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slow elimination of bleomycin, being less than 500 ml/min 
and a half-time of 30 min.
Conclusions  Slow monophasic elimination of bleomycin 
from serum in elderly patients implies on the longer thera-
peutic window, from 8 to up to 40 min or even longer post-
bleomycin injection for electrochemotherapy. However, 
prolonged therapeutic bleomycin serum concentrations 
may also affect the possible adverse effects, such as lung 
fibrosis and extensive necrosis of tumors due to the uptake 
of toxic bleomycin concentrations into the tumors. This 
may imply on lowering of bleomycin dosage, in particular 
in the elderly patients.

Keywords  Electrochemotherapy · Elderly patients · 
Bleomycin · Pharmacokinetics · Head and neck tumors · 
Skin metastases

Introduction

Bleomycin, a fermentation product of Streptomyces ver-
ticullus, is an unusual cytotoxic drug. The drug is a mixture 
of 2-copper-chelating peptides, bleomycins A2 and B2 dif-
fering in terminal amino acid. Bleomycin is not very often 
used in chemotherapeutic regimens; however, it proved 
effective for Hodgkin lymphoma, testicular tumor and 
Kaposi’s sarcoma [1]. Skin and lung are the main organs 
affected by bleomycin toxicity, and bleomycin-induced 
pneumonitis is a limiting factor for its use as chemothera-
peutic agent [2].

Due to hydrophilic nature, the entry of bleomycin into 
the cells is very restricted and it enters the cells only via 
an endocytotic process [3]. In the cell, bleomycin action 
requires the presence of oxygen and a reducing agent; 
the metal-containing bleomycin becomes activated and 
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functions as ferrous oxidase. Bleomycin causes oxidative 
damage to deoxyribose of nucleotides. In particular, the 
deoxyribose of thymidylate leads to single- and double-
stranded breaks in DNA. Multiple DNA breaks lead to cell 
apoptosis [4].

Bleomycin is degraded by a specific hydrolase found in 
various normal tissues, including the liver. However, the 
activity of this enzyme is low in skin and lung, leading to 
tissue-specific toxicity. Bleomycin-resistant tumor cells 
have either increased hydrolase activity, decreased ability 
to take up bleomycin, efficient strand break repair mecha-
nisms or inactivate bleomycin using thiols or thiol-rich 
compounds [5, 6].

Bleomycin is not absorbed from the gut and must be 
given by either bolus intravenous (i.v.), subcutaneous (s.c.) 
or intramuscular (i.m.) injection, continuous infusion or 
locally (e.g., into the tumor). Half to two-thirds of adminis-
tered bleomycin is excreted by the kidneys, so renal insuffi-
ciency can delay bleomycin elimination. Reports regarding 
elimination half-time of bleomycin are scarce and not con-
clusive. There are reports about monophasic elimination 
(half-time 3 h) [7], 155 min [8] after intramuscular applica-
tion, 5 h [9] and 6 h after intraperitoneal application [10] 
and biphasic elimination (initial half-time 0.26 h and termi-
nal half-time 2.3 h) after intravenous injection [11].

Recently, bleomycin use has been revived by its employ-
ment in a therapy termed electrochemotherapy, for the 
treatment of various cancer histiotypes [12, 13]. Namely, 
electrochemotherapy is based on the use of electroporation, 
a physical method, where application of defined electric 
pulses to the tumor tissue enhances the cell membrane per-
meabilization and consequently significantly increases the 
cellular uptake of bleomycin [14]. In preclinical studies, its 
cytotoxicity was potentiated several thousand-fold by the 
use of electroporation [12]. Thus, the effective cytotoxic 
dose of bleomycin can be significantly lowered, compared 
to the dose used in standard chemotherapeutic regimens 
[12]. Currently, electrochemotherapy is used in many Euro-
pean oncological centers for treatment of mainly skin can-
cers and skin metastases in elderly patients [15]. However, 
despite high local effectiveness of electrochemotherapy, 
certain open questions regarding the optimization of treat-
ment remain to be elucidated. One of them is the time inter-
val between the intravenous bolus injection of bleomycin 
and application of electric pulses (8–28  min), which was 
set empirically, based on the observed antitumor effect in 
one patient [16], and is currently used in standard operating 
procedures for electrochemotherapy [17].

Due to the lack of a reliable method to determine bleo-
mycin in tissues and blood, the pharmacology parameters 
for optimal electrochemotherapy have not been set yet. 
For this purpose, we developed a method for bleomycin 
determination, based on modern analytical methods, to 

determine bleomycin in serum and calculate pharmacoki-
netic parameters in elderly cancer patients (>65 years), who 
received bleomycin intravenously for treatment of tumors 
located in the head and neck region with electrochemo-
therapy. Based on the data, a prolongation of the effective 
therapeutic window of electrochemotherapy is indicated for 
the elderly patients.

Patients and methods

Patients

The prospective study was conducted between March 2014 
and February 2015 on 24 patients with non-melanoma 
skin cancers or recurrent and/or metastatic disease or sec-
ond primary tumor in the head and neck region, who were 
not suitable for conventional treatments or refused them. 
All patients were treated with electrochemotherapy at the 
Department of Otorhinolaryngology and Cervicofacial Sur-
gery, University Medical Centre, Ljubljana, Slovenia. The 
study was approved by the National Ethics Committee of 
the Republic of Slovenia (182/02/14). The treatment with 
electrochemotherapy was previously agreed by multidisci-
plinary board, and written informed consents were obtained 
from all eligible patients. All the inclusion criteria (biopsy-
verified cancer, lesions suitable for application of electric 
pulses, age >18 years, life expectancy >3 months) and none 
of the exclusion criteria (bone invasion, major blood vessel 
infiltration, bleomycin hypersensitivity, cumulative bleo-
mycin dose >240,000  IU, pregnancy, chronic renal dys-
function, uncontrolled coagulation disorders, acute lung 
infection or symptoms of poor lung function) were met.

A total of 24 patients (11 males, 13 females) with 47 
tumor nodules were treated with electrochemotherapy for 
cancers in the head and neck region. The mean patient age 
was 78  years (range, 65–89). Among all the patients, 17 
underwent electrochemotherapy due to either basal or squa-
mous cell skin cancer. Four patients had deep-seated metas-
tases in the neck, two patients had recurrent oropharyngeal 
cancer, and one patient had secondary primary tumor of the 
oral cavity (Table 1). Response to treatment was evaluated 
according to the RECIST criteria 1.1 3 months after elec-
trochemotherapy. (Table 1) [18].

Procedure

The procedure was performed according to the standard 
operating procedures for electrochemotherapy [17] under 
general anesthesia. The procedure consisted of bolus (in 
2  min) intravenous injection of bleomycin (Bleomycin 
medac, Medac, Wedel, Germany) in a dose of 15,000  IU/
m2 body surface area (1000  IU is equal to the 1  mg of 
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bleomycin activity). The application of electric pulses was 
8  min after the injection of bleomycin, predominantly by 
electrodes with fixed geometry (hexagonal, needle row 
or plate electrodes), and three patients were treated by 
long needle electrodes with the aid of treatment plan and 
navigation system [19]. Electric pulses for electrochemo-
therapy were generated by Cliniporator pulse generator 
(IGEA, s.r.l., Carpi, Italy). For hexagonal electrodes 12 
pulses with voltage 730 V, pulse duration 100 µs and fre-
quency 5000 Hz were applied, for needle row eight pulses 
with voltage 400 V, pulse duration 100  µs and frequency 
5000 Hz were applied, and for plate electrodes eight pulses 
with voltage 720 V (for 6  mm electrodes) or 960 V (for 
8  mm electrodes), pulse duration 100  µs and frequency 
5000 Hz were applied [15, 20]. Pulse parameters for tumors 
treated with long single-needle electrodes were adjusted for 
each patient separately, according to personalized treatment 
plan. Five single-needle electrodes were used, one placed 
in the tumor center while other four around the tumor to 
cover also the safety margin. In general, eight pulses with 
voltage 1000–1800 V (voltage varied between each elec-
trode pair), pulse duration 100 µs and frequency 5000 Hz 
were applied.

Blood samples collection

Two milliliters of arterial blood sample were taken from 
each patient at predetermined time pull points (5, 10, 20, 
30 and 40 min after bleomycin administration, where 0 is a 
time of bleomycin injection) into the blood collection tubes 
(BD Vacutainer, Franklin Lakes, New Jersey, USA). Sam-
ples were centrifuged at 3000 rpm for 10 min at room tem-
perature. Serum was carefully transferred to a new Eppen-
dorf tube (Golias Labortehnika, Ljubljana, Slovenia), and 
all samples were stored at −20 °C until they were analyzed.

Chemical analysis

Sample preparation

Serum samples were prepared for analysis by solid-phase 
extraction using Oasis HLB 30 mg/1 cc cartridges (Waters 
Corp., Milford, MA, USA). The cartridges were precon-
ditioned with 1 ml of methanol and equilibrated with Mil-
liQ water acidified to pH 2 with hydrochloric acid. 200 µl 
samples were diluted to 3 ml with 0.1 % formic acid and 
filtered through 0.45-μm Minisart® NML (Sartorius, Göt-
tingen, Germany) surfactant-free cellulose acetate syringe 
filters. After the sample filtrates were loaded onto the car-
tridges, the sorbent was dried under vacuum for 30 min and 
subsequently eluted using 0.5 ml of MilliQ water/methanol 
(6/4) and twice with 0.5  ml acetonitrile solution contain-
ing 1 µg/ml methotrexate. The latter drug was employed as 

an internal standard. As follows, the sample extracts were 
blown down to 1 ml using nitrogen and were then kept fro-
zen until LC–MS analysis, which was performed within 
1 month.

Instrumental analysis

Quantitative analysis was performed with Waters Acquity 
ultra-performance liquid chromatograph (UPLC, Waters 
Corp., Milford, MA, USA) coupled to a Waters Premier 
hybrid quadrupole orthogonal acceleration time-of-flight 
mass spectrometer (QTOF MS). The UPLC was equipped 
with a binary solvent delivery system and an auto sam-
pler. The injection volume was 7.5  µl. Separation was 
achieved at 40 °C by using a 5-cm-long Acquity UPLC® 
BEH Amide (Waters Corp.) column with 1.7  μm par-
ticle size and 2.1  mm internal diameter. Bleomycin was 
analyzed under electrospray ionization in positive mode. 
The mobile phases were (A) 10 mM ammonium formate 
with 0.1  % formic acid and (B) acetonitrile. The gradi-
ent started with 90  % B, which was decreased to 40  % 
in 4 min, increased back to 90 % in 0.5 min and kept so 
until 6 min. The flow rate was 0.3 ml/min. The UPLC sys-
tem was coupled to QTOF MS equipped with an electro-
spray ionization interface. The capillary voltage was set 
to 3.0 kV, while the sampling cone voltage was 30 V. The 
source and desolvation temperatures were set to 130 and 
350  °C, respectively. The nitrogen desolvation gas flow 
rate was 600  l/h. The first quadrupole was operated in 
rf-only mode, while detection was performed in the TOF 
mass analyzer. MS data were acquired over a m/z range 
of 450–750 at a collision energy of 5 V. Data were col-
lected in a centroid mode, with a scan accumulation time 
set to 0.200 s and an interscan delay of 0.025 s. The data 
station operating software was MassLynx v4.1. Prior to 
analysis, the instrument was calibrated over a mass range 
of 50–1000, using a sodium formate calibration solution. 
Reproducible and accurate mass measurements at a mass 
resolution of 10 000 FWHM were obtained using an elec-
trospray dual sprayer with leucine enkephalin ([M + H]+ 
554.2615, [M  −  H]− 556.2271) as the reference com-
pound. The latter was introduced into the mass spectrom-
eter alternating with the sample via a Waters Lock Spray 
device. For bleomycin, its ion at m/z 707.2109 ± 5 ppm 
was followed.

The validation of the analytical method proved the inher-
ent selectivity, sensitivity (lower limit of detection 50 ng/
ml), linearity (R2 0.99), precision (injection repeatability 
RSD 1.1–2.6  %, method repeatability RSD 2.5–9.4  %), 
accuracy (RSD 5.5 %) and stability (1 month freeze–thaw) 
of the analytical method.
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Pharmacokinetic data analysis

Bleomycin serum concentrations versus time of each 
patient and combined data of all 24 patients were analyzed. 
We determined the following pharmacokinetic parameters:

C0 (concentration of bleomycin in serum at the time 0) 
value was extrapolated from ln concentration versus time 
plot for each patient as well as for the pooled data. Fur-
ther on, the area under the serum concentration–time curve 
(AUC) was calculated using the trapezoid method from 
time 0 to infinity (∞)(AUC0→∞) and serum clearance (CL) 
calculated.

Elimination rate constant kel was determined from the slope 
of ln (concentration) versus time curve and half-time was 
calculated using

and volume of distribution

Results

Patients’ characteristics

In the study were included 24 patients older than 65. These 
elderly patients were treated with electrochemotherapy 
using bleomycin, given intravenously by bolus injection. 
This patient population was used for the pharmacological 
study of bleomycin. For this purpose, patients gave blood 
samples on several time points, and bleomycin was deter-
mined in sera of these patients (Table 1).

Pharmacokinetics data

Bleomycin concentrations in patients’ sera were determined 
by the new analytical method, using liquid chromatogra-
phy coupled to high-resolution mass spectrometry. The 
blood sample was taken from each patient at predetermined 
time pull points (5, 10, 20, 30 and 40 min after bleomycin 
administration, where 0 is a time of bleomycin injection).

Based on the data, the pharmacokinetic parameters of 
bleomycin elimination were determined. Serum concentra-
tion–time profile following intravenous bolus administra-
tion of bleomycin is shown in Fig. 1.

Following a single bolus injection of bleomycin 
(23,000–30,000  IU i.v., mean dose 25,625  ±  437  IU), 
serum concentration after 5 min was 3.133 ± 0.129 mg/l.

The concentration of bleomycin declined gradually with 
elimination constant (kel) of 0.023 min−1 and reached the 
value of 1.417 ± 0.065 mg/l at 40 min after injection.

(1)CL = dose (mg)/AUC0→∞(mgmin/l)

(2)t1/2 = 0.693/kel

(3)Vd =

(

t1/2(min)−CL(l/min)
)

/0.693

The disappearance of bleomycin from the serum of 
elderly (>65  years old) patients fits best to the first-order 
elimination kinetics. The apparent volume of distribution 
(Vd), area under the curve (AUC) and total body clearance 
(CL) were calculated to be: 12.98  l, 86.20  mg  min/l and 
300 ml/min, respectively. Elimination half-time of bleomy-
cin in the elderly was 30 min.

Discussion

Bleomycin concentrations after a single intravenous bolus 
dose were determined in serum by a new analytical method 
in elderly patients with head and neck cancers aged more 
than 65. Pharmacokinetic analysis of these data revealed 
a monophasic serum clearance curve, which demonstrates 
slower elimination of bleomycin, being less than 500  ml/
min [21] and a half-time of 30  min. Our data are not in 
accordance with previously determined pharmacokinetic 
parameters of bleomycin, showing biphasic plasma elimi-
nation in pediatric and adult patients. In both studies, the 
bleomycin plasma concentrations were determined with 
radioimmunoassay and elimination half-times of bleomy-
cin were found to be 20 min and 3.2 h in pediatric patients 
receiving the dose of 20–30 mg of bleomycin/m2 [22] and 
24.4 min and 4 h in adult patients who were administered 
13.7–19.9 U/m2 [23].

Our study demonstrates new pharmacokinetic param-
eters values of bleomycin that are specific for the elderly 
population of patients, older than 65 years. Aging is mani-
fested by progressive, but not uniform impairment of body 
functions. The most consistent is the age-dependent loss of 
functional units (e.g., nephrons, alveoli, neurons) and dif-
ferent composition of the organism [24]. With advancing 
age, significant changes in body composition occur. There 

Fig. 1   Elimination of bleomycin from serum after intravenous bolus 
administration. The points represent the mean ±  SEM value deter-
mined in 24 patients
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is a progressive decline in the total body water and lean 
body mass, resulting in a relative increase in body fat [25]. 
This affects the distribution parameters of water-soluble 
drugs, including bleomycin, which volume of distribution 
is reduced in the elderly and consequently higher plasma 
or serum levels are achieved, as it is observed in our case. 
The reduction in volume of distribution of water-soluble 
drugs in the elderly patients is at least partly balanced by 
the reduced rate of the clearance, so the elimination half-
time is not significantly prolonged. Despite the decline in 
glomerular filtration rate, this feature is not accompanied 
by a concomitant increase in plasma creatinine, because 
the production of creatinine is decreased due to age-related 
reduction in skeletal muscle mass. Also, our patient popula-
tion had normal creatinine levels. Another, a more reliable 
marker of glomerular filtration rate than plasma creatinine 
level monitoring should be used in the elderly population.

Bleomycin determination is now possible with new and 
sophisticated analytical approaches and can be determined 
with high specificity also in low concentrations. By using 
high-resolution mass spectrometry for detection, this ana-
lytical method is able to distinguish between the bleomy-
cins A2, B2 and other minor bleomycin fractions, as well 
as between metal-free bleomycin, its copper chelates and 
other metal complexes. The method briefly described here 
and in extension in a publication in submission was devel-
oped to measure bleomycin in serum samples of patients 
given in a bolus injection. The bolus injection is used in 
treatment with electrochemotherapy. This new method for 
bleomycin determination could be further adapted for the 
determination of the drug within the tumors. Such studies 
could also provide evidence of the minimal drug concentra-
tion in the tumors for effective electrochemotherapy with 
bleomycin.

Electrochemotherapy is a already well-established local 
ablative technique that utilizes electroporation for bleo-
mycin delivery to cells in the tumors [12, 26]. It is being 
used for the treatment of cutaneous and also deep-seated 
tumors in over 150 cancer centers over Europe [15, 27]. 
The approach is based on intravenous bolus injection of 
15,000 IU/m2 bleomycin, and after 8 min electric pulses are 
applied to the tumors to be treated, in order to increase ble-
omycin uptake into the cells. The 8-min interval is needed 
for the drug to distribute in the tumor tissue [17]. Based on 
the initial study of Mir et al. [17], a therapeutic window of 
20 min (8–28 min post-drug injection) was determined, a 
time frame in which adequate concentration of bleomycin 
can be taken up into tumors to obtain good tumor response, 
and is currently used in clinical protocols according to the 
standard operating procedures. However, the study was 
performed on a single patient where several nodules were 
treated over time, and based on the tumor response this 
therapeutic window was determined [16]. Due to the lack 

of suitable methods to measure serum and tumor bleomy-
cin concentrations, a pharmacological study was not pos-
sible. Thus, the results of the present study have several 
important clinical implications.

The elimination rate of bleomycin in elderly patients 
indicates that the therapeutic window of 20  min, starting 
8 min from the bleomycin intravenous injection for electro-
chemotherapy, can be prolonged. The results of our study 
determine prolonged therapeutic window at least up to 
40 min. Due to the slow elimination rate of bleomycin, the 
therapeutic window for electrochemotherapy could be even 
longer than 40 min, but we must determine first the uptake 
of bleomycin in tumors, when lower plasma concentra-
tions of bleomycin are present (less than 40 % of maximal 
plasma concentration). Most of the patients that are treated 
with electrochemotherapy are elderly patients and the 
majority of them also heavily pre-treated [13, 28]. So, this 
observation applies to the vast majority of patients treated 
with electrochemotherapy and is clinically important, since 
electrochemotherapy is often used also in the treatment of 
multiple metastases, and deep-seated tumors, like in the 
liver. The prolongation of the therapeutic window is pri-
marily important in the treatment of multiple metastases 
and when more time for the placement of the electrodes is 
needed [29, 30].

Skin belongs to highly perfused tissues of the human 
body. Its perfusion with bleomycin starts a few moments 
after intravenous injection, but its therapeutic concentra-
tion is achieved later; therefore, a choice for 8-min time 
frame to begin electrochemotherapy is justified. However, 
the optimal time at which the application of electric pulses 
should start in other organs needs to be determined.

Besides the implication on the therapeutic window of 
electrochemotherapy, these data raise questions about the 
bleomycin dosage for electrochemotherapy and the pos-
sible adverse effects. In the SOP for electrochemotherapy, 
a dose of 15,000  IU/m2 is prescribed. Based on the phar-
macological parameters, we suggest that the dose of bleo-
mycin could be reduced to 10,000  IU/m2, with equally 
good antitumor effect in the elderly patients. In the first 
clinical studies [31], a dose of 10,000  IU was used and 
then changed to 15,000 IU/m2 based on comparison of the 
effects between the two doses used [16]. We have to ques-
tion these data and its interpretation and based on our phar-
macological data, we recommend to reduce the dose to 
10,000  IU. However, it has to be confirmed with clinical 
evidence.

Prolonged higher bleomycin levels can also have clini-
cally negative implications. Bleomycin can induce lung 
fibrosis, which was not reported in electrochemotherapy. 
However, it has to be taken into account that such side 
effects can be attributed also to electrochemotherapy with 
bleomycin, specifically after multiple consecutive sessions.
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Tumor drug accumulation is also affected by the phar-
macokinetics of bleomycin. In this respect, slower elimi-
nation rate results in prolonged blood circulation of bleo-
mycin and eventually in higher concentration of bleomycin 
within the tumors. Therefore, we have to conduct studies 
to determine how the changed pharmacokinetics affects the 
bleomycin deposition and efficacy in tumors. Further on, 
it should be investigated which bleomycin concentration 
is still effective and does not cause tissue ulceration. It is 
known that high concentrations of bleomycin in the cells 
induce necrotic cell death, whereas the lower ones induce 
apoptotic or mitotic like cell death [32]. Therefore, in 
some over reactions in tumor responses, a toxic intratumor 
bleomycin concentration might have been reached, due to 
slower clearance of the bleomycin, resulting in extensive 
tumor necrosis.

To our best knowledge, this is the first study on phar-
macokinetics of bleomycin in elderly patients after a bolus 
injection. The data are based on the newly developed ana-
lytical method for determination of bleomycin in serum 
samples in the patients, with high specificity and sensi-
tivity. Slower monophasic elimination of bleomycin was 
determined. The data imply on longer therapeutic window, 
from 8  min to up to at least 40 post-bleomycin injection 
for electrochemotherapy in elderly patients. However, pro-
longed bleomycin serum concentration may also affect the 
possible adverse effects of the electrochemotherapy with 
bleomycin, such as lung fibrosis and the overdosing of ble-
omycin in tumors resulting in tumor exulceration in such 
patients. To avoid this, lowering of the bleomycin dosage in 
electrochemotherapy should be considered, in particular in 
the elderly patients.
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