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Bleomycin treatment of brain tumors: an evaluation

Mette Linnert and Julie Gehl

Bleomycin has been used in the treatment of brain
tumors for over 30 years. Currently, we are evaluating
electrochemotherapy (the use of electric pulses to
enhance uptake of bleomycin) for patients with secondary
brain tumors. We, therefore, reviewed the literature with
specific reference to the tolerability and toxicity of
bleomycin. Using the keywords ‘brain’ and ‘bleomycin’,

a database search without date restriction was performed
and over 500 articles were found. Twenty-five articles were
used for this study based on relevance determined by:

(i) clinical studies, (ii) use of bleomycin, and (iii) direct
injection into brain tissue or cysts. There were two main
indications for the use of bleomycin directly into the brain:
(i) cystic tumors in the form of craniopharyngiomas and
(i) solid brain tumors such as glioblastomas and
astrocytomas. The most frequent adverse effects reported
were transient fever, headaches, nausea and vomiting,
lethargy, and peritumoral edema. Out of 189 patients
treated from 1973 to 2007, only five patients (3%) had
severe and six patients (3%) had moderate adverse effects.
One death was directly related to this treatment, where very

Introduction

Intratumoral bleomycin has been used in the treatment
of brain tumors at least since 1973 [1]. The rationale for
the use of bleomycin directly into brain tumors is to avoid
the problem of passage through the blood-brain barrier
(BBB). In general, the BBB is nonpermeable to many
types of chemotherapy, and especially a large hydrophilic
molecule such as bleomycin [2]. [t makes sense to
circumvent the BBB by giving chemotherapy directly into
the brain tumors or brain cysts, because the dose
delivered to the tumor can get much higher than with
systemic treatment. At the same time, systemic adverse
effects can be minimized. In the literature, there are
two main indications for the use of bleomycin directly
into the brain: (i) cystic brain tumors in the form of
craniopharyngiomas and (ii) solid brain tumors such as
glioblastomas and astrocytomas.

In the treatment of craniopharyngiomas, this approach
has been used because of several factors such as location
of tumor; the age of patients; and the problem of
recurrence despite extensive surgery and radiotherapy
[3]. Craniopharyngiomas exist in three different morpho-
logical types, the majority has a cystic component and
are mixed solid/cystic, some are only cystic and about
10% are completely solid. It is the cystic part of the
tumors that responds well to intracystic bleomycin,
whereas the solid part is often removed by surgery before
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high doses were used. Two patients developed loss of
vision and two patients had hearing loss because of the
treatment. All cases with severe and moderate adverse
effects except one were patients with craniopharyngiomas
and probably because of tumor localization in the deep
brain. In conclusion, bleomycin injection into the brain
has been fairly well tolerated at doses much higher

than that used in electrochemotherapy. Anti-Cancer Drugs
20:157-164 © 2009 Wolters Kluwer Health | Lippincott
Williams & Wilkins.
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bleomycin therapy [3-5]. The cystic part is very difficult
to completely remove by surgery and has, therefore, a
great tendency to recur [4,6]. Intracystic bleomycin has
been an overall tolerable and effective treatment of
craniopharyngiomas when the tumor is inoperable,
recurrent, or in the situation where the age of the patient
calls for a treatment that can postpone more drastic and
risky measures such as surgery or radiotherapy [3,4,7-9].

In the treatment of solid brain tumors, bleomycin has
been used because of some effect against astrocytic
tumors in animal models and clinical trials [1,2] and
also in an attempt to find an effective treatment for
recurrence of solid brain tumors. Results have not been
very encouraging, probably because bleomycin does not
enter the cells easily. However, it was concluded from
animal studies that a small dose of intratumoral
bleomycin was more effective than a 25 times larger
parenteral dose of bleomycin [2] and this certainly
confirms the theory that bypassing the BBB gives better
treatment results.

We wanted to review the literature about the use of
bleomycin in the brain, because we find that an even
better way to pass the BBB is to use electroporation
of the tumor cells, that is, electrochemotherapy. In
1993, Salford er a/. [10] performed electrochemotherapy
with bleomycin on rats with inoculated brain tumors with
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encouraging results; the survival time almost doubled
that of untreated animals. Our goal was to determine the
tolerability of treatment with intracerebral bleomycin
is in the clinical setting and to examine the nature and
extent of toxicity. This is valuable information for later
use of electrochemotherapy with bleomycin in the
treatment of primary and secondary brain tumors.

Methods

We performed a database search for articles in Medline
(www.nchintm.nih.gov) and ISI — Web of knowledge
(www.apps.isiknowledge.com) with the keywords ‘brain’ and
‘bleomycin’ without date restriction. A cross-check of
reference lists of the identified articles was also
performed. In this way, we found more than 500 articles,
and 25 articles have been used for this study based on
relevance determined by:

(1) clinical studies,
(2) use of bleomycin,
(3) direct injection into the brain tissue or brain cysts.

Study population

Overall, 189 patients were treated with intratumoral
or intracystic bleomycin in brain tumors of the following
histologies: 134 (71%) patients with craniopharyngiomas
(benign stratified epithelium), 47 (25%) patients with
glioblastomas (WHO grades 3 and 4), two (1%) patients
with low-grade astrocytomas (WHO grades 1 and 2), two
(1%) patients with ependymoma and sarcoma, respectively,
and one patient with malignant oligodendroglioma and
one patient with medulloblastoma. Most studies are quite
small with numbers of patients varying from three to
25 patients or case reports (Table 1).

Table 1 Studies of intratumoral and intracystic use of bleomycin in solid and cystic brain tumors listed by publication year
Studies Diagnosis Patients Age Bleomycin Radiotherapy Adverse effects
[11] Glioblastoma 3 Not reported 156-45mg (5 mg); 27-80U (9 U) every other day Yes, some Yes, 1 moderate
[1] Diverse brain tumors 12 5-57 years 30-80mg (0.1-0.2 mg/kg); 17-348 U (0.18-0.36 Coirradiation, Yes, mild
U/kg) every other day 5-6000 rad
[2] Diverse brain tumors 8 26-68 years 30-225U (2.5-10U) daily Yes, 5-6000 rad Yes, mild
WBRT
[12] Craniopharyngioma 7 2-13 years 13-95mg (1-5mg); 23-170U Yes, some Yes, mild
(1.8-9U) every other day
[7] Craniopharyngioma 18 4-65 years 5-55mg (6 mg); 9-98 U (9 U) every other day No Yes, 1 severe (deaf)
1Q
[13] Craniopharyngioma 1 48 years 24.5mg (0.5-83mg); 44 U (0.9-5U) 8 weekly, 4 every No Yes, 1 moderate
other week
[14] Craniopharyngioma 6 20 months to 65 years Not reported Not reported Yes, 1 severe (deaf)
[15] Craniopharyngioma 1 16 years 80mg (10mg); 143U (18U) in 8 days No None
[16] Craniopharyngioma 1 34 years 5mg (9 U) one time Yes Yes, 1Q
[17] Craniopharyngioma 1 11 years 220mg (10-17.5mg); 393U No None
(17.8-31U) daily
[18] Craniopharyngioma 1 47 years 56mg (7mg); 100U (12.5) in 8 days No Yes, 1 severe (fatal)
[8] Glioblastoma 25 Mean 55 years 16mg (1 mg); 29U (1,8U) day 1+ 2 in 20-day cycles 60 Gy Yes, mild
[19] Astrocytoma 1 6 years 15mg (8mg); 27U (5.4U) in 5 days Proton None
5400 + boost 900
Cobalt cGy
[3] Craniopharyngioma 9 7-12 years 18-115mg (2-5mg); 32-205U No Yes, 1 moderate
(3.6-9U) 3 times a week for 3-5 weeks
[4] Craniopharyngioma 24 3 months to 64 years  28-150mg (3 mg); 50-268 U (5 U) every other day No Yes, 1 severe (blind)
[20] Glioblastoma 9 45-65 years (5—34 U/week continuous) median > 55Gy Yes, mild
cumulative dose 195U
[21] Craniopharyngioma 10 3-67 years 15-180mg (2-5mg); 27-321U No Yes, 1Q
(8.7-9 V) every 2-7 days
[22] Craniopharyngioma 1 19 years 45mg (7.5mg); 80U (13U) and 30mg (6 mg); 56 U Yes Yes, mild
(9U) in 12 days=75mg (140 U)
[23] Craniopharyngioma 5 2-58 years 60-110mg (6-15mg); 107-196 U No Yes, 1Q
(9-27U) daily in 8 days
[24] Craniopharyngioma 8 12-74 years 3-35mg (1.56-3mg); 5.4-62.5U No None
(2.7-5.4 U) weekly
[6] Craniopharyngioma 11 2-14 years Minimum of 40 mg (1-5mg); (1.8-9 U) every other day Yes Yes, mild
[5]* Craniopharyngioma 112 3-67 years 15-180mg (2-5mg); 27-321 No Yes, mild
(8.7-9U) per 2-7 days
[25] Craniopharyngioma 8 5-12 years Minimum of 33 mg (3 mg); minimum of 60U (5.4 U) No Yes, mild
3 times a week
[26] Craniopharyngioma 1 14 years 75mg (6 mg); 141U (9 U) over 5 weeks Gammaknife Yes, severe
24 Gy (blind, one eye)
[9] Craniopharyngioma 17 1-14 years 8-75mg (2-15mg); 14-134U Maybe some Yes, 3 moderate
(8.6-9U) 1-3 times a week
Total 189 5 severe,

6 moderate, 4Q

Values within the brackets represent single dose per treatment.
Q, questionable adverse effect; WBRT, whole-brain radiation therapy.
2Ten of 11 patients previously reported by Park et al [21].
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Dose of bleomycin lowered to 16 U/week. Actually, all neurotoxicity resolved

The potency of bleomycin is measured in units of  when they decreased the dose and added corticosteroid

microbial activity with 1U containing 0.56-0.66 mg therapy [20]. Lafay-Cousin e @/ [25] also found

of bleomycin. One unit is equivalent to 1000IU a tolerable cumulative dose of 33 mg (62 U) before any

[27,28]. This study is based on 1U containing 0.56 mg adverse effects occurred. Morantz e¢s a/. [2] concluded

of bleomycin. that a single dose of 7.5U could be safely administered
because the only patient with any adverse effects had

The doses and the treatment regimes used are very received 10U per dose. Hukin ez a/. [9] found that a dose

variable (Table 1). The range of single doses for larger than 27 U/week or 1.6 U/kg/WCCk was associated

craniopharyngiomas is 5-17.5mg (2.7-31 U) of bleomycin ~ with greater toxicity.

and for solid brain tumors 1-5mg (1.8-10U)

of bleomycin, not taking Patchell ez @/’s [20] dose of

34 U/week into account, because it was administered

continuously. There seems to be an agreement to use Table 2 Studies of maximal cumulative doses of bleomycin used
less than 5mg (9U) of bleomycin per treatment (65%  related to adverse effects in solid brain tumors

of the studies). The frequency and intervals between — Studies Patients ~ Maximum dose Adverse effects
treatments also differ and, therefore, a wide span 8] o5 16mg (29U) Headache and slight lethargy 4-6 h,
of maximum doses was used as outlined in Fig. 1. vomiting and epilepsy (three

patients, antiepileptic medicine

The frequency varies from daily injections to twice every ;
. below therapeutic range)
3 weeks. The adverse effects related to the maximum [20] 9 195U (109 mg) Headache and lethargy
dose of bleomycin used in solid tumors are outlined in 1] 8 80mg (348U)  Transient mild fever, headaches,
Table 2 and nausea
apble 4. [2] 8 225U (126 mg) Headache and lethargy caused by
peritumoral edema (CT). Resolved
. . with corticosteroids
In a dose-escalating study, Pat.chell et al. [20] established (1] 3 45mg (80U) Raised ICP and emergency surgery,
a tolerable dose of bleomycin to be 16 U/week when worsened hemiplegia, and

difficulties in speaking

given intratumorally and continuously to patients with 1] ] 15mg (25U) No complications

recurrent glioblastoma multiforme. Patchell ez /. [20] also

s : Values within the brackets are converted to milligrams or units depending on
found that the most common toxicity in the study was which unit was given in the study.
headache (44%), which resolved when doses were CT, computed tomography; ICP, intracranial pressure.

Fig. 1
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Scales of maximum doses of bleomycin used in studies of solid (a) and cystic (b) brain tumors. *One case/no adverse effects. **One case/fatal
adverse effects .
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Method of delivery

The delivery of bleomycin to the tumor site was in most
studies (68%) achieved by implanting an Ommaya
reservoir or using a similar method. The reservoir is
placed under the scalp with the catheter tip positioned
in the brain tumor or cyst that needs to be treated [4].
By implanting the Ommaya reservoir, multiple admini-
strations of chemotherapy may be given through a single
access site, thereby lowering the risk of infection and
reducing the stress and pain associated with repeated
intracerebral injections. Patchell ez 4/ [20] modified the
reservoir to obtain sustained release of the drug rather
than the conventional bolus dose.

The volume of each injection varies between 0.5 and
6cm® when injecting craniopharyngiomas, if the large
injection volumes used by Hukin e &/ [9] (ie.
2.5-296 cm®) are not included. In the treatment of
craniopharyngiomas, cystic fluid was usually withdrawn
before injecting bleomyecin.

The injection volume used in the treatment of solid
tumors was 0.5-5cm?>; though the 5cm?® bleomycin was
inserted over 5 h, because the drug must diffuse through
the extracellular space down the concentration gradient
[11]. Thus, injection of fluid into solid brain tissue is an
entirely different matter than installing chemotherapy
into a brain cyst.

Adverse effects

The reports of adverse effects were very variable, with
some studies very detailed in this area and others failing
to mention the subject at all. A certain report bias is to be
expected given that the focus of the studies differs.

Transient fever

The most frequently reported adverse effect, with
reports from at least 36 (19%) patients, was transient
elevation of body temperature or fever. It is a well-known
adverse effect of bleomycin when given systemically [29].
This suggests that some of the bleomycin leaks into the
bloodstream causing the hypersensitivity reaction that
gives rise to the elevated body temperature [29].

Only one other patient was reported to have an adverse
effect usually seen when bleomycin is given intravenously
and that was a case of hyperpigmentation over bony
prominences [9].

Headache

The next most common adverse effect was headache,
with at least 30 (16%) patient reports. The headache
often presented itself during or directly after the
treatment and was transient. None of the studies report
whether medication, other than the use of corticosteroids
and dose reduction, was necessary in preventing or
managing this adverse effect.

Nausea and vomiting

Nausea and vomiting was reported in at least 18 (10%)
patients as a direct adverse effect closely related to
the treatment. In addition, no treatment besides cortico-
steroids and dose reduction was suggested in managing
this adverse effect.

Peritumoral edema

Peritumoral edema was reported in seven (4%) cases
[2,3,9,25], but this number may be underreported for
two reasons. It requires a scan of the brain to detect
the diagnosis and it is not always symptomatic. The
symptoms are often signs of raised intracranial pressure,
for example, headaches and vomiting or specific pressure
symptoms, such as mydriasis and ptosis, or hemiparesis
[25]. Indeed, many of the patients with headache, nausea
and vomiting must have had undiagnosed peritumoral
edema. It should be considered that the headaches,
nausea and vomiting reported could be a direct result
of irritation of the brain tissue from bleomycin, or
a symptom of peritumoral edema and elevated intracra-
nial pressure. Usually, the edema resolves by treatment
with high dose of steroids for a few days, that is,
methylprednisolone 30 m/kg/day for 3 days and then
progressively tapered over a month [25].

Fatigue
Lethargy, fatigue or somnolence, was reported in at least
10 (5%) cases.

Seizures

Surprisingly, only five (3%) cases of seizures were
reported. Two of these were known to have epilepsy
before the treatment and their antiepileptic drugs were
out of therapeutic range [8]. These are surprisingly few
reports, because brain tumors and foreign bodies dispose
to epileptic seizures in general.

Miscellaneous adverse effects

In 2000, Savas ez a/. [18] presented the first and only fatal
case report directly related to treatment with intracystic
bleomycin and indeed this particular patient was treated
with extraordinarily high doses. The patient was a
47-year-old woman with a recurrent craniopharyngioma
in the third ventricle, who received daily intracavitary
injections of bleomycin for 8 days until a total dose of
56 mg (i.e. 100U) [18]. Five days after conclusion of
the treatment the patient deteriorated neurologically,
developed secondary hypothyroidism, and lost conscious-
ness in another 2 days. MRI showed diffuse edema in the
diencephalon and mesencephalon and the patient died
45 days later. Computed tomographic (CT) scan with
contrast showed no leakage before the administration of
bleomycin. The authors interpreted the death as a direct
toxic effect of bleomycin on the neuroglial tissue. No
autopsy was performed.
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Broggi et al. [7] described a case of complete deafness
after 5mg bleomycin as a single dose. A similar case was
also observed by Frank e 4/ [14] who experienced one
patient with irreversible neurosensory deafness after an
unpublished dose of bleomycin and suggested it was
caused by hematological spread. These two cases were
published 6 years apart, and Broggi ¢ 4/ [7] did not
believe the deafness to be a true adverse side effect of
bleomycin, because of no other previous reports in the
literature up to that time. Frank ¢z @/ [14] did not link
their case of deafness to the case reported by Broggi ez /.
[7], and call it an ototoxic reaction of bleomycin.

Adverse effects related to the placement of the catheter
were observed; for instance, by misplacement and leading
to leakage of cystic fluid and bleeding [3,9]. Adverse
effects related to the correct placing of the catheter
seemed to be limited to four patients: one with skin
infection and decubitus, one with skin infection and two
with skin ulcers around the injection sites caused by
leakage of bleomycin into the skin [8,20]. It should be
noted that the last two patients mentioned received total
cumulative doses of more than 300U in an indwelling
catheter for more than 17 weeks [20].

Five cases of craniopharyngiomas were reported to have
damage to the pituitary gland and hypothalamus caused
by bleomycin. Haisa er @/ [13] presented a case of
hypersomnia, personality changes, memory impairment,
and thermal dysfunction. Hader e7 /. [3] reported a case
of chronic hypopituitarism after peritumoral edema as
mentioned earlier. Hukin ¢z @/ [9] also report a patient
with panhypopituitarism at 2 years despite persistent
resolution of the cyst. One child developed precocious
puberty, although the cyst had shrunk [9]. Ultimately,
Lafay-Cousin er 4/ [25] reported a case of a 9-year-old
boy who received a cumulative dose of 33 mg (59 U) and
developed diabetes insipidus, which was controlled by
a minimal dose of desmopressin (12.5 pg/day) for a month
and then discontinued.

Bleomycin

Bleomycin is an antibiotic produced from the fungus
Streptomyces verticillus and was discovered by Umezawa
et al. in 1966 [30]. It is formed by a mixture of peptides
and contains a unique structural component, the
bleomycinic acid, and a terminal alkylamine group [27].
As bleomycin is a hydrophilic and charged molecule with
a molecular weight of 1500 Da, it passes the intact plasma
membrane poorly [31].

Bleomycin is a good chelator of metals and can, in the
presence of oxygen, bind to ions of iron, cobalt, zinc,
and copper [32,33]. The bleomycin-Fe?* complex is the
most active complex [28]. When bleomycin chelates with
iron in the presence of oxygen, DNA breaks are induced
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and lipid peroxidation is mediated by the production of
free radicals [27,34].

Bleomycin induces single-strand and double-strand DNA
breaks with a ratio of 10:1 [27]. It is probably the double-
strand breaks and resulting loss of chromosome fragments
that are responsible for the cytotoxicity [33]. Therefore,
bleomycin has to be internalized in the cell to have an
effect; hence, the cell membrane is the limiting factor
[31,35]. There are two scenarios depending on how many
molecules of bleomycin enter into the cell: (i) the cells
are arrested in the G2-M phase of the cell cycle and die
in approximately three doubling times with low concen-
tration of bleomycin, and (ii) pseudoapoptosis is induced
and Kkills the cell within minutes with high concentrations
of bleomycin [32]. Bleomycin’s mechanism of action is
not cell cycle specific, though the cells in G2/M phase are
more sensitive than the cells in the G1 phase [33].

Bleomycin is used in the treatment of lymphoma
(Hodgkin and non-Hodgkin) and testicular cancer in
combination with other antineoplastic drugs [2,27,34]. It
is also the preferred drug in treating tumors with
electrochemotherapy [28,36,37]. Bleomycin is eliminated
from the blood by renal excretion [33]. The most
important toxic reactions affect the lungs and skin,
causing pulmonary fibrosis in about 10%, with a mortality
rate of 1%, and erythema, induration, hyperkeratosis, and
peeling of the skin [2,27]. The toxicity of bleomycin
increases with and is directly related to the cumulative
dose received. It should be noted that normally fever
occurs 48 h after intravenous drug administration in 25%
of the patients [27].

Bleomycin and cobalt

As mentioned above, bleomycin is a good chelator of
metal ions such as cobalt. Binding of bleomycin to cobalt
is the most stable and therefore irreversible and this
binding incapacitates bleomycin’s ability to cut DNA
[31,33]. The cobalt—bleomycin complex is, therefore, not
eytotoxic, and *’Co linked to bleomycin can be used to
trace bleomycin and, for example, help to quantify
bleomycin inside the cell [38]. When bleomycin binds
to ®°Co it becomes a radioactive isotope, which can be
used as intratumoral radiotherapy and the range of effect
is approximately 2-3cm [1].

Electrochemotherapy

Electroporation or electropermeabilization is a means to
facilitate transport of normally nonpermeant molecules
into cells [28]. When a pulsed electric field is applied to
the cells, the capacitance of the cell membrane is over-
ridden, temporarily destabilized and becomes permeable
[35]. Using electroporation to facilitate the uptake of
chemotherapy is termed electrochemotherapy.
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Electroporation of the cell membrane increases the uptake
of bleomycin and therefore cytotoxicity dramatically [39].
Other antineoplastic drugs (e.g. doxorubicin) do not show
the same enhancement of cytotoxicity with electropora-
tion, probably because they normally cross the plasma
membrane easily on their own, because of their
amphiphilic or lipophilic nature [39]. It has been shown
that millions of molecules of bleomycin enter the cell by
electroporation, which causes cell apoptosis judging by
morphological appearance [27]. As bleomycin shortcir-
cuits the apoptosis pathway, the condition has also been
termed ‘pseudoapoptosis’ [32].

Bleomycin can, therefore, become a very effective
antineoplastic drug once access to the cytosol is provided.
On account of the local placement of electrodes, systemic
toxicity may remain limited while an effective treatment
zone is created in the area subjected to electric pulses
[33]. Electrochemotherapy has been successfully applied
to small cutaneous tumors, where bleomycin is given
either intravenously or intratumorally, and then electro-
porated through electric pulses from electrodes in the
tumor. The treatment resulted in 75-80% clinical
remissions after only one treatment [37].

Discussion

In the treatment of 189 patients with cystic and solid
brain tumors with intratumoral bleomycin, five (3%) cases
of severe and six (3%) cases of moderate adverse effects
(Tables 1 and 3) were observed. Ten out of 11 cases with
severe and moderate adverse effects were patients with
craniopharyngiomas and probably because of tumor
localization in the deep brain.

The cases of severe adverse effects are listed in Table 3,
all of which had the diagnosis craniopharyngioma. In the
case of craniopharyngioma with a fatal outcome reported
by Savas er al. [17], we speculate that the generalized
brain edema could be caused by the high individual dose
and especially the treatment frequency. In the case of
bilateral blindness after incorrect dilution of bleomycin
reported by Mottolese ez a/. [4], the adverse effect is
probably also because of the tumor localization close to
the chiasma opticum. The same could be true for
the other case of blindness in one eye reported by Belen
et al. [26].

Craniopharyngiomas are benign epithelial neoplasms
originating from the remnants of Rathke’s pouch located
in the sellar, parasellar, and third ventricular regions
and are, therefore, close to structures such as the
hypothalamus, the pituitary gland, and the optic nerves
in the chiasma opticum [18,15]. Thus, the most adverse
effects seen in the studies of treatment of cranio-
pharyngiomas, such as damage to the hypothalamic and
pituitary gland leading to, for example, diabetes insipidus

Table 3 Five cases with severe complications after intracerebral
bleomycin related to dose

Studies Diagnosis Dose Severe adverse affects

[18] Craniopharyngioma 141U in 8 days  Generalized brain edema
leading to death

[4] Craniopharyngioma 1 incorrectly diluted Blindness

unknown dose

[26] Craniopharyngioma 141U in 5 weeks Blind, one eye

[7] Craniopharyngioma Single dose 9U Deafness

[14] Craniopharyngioma Unknown Deafness

and hormone deficiency, can therefore, be explained by
the tumor localization.

The two cases of deafness are hard to explain by referral
to bleomycin being ototoxic [14], because this is not
a known adverse effect of bleomycin. Bleomycin is
not normally considered to be ototoxic and it is not
mentioned in the literature even as a potential adverse
effect [29,34]. It is difficult to determine whether or not
this is true because bleomycin is often administered with
cisplatin, for instance, in the treatment of testicular
cancer (the standard cisplatin/etoposide/bleomycin
regimen), which has proven to be a highly ototoxic drug
with well-known high incidence of high-frequency
hearing loss and tinnitus [29,40].

Six cases of moderate adverse effects were found among
the 189 patients treated with bleomycin. Five of these
were observed in patients with craniopharyngiomas. In
1994, Haisa er al. [13] reported a case of toxic effects
on the hypothalamus such as hypersomnia, memory
impairment, and thermal dysfunction. Hader ez 4/ [3]
described a case of hypothalamic—pituitary dysfunction
and peritumoral edema verified by CT after treatment
with 2 mg bleomycin three times a week for 4 weeks
(24 mg i.e. 43U). The symptoms and the edema resolved
over several months, though the patient was left with
a permanent worsening of pituitary function [3]. A CT
scan with contrast was performed and confirmed no
leakage and the authors, therefore, concluded that
bleomycin may diffuse through the cyst wall or the effect
of the drug on the cyst wall may cause a reaction in the
adjacent brain [3].

In a cohort of 17 patients, Hukin ez @/. [9] reported three
cases of moderate adverse effects in 2007. Two of the
cases had peritumoral edema; one was left with long-term
panhypopituitarism, and one continued to suffer from
hemiparesis, third brainstem nerve paresis, and decreased
attention [9]. The third patient had panhypopituitarism
after 2 years, despite resolution of the cyst [9].

All the cases with severe and moderate adverse effects
were found in studies of treatment of craniopharyngiomas,
except for one. A moderate adverse effect was observed in a
patient with glioblastoma who experienced a sudden rise of
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intracranial pressure leading to emergency surgery [11].
This is only categorized as a moderate adverse effect as
the patient recovered and did well for 5 months until he
died of tumor regrowth [11].

Five cases (3%) with questionable adverse effects to
treatment with bleomycin were also observed. All five
cases were carefully considered and though some were
very serious, we find them indeed questionable. In 1989,
Broggi et al. [7] observed a case of cerebral ischemia in the
area of the ipsilateral middle cerebral artery 3 months
after treatment with bleomycin, which might be caused
by a vasospasm induced by bleomycin. In 1997 Sagoh
et al. [16] reported a case of occlusive cerebrovasculo-
pathy 19 years after the treatment. The patient had
received intracavitary bleomycin combined with internal
radiation with '*®Au, and did not exhibit any ischemic
symptoms. In 2002, Park er @/ [21] reported a case of
cerebellar infarction 2 months after administration of
bleomycin and found it to be unclear whether this was
because of bleomycin. Park er @/ [21] also reported a
case of a 14-year-old boy who, after only one cycle of
bleomycin, remained bed-ridden 6 years after the
treatment, which Park ¢z @/ [21] considered to be a toxic
reaction of bleomycin. It should be noted, however, that
the patient was already hemiparetic and had a lactate
dehydrogenase level over 2000 U, which could be a poor
prognostic factor [21], and the case was not described
in any further detail. The same vyear, Jiang ez @l [23]
reported a case of paralysis of the left limbs after an
epileptic seizure, which they thought might not have had
to do with bleomycin.

An overall rate of severe adverse effects of 3% and of
moderate adverse effects of also 3% makes us conclude
that the use of bleomycin intratumoral and intracystic for
brain tumors is a relatively safe treatment. The most
common adverse effects were transient fever, headache,
nausea and vomiting, peritumoral edema, fatigue, and
seizures. The adverse effects seen in the treatment of
craniopharyngiomas was mostly because of the tumors’
anatomical proximity to delicate structures in the deep
brain. The doses and treatment frequency are, in our
opinion, also a big part of the explanation in some cases.

In studies of electrochemotherapy for cutaneous metastases,
bleomycin concentrations of either 5U/ml [41] or 1U/ml
[37] have been used. From a study published by Marty
et al. [37], it was shown that a dose of 1U/ml was
sufficient and equipotent to intravenous administration
or administration of another chemotherapeutic agent
(cisplatinum). We would, therefore, recommend that
a similar dosing regimen is used in the treatment of
brain tumors with intracumoral bleomycin [36]. For
a brain tumor of 2.5cm’ this would lead to a dose of
0.625U (1 mg), and for a tumor of 5cm® this would lead
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to a dose of 1.25 U (2.2 mg). These doses are calculated by
using the longest diameter of tumor (a) and (b) the next
longest diameter of tumor perpendicular to (a) to calculate
tumor volume (V) and the volume formula V=2 xb x /6
and the regimen of 0.25 ml/em® tumor tissue [36]. An
alternative is to use intravenous administration of
bleomycin, using a standard dose of bleomycin, that is,
15U/m? before electroporation [36]. This has proved
effective in one animal study by Salford e @/ [10]
(bleomycin 1 mg/kg intravenously), and has been tried in
cutaneous tumors successfully [37]. The question would
be whether the BBB would hinder penetration of
bleomycin, although it is promising that Front e# /. have
showed the uptake of bleomycin in both primary and
secondary human brain tumors [42,43]. It is also highly
possible that electroporation of the tumor cells will
incapacitate the BBB.

In conclusion, treatment of solid and cystic brain tumors
with bleomycin was fairly tolerable and certainly the
doses necessary for electrochemotherapy are much
smaller than those used in the reviewed studies.
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