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Abstract Purpose: Etoposide is commercially available in
France in two different pharmaceutical forms: VP16 and
its phosphate ester (etoposide phosphate, EP). EP shows
better chemical and physical properties, is said to be less
toxic but is five times more expensive than VP16. Some
criteria were defined for the use of each form in the
Paediatric Oncohaematology Department in Hopital
Sud in Rennes. As some particular cutaneous side effects
were observed during treatment with etoposide-based
course in this department, a retrospective study was
initiated. The aims of this work were to determine the
side effects (especially cutaneous toxicity), whether the
pharmaceutical formulation of etoposide had any
influence on the toxicity of the drug, and whether the
observed side effects resulted from etoposide alone or
from particular antineoplastic drug associations.
Methods: Five types of etoposide-containing protocols
were chosen: NB 97 and NB 99 (neuroblastoma),
FRALLE 93 (acute lymphoid leukaemia), LAME 91
(acute myeloid leukaemia), OS 94 (osteosarcoma), Ew-
ing 97 and Euro-Ewing 99 (Ewing sarcoma). The med-
ical files of 36 children (88 EP courses, 25 VP16 courses)
included in these protocols were analysed on the basis
that if a child showed a side effect during a course, the
child had to have recovered from that side effect before
the beginning of the next course. Results: Apart from
classical side effects (haematological and digestive tox-
icities etc.), two particular cutaneous side effects were
observed: (1) palmar—plantar eruptions and nail
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inflammations, and (2) irritation of the anal area and
anal fissures. Those side effects were observed with three
of the studied protocols: NB 97, OS 94 and Ewing sar-
coma treatments. Conclusions: No striking differences in
toxicity appeared between the two etoposide formula-
tions, but this retrospective study seemed to confirm the
appearance of particular cutaneous and anal side effects
especially with two associations: (1) etoposide-ifosfa-
mide (OS 94 and Ewing 97), and (2) etoposide-ifosfa-
mide—Adriamycin—vincristine (VIDE course of the
Euro-Ewing 99 protocol).

Keywords Etoposide - Etoposide phosphate - Anal
toxicity - Acral erythema - Excipient

Introduction

Discovered in the 1960s, VP16 is an antineoplastic drug,
a semisynthetic derivative of podophyllotoxin, a natural
substance extracted from the roots and rhizomes of
Podophyllum peltatum and Podophyllum emodi [25].
Commercialized by many pharmaceutical firms, this
molecule has shown great effectiveness in the treatment
of a variety of neoplasms including small-cell lung can-
cer, Hodgkin’s disease, non-Hodgkin’s lymphomas and
leukaemia. Haematological and digestive toxicities are
the most important side effects observed. According to
its physical and chemical properties, VP16 has two dis-
advantages: a low water solubility [23], which explains
the use of many excipients in the injectable solution, and
instability that makes it necessary to prepare a solution
in the concentration range 0.2-0.4 mg/ml to avoid pre-
cipitation [3]. In 1997, Bristol-Myers Squibb (BMS)
commercialized a new molecule, a prodrug of VPIlé:
etoposide phosphate (Etopophos, EP). This phosphate
ester is characterized by its high water solubility and
stability in injectable solutions (up to 20 mg/ml), thus
avoiding the use of many excipients for its injectable
formulation. BMS presented these two properties



(chemical and physical stability in solution and fewer
excipients) as two great advantages of EP over VPI16.
Nevertheless, the actual cost of the ester phosphate drug
compared to that of VP16 may limit its use.

Included in many chemotherapy protocols, etoposide
is very often used in the Paediatric Oncohaematology
Department of Hopital Sud in Rennes. Because of the
different costs of the two formulations of etoposide,
some criteria were defined for the use of EP: patient
weight <20 kg (because of the large dilution volume of
VP16), high dose of VP16 (graft pretreatment), admin-
istration of etoposide during a weekend (because of the
limited stability of VP16), patients who had already been
treated with EP.

As some particular cutaneous side effects had been
observed during etoposide-containing chemotherapy, we
carried out a retrospective analysis of the medical files of
patients treated with etoposide—VP16 or EP—in the
Paediatric Oncohaematology Department. The aim of
this work was to study more particularly these cutane-
ous toxicities occurring during etoposide-based courses,
to determine whether they were linked to a particular
formulation of etoposide or to particular associations of
chemotherapeutic agents, then to find out if the occur-
rence of side effects was different between VP16 and EP.

Materials and methods

Our retrospective analysis was based on clinical data
collected from patients’ medical files. In order to study
the involvement of etoposide in the side effects observed
during chemotherapy courses and the possible difference
between VP16 and EP, five chemotherapy protocols
were chosen. These protocols were associated with dif-
ferent pathologies, allowing the study of groups of
patients of various ages and associating etoposide with
several cytotoxic agents. The criteria used to select these
protocols were based on pathologies (haemopathies or
solid tumours), doses, administration cycles, total anti-
neoplastic agent dose for a course, and finally associa-
tion of cytotoxic agents. As a result of this selection,
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some neuroblastoma treatment protocols (NB 97, NB 97
modified version of May 1999, and NB 99), two leu-
kaemia treatment protocols (FRALLE 93 for acute
lymphoid leukaemia, and LAME 91 for acute myeloid
leukaemia) and two bone tumour treatment protocols
(OS 94 for osteosarcomas, and Ewing 97 and Euro-
Ewing 99 for Ewing sarcomas) were studied (Table 1). A
list of patients treated with etoposide-based courses be-
tween October 1998 and August 2000 was established
(data collected from the cytotoxic agents preparation
register of the pharmacy). The two key points of this
analysis were: to research the side effects (more partic-
ularly cutaneous) and the involvement of the etoposide
formulation in these toxicities.

All the events noted in the patients’ medical files
during the hospitalization for the etoposide-containing
course and the following hospitalization were collected.
Based on the WHO acute and subacute cytotoxic agents
side effects scale, haematological toxicities (especially
leucopenia and neutropenia), mucositis, digestive toxic-
ities (nausea, vomiting, diarrhoea), immediate allergic
reaction (fever after infusion, cutaneous rash) and long-
term cutaneous side effects were sought. Side effects were
recorded as new toxicities in each course on the basis
that if a child had shown a side effect during a course,
the child had to have recovered from that side effect
before the beginning of the next course. A side effect
observed after a course started with one etoposide for-
mulation and finished with another was considered as
0.5 side effect for each formulation. In order to find a
possible correlation between the observed toxicities and
the formulation of etoposide, the type of etoposide
(VP16 or EP) administered during each course was no-
ted.

Results

The medical files of 36 children were analysed. Most of
the children under 4 years old were treated for neuro-
blastoma (n=15) and received a total of 17 etoposide-
containing courses. Three 2-year-old children and 17

Table 1 Protocols (6 TG 6 thioguanine, ADR Adriamycin, ARA C cytarabine, CBDCA carboplatin, CDDP cisplatin, CPM
cyclophosphamide, DNR daunorubicin, DXM dexamethasone, /DA idarubicin, /FM ifosfamide, V'RC vincristine)

NB 97

NB 97 modified in May 1999 (first part)

NB 97 modified in May 1999 (second part)

NB 99 (99.1 et 99.3)

Fralle 93 group B & C1: consolidation,
intensification, intensification no. 1

Fralle 93 group Cl: intensification no. 2

Fralle 93 group C2, bloc R3

Fralle 93 group C2, CAZED

Etoposide (600 mg/m> /course) CDDP (200 mg/m> /course)

Etoposide (500 mg/m Jcourse)-CDDP (200 mg/m> /course)

Etoposide (500 mg/m Jcourse)-CBDCA (800 mg/m> /course)

Etoposide (450 mg/m?> /course) CBDCA (5%4 mg/m /course)

Etoposide (450 mg/m?/course)-ARA C (180 mg/m?/course}-6 TG (1260 mg/m?/course)

Etoposide (300 mg/m course)-ARA C (120 m%/m /course)-6 TG (1260 m §/m‘/course)
Etoposide (450 mg/m /course)-ARA C (8 g/m
Et0p051de (450 mg/m?/course)— ARA C (8 g/m?/course)-DXM (100 mg/m?/course)-CPM

/course) DXM (100 mg/m /course)

(1.2 g/m?/course)— IDA (30 mg/m?/course) or DNR (150 mg/m?/course)

LAME 91

OS 94

Ewing 97

Euro-Ewing 99, VIDE
(1.5 mg/m~/course)

Etoposide (400 mg/m course)-ARA C (400 mg/m Jcourse)-DNR (160 mg/m?/course)
Etoposide (300 mg/m? /course) IFM (12 g/m /course)

Etoposide (500 mg/m /course)-IFM (9 g/m /course)

Etoposide (450 mg/m?/course)-IFM (9 g/m?/course)~ADR (60 mg/m?/course)-VCR
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Table 2 Children’s distribution

in the studied protocols Protocol

Number of
patients (n=36)

Number of
courses (n=113)

Average age

Neuroblastomas protocols
NB 97
NB 97 modified in May 1999
Ist part
2nd part
NB 99.1 and NB 99.3

1
2

2

FRALLE 93 (four different types of courses)

Group B
Group Cl1
Group C2
LAME 91
OS %4
Ewing 97
Euro-Ewing 99

N W LN W W

2.3 years (1-4 years) 3
4
4

41 days (22 days and 2 months) 6

5.4 years (4-8 years) 36

4.3 years (2-7 years)

5.8 years (211 years)

6.4 years (2—13 years) 6

13.5 years (11-15 years) 11

16.3 years (15-17 years) 14

14 years (11-16 years) 29

children aged between 5 and 13 years were treated for
leukaemia pathology (42 etoposide-based courses).
Among those older than 10 years, 11 received a total of
54 etoposide-containing courses for the treatment of
bone tumour (Table 2). Thus, 113 etoposide-containing
courses prepared during the studied period, divided into
12 different types of chemotherapies, were analysed, and
comprised 25 courses with VP16 and 88 courses with EP.

Apart from the well-documented haematological
(often associated with fever) and mucositis toxicities
(data not shown), two particular side effects were ob-
served:

I Irritation of the anal area and anal fissures: ten
observations (one WHO grade I, two WHO grade 11,
seven WHO grade I11)

Palmar—plantar cutaneous and inflammatory reac-
tions of fingers and toes: 12 observations (two WHO
grade I, ten WHO grade II).

These two side effects noted in the patients’ medical
files are not the usual toxicities caused by cytotoxic
agents. The first leads to inflammation and painful
reactions of the mucous membrane (WHO grades I and
I1), a reaction that may get worse and lead to ulceration
and anal fissures (WHO grades III). The symptoms of
the cutaneous palmar—plantar reaction were erythema-
tous and inflammatory eruption of the palms and/or
soles (WHO grades I), without infection, with possible
subsequent desquamation (WHO grade II).

These two types of reactions were observed with both
VP16 and EP and were associated with four different

Table 3 Protocols and side effects (anal and cutaneous)

chemotherapy protocols: NB 97 modified in May 1999
(first part), OS 94, Ewing 97, and Euro-Ewing 99. Nine
patients showed those toxicities (see Table 3). Side ef-
fects occurred in 7 of 25 courses (28%) with VP16 and
15 of 88 (17%) with EP (Fig. 1). Of the 11 OS 94 courses
and 29 Euro-Ewing 99 courses, 5 and 7 generated
cutaneous toxicities, respectively. Anal side effects oc-
curred after 1 of 4 neuroblastoma courses and 1 of 11
OS 94 courses. Ewing 97 courses and Euro-Ewing 99
courses were associated with a higher incidence of
anal side effects with (2 of 14 and 6 of 29 courses,
respectively; Fig. 2).

In the neuroblastoma treatment protocols, only EP
was administered (patients’ weight <20 kg). One of five
patients showed anal toxicity. In the OS 94 protocol,
two of three patients showed side effects with VP16 and/
or EP (one treated only with EP showed cutaneous and
anal toxicities, the other treated with VP16 and EP
showed cutaneous side effects). In the Ewing 97 proto-
col, one of three patients showed anal toxicity. This child
received alternately VP16 and EP. The two other chil-
dren treated only with EP did not show such side effects.
The Euro-Ewing 99 protocol (VIDE course) was asso-
ciated with a high number of side effects. The five chil-
dren included in that protocol showed toxicities. Three
treated only with EP (and one VP16 course with no
particular toxicity) showed cutaneous and/or anal side
effects. One child treated with EP without any particular
side effects developed cutaneous toxicity after one VP16
course. The last child developed cutaneous toxicity
during the third course (the two first courses with VP16

Protocol Number of patients Cytotoxic agent Number of side effects (cytotoxic agent)
(total number of patients) with side effects (overall number of courses)
Cutaneous Anal
NB 97 modified in May 1999, 1 EP (4) 0 1 (EP)
first part (n=2)
0OS 94 (n=3) 2 VP16 (5), EP (6) 3 (VP16), 2 (EP) 1 (EP)
Ewing 97 (n=23) 1 VP16 (2.5), EP (11.5) 0 1 (VP16), 1
(VP16 and EP)
Euro-Ewing 1999 (n=175) 5 VP16 (5.5), EP (23.5) 2.5 (VP16), 4.5 (EP) 6 (EP)




Fig. 1 Side effects in relation to

etoposide formulation
6%

22%

VP16 : courses with side-effects (n=7)
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EP : courses with side-effects (n=15)

10%
7%
DASE DASE

72%

83%

SE : side-effect, CSE : cutaneous side-effect, ASE : anal side-effect

Total number of courses

Courses with no side-

effects (CSE or ASE) Courses with CSE

Courses with ASE

VP16 25 18 (72%) 5.5 (22%) 1.5 (6%)
EP 88 73 (83%) 6.5 (7%) 8.5 (10%)
A Courses with cutaneous side-effects B Courses with anal side-effects n=10
n=12
5
% | D EuroEw99
! B0S94
MEur Ewdd QINBS7 modifié
g pose4 BEWS7

SE : side-effect, CSE : cutaneous side-effect, ASE : anal side-effect

Total number of courses Eg:; :':‘: :;ll_}:' ::) ,.:::]3 Courses with CSE Courses with ASE
T:ﬁf;;:‘;:’q?;g:; 4 3 (75%) 0 1 (25%)
0S 94 1 5 (45.5%) 5 (45.5%) 1 (9%)
Ewing 97 14 12 (86%) 0 2 (14%)
Euro-Ewing 99 29 16 (55%) 7 (24%) 6(21%)

Fig. 2 Type of side effects in relation to protocol

did not generate any particular side effects). This toxicity
reappeared during the fourth course starting with VP16
and finishing with EP, and appeared again during the
two last courses with EP. In summary, 2.5 courses with
VP16 and 4.5 courses with EP caused cutaneous reac-
tions (out of a total of 5.5 and 23.5 courses, respec-
tively), and six EP courses (out of 23.5) caused anal
reactions (see Table 3).

In contrast, FRALLE 93, LAME 91, NB 97, NB 97
modified in May 1999 (second part), and NB 99 did not
produce such toxicities. The children included in these
protocols received either VP16 (total of 12 courses) or
EP (total of 43 courses).

Discussion

Etoposide is an antineoplastic agent widely used in adult
and paediatric chemotherapeutic protocols. When EP
was commercialized, the pharmaceutical firm insisted on

two properties: stability at high concentrations and no
toxic solvent (particularly polysorbate 80) in its formu-
lation.

As cutaneous side effects were observed after etopo-
side-containing courses in the Paediatric Oncohaema-
tology Department of Hospital Sud in Rennes, and
considering the important difference in cost between
VP16 and EP, we carried out a retrospective study,
completed with bibliographic research. This work had
two main objectives: to record side effects (particularly
cutaneous symptoms) observed during etoposide-based
chemotherapies and to establish a causal link between
those side effects and the use of VP16 or EP.

Except for cutaneous rashes linked to hypersensitivity
reactions, the toxic effects of antineoplastic agents are
observed mainly in rapidly growing cellular tissues, such
as haematopoietic, cutaneous and mucous tissues. Alo-
pecia, mucositis or stomatitis are the most frequent
toxicities. Diffuse or localized cutaneous hyperpigmen-
tation, and the appearance of inflammatory signs in
cutaneous areas irradiated months or years before have
been described with many antineoplastic agents [5, 22].
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A particular cutaneous reaction localized on the hands
and feet has also often been described and many names
have been given to this syndrome (acral erythema, pal-
mar—plantar erythema, hand—foot syndrome, Burgdorf
reaction). Many molecules may generate, alone or in
combination, dose-dependent acral erythema, the most
commonly quoted being fluorouracil, Adriamycin, cyt-
arabine, methotrexate, hydroxyurea and cyclophospha-
mide [2, 22]. The onset of these reactions is usually rapid
(24 h to 2-3 weeks) and more severe with bolus or short-
term chemotherapy than with low-dose continuous
infusion (the reaction occurring then within
2-10 months) [2].

The palmar—plantar eruption starts typically with a
tingling in the hands and feet, progressively evolving
over the next 3—4 days into a painful, oedematous ery-
thema of the extremities with the occasional formation
of blisters. This phenomenon may extend to the back of
the hands and feet and appear in other areas of the
body. Desquamation and a re-epithelialization process
usually indicate healing. Symptoms can reappear with
reintroduction of the drug. Histological observation of
the lesions reveals a vacuolar degeneration of the basal
cell layer, necrotic and dyskeratotic keratinocytes, der-
mal oedema and a mild perivascular lymphohistiocytic
infiltrate [2, 9]. The origin of this phenomenon is un-
known and many mechanisms have been proposed [2, 9]:
the particular anatomical characteristics of acral areas
(vascular anatomy, rapid epidermis cell division,
numerous eccrine glands), the toxicity of the drug in the
epidermis, immune factors (the acral erythema appears
in conditions such as neutropenia and immune defi-
ciency). This kind of reaction is also observed in acute
graft versus host reaction (aGVHR) and it can be
extremely difficult to differentiate toxic acral erythema
from acral erythema indicating aGVHR when this
syndrome appears soon after grafting [9, 26].

Cutaneous reactions observed during etoposide-
based chemotherapies are often described in the litera-
ture. These reactions have frequently been observed
when etoposide is associated with ifosfamide and car-
boplatin [4, 19], Adriamycin and methotrexate [18],
cyclophosphamide and vincristine [18], Adriamycin and
cyclophosphamide [26], methotrexate and hexamethyl-
melamine [26], and daunorubicin and hydrocortisone
[26]. Authors have often attributed the cutaneous tox-
icities observed to etoposide for different reasons (for
example, histological analysis shows cells closely
resembling those treated with topical podophyllin, a
VP16-related compound, in condyloma acuminata [26]).
But it is important to note that some other etoposide-
containing associations, cited by these authors, never
generated any of these cutaneous toxicities when
administered to the same patients. Therefore, consider-
ing this information, it seems that these reactions must
result from some particular associations of chemother-
apeutic agents and not from etoposide or its formulation
alone. Among the above-cited associations, etoposide is
frequently associated with nitrogenous mustards

(cyclophosphamide and ifosfamide), and with anthra-
cyclines (Adriamycin and daunorubicin).

Although the origin of the anal toxicity is unknown,
the same kind of complex biological process as the one
occurring in mucositis may explain the observed reac-
tions. This process can be divided into four phases:
inflammatory and vascular, epithelial, ulcerative and
bacteriological, and a final recovery phase. This phe-
nomenon usually appears in rapidly growing cells. The
cytotoxic agents used in our study, well-known to gen-
erate high-grade mucositis, are probably toxic to the
digestive tract and, considering the anal localization, the
ulcerative and bacteriological phase may be more
important, leading to ulceration.

Concerning excipients, VP16 and EP formulations
are notably different (Table 4). Due to its low water
solubility, many additives were introduced into the
injectable VP16 formulation. Some of these excipients,
especially polysorbate 80, are frequently thought to be
responsible for the immediate side effects observed after
VP16 administration including hypotension or hyper-
tension, tachycardia, dyspnoea, bronchospasm, flushing
and exanthema [10, 16, 25]. The EP formulation, less
complex than that of VP16, contains only dextran 40
and sodium citrate bringing the pH of the reconstituted
solution to 4.5 [25]. Nevertheless, some authors have
reported hypersensitivity reactions after EP administra-
tion [21, 25]. Only limited information on the toxicity of
excipients is available in the literature, most from studies
carried out in animals. Cardiovascular, neurological
and/or respiratory side effects are more frequently
associated with ethanol [8, 15], benzyl alcohol [8, 15],
polysorbate 80 [14, 24] and polyethyleneglycol [12, 15],
and allergic reactions are often associated with dextrans
[6, 17, 20]. Except for ‘“greasy” lower extremities ob-
served in monkeys after PEG administration [12], no
particular cutaneous or anal side effects were noted in
those studies.

In our retrospective study, two particular side effects
(apart from the classical mucositis and haematological
toxicities) were noted: palmar—plantar eruptions or nail
inflammation and irritation of the anal area or anal
fissures. These two side effects occurred with both the EP
and VP16 formulations. It is interesting to note that, in
our retrospective study, palmar—plantar desquamation
occurred more frequently than anal side effects when
VP16 was administered (22% vs 7% with EP, see
Fig. 1). This may have resulted from a particular
mechanism of interaction of PEG with acral areas
(palmar—plantar desquamation is also often described
with pegylated liposomal Adriamycin [1, 13]). Never-
theless, this finding must be viewed with caution as
cutaneous toxicity after VP16 courses was seen in only
three children. Occurrence of anal side effects was sim-
ilar with both formulations (6% with VP16 and 10%
with EP, see Fig. 1). Otherwise, no immediate allergic
reactions were reported in our patients’ medical files
(with either VP16 or EP), but no particular survey was
done during the administration of these drugs.



Because few children were enrolled in this study, a
particular sensitivity of the children could explain the
side effects observed with the NB 97 modified in May
1999 (first part), Ewing 97 and OS 94 protocols. For the
last of these protocols, high doses of methotrexate,
which is known to generate cutaneous and mucosal
toxicities [2, 7, 11], are used alternately with etoposide—
ifosfamide courses. Nevertheless, if we consider both
Ewing 97 and OS 94, a particular toxicity of the asso-
ciation etoposide—ifosfamide, cannot be ruled out.

On the other hand, the involvement of VIDE courses
(Euro-Ewing 99) in the observed side effects is major;
indeed nearly 45% of them led to cutaneous or anal
toxicity. As the five patients included in this protocol
showed cutaneous and/or anal toxicities, hypersensitiv-
ity of children is unlikely. It is interesting to note that
anal side effects appeared more often during the first
VIDE courses, the palmoplantar lesions being more
often observed after the third course.

Finally, despite a similar dose of etoposide (300—
500 mg/m” per course), none of the acute leukaemia
treatment protocols (FRALLE 93 and LAME 91) or
neuroblastomas treatment protocols—except NB 97
modified in May 1999, first part—generated cutaneous
or mucosal toxicity (apart from mucositis). This seems
to confirm the fact that etoposide—or its pharmaceutical
formulation—alone is not the only factor responsible for
the two particular toxicities noted in our study.

These bibliographic and retrospective studies highlight
two particular chemotherapeutic associations: etoposide—
ifosfamide and etoposide—ifosfamide-Adriamycin—
vincristine. Concerning our retrospective study, it is
important to note that the number of courses of VP16 and
EP were very different (25 and 88, respectively). More-
over, despite this relatively high number of courses, they
involved a small number of patients. For these reasons, no
statistical tests were performed. Then, although the ob-
served cutaneous side effect may be more specific of VP16
because of its PEG-containing formulation and the inci-
dence of cutaneous and/or anal side effects seems higher
with VP16, these toxicities were observed with both for-
mulations of etoposide (VP16 and EP). These results do
not justify any particular choice (based on a hypothetical
greater toxicity of one or the other formulation) between
VP16 and EP for prescription.

In conclusion, despite the small number of patients
and the difference in the numbers of VP16 and EP
courses, this retrospective study confirmed the occur-
rence of particular cutaneous and anal side effects when
etoposide is used. These reactions concerned more
especially two types of chemotherapeutic associations,
etoposide—ifosfamide (OS 94 and Ewing 97) and eto-
poside—ifosfamide—Adriamycin—vincristine (Euro-Ewing
99), which seems to indicate that those lesions result
more from the toxicity of certain associations of anti-
neoplastic agents than from the etoposide formulation,
but no striking difference in side effects was observed
between the two drug formulations. The data available
in the literature seem to confirm these findings, as
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associations of etoposide with nitrogenous mustards
and/or anthracyclines are frequently cited when cuta-
neous toxicity (particularly acral erythema) is observed.
But it is very surprising that anal lesions following a
chemotherapeutic treatment are mentioned in only one
article found in the literature (with etoposide-ifosfa-
mide—carboplatin association [19]). The origin of this
latter toxicity is still unclear but may be related to
combined epithelial and mucosal toxicity complicated by
an infectious mechanism.

As no difference of occurrence in anal and cutaneous
side effects was noted between VP16 and EP, the Phar-
macy and the Paediatric Oncohaematology Department
decided that, based on its chemical and physical prop-
erties allowing high concentrations, the use of EP would
be limited to patients of <20 kg in weight and to par-
ticular treatment indications (graft pretreatment).
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