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Bleomycin is a chemotherapeutic agent used for treatment of many types of tumors including lymphomas, testicular cancer

and breast cancer. Its cytotoxic effect may be attributed to its interaction with O, and Fe?* leading to scission of DNA. Its

systemic application may be associated with serious pulmonary fibrosis. It may be used by intralesional injection for man-

agement of keloids, hypertrophic scars, cutaneous warts, hemangiomas, cutaneous malignancies, cutaneous leishmaniasis

and condyloma accuminata. However, its use may lead to significant dermatologic toxicities including scratch dermatitis,

Raynaud’s phenomenon, hyperpigmentation, fibrosis, gangrene, neutrophilic eccrine hidradenitis, alopecia areata, oedema

and nail changes.
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INTRODUCTION

The bleomycins are DNA-cleaving antibiotics that were dis-
covered as fermentation products of Streptococcus verticillus.
The drug currently employed clinically is a mixture of the two
copper-chelating peptides, bleomycins A, and B, [1]. Bleomy-
cins have attracted interest because of their significant antitu-
mor activity against squamous carcinoma of the cervix, lym-
phomas and testicular tumors. They are minimally myelo- and
immunosuppressive but cause unusual cutaneous side effects
and pulmonary fibrosis [2]. Because their toxicities do not
overlap with those of other drugs and because of their unique
mechanism of action, bleomycins maintain an important role
in combination chemotherapy [3].

Although bleomycin has a number of interesting biochemi-
cal properties, its cytotoxic action results from their ability
to cause oxidative damage to the deoxyribose of thymidylate
and other nucleotides leading to single- and double-stranded
breaks in DNA [4]. Studies in vitro indicate that bleomycin

causes accumulation of cells in the G, phase of the cell cycle
and many of these cells display chromosomal aberrations
including chromatid breaks, gaps and fragments, as well as

translocations [5].
Bleomycin causes scission of DNA by interacting with O, and

Fe** (Figure 1). In the presence of O, and a reducing agent,
such as dithiothreitol, the metal-drug complex becomes acti-
vated and functions as a ferrous oxidase, transferring electrons
from Fe?* to molecular oxygen to produce activated species of
oxygen [6]. Metallobleomycin complexes can be activated by
reaction with the flavin enzyme, NADPH-cytochrome P450 re-
ductase. Bleomycin binds to DNA through its amino-terminal
peptide and the activated complex generates free radicals
that are responsible for scission of the deoxyribose backbone
of the DNA chain [7]. Bleomycin is degraded by a specific hy-
drolase found in various normal tissues. However, hydrolase
activity is low in skin and lung, perhaps contributing to the
toxicity at these sites [8].

Citation: Kabel AM and Moharm FM. (2017). Insights into Dermatological Applications and Cutaneous Toxicities of Bleomycin. M J 1

Derm. 2(1): 010.


mailto:drakabel%40gmail.com

€ www.mathewsopenaccess.com

Cul(ll)
Bleomycin PIL' Bleomycin-Cu(ll)

asma

Transporter
Extracellular

Bleomycin-Cu(l) s

Cu(ll)

: Bleomycin-Fe(ll)

w*
2

mycin-Felll}=0

Figure 1: Mechanism of action of bleomycin.

CLINICAL APPLICATIONS OF BLEOMYCIN IN DERMA-
TOLOGY

Keloids and hypertrophic scars

Keloids and hypertrophic scars are abnormal wound respons-
es to trauma, inflammation, surgery or burns in predisposed
individuals. Both conditions are characterized by excessive
deposition of collagen and glycoprotein [9]. Administration
of bleomycin by intradermal injections or the multipuncture
method has been shown to be effective against keloid and
hypertrophic scars [10]. Thirteen patients were treated with
bleomycin drip via multiple needle punctures, at a maximum
dose of 6 mL. Complete flattening was noted in six cases, high-
ly significant flattening in six cases, and significant flattening in
one case [11]. Saray and Gulec [12] used dermojet injection
of bleomycin to treat 14 patients with keloids and hypertro-
phic scars that had not responded to intralesional injection of
triamcinolone acetonide. Multiple jet injections of 0.1 ml of
bleomycin (1.5 IU/ml) were given to each lesion. The number
of sessions used to successfully treat the lesions ranged from
two to six. 73% of the lesions showed complete flattening, 7%
showed highly significant flattening, 13% showed significant
flattening and 7% showed moderate flattening.

Aggarwal et al. [13] used bleomycin by multiple superficial
puncture technique to treat fifty patients with keloids and
hypertrophic scars. Three applications were given at interval
of fifteen days followed by a fourth and final application two
months after the last application. This resulted in complete
flattening in 22 patients (44%), significant flattening in 11
patients (22%), adequate flattening in 7 patients (14%) and

no flattening in 10 patients (20%). Naeini et al. [14] treated
45 patients with keloids and hypertrophic scars. They were
divided into two groups; group A was treated by bleomycin
tattoo and group B was treated with cryotherapy combined
with intralesional triamcinolone injection. They were given
four therapeutic sessions at one month interval. Therapeutic
response in lesions less than 100mm2 was higher than 88% in
both groups but in larger lesions, the response to bleomycin
was significantly better than cryotherapy combined with in-

tralesional triamcinolone injection.

Cutaneous warts

Because bleomycin inhibits DNA synthesis also in viruses, it
is used for the treatment of warts resistant to other conven-
tional treatments. Although intralesional injections are widely
and very successfully employed, other methods have also been
tried, e.g. instillation or direct application of bleomycin follow-
ing pricking with a needle [15]. Other possible mechanisms un-
derlying the efficacy of bleomycin are the induction of tumour
necrosis factor (TNF), and the appearance of apoptotic cells in
warts [16]. It causes acute tissue necrosis that may stimulate an
immune response. Numerous reports have been published on
the use of intralesional bleomycin for the treatment of warts
with cure rates ranging from 14% to 99% [17].

Hemangioma

The exact mechanism of bleomycin action in hemangioma has
not been clearly elucidated. Bleomycin has been shown to act
as a sclerosing agent in lymphatic malformations. Direct free
radical damage may also play a role. Bleomycin, also an anti-
neoplastic agent, may induce apoptosis in rapidly proliferat-
ing, immature cells [18]. Because the majority of hemangioma
patients are children and ulceration of thin skin is possible,
weak concentrations of bleomycin, diluted to approximately
0.2 to 0.4 mg/kg in normal saline solution was used. Bleomy-
cin is commonly delivered using a multipuncture technique (3
to 4 punctures per lesion) [19]. Studies suggest a 2 to 4 week
interval between serial injections. Significant responses have
been obtained within 4 to 10 courses, although a change in
lesion size and appearance is often detectable after the third
injection [20].

Cutaneous malignancies

Bleomycin injection is indicated in squamous cell carcinoma
(SCC) of the head and neck (including mouth, tongue, tonsil,
nasopharynx, oropharynx, sinus, palate, lip, buccal mucosa,
gingivae, epiglottis and larynx), skin, penis, cervix and vulva
[21]. Fourteen patients with advanced SCC of the skin or lip
were treated with 1 to 4 cycles of combination chemotherapy
consisting of cisplatin, 5-FU and bleomycin. Complete remis-

sion was seen for at least 1 month in 4 patients and partial
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remission for more than 1month in 7 patients [11]. Also, bleo-
mycin has been used as an alternative for treatment of basal
cell carcinoma (BCC). Benefits of bleomycin for BCC include
ease of administration and time efficacy equal to conventional
therapies [22].

Other applications of bleomycin in dermatology

There are two reports of intralesional bleomycin use in leish-
maniasis cutis, both with a 100% cure rate [23]. Soyuer and
Aktas [24] injected the patients with leishmaniasis cutis by
1.5 mL of 1% bleomycin solution and experienced swelling
72 hours after treatment. Administering bleomycin in cases
of refractory condyloma acuminata is theoretically favorable
because the drug successfully treats recalcitrant warts with-
out significant side effects [23]. One study used 0.1mL of 1%
bleomycin solution with a 25-gauge needle for injection of
condyloma acuminatum. The total number of cycles was not
reported, but the protocol resulted in a 70% cure rate [25].

Cutaneous
malignancies

=

Leishmaniasis
cutis

Cutaneous
warts

Keloids &
hypertrophic
scars

Bleomycin —>

Condyloma
acuminata

Figure 2: Dermatological applications of bleomycin.

CUTANEOUS TOXICITY OF INTRALESIONAL BLEOMYCIN
Cutaneous side-effects including ‘flagellate’ erythema (scratch
dermatitis),

gangrene, fibrosis, neutrophilic eccrine hidradenitis (NEH),

hyperpigmentation, Raynaud’s phenomenon,
alopecia, oedema, nail changes and other miscellaneous reac-
tions have been documented with the clinical use of bleomy-
cin [26]. It was reported that cutaneous toxicity usually oc-
curs at total doses of between 200 and 300 U, and pulmonary
fibrosis occurs at doses more than 400 U. However, there is
much variation in the data reported [11].

Flagellate erythema

Flagellate erythema was originally described as a characteristic
side-effect of bleomycin, which presents as erythematoviola-
ceous linear streaks on the trunk and/or shoulders. Addition-
ally, an unusual case of reticular and linear hyperpigmentation
was reported [27]. The incidence rate was shown to be 8-66% in
patients treated with bleomycin. The reaction is considered to
be dose dependent and normally occurs at total doses > 100 U
and very frequently at doses > 200 U. By contrast, it can also oc-

cur after small doses as low as 14-15 U. The duration between
administration of bleomycin and the onset of the clinical symp-
toms varies from 12-24 hours to 6 months [28]. Some patients
complain of generalized pruritus, which eventually develops
into flagellate erythema, just after receiving bleomycin. In some
cases flagellate erythema is supposed to be caused by micro-
traumata such as scratching, which causes the drug to leak out
of the blood vessels. Triggering factors other than scratching
should also be considered [11].

Bleomycin

Flagellate Raynaud’s

phenomenon

Scleroderma
erythema

Acute
generalized
exanthematous
pustulosis

Neutrophilic
eccrine
hidradenitis

Nail changes

Figure 3: Cutaneous toxicities of intralesional bleomycin.

Figure 4: Flagellate erythema due to bleomycin [29].

Raynaud’s phenomenon and gangrene

Several cases of Raynaud’s phenomenon have been reported
during combination chemotherapy involving bleomycin and
also following local intralesional injections of bleomycin for
recalcitrant warts [30]. Raynaud’s phenomenon is a common
side-effect in human immunodeficiency virus-positive patients
with Kaposi sarcoma who have been treated with bleomycin. In
such patients, nailfold capillary microscopy shows a dramatic
decrease in the number of capillaries. Raynaud’s phenomenon
can be induced independently of the method of administration
or dosage of bleomycin, may be persistent or temporary, and is
limited to the fingers that have been injected [31]. It has been
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suggested that bleomycin causes vascular endothelial cell inju-
ry, especially in small blood vessels, which may account for the

development of Raynaud’s phenomenon [32].
Raynaud’s phenomenon leading to acral gangrene has been re-

ported while gangrene without prior onset of Raynaud’s phe-
nomenon has also been seen. In one case, histological exami-
nation revealed leucocytoclastic vasculitis, leading to ischaemic
necrosis [33]. Accumulated evidence suggests that bleomycin
enhances TNF-a synthesis, which in turn induces a procoagu-
lant effect in blood vessels by increasing tissue factor and tissue
plasminogen-activator inhibitor production, and by decreasing
endothelial thrombomodulin and protein C activation. Thus,

bleomycin-induced TNF-alpha may be involved in the develop-

ment of Raynaud’s phenomenon and gangrene [32].

Figure 5: Raynaud’s phenomenon due to bleomycin [32].

Bleomycin-induced scleroderma

Systemic sclerodermatous changes have been reported to
occur in patients with underlying cancer or haematological
malignancies during or following systemic chemotherapy in-
volving bleomycin. Histological examination showed dermal
sclerosis [11]. Rats injected repeatedly with sublethal doses
of bleomycin over a 58-week period developed severe dermal
fibrosis, with structural abnormalities in the collagen fibres
[34]. In mice, repeated local injection of bleomycin induced
dermal sclerosis mimicking human scleroderma and has even
been established as a mouse model for scleroderma. The pos-
sible mechanisms underlying fibrotic/sclerotic skin changes
during bleomycin therapy are still under research [11].

Neutrophilic eccrine hidradenitis (NEH)

Neutrophilic eccrine hidradenitis is an inflammatory derma-
tosis characterized clinically by erythematous plaques and
nodules and histologically by the neutrophilic infiltrates of
eccrine glands and the degeneration of eccrine cells (Figure
6). This condition is frequently associated with the combina-
tion of certain chemotherapeutic agents including bleomycin,
cytarabine, doxorubicin, vincristine, cisplatin and dacarbazine
[11]. There are various possible mechanisms including the ef-
fects of drug toxicity on sweat glands, or may be part of the

neutrophilic dermatitis spectrum or may represent a paraneo-

plastic condition [35]. Histology of bleomycin-injected human
skin also showed necrosis of the eccrine epithelium associ-
ated prominently with neutrophilic infiltrates, in a condition
resembling NEH. The eccrine sweat gland apparatus may be
susceptible to the toxic effects of bleomycin [36].

Figure 6: Neutrophilic eccrine hidradenitis [35].
Acute generalized exanthematous pustulosis

Acute generalized exanthematous pustulosis (AGEP) is char-
acterized by an acute generalized erythema with a number of
pustules and systemic symptoms such as high fever, most com-
monly after drug ingestion, especially of antibiotics [37]. A case
of AGEP was reported in a patient treated with bleomycin, eto-
poside and cisplatin. The patient’s condition worsened after a
single instance of treatment using bleomycin, as confirmed by
patch testing [38]. Additionally, there is an unusual report of a
case of Stevens—Johnson syndrome resembling AGEP that was

induced by peplomycin, a bleomycin analogue [39].

Bleomycin-induced nail changes

Bleomycin has been associated with nail pigmentation. The
pigment is deposited in horizontal or vertical bands, which
may be brown or blue and generally grow out with the nail.
On the other hand, it was suggested that the pigmentation
occurs in the nail bed [40]. Much drug-induced nail pigmen-
tation is the result of increased melanin production by nail
matrix melanocytes. The histology of this process has yet to
be carefully examined. Nail dystrophy and nail loss were re-
ported following intralesional bleomycin injections for periun-
gual warts [11].

Figure 7: Bleomycin-induced nail changes [41].
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Bleomycin has a crucial role in management of keloids, hyper-
trophic scars, warts, hemangiomas and cutaneous malignan-
cies. However, its use may be limited by the possible occur-
rence of dermatologic toxicities including scratch dermatitis,
Raynaud’s phenomenon, hyperpigmentation, fibrosis, neutro-

philic eccrine hidradenitis and nail changes.
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