the
application of dexamethasone (6.5 mmol/L *
0 for urea and 352 mmol/L * 0 for uric acid).
During the application of dexamethasone psy-
chological changes in two patients (one male
and one female) were observed. These changes
manifested at first with depression, and then
with aggression, which occurred after corti-
costeroids saturate the organism.

DISCUSSION

The application of high doses of corticoster-
oids according to the protocols contributes
to the success of the therapy because most of
the lymphoblast have receptors for glucocorti-
coids, which prevent their proliferation. Using
contemporary protocols for the treatment of
ALL in children, about 80% of patients can be
cured, which represents a significant advance-
ment in the treatment of malignant diseases
in childhood [10]. Since in these protocols,
prednisone and dexamethasone applied in
high doses, the incidence of adverse effects in
patients were analyzed.

Chronic administration of glucocor-
ticoids is associated with increased risk for gly-
cemic disorders and the occurrence of iatro-
genic diabetes. In this study, patients who were
treated with prednisone had a higher incidence
of reversible hyperglycemia as compared to
patients who received dexamethasone. Studies
by other authors (Bostrom et al, 2003) suggest
that dexamethasone has a greater potential to
cause disturbance of glycemic control com-
pared to prednisone [11]. According to the
literature, hyperglycemia is usually resolved
spontaneously during 48 hours after the treat-
ment with glucocorticoids [12]. In our study,
after administration of corticosteroids, hyper-
glycemia also disappeared spontaneously in
50% of patients a few days after discontinua-
tion of therapy, but in 11% of patients insulin
was administered.

Due to the mineralocorticoid action,
glucocorticoids cause retention of sodium
and water in the body, thus the hypertension
is rather common [13,14]. The data show that
hypertensive effect is dose-dependent and
high blood pressure occurs in 80% of patients
during corticosteroid therapy [14,15,16]. In
our study, hypertension occurred in 28% of
patients after the administration of prednisone
and dexamethasone. For regulation the high
blood pressure (determined by the criteria for

390

Volume 3 « Number 2 « May 2016 « HOPH



Raki¢ BD et al: Safety and tolerability of high doses of glucocorticoides

the classification of hypertension in children),
in 17% of patients antihypertensive drugs
(nifedipine, spironolactone and captopril)
were applied [17].

Because of the suppressive effect on
cellular immunity, prednisone and dexame-
thasone caused the occurrence of bacterial and
fungal infections. These conditions are mani-
fested by febrility, however after the treatment
with antibiotics (ceftriaxone and amikacin)
and antifungal azoles (fluconazole), disorders
had been normalized.

Electrolyte metabolism disorder is
expected adverse effect of glucocorticoids
[4,9]. In this study, the application of predni-
sone caused a greater decrease in potassium,
sodium and calcium level, compared to dex-
amethasone. These results are explained by the
fact that the dexamethasone is fluorinated glu-
cocorticoid and does not have mineralocorti-
coid activity and electrolyte disturbances are
expected more frequently after the application
of non-fluorinatedcorticosteroids.

In both BNF (British National For-
mulary) and Summary of Product Charac-
teristics of the European Medicines Agency
(EMA) there is not mentioned an increase
in transaminases activity as adverse effect of
prednisone and dexamethasone. However, the
results of clinical trials, in which prednisone
and dexamethasone were administered simul-
taneously with 6-mercaptopurine and metho-
trexate, suggest hepatotoxicity and increased
activity of liver enzymes, most likely as a con-
sequence of the application of cytostatics [12].
The increase in activity of ALT, AST and GGT
obtained in this study, are not typical side ef-
fects of antineoplastic drugs used according to
the protocol [18-21], but could be explained
as result of their concomitant application and
interaction with prednisone and dexametha-
sone, as published in another studies [22,23].
Information in the literature suggest that glu-
cocorticoids may cause disorders of the values
of urea and uric acid [9]. In our study both
prednisone and dexamethasone increased the
concentration of these biochemical param-
eters. This disorder was more prominent dur-
ing the application of prednisone, which can
be explained with mineralocorticoid effects of
this drug and reduction of the excretion of ni-
trogen compounds.

Agitation and psychological disor-
ders are recognized complications that oc-
cur during the application of corticosteroids

[24,25]. The authors of clinical studies indicate
that females have a higher risk of neurocogni-
tive complications after therapy ALL [26-28],
which was not the case in this study-compli-
cations were equally represented and in male
and female patients. According to the results
of other authors, dexamethasone more of-
ten causes psychiatric disorders compared to
prednisone, primarily due to the greater li-
posolubility which increased the crossing of
blood-brain barrier [29]. In our study, psy-
chological changes in patients were noticed
only during the application of dexamethasone.
Hostility, withdrawal, agitation, impulsiveness
and refusal of contact with family or medical
staff were also noticed. Corticosteroids inhibit
the metabolism of arachidonic acid and the
synthesis of prostaglandins that protect mu-
cous membrane of the gastrointestinal tract, so
their application is associated with the devel-
opment of peptic ulcer disease, the increased
gastrin secretion and reduction of protective
mucus secretion [30]. Consequently, patients
in our study prophylactically obtained H2 his-
tamine receptor blockers, proton pump inhibi-
tors, and sucralfate. None of the patients did
develop peptic ulcer, which is why this pro-
phylaxis is considered very effective.

CONCLUSION

Dexamethasone and prednisone, administered
in high doses in children with acute lympho-
blastic leukemia were known and most often
disappeared spontaneously after cessation of
the treatment with corticosteroids. High doses
of prednisone and dexamethasone, as part of
the protocol for the treatment of ALL in chil-
dren, had the greater benefit compared to the
risk of adverse reaction.
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KRATAK SADRZAJ

Uvod: Terapija akutne limfoblastne leukemije, obuhvata primenu visokih doza
glikokortikoida (prednizona i deksametazona), koji zbog svog lifocitolitickog delo-
vanja, znacajno povecavaju uspeh terapije.

Cilj: Cilj rada je da se ispita pojava, vrsta i intenzitet nezeljenih efekata visokih doza
prednizona i deksametazona kod dece obolele od akutne limfoblastne leukemije.
Materijal i metode: U prospektivnom ispitivanju, analizirane su istorije bolesti dece
obolele od akutne limfoblastne leukemije koja su le¢ena u Institutu za zdravstvenu
zastitu dece i omladine Vojvodine u Novom Sadu od decembra 2010. godine do okto-
bra 2014. godine. Ispitivanje je obuhvatilo 18 pacijenata, uzrasta od 2 do 15 godina.
Rezultati: Hiperglikemija se javila kod 89% pacijenta lecenih prednizonom i 61% paci-
jenta lecenih deksametazonom. Za regulisanje visoke glikemije, preko 10 mmol/l,
kod 11% pacijenata primenjen je insulin. Hipertenzija se javila kod 28% pacijenta
lecenih prednizonom i deksametazonom. Antihipertenzive je bilo neophodno prime-
niti kod 17% pacijenata. Hipokalijemija i hipokalcijemija su bile izrazenije posle
primene prednizona u odnosu na deksametazon. Deksametazon je izazvao depresivno
ponasanje, a potom agitiranost kod 11% pacijenta.

Zakljucak: Nezeljena delovanja deksametazona i prednizona, primenjenih u visokim
dozama kod dece obolele od akutne limfoblastne leukemije su bila poznata, oekivana
i reverzibilna. ZabeleZene nezeljene reakcije su se najces¢e povlacile spontano, ili
posle kratkotrajne simptomatske terapije.

Kljucne reci: prednizon, deksametazon, akutna limfoblastna leukemija, nezeljena
delovanja, deca
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