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PREFACE

Bleomycin is a drug with unique pharmacologic characteristics that plays an im-
portant role in the therapy of a wide range of human malignancies. This book re-
views both the preclinical studies and the clinical role of this important compound
and also gives data on analogs under development. The papers in this book were all
presented at a symposium held in Oakland, California and jointly sponsored by the
Northern California Cancer Program and Bristol Laboratories.

It is hoped that this book will be of interest to all scientists involved in both the
preclinical and clinical aspects of drug development since the papers on bleomycin
also explore the critical broad flow of steps that any drug must pass through in its
evaluation. This volume will look at chemistry, mechanism of action, bioassay
pharmacology, toxicology, pathology, and clinical evaluation in relation to the
bleomycins.
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Chapter 1

BLEOMYCIN: A BRIEF REVIEW

Stanley T. Crooke
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Bleomycin will be discussed in detail in subsequent papers. Thus, the purpose of
this paper is to provide a brief overview of bleomycin and analogs, and to introduce
the papers that will follow.

1. CHEMISTRY

The bleomycins are a group of complex glycopeptides extracted from a strain of
Streptomyces verticillus. Figure 1 shows the general structure of the bleomycins,
and the terminal amines of several of the analogs, which may be purified by ion-
exchange chromatography. Most of the bleomycin species are soluble in water and
methanol, and insoluble in other organic solvents (Umezawa et al., 1966). A closely
related group of compounds, the phleomycins, also has antitumor activity (Bradner
and Pindell, 1971).

Bleomycin analogs can be divided into three groups. First generation analogs
include the 13 analogs comprising the clinically employed bleomycin, Blenoxane
Second generation bleomycin analogs are those prepared since the original 13 were

Copyright © 1978 by Academic Press. Inc.

1 All rights of reproduction in any form reserved.
ISBN 0-12-161550-2



2 Stanley T. Crooke

Jk

e f»r@”*

/H3

J A,: R = NH (CH,), S
2 23 U N
\7\“\Z o,

-
I

= NH (CHz)a NH (CH2)4 NH

NH (CH,), NH - C - NH
OH 0 (1]

)\ NH

Fig. 1. The structure of bleomycin.

2

\/é
o
x I
o]
o
-]
U}

isolated, which differ from others only by differences in the terminal amine. Third
generation analogs are those which differ from other analogs in the bleomycinic
acid nucleus.

II. MECHANISM OF ACTION

That bleomycin binds to DNA has been demonstrated by studies with tritiated
bleomycin (Umezawa, 1974) and by studies on circular dichroism. The circular
dichroism studies suggested that bleomycin binds to DNA without causing extensive
changes in secondary structure (Krueger et al., 1973). Binding of bleomycin is
thought to be a partial intercalation in the major groove, and the inhibiting effect
of copper ions is suggested to be due to an alteration in the secondary structure of
bleomycin such that binding to DNA is not efficient (Murokami et al., 1973).

After binding, bleomycin excises free bases, resulting in single-strand breaks
(Haidle et al., 1972; Koyama et al., 1968; Muller et al., 1972; Saunders et al., 1975;
Suzuki et al., 1969). Double-stranded scission occurs at higher concentrations of
bleomycin, and is thought to occur when a number of single-strand breaks occur
proximally enough to result in double-strand breaks (Saunders et al., 1975). An
active center, similar to esterase active centers, in which the threonine hydroxyl
and the histidine imidazole groups participate in the reaction with DNA has been
proposed. The pH optima suggest that the a-amino group of the f-amino-alanine
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moiety of bleomycin is involved in the reaction, and studies on enzymatically inac-
tivated bleomycin have suggested that the carboxyamide portion of the -amino-
alanine moiety is also involved (Umezawa, 1974).

Bleomycin has been observed to inhibit the replication of viruses, bacteria, and
mammalian cells, and a broad range of tumor cells (Crooke and Bradner, 1977).

Bleomycin treatment of sensitive cells in vitro has resulted in degradation of
preformed DNA (Cox et al., 1974; Miyaki et al., 1975), and inhibition of DNA
synthesis (Suzuki ez al., 1968; Muller et al., 1975). Inhibition of RNA and protein
synthesis have been reported to be somewhat less sensitive to bleomycin than DNA
synthesis (Crooke et al., 1975; Watanabe et al., 1973).

Eukaryotic cells are reported to be most sensitive to bleomycin during the G,
and M in phases of the cell cycle (Barranco and Humphrey, 1971; Terasima and
Umezawa, 1970). Whether cycling or noncycling cells are more sensitive to bleo-
mycin is unclear, but most studies suggest that noncycling cells are more sensitive
(Twentyman and Bleehen, 1973; Terasima et al., 1972).

III. CLINICAL PHARMACOLOGY

Bleomycin is absorbed rapidly after intramuscular administration, resulting in
peak plasma concentrations approximately one-third to one-half of those obtained
after rapid intravenous administration (Fujita, 1971). Bleomycin is also absorbed
following subcutaneous administration, but the extent of absorption is imprecisely
defined. Only minute quantities of bleomycin are absorbed after intravesical admin-
istration of as much as 120 u (Johnson et al., 1976).

Plasma clearance of bleomycin following rapid intravenous administration is
rapid. The ti2 B in patients with normal renal function is approximately 115 min.
In patients with creatinine clearances less than 25-35 ml/min the #;,8  of bleo-
mycin increases exponentially as the creatinine clearance decreases (Crooke et al.,
1977b; Crooke et al., 1977a).

Although the principal mechanism of detoxification of bleomycin is renal excre-
tion, a bleomycin inactivating enzyme has been described (Umezawa et al., 1972).
It is possible that this enzyme accounts for intracellular inactivation and perhaps a
portion of the total detoxification in patients with compromised renal function.

IV. CLINICAL TOXICOLOGY

A. Pulmonary

The usual dose-limiting toxicity of bleomycin is pulmonary fibrosis. Although
the reported incidence of pulmonary toxicities has varied from 0-40% with 0-6%
toxicity-related deaths, the incidence of clinically significant pulmonary toxicities is
approximately 10%. The incidence and severity of pulmonary toxicities are related
to age and total dose. Patients >70 years old, or those receiving >400 u are clearly
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at greater risk than younger patients treated with lower doses (Blum et al., 1973).
Radiotherapy to the thorax probably increases the incidence of bleomycin pulmon-
ary toxicities.

The development of pulmonary toxicities is ususally delayed, typically occurring
between 4 and 10 weeks after initiation of therapy. Physical findings, rales and
thonchi and occasionally pleural friction rubs, usually precede radiographic changes,
and may progress to signs and symptoms of respiratory failure. The radiographic
presentation is typical of interstitial pneumonitis which may progress to pulmonary
fibrosis (Agre, 1974; Blum et al., 1975; Blum et al., 1973; E.O.R.T.C., 1970;
Yagoda et al., 1972). It has been suggested that patients with bleomycin pulmonary
toxicity may present in one of two ways: a minimal form with exertional dyspnea,
minimal radiographic changes, and a normal resting arterial partial pressure of
oxygen;and a severe form with prominent roentgenographic findings and hypoxemia
at rest (Samuels et al., 1976).

The histopathologic manifestations of bleomycin lung toxicity in humans are
comparable to those noted in animals, and do not differ significantly from inter-
stitial pneumonitis and fibrosis associated with many other lung toxins. The lesions
are found more frequently in the lower lobes and subpleural areas and consist of a
fibrinous exudate, atypical proliferation of alveolar cells, hyaline membranes, inter-
stitial and intraalveolar fibrosis and squamous metaplasia of the distal air spaces
(Blum, 1974; Daskal et al., 1976; Livingston et al., 1973). Electron microscopic
studies suggest Type I alveolar cell destruction followed by Type II cellular prolif-
eration (Bedrossian, 1974). In addition, nucleolar fibrillar centers and granular
nuclear bodies have been shown in Type I and Type II alveolar epithelial cells and
fibroblasts (Daskal et al., 1976).

It is clear that bleomycin pulmonary toxicity is associated with changes in pul-
monary function tests. It has not been established, however, that pulmonary func-
tions tests are predictive, i.e., that by performing serial pulmonary function tests on
a patient it is possible to detect early bleomycin toxicity, and discontinue the drug
in time to avoid progressive pulmonary involvement.

In a study of 150 patients vital capacity was noted to be decreased in patients
with bleomycin lung toxicity, but it was felt that clinical parameters provided a
better index of toxicity than pulmonary function tests in many patients (Blum et
al., 1973). A decrease in total lung capacity and vital capacity was noted in approx-
imately 20, and a decrease in diffusion capacity was found in 7 of 40 patients in
another study. However, no correlation between changes in pulmonary functions
and advent of pulmonary toxicity or dose of bleomycin could be ascertained
(Yagoda et al., 1972).

A statistically significant decrease in forced vital capacity was found in five of
six patients treated with bleomycin who had abnormal chest x rays at the initiation
of the study, but the change in forced vital capacity noted in eight patients with
normal chest x rays was not statistically significant, and no correlation between the
total dose of bleomycin and pulmonary function tests could be determined (Pasqual
et al., 1973). Similarly, a decrease in total lung capacity was found in a series of 26
patients, but the nature and extent of the changes seemed to correlate best with
the type of tumor rather than the developments of toxicity (Rudders, 1973).
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Recently, it has been suggested by two groups that serial determinations of
carbon monoxide diffusion capacity may allow earlier detection of, pulmonary toxi-
cities than other methods (Baker, personal communication; Comis ez al., 1978).

B. Other Toxicities

Bleomycin induces a febrile response in 20-50% of patients treated. Hyperpyrexia
is more common in patients with lymphomas (Agre, 1974). Moreover, in approxi-
mately 6% of these patients acute fulminant reactions (hypotensive response) are
reported in association with hyperpyrexia (Agre, 1974).

Mucocutaneous toxicities are common in patients treated with bleomycin. These
toxicities include alopecia, hyperpigmentation of skin, erythema, hyperkeratosis,
and muscositis, and are total-dose related. The incidence and severity of mucositis
are increased when bleomycin is employed in combination with radiotherapy to the
head and neck (Crooke and Bradner, 1977).

Neither clinically significant myelosuppression nor immunosuppression has
been reported to be associated with bleomycin. However, subclinical myelosuppres-
sion induced by bleomycin may contribute to the myelosupression in markedly
marrow-toxic regimens (Baker et al., 1975).

V. CLINICAL ACTIVITY
As a single agent bleomycin has demonstrated activity against the tumors indi-
cated in Table 1. Response rates 215% in 40 or more patients have been reported

for these tumors.

TABLEI. Tumors Responsive to Bleomycin As a Single Agent

Squamous cell carcinoma
Head and neck
Larynx
Cervix
Vulvo-vaginal
Skin
Penis
Lymphomas
Mycoses fungoides
Testicular carcinomas

In general, combinations in which bleomycin is employed are active against a
spectrum of tumors similar to those sensitive to bleomycin as a single agent. In
squamous cell carcinoma of the head and neck bleomycin-containing combinations
are definitely active, and most active regimens employ both bleomycin and metho-
trexate (Crooke and Bradner, 1977). In squamous cell carcinoma of the cervix,
mitomycin C, vincristine, and bleomycin is one of the more active regimens (Baker
etal., 1975).



