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Abstract:

Amifostine is an active aminothiol, which has unique properties as a radio- and chemoprotective agent. It has been reported to
prevent myelosuppresion and reduce the toxic effects of intensive cancer treatment.

In the study, 57 courses of chemotherapy in 18 children treated because of neoplastic disease were analyzed to assess the early side
effects induced by cytotoxic anticancer therapy. In 18 of them amifostine was used as the cytoprotective agent. The estimation of
adverse effects was made in accordance to WHO scale of toxicity, and the pharmacoeconomic analysis was based on the costs of
intravenous antibiotics, G-CSF, GM-CSF, blood preparations, immunoglobulines and days of hospitalization.

The amifostine use in supportive therapy of neoplastic diseases in children decreases the number of infections thanks to the
diminishing of myelotoxic effect. This not only improves the comfort of the patient but also shortens the time of hospitalization. The
amifostine therapy limits the costs of treatment, but high price of the drug itself, makes however, the chemotherapy with

cytoprotection comparable in pharmacoeconomic analysis to the standard treatment.
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Introduction

Cytoprotection is one of the ways to improve the re-
sults of cytotoxic, anticancer therapy. Over the last
few years, the amifostine has rested in the interest be-
cause of its unique properties as a radio- and chemo-
protective agent. Amifostine is an analogue of cys-
teamine — the aminothiol (WR 2721). At the tissue
site, this pro-drug is dephosphorylated by membrane-
bound alkaline phosphatases to its active metabolite —
the free thiol (WR 1065). This form of the drug can
penetrate the cell membrane by passive or active
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mechanism. Its concentration is very high in normal
tissues. This selective uptake of amifostine is due to
the high activity of membrane phosphatases in normal
cells comparing to cancer ones. Therefore, the drug
can prevent the cells from radio- or chemotherapy-
induced adverse effects [6, 10].

The mechanisms of action of amifostine are still
not well known. There are evidences that WR 1065 is
a potent scavenger of reactive oxygen species and can
reduce the DNA-damage caused by free radicals. It
also protects the DNA against the toxicity of platinum
drugs and inhibits the membrane transport of antracy-
clins. It was discovered that amifostine stimulates the
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formation of multipotent and erythroid bone marrow
progenitors [6, 10, 21].

Recent studies show that the active thiol is able to
act in more specific ways. For example, it can influ-
ence the formation and accumulation of protein p53
[17, 18] and catalytic inhibition of DNA topoisomerase
II — (topo Il)alpha, which prolongs the cell cycle and
gives more time for DNA repairs [20, 21]. Besides, ami-
fostine with carboplatin may additively act as a pro-
apoptotic factor on the leukemic cells [16].

Due to these mechanisms amifostine has been re-
ported to prevent myelosuppression, to reduce
nephro- neuro- and ototoxic effects of cytotoxic ther-
apy, to diminish the mucosal damage in the gastroin-
testinal tract and genitourinary system and even to
protect against the mutagenic effects of cancer treat-
ment [5, 7, 9, 10, 20].

The aim of the study was to assess the early side ef-
fects induced by cytotoxic, anticancer therapy and to
analyze cost effectiveness of this therapy in children
treated because of solid tumors and acute nonlympho-
blastic leukemias (ANLL) with or without amifostine
as a cytoprotector.

Materials and Methods

The study included the retrospective analyses of 57
courses of chemotherapy in 18 children treated be-
cause of solid tumors and ANLL in the Department of
Paediatrics, University of Medicine in Lo6dz years
1998-2001 .

Eighteen courses included amifostine as cytopro-
tector (the group A). Every course was compared with
at least two similar courses given without amifostine
(the group C).

The mean age of the patients was 7.1 + 1.9 years.
There were 13 girls and 5 boys.

Amifostine (Ethyol) was provided by Schering-
Plough.

The drug was administered as a short intravenous
infusion before alkylating agents (cyclophophamide,
ifosphamide), carboplatin and/or anthracyclins. The
dose was 910 mg/m?.

The estimation of early adverse effects of the treat-
ment was made in accordance to the four degrees
WHO scale of toxicity including particularly such ele-
ments as:

— mean degree of myelotoxicity
— duration of thrombocytopenia
— number of blood transfusions
— duration of neutropenia and the use of colony
stimulating factors — G-CSF and GM-CSF
— severity of infectious complications
— necessary period of hospitalization
— degree of emetogenity
The pharmacoeconomic analysis was based on the

costs of:
— intravenous antibiotics
— G-CSF and GM-CSF
— blood preparations

immunoglobulins

days of hospitalization
Significance of differences between groups was es-
timated by the Mann-Whitney’s and Wilcoxon’s tests.
The level of significance (p) was considered signifi-
cant if < 0.05.

Results

The mean degree of myelotoxicity was lower in the
group A (2.54) but the difference was not statistically
significant comparing to the group C (2.71).

The mean duration of neutropenia in the group A
was 6.5 days and the children needed to receive
G-CSF during 4.1 days. In the group C, the time of
neutropenia was a little longer — 6.8 days and the time
of G-CSF administration was 5.7 days. The differ-
ences were not statistically significant (Fig. 1).

W Group A *
14+ O Group C

Time (days)

0- L
neutropenia G-CSF thrombocytopenia hospitalization

Fig. 1. Mean duration of neutropenia, thrombocytopenia, colony
stimulating factors (G-CSF) treatment and hospitalization in
amifostine-treated (A) and non-treated group (C), * — statistical sig-
nificance (p < 0.05)
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The patients from the group A required less eryth-
rocyte transfusions (0.8 vs. 1.1)

In the group A the thrombocytopenias were more se-
vere, lasted longer (8.2 days vs. 6.6 days) and the chil-
dren required, on the average 1.5 platelet transfusions
per course of chemotherapy (in the group C — 0.5
platelets transfusions) But all these results are not sta-
tistically significant (Fig. 2).
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Fig. 2. Mean number of platelet and erythrocyte transfusions in
amifostine-treated (A) and non-treated group (C)

In spite of neutropenia in the group A, the severity
of infectious complications was significantly lower
than in the group C (0.72 vs. 1.02 degrees according
to WHO scale) p = 0.049. This influenced the dura-
tion of hospitalization which lasted on the average
11.6 days in the group A and 14.3 days in the group C
(p = 0.049) (see also Fig. 1).

The chemotherapy with amifostine induced more
vomiting. The emetogenity in the group A was esti-
mated at 1.55 degree according to WHO scale compar-
ing to 0.64 in the group C (no statistical significance).

The costs of therapy were determined, first of all,
by the differences in antibiotic therapy between the
group A and C. The costs of other elements taken into
consideration like the blood preparations, the immu-
noglobulins and even G-CSF, GM-CSF are similar in
both groups and not significantly lower in the group
A. The mean cost of intravenous antibiotics in one
course of chemotherapy with amifostine was 242 PLN,
and without the cytoprotectant — 896 PLN (p = 0.037).
In the group C, the costs of antibiotics made 9.9% of
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Fig. 3. Mean cost of one course of chemotherapy with and without costs
of cytoprotectant in amifostine-treated (A) and non-treated group (C),
* — statistical significance (p < 0.05)

total costs of therapy, and in the group A, this percent-
age was only 3.6.

The calculation of total costs showed, that the
mean cost of one course of chemotherapy with ami-
fostine is significantly lower (7000 PLN) than without
it (8977 PLN). But the difference is visible only when
the cost of amifostine itself is excluded (p = 0.048).
When the cost of Ethyol is added to the others, the total
costs of one course in the group A and C are nearly the
same (8650 PLN vs. 8977 PLN, p = NS) (Fig. 3).

Discussion

Cytotoxicity of antineoplastic therapy often makes it
impossible to cure the patient. Dose-limiting toxicity,
which can impact the efficacy of the treatment, is due
to the inability of drugs to differentiate between nor-
mal and malignant cells. Chemoprotectants have been
developed as a method to limit the toxicity of antineo-
plastic agents by providing site-specific protection for
normal tissues without compromising antitumour effi-
cacy. The thiol group donors seem to be one of the
most promising lines of cytoprotection. That is why
amifostine is in the center of interest. [3, 12].

The amifostine was used first of all in adults
treated because of head and neck cancers, lung, breast
cancers and other malignancies, but it can be equally
effective in children [3, 11, 15].
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The activity of amifostine protects first of all from
cisplatin-related neurotoxicity and nephrotoxicity,
cardiac toxicity due to anthracycline treatment and
myelotoxicity secondary to alkylating agents and car-
boplatin therapy [12].

In our study we didn’t notice particular nephro-,
neuro- or cardiac toxicity after analyzed courses of
chemotherapy in both A and C groups. These kinds of
toxicities are difficult to estimate after a single appli-
cation of cytotoxic drugs. They usually accelerate
whole anticancer therapy and can be symptomatic af-
ter many months of treatment.

Mpyelotoxicity appears in several days after chemo-
therapy and influences strongly the course of the dis-
ease. Analyzing the courses of chemotherapy with
amifostine (the group A) we observed the tendency to
better hematologic recovery, comparing to the group
without the drug (C), even when the differences were
not statistically significant. The duration of neutro-
penia was shorter, the reaction to colony stimulating
agents (G-CSF, GM-CSF) was better, and the number
of necessary blood transfusions was smaller. Lower
myelotoxicity in the group A results in diminishing
the severity of all kinds of infections accompanying
neutropenia. This shortens the duration of hospitaliza-
tion, improves the quality of life and makes the anti-
cancer therapy safer. There are some studies in the lit-
erature, mostly randomized, where the authors ob-
served significantly better hematologic recovery and
less infectious complications, mucositis, diarrhoea,
fever etc. in the group of patients pretreated with ami-
fostine. The authors emphasize both clinical and eco-
nomical benefits of using amifostine in supportive
care [1, 2, 8]. There are evidences (in vitro) that ami-
fostine is not only the protectant of the bone marrow
stem cells but also can stimulate their formation and
differentiation [13]. In other studies, the opinions
about efficacy of amifostine are more cautious. The
authors indicate better tolerance of chemotherapy due
to small number of side effects, but without signifi-
cant differences in duration of neutropenia, severity of
trombocytopenia, duration of antibiotic therapy and
hospitalization. [9, 19].

It is impossible not to notice that in the group A,
the episodes of trombocytopenia were more severe
and lasted longer. The children needed more platelet
transfusions than in the group C. This could have
been accidental and due to not randomized study. The
difference was not statistically significant.

The safety of the patient and quality of life is very
important in the treatment of the child suffering from
neoplastic disease, but nowadays we must also con-
sider the problem of cytoprotection from the eco-
nomic point of view. The pharmacoeconomic analy-
ses usually show a lot of benefits from using ami-
fostine in supportive care [2, 4, 9, 14]. In our study the
low costs of antibiotics used in the group A dimin-
ished significantly the costs of whole therapy. But un-
fortunately this difference was visible only when the
cost of amifostine was excluded. Inclusion of ami-
fostine in the costs calculation abregated the differ-
ence. It is important to remember that we investigated
only the early side effects of chemotherapy. We did
not take into consideration a protection against neph-
rotoxicity, neurotoxicity, hepatotoxicity etc. Total cost
— efficiency calculation can be notably influenced by
the treatment of the late side effects.

Amifostine is well tolerated by children. We did
not observe hypotension during infusions of the drug.
The only side effects were nausea and vomiting in several
cases, well controlled by standard antiemetic treatment.

The amifostine seems to be useful cytoprotectant in
chemotherapy in children. There are no evidences that
it can influence the antitumor efficacy of cytotoxic
drugs. However, confirmation of its clinical and eco-
nomic benefit, still needs more studies in larger, ran-
domized groups of children.

1. Amifostine use in supportive care of neoplastic dis-
eases in children decreases the number of infectious
complications, which can be related to the diminish-
ing of myelotoxic effect of cytotoxic agents and short-
ens the time of hospitalization.

2. Amifostine use during chemotherapy in children
limits the costs of treatment first of all by diminishing
the costs of antibiotics. High prize of amifostine itself
makes, however, the chemotherapy with cytoprotec-
tion comparable in pharmacoeconomic analysis to the
standard treatment.
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