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INTRODUCTION 

This volume, the last in this series on cancer growth and 
progression, is a companion volume to Volume IX and 
further explores established and novel approaches for the 
therapy of patients with malignant neoplasms. The stra
tegies reflected in these volumes are direct extrapolations 
from the basic science of cancer biology, growth and pro
gression described in earlier volumes of this series. Some 
approaches are directed towards the eradication or modifi
cation of the properties of heterogeneous malignant tumor 
cells at various stages of tumor progression, while other 
approaches are directed towards modification of the host 
antitumor defense systems, e.g., enhancement of host anti
tumor immune reactivity. 

The chapters reviewing immunotherapy and biological 
response modifiers in cancer treatment indicate how 
advances in the basic science of cancer biology and tumor 
immunology (see Volumes I-IV) have been rapidly extended 
to clinical strategies for therapy of human neoplasms. In
deed, these new approaches may yield effective modalities 
for cancer treatment with a high margin of safety and effi
cacy with the capacity to overcome conventional drug resis
tance and tumor heterogeneity. Additional approaches 
towards cancer treatment, as well as advances in conven
tional treatment are also reviewed in this volume and in
clude: transcatheter management, antifolates, purine metab
olites, alkylating agents, platinum compounds, nitro
soureas, triazine and hydrazine derivatives, anthracycline 
antibiotics, actinomycin and other antitumor antibiotics. 

Moreover, the current status of plant-derived vinca alka
loids and non-alkaloid natural products is summarized. 
Advances in hyperthermia and additional approaches for 
the therapy of malignancies are also presented. 

The volume continues with chapters on bone marrow 
transplantation as well as hematologic and nutritional sup
port for the cancer patient. Blood pressure in the cancer 
patient, therapy for nausea and vomiting as well as pain are 
discussed. The last chapter is devoted to the problems of the 
terminally ill, including evaluations of the burden relatives 
and friends of the cancer patient have to bear. 

It is clear that important advances in the basic science of 
cancer growth and progression (reviewed in Volumes I-IV 
of this series) coupled with an understanding of cancer in 
man as compared to other species (Volume V), and an 
understanding of the etiology of cancer in man (Volume VI), 
local invasion and spread of cancer in man (Volume VII), 
and patterns of metastasis/dissemination in man (Volume 
VIII) are all essential features for the formulation of new 
advances in cancer management for human neoplasms. The 
recent and substantial advances in cancer management re
viewed in this volume, and in Volume IX, indicate the rapid 
and expanding progress that will continue to emerge from 
this continuum of basic sciences, preclinical studies in 
therapy and diagnosis models in animals, and ultimate ex
trapolation to the management of cancer in man. 

Series Editor 
Hans E. Kaiser 

Volume Editor 
Paul V. Woolley 
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1 

BIOLOGICAL RESPONSE MODIFIERS 

ROBERT K. OLDHAM 

ABSTRACT 

Biotherapy represents a new modality of cancer treatment. It uti
lizes biologicals and biological response modifiers. Many of these 
substances are of 'natural' origin eminating from mammalian cells 
as physiologic mediators of immune response and as substances 
active in the regulation of growth and maturation. With the advent 
of molecular biological techniques, hybridoma technology and 
computer applications, it is now possible to prepare these biological 
substances in highly purified form and in large quantities for use as 
medicinals. The expertise required to apply these biotherapeutic 
approaches to the treatment of cancer often involves the use of 
immunological and/or molecular biological capabilities. Because of 
the rather specialized expertise needed to understand and apply 
these substances as anticancer approaches, those individuals with 
expertise in the application of chemotherapy to patients with cancer 
are not necessarily well prepared for the translation of biotherapy 
to the clinic. Biotherapeutic approaches are broad and involve a 
whole range of physiological responses inherent in cancer biology. 
The approaches needed to bring these biotherapeutic capabilities to 
the clinic need to be considered carefully and the use of new tech
niques and new methods of application should be encouraged so as 
not to inhibit these potentially powerful anticancer approaches. As 
natural mediators, many biologicals have much less inherent toxic
ity than the drugs previously used in systemic cancer therapy. 
Therefore, the systems for translating these substances from the 
laboratory to the clinic should be restructured for the rapid trans
lation of biotherapy to the patient. 

INTRODUCTION 

Biologicals could encompass any substance of biological 
origin but generally represent the products of the mam
malian genome. With modern techniques of genetic engi
neering the mammalian genome represents the new 'medi
cine cabinet'. Biological response modifiers (BRM) are 
agents and approaches whose mechanisms of action involve 
the individual's own biological responses. Biologicals and 
BRM can act in several ways in the biotherapy of cancer: 

(a) augment the host's defenses by administering cells, 
natural biologicals or the synthetic derivatives thereof as 
effectors or mediators (direct or indirect) of an antitumor 
response; 

(b) increase the individual's antitumor responses through 
augmentation and/or restoration or effector mechanisms 
and/or decrease a component of the host's reaction that may 
be deleterious; 

(c) augment the individual's responses using modified 
tumor cells or vaccines to stimulate a greater response by the 
individual or increase tumor cell sensitivity to an existing 

response; 
(d) decrease transformation and/or increase differentia

tion (maturation) of tumor cells; 
(e) increase the ability of the host to tolerate damage by 

cytotoxic modalities of cancer treatment. 
While several of these approaches involve the augmen

tation of biological responses, an understanding of the bio
logical properties of immune response molecules, growth 
and maturation factors and other biological substances will 
assist in the development of specific molecular entities which 
can have direct actions on biological responses and/or on 
tumor cells. Thus, one can visualize the development of 
biological approaches with response modifying as well as 
direct cytolytic, cytostatic, or maturational effects on tumor 
cells. 

It is clear that the mechanisms are now available for the 
development of biotherapy. To put these approaches into 
clinical practice it is important to dispel a historical dogma 
of immunotherapy. Biotherapy can have activity on clini
cally apparent disease, and the testing is not restricted to 
situations where the tumor cell mass is imperceptible (38). 
Thus, the clinical trial designs for biotherapy can be similar 
to those used previously for other modalities of C<;lncer 
treatment, as long as one is sensitive to the need to measure 
both pharmacokinetics and the biological responses affected 
by these approaches (34). Thus, testing is continuing for the 
interferons, lymphokines/cytokines, growth and maturation 
factors, monoclonal antibodies and immunoconjugates 
thereof, vaccines and cellular therapy. 

HISTORICAL PERSPECTIVES 

Given the variability of cancer's clinical presentation, it is 
not surprising that randomized trials of nonspecific and 
specific immunotherapy, as translated from animal models, 
have not been uniformly successful in cancer treatment (21, 
22). Naturally occurring cancers arise in a particular organ 
from one cell or a few cells under some carcinogenic stim
urits. In humans, these initial foci of cancer cells may grow 
over very long periods of time (from 1 % to 10 % of the 
human life span) before there is any clinical evidence of the 
disease. Dissemination of cells from initial focus may occur 
at any time during the development of the primary tumor. 
Thus, growth and metastasis occur over months to years, 
allowing complex biological interactions to take place. 

By contrast, experimentally induced cancer is an artificial 
situation. The tumor cells injected into young, normal ani-

P.V. Woolley (ed.), Cancer management in Man: Biological Response Modifiers, Chemotherapy, Antibiotics, Hyperthermia, Supporting Measures 
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mals, thereby circumventing the influences of environmental 
or genetic factors which may be operative in the natural host 
during tumor development, and the injection represents a 
single instantaneous point sourcc for a defined tumor load 
which has been manipulated in vitro. Regardless of whether 
that tumor load is 101 or 108 cells, it is being placed artifici
ally into a single site and allowed to grow and metastasize 
from that selected single site. Thus, these transplantable 
cancers are not analogous to clinical cancer. 

The modern era of cancer treatment began in the 1950s 
with the recognition that most cancers were systemic prob
lem. It became obvious that lymphatic and blood-borne 
metastases often occurred simultaneously with local growth 
and regional spread. The early success of alkylating agents 
in the systemic treatment of lymphoma prompted a massive 
search for drugs which might have cytolytic or cytostatic 
effects on cancer cells. There is now widespread recognition 
that drugs in cancer treatment can effectively palliate and 
sometimes cure. The development of three modalities (sur
gcry, radiotherapy and chemothcrapy) and their subsequent 
integration into what is now multimodal cancer treatment 
have been recently summarized (S). 

In the last 5 years, we have reached a plateau in cancer 
treatment. New surgical techniques and new methods of 
radiotherapy are being developed but these two modalities 
are useful mainly in the local and regional cancer treatment. 
Chemotherapy continues to evolve, with new drugs and new 
combinations of drugs being developed for cancer treat
ment. There has been continued slow progress in the treat
ment of highly replicative and drug sensitive malignancies 
over the last 10 to 15 years. It is now apparent that further 
progress with chemotherapy will probably depend on a 
greater understanding of the metabolic processes of cancer 
cells and the differences between these and normal cells. In 
addition, there are the problems of selectivity of action and 
drug delivery. Clearly, cancer cells are more like than unlike 
normal cells with respect to sensitivity to current chemo
therapeutic agents. There is little evidence of sclectivity in 
the delivcry or effects of anticancer drugs. Many chemo
therapeutic agents are highly cytolytic, but the problems of 
normal tissue toxicity, drug delivery, and tumor cell resis
tance remain (S, IS). Thus, cancer remains a systemic prob
lem which requires further systemic approaches for more 
effective treatment. 

The scientific base is now firm for the establishment of 
biotherapy as the fourth modality of cancer treatment. His
torically, there was an attempt to establish immunotherapy 
in this rolc. While immunothcrapeutic cffccts were rc
produciblc under selected cxperimcntal conditions, it was 
not strikingly effective in animals bearing palpable tumors. 
Given the observation that immunotherapy was more effec
tive with smaller tumor burdens, investigators began to 
study both 'specific' and 'nonspecific' immunotherapy as 
treatment for minimal residual disease. Although it became 
widely accepted that the treatment of animals with minimal 
residual disease was analogous to the postsurgical treatment 
of cancer in humans, this analogy was often stretched to the 
limit. Immunotherapy in young and normal animals was 
often begun on the day (or 1-2 days) of the tumor transplant 
using a transplant of a very small number of tumor cells (one 
to 1000) into a single site. In many of these studies and in 
studies where the tumor was surgically resected and no 

evident disease remained, the effects of immunotherapy were 
reasonably reproducible and were most beneficial when the 
tumor mass was < 106 cells. 

These experimental results developed into the dogma that 
immunological manipulation or immunotherapy could 
work only when the tumor cells mass was imperceptible (3S). 
This posed real problems for the immunotherapy of human 
malignancies since the tumor cell mass is at least two orders 
of magnitude greater than 106 cells at clinical diagnosis. 
Even in the postsurgical adjuvant setting, the timing of most 
recurrences would seem to indicate that larger numbers of 
cells were probably present (although clinically impercep
tible) than immunothcrapy would likely have been able to 
cure. 

Despite the obvious difficulties with the experimental re
sults in animal tumor models, clinicians began immuno
therapy trials in the 1970s. Initial, small nonrandomized 
trials would often be reported as being positive. Larger, 
randomized, controlled studies werc done to confirm or 
deny the efficacy of a particular immunotherapeutic regimen 
in a particular cancer. While some of the controlled studies 
were positive, most yielded marginal or negative results. 
Thus, the negative attitude of most clinicians toward immu
notherapy by the end of the 1970s (51). 

Why did immunotherapy fail to establish itself as a major 
modality for cancer treatment? An important factor was the 
lack of definition and purity of the reagents for immuno
thcrapy. Many of thc nonspecific approaches involved the 
use of complex chemicals, bacteria, viruses, and poorly 
defined extracts in an attempt to 'stimulate' the immune 
response without any molecular definition as to the actual 
stimulating entities (such as tumor-associated antigens) 
which might have been involved in the treatment. Given the 
lack of analogy between model systems and man, the poorly 
characterized reagents and the problems of variability in 
experimental procedures, the lack of efficacy was hardly 
surpnsmg. 

Biological control mechanisms should be envisioned on a 
much broader basis than the immune system. While 
immunotherapy remains a subcategory of biotherapy, there 
are numerous additional possibilites for the control of can
cer. Growth and differentiation factors, the use of syntheti
cally derived molecular analogs, and the pharmacologic 
exploitation of biological molecules now involves a much 
broader range of approaches than those previously con
sidered as immunotherapy. 

There were specific developments that led to biotherapy 
becoming the fourth modality of cancer therapy (37). First, 
advances in molecular biology have given scientists the 
capability to c10nc individual genes and thereby produce 
significant quantities of highly purified products of the 
mammalian genome for analysis. Unlike extracted and puri
fied biological molecules, which were available only in small 
quantities in semi-purified mixtures, the products of cloned 
genes have a level of purity on a par with drugs and can be 
analyzed alone or in combination as to their effects in cancer 
biology. In addition, recent progress in nucleic acid sequenc
ing and translation, protcin sequencing and synthesis, the 
isolation and purification of biological products and mass 
cell culture, has given us the opportunity to alter proteins at 
the nucleotide of amino acid levels to manipulate and opti
mize their biological activity. 



A second major technical advance was the discovery of 
hybridomas. A major limitation for the use of antibodies 
was the inability to make high-titer specific antisera and to 
define these preparations on a molecular basis. Immuno
globulin reagents can now be produced with the same level 
of molecular purity as cloned gene products and drugs. 
These monoclonal antibodies are powerful tools in the iso
lation and purification of tumor-associated antigens, lym
phokines/cytokines and other biological molecules which 
can be used in biological therapy. The advances in molecular 
biology and hybridoma technology have eclipsed previous 
techniques for the discovery and purification of biological 
molecules. 

Technological advances in equipment and computers 
have been critically important for isolating and purifying 
biological molecules. We now have the capability to con
struct nucleotide or amino acid sequence to fit any biological 
message that we are able to decipher. While this synthetic 
capability is currently limited to smaller genes and gene 
products, the techniques are rapidly becoming available 
where analysis and construction of nucleotide sequences will 
occur in an automated way, making enormously complex 
molecules possible to synthesize and manufacture. 

DETECTION OF BIOLOGICAL ACTIVITY IN 
PRECLINICAL MODELS 

Central to the identification of biotherapy that might be 
useful in clinical oncology is the recognition that, in the 
main, the challenge in humans is the eradication of metas
tases. In this regard, two important facts must be kept in 
mind: First, metastases can result from different subpopu
lations of cells that reside within the primary neoplasm (12), 
which may explain the fact that cells residing within a metas
tasis can be antigenic ally distinct from those that predomi
nate in the parental tumor (2, II, 30), and from other 
metastases (2, 50). The implications of such findings as they 
relate to the outcome of specific immunotherapy are ob
vious. Second, normal animals are not comparable to ani
mals or humans bearing autochthonous neoplasms (30). 
Specific or nonspecific defects may exist in animals and in 
humans that lead to the development of their autoch
thonous tumors. Corrections of such defects may require a 
totally different form of biotherapy than that required to 
assist the normal host in controlling an implanted cancer. 

SCREENING CRITERIA 

Theoretically, an ideal procedure for screening should em
ploy a system of sequential and progressively more demand
ing studies designed to select a maximum number of effective 
agents. 

The term screening denotes a series of sequential assays 
through which many agents are tested for therapeutic poten
tial. For some BRM, a general screening procedure may be 
inappropriate. For example, the activity of a monoclonal 
antibody with antitumor specificity would not be detected 
by use of the general activity screen. The design of a general 
screening system for biological therapy has been reviewed 
(13, 31). Such a step-by-step approach to the screening of 
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potential BRM has been designed to define their effects on 
T-cell, B-cell, NK cell, and macrophage functions. A pro
gressive sequence in vitro to in vivo allows the variables of 
dose, schedule, route, duration and maintenance of activity, 
adjuvanticity, and synergistic potential to be explored in an 
orderly fashion. 

EFFICACY TESTING 

The preclinical evaluation of biotherapy requires the in vivo 
testing of these agents in relevant model systems. The impor
tance of the use of primary hosts with autochthonous 
tumors for investigating approaches that show preliminary 
therapeutic potential in transplantable animal tumor models 
cannot be overemphasized. Although this concept has been 
frequently discussed, the ability to obtain significant num
bers of primary hosts in a reasonable time after initiation of 
a tumor by chemical or physical carcinogens remains a 
problem. Spontaneous neoplasms (of unknown cause) arise 
in rodents, but the use of these tumors as models is currently 
not practical. 

The UV radiation carcinogenesis model developed by 
Kripke and co-workers (27, 28), has been useful in screen
ing. In this system, chronic exposure of mice to UV radi
ation results in the development of single or multiple skin 
neoplasms. These tumors are antigenic, and most are re
jected when transplanted into normal, synergeneic recip
ients. However, the tumors grow progressively in immu
nologically deficient recipients or in synergeneic mice that 
have been exposed to low-dose, nontumorigenic UV radia
tion. The immune response of UV -irradiated mice to a 
variety of exogenous antigens is normal, suggesting that 
suppressor cells with selectivity for antigens expressed on 
autochthonous UV radiation-induced tumors exist. 

An ideal carcinogen-induced tumor system would be one 
in which the carcinogen is easily administered, has a short 
latent period, is not highly toxic, and is capable of reproduc
ibly inducing palpable primary tumors that metastasize in a 
high percentage of rodents. The induction of mammary 
tumors in rats by IV injections of single-dose N-nitroso-N
methylurea appears to be a suitable carcinogen-induced 
tumor system with many of these characteristics and is being 
used as a second model in this screening process (29). 

SCREENING EVALUATION 

Screening programs for chemotherapeutic agents were initi
ated in the mid-1950's and attempts have been made to 
randomly examine thousands of compounds for antitumor 
activity. Such large screening programs are empirically rath
er than rationally based and are no longer appropriate (l). 
The biotherapy screen should confirm, standardize, and 
extend previous laboratory observations in a valid, syste
matic, and interpretable way to provide a vehicle for the 
translation of data to the clinical reality. 

Whether induced or transplantable animal tumor systems 
are valid models for testing therapeutic modalities for 
human cancer has been a controversial issue (21, 22). In 
patients, therapy successful for one type of tumor may not 
be successful for another type or even for another patient 
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with the same histologic type of cancer. Unlike the model 
systems where treatment can be given with precise timing 
relative to the metastatic phase of an implanted tumor or 
injected tumor cells, cancer diagnosis is generally late in 
humans, and micrometastases and often macrometastases 
have become established before treatment can be initiated. 
Thus, screening programs can only provide tentative indi
cations on agents/approaches of interest. The testing of 
biotherapy in an involving, controlled system may help 
eliminate arbitrary decisions on the use of a given biological 
approach and ultimately may contribute to the development 
of novel approaches for the treatment of disseminated can
cer. 

BIOTHERAPY: SPECIFIC AGENTS AND 
APPROACHES 

Nonspecific immunomodulators: Since the early 1900's, 
immunotherapy with bacterial or viral products has been 
utilized with the hope of 'nonspecifically' stimulating the 
host's immune response (38). These agents have been useful 
as adjuvants and as nonspecific stimulants in animal tumor 
models. However, human trials have been disappointing. 
Clearly, in the animal tumor models, specific requirements 
for immune stimulation are much better defined. It may be 
possible that purified components of bacterial cell walls, 
fungi, purified viruses, or specific chemicals (Table I) will 
lead to the development of more effective adjuvants or 
stimulants of the immune response for use in association 
with tumor associated antigens and synthetic peptide vac
cines for active specific immunotherapy or immunoprophy
laxis. The use of purified derivative of bacterial components 
such as muramyl di- (or tri-) peptide packaged in liposomes 
as a method to stimulate macrophages to greater anticancer 
activity is an approach of greater promise. 

Active specific immunotherapy. There has been a substantial 
effort to actively immunize autochthonous or synergeneic 
hosts with irradiated or chemically modified tumor cells in 
an attempt to use active specific immunotherapy (39). In
herent to this approach is the assumption that tumor cells 
express immunogenic tumor associated antigens (TAA). 
Treatment of tumor cells with a variety of unrelated agents 
such as irradiation, mitomycin, lipophilic agents, neurami
nidase, viruses, or admixtures of cells with bacterial ad
juvants have produced nontumorigenic tumor cell prepara
tions that are immunogenic upon injection into synergeneic 
hosts. 

Recently, a reevaluation of the procedures of active spe
cific immunotherapy using BCG-tumor cell ('antigens') 
vaccines has been undertaken using a synergeneic hepato
carcinoma in an inbred strain of guinea pigs. Investigations 
of several variables of vaccine preparation, such as a ratio of 
organisms to viable, metabolically active tumor cells, the 
procedures of cryobiologic preservation, and the irradiation 
attenuation of cells, have resulted in the development of an 
optimal nontumorigenic BCG-tumor cell vaccine, as well as 
an effective regimen for the treatment of both micrometa
static and limited macrometastatic disease (19, 20). 

The nature of the anatomic alteration in metastatic nod
ules that accompanies active specific immunotherapy was 

Table 1. Biologicals and biological response modifiers. 

Lymphokines and cytokines 

Antigrowth factors 
Chalones 
Colony-stimulating factor 

(CSF) 
Growth factors (transform

ing growth factor-TSF) 
Lymphocyte activation factor 

[LAF-interleukin I(IL-I)] 
Lymphotoxin (L T) 
Macrophage activation 

factor (MAF) 
Macrophage chemotactic 

factor 

Migration inhibitory 
factor (MIF) 

Maturation factors 
T-cell growth factor 

[TCGF-interleukin 2 
(IL-2)] 

Interleukin 3 (IL-3) 
T-cell replacing factor 

(TRF) 
Thymocyte mitogenic 

factor (TMF) 
Transfer factor 
B-ce11 growth factor 

(BCGF) 
Tumor necrosis factor 

(TNF) 

Monoclonal antibodies 

Monoclonal antibodies to 
growth promoting factors 

Anti-T-cell and anti-T
suppressor cell antibodies 

Antitumor antibody (including 
antibody fragments and/or 
conjugates with drugs, toxins, 
and isotopes) 

/ 
! 

,i Tumor-associated antigens 

Antigens 

Vaccines 

Effector cells 

Macrophages 
NK cells 

T-cell cytotoxic clones 
Lymphokine activated cells 

Miscellaneous approaches 

Allogeneic immunization 
Bone marrow transplantation 

and reconstruction 
Viral oncolysates of cells 

Plasmapheresis and ex vivo 
treatments (activation columns 
and immunoabsorbents) 

Immunomodulator and/or immunostimulating agents 

. Alkyllysophospholipids 
(ALP) 
Azimexon 
BCG 
Bestatin 
Brucella abortus 
Corynebacterium parvum 
Cimetidine 
Sodium diethylithio-

carbamate (DTC) 
Endotoxin 
Glucan 
'Immune' RNAs 
Therafectin 
Krestin 
Lentinan 

Levan 
Muramyldipeptide (MDP) 
Malic anhydide-divinyl 

ether (MVE-2) 
Mixed bacterial vaccines 

N-137 
Nocardia rubra cell wall 

skeleton 
Picibanil (OK 432) 
Prostaglandin inhibitors 

(aspirin, indomethacin) 
Staphage lysate (SPL) 
Thiobendazole 
Tilorones 
Tuftsin 

Interferons 
Poly IC-LC 
Tilorones 

Interferons and interferon inducers 

Brucella abortus 
Viruses 

Thymosin alpha-l 
Thymosin fraction 5 

Thymosins 

Other thymic factors 



explored further by use of a specific monoclonal antibody as 
a probe to assess vascular permeability within these tumor 
models (24, 25). Immunohistologic analysis of antibody 
distribution showed that significantly more antibody accu
mulated in tumors from vaccinated animals than in compar
able tumors from untreated guinea pigs. Insufficient atten
tion has been given to the possibility that the anatomic 
characteristics of tumor foci restricted drug or host inter
actions, thus protecting tumors not only from immuno
therapy but from other forms of treatment as well (18). 

The regulation of the blood supply to neoplastic tissue 
may be different from that of the host tissues invaded by the 
tumor. This biologic state of the tumor metastatic nodule 
contributes to the fact that blood-borne substances, such as 
chemotherapeutic agents, monoclonal antibodies, and im
mune effector cells, would encounter this vascular barrier, 
thus limiting their access to all portions of the tumors. Such 
vascular barriers may provide an environment in which 
some tumor cells survive blood-borne chemotherapeutic 
and biologic agents. In this respect, solid tumor nodules may 
serve as 'pharmacologic sanctuaries', allowing even drug
sensitive tumor cells to continue to grow (18). 

Hanna and co-workers (20), demonstrated that strategi
cally timed chemotherapy subsequent to immunotherapy can 
effectively double the number of survivors attainable with 
immunotherapy alone. Furthermore, it has been shown that 
the synergistic effects obtained by combining immuno
therapy with chemotherapy are not drug-specific. These 
results suggest a new basis for active specific immuno
therapy in the treatment of solid tumors. Inflammatory 
disruption of anatomic barriers of metastatic nodules com
bined with strategically administered chemotherapy or 
biological therapy may prove to be useful in the design of 
future clinical trials in man. 

Another approach might involve the delivery of lym
phokines/cytokines such as tumor necrosis factor, lym
photoxins, macrophage cytotoxic factors, and activated 
complexes (such as those generated by plasma perfusion 
over protein A columns) to the tumor and its vascular bed. 
The delivery of these substances to tumor nodules might 
increase the vascular permeability and increase the access of 
antibody, immunoconjugates, drugs, and activated cells to 
the cancer cells (18). 

A major limitation of active-specific immunotherapy has 
been the availability of purified tumor antigens. As presently 
established, the necessity of adhering to a strict protocol for 
whole-cell vaccine preparations (which may differ among 
different tumors) constitutes a major limitation in adapting 
this procedure for the clinic. While the present vaccine 
preparations must contain viable, non tumorigenic cells 
prepared from individual tumors, it is possible that in the 
future monoclonal antibody-defined purified tumor anti
gens would be available for large-scale immunizations. With 
these, a procedure can be visualized which would include 
antigen purification and characterization followed by genet
ic engineering of the antigen for vaccine production. Alter
natively, synthetic peptide sequences of the active portion of 
tumor associated antigens may prove useful in the near 
future. Even the combining site of antibody to T AA has 
recently been suggested as a potential vaccine. All of these, 
technologies are at hand and specific preparations will soon 
be available for clinical evaluation. 
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Thymic factors. It has been known for years that thymic 
extracts have biological activity on cells in the immune 
system (17). Thymosin fraction 5 and thymosin alpha-l have 
received the most attention in the laboratory and the clinic. 
Thymosin fraction 5 is an extract containing a variety of 
thymic polypeptides, and alpha-l is a synthetic polypeptide 
component present in many thymic extracts. Components of 
thymic preparations have been shown to enhance and sup
press immune responses in both intact and thymectomized 
animals. Many investigators have reported that the thymo
sins can correct selected immunodeficiency states, both nat
ural and laboratory-induced. There have also been reports 
that thymic factors can augment suppressed or depressed 
T-cell responses in patients with cancer. Studies are in pro
gress with thymosin fraction 5 and with alpha-l to deter
mine their efficacies in patients with cancer. Studies in pre
clinical screening have demonstrated stimulation of T-cell 
activity (48), but clinical studies have not shown striking 
effects (9, 47, 48). 

Interferons. Interferons are small, biologically active pro
teins with antiviral, antiproliferative and immunomodula
tory activities. Each interferon has distinctive capabilities in 
altering a variety of immunological and other biological 
responses. As a class, the interferons appear to have some 
growth-regulating capacity in that antiproliferative effects 
are measurable with in vitro assays and in animal model 
systems. The relative efficacy of the mixtures of natural 
interferons that occur after virus stimulation as compared to 
the cloned interferons remains to be precisely determined. 
Because there may be > 20 interferon molecules (and hun
dreds of recombinant hybrids thereof) and because attempts 
have already begun at recombining the different molecules 
into mixtures of interferon and because of efforts are under
way altering individual interferon molecules in specific ways, 
the range of biological activities of the interferons as anti
viral agents, as immunomodulating agents and as antipro
liferative agents may be very broad (35). 

In addition to antiviral and antiproliferative activity, the 
interferons have profound effects on the immune system. 
Relatively low doses will enhance antibody formation and 
lymphocyte blastogenesis, while higher doses will inhibit 
both of these functions. Low to moderate doses may inhibit 
delayed hypersensitivity while enhancing macrophage 
phagocytosis and cytotoxicity, natural killer (NK) activity, 
and surface antigen expression. Interferons prolong and 
inhibit cell division, in both transformed and normal cells. 
In addition, interferon stimulates the induction of several 
intracellular enzyme systems with resultant profound effect 
on macromolecular activities and protein synthesis. All of 
these functions have been documented in murine systems, 
but complete dose-response effects for all types of inter
ferons in these cellular activities have not been thoroughly 
investigated in either mouse or man. The alpha interferons 
have been most extensively tested but it would appear that 
beta and gamma interferon have similar effects, but relative 
potency may vary. 

With respect to cancer therapeutics, it is still unclear 
whether the interferons work primarily by their anti
proliferative activity or through alterations of immune re
sponses. Most of the current evidence with lymphoma sup
ports a direct anti proliferative effect in that higher doses 
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induce more responses and patients failing in lower doses 
can be reinduced to respond to higher doses (5, 16, 49). 
What is clear from the current preclinical and clinical studies 
is that the interferons have antitumor activity even in bulky 
drug resistant cancers (46, 47). Clinical activity has been 
seen most reproducibly with a variety of lymphomas, but 
response in many other tumor types have been seen (36,37). 
The best dose, schedule, route of administration, and type of 
interferon needs to be determined by further efficacy studies, 
and the use of interferon in combination with other antican
cer agents is just beginning (34). 

Lymphokines and cytokines. Many of the biologicals which 
will be tested in biotherapy are cell products (cytokines), 
lymphocytes products (lymphokines) or direct cytotoxic fac
tors of activated lymphocytes (lymphotoxins) or macro
phages (cytotoxins) (38). The lymphokines have a specific 
ability to regulate certain components of the immune re
sponse, which may be useful in altering the growth and 
metastasis of cancer in man. For example, it is possible that 
certain lymphokines may augment the ability of T-cells to 
respond to tumor-associated antigens, and others may in
duce higher responsiveness with respect to B-cell activity in 
cancer patients. Additionally, lymphokines which decrease 
suppressor functions may be useful in enhancing immune 
responses through a lessening of suppressive effects. Anoth
er specific use of lymphokines may be in the pharmacologic 
regulation of tumors of the lymphoid system. While many of 
these tumors are considered to be generally unresponsive to 
normal growth-controlling mechanisms mediated by lym
phokines, it is possible that large quantities of pure lym
phokines administered as medicinals or the use of certain 
molecular analogs of these naturally occurring lymphokines 
may be useful in the treatment of lymphoid malignancies. 
This concept has recently been extended to other cancers in 
that in vitro observations now suggest an antiproliferative 
activity of the interferons in many solid tumors. A major 
question exists on how to maximize the use of these sub
stances. Their antiproliferative effects might be maximized 
by testing the tumor cells of each patient to 'custom tailor' 
the treatment rather than giving these biologicals as general 
treatment in the method used for anticancer drugs (42, 44). 

lnterleukin I (IL-I), originally known as lymphocyte acti
vating factor, is a macrophage-derived cytokine that was 
identified originally as a result of its nonspecific enhancing 
effect on murine thymocyte proliferation. Both IL-l and 
viable macrophages are necessary for the initial step in 
activation of interleukin 2 (IL-2). Cloning of IL-I and 11-2 
has made large quantities of highly purified materials avail
able for further studies. 

Clinical studies with IL-2 have been oriented around in 
vitro cell production protocols and/or induction or main
tenance of antitumor T-cell effects in vivo (6, 36). The reports 
of Rosenburg using IL-2 to activate peripheral blood cells 
has stimulated much interest. These activated cells are 
generally more active against cancer cells than normal cells 
although their lineage (T-cell, NK-cell, LAK cells, etc.) is 
not clear. This approach though expensive and cumber
some, illustrates the rapidity with which developments in 
biotherapy are occurring (42, 44). 

A lymphotoxic product of antigen mitogen-stimulated 
leukocytes was the first lymphotoxin described. Lympho
toxin may be the principle effector of delayed hypersensitiv
ityand, although conflicting data have been reported, may 

also be involved in the cytotoxic reactions of T-cell
mediated lysis and NK or K-celllysis. Depending upon the 
type oftumor cell involved, the in vitro effect oflymphotoxin 
may be either cytolytic or cytostatic. Mouse tumor cells are 
frequently killed by homologous and heterologous lym
photoxins, whereas in other species, reversible inhibition of 
tumor cell proliferation is more common. 

Human lymphotoxin has been produced from peripheral 
blood lymphocytes or tonsillar lymphocytes by stimulation 
with phytohemagglutinin or concanavalin A, and it has been 
harvested from supernatants of lymphoblastoid cell lines 
which constitutively produce small amounts of lympho
toxins (45). Isolation of human lymphotoxin for in vivo 
studies is complicated by the coproduction of at least five 
major species and several subspecies which result from the 
association with other components and by the subsequent 
spontaneoils degradation to lower molecular weight forms. 
The recent purification and cloning of tumor necrosis factor 
(TNF) a lymphotoxin like molecule will resolve the molec
ular heterogenity issue as it did for the alpha interferons and 
will make available sufficient material for clinical eval
uation. Clinical trials with TNF are now underway in Japan 
and the US with early reports of direct anticancer activity 
and some considerable toxicity. 

Combined treatments with lymphotoxin, local or system
ically administered, with other antitumor agents may be 
more valuable than lymphotoxin alone. What may be im
portant is the ability oflymphotoxin to inhibit chemical and 
radiation-induced neoplastic transformation (10). Lym
photoxin used as an adjunct to chemotherapy may permit 
higher levels of effective but potentially carcinogenic agents 
to be used with less risk of producing a second malignancy. 

Lymphotoxin antitumor activity may be potentiated 
when it is given with other lymphokines such as macro
phage-activating factor TNF interferon, and IL-2. Lym
photoxin directly inhibits the growth of some tumor cells 
and also renders these cells more susceptible to NK
mediated lysis. Since interferon enhances the activity ofNK 
cells, lymphotoxin and interferon given together or in 
sequence may result in more NK-mediated killing than that 
obtainable with either agent alone. There is now evidence 
that the combined use of various lymphokines may give 
enhanced antiproliferative effects (Oldham, R.K., unpub
lished observations). Selective assays for lymphokine anti
proliferative cocktails may prove useful in tailoring such 
preparations for individual patients. (42). 

More than 100 biological molecules have already been 
described and named as lymphokines. Clearly, several bio
logicals such as the interferons, lymphotoxins, TNF macro
phage-activating factor, IL-I, IL-2, and IL-3 are now avail
able and under evaluation as antitumor agents since each, 
through its own distinct mechanism, may contribute to 
tumor control. Such studies require quantities of material 
sufficiently pure to exclude contributions by other factors 
and permit definitive evaluation of each lymphokine/ 
cytokine. Larger-scale studies will require standardized 
preparations, in quantities best obtained through genetic 
engineering, with the use of sensitive and rapid assay 
procedures to monitor production, purification, bioavaila
bility. 

Monoclonal antibody. The advent of hybridoma technology 
in the late 1970's has made available an important tool for 



the production of monoclonal antibodies for therapeutic 
trials (4). Hybridoma/monoclonal antibody technology has 
revolutionized studies with antibody across the whole field 
of immunology. These reagents can now be produced in 
huge quantities, in highly purified form, and in high titer, 
making available specific reagents of a type never possible 
with heteroantisera. These antibodies have already proven 
useful in purifying lymphokines/cytokines and in defining 
and isolating tumor associated antigens. As such, these 
monoclonal antibodies will undoubtedly define a whole new 
range of antigens on the cell surfaces, which will improve 
our understanding of cell differentiation and of cancer biol
ogy. Major problems in understanding the biology of the 
cancer cell have been the difficulties of isolating, purifying, 
and characterizing tumor-associated antigens. The use of 
monoclonal antibody technology will better define the neo
plastic cell surface and identify its differences from the nor
mal counterpart, will be of value in cancer diagnosis and 
histopathologic classification, and will be useful in the imag
ing of tumor cell masses and in the therapy of cancer (14, 16, 
23,24,32,37,41,43,46). Finally, antibody may be a useful 
reagent in treating certain immune deficiencies and in alter
ing immune responses. The removal of T -cells from bone 
marrow to improve bone marrow transplantation tech
niques is an example of using antibody as a BRM (32). 

In spite of encouraging data for the use of antibody and 
especially immunoconjugates as targeting agents, the 
heterogeneity of cancer is an important consideration. If one 
uses a single antibody or a combination of a few antibodies 
that cover only a portion of the tumor cells and, if that 
preparation does not eliminate the true replicating cell 
population (stem cell) from the tumor population present in 
the patient, eventual outgrowth of viable cells and perhaps 
resistant cells will be inevitable. Therefore, it seems logical to 
proceed with attempts to type human tumors and to deliver 
toxic substances to them utilizing 'cocktails' of antibodies 
sufficient to cover all the tumor cells known to exist in each 
patient. This type of approach may require a considerable 
amount of testing for each patient and a 'typing' of one or 
more tumors from each patient. Such approaches may be 
much more custom tailored than is easily approachable 
through the product development paradigm which has been 
used with some success in the development of new cancer 
drugs. If indeed, the spectrum of human tumor hetero
geneity is great, the possibility of the ideal antibody con
jugated to the ideal toxic agent may not be achievable. 

The difficulties in preparing antibodies and immunocon
jugates, for clinical use, are obvious and these approaches 
will be complex and time consuming. Initially, it will be 
important to deliver unconjugated antibody in a way to 
better understand its biodistribution, pharmacokinetics and 
clinical effects. Then, we should proceed to the delivery of 
immunoconjugates in a way as to best learn what their 
clinical effect might be. Testing of this sort is now underway 
and investigators and patients alike can anticipate an im
provement in the selective delivery of toxic agents to the 
cancer cell in the near future. 

PERSPECTIVES 

What should we expect from biotherapy in this decade? At 
the onset, it is clear that we now have much more powerful 
tools for improving cancer therapy in the future. We now 
have the techniques to decipher the major problems in can-
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cer biology down to the genetic level. The development of 
these techniques, along with the recognition that biotherapy 
can provide increased specificity in cancer treatment, sup
ports the belief that new and. highly effective approaches are 
coming. As with the other three modalities, biotherapy 
should not stand alone. It provides an additional technique 
which may work most effectively in combination with sur
gery or radiotherapy to decrease the local and regional 
tumor or with chemotherapy to reduce the systemic tumor 
burden. It may work very effectively with radioisotopes 
specifically to the tumor site or with traditional chemo
therapy with respect to enhancing the specificity of drug 
delivery. 

The use of biotherapy is at an early stage. It is already 
clear that highly purified biologicals can be effective in 
patients with clinically apparent tumors. Clinical studies 
with alpha interferon and IL-2 have now demonstrated the 
responsiveness of drug-resistant lymphoma, melanoma, and 
renal carcinoma. These results, along with the early clinical 
results using monoclonal antibody, confirm the concept that 
we need not think of biotherapy as a tool that can be used 
only in patients with undetectable and minimal tumor bur
dens. While this modality may work best with minimal 
tumor burdens, a situation which is also true for chemother
apy, biotherapy can be useful as a single modality in clini
cally apparent disease. It may be even more effective in 
multimodality treatment regimens. Biotherapy offers the 
hope for selective treatments in ways that should significant
ly enhance the therapeutic toxic ratio and lessen the problem 
of nonspecific toxicity, a major impediment to the develop
ment of more effective anticancer treatment. The 1980s will 
provide new opportunities to pursue new approaches in 
cancer treatment. Given these new techniques and new ap
proaches, we must now begin to redesign many of the 
mechanisms for the development and testing of new antican
cer agents (33). It may well be possible that specifically 
tailored treatment will require biotherapy to be developed 
much more individually as compared to the historical de
velopment of therapy for broad disease categories. We must 
be prepared to change and adapt to the challenges and 
opportunities afforded by biotherapy (37). 
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ANTITUMOR EFFECTS OF INTERFERONS' 

ROBERT M. FRIEDMAN and ROBERT K. OLDHAM 

ANTITUMOR EFFECTS OF INTERFERONS IN 
ANIMAL SYSTEMS 

Numerous studies have been reported, examining the effects 
of Interferons (IFNs) on tumors of different type and histol
ogy in various animal systems. Both IFNs and IFN inducers 
have been used to study inhibitory effects on virus, chemical 
and radiation induced tumors as well as transplantable and 
spontaneous tumors. These have been reviewed extensively 
elsewhere (2, 33, 83) 

The findings that IFNs could inhibit the multiplication of 
oncogenic viruses as well as nononcogenic viruses led to the 
discovery that IFN preparations could also inhibit cell 
transformation and tumor production caused by these on
cogenic viruses. In animals inoculated with polyoma, Rous 
sarcoma or Shope fibroma viruses, tumors were inhibited 
and animal survival increased if IFN treatment was prior to 
virus inoculation. In contrast, in mice inoculated with 
Friend and Rauscher leukemia viruses, it was necessary to 
continue IFN treatment after viral infection in order to 
inhibit the various manifestations of these leukemias (33). 
Since virus multiplication occurs throughout the course of 
these diseases, continued repression of virus multiplication 
by IFN may have been necessary for inhibition of evolution 
of the disease. 

In order to examine the possibility that IFNs might be 
inhibiting multiplication of the tumor cells themselves or 
might be enhancing tumor-cell rejection in the host, Gresser 
and his associates (34, 35, 38) studied the growth of inocu
lated tumors in several strains of mice . These tumors de
veloped from transplanted tumor cells and not from trans
formation of host cells by virus. Less success was usually 
attained in the treatment of solid transplantable tumors 
than in the treatment of ascites tumors. IFN therapy was 
most effective when the tumor inoculum was low; once the 
tumor was well established regression did not occur (33). 
However, IFN treatment inhibited the development of both 
the subcutaneous nodules of the Lewis lung carcinoma at 
the site of transplantation and the development of pulmo
nary metastases from the transplant (37) . 

Another approach that has been employed to study direct 
effects of IFN on tumor growth has been to use immuno
suppressed hosts. Gresser and Bourali-Maury (1973) (37a) 
found that treating mice with anti-lymphocyte serum or 

* The opinions or assertions contained herein are the private views 
of the authors and should not be construed as official or necessarily 
reflecting the views of the Uniformed Services University of the 
Health Sciences or Department of Defense. 
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X-irradiation did not alter IFN's inhibitory effect on trans
plantable tumors. Additionally, in another study, the de
velopment of tumors from transplanted He La cells and 
xenografts of human breast cancers in nude mice was mar
kedly suppressed by human IFN (87). These studies suggest 
the possibility that the inhibitory activity of IFN against a 
tumor may result from a direct antigrowth action on the 
tumor cells themselves, bypassing the immune response of 
the host. 

There have not been many reports on the antitumor 
effects of gamma IFN, mainly due to the lack of availability 
until recently of sufficient quantities of gamma IFN prepara
tions to carry out significant studies. There are several re
ports indicating that in the treatment of certain tumors, the 
antitumor activity of gamma IFN was more potent per 
antiviral unit of IFN than the alpha or beta preparations 
(18, 31, 74); however, due to the presence of many lym
phokines in these gamma IFN preparations, conclusions 
cannot yet be made concerning the antitumor activities of 
this form of IFN. 

Another important area of investigation concerns the use 
of IFN in conjunction with other antitumor agents to deter
mine whether the effects are additive, synergistic or an
tagonistic. In one study, IFN treatment inhibited murine 
leukemia only after the number of tumor cells was first 
reduced by treatment with 1,3-bis (2-chloroethyl)-I-nitro
sourea (16). Direct injections of IFN followed by poly
rI:poly-rC after several hours, led to a synergistic inhibitory 
effect on autochthonous Moloney murine sarcoma virus
induced tumors (83) while, IFN and cyclophosphamide 
were reported to have additive effects on increasing survival 
after diagnosis of lymphoma in AKR mice (41). 

POSSIBLE BASES OF ANTITUMOR ACTIVITIES OF 
INTERFERONS 

Several hypotheses have been proposed attempting to ex
plain the antitumor effects of IFNs. These include: (I) in
hibition of tumor virus replication and cell transformation 
by virus; (2) inhibition of tumor development through pri
mary effects on the immune system of the host; and, (3) 
direct inhibition of proliferation of the tumor cell itself. 

Inhibition of virus replication 

Interferon treatment results in a marked decrease in the 
production of oncogenic viruses and in the efficiency of cell 
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transformation by virus. IFNs were thought to inhibit 
tumor viruses through the same mechanism as that involved 
in the inhibition of other viruses. However, for the inhibition 
of both the DNA and RNA tumor viruses that have been 
studied extensively, the mechanism of IFN action appears to 
be complex. For the SV40 system, treating cells with IFN at 
various times relative to virus infection yields different re
sults. These different effects have been reviewed (25, 72). If 
IFN was added to cells prior to SV 40 infection, virus 
production and T-antigen synthesis were inhibited. It has 
been suggested that these effects resulted from IFN blocking 
the transcription of SV40 DNA molecules by the cell RNA 
polymerase (58). The findings that infection of these cells 
with SV40 DNA instead of intact virions overcame the 
antiviral effect of IFN suggested that IFN was also inhibit
ing SV40 uncoating (95) and probably thus early transcrip
tion (9). Addition of IFN to cell during the early phase of 
SV40 infection (before viral DNA synthesis) failed to inhibit 
production of SV40 early RNA. In contrast, IFN addition 
during the late phase of the virus lytic cycle resulted in 
inhibition of viral protein synthesis at the level of translation 
in the absence of inhibition of viral mRNA synthesis or 
significant inhibition of host cell protein synthesis (72). Data 
from studies on the effect ofIFN on SV40-transformed cells 
indicate that transcription and translation of the T -antigen 
are not sensitive to IFN in SV40-transformed cells, although 
T-antigen production is sensitive during the late phase of the 
SV 40 lytic cycle. The very interesting question as to why a 
single viral gene may be sensitive to IFN in certain phases of 
virus growth and resistant in others, remains to be elu
cidated. 

Similar to the situation with SV40-transformed cells, IFN 
treatment of cells chronically infected with C-type leukemia 
viruses resulted in no inhibition of viral RNA or protein 
synthesis (6, 27, 29, 71). RNA tumor viruses are, however, 
sensitive to IFN and it appears that IFN acts at a late stage 
of virus maturation. In some systems, IFN treatment resulted 
in marked inhibition of virus release while in others, particle 
production appeared normal; however, the released virus 
was deficient in infectivity (25). The data suggest that IFN 
may be inhibiting these viruses by altering the membrane 
through which these viruses are exported out of the cell (14, 
26) and/or by altering cellular or viral protein(s) necessary 
for proper maturation of the virus particle (13, 60, 70). 

Studies with cells infected with an adeno-SV40 hybrid 
virus which contains a combination of an IFN-sensitive 
(SV40 virus) and an IFN-insensitive (adenovirus) genome 
have yielded interesting findings. In simultaneous infection 
of cells with both complete viruses the sensitivity of ad
enovirus or SV40 T-antigen production was characteristic of 
infection with either virus separately. In contrast, in cells 
infected with an SV40-adenovirus hybrid, production of 
both T -antigens was as resistant as adenovirus T -antigen 
production in infection with adenovirus alone (67). 

There is evidence that the SV40 genome is covalently 
linked to the adenovirus genome in the hybrid or to cellular 
DNA in SV40-transformed cells. The mRNA produced by 
the integrated SV40 genome contains host sequence, and the 
mRNA of the hybrid contains both adenovirus and SV40 
sequences. The resistance to IFN treatment of SV40 T
antigen production directed by an integrated viral genome 

may indicate that the primary sequence in the mRNA that 
specifies the viral protein does not determine sensitivity to 
IFN. Other sites on the genome such as those concerned 
with initiation or control of genetic expression may then be 
the loci of IFN action. This may also explain the lack of 
IFN-induced inhibition or murine RNA tumor virus protein 
production in chronically infected cells where the proviral 
DNA is integrated into host DNA. 

In experimental systems with virally induced tumors, such 
as hamsters inoculated with polyoma virus or chickens in
fected with Rous sarcoma virus, IFN most likely inhibited 
development of tumors by inhibiting virus multiplication 
and/or an early virus-dependent step involved in cell trans
formation. It is unlikely, however, that the antiviral activi
ties of IFNs are responsible for inhibition of tumors which 
are apparently not virus-induced, or tumors in which virus 
replication is not involved in the progression of develop
ment. One possibility is that IFN inhibits replication of the 
tumor cell itself. IFN may also have effects on the host's 
capacity for tumor rejection. For example, the demonstra
tion that leukemia Ll210 cells, that were resistant to the cell 
growth inhibition activity of IFN in vitro, could be inhibited 
in vivo suggested that the antitumor effect of IFN in these 
mice was not a result of direct inhibition of tumor cell 
multiplication (40). 

Effects of interferons on the immune system 

IFNs have inhibitory as well as stimulatory effects on many 
different immunological reactions. These have been reviewed 
(30,33,77,79,83). IFN treatment appears to affect all of the 
cells of the immune system and thus, influences many hum
oral and cellular aspects of the immune system. 

IFNs were shown to exert a dosage and time dependent 
effect on antibody response. Administration of high titers of 
alpha and beta IFNs to mice after immunization with sheep 
red blood cells (SRC) resulted in suppression of plaque
forming cell (PFC) response; however, lower doses of alpha 
or beta IFN resulted in enhancement of the PFC response to 
SRBC (8). When mice were treated with IFN 4-48 hrs before 
sensitization with SRBC, the PFC response was greatly 
suppressed. 

If treatment was 58-72hrs after sensitization with SRBC, 
the PFC response was enhanced (79). Gamma IFN was also 
shown to have a dosage regulatory effect on antibody 
production and the immunosuppressive activity of gamma 
IFN was substantially more potent on the basis of antiviral 
titer than that of alpha or beta IFN (80, 91). 

Interferons also exert an immunoregulatory effect on the 
IgE system. Treatment of spleen cells from sensitized ani
mals with interferon resulted in a decreased ability to trans
fer cutaneous anaphylaxis. Interferon was also found to 
increase the release of histamine from basophils after ex
posure to ragweed antigen or to anti-IgE antibodies. The 
addition of infectious or inactivated viruses to human leuko
cyte cultures facilitated histamine release, when the cultures 
were subsequently exposed to anti-IgE. There was a tem
poral relationship between the augmentation of histamine 
release and the induction of interferon in the cultures. It is 
in this context that interferon has been ascribed a potential 



role in the development of asthma during upper respiratory 
tract infections. Additionally, the interferons may serve to 
induce other cofactors associated with the reagenic res
ponse, such as the IgE binding factors (44). 

Many of the observed effects of interferon on the cellular 
immune system may stem from interferon-induced changes 
in membrane-associated antigens and receptors on lym
phoid cell types. These changes may be analogous to other 
interferon-induced changes in the cell surface (26). Inter
feron has been demonstrated to augment in vitro the ex
pression of histocompatibility antigens on murine thymo
cytes and splenic lymphocytes. Substantially higher con
centrations were required to induce Ia and Lyt I, 2, and 3 
antigens on thymocytes. No increase in theta antigen was 
observed upon treatment with alpha and beta interferon 
preparations. Gamma interferon-containing preparations 
were found to induce histocompatability antigens at signifi
cantly lower concentrations of interferon. Similarly, the 
induction of Ia and Lyt antigens, as well as theta antigen. 
was inducible. Interferon-enhanced IgG Fc receptor binding 
by murine macrophages has also been demonstrated. As was 
observed for the induction of thymocyte membrane anti
gens, gamma interferon preparations were found to be con
siderably more efficacious (by approximately 33-fold) in the 
induction of FcR (30). 

Evidence from studies of the murine system also suggest 
a role of activated macrophagcs in the direct destruction of 
tumor cells (77). Several types of macrophage activities have 
been shown to be affected by IFNs. Administration of IFN 
resulted in increase of macrophage activation, measured by 
macrophage spreading, and in enhanced phagocytosis of 
carbon particles by macro phages (77, 79). Macrophages can 
also be induced by IFNs to be tumoricidal. Addition ofIFN 
to cultures of macrophages and leukemia cells induced the 
resting macrophages to inhibit the growth of the leukemia 
cells and this action was reversed by addition of prostaglan
dins EI and E2 and hydrocortisone (79). 

A role for interferons in the regulation of cell-mediated 
immunity has been recognized for some time; however, the 
specific mechanisms by which interferons exert their varied 
effects are from being elucidated. One of the earliest recog
nized and most striking effects of interferon on cell-mediated 
immune responses in vivo was the demonstration that inter
feron inducers or interferon-rich culture supernatants sig
nificantly delayed the rejection of skin grafts across major or 
minor histocompatibility differences in mice. It was sub
sequently demonstrated that administration of interferon 
inducers or interferon-rich preparations to mice previously 
sensitized with picryl chloride or sheep erythrocytes resulted 
in inhibition of delayed type hypersensitivity (ear or footpad 
swelling) upon challenge with the sensitizing antigen. Inter
feron not only inhibited the delayed type hypersensitivity 
reaction upon challenge, but also depressed sensitization 
when administered prior to the sensitizing injection. Til
orone (an interferon inducer in mice) administration in
hibited the cell-mediated response to a number of intra
cellular parasites as well as to sheep erythrocytes. As there 
are many examples of depressed cell-mediated immunity 
following virus infection, thesc findings strongly implicated 
interferons as suppressive agents. The timing of administra
tion of interferon was found to be critical with regard to thc 
modulation of dclaycd hypcrsensitivity. As was observcd for 
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the modulation of antibody synthesis (see above), adminis
tration of interferon prior to sensitization with antigen led to 
a depression of the cell-mediated response; however, when 
administered after the sensitizing antigen, an augmentation 
could be demonstrated. The dosage of antigen was also 
critical, so that interferon-induced enhancement of the cell
mediated response occurred only when suboptimal or non
sensitizing doses of antigen were used (30). 

Interferons have also been shown to modulate a number 
of in vitro responses felt to rcflect in vivo ccll-mediated 
immunity. Interferon depressed the proliferative responses 
of lymphocytes to the T cell mitogen, phytohemagglutinin 
(PHA), or to an allogeneic stimulus. Subsequently, it was 
demonstrated that the T cell response to concanavalin A 
(Con A) was also deprcssed by in vitro exposure to inter
feron and that in vivo administration of interferon led to the 
depression of proliferation in response to PHA or Con A in 
vitro. Interferon mediates the suppression exhibited by Con 
A-induced human suppressor cells, including the response of 
normal lymphocytes to Con A. Taken collectively, these 
findings suggcst that interferons can exert on T lymphocytcs 
a strong anti proliferative effect analogous to that observed 
for B lymphocytes (see above). It is interesting to note that 
exogenous interferon enhanced or depressed the production 
of lymphokines by Con A-stimulated human leukocytes, 
depending on the concentration of interferon added to the 
cultures. Since the manifestations of delayed type hypersen
sitivity are closely associated with the production of lym
phokines, this provides an underlying mechanism for the 
observed effect of interferon on delayed type hypersensitiv
ity responses in vivo and in vitro (30). 

One possible mechanism by which IFNs might contribute 
to the inhibition of tumor growth is by activation of cells 
that arc cytotoxic to tumors. Lindahl et al. (54) dcmon
strated that IFN could enhance the specific cytotoxicity of 
sensitized murine T lymphocytes but had no effect on nor
mal lymphocytes, although there are several reports that 
longer incubation times resulted in lysis or inhibition of 
growth of target cells (7, 15, 86). Another mechanism of 
mononuclear cell killing that might playa role in antitumor 
defense is antibody-dependent, cell-mediated cytotoxicity 
(ADCC) which is mediated by killer (K) cells; IFNs have 
been shown to enhance ADCC in vitro (42, 43). All types of 
IFN have also been shown to be potent activators or natural 
killer (NK) cell cytotoxicity in vivo and in vitro (80). It is 
interesting to note that NK cells challenged with cells carry
ing foreign antigens produce alpha IFN (89). 

In addition, various preparations of interferon have been 
shown to augment the generation of cytotoxic lymphocytes 
(CTL) and killer cells (K cells) associated with antibody
dependent cell cytotoxicity. These findings led investigators 
to hypothesize that interferons provide an essential signal in 
the generation of cytolytic effector cells; however, the precise 
role of interferons in the generation of CTLs and the re
quirement for additional cytokine signals is not yet under
stood (reviewed in ref. 30). 

Natural killer (NK) cells comprise a heterogenous sub
population of lymphoid cells that possess spontaneous cy
tolytic activity both in vivo and in vitro against a variety of 
cellular targets. No previous sensitization with the target cell 
is required for their lytic activity. They exist in man, mouse, 
and a wide variety of other species and are felt to form the 
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cellular basis for nonspecific host resistance to tumors as 
well as to intracellular infectious agents. NK cells were 
originally recognized by their characteristic ability to lyse a 
broad range of tumor cells in vitro; however, other studies 
have since extended the lytic reactivity ofNK cells to include 
virus-infected, as well as certain normal cells, such as hema
topoietic bone marrow cells. In this regard, it has been 
suggested that NK cells may playa role not only in sur
veillance and resistance against neoplasia and viral disease, 
but also in the control of normal development of hemato
poietic cells. 

The participation of interferons as modulators of NK cell 
activity has been recognized for approximately seven years 
during which time a large number of reports have demon
strated for murine and human systems that the in vivo and 
in vitro administration of interferons or interferon inducers 
resulted in a 2- to lO-fold augmentation ofNK cell activity. 
Interferons also induce differentiation of the pre-NK cells to 
fully cytolytic forms. 

The effect of interferons on NK target cells presents a 
curious paradox. Several investigators have demonstrated 
that interferon treatment of the target cells decrease their 
sensitivity to NK cell cytolysis in a dose-dependent fashion. 
Under optimal conditions, this inhibition of cytotoxicity can 
be greater than 99% (30). 

It is important to note that although under certain experi
mental conditions IFNs interact with macrophages and lym
phocytes, but it is not known if the same effects are observed 
under natural conditions oftumor growth in the host. Along 
these lines, Gresser and Bourali-Maury (1973) found that 
IFN was still effective in inhibiting tumor growth in mice 
whose lymphocyte and macrophage activities had been de
pressed by X-irradiation, anti-lymphocyte serum, or silica; 
however, it is possible that depression oflymphocyte and/or 
macrophage functions was not complete or that another cell 
population involved in antitumor activities was not affected 
by X-irradiation, antilymphocyte serum or silica. Addition
ally, in studies with athymic "nude" mice, human IFN was 
able to suppress the development of human breast tumors 
leading the investigators to conclude that IFN was exerting 
a direct effect on cell proliferation (87). 

With the wide variety of effects that IFNs have on most 
aspects of the immune system, it is possible that at least part 
ofIFN's antitumor activity is mediated through the immune 
response. However, studies on the antitumor action ofIFNs 
have not yet provided any unequivocal instance of the im
mune response being responsible for slowing the growth of 
a cancer. 

Inhibition of cell proliferation 

With the demonstrations that purified molecules of IFN can 
inhibit both virus replication and cell multiplication (39, 49) 
it is well established that IFNs can inhibit the growth of a 
wide range of cell types. The sensitivities of cells to the 
growth inhibitory effects of IFNs range from very sensitive 
to resistant and the same cell type can show varying sen
sitivities under varying assay conditions: growth of colonies 
in agar is more sensitive than growth on a solid support; and 
sparsely seeded culture appear to be more sensitive than the 
same cells seeded at high densities (87). 

There seems to be conflicting evidence about whether 

tumor cells are more sensitive to the growth inhibitory 
effects of IFNs than are normal cells. The multiplication of 
HeLa cells was shown to be inhibited to a greater extent than 
that of human fibroblasts (25); similarily, the inhibition of 
the multiplication of human osteosarcoma cells was greater 
than that of nontumor cells (85). In contrast, the multipli
cation of retrovirus carrier cells (5), or of X-ray transformed 
cells (10) derived from C3H fibroblasts was less inhibited by 
IFN than that of nontransformed cells. Moreover, in the 
comparison of normal human mammary epithelial cells to 
breast cancer cells, or 3T3 cells to SV40-transformed 3T3 
cells, the normal cells were at least as sensitive to the growth 
inhibitory effects as the respective transformed cells (4). 
Thus, many different cell types, both normal and malignant 
appear to be affected by IFNs in vitro. There are some 
studies that suggest similar effects in vivo. IFNs can inhibit 
the multiplication of tumor cells as well as normal cells in 
animals (36); inhibit the multiplication of allogenic lym
phocytes and syngeneic bone marrow cells, when these were 
transformed into irradiated mice (12); and, inhibit liver cell 
regeneration in partially hepatectomized mice (24). It should 
be noted, however, that the dosages of IFN used in these 
studies were much higher than those needed to inhibit tumor 
cell growth. 

There are many possible sites at which IFNs can act to 
inhibit the complex process of cell multiplication. Different 
approaches are being used to examine aspects of control of 
cell growth and what effects IFNs have on these processes: 
(i) examination of IFNs' effects on the cell cycle; (ii) study 
of cellular functions that may be involved in control of cell 
growth or cellular parameters that are altered in malignant 
cells; and, (iii) determination of whether any of the molec
ular mechanisms thought to be implicated in IFN's antiviral 
activities play any role in the antiproliferative activities of 
IFN. 

Interferons and the cell cycle 
The effects of IFNs on cell cycles of both asynchronously 
dividing cells and synchronized cultures have been examined 
(87). The available data suggests that IFNs do not arrest 
cells in one phase of the cell cycle. IFN treatment reduces the 
rate of entry into S phase and also increases the duration of 
the G] and S + G2 phases (3). Thus, the increased length of 
cell cycle time observed in IFN-treated cultures (17) is prob
ably due to the extension of these phases. 

Quiescent cells that can be stimulated to divided syn
chronously by mitogens provide an excellent system to study 
the events in G] which are crucial to the initiation of DNA 
synthesis and what effects IFNs have on these activities. The 
events that occur after stimulation of these cells with mito
gens, but preceding DNA synthesis, can be divided into 
'early' and 'late' categories. Early events occur within 
minutes after mitogen stimulation and are not dependent on 
cellular protein synthesis. These events include changes in 
intracellular cAMP levels and increased uptake of ions, 
nucleotides, and sugars. Late events, that occur hours after 
mitogen stimulation, are protein synthesis dependent and 
include secondary increases in sugar and ion uptake and an 
increase in the activities of certain enzymes. One of these 
enzymes, orinthine decarboxylase (ODC), catalyzes the first 
rate limiting step in the synthesis of polyamines, that are 
involved in the regulation of various cellular reactions, in-



cluding transcription and translation. Increases in ODC 
activity are associated with the proliferative response of cells 
in culture, in tumors and also with tumor promotion (46). 

Addition of IFN to quiescent Swiss 3T3 cells at the time 
of mitogen stimulation had no effect on the early increase in 
uptake of ions, nucleosides or sugars; however, IFN treat
ment showed a differential effect on protein synthesis
dependent events: induction of ODC activity was inhibited 
while the second phase of stimulation of 2-deoxy glucose 
uptake was not affected. These results were observed with 
serum, with a combination of growth factors, or with a 
tumor promoter serving as the mitogen (81, 82). Similar 
findings were recently reported on the inhibitory effect of 
IFN on the induction of S-adenosyl-L-methionine decar
boxylase, another enzyme involved in polyamine biosyn
thesis (53). Thus, it appears that there is a common IFN
sensitive step involved in the stimulation of DNA synthesis 
by serum, tumor promoters or growth factors. Further evi
dence suggesting an IFN-sensitive step crucial to DNA 
synthesis is derived from the examination of two clones 
isolated from Swiss 3T3 cells with differential sensitivities to 
both antiviral and antiproliferative activities of IFNs. One 
clone was more sensitive to IFN in terms of inhibition of cell 
division, DNA synthesis, and induction of ODC activity 
when IFN was added at the time of serum stimulation. 
Additionally, under the same conditions, NIH 3T3 cells 
which were sensitive to the antiviral effect of IFN against 
murine leukemia virus exhibited no inhibition of cell divi
sion, DNA synthesis, or ODC induction (19). One argument 
against ODC induction being the crucial step involved in the 
stimulation of DNA synthesis is that the inhibition of ODC 
synthesis in human embryo skin fibroblasts did not result in 
the inhibition of DNA synthesis upon stimulation from 
quiescence. This suggested that the pool of polyamines in 
these cells was sufficient for one further cycle of replication 
(46). There is now strong evidence to indicate that inhibition 
of DNA synthesis caused by IFN is not dependent on the 
inhibition of ODC activation that is also caused by IFN. 
Concomitant inhibition of DNA synthesis and of activation 
of the enzyme was observed only when polypeptide hor
mones were used as stimulants; cholera toxin-stimulated 
DNA synthesis was inhibited by IFN toxin-stimulated ODC 
activation was not (53). These results indicate that a poor 
correlation exists between the activation of ODC and DNA 
synthesis in quiescent 3T3 cells that are stimulated to 
proliferate. Thus, ODC induction may not be the critical 
step in DNA synthesis inhibition caused by IFN; however, 
the role it plays in the cell growth inhibition caused by IFN 
treatment is not yet clearly understood. 

Effects of interferons on other cellular parameters 
Information concerning the many varied effects of IFNs on 
cell structure and function is increasing rapidly. [For reviews 
see (33, 83, 87)] IFN treatment of cells results in significant 
alterations of the cell surface including increased expression 
of histocompatibility antigens (54); increased net negative 
charge on the cell surface (49); decreased thymidine uptake 
(11); and alteration in the density of the plasma membrane 
(14). Alterations in the cell membrane resulting from IFN 
treatment most likely playa role in the IFN-induced inhibi
tion of murine leukemia viruses discussed earlier. Addition
ally, SV40 transformed cells that normally produce and 
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release plasminogen activator (PA) seem to accumulate PA 
at the plasma membrane after IFN treatment (76). It is 
possible that IFN might alter the cell surface in a manner 
that prevents particle shedding in one system of C-type virus 
particles and in another, of PA. Since cell to cell contact 
plays a role in cell growth regulation, alteration induced in 
the plasma membrane by IFN treatment could well cause 
alterations in cell DNA synthesis and growth. 

A direct negative effect on cell growth would, of course, 
be an ideal mechanism of action for an antitumor substance. 
In many respects IFNs would seem to be negative growth 
control factors. Thus, they are an unusual class of biological 
substances, since almost all growth factors that have been 
studied stimulate cell synthesis. It is likely that many of the 
'toxic' effects observed in IFN therapy, such as leukopenia, 
thrombocytopenia and hair loss, are indeed extensions of 
the growth inhibitory properties ofIFN. Another structure 
that has been studied is the cytoskeleton. Changes in the 
cytoskeleton, which is composed of micro tubules, microfila
ments (actin and myosin) and the cytoplasmic matrix, have 
been observed in conjunction with transformation. It is not 
yet clear, however, whether these changes are a cause or 
result of transformation. What relationship exists between 
IFNs and the cell's cytoskeleton has been and is being 
examined mainly by following the effects of agents that alter 
the cytoskeleton on the various activities of IFNs. For 
example, drugs such as colchicine, that disrupt the cyto
skeleton inhibit the development of the antiviral action of 
IFN, while compounds such as sodium butyrate, which has 
been reported to promote cytoskeletal organization, appear 
to enhance IFN action (87). 

The antiviral activities of IFNs were shown to be potenti
ated by dibutyryl cAMP (28). Additionally, it was reported 
that IFN-treated cells contained increased levels of cAMP 
(56, 92). Since it appeared that increased levels of cAMP 
might be involved with inhibiting cell growth rates of several 
systems (73), it was thought that membrane adenylate cy
clase activities might play a role in the antiproliferative 
response to IFNs. It was, however, shown recently that 
more time of treatment with IFN was necessary for alter
ation of cAMP levels than for detection of cell growth 
inhibition (88). Additionally, growth of Schwann cells, 
human keratinocytes, and human mammary epithelial cells 
is stimulated by both cholera toxin and cAMP analogues 
(87). Thus, the relationship between IFNs and cAMP ap
pears to be complex. It is also interesting that cyclic GMP 
levels are also increased after IFN treatment (88) and re
duced levels of cGMP are found in proliferating cells (59). 

Interferons and oncogene expression 
The level of expression of ones appears to be related to 
malignant transformation, and to cellular differentiation 
and growth (52, 90). It is possible that the effects of IFN s on 
differentiation and growth involve a regulatory activity of 
IFNs on one expression; therefore, the inhibitory effects of 
IFNs on the growth of some tumors may be linked to a 
decrease in one expression. This might occur in cancers 
where oncogenesis is related to increased production of an 
one-specified product. Therefore, a change in the expression 
of ones could be an important mechanism in carcinogenesis. 
There are two basic mechanisms for one-induced trans
formation: an alteration in an one product, or an increase in 
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its production. In some cancers, therefore, a decrease in one 
expression could result in reversion to an untransformed 
state. Such a modulation in one expression may be induced 
by a potent biological response modifier such as an IFN. 
The current rationale for the use of IFN in the therapy of 
cancers is their cell growth inhibitory activity; however, 
IFNs do not have a consistent, selective effect on trans
formed cell growth. On the other hand, a regulatory effect of 
IFNs on one expression might result in a selective effect on 
the growth of tumors, the etiology of which is related to an 
increase in one expression. 

During the course of studies involving treatment with 
IFN of RS485 cells, an NIH 3T3 line transformed by a 
human c-Ha-ras oncogene, there was phenotypic reversion 
of a portion of the previously transformed RS485 cells. The 
revertant RS485 cells were morphologically similar to NIH 
3T3 cells, had a low saturation density in culture, and did 
not form colonies in soft agar or tumors in nude mice. While 
the revertants retained the transfecting c-Ha-ras DNA, they 
produced significantly decreased amounts of the c-Ha-ras
specified gene product, p21, and c-Ha-ras mRNA, than did 
RS485 cells (75). 

Correlation of antiviral and antiproliferative activities of 
interferons 
Several specific proteins that are induced in IFN-treated 
cells and which are most likely involved in the antiviral 
activities of IFN, have been identified [for reviews see (I, 
n)]. One of these proteins is the oligoadenylate synthetase 
which polymerizes ATP into pppA2' p5'A2'p5'A ... oli-

Table 1. Interferon preparations used for clinical trials. 

Interferon Purity 

Alpha 

gomers (chains of adnylic residues linked by 2'5' phos
phodiester bonds) that, in turn, activate an endoribo
nuclease (RNase F). Another is a phosphokinase which 
phosphorylates the initiation factor eIF2 (21). 

Are these proteins, in any way, involved in the cell growth 
inhibitory activities of IFN? In one report, mouse embry
onal carcinoma stem cells which were insensitive to the 
antiviral and anti proliferative effects of IFN did not demon
strate RNaseF induction after IFN treatment. After dif
ferentiation, RNaseF was induced and growth of these cells 
was inhibited (51); however, many changes occur within a 
cell upon differentiation and it is difficult to assign respon
sibility for acquired sensitivity to anyone of these changes. 

The role of the (2'5') An synthetase in these antiprolifer
ative effects has been studied by examining the effects of 2'5' 
oligo adenosine directly on cells (45, 68, 93). The dephos
phorylated timer, that can apparently pass through the cell 
membrane, has also been shown to inhibit DNA synthesis in 
lymphocytes stimulated by lectins (48). The induction of 
these proteins in NIH 3T3 cells after IFN treatment was 
studied. These cells were sensitive to the antiviral effects of 
IFN against murine leukemia virus; however, IFN treat
ment resulted in no antiviral activity against a lytic virus 
such as encephalomyocarditis virus, and no inhibition of cell 
division, induction of ODe activity, or DNA synthesis (19). 
Both (2' - 5') An synthetase and kinase activities were induced 
in these cells after IFN treatment and only the endonuclease 
ordinarily activated by 2'5' oligo adenosine appeared to be 
absent. These results suggest that kinase activity is not 
sufficient for cell growth inhibition, and also suggest a pos-

Comments 

Natural (Cantell) Impure, semipure, highly pure Less pure in trials 
(10-25 subtypes) before 1982 

Recombinant cc2 Highly pure E. coli-produced, 
position-2 arginine, 
position-44 deletion 

Recombinant A Highly pure E. coli-produced, 
position-23 lysine, 
position-44 deletion 

Recombinant D or cc i Highly pure E. coli-produced, 29 
amino acid variation 
from A 

Lymphoblastoid Semi pure, highly pure From cultured lymphoma 
(6-10 subtypes) cells or from hamsters 

Beta 
Natural Semipure From fibroblasts or 

SV-40 transformed cells 

Recombinant PI Highly pure Position-17 cysteine 

Recombinant Psec Highly pure Position-17 serine 

Gamma 
Natural Impure, semipure Less pure in earlier trials 

Recombinant 1'1 Highly pure E. coli-produced, 
probably different from 
natural I' 



sible role of the 2'5' oligo activated pathway in the anti
proliferative activities of IFN (20). 

In one system the antiviral action of interferons has been 
clearly disassociated from its anti proliferative effect (87). 

CLINICAL STUDIES 

Modern cancer therapy began during the IO-year period 
between the mid-I 940s to mid-1950s, when it was recognized 
that most human tumors are, at diagnosis, systemic prob
lems requiring systemic treatment. The first reports of favor
able clinical responses to certain drugs that have cytolytic or 
cytostatic effects on cancer cells stimulated a massive search 
for more and better chemotherapeutic agents. Of more than 
half a million compounds tested as possible anticancer 
agents over the past four decades, only some 40 have 
reached the clinic; of those, perhaps about 10 may be re
garded as moderately effective, the others as only marginally 
effective. With all clinically available chemotherapy, more
over, dose-limiting normal tissue toxicity, inadequate drug 
delivery to tumors, and tumor resistance to drugs are major 
problems (61). 

In recent years, another systemic approach to the treat
ment of cancer - biotherapy has attracted increasing atten
tion (62). Although the use of biologic or synthetic co 
pounds to modulate the body's responses to cancer was 
investigated in the I 960s, interest became intense only in the 
late 1970s. The major reasons included technical advances in 
molecular biology and recombinant DNA technology, the 
advent of hybrid om a technology and improvements in com
puter applications. 

Among all biologicals with known or potential systemic 
activity against human cancer, the interferons may be re
garded as prototypes. They were the first Iymphokines and 
cytokines to be clearly identified and the first anticancer 
agents to be genetically engineered to be clinically available 
at modest cost, in highly purified form and in large quantity. 

Table 2. Solid tumors: interferon results summary - 1985. 

Tumor 

Colon 
With 5-FU 

Gastric 

Lung 
Non-small-cell 
Small-cell 

Ovary 

Uterine cervix 

Melanoma 

Dosage 
(MUjwk) 

1-300 
5-50 

10-20 

1-200 
1-500 

10-400 

50-150 

1-500 

Number 
evaluated 

> 150 
>30 

14 

> 100 

18 

>300 
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Interferons have been used in hundreds of patients with 
various neoplasms (61, 63). 

In clinical trials, the preponderance of available data 
relates to alpha interferon - the impure Cantell, the relative
ly pure Iymphoblastoid, and the highly pure recombinant 
forms (Table I). Much of the data comes from phase I, or 
toxicity, studies not designed to measure therapeutic effi
cacy. 

With those limitations in mind, we can draw some pre
liminary conclusions about interferon therapy for human 
cancer. One is that the Cantell, Iymphoblastoid and recom
binant alpha interferons are similar, both quantitatively and 
qualitatively, in their toxicity, antitumor efficacy, and other 
biologic effects. Second, objectively defined antitumor re
sponses in phase I alpha interferon trials (most involving 
lymphoma, myeloma, Kaposi's sarcoma, melanoma, and 
renal cancer) have been observed in about 10% of patients. 
That value may not seem impressive, but it does compare 
favorably with an average response rate of I % to 2% in 
phase I trials or recently developed chemotherapeutic agents 
(61). We should also note that in phase I alpha interferon 
studies there have been very few responses in patients with 
tumors of the colon, lung, or lower genitourinary system 
(Table 2). 

A third impression, suggested by increased response rates 
with higher alpha interferon doses, is that interferons may 
produce their acute antitumor effect by a direct cytostatic 
action, rather than an indirect immunomodulatory mecha
nism. Finally, very preliminary clinical experience with beta 
and gamma interferons indicates that the beta type produces 
response rates and response patterns similar to those ob
tained with alpha interferon and that the gamma type may 
not be much more potent against cancer than the other two 
types. In view of the preclinical data suggesting gamma 
interferon's strong immunomodulatory and anti pro lifer
ative activities, that last findings is particularly disappoint
ing if borne out by future results. 

During the 1970s, Scandinavian and U.S. investigators 
studied the effects of natural alpha interferon - primarily the 

Complete or 
partial response 
(%) 

<5 
5-10 

o 

<5 
0-10 

0-20 

o 
5-15 

Assessment 

No effect 
No effect over 5-Fu alone 

No effect 

No effect 
No effect as single agent 

Possible palliative effect 

No effect 

Visceral disease 
responses < 10% 
(comparable to those 
with dacarbazine); 
addition of cimetidine 
not effective 
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Cantell preparation - in patients with multiple myeloma, 
non-Hodgkin lymphoma, renal cell carcinoma, and breast 
cancer. In patients with osteosarcoma initial analysis, based 
on comparison with historical controls, indicated that inter
feron treatment added to surgery was beneficial. In a 
randomized study of an interferon-treated group in com
parison to a chemotherapy-treated and a nontreated group, 
all three groups did better than historical controls yet did 
not differ significantly among themselves. Recent trials in
volving small numbers of patients with advanced disease 
have indicated no benefit in osteosarcoma. 

Studies by Merigan showed that Cantell alpha interferon 
administered over a longer period at I-3M illion Units 
(MU) per day induced intolerable fatigue, malaise, and 
weight loss. In more recent phase I trials, with alpha inter
feron obtained by a process similar to Cantell's, the maxim
ally tolerated dose was about 18 MUjm per day with two 
different products, and the single maximal tolerated dose 
was 60 MU jm for a third. Aside from the major dose-limit
ing effects, natural alpha interferon preparations sometimes 
produced mild hepatic toxicity (elevated serum glutamic
oxaloacetic transminase) and myelosuppression (reduce 
neutrophil and lymphocyte counts). As for clinical efficacy, 
trials reported on polyacrylamide gel electrophoresis there 
are real constitutional differences among Cantell alpha in
terferon products; nevertheless, toxicity and clinical efficacy 
have been resonably comparable. 

As for clinical efficacy, trials reported in the early 1980s 
added hairy cell leukemia, chronic myeloid leukemia, 
juvenile laryngeal papillomatosis, and bladder papilloma
tosis to the list of conditions responsive to natural alpha 
interferon. 

Altogether, most clinical trials with impure alpha inter
feron preparations evaluated doses of 3 to 10 MU per day 
administered intramuscularly or subcutaneously for 28 to 35 
days. Serum levels reached 1 to 300 U jml within four to six 
hours, with measurable activity still present at 24 hours. The 
major immunologic effect noted was increased natural killer 
cell activity. A 3 MU dose initially augmented NK cell 
cytotoxicity (24-48 hr after administration), with a fall to 
baseline 7 to 10 days later in spite of continued treatment. 

Lymphoblastoid and recombinant alpha interferons have 
been studied in a number of phase I and phase II trials. 
Tolerable doses of Iymphoblastoid preparation ranged for 
15 to 30MUjm (administered intramuscularly twice a day 
for seven days, intramuscularly three times a week for five 
days by a six hour infusion). Other recent studies showed 
that recombinant clone A alpha interferon was tolerable at 
25 to 50 MU jm (intramuscularly three times a week), and 
recombinant alpha-2, at 20 to 30 MU jm (intravenously or 
intramuscularly daily for five days every three weeks). As 
with the impure alpha interferon products, fever, chills, 
anorexia, weight loss, and fatigue were the major dose-limit
ing effects. Chronic dosing at moderate and higher levels 
with the purer alpha interferon products also first boosted, 
then suppressed NK cell cytotoxicity. 

Objectively defined clinical responses to either Iympho
blastoid or recombinant alpha interferon have been noted in 
patients with hairy cell leukemia, myeloma, non-Hodgkin's 
lymphoma, renal cell carcinoma, Kaposi's sarcoma, malig
nant glioma and breast cancer. The pattern of antitumor 
activity resembles that seen with impure alpha interferon. 

However, high doses (30 MUjm) of recombinant clone A 
alpha interferon were needed to obtain responses in melano
ma, and breast cancer has been less responsive to the purer 
alpha interferon products than to the Cantell interferon 
preparation. A major overall finding with Iymphoblastoid 
and recombinant alpha interferons is that higher doses lead 
to increased response rates. This dose response effect has 
been seen in patients with Kaposi sarcoma, renal cell car
cinoma, lymphoma, and malignant melanoma. 

For any given tumor type, issues such as optimal dose, 
schedule, route of administration, and alpha subtype are still 
unresolved. The most impressive results have been seen in 
selected hematologic malignancies (Table 3). Among solid 
tumors, there are also encouraging preliminary results, but 
most of the common solid tumors have been quite unrespon
sIVe. 

Tahle 3. Hematologic malignancies: summary of responses io alpha 
interferon. 

Tumor type 

Multiple myeloma 
Chronic lymphocytic leukemia 
Hairy-cell leukemia 
Low-grade lymphoma 
High-grade lymphoma 
Kaposi sarcoma 
Chronic myelogenous leukemia 

Response 
rate (%) 

18-27 
0-77 

80 
38-73 
0-10 

25-40 
88 

Adapted from Bonnem EM, Spiegel RJ: J Bioi Response Modif3: 
580, 1984 

Phase II trials in acute myelogenous leukemia docu
mented that alpha interferon reduced levels of circulating 
tumor cells, but it did not produce prolonged remission. 
Similar results were obtained in patients with chronic lym
phocytic leukemia. In both chronic myelogenous leukemia 
and hairy cell leukemia, however, complete clinical response 
rates on the order of 75% or better have been reported; 
treatment resulted in generally excellent (but not always 
complete) clearing of leukemia cells from peripheral blood 
and bone marrow, and patients have remained in remission 
for periods of more than one year. 

Almost as encouraging are the results in non-Hodgkin's 
lymphoma patients. Aggressive tumors in this category have 
been relatively unresponsive, but about 50% of indolent, 
favorable histology, low grade tumors (e.g., nodular, poorly 
differentiated lymphocytic lymphomas) and intermediate 
grade tumors (e.g., diffuse, poorly differentiated lymphocyt
ic lymphomas) have responded. The responses were more 
often partial than complete, and the median duration of 
response has been little more than six to eight months. Many 
of the treated patients had bulky advanced disease that were 
progressive and drug and radiation resistant. 

In a recently reported phase II trial of recombinant alpha 
interferon in previously treated patients with relapsing non
Hodgkin's lymphoma, 13 of 24 patients with low grade 
tumors had objective responses, four of which histologically 
confirmed as complete; two of six patients with intermediate 
grade lymphoma also responded (one completely), whereas 



only one partial response was seen in seven patients with 
high-grade tumors. Patients whose responses ceased with 
low dose maintenance interferon could be reinduced to 
respond with higher doses (4) was given to sustain responses 
(4). 

In solid tumors, phase II trials with Cantell, lymphoblas
toid, or recombinant alpha interferon have demonstrated 
overall (complete and partial) response rates of about 15-
40% in patients renal cancer, melanoma and Kaposi's sar
coma. In patients, with renal cancer, Cantell or recombinant 
alpha interferon induced significant responses in 15-25%. 
Approximately the same rates (20-30%) were seen when 
patients with melanoma were treated with recombinant 
alpha interferon; some responses occurred in patients with 
visceral disease, and some were complete. Recombinant 
alpha interferon also induced partial or complete responses 
in patients with Kaposi sarcoma, the highest overall rated 
being 41 %. Breast cancer response rates have fallen with 
further testing. Two studies using a 3 MU/m per day of 
natural alpha interferon found antitumor activity in about 
25% of patients, whereas later studies, using lymphoblas
toid or recombinant alpha interferon, found less or no such 
activity (Table 4). Other common solid tumors have been 
almost uniformly unresponsive to alpha interferon treat
ment. 

Studies with recombinant beta and gamma interferons are 
only beginning so less can be said about their biologic effects 
and antitumor efficacy. Early studies with partially purified 
nonrecombinant beta and gamma preparations, however, 
showed that both types were inactivated after intramuscular 
injection and the half-lives were very brief (78). Results to 
date with recombinant preparations confirm the need for an 
intravenous route of administration, but the relative merits 
of prolonged infusion versus repetitive dosing remain to be 
determined (22). 

Table 4. Breast cancer: interferon results summary - 1985. 

Interferon Dosage 
type (MUjwk) 

Alpha 
Leukocyte 21-63 
Leukocyte 21-63 
Recombinant 18-172 
Lymphoblast 11-700 
Recombinant 150 
Recombinant 6-150 
Recombinant 14 
Lymphoblast 1.5-9 
Recombinant 21-350 
Recombinant 6 
Recombinant 250 
Recombinant 70 
Recombinant 140-350 
Lymphoblast 30 
Recombinant 9-50 (total dose) 
Lymphoblast 0.5 (total dose) 
Lymphoblast 30 (total dose) 

Beta 
Fibroblast 9-18 
Fibroblast 42 

Adapted from Laszlo et al: J Bioi Response Mod 6: 206-210, 1986 

2: Antitumor effects of interferons 17 

In summary, it is clear that the interferons are promising 
agents for the treatment of human cancer. Their clinical 
activity has been seen most reproducibly in a variety of 
hematologic malignancies, but the responses of other tumor 
types have also been observed. Further studies must resolve 
the issues of appropriate dose, schedule, route of ad
ministration, and interferon type. It is also unclear whether 
interferons work primarily by direct antiproliferative activ
ity or indirectly by altering immune responses. Most of the 
available evidence - especially that from lymphoma studies, 
supports the view that a direct antiproliferative effect is 
responsible, since higher interferon doses induce more re
sponses than lower doses and patients failing at lower doses 
respond at higher doses. 

Perhaps the most important finding in preclinical and 
clinical interferon studies is that these biologicals have 
antitumor activity even in advanced, bulky cancer that are 
resistant to drugs or radiation (6-8). 
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POSTSCRIPT 

Hematopoietic growth factors could be of great importance 
in the treatment of neoplastic diseases following aplasiogen
ic chemotherapy and bone marrow transplantation (II). 
Genetic engineering techniques permit large scale produc
tion of substances produced during the immune response 
which may have therapeutic value for the modification of 
biologic response to cancer (8). The role of contact inhibi
tion and cell shape was nil in the malignant fibrosarcoma 
line HTl080. Treatment of HTl080 cells with low con
centration of human fibroblast interferon (less than 40 units/ 
ml) restored shape-dependent proliferation but had little 
effect on normal cells. Subantiproliferative doses of inter
feron restored contact-inhibited proliferation control to 
malignant cells previously lacking it (10). 

Recombinant DNA technology is able to produce large 
amounts of several interferons (20). Gamma-interferon is 
perhaps stronger in boosting immune recognition and rejec
tion of tumor cells than alpha and beta interferons (2). 
Immunomodulators in clinical medicine, cancer and ac
quired immunodeficiency syndrome alike were reviewed by 
Fauchi and co-workers (5). It is unexplained why only a 
small proportion of patients show an objective response to 
interferon (3; see also 9, 23, 18, 21, 6, 17). Antigen
nonspecific suppressor factors may have an important phy
siological role in regulating immune responses and cell divi
sion in general (1). Antiproliferative effects of interferon alfa 
2b were seen in vitro and in vivo. This interferon showed as 
a single agent maximum tumor cell colony reduction when 
used in high concentrations with continued cell exposure. 
Combined with doxorubicin clinical responses in patients 
with ovarian, cervical, colorectal and pancreatic carcinoma 
and one case of lymphoma were observed (24). The role of 
interferon in cancer therapy lies in the combination with 
other agents as the 4th arm of cancer therapy (7). Interferon 
can be a potent inducer of various degrees of transforma
tion, differentiation, and proliferation in different subsets of 
normal and malignant B cells (16, see also 15). Endogenous 
production of tumor necrosis factor in normal mice and 
human cancer patients by interferons and other cytokines 
combined with biological response modifiers of bacterial 
origin was investigated by Satoh (19). Interferons preferenti
ally inhibit the chemotaxis of transformed and tumor
derived cell lines when compared to control fibroblasts (12). 
Objcctive tumor effects in Japan have been observed in renal 
cell carcinoma, brain tumor, multiple myeloma, malignant 
lymphoma, adult T cell leukemia, chronic lymphocytic 
leukemia, chronic myelogenous leukemia and by local injec
tions in skin cancer such as malignant melanoma and cuta
neous lymphoma (13). The inducing agents of interferons 
include viruses, bacteria, bacterial products, polymers, low 
molecular weight compounds, and antigens or mitogens. 
Interferon gamma employed alone and in combination with 
interferon alpha may dramatically increase interferons ac
tivity (22). Toxicity of interferons exhibits fever, chills, myal
gias, arthragias, and headache with some variation accord
ing to type of interferon, route of administration, schedule 

and dose. The most important nonacute symptom is fatigue 
(14). Clinical immunology exhibits three active develop
ments namely immunopharmacology of immunosuppres
sive drugs; clinical use of the alpha-beta and gamma inter
ferons and interleukin-2; and monoclonal antibody applica
tions in marrow transplantations and antitumor therapy (4). 
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TRANS CATHETER MANAGEMENT OF NEOPLAMS 

C. HUMBERTO CARRASCO, SIDNEY WALLACE, CHUSILP CHARNSANGA VEJ 
and W. BECHTEL 

The development of percutaneous angiographic techniques 
has made possible selective catheterization of most clinically 
important vascular territories in the human body. The inter
ventional radiologist has integrated these techniques with 
others derived from established surgical procedures for a 
more aggressive approach to the management of the cancer 
patient. Our ability to gain access to neoplasms by either 
direct punctures or through vascular catherizations, to 
establish the nature and extent of the disease, and to assess 
its response to therapy have been greatly augmented by 
developments in the various imaging modalities, particular
ly image intensification, ultrasound and computed tomo
graphy. Vascular occlusions and infusions, and per
cutaneous drainage procedures have now become the 
province of the interventional radiologist. 

INTRA-ARTERIAL INFUSION CHEMOTHERAPY 

The therapeutic activity of an antineoplastic agent is related 
in part to its concentration at the target organ which is 
determined by dosage, schedule, metabolic processes, and 
route of administration. The responses achieved by most 
chemotherapeutic agents have been accomplished by their 
intravenous administration, however, higher drug con
centrations at the target organ may be achieved by the 
intra-arterial route. At the present, two major modes of 
intra-arterial administration of chemotherapeutic agents are 
available and consist of isolation perfusion and infusion 
techniques. Isolation perfusion chemotherapy (5, 46,3,4, I) 
is usually performed by surgical cannulation of vessels and 
maintenance of circulation through an extracorporeal pump 
oxygenator. The chemotherapeutic agent is administered 
into the isolated artery and the venous outflow is recir
culated, thus minimizing the systemic escape of the drug. 
This technique permits the use of very large doses of che
motherapeutic agents which would otherwise be lethal. 
During intra-arterial infusion chemotherapy there is no re
circulation of the venous effluent via an extracorporeal cir
cuit and variable amounts of the drug, not taken up by the 
infused tissues during the first pass, reach the systemic cir
culation. 

Intra-arterial infusion of chemotherapeutic agents was 
introduced in 1950 when Klopp et al. (73) and Bierman et al. 
(11) independently reported their experiences with the ar
terial administration of nitrogen mustard in the manage-
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ment of various neoplasms. They observed profound tissue 
changes within the territory supplied by the infused artery 
that had not been noted following the intravenous ad
ministration of the drug. Their experience also suggested 
greater therapeutic efficacy and a decreased systemic toxicity 
when this drug was administered intra-arterially as opposed 
to intravenously. 

The rationale for intra-arterial infusion is to expose a 
given neoplasm to a higher concentration of a chemothera
peutic agent than that achieved by its intravenous ad
ministration in order to obtain a greater therapeutic effect in 
a limited anatomic area. The cytotoxic effect of a given 
chemotherapeutic agent is not only concentration time de
pendent but also varies according to its total body clearance, 
its metabolic alterations, its intratumoral disposition, and 
the intrinsic sensitivity of the tumor to the drug. A linear 
physiologically based pharmacokinetic model was used by 
Chen and Gross (22) to study drug delivery characteristics of 
chemotherapeutic agents after intra-arterial and intra
venous infusion. This model confirms that intra-arterial 
infusion produces higher local tissue levels and a reduction 
in the systemic drug availability. The increase in local drug 
concentration depends largely on the blood flow rate 
through the infused artery and the rate of drug elimination 
by the rest of the body, whereas the reduction in systemic 
drug delivery is dependent on the ability of the infused 
region to eliminate the drug. Ensminger et al (36) discovered 
that hepatic extraction of 5-fluoro 2' -deoxyuridine 
(floxuridine) was in the order of 94% to 99% and that of 
5-fluorouracil was 19% to 51 % after a single pass through 
the liver following hepatic artery infusion. During hepatic 
artery infusion, the systemic levels of floxuridine were 25% 
and those of 5-fluorouracil were 60% of corresponding 
systemic concentrations with peripheral venous infusion. 
Hepatic extraction was also demonstrated for doxorubicin 
(adriamycin) which had an extraction ratio of 45% to 50% 
depending on the dosage of the drug administered. The 
systemic levels of adriamycin during hepatic arterial in
fusion were 25% lower than the corresponding systemic 
levels with peripheral venous infusion (41) . Similar observa
tions were made by Kelsen et al. (72) with hepatic arterial 
infusion of cis-diamminedichloroplatinum (cisplatin) in 
dogs which yielded a coefficient of extraction of 72% to 
97%. Therefore, hepatic arterial infusion should have 
greater advantage over the intravenous route in the manage
ment of hepatic neoplasms at least with relation to the use 
of floxuridine, 5-fluorouracil, adriamycin and cisplatin. 

Jaffe et al. (59) demonstrated consistently elevated cis
platin concentrations in the local vein as opposed to a 
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peripheral vein during arterial infusion of this agent for the 
management of patients with osteosarcoma. Concentrations 
of cisplatin in the neoplasms were directly related to the 
number of arterial infusions. A direct relationship between 
the neoplastic concentrations of cisplatin and degree of 
tumor destruction was also noted. 

In the attempt to increase the efficacy of intra-arterial 
infusion chemotherapy, various techniques aimed at reduc
ing the blood flow through the infused territory have been 
attempted. Theoretically, by decreasing the rate of blood 
flow there is an increase in the concentration of the infused 
agent and concomitantly a decrease in the transit time re
sults in prolongation of the tissue contact time. Tourniquets 
have been applied to the abdomen and extremities during 
intra-arterial infusion chemotherapy in order to achieve this 
effect (13, 14, 15, 16) Anderson et al. (5) by combining 
intra-arterial infusion of 14C labelled 5-fluorouracil with 
temporary vascular occlusion using a double lumen balloon 
catheter in the external iliac artery of a dog increased the 
local tissue concentration of this drug by 7 to 9 times when 
compared to intra-arterial infusion alone. The tissue levels 
of 5-fluorouracil were 30 to 50 times greater than those 
obtained by the intravenous administration. Wright et al. 
(137) using a percutaneous approach combined arterial bal
loon occlusion infusion of floxuridine with recirculation of 
the venous effiuent with the aid of a pump oxygenator and 
achieved local tissue levels 27 times greater than those ob
tained by arterial balloon occlusion infusion alone. 

TRANS CATHETER EMBOLIZATION 

Therapeutic embolization has been in use for over 50 years 
(48), it was initially employed in the management of ar
teriovenous fistulas (122, 78) and malformations (84, 85), 
particularly of those occurring in the brain. With the de
velopment of percutaneous transcatheter techniques, the 
uses of embolization were extended to the control of 
hemorrhage (112) in various regions of the body and devas
cularization of tumors prior to surgery in order to minimize 
intraoperative blood loss. The changes observed in neo
plasms following surgical arterial ligation and the occasion
al iatrogenic arterial occlusion occurring during catheteri
zation for infusion chemotherapy led to the realization that 
occlusion could be an effective tool in the local control of 
neoplasms. (132) Devascularization is a general term which 
includes surgical arterial ligation, catheter induced arterial 
injury, drug induced arteritis, as well as transcatheter em
bolization. The goal of tumor embolization is to apply 
superselective catheterization techniques for vascular occlu
sion in order to achieve maximal tumor necrosis with mini
mal normal tissue infarction. 

Arterial embolization can result in central or peripheral 
occlusion depending on the size of the embolic particles 
employed and, therefore, on the caliber of the vessels oc
cluded. Central embolization, analogous to surgical liga
tion, consists of occlusion of an artery maintaining its 
peripheral branches patent. Reconstitution of the peripheral 
branches then occurs immediately, in most vascular ter
ritories, through a different route. This technique is used to 
redistribute blood flow to a single vessel where a given 
neoplasm is supplied by more than one artery. In this man-

ner, only one catheter is employed for effective infusion of 
the entire neoplasm (23). Central embolization is also per
formed to protect a vascular territory not involved by tumor 
from the effects of chemotherapeutic agents or embolic 
materials injected proximally to its origin (46, 76). In most 
vascular territories tissue infarction does not occur second
ary to central embolization. The purpose of peripheral 
embolization in tumor management is the production of 
ischemic necrosis of the neoplasms in question. Small parti
cles, usually measuring less than 0.5 mm in diameter are 
employed for this purpose. 

The choice of embolic materials will depend on their 
availability, ease of use, their effectiveness as occluding 
agents and on whether central or peripheral embolization is 
desired. Although a large number of embolization materials 
is available, the most commonly ones used at UT M.D. 
Anderson Hospital and Tumor Institute are absorbable 
gelatin foam (Gelfoam) polyvinyl alcohol foam (Ivalon) 
(46), dehydrated ethanol and stainless steel coils (25, 132). 
These materials have been used in over 1000 procedures with 
minimal complications. 

HEPATIC NEOPLASMS 

The liver is one of the major organs most commonly in
volved by metastatic neoplasms that usually originate in the 
alimentary tract. The extent of the hepatic metastases and 
the functional state of the residual normal hepatic paren
chyma appear to be the most important factors influencing 
the course of the disease and the duration of survival (63). 
A median survival time of 75 days for patients with un
treated hepatic metastases from a variety of primary neo
plasms was reported by Jaffe and colleagues (63). Other 
authors reported median survival times of 4.2 months (136) 
and 13 months (17) for patients with untreated hepatic 
metastases from colorectal carcinomas. The prognosis for 
primary hepatic neoplasms is similar to that of metastatic 
disease (9). Rarely, hepatic neoplasms are localized and thus 
amenable to surgical resection (41). In unresectable disease, 
alternative modes of treatment such as systemic chemo
therapy (110) and surgical dearterialization of the liver have 
been used with limited success (3, 97, 121). Hepatic artery 
infusion chemotherapy and hepatic artery embolization are 
also being used in an effort to control the local progression 
of the disease and prolong the survival of patients with 
hepatic neoplasms. 

HEPATIC ARTERY INFUSION CHEMOTHERAPY 

Since hepatic neoplasms derive most of their blood supply 
from the hepatic artery (14, 50, 119) while the normal liver 
parenchyma receives only 25%, these tumors are exposed to 
relatively higher concentrations of the agents infused intra
arterially. Hepatic neoplasms refractory to systemic chemo
therapy may respond to arterial infusion of the same agent 
dosage (6). Hepatic inactivation of some of the cytotoxic 
agents infused (49) may also lessen the systemic toxic side 
effects. Increased tumor response rates have been reported 
with hepatic artery infusion of some chemotherapeutic 
agents with prolongation of the median survival time in the 
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Figure 1. Hepatocellular carcinoma. A. Computed tomography demonstrates a large tumor in the left lobe of the liver. B. Following three 
courses of hepatic artery infusion chemotherapy there was complete resolution of the mass. Biopsies at laparotomy failed to demonstrate 
viable tumor. 

responders (41, 99,103, 104). A response rate of 43.4% with 
a median overall survival of 11 months was observed in a 
group of 55 patients with metastatic colorectal carcinoma 
confined to the liver treated with floxuridine and mitomycin 
C by hepatic arterial infusion. The median survival in pa
tients with intentional or inadvertent arterial occlusion was 
prolonged to 15 months as opposed to 8 months for those 
with an intact arterial tree (105). In a group of 12 patients 
with hepatocellular carcinoma treated with intra-arterial 
floxuridine, adriamycin and mitomycin C there were seven 
partial and one complete remissions (Figure 1). A prolonga
tion of the median survival time (14 months) was also ob
served in patients with hepatic arterial occlusion when com
pared to those patients without it (6 months) (106). 

Several chemotherapeutic agents are used for infusion 
into the hepatic artery. Floxuridine, mitomycin C and cis-

platin are used for metastases from colorectal carcinomas. 
These agents in combination with adriamycin are also used 
to treat primary hepatic neoplasms and various metastatic 
neoplasms. Cisplatin is used to treat hepatic metastases from 
melanoma and breast carcinoma. Other agents used for 
hepatic artery infusion include 5-fluorouracil, vincristine, 
dacarbazine, and streptozotocin. 

HEPATIC ARTERY EMBOLIZATION 

Markowitz in 1952 (89) suggested hepatic artery ligation as 
a possible method of treating neoplasms. Following hepatic 
artery ligation, Gelin and associates (45) demonstrated a 
90% decrease in tumor blood flow and a 35% to 40% 
decrease of flow in the normal liver parenchyma. Variable 

Figure 2. Metastatic carcinoid. A. Computed tomography demonstrates two metastatic foci in the liver. B. Partial remission of the hepatic 
metastases following hepatic artery embolization. 
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Figure 3. Hepatic artery embolization for redistribution. A. Celiac 
arteriogram. Note accessory right hepatic artery arising from the 
gastroduodenal artery. B. Catheterization of the accessory right 
hepatic artery prior to its occlusion with a stainless steel coil. C. 
Proper hepatic arteriogram. Reconstitution of the embolized artery 
has occurred through intrahepatic collaterals. 

results of hepatic artery ligation in the management of 
hepatic neoplasms have been reported (74, 7, 91, 37) but the 
effects of surgical ligation are usually short-lived since re
constitution of flow occurs through intra- and extra-hepatic 
collaterals. This phenomenon is demonstratable angio
graphically immediately following central occlusion of any 
part of the hepatic arterial system and forms the basis for 
redistribution of flow in the presence of aberrant hepatic 
arteries (23). Occlusion of the more peripheral branches 
through embolization with fine particles has a longer lasting 
effect and causes varying degrees of necrosis of hepatic 
neoplasms by depriving them of their blood supply. The 
normal liver parenchyma is protected from infarction by 
reason of its dual blood supply. 

The collateral circulation that develops after occlusion of 
any portion of the hepatic arterial system will determine, at 

least in part, the degree of necrosis of hepatic neoplasms. 
The more peripheral the occlusion, the less effective the 
collateral circulation, and therefore, the greater the tumor 
necrosis. It is also possible that some neoplasms are more 
sensitive to ischemia than others. Complete necrosis of 
hepatic neoplasms does not usually occur following the 
initial hepatic embolization and therefore, the procedure 
must be performed periodically. Initially, embolizations are 
spaced approximately one month apart, and depending on 
the response, subsequent procedures are performed at lon
ger intervals. A median survival time of 11.5 months after 
the first hepatic artery embolization in patients with hepatic 
neoplasms in whom other forms of therapy, including hepat
ic artery infusion chemotherapy, had failed has been re
ported previously (24). 

When portal hypertension with secondary ascites and 
esophageal varices occur due to arterio-portal shunting in 
some hepatic neoplasms, particularly hepatomas, hepatic 
artery embolization may decrease the shunt and reverse the 
hepatofugal flow in the portal vein. Resolution of the symp
toms of portal hypertension may occur subsequently. 

In cases of hormone-secreting hepatic tumors such as 
metastases from neuroendocrine tumors, hepatic artery em
bolization will decrease the tumor's production of pharma
cologically active substances. Patients with the carcinoid 
syndrome whose clinical symptomatology is usually deter
mined by the hepatic metastases will experience relief of 
their symptoms for variable periods of time (Figure 2). (2, 
20, 86, 109) 

HEPATIC ARTERY REDISTRIBUTION 

The classic sequence of the common hepatic artery originat
ing from the celiac artery and continuing as the proper 
hepatic artery which then divides into right, middle and left 
hepatic arteries only occurs in 55% of the population (92). 
In the remainder, aberrant hepatic arteries arising from the 
left gastric artery and the superior mesenteric artery pose an 
obstacle to effective arterial infusion of chemotherapeutic 



agents. In order to infuse the entire liver through a single 
catheter it is necessary to occlude the aberrant vessels. Cen
tral embolization of an aberrant hepatic artery is readily 
achieved with stainless steel coils which will lead to im
mediate reconstitution of its territory through intrahepatic 
collaterals arising from the still patent celiacal hepatic artery 
(23) (Figure 3). 

RENAL CELL CARCINOMA 

The treatment for primary renal cell carcinoma confined to 
the renal capsule (Stage I) is radical nephrectomy (111). 
Renal artery embolization as a therapeutic modality was 
first suggested by Lalli et al. in 1969 (77) and it is now 
utilized prior to surgery in cases of large neoplasms in order 
to facilitate resection and decrease operative blood loss (134) 
(Figure 4). It has been reported that over 50% of a group of 
patients with Stage I neoplasms measuring over 6.5 cm in 
diameter were found to have lymph node metastases (54) 
and it is possible that these may benefit from a possible 
immunologic response against the neoplasm following pre
operative renal infarction. 

Patients with metastatic disease at the time of their initial 
presentation pose a therapeutic dilemma. Chemotherapy, 
radiation therapy and hormonal manipulation have gener
ally been of no value in prolonging survival nor causing 
regression of metastases in patients with renal cell car
cinoma. Based on the initial work of Almgard et al. (4) who 
reported stabilization of metastases in several of their pa
tients with renal adenocarcinomas following renal artery 
embolization, a protocol involving renal infarction, ne
phrectomy, and hormonal therapy was established at UT 
M.D. Anderson Hospital and Tumor Institute. Evaluation 
of the first 100 cases with long term follow-up demonstrated 
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an overall response rate (including those patients showing a 
complete or partial response or prolonged stabilization) of 
28% (128). The median survival time for the responding 
patients was over 30 months with one-third surviving 5 
years. The overall survival rates for this group of patients do 
not represent an improvement when compared to historical 
controls treated at UT M.D. Anderson Hospital and Tumor 
Institute by nephrectomy and hormonal-chemotherapeutic 
protocols without renal embolization. However, in patients 
with only pulmonary metastases a significant increase in the 
survival rates was observed in comparison to controls 
treated by nephrectomy alone. This improvement in the 
survival rates was almost entirely due to those patients with 
only pulmonary parenchymal metastases. The median sur
vival time of patients with metastases confined to the lung 
parenchyma was twice as high (18 versus 9 months) that of 
patients with hilar mediastinal lymphadenopathy or pleural 
effusion (with or without parenchymal metastases). 

The apparent clinical benefit of renal embolization and 
nephrectomy in some patients with pulmonary parenchymal 
metastases from renal cell carcinoma continues to be an 
empiric observation. It has been suggested that immunologi
cal factors playa role based on the assumption that infarc
tion of the neoplasm may release or uncover tumor antigens 
thereby triggering an antineoplastic response (20). 

Our current management of patients who present with 
pulmonary parenchymal metastases include transcatheter 
embolization of the primary tumor with Gelfoam and stain
less steel coils followed by radical nephrectomy approx
imately 1 week later. Following nephrectomy, these patients 
are treated with medroxyprogesterone acetate (Depro-Prov
era) 400 mg intramuscularly twice weekly as long as there is 
no progression of their disease. Patients with metastases to 
sites other than the pulmonary parenchyma alone do not 
appear to benefit from infarction and nephrectomy and are, 

Figure 4. Renal cell carcinoma. A. Left arteriogram. Diffuse neoplastic infiltration of the kidney with tumor vessels extending into the renal 
vem. An additional left renal artery IS famtly opacified. B. Complete occlusion of the renal artery following embolization with dehydrated 
ethanol. 
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therefore, offered experimental protocols that include renal 
embolization with BCG, and infarction and nephrectomy 
followed by daily injections of human leukocyte interferon, 

PELVIC NEOPLASMS 

Pelvic neoplasms often undergo extensive local growth prior 
to metastasizing and local recurrence following primary 
treatment modalities is a frequent occurrence, In such cases, 
these neoplasms are unsuitable for extirpative surgery or 
radiation therapy but are amenable to arterial infusion 
chemotherapy, 

The majority of pelvic neoplasms managed by intra
arterial infusion chemotherapy receive their blood supply 
from branches of both internal iliac arteries, thus requiring 
simultaneous catheterization of each one of these vessels for 
infusion, The local concentration of the infused chemo
therapeutic agents can be augmented by central emboliza
tion of the superior and inferior gluteal arteries (Figure 5), 
These two vessels, after giving origin to a variable number 
of pelvic visceral branches, exit from the pelvis to supply the 
tissues of the buttocks and posterior aspect of the proximal 
thighs. Since these two vessels usually account for over half 
of the blood flow derived from the internal iliac arteries, 
their occlusion will prevent infusion of tissues not usually 
compromised by pelvic neoplasms while at the same time 
increasing the concentration of the drug in the area of 
interest. Occlusion of both gluteal arteries can be accom
plished with stainless steel coils and Gelfoam fragments. 
Reconstitution of their peripheral branches occurs usually 
through collateral circulation arising from the fourth lum
bar artery, the superficial iliac circumflex artery and bran
ches of the deep femoral artery. The pelvic blood flow 
derived from each internal iliac artery is then estimated by 
radionuclide angiography utilizing 99 mTc macroaggre
gated albumin and the dose of the chemotherapeutic agents 

Figure 5. Occlusion of both superior and inferior gluteal arteries 
with steel coils. Bilateral internal iliac angiography prior to infusion 
chemotherapy demonstrates flow limited to the pelvic cavity. 

to be infused is fractionated between the two infusion cath
eters accordingly. Bilateral internal iliac artery infusion 
chemotherapy for pelvic neoplasms is usually performed at 
monthly intervals for three courses following which the 
infusions are spaced at longer intervals depending on the 
response or the suitability of other modes of treatment 
following remission. 

CARCINOMA OF THE UTERINE CERVIX 

The treatment of patients with squamous cell carcinoma of 
the uterine cervix varies according to the extent of their 
disease. Surgical resection or radiation therapy are usually 
employed in those patients with Stage I and II tumors (131). 
Patients with locally advanced (Stage III and IV) disease are 
usually treated solely by radiation therapy because of the 
difficulty of ensuring adequate surgical margins and the high 
incidence of pelvic and para-aortic lymph node metastases 
which contraindicate primary surgery (13, 131). Neverthe
less, persistence or local recurrence of disease continues to 
be a major problem and is often associated with intractable 
pain, bleeding, foul discharge and fistulas. In these patients 
palliation has been difficult to achieve by systemic chemo
therapy. During the past three decades arterial infusion of 
chemotherapeutic agents has been utilized to increase the 
local concentration of drugs but responses have been gener
ally poor and of short duration. 

In 1952 Cromer et al. (32) reported on the intra-aortic 
injection of nitrogen mustard in 16 patients with carcinoma 
of the cervix and vagina. They observed regression of the 
local disease in 8 patients and a reduction in the size of the 
pelvic tumor in 4 patients. Krakoff and Sullivan (75) using 
the percutaneous approach, also found some objective bene
fit in 3 of a group of 6 patients with carcinoma of the cervix 
following the intra-aortic injection of nitrogen mustard. 
Sullivan et at. (124) used surgically implanted catheters into 
the internal iliac arteries for the infusion of methotrexate 
and noted total or partial tumor regression in all 4 of their 
evaluable patients with carcinoma of the cervix. Hulka and 
Bise (53) also infused chemotherapeutic agents (5-fluoroura
cil, floxuridine or methotrexate) selectively into the internal 
iliac arteries of a group of 13 patients with carcinoma of the 
cervix and vagina. These investigators observed a complete 
remission in four patients with Stage III and IV disease who 
also underwent irradiation following chemotherapy. Mor
row et al. (94) employed intra-arterial infusion of bleomycin 
in 20 patients with carcinoma of the cervix without a signifi
cant response rate. Libshitz et al. (81) using intra-aortic 
methotrexate alone or in combination with vincristine ob
served tumor regression in 3 of 14 patients with a mean 
survival time of 13 months compared to 7.9 months for the 
nonresponders. Their 3 patients who experienced objective 
tumor response had all received combination methotrexate 
and vincristine. None of their patients treated with metho
trexate alone had tumor regression. Swenerton et at. (130) 
used intra-aortic or common iliac artery infusions of com
bination vincristine, bleomycin and mitomycin C in 20 pa
tients with carcinoma of the cervix. There were no complete 
responders and only three patients experienced partial re
sponses which were generally short lived. In a study perfor
med at UT M.D. Anderson Hospital and Tumor Institute, 



cisplatin was selectively infused into the internal iliac ar
teries of9 patients with cervical carcinoma. A partial remiss
ion was observed in 3 patients with a mean survival of 13 
months compared to 7 months for the nonresponders (18). 

In an attempt to lower the local recurrence rate and 
improve the response rates to chemotherapy of Stage III and 
IV patients, a study consisting of intravenous administra
tion of vincristine (2 mg) with intra-arterial infusion of mit
omycin C (10 mg/m2 ), bleomycin (20-40mg.m2 ) and cis
platinum (lOO-110mg/m2) is being performed at UT M.D. 
Anderson Hospital and Tumor Institute. Three courses 
spaced three weeks apart are given via percutaneously 
placed catheters into each internal iliac artery. The initial 
results of this study are encouraging; 30 out of 41 evaluable 
patients without previous therapy were considered respon
ders (Figure 6) and 7 patients had stable disease. All of these 
37 patients underwent subsequent external irradiation and 
24 patients (59%) remain free of disease at a median follow
up of 8 months (range 1-31 months). Thirteen of the 41 
patients relapsed at a median of 5 months and their median 
survival time after relapse was only 3 months . The median 
length of follow-up in this group of patients is still short and 
the impact of this therapeutic modality on survival and local 
recurrence is as yet unknown. An identical drug regimen was 
employed in 17 patients with recurrent disease following 
primary radiation with an overall response rate of 41 %. 
However, partial responses (29%) were of short duration 
and did not lead to a significant prolongation of the patients' 
survival (69). 

CARCINOMA OF THE URINARY BLADDER 

A variety of forms of local therapy are employed in the 
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treatment of patients with carcinoma of the urinary bladder 
in stages 0 and A. The treatment of invasive carcinoma 
(Stages Band C) usually consists of a combination of radi
ation therapy and radical excision (66). Surgical therapy or 
irradiation are of no value in patients with advanced disease 
(Stage D-D2)' Different chemotherapeutic agents adminis
tered via the intravenous or the intra-arterial routes have 
been employed in patients with unresectable bladder car
cinomas. In 1961, Byron et al. (15) reported on their ex
perience with intra-arterial infusion of several antineoplastic 
agents in a group of patients with various malignancies. No 
responses were observed in their two patients with bladder 
carcinomas. Ogata et at. (101) noted various degrees of 
antitumor effect in all of their 33 patients treated with 
mitomycin C via surgically placed catheters into the internal 
iliac arteries. Nevin et al. (98) utilizing a similar technique 
infused 5-fiuorouracil into each internal iliac artery. A com
plete response in 9 of a group of 15 patients undergoing 
infusion chemotherapy followed by radiation therapy was 
reported . A partial response occurred in 5 patients and only 
one patient failed to respond. No worthwhile response was 
demonstrated in another group of patients with recurrent 
bladder disease after radiation therapy nor in those patients 
with squamous cell carcinomas. 

With the introduction of newer agents and techniques for 
the percutaneous approach to catheter placement, various 
therapeutic modalities were investigated at UT M.D. An
derson Hospital and Tumor Institute. In a group of 18 
patients with advanced carcinoma of the bladder (Stage 
D 1-D2 ) cisplatin was infused into each internal iliac artery 
at a dose of 80-120 mg/m2 over a 24 hr period. The infusions 
in three of the 18 patients were performed after surgery or 
radiation therapy had eliminated all measurable traces of 
the disease and were therefore considered as adjuvant 

Figure 6. Carcinoma of the uterine cervix. Bilateral internal iliac angiography. A. large hypervascular pelvic tumor. B. Marked improve
ment following arterial infusion chemotherapy. 
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therapy, In the remaining 15 patients, there were 6 complete 
responses, 3 partial responses and 6 failures. The overall 
response rate was 60 percent (9 of 15 patients) with a median 
survival of 75 weeks. Pelvic pain in 12 of 15 patients and 
hematuria in 8 of 10 patients were adequately controlled 
(\35) . 

In another group of 29 patients, 5-fluorouracil was ad
ministered intra-arterially during the intravenous infusion 
of adriamycin and mitomycin C. Seventeen (58%) of the 29 
patients achieved an objective response. Twelve of the 20 
patients with transitional cell carcinomas responded. All 
four patients with adenocarcinomas and one patient with 
adenocarcinomatous transformation responded to the in
fusion chemotherapy. No response was observed in the three 
patients with squamous transformation of transitional cell 
carcinoma nor in the single patient with a spindle cell variant 
neoplasm (83) . 

A third group consisting of 28 patients with unresectable 
bladder carcinomas who had no evidence of distant visceral 
metastases were managed with intravenous and intra
arterial CISCA (cytoxan, adriamycin and cisplatin) chemo
therapy. For intra-arterial CISCA, only cisplatin was ad
ministered intra-arterially; cytoxan and adriamycin were 
infused via the intravenous route. All patients had locally 
advanced disease with or without nodal metastases. These 
patients either had unresectable tumor at presentation (26 
patients) or had failed initial therapy consisting of cystec
tomy or irradiation (2 patients). The tumors were of bladder 
origin in 26 patients and of ureteral origin in 2 patients. All 
but two patients received a combination of intra-arterial and 
intravenous CISCA chemotherapy. Those patients with 
only locally advanced disease received three courses of intra
arterial CISCA spaced one month apart. Patients with nodal 

Figure 7. Carcinoma of the urinary bladder. A Computed tomo
graphy demonstrates a large neoplasm about the right lateral and 
posterior aspects of the bladder. B. Complete remission following 
bilateral internal iliac artery infusion chemotherapy. 

metastases received their initial chemotherapy intravenously 
followed by intra-arterial CISCA if an objective response 
was achieved. The doses for intra-arterial CISCA consisted 
of cytoxan 650 mg/m2 , adriamycin 50-60 mg/m2 and cis
platin 100 mg/m2 • A complete remission occurred in 11 
patients (39%) with a median duration of remission 49 
weeks (range 25-108 weeks) (Figure 7). In seven (25%) 
additional patients an objective regression of tumor occur
red. Ten patients (36%) failed to respond. A significant 
improvement in the survival rate was documented for the 
complete responders but there was no difference in the 
survival rates between those patients achieving an objective 
response and the nonresponders (82). 

OSTEOSARCOMA 

For many years, radical surgery has been the principal mode 
of therapy for primary osteosarcomas. The overall survival 
rate for patients with osteosarcoma employing this thera
peutic modality is around 20% (43) . Radiologic evidence of 
pulmonary metastases occurs at a median of 8.5 months 
following potentially curative surgery (64, 88) and patients 
usually die within six months after detection of pulmonary 
metastases (129). 

The fatal outcome of most osteosarcoma patients follow
ing surgery led to the use of radiation therapy for local 
control (16, 65, 80) in an effort to spare patients likely to 
develop pulmonary metastases unnecessary mutilation. It 
was also believed that radiation might change tumor cell 
viability and prevent implantation of cells dislodged during 
surgery. However, this approach yielded survival rates com
parable to those achieved by surgery alone (43) and so 
radiation therapy was discarded as a primary treatment 
modality. 

Chemotherapeutic agents were also utilized in an attempt 
to improve on the results obtained by surgery alone. Initi
ally, the agents used yielded far from ideal results (39, 47, 
123, 125). However, more recently, response rates in the 
order of 35 to 40 % have been obtained using methotrexate 
(57,58), adriamycin (30), cisplatin (100) and cytoxan (107). 
Their administration alone or in combination has led to 
eradication of established metastases, destruction of pri
mary tumors and prolongation of disease-free survival. The 
fact that osteosarcoma is microscopically disseminated at 
the time of diagnosis, as evidenced by the rapid onset of 
clinically evident pulmonary metastases soon after ampu
tation, has led to the administration of adjuvant chemo
therapy following surgery (28, 126). 

Advances achieved with chemotherapy led to the search 
for alternative methods to treat the primary tumor short of 
amputation the most significant of which has been limb 
salvage (60, 107, 114). Preoperative chemotherapy was also 
used initially in an attempt to contain the primary tumor 
while awaiting the production of a customized endopros
thesis for limb salvage surgery (87, 116). Subsequently, pre
operative chemotherapy and delayed surgery were employed 
with the intent to treat the primary tumor and identify an 
effective chemotherapeutic agent for adjuvant therapy based 
on the degree of tumor necrosis (86, 114, 115). Rosen et at. 
(115) using methotrexate, adriamycin, bleomycin, cytoxan 
and actinomycin achieved an overall disease-free rate of 
72%. 



Intra-arterial infusion chemotherapy was performed in 
order to increase the exposure of the primary osteosarcoma 
to the antineoplastic agents and thus attempt to improve on 
the results obtained by their systemic administration. 
Akaoshi et al. (1) used mitomycin C, 5-fluorouracil and 
methotrexate by continuous intra-arterial infusion for 8 to 
48 days followed by surgery and bronchial artery infusion in 
14 patients with osteosarcoma. Metastases occurred in 60% 
of patients during the first year. The projected 5-year sur
vival rate was 44% in those patients in whom the infusion 
lasted longer than 3 weeks compared to 26% for those who 
received shorter infusions. Eilber et al. (35) using the intra
arterial infusions of adriamycin followed by radiation 
therapy in 36 patients, observed tumor cell necrosis in over 
80% of the resected specimens. In more than half of the 
specimens, 90 to 100% destruction of the neoplasm was 
noted. Jaffe et al. (60) observed between 90 to 100% tumor 
destruction in 3 of 5 patients who underwent intra-arterial 
infusion of adriamycin and systemic methotrexate. In 
another report, Jaffe et al. (61) noted one partial and three 
complete responses among nine patients who underwent 
intra-arterial infusion of methotrexate as part of a rando
mized study. No responses occurred in the six patients who 
recieved intravenous methotrexate. 

Preoperative intra-arterial cisplatin is currently being ad
ministered to patients with localized osteosarcomas at UT 
M.D. Anderson Hospital and Tumor Institute. A response 
rate of 66% was achieved in 18 patients treated with intra
arterial cisplatin; there were nine complete and three partial 
responses (62) (Figure 8). The results were determined by 
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clinical, angiographic and histologic parameters (needle 
biopsy, amputation, and local resection). Increased tumor 
destruction was found to be a function of the number of 
infusions (three or more), high cisplatin concentration with
in the neoplasms, and tumor subtype (osteoblastic) . In con
trast, decreased tumor destruction was associated with less 
than four infusions, smaller concentrations and the telan
giectatic subtype (59). 

In another group of 40 evaluated adult patients, ten 
(25%) showed 100% tumor necrosis and 13 (32.5% ) showed 
90% to 99% necrosis in the resected specimens. Twenty
four (60%) of the 40 adult patients underwent limb salvage. 
surgery, whereas 16 (40%) required amputation because of 
early disease progression (two patients), size or location of 
tumor (nine patients), or inappropriately placed biopsy (five 
patients) . Only six of the 24 patients who underwent limb 
salvage surgery were considered candidates for this 
procedure at presentation. Therefore, preoperative chemo
therapy increased the number of patients in whom the ex
tremities could be preserved. The overall two-year survival 
rate projected according to the Kaplan- Meier life-table 
analysis was 82% with a continuous disease-free survival 
rate of 60%. The most important predictor of prolonged, 
continuous disease-free survival was the degree of response 
to preoperative chemotherapy. Patients with at least 90% 
tumor necrosis had a three-year rate of 85%, compared with 
30% for those with less than 90% tumor necrosis (116). 

In summary, systemic methotrexate, adriamycin, cispla
tin, mitomycin C, and 5-fluorouracil are effective in the 
treatment of the primary tumor in osteosarcoma, with 

Figure 8. Femoral osteosarcoma. Superficial femoral arteriography. A. Hypervascular neoplasm prior to arterial infusion chemotherapy. 
B. Decreased vascularity of the tumor consistent with response to intra-arterial chemotherapy. 
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methotrexate appearing to be the most efficacious yielding 
response rates of up to 80% (117). In contrast to the intra
venous administration, the intra-arterial route delivers high 
tumoricidal concentrations to the primary tumor. The re
sponse rates to intra-arterially administered adriamycin and 
irradiation (135) were higher than those achieved by its 
intravenous infusion (118). With cisplatin, the responses 
were increased from approximately 20% to 50% for its 
systemic administration (20, 37, 39, 95, 132) to approximate
ly 66% for its intra-arterial infusion (111). The intra-arterial 
administration of methotrexate did not prove to be more 
effective than the systemic route which yielded comparable 
and even superior results (50, 62, 117). Intra-arterial 
adriamycin and cisplatin infusions may be complicated by 
skin and subcutaneous tissue reactions . Skin reactions 
secondary to cisplatin usually consist of erythema and 
brawny induration, however, those caused by adriamycin 
may lead to sloughing and ulceration. 

EMBOLIZATION OF SKELETAL NEOPLASMS 

Embolization of skeletal neoplasms was initially performed 
as an adjunct to surgical resection for hypervascular tumors 
in order to decrease operative blood loss (73, 97, 104). 
Subsequently, this technique was used for palliation of pain 
caused by skeletal metastases (68) and later it was extended 
to the management of patients with certain benign bone 
tumors who had failed other therapeutic modalities (67). 

Bone metastases from renal carcinoma are frequently 
hypervascular which can influence their surgical manage-

ment. When a pathological fracture occurs, internal fixation 
is usually indicated to relieve pain and to allow the patient 
to remain ambulatory. Surgical excision and prosthetic re
placement may be considered in cases of solitary lesions 
located in accessible sites (90). However, surgical interven
tion is often complicated by excessive blood loss which can 
be avoided in the majority of cases by preoperative em
bolization (69, 77). In six of eight patients managed in this 
manner at UT M.D. Anderson Hospital and Tumor In
stitute the estimated operative blood loss averaged 550 m!. 
In the two remaining patients, embolization was inadequate 
and blood losses were 3800 ml and 7000 ml respectively (69). 
Radiation therapy, at times in conjunction with hormonal 
and chemotherapeutic agents, is usually the primary modal
ity employed in palliation of pain due to skeletal metastases. 
Embolization is performed when the patient fails to respond 
to conventional treatment (25, 69, 128) (Figure 9). In a 
group of 21 patients with bone metastases treated in this 
manner, mild to marked pain reliefiasting from one to seven 
months occurred in all patients (25). 

Embolization has been performed in the management of 
unresectable giant cells tumors and aneurysmal bone cysts 
after failure of other modes of therapy or as a primary 
treatment modality (31, 64, 67, 84). Twelve patients with 
giant cell tumor and/or aneurysmal bone cyst were treated 
by arterial embolization at UT M.D. Anderson Hospital 
and Tumor Institute (18, 64) . The tumor were located in the 
sacrum in four patients, sacrum and lumbar spine in two 
patients, sacrum and ilium in one patient, ilium only in two 
patients and in one patient each in the thoracic spine (T -10), 
the lumbar spine (L-4) and the humerus. All patients had 

Figure 9. Skeletal metastases from renal cell carcinoma. A. Lumbar angiography. Hypervascular metastases at the L-3 vertebral body. B. 
Post embolIzatIOn artenogram demonstrates adequate occlusion of the lumbar artery supplying the tumor. The patient experienced marked 
pain relief following embolization. 
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Figure 10. Giant cell tumor. A. Computed tomography demonstrates a large lytic and expansile tumor destroying the sacrum. B. Following 
arterial infusion of cisplatin and bilateral internal iliac embolization there is healing of the tumor. 

some degree of pain as the initial symptom. Five of the 12 
patients had failed to respond to both chemotherapy and 
irradiation. Two additional patients had had chemotherapy 
alone and all had some form of surgery. Seven of the 12 
patients experienced significant pain relief but radiographic 
features of healing (calcium deposition within the tumor and 
decrease in size of the soft tissue mass) were observed in only 
six patients (Figure 10). These seven patients had excellent 
clinical response lasting 14 to 55 months. 
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POSTSCRIPT 

Transcatheter management of certain neoplasms, either as 
arterial infusion (chemotherapy) or as embolization, has 
been done with a number of organs, especially the liver, and 
with primary or metastatic tumors as well. Advantages and 
disadvantages of Lipiodol-Transcatheter arterial emboliza
tion in diagnosis and treatment of hepatocellular carcinoma 
were outlined by Shimotsuma et al. (2) and Shimamura et al. 
(1). Transarterial embolization or infusion in regard to un
resectable liver cancer were discussed by Taniguchi et al. (3). 
Infusion chemotherapy of primary neoplasms is especially 
known from Japan with its high incidence ofliver cancer (see 
chapter 6/Vol. VI) or in metastatic cancer to the liver. Em
bolization is used in patients with primary and metastatic 
cancer: Primary tumors and their treatment were described 
and metastatic ones such as islet cell tumors metastatic to 
the liver or from colorectal cancer. Other recent studies dealt 
.vith combined treatment for primary and metastatic neo
plasms and complications. Some papers were more of tech
nical nature or reported experimental work. 
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ANTIFOLATES 

M.G. NAIR 

INTRODUCTION 

By definition, folate antagonists are compounds which are 
capable of interfering with tetrahydrofolate utilization. The 
source of folic acid {l) in man is exogenous. All biologically 
relevant coenzymatic forms of folic acid possess a tetrahy
dropteridine ring system (II). Folic acid is converted to 
5,6,7,8-tetrahydrofolic acid by a stepwise reduction 
mediated by the key enzyme dihydrofolate reductase (EC 
1.5.1.3). The stereochemistry of the enzymatic reduction of 
folic acid to its tetrahydroderivative was investigated by 
Charlton and Young (19), and they defined the absolute 
configuration at C-6 of this derivative as (S). The (S) con
figuration at C-6 oftetrahydrofolic acid is usually referred to 
as the 'natural configuration'. This stereochemical assign
ment was in agreement with that proposed by Fontecilla
Camps et al. (44) by X-ray crystallography. 
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In contrast to the enzymatic reduction, the chemical re
duction of folic acid results in the formation of d,l-L
tetra hydro folic acid, which is a mixture of diastereomers. 
The individual diastereomers are l-L-tetrahydrofolic acid 
and d-L-tetrahydrofolic acid. The former compound is the 
natural isomer of tetrahydrofolic acid having the (S) con
figuration at C-6 and the later is the unnatural isomer (79). 
All known folate cofactors, which take part in the biochemi
cal reactions catalyzed by folate dependent enzymes have 
the natural configuration at C-6. The crystal and molecular 
structure of folic acid dihydrate has been determined by 
Mastropaolo and Camerman (86) by X-ray diffraction and 
found that it is an extended conformation with the pteridine 
ring in the keto form. The pteridine ring and the phenyl ring 
interact in a stacking manner, and the investigators specu
lated that this type of interaction is suggestive of the type of 
association these rings could form in a complex of folic acid, 
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Figure 1. Schematic representation of the role of folate cofactors and folate based enzymes in de novo thymidylate biosynthesis. 
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Table 1. Enzymatic reactions. 

1. Dihydrofolic acid 
+ NADPH + H+ 

dihydrofolate reductase~ Tetrahydrofolic acid + NADP+ 

2. Serine + tetrahydrofolic 
acid 

Serine hydroxymethyl transferase) N 5, N 10 -methylene tetrahydrofolic 
acid + glycine 

3. N 5, NIO-methylene 
tetrahydrofolic acid 
+ dUMP 

Thymidylate synthase 1 Dihydrofolic acid + dTMP 

4. N5 , N 10 -methylene 
tetrahydrofolic acid 
+ NADH + H+ 

Methylene tetrahydrofolate reductase) N5 -methyl tetrahydrofolic 
acid + NAD+ 

5. N5 , N 10 -methylene 
tetrahydrofolic acid 
+ NADP+ 

Methylene tetrahydrofolate dehydrogenase) N 5 , N 10 -methenyl tetrahydrofolic 
acid + NADPH + H+ 

6. Glycinamide ribo
nucleotide (GAR) + 
N 5, NIO-methenyl
tetrahydrofolic acid 
+ H 20 

GAR-transformylasel N-formyl glycinamide ribo
nucleotide + tetrahydrofolate 

7. Aminoimidazole 
carboxamide ribo
nucleotide + N 10 _ 

formyl-tetrahydro 
folate 

AICAR-transformylase1 5-formamido imidazole-4-
carboxamide ribonucleotide 
+ tetrahydrofolic acid 

8. Homocystein + N 5_ 

methyl-tetrahydro
folic acid 

Methionine synthetase) Methionine + tetrahydrofolic 
acid 

9. N-formimino glutamic 
acid + tetrahydro
folic acid 

Glutamate-formimino transferase , N5 -formimino tetrahydrofolic 
acid + glutamic acid 

10. Formimino glycine + 
tetrahydrofo1ic acid 

Glycine-formimino transferase) N' -formimino tetrahydrofolic 
acid + glycine 

11. Tetrahydrofolate + 
Formic acid + ATP 

Tetrahydrofolate formylase) NIO -formyl tetrahydrofolate 
+ ADP + Pi 

NADPH and dihydrofolate reductase. The enzymatic re
duction product of 7,8-dihydrofolic acid (l-L-tetrahydrofol
ic acid) serves as a common precursor of all biologically 
active coenzymatic forms of folic acid. The metabolic fate of 
dihydrofolic acid as well as it's regeneration in vivo is depic
ted diagrammatically in Figure 1. An outline of the major 
enzymatic reactions in which folate coenzymes are involved 
is presented in Table 1. The presence of7,8-dihydrofolic acid 
in the cell is the result of its formation as a co-product in the 
reaction catalyzed by the enzyme thymidylate synthase (Ee 
2.1.1.45). Dihydrofolate thus generated can become active 
only if it is reduced to the tetrahydro derivative by dihy
drofolate reductase. Tetrahydrofolic acid, as its N 5,NIO_ 
methylene derivative plays a unique role in the de novo 
biosynthesis of DNA, by providing the required methylene 
unit for the conversion of deoxyuridylic acid (dUMP) to 
thymidylic acid (dTMP). This thymidine nucleotide (dTMP) 
is required exclusively for the biosynthesis of DNA and 
hence cell division. Three folate dependent enzymes are 
directly involved in the conversion of dUMP to dTMP. 
They are: 

(I) Dihydrofolate reductase: This enzyme catalyzes the 

reduction of dihydrofolate to tetrahydrofolate (reaction I, 
Table 1). 

(2) Serine hydroxymethyl transferase, which catalyzes the 
transfer of the methylene unit from serine to tetrahy
drofolate, with the formation of N 5,N10-methylene tetrahy
drofolate and glycine (reaction 2, Table 1). 

(3) Thymidylate synthase: This enzyme facilitates the 
transfer of a methylene unit from N5,NIO-methylene te
trahydrofolate to the 5-position of deoxy uridylate (reaction 
3, Table 1). 

In addition to the unique metabolic role of tetrahy
drofolate in de novo DNA biosynthesis, it also functions as 
a key intermediate in all other one carbon transfer reactions. 
Various derivatives of tetrahydrofolate function as one car
bon carriers in many metabolic processes. 

The one carbon fragment is carried in a covalent linkage 
either at N5, NIO, or as a cyclic unit between N5 and N 10 of 
the tetrahydrofolate molecule. The one carbon unit is car
ried over these positions in various oxidation states of car
bon. The partial structures of these derivatives are shown in 
Table 2 together with a statement of the function of each of 
these compounds. Examination of this table reveals that 
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Table 2. Partial structures in various oxidation states of carbon. 

Name Structure Function 
H 

o H H -A 

H... " Nf l-L - Tetrahydrohlic acid ------ 7--r 
I< N~N)I.,..N C,1<3 I< -A 

2 H H 

N5-Methyl Tetrahydrofolic acid---------X f--- Methylation reactIons (Methionine biosynthesis; 

Starting material for a ll folate coenzymes 

~ methylation of indolethylamines etc.) 

C~-N-A 

Y, NNI,~j_-
N5, N '0-Methy'ene Tetrahydrofolic acid -----::Jl,. J dTMP- biosynthesis; Amino acid in terconversion 

H.....O H 
~ N-A I< 

----xNf-------- Growth factor (Citrovorum factor), Reactive 
N5-Formyl Tetrahydrofolic acid 0 H 

N ' .C" intermediate in the interconversion of folate 
H ~ H N-R Coenzymes 

N '0-Formyl Tetrahydrofolic acid --------X -V ___ Purine biosynthesis (Cz and C, of Purine 
I< N) . ring) 

XH-~N, ~_-_R __ H ____ __ 
N5_Formimino Tetrahydrofolate ---- ). Histidine degradation; Purine biosynthesis 

H 

apart from its participation in the synthesis of thymidylic 
acid, tetrahydrofolate has other important functions as well; 
such as its role in amino acid interconversion; purine biosyn
thesis; RNA biosynthesis; histidine degradation; protein 
synthesis and the formation of methionine. Participation of 
a folate derivative has been implicated in the biosynthesis of 
heme. This compound, presumably a folyl-polyglutamate 
apparently functions as an activator of uroporphyrinogen-I 
synthase (112). It has been shown that 5-methyl tetrahy
drofolic acid can also function as a methyl donor in the 
methylation of indolethylamines (82). Although, it is well 
recognized that the folate cofactor used in the GAR-trans
formylase reaction is N 5,N IO-methenyl tetrahydrofolate, 
Benkovic has shown that reaction no. 6 as written in Table 
I, requires a second enzyme which is a trifunctional protein, 
and the true folate cofactor for the GAR-transformylase 
reaction is L( - )-IO-formyl tetrahydrofolate; which is the 
hydrolysis product of L( + )-5, lO-methenyl tetrahydrofolate 
(134). Historically, the transformylase assay was carried out 
with a mixture of diastereomers. Therefore, the utilization of 
L( - )-IO-formyl tetrahydrofolate was not previously recog
nized because L-( + )-lO-formyl-tetrahydrofolate is an ex
cellent competitive inhibitor of GAR transformylase. 

These observations, taken together clearly indicate that 
tetrahydrofolate is a vitamin which has a central role in 
many important biochemical processes and any interference 
with its utilization in vivo might lead to profound biological 
consequences. Natural folates have complex structures, and 
they are widely distributed. The complexity of their struc
tures arises from the fact that at least three states of reduc
tion can occur in the pyrazine ring, and six different one 
carbon substituents can be present at N5, N 10 or both of 

these positions of the folate framework. Each of these de
rivatives can exist as their respective poly-y-glutamates with 
the glutamyl chain length varying anywhere from two to 
eight (4). The structures of the naturally occurring folate 
derivatives are shown in Figure 2. During absorption of the 
vitamin, the polyglutamates are broken down to their re
spective monoglutamates by the enzyme pteroyl-y-glutamyl 
carboxy peptidase (2, 110); also known as 'conjugase' . 
Evidence has been presented by Butterworth, Baugh and 
Krumdieck (16) that synthetic poly-y-glutamates are con
verted to the monoglutamate form in man shortly after oral 
ingestion. Folates are circulated in the plasma after they are 
bound to the folate binding proteins as suggested by Colman 
and Herbert (23) and Waxman (141). These bound folates 
are accessible to the active, carrier mediated cell transport 
system. It has been shown by Huennekens and Henderson 
(65) that transport of folate compounds into mammalian 
cells is an active process, which requires energy, carrier 
mediated and saturable. These cells possess two transport 
systems, one specific for folic acid itself, and the other for 
reduced natural folates. Neithammer and Jackson (105) 
have shown that in human lymphocytes uptake of folic acid 
and natural reduced folates occurred by separate pathways. 
These two distinct transport systems are responsible for the 
influx of folate derivatives to mammalian cell lines. 

FOLATE BASED ENZYMES AS TARGETS FOR 
CANCER CHEMOTHERAPY 

The central role of tetrahydrofolate in DNA synthesis, and 
its importance as a target of cancer chemotherapy has been 
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Figure 2. Schematic representations of the theoretical structures of 
the folates. Adapted from Baugh and Krumdieck: Annal NY Acad 
Sci 186:7-28, 1971. 

widely recognized. Any situation which interferes with the 
formation of tetrahydrofolate will have an adverse effect on 
the synthesis of purines and pyrimidines which are required 
for the synthesis of DNA and hence cell division. The 
enzyme which catalyzes the reduction of dihydrofolate to 
tetrahydrofolate is dihydrofolate reductase. Therefore, it is 
not surprising to note that the majority of attempts to block 
cell division, were targeted primarily at the inhibition of this 
enzyme. 

Another important folate based enzyme, which has been 
a target for cancer chemotherapy is thymidylate synthase. 
The inhibition of this enzyme specifically blocks the biosyn
thesis of a single nucleotide (dTMP) which is exclusively 
required for DNA synthesis. Inhibitors of both dihy· 
drofolate reductase and thymidylate synthase, are currently 
used as well known anticancer drugs. 

The third enzyme which is a potential target for cancer 
chemotherapy is serine hydroxymethyl transferase. This 
enzyme catalyzes the formation of the key intermediate 

N 5,N1o-methylene tetrahydrofolate, which is a specific 
'coenzyme for the reaction catalyzed by thymidylate syn
thase. However, this coenzyme can also be formed by the 
alternate pathways which are shown below. 

(a) Tetrahydrofolate + formaldehyde non.enzymati~ N 5 ,NIO_ 
methylene tetrahydrofolate 

(b) N 5,NIO,methenyl tetrahydrofolate + NADPH + H+ 
dehydrogenase 5 10 

, 'N ,N -methylene tetrahydrofolate + 
NADP+ 

It should be noted that N5,N IO-methenyl tetrahydrofolate is 
formed by the action of cyclohydrolase on NIO-formyl 
tetrahydrofolate which, in turn, originates from tetrahy
drofolate and formic acid or via N 5-formyl tetrahydrofolate . 

Because of the availability of these alternate pathways, 
very selective inhibition of serine hydroxymethyl transferase 
may not contribute to a dramatic reduction of dTMP syn
thesis. Perhaps, this theoretical consideration might have 
been the reason for the lack of enthusiasm which prevailed 
regarding the development of specific inhibitors of this 
enzyme. However, it should be recognized that a precise 
understanding of the relative contribution of each of these 
pathways to the overall production of N5,N IO-methylene 
tetrahydrofolate is required before any meaningful con
clusions regarding this approach in blocking cell division 
can be derived. At this writing a specific and powerful 
inhibitor of serine hydroxymethyl transferase, which is use
ful for the chemotherapy of cancer has not been developed. 

Since a majority of folate coenzyme derivatives are inter
convertible in vivo, at least from a theoretical standpoint, 
most of the folate based enzymes are potential targets for 
cancer chemotherapy. Therefore, in addition to the three 
enzymes mentioned above, two additional enzymes which 
are directly involved in the de novo synthesis of purine 
nucleotides have to be pointed out. They are GAR-trans
formylase and AICAR transformylase (Table I). Specific 
inhibition of anyone of these enzymes, should effectively 
block DNA and RNA biosynthesis. 

Inhibitors of dihydrofolate reductase 

Mechanism of action, toxicity and clinical use 

The most widely used anticancer drug, which is an inhibitor 
of DHFR is methotrexate. It is one of the most powerful 
inhibitors of this enzyme; and this inhibition has been de
scribed in the literature using various terms such as noncom
petitive (8) pseudo irreversible, and stoichiometric. These 
descriptions are used to convey the message that one mole
cule of MTX binds tightly to one molecule of the enzyme, 
and at pH 6 there is no dissociation of the enzyme inhibitor 
complex. At the physiological pH and higher, reversible 
competitive kinetics are observed. 

There are only two known sources of dihydrofolic acid in 
man. They are (I) the dietary source, and (2) the availability 
of dihydrofolate as a coproduct of the reaction catalyzed by 
thymidylate synthase. In growing tissues the demand for 
DNA is high, and one molecule of dihydrofolate is formed 
for every molecule of thymidylate synthesized. To keep the 
folate pool functioning at normal levels, dihydrofolate must 
be reduced to tetrahydrofolate by DHFR and NADPH 



(Figure 1). During MTX treatment, DHFR is inhibited and 
consequently a large fraction of the various folate coen
zymes of one carbon metabolism is channeled to 'inert' 
dihydrofolate. The result is a complete blockade of one 
carbon metabolism. These observations have been docu
mented. The incorporation of 14-C formate in to the purines 
is blocked up to 90% in animals receiving MTX (132, 133). 
Methotrexate also inhibits de novo purine biosynthesis in 
bone marrow cells in vitro (138) and Ehrlich ascites cells in 
vivo (119). The incorporation of labeled amino acids into 
protein in Escherichia call extracts is drastically inhibited by 
MTX, perhaps due to the scarcity of methionine or N
formyl methionine (41). Williams and co-workers (145) re
ported the inhibition of 14C formate incorporation into pro
tein of Ll210 lymphoma in mice as well as the protein of 
spleen and liver of these animals. The incorporation of 14C 
into DNA thymine is drastically reduced in ascites cells by 
MTX (120). Methotrexate has also been shown to block the 
degradation of histidine at the formiminotransferase level, 
which results in increased excretion of formiminoglutamic 
acid in the urine of patients receiving this drug (13). These 
results clearly indicate that all major routes to one carbon 
metabolism are effectively blocked by MTX. This remark
able effect of MTX on one carbon metabolism has a pro
found influence on rapidly proliferating cells. In most cells, 
the leading cause of cell death is inhibition of thymidylate 
synthesis (117) and consequently MTX kills cells in the S 
phase. In addition, MTX also inhibits the syntheses of pu
rines, RNA and proteins. Therefore, MTX also slows the 
entry of cells into the S phase. Because of the broader and 
more general inhibition of MTX on one carbon metabolism 
it is unable to accomplish an ideal thymineless death. 

Borsa and Whitmore (12) observed that the cytotoxicity 
of MTX was enhanced in certain cultured cell lines when 
they were exposed to purines in absence of thymine. In 
certain other systems the cytotoxicity of MTX actually de
creased when the cells were exposed to purines, indicating 
the antipurine effect of the drug. A combination of thy
midine and deoxy adenosine could completely reverse the 
cytotoxicity of MTX in a variety of experimental systems. 
From these results, it would appear that the cytotoxicity of 
MTX is due to the depletion of both purine and pyrimidine 
nucleotides. 

Methotrexate is most effective against those tumors with 
a high growth fraction where the demand for DNA is very 
high. Therefore, it is not surprising that MTX is curative to 
Burkitt's lymphoma and choriocarcinoma, both of which 
have doubling time of less than two days. On the contrary, 
MTX is not as effective in the treatment of those tumors 
such as lung and colon cancer which have a doubling time 
of 3 months. Due to these reasons, MTX toxicity will be 
more pronounced, and confined to those tissues which have 
a relatively high growth fraction (135). These include gas
trointestinal mucosa, bone marrow and hair follicles. Bone 
marrow depression, gastrointestinal bleeding and hair loss 
are very common toxic symptoms in patients receiving MTX 
chemotherapy. A 72 hr plasma concentration of the drug at 
1O-7 M or above has been associated with high toxicity. 
Renal toxicity has been observed due to precipitation of the 
drug in the kidney. The major component of the precipitated 
material was shown to be 7-hydroxymethotrexate (69). The 
renal status of the patients has to be carefully monitored, 
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and proper hydration and alkalinization of the urine is 
necessary to enhance drug clearance. The toxic effect of 
MTX on bone marrow is manifested as leukopenia and 
thrombocytopenia. It is absolutely necessary to monitor the 
leukocyte and platelet counts periodically. Ulceration and 
bleeding of the intestinal tract and damage to the buccal 
mucosa are common consequences of methotrexate toxicity. 
Methotrexate is known to produce hepatotoxicity, and fre
quent measurements of hepatic enzymes are of clinical 
value. Other toxic symptoms include alopecia, anorexia, 
nausea, skin rashes and osteoporosis. Encephalopathy, 
neurotoxicity, and meningeal irritation have been observed 
as toxic side effects of intrathecal administration of MTX 
(142). 

Another closely related potent inhibitor of DHFR is ami
nopterin (2). Both aminopterin and methotrexate (3) were 
synthesized by Seeger et al., in 1947 and 1949, respectively 
(123, 124). Methotrexate is widely used in the treatment of 
many solid tumor and hematologic malignancies. Major 
clinical uses of methotrexate are in the treatment of chorio
carcinoma, carcinomas of the head and neck, acute lym
phocytic leukemia, cancer of the cervix and breast cancer. In 
the early 1960s, it was reported by Hertz et al. (60, 61), that 
methotrexate was able to produce permanent remission of 
choriocarcinoma in women. Burkitt et al. (15) and Bertino 
(6) reported the remarkable success of treating Burkitt's 
lymphoma with methotrexate and reported that 20% of the 
survivors were free of the disease for up to six years in some 
series. 

In 1966, Burchenal (14a) reported that patients suffering 
from acute leukemia can be treated with MTX, which 
produced long-term remissions beyond five years in 65% of 
132 cases. In the remission maintenance phase of anti
leukemic therapy intrathecal methotrexate is frequently 
used (when tumor cells infiltrate into the central nervous 
system in leukemia patients). The first example of a cure of 
cancer was achieved with the use of MTX in the treatment 
of gestational choriocarcinoma of women (60). Metho
trexate is also being used to achieve objective responses in 
patients with epidermoid carcinoma of the cervix, lung can
cer and other solid tumors (5). Bitran and co-workers (10) 
reported a 50% response rate in the treatment of non-small 
cell bronchogenic carcinoma with a combination of cyclo
phosphamide, doxorubicin, methotrexate and procarbazine. 
Methotrexate has also been used in the treatment of advan
ced gastric cancer (14). A chemotherapy regimen consisting 
of cisplatin, bleomycin and methotrexate was used for the 
treatment of advanced squamous cell carcinoma of the head 
and neck. In this regimen, all evaluable patients had signifi
cant reduction (> 50%) of measurable tumor. Complete 
regression was noted in 27% of patients (43). Methotrexate 
is still the single drug of choice for the treatment of menin
gealleukemia. In spite of this documented success of MTX 
as a widely used anticancer drug, the toxicity of the drug, 
particularly to normal proliferating tissues, is a major pro
blem associated with its clinical use. 

In order to minimize the toxicity of methotrexate certain 
rescue techniques have been developed and clinically used 
with varying degrees of success. The use of high dose metho
trexate followed by leucovorin is the most frequently used 
method to improve the chemotherapeutic index of MTX. 
Leucovorin is the trivial name for N 5-formyl tetrahydrofolic 
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acid. This compound is also known as citrovorum factor 
(CF) or folinic acid. The rationale for the design of this 
rescue technique was based on the assumption that ci
trovorum factor (CF) does not compete with MTX, at the 
sites of action of the latter. While MTX is a very powerful 
inhibitor of DHFR, CF has practically no effect on this 
enzyme at the levels used, but is a folate coenzyme inter
mediate which can be interconverted to those coenzyme 
derivatives, the formation of which are inhibited by MTX. 
Other methods to alleviate the toxicity of MTX was exam
ined by Kisliuk and co-workers (81) using animal models. 
They showed that an ip injection of a L. casei dihydrofolate 
reductase preparation into rats and mice given a single dose 
of MTX caused a marked lowering of free MTX in the 
blood. Alternatives to CF such as dl,L-S-methyl tetrahy
drofolate, d,l-L-S-methylene tetrahydrofolate and I,L-S,lO
methylene tetrahydrofolate were effective MTX antagonists. 
It was interesting to note that d,L-S,lO-methylene tetrahy
drofolate was completely inert. 

The design of another rescue technique has the following 
biochemical rationale. As discussed earlier CF can be met
abolized to NS,N1o-methenyl tetrahydrofolate and NIO_ 
formyl tetrahydrofolate. These two compounds are neces
sary for the de novo synthesis of purines. It can also be 
metabolized to N5,NIO-methylene tetrahydrofolate which is 
the coenzyme needed for de novo thymidylate biosynthesis. 
Since MTX blocks both purine and dTMP biosynthesis, it 
was hypothesized that a more selective rescue can be accom
plished by providing thymidine rather than CF. The end 
result would be to preserve the antipurine effect ofMTX and 
to bypass the block ofMTX on thymidylate synthesis. If, for 
instance, some tumors are more sensitive to an antipurine 
effect, a thymidine rescue will be more selective than a CF 
rescue (64). 

Sirotnak and co-workers (126) provided a pharmacologic 
perspective of high dose MTX therapy with CF in murine 
tumor models and showed that the uptake of MTX at these 
levels (800 mg/kg) showed saturation kinetics and the drug 
persisted much longer in the tumor cells than in the small 
intestine. The effect of delayed CF on drug levels was the 
same in tumor cells and small intestine, but much more CF 

was required to initiate recovery of DNA synthesis in tumor 
cells. A schedule employing 24mg/kg of CF sc, 16hr after 
400mg/kg MTX sc, gave a two-log tumor cell kill and 
prevented lethal toxicity in most animals. 

In the clinical treatment of certain neoplasms high dose 
methotrexate therapy with CF rescue has been used to 
improve the therapeutic index ofMTX treatment (7, S2, S3). 
Djerassi and co-workers, developed the use of high-dose 
pulse methotrexate with citrovorum factor during the course 
of their studies in childhood acute leukemia (36) lymphosar
coma (37) and primary carcinoma of the lung (3S). Al
though there are conflicting reports about the efficacy of 
such treatments (12S), it has been shown by Djerassi et al. 
(34) that administration in continuous infusion of massive 
doses of CF reduced potentially lethal toxicity of MTX in 
several patients with different carcinoma. These results are 
summarized in Table 3. 

Incidence of drug related deaths secondary to high dose 
methotrexate and CF administration was reported in 498 
treated patients. Wide variation in the percentage of fatal 
toxicities from investigator to investigator was observed 
with a range of 0-29% (139). As Djerassi notes, the main 
difficulty with this method is unpredictable toxicity and even 
in 'good risk' individuals with normal renal function cata
strophic side effects may develop. 

Results of a study at Memorial Sloan-Kettering Cancer 
Center (11S) has shown that the treatment of metastatic 
osteogenic sarcoma with high dose methotrexate and leuco
vorin rescue can be successful only if it is administered in 
'exactly the way that experience has dictated objective re
sponses will occur'. A major breakthrough in the chemo 
therapy of osteogenic sarcoma was reported in 1972 by Jaffe 
and Paed (71). A threshold dose of 300mg/kg was initially 
suggested below which there was no response. Rosen and 
Nirenberg (lIS) reported a 40% complete response rate of 
osteogenic sarcoma to single-agent, high dose methotrexate 
with leucovorin rescue. The overall partial and complete 
response was 68%. With more than S years experience in 
treating 200 patients with evaluable disease with approxim
ately SOOO high dose methotrexate treatments, the effective 
dose of MTX was found to be 8 g/m2 in fully grown adoles-

Table 3. Massive CF for potentially lethal MTX-toxicity. Data from Djerassi et al.: Cancer Treat Rep 61: 749-750, 1977. 

MTX 
Patient dose Day ofMTX 
No. Diagnosis (g) toxicity Toxic signs CF Status 

Glioma 50 4 Throat and mouth ulcers, skin 3 gil day Improved in 24 hr; recovered 
rash, and jaundice 

2 Carcinoma, lung 30 4 Skin rash and throat and mouth 3 gil day Improved in 36 hr; cleared in 
ulcers 4 days 

3 Carcinoma, lung 18 5 Skin rash, trachial irritation, 2g/1 day Improved in 48 hr; recovered 
mucosal ulcers, and jaundice 

5 Hepatoma 12 4 Skin rash and throat and mouth I gil day Improved in 24 hr; recovered 
ulcers 

6 Carcinoma, lung 24 5 Mucosal ulcers 4g/2 days Improved in 48 hr; recovered 
7 Carcinoma, 6 2 Skin rash and mouth ulcers 8g/2 days Improved in 48 hr; recovered 

colon 
8 Glioma 24 7 Skin rash and mucosal ulcer 4g/1 day Improved in 36 hr; recovered 
9 Lymphosarcoma 3 4 Skin rash and mucosal ulcer 4g/2 days Improved in 48 hr; recovered 

2 5 
10 Lymphosarcoma 1.2 4 Skin rash 3 gil day Improved in 24 hr; recovered 



cents and 12 g/m2 in younger children. The serum levels of 
MTX should be monitored and leucovorin should be con
tinued until serum MTX level falls below 10-7 M. A 72-hr 
serum MTX level of 10-7 M can be potentially toxic. The 
alkalinization of the urine for the first 24 hr is beneficial to 
prevent renal toxicity. Under a carefully monitored treat
ment schedule, these investigators found that high dose 
MTX with CF rescue is extremely effective in the treatment 
of osteogenic sarcoma. However, effective chemotherapy of 
osteogenic sarcoma is difficult to perform, and should not be 
attempted by those who are not well experienced in the use 
of high dose MTX with CF rescue. 

Several attempts to direct MTX more specifically to target 
tumor cells have appeared recently. These include, conju
gation of the drug with macromolecules of varying speci
ficity such as tumor specific antigens, liposomes and poly
amino acids (118). For example, MTX polylysine complex 
readily penetrate the resistant tumor cells which are deficient 
in the transport of the drug. It is hoped that the proper 
selection and use of such conjugates will result in a more 
favorable chemotherapeutic index of MTX in the treatment 
of various forms of human cancers. 

Metabolism of methotrexate 

As a protective measure, mammals usually metabolize in
gested foreign substances to compounds, with reduced bio
logical activity, and to structures which permits their easy 
excretion from the body. The potent folate antagonists 
aminopterin (2), and MTX (3) were thought to be exceptions 
to this general phenomenon, because virtually almost all 
administered drug could be recovered unchanged from urine 
and feces (45, 59). However, Oliverio and Loo (108) re
ported that the 3',5'-dichloro analogue of MTX (DCM) 
underwent metabolic alteration in vivo, and the metabolite 
of this folate antagonists could be recovered from the urine. 
In a subsequent paper (84), the structure of this metabolite 
was disclosed to be 7-hydroxy-DCM. On close examination 
(72), it was found that not only the dichloro analogue, but 
also the parent drugs aminopterin and methotrexate, includ
ing several other derivatives could be converted to their 
respective 7-hydroxy derivative in several mammalian spe
cies. In rabbit liver, the oxidizing activity was found to be 
due to aldehyde oxidase. During high-dose MTX therapy, 
significant amounts of 7-hydroxymethotrexate are elimi
nated in the urine of humans (69). Conversion of metho
trexate to 4-amino-4-deoxy-N1o-methyl pteroic acid by in
testinal bacteria has been observed in mice. Similar meta
bolic conversion of MTX in man has not yet been demon
strated. It appears that the metabolism of methotrexate is 
species specific, and dose dependent, and some of the meta
bolic pathways of the drug has been overlooked by previous 
workers due to these reasons. 

Although studies in man and certain animals indicated 
that MTX may, in large part, be recovered as unaltered drug 
within 24 hr, a minor proportion of the drug was retained in 
tissues for long periods. The major fraction of this material, 
having half-life of about 3 months may be recovered from 
the liver. Significant proportions of the long half-life MTX 
may also be recovered from the intestine, stomach, and 
kidneys (107). It was postulated that the long half-life MTX 
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was actually the proportion of the drug which is bound to 
dihydrofolate reductase in an irreversible manner, and the 
drug persists in the cell during its entire lifetime. 

The first report on the nature of the long half-life MTX in 
mammalian tissues emerged from our laboratories (3). Pre
liminary work tentatively identified two MTX conjugates in 
red blood cells from a leukemic patient undergoing MTX 
therapy as the poly-y-glutamates of MTX having two and 
three glutamate residues respectively. Additional experi
ments in rats using tritiated MTX, led to the isolation and 
characterization of the di- and triglutamates of MTX 
(MTXG1 and MTXG2 ) from the tissues of these animals. 
The unequivocal structural characterization of these metab
olites were subsequently accomplished by the unambiguous 
chemical syntheses of all potential poly-y-glutamates of 
MTX, and comparing these synthetic samples with the nat
ural metabolites (95). Subsequent to our work, various in
vestigators have confirmed the formation of the poly-y
glutamyl metabolites of MTX in tissues of various mam
malian species, including man. The structures (21) of these 
metabolites are shown in Figure 7. 

In order to assess the role of this newly discovered poly
glutamates to the overall antitumor activity of MTX, evalu
ation of the biological activity of the metabolites themselves 
were undertaken. The relative potencies of these analogs in 
inhibiting the growth of S. faecium decreased, as the chain 
length of the glutamate residues increased (95). It was not 
known at that time whether the decreased potency was due 
to the inability of these compounds to penetrate the bac
terial wall as efficiently as MTX or their decreased ability to 
inhibit DHFR. Subsequently, other investigators (68, 70) 
established that MTX conjugates with a chain length of up 
to six glutamate moieties were equally powerful as the 
parent drug in inhibiting DHFR from various sources in 
vitro. The diglutamate showed activity equal to MTX in 
increasing the survival time of mice bearing Ll210 leukemia. 

Kisliuk and co-workers (78) found that the polygluta
mates ofMTX are potent inhibitors ofthymidylate synthase 
derived from several different sources. The triglutamate 
(MTX G2 ) inhibited L. casei thymidylate synthase by 50% 
at 2 x 10- 7 M. This metabolite was 100 times more inhibi
tory to the E. coli enzyme than MTX. Therefore, at least in 
this instance, a definite additional role of these metabolites 
to the overall chemotherapeutic effectiveness of MTX be
came apparent. Cheng and co-workers (21) investigated the 
effects of various folate and MTX analogues on human 
thymidylate synthase activity and found that increasing the 
number of gamma glutamyl residues increased their respec
tive binding affinities towards the enzyme. The other two 
widely speculated roles of these metabolites with regard to 
their contribution to cytotoxicity are (I) the greater persis
tence of these metabolites in the cells, and (2) differential 
synthesis of the polyglutamates in tumor versus normal 
proliferative tissues. The greater persistence of these metab
olites in the cells may be due to their slower efflux rate, 
especially with those having longer chain length compared 
to the efflux rate of MTX. Differential synthesis may be 
attributed to the enhanced synthesis of the metabolites in the 
tumor and/or the synthesis of longer chain length metab
olites in the tumor versus normal tissues. At any rate, there 
is a growing consensus among investigators that poly
glutamation of MTX has a significant role in the chemo
therapeutic effectiveness of this drug. 
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Figure 3. Radioactive elution profiles after DEAE-Sephadex chro
matography of heat-treated cellular or supernatant extracts, with D. 
pneumoniae dihydrofolate reductase added to the cell suspension. 
The vertical axis is total drug, which was 2.872/1g/g wet weight for 
To cells, 1.018 gig for T +20 cells, after 20 min at 37°; 0.049/1g/ml for 
To supernatant, 0.138 /1g/g for T +20 supernatant, after 20 min at 37°. 
The net intracellular decrease shown equals the net extracellular 
accumulation. (Ll21O cells). Adapted from Poser, Sirotnak and 
Chello: Biochem PharmacoI29:2701-2704, 1980. 

With regard to the synthesis of the polyglutamates it 
appears that the same synthetase is involved in the polyg
lutamation of both MTX and natural folates. Whitehead 
and Rosenblat (144) using mutant Chinese hamster ovary 
cells, which lack folypolyglutamate synthetase activity 
showed that these cells are incapable of synthesizing MTX
polyglutamates. While folate polyglutamates having up to 
eight glutamate residues are readily formed, metabolites of 
MTX having more than four glutamate residues are formed 
only in small quantities at higher doses. Thus, the formation 
of only MTX Gs has been recognized. One explanation for 
this different pattern of metabolism by MTX, compared to 
the natural folates, may be due to the fact that the DHFR 
bound MTX and its glutamate conjugates are not substrates 
for the synthetase. Some evidence to support this hypothesis 
are at hand. MTX resistant baby hamster kidney cells 
having high levels of DHFR were also shown to require 
higher concentrations of MTX compared to the sensitive 
cells for polyglutamate synthesis to occur, indicating that 
DHFR bound MTX is a poor substrate for the synthetase. 

The synthesis of MTX polyglutamates in Ll210 murine 
leukemia cells was reported by Whitehead (143). Jacobs and 
co-workers (68) found that the diglutamate of methotrexate 
was accumulated in human liver during MTX therapy. Like 
the folate cofactors, MTX is metabolized in vitro to their 
polygamma glutamates of varying chain length in murine 
tissues and tumors (113, 114). Various investigators have 
speculated that like folate, MTX polyglutamates are indeed 
storage forms of the drug and they efflux from the cell at a 
slower rate than free MTX (24, 31, 143). They rationalized 
that those tissues which are capable of enhanced conversion 
of MTX to polyglutamates will also have a higher persist-

ence of this drug. Poser, Sirotnak and Chello (113) in an 
elegant study demonstrated that MTXG1 , MTXG2 and 
MTXGJ efflux from Ll210 cells at the same rate as MTX 
itself (Figure 3). Earlier workers, were unable to detect the 
efflux of these compounds because the extracellular efflux 
medium they used contained the enzyme conjugase, which 
apparently hydrolysed the effluxed polyglutamates to MTX, 
before they could be detected. To prevent the effluxed poly
glutamates from being hydrolyzed by conjugate, Sirotnak 
added hydro folate reductase to the medium; thereby trap
ping the effluxed compounds. Dihydrofolate reductase 
bound MTX polyglutamates are very poor substrates of the 
hydrolytic enzyme, conjugate. (Pteroylglutamyl-y-glutamyl 
hydrolase). In a subsequent study Sirotnak also found that 
polyglutamate synthesis in Ll210 cells is dose and time 
dependent, and he detected the formation of MTX poly
glutamates of higher chain lengths of up to five glutamate 
residues, when tumor-bearing mice were treated with e H] MTX at doses ranging from 3 mg to 400 mg/kg. Under 
these conditions, no detectable amounts of pentaglutamates 
were found in the small intestine of the same animal. The 
formation of a metabolite of still higher chain length with six 
glutamate residues to an appreciable extent was observed in 
these tumor-bearing animals at a dose of 12mg/kg after 16 
and 24 hrs. Again, no hexaglutamate was detected in the 
drug limiting small intestine. These experiments indicated 
for the first time that tumor specificity in the formation of 
MTX polyglutamates exists, and it may contribute to the 
overall therapeutic responsiveness and toxicity of MTX. 

Investigations by Goldman (55) revealed that a portion of 
intracellular MTX in excess to that bound to DHFR may 
playa critical role in the chemotherapeutic activity of the 
drug. Although the membrane transport parameters do not 
appear to affect the rate of decline of intracellular MTX or 
MTX polyglutamates in vivo, they do affect the intracellular 
concentration of the drug achieved, and thereby influence 
the synthesis of these metabolites (48). Therefore, it is con
ceivable that other factors being the same, those tissues or 
tumors which are able to transport MTX at a faster rate will 
invariably contain a larger fraction of the drug in the poly
glutamate form. As free MTX decline within the cell, the 
polyglutamates replace the monoglutamate on DHFR and 
from a relatively stable pool of antifolates above the enzyme 
binding capacity (49, 116). 

The greater persistence of MTX at pharmacologically 
effective levels in tumor versus normal proliferative tissue 
has indeed been associated with the selective action of this 
drug (129). In order to determine the pharmacologic impor
tance of MTX-polyglutamates, Jolivet and co-workers (74) 
examined the formation, retention, and effect of these met
abolites in cultured human breast cancer cells. The two cell 
lines MCF-7 and ZR-75-B converted MTX to polygluta
mates in a dose and time-dependent fashion (Figures 4A and 
B). All of the MTX G4 and 47 and 38% of MTX G3 re
mained in M CF -7 and ZR -75-B cells respectively and could 
be identified in the cytosol after 24 hr in drug free medium. 
These polyglutamates which were retained in the cell lines in 
excess of DHFR binding capacity led to inhibition of thy
midylate and loss of cell viability after removal of extra
cellular MTX. Although MTX polyglutamates of shorter 
chain lengths efflux from the cells at the same rate as MTX, 
those with higher chain lengths are effluxed at a slower rate, 
thereby partially contributing to the overall retention of the 
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Figure 4A. Time course of MTXPG formation in MCF-7 cells. After 1-, 6-, 12-, and 24-hr incubations with 2M [JH]MTX, cell extracts 
were chromatographed by HPLC. Peaks A to E represent, respectively, 4-NH2-1O-CHJ-PteGluJ (MTX) to 4-NH2-1O-CH3-PteGlu5 • The 
total amount of intracellular drug in nanomoles per gram of cell protein is given at each time point (70). Data from Jolivet et al. : J Clin 
Invest 70:351-360, 1982. 

drug in certain tissues. Such prolonged retention of the drug 
in a non-effiuxable form, combined with the differential 
synthesis of these metabolites is undoubtedly related to the 
overall therapeutic index of methotrexate. The exact contri
bution of MTX polyglutamates of varying chain length to 
the cytotoxicity of MTX is not precisely known at this 
writing. A great deal of research has to be done to unravel 
the biological role of these metabolites, and to exploit such 
results in a practical way to the development of more effec
tive antifolates. One appealing area would be the develop
ment of powerful inhibitors of DHFR, capable of enhanced 
polyglutamation in the tumor, compared to MTX. If such 
compounds have better chemotherapeutic indices than 
MTX, further research along these lines might produce very 
selective antifolates. It may be possible to predict (25) the 
efficacy of MTX therapy by measuring the extent of MTX
polyglutamate formation in the tumor versus normal tissues 
of patients undergoing MTX therapy. 

Transport and resistance 

Transport of MTX to tumor cells plays a very important 
role in the therapeutic effectiveness of this drug (129). The 
transport parameters do govern the absolute levels of in
tracellular MTX, which, in turn, influences the cytotoxicity 

of the drug by various mechanisms (48). Defective transport 
ofMTX has been associated with MTX-resistance in certain 
tumor cells (127). Due to these reasons, investigations re
garding the transport of MTX to tumor cells continues to be 
an active area of current research. 

The uptake of natural folates and folate analogues to 
mammalian cells has been studied by various investigators; 
and these were reviewed by Goldman (54). Transport of 
folate compounds in to cultured LI2lO murine leukemia 
cells is an active process requiring energy, is carried 
mediated and saturable. Two separate transport systems are 
known to mediate the transport process. One of these is 
specific for folic acid, and the other one for reduced folates 
such as 5-methyl tetrahydrofolate. These two systems are 
readily distinguished. For example, the reduced folate path
way is sensitive to sulfhydryl inhibitors. The uptake of 
5-methyltetrahydrofolate is competitively inhibited by 
MTX and vice versa; but neither compounds inhibit the 
uptake of folate (65). Using newly synthesized folate 
analogues, Hornbeak and Nair (63) confirmed the existence 
of two transport systems in HeLa cells, one specific for folic 
acid, and the other one for MTX. In human lymphocytes the 
uptake of folic acid and natural reduced folates occurred by 
separate pathways, and MTX shared the transport system of 
the latter (27). Folate analogue transport by isolated murine 
intestinal epithelial cells was cxamined by Chello and co-
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Figure 4B. Dose-response of MTXPG formation in human breast cancer cells. 24-hr incubations with either 0.2,2, or 10 M [1 HjMTX were 
done in the MDA-231, MCF-7, and ZR-75-B cells, following which cell extracts were chromatographed by HPLC. Peaks A to E represent, 
respectively, 4-NH2-1O-CHr PteGlu, (MTX) to 4-NH2-1O-CHJ-Pte-Glu5 . The total amount of intracellular drug in nanomoles per gram 
of cell protein is given at each time point (132). Data from Jolivet et af.: J Clin Invest 70:351-360, 1982. 

workers (20). Suspensions of these cells transported MTX 
and exhibited Michaelis-Menton saturation kinetics. The 
influx of the drug was competitively inhibited by natural 
folates. The transport system exhibited structural specificity 
for substituents at the 10 position of the folate molecule. The 
data supported the notion of carried-mediated transport of 
MTX and other folate analogues. 

Several MTX-resistant tumor cells have a defective trans
port system for influx of the drug. Therefore, it is appealing 
to consider the possibility of developing powerful antifolates 
which are capable of being transported by the folic acid 
transport system for the treatment of transport defective 
MTX-resistant tumors. Correlations of structure activity 
relationships with regard to the relative ability of various 
folate analogues to be transported by each ofthese transport 
systems will be very useful in the design of such compounds 
in the future (62). One such analogue is lO-Oxa aminopterin 
(99) which was shown to be able to compete with the trans
port of folic acid in HeLa cells (63). Since MTX shares the 
same transport system with CF (92), the clinical use of an 

antifolate which can be transported through the folic acid 
transport system in high doses in combination with citro
vorum factor (CF) might permit a selective rescue of the 
host cells, while preserving the antitumor activity of the drug 
towards the resistant tumor cells . 

In spite of the extremely potent anticancer activity of 
MTX, the clinical usefulness of this drug is limited to a 
certain extent due to drug resistance. Tumors may acquire 
resistance as treatment progresses; or some tumors may be 
inherently resistant to MTX (58). There are several mecha
nisms by which tumors may accrue resistance to metho
trexate: (a) increased levels of dihydrofolate reductase, (b) 
structural alterations of this target enzyme, (c) restricted 
uptake of the drug and (d) inactivation of the drug by the 
resistant cells (5, 17). Methotrexate resistance, which is as
sociated with an elevation of the target enzyme, has been 
shown to be due to amplification of the gene coding for 
DHFR. This gene amplification may occur within a single 
chromosome, producing an expanded homogeniously stain
ing region containing multiple copies of the DHFR gene. 



Resistance acquired through such a mechanism is stable and 
can be passed to both daughter cells during mitosis How
ever, gene amplification on the double minute chromosome 
is unstable in the absence of the selecting agent (9, 40, 106, 
122). 

High elevation of the target enzyme DHFR is very com
mon in resistant cells, and they always tend to maintain 
zone-free enzyme in excess of the binding capacity of the 
drug (57). In a methotrexate resistant strain of Sl80 cells 
(AT/300) the synthesis ofDHFR actually represents 6 to 7 
percent of the soluble protein synthesis (1). In certain MTX 
resistant cell lines the rate of DHFR synthesis may be 200-
250 fold greater than the sensitive parental line. Domin, 
Cheng, and Hakala (40) isolated the DHFR from a metho
trexate resistant subline of human KB cells, having high 
levels of this enzyme. They demonstrated that the human 
KB/MTX enzyme is different from the mouse S 180 AT /300 
DHFR in its isoelectric point, turnover number, and K; for 
MTX. From these studies, they pointed out that extrapo
lation of enzyme data from other mammalian sources to 
human enzyme is not warranted. Although, acquired MTX 
resistance has resulted in the marked elevation of both 
DHFR and thymidylate synthase (EC 2.1.1.45) in certain 
bacteria, concurrent elevation of folate dependent enzymes 
other than DHFR has not been encountered in the mam
malian system. Unstable MTX-resistance was observed by 
Curt and co-workers (26) in human small cell carcinoma. 
This cell line displayed amplification of the DHFR gene and 
a large number of double minute chromosomes. Progressive 
loss of drug resistance was observed when these cells under
went serial passage in tissue culture. This loss of resistance 
was in association with loss of double minute chromosomes 
and a decline in dihydrofolate reductase levels. 

In order to overcome MTX-resistance due to defective 
transport of the drug Ryser and Shen (118) investigated the 
use of a conjugate of MTX with poly(L-lysine). MTX and 
[3H] MTX were conjugated through a carbodiimide cata
lyzed reaction to a 70000 molecular weight poly(L-lysine) in 
molar ratios of approximately 13 to 1. The MTX conjugate, 
was transported at a much faster rate in both transport 
proficient and deficient Chinese hamster ovary cells. The 
100-fold difference in drug concentration needed to inhibit 
the mutant cells and their corresponding wild type was 
totally abolished by exposing the resistant cells to MTX
Poly(Lys). Since the MTX conjugate did not inhibit DHFR, 
these authors concluded that, after being transported to the 
resistant cell lines, the conjugate is hydrolyzed to release the 
free drug within the cell. The possible delivery of MTX to 
resistant cells in the form of macromolecular complexes to 
overcome resistance is an area of active investigation at the 
present time. 

Analogues of methotrexate 

In spite of the fact that a large number of aminopterin 
analogues were synthesized and evaluated, methotrexate 
continues to enjoy the reputation as one of the very best 
inhibitors of DHFR. At this writing, it can be stated with 
some degree of confidence that no further improvement in 
the inhibitory potency towards DHFR can be expected from 
close analogues of MTX. Such improvements, if at all pos
sible will in all likelihood result in more toxic compounds. 
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However, in contrast to the inhibition of DHFR, there are 
other biological and pharmacological parameters, which 
might be exploited for the development of analogues with 
better chemotherapeutic indices than MTX. Some of the 
parameters include differences in the rate of influx and 
efflux; polyglutamation, metabolic activation and deacti
vation of these analogues in the tumor versus normal 
proliferative tissues. For example, if an analogue which is 
equally potent as MTX in inhibiting DHFR can be selective
ly accumulated in the tumor compared to normal intestinal 
epithelium or bone marrow either by enhanced transport or 
polyglutamation; it might exhibit a definite therapeutic ad
vantage over MTX. 

The transport characteristics of MTX-analogues were 
shown to be sensitive to structural changes at the C,N10_ 

bridge region (128). Several close analogues of aminopterin 
with structural changes at the C9,NlO-region were syn
thesized and evaluated using several biochemical and 
pharmacological test systems (Figure 5). Some ofthese com
pounds are NlO-propargyl aminopterin 4 (111) NlO_ 
cyanomethylaminopterin 5 (94) lO-deaza aminopterin 6; 
lO-ethyl-lO-deaza aminopterin 7 (3i, 33) lO-thio aminop
terin (100) lO-oxa aminopterin (91, 99) ll-thiohomoami
nopterin (98) and ll-oxa homoaminopterin (97). One of 
these analogues, 10-deaza aminopterin 6, exhibited very 
interesting biological activity. With regard to its inhibition 
ofDHFR and inhibition of growth of Streptococcusfaecium 
and Lactobacillus casei IO-DA was classified as one of the 
most potent antifolates (32). The in vivo antitumor activity 
of IO-DA has been shown to be superior to MTX in mice 
against three of five ascites tumors and two of three solid 
tumors (130). When 10-DA was compared with MTX at the 
optimum dose of 12mg/kg, the increase in the life span of 
animals bearing a variety of murine ascites tumors was 
significantly greater in all cases examined and were out
standing in Ehrlich carcinoma, Taper liver tumor and sar
coma 180 (Table 4). Sirotnak has also shown that when 
given orally IO-DA was twice as potent as MTX against 
LI210 leukemia at 6 mg/kg. IO-DA had a greater accumu
lation in tumor, but the persistence was similar for both 
drugs in drug limiting normal intestinal epithelium. The 
influx of both MTX and IO-DA was mediated by the same 

Figure 5. Structures of promising analogues of methotrexate. 
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Table 4. Relative efficacy ofsc administered methotrexate and IO-deaza-aminopterin against a variety of murine ascites tumors. Data from 
Sirotnak et al.: Cancer treat Rep 62: 1047-1051, 1977. 

Doset Average 
No. of (mgj MST ± SD ILS weight! 

Tumor Drug mice' kg) ( days) (%) (g) 

Ll210 5 x 4 6.7 ± 0.8 23.1 ± 0.6 
Methotrexate 5 x 2 3 1l.5 ± 1.1 71.8 22.8 ± 0.9 

5 x 2 6 14.4 ± 0.8 114.9 22.6 ± 1.9 
5 x 3 9 15.8 ± 0.9 136.0 23.0 ± 1.5 
5 x 3 12 16.7 ± 1.1 149.8 22.2 ± 1.8 
5 x 4 18 15.8 ± 1.9 136.0 18.3 ± 2.4 

10-Deaza-aminopterin 5 x 4 3 13.8 ± 0.7 106.2 22.5 ± 1.7 
5 x 2 6 15.2 ± 1.5 127.0 23.1 ± 2.1 
5 x 3 9 17.9 ± 0.8 167.8 21.5 ± 2.3 
5 x 3 12 18.2 ± 1.3 171.6 20.3 ± 2.3 
5 x 2 18 17.9 ± 1.6 167.8 17.2 ± 2.7 

Sarcoma 180 5 x 3 12.1 ± 1.1 28.4 ± 2.7 
Methotrexate 5 x 2 3 11.7 ± 1.7 0 26.2 ± 2.0 

5 x 3 6 15.2 ± 0.9 24.9 29.0 ± 3.1 
5 x 3 9 18.3 ± 2.0 51.3 29.4 ± 2.8 
5 x 3 12 19.8 ± 1.8 64.0 27.2 ± 3.2 
5 x 2 18 19.4 ± 2.7 60.6 19.6 ± 4.1 

10-Deaza-aminopterin 5 x 2 3 15.7 ± 1.1 28.7 26.0 ± 2.2 
5 x 3 6 21.2 ± 1.7 74.8 28.6 ± 1.9 
5 x 4 9 27.2 ± 0.9 124.3 27.2 ± 2.6 
5 x 3 12 > 31.4 ± 2.5 > 159.6§ 24.6 ± 2.9 
5 x 2 18 22.1 ± 2.4 84.0 16.8 ± 3.2 

P815 plasmacytoma 5 x 2 8.8 ± 0.9 22.4 ± 1.2 
Methotrexate 5 x 2 6 15.4 l.l 75.0 23.4 ± 0.6 

5 x 2 9 17.6 ± 1.6 100.3 22.7 ± 1.7 
5 x 2 12 18.4 ± 1.3 109.1 22.2 ± 0.9 

10-Deaza -aminopterin 5 x 2 6 18.2 ± 1.3 107.5 23.1 ± 0.8 
5 x 2 9 19.0 ± 0.9 116.3 22.4 ± 1.3 
5 x 2 12 19.2 ± 1.2 118.4 19.6 ± 1.8 

Ehrlich ascites 5 x 2 17.2 ± 2.1 31.2 ± 1.9 
Methotrexate 5 x 2 6 19.8 ± 2.3 15.1 31.0 ± 2.8 

5 x 2 9 20.8 ± 3.0 20.9 30.4 ± 3.4 
5 x 2 12 20.2 ± 1.9 17.0 29.6 ± 3.2 

10-Deaza -aminopterin 5 x 2 6 23.2 ± 1.8 34.8 30.6 ± 2.4 
5 x 2 9 27.2 ± 2.2 58.1 32.0 ± 4.1 
5 x 2 12 28.2 ± 2.9 64.0 26.6 ± 3.1 

Taper liver 5 x 2 14.2 ± 2.2 32.4 ± 1.8 
Methotrexate 5 x 2 6 19.7 ± 2.3 39.0 29.3 ± 2.7 

5 x 2 9 20.6 ± 2.8 44.8 29.7 ± 4.3 
5 x 3 12 20.2 ± 3.1 41.6 30.4 ± 3.8 

10-Deaza-aminopterin 5 x 3 12 26.1 ± 2.9 84.2 29.5 ± 4.8 

* No. of mice in each experiment x No. of experiments. 
t Given as a single sc injection. 
t Initial weight = 20 g. 
§ Two 60-day survivors. 

carrier mechanism and lO-DA showed a greater affinity for tumor activity in mice. The Ki for the inhibition of L1210 
the tumor carrier. The differences in the antitumor activities DHFR by compound 7 was 0.0028 nM compared to a Ki of 
of these drugs can be attributed in part to the differences in 0.0032 nM for MTX. This ethyl derivative was transported 
their membrane transport to various tissues. The contri- better to L1210 cells in culture than MTX. The Km for the 
bution of polyglutamation to antitumor activity, if any, influx of these compounds in this system were 0.89 and 
should await further investigations. 3.421-'M respectively. Finally, the antitumor effects of 10-

Further structural modifications of 10-DA have led to the deaza-lO-ethyl aminopterin (7), and MTX were determined 
development of a still better antitumor agent (33). This in mice bearing Ll210 leukemia. At the LDIO dosages, 7 was 
antifolate, lO-deaza -lO-ethy I aminopterin was much considerably more potent than lO-DA, which is itself more 
superior to lO-DA and exhibited a wide spectrum of anti- potent than MTX. These authors concluded that 'significant 



improvement in anticancer potential among antifolates can 
be achieved via modification of their cellular transport and 
in vivo distribution properties. The alterations in lipophilic 
character about the C9,NlO-bridge region of the folate 
skeleton were conductive to an improvement in rates of 
influx into tumor cells versus drug-limiting intestinal epithe
lium'. Both lO-Deaza aminopterin 6 and its ethyl analogue 
7 are undergoing clinical trials at Memorial Sloan-Kettering 
Cancer Center (131) and it is too early to evaluate their 
clinical utility. It is hoped that these analogues will offer a 
greater therapeutic advantage over MTX. 

2-Amino-4-oxy anti/olates which are not inhibitors of 
DHFR 
According to the definition, a folate antagonist is a com
pound which is capable of interfering with tetrahydrofolate 
utilization. Since a large number of folate based coenzymes 
playa significant role in cellular metabolism, it is conceiv
able that a powerful inhibitor of anyone of these enzymes, 
can be a potent antifolate. Our discussions on Folate An
tagonists belonging to this category will be restricted to 
those compounds, which are structural analogues of the 
vitamin folic acid. 

As discussed earlier, several MTX-resistant tumors have 
high levels of dihydrofolate reductase. Rather than develop
ing more powerful inhibitors of DHFR, Friedkin and co
workers (46, 47) were intrigued with the possibility of ex
ploiting high levels of dihydrofolate reductase in resistant 
cells to convert dihydro analogues of folic acid to lethal 
tetrahydro derivatives. Ifa synthetic substrate ofDHFR can 
be enzymatically reduced to its tetrahydro derivative in vivo, 
and if the resulting product is capable of inhibiting a folate 
dependent enzyme that is crucial to DNA biosynthesis such 
as thymidylate synthase (EC 2.1.1.45); selective toxicity in 
the chemotherapy of those cancers that are resistant to 
MTX can be achieved with varying degrees of success (46, 
93). This hypothesis was first subjected to experimental test 
when DeGraw and co-workers synthesized homofolic acid 
(8) (29). The 7,8-dihydro derivative of homo folic acid served 
as an excellent substrate of dihydrofolate reductase. This 
enzymatic reduction product, 1-L-tetrahydrohomofolic acid 
was shown to be a potent inhibitor of E. coli thymidylate 
synthase (56). However, it was a growth factor for S. fae
dum and L. casei. When 7,8-dihydrohomofolate was re
duced catalytically to the tetrahydro derivative; the resulting 
mixture of diastereomers exhibited powerful antifolate ac
tivity. This activity was later traced to be due to the "unna
-tural" diastereomer (80). Homofolic acid 8, its 7,8-dihydro 
-derivative, and the catalytic reduction product d,l-L-
tetrahydrohomofolic acid showed in vivo antitumor activity 
in the Ll210 murine tumor system (87, 90). These com
pounds exhibited superior activity against the MTX-resis
tant tumor line than the sensitive one. A derivative of homo
folic acid, d,l-L-5-methyl-tetrahydrohomofolate (compound 
20) showed activity against P288 leukemia, Lewis lung car
cinoma and B16 melanocarcinoma (77). Because of the alkyl 
substitution at N5, compound 20 is chemically more stable 
than d,l-L-tetrahydrohomofolic acid. This compound is 
presently undergoing Phase 1 clinical trial at the Sidney 
Farber Cancer Institute in Boston. 

The actual mechanism of the cytotoxic action of various 
homofolate derivatives is not clear. None of the compounds 
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showed potent inhibition of anyone of the folate dependent 
enzymes in vitro. There are evidences, however, that various 
homofolate derivatives inhibit different systems at different 
sites. The inhibitory effect of d,l-L-tetrahydrohomofolate on 
L1210 serine hydroxymethyl transferase, as well as 5,10-
methenyl tetrahydrofolate cyclohydrolase has been docu
mented (77). There is no question, however, that homofolate 
derivatives interfere with folate metabolism. For example, 
the toxicity to rhesus monkeys as a result of intravenous 
administration of the sodium salt of this drug such as 
anorexia, diarrhea, leukopenia, reticulocytopenia and im
paired renal function can be completely reversed by concur
rent administration of tetrahydrofolate. Livingston, Craw
ford and Friedkin (83) have shown that tetrahydroho
mofolate does not exert its cytotoxicity by inhibiting either 
DHFR or thymidylate synthase in MTX-resistant mouse 
leukemia cells. There is a distinct possibility that these com
pounds may be metabolized in vivo to an antimetabolite 
which is responsible for their cytotoxicity. Such a metabolite 
may be a poly-y-glutamate with a specified chain length 
(Structure 19). The 5-methyl derivative of d,l-L
tetrahydrohomofolate (20) is considerably less toxic to mice 
than the parent compound at 800-1600mg/kg. This ob
servation has been confirmed, also in dogs and monkeys. 
5-methyl tetrahydrohomofolate is a substrate of cobalamin 
methyl transferase from mammalian cells. However, this 
enzyme in intact animals apparently does not metabolize 
large amounts of this compound. Studies by EI-Dareer and 
co-workers (42) have shown that no appreciable metabolism 
of this drug occurred in the bodies of mice, dogs or mon
keys. Because ofthe great interest in homofolate derivatives, 
three reviews have appeared on this subject, and the readers 
are referred to these reviews for additional details (77, 78, 
79). Subsequent to the synthesis and biological evaluation of 
homofolate derivatives, several 2-amino-4-oxy antifolates 
were reported from a few laboratories. These compounds 
are (Figure 6): 

o 
H II N 0 0 H COOH 
'N:Y ~(CH2)n-Y If _ ~ C-N-?-H 

H2NAN.Jl---x~ CH2-CH2-COOH 

~. X=N: n=2: Y=-NH 
~ X=N:n=1:Y=S 

10. X=N:n=1:Y=0 
11. X= N: n=2: Y=O 
12. X=N:n=2: Y=S 
13. X=-CH:n=1:Y=-NH 

Figure 6. Several 2-amino-4-oxy-antifolates. 
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(a) 11-0xahomofolic acid (11) and its reduced deriva
tives (9S) 

(b) ll-Thiohomofolic acid (12) and its reduced deriva-
tives (96) 

(c) Isofolic acid (101) 
(d) lO-Thiofolic acid (9) (100) 
(e) 1O-0xafolic acid (10) (99) 
(f) S-Deazafolic acid (13) (31) 
(g) lO-Deazafolic acid (136) 
(h) 5,S-Dideaza-N lO-Propargyl folic acid (14) (75) 
(i) 5,S-Dideaza-N lO-cyanomethyl folic acid (15) (94) 
None of the antifolates mentioned above is a potent 

inhibitor ofDHFR in vitro. 11-0xahomofolic acid (11) after 
chemical reduction to its 7,S-dihydro derivative serves a 
substrate for L. casei DHFR, exhibiting a rate of > 50% of 
that of the natural substrate. The enzymatically reduced 
1-L-tetrahydro-ll-oxahomofolate showed antifolate activity 
against both MTX sensitive and MTX resistant strains of L. 
casei and S. faecium. The catalytically reduced d,l-L
tetrahydro-ll-oxahomofolate was 5-10 times more inhibi
tory than the enzymatic reduction product for both S. fae
cium and L. casei. 7,S-dihydro-ll-oxahomofolate also 
served as a substrate for DHFR derived from human KB/6b 
cell lines. This enzymatic reduction product, however, 
showed only weak cytotoxicity against human KBP and 
human KB/6b cell lines in culture (3S). Similar investi
gations were carried out with I1-thiohomofolate and its 
reduced derivatives. Again, it was observed that the tetra
hydro derivative possessing the 'unnatural' configuration at 
C6 was more active than the natural isomer. 

Another example of a 4-oxy antifolate which showed 
significant activity in the L1210 system is S-deazafolic acid 
(13). It is a poor inhibitor of L. casei DHFR or thymidylate 
synthase; or L-121O DHFR. Other folate analogues which 
are not inhibitors of DHFR but exhibiting antifolate ac
tivity in the microbial system include isofolic acid, (dl)-5,S
dideaza-tetrahydrofolate (2S); lO-deazafolic acid, lO-oxafol
ic acid, and lO-thiofolic acid. Some of these analogs were not 
tested in the mammalian system. 

Anti/olates which are inhibitors of thymidylate synthase and 
GAR transformylase 
As pointed out earlier, specific inhibitors of thymidylate 
synthase which are generated in vivo by the bioreduction of 
synthetic substrates of DHFR will have definite advantages 
in the chemotherapy of those tumors which are over
producers of DHFR. Although this approach is very ap
pealing, the development of such analogues is dependent on 
the activities of more than one enzyme. Another attractive 
approach is to develop very specific and potent inhibitors of 
thymidylate synthase. Several powerful inhibitors of this 
enzyme such as 5-fluorodeoxy uridine are already available, 
and a few of them are in clinical use. These inhibitors are 
analogues of the substrate, deoxy urilylate monophosphate, 
and they need to be activated by enzymes which are not 
involved in de novo thymidylate biosynthesis, such as thy
.midine kinase and they frequently get incorporated in bio
logical macromolecules. Such factors seriously limit the 
clinical usefulness of these compounds. 

If, on the other hand, potent inhibitors of thymidylate 
synthase which are analogues of the coenzyme can be de
veloped, the problems of the need for activation as well as 

the toxicities associated with the incorporation of the in
hibitors to biological macromolecules such as RNA can be 
eliminated. The reasons are: (a) the independence of 
coenzyme analogues to metabolic activation; (b) the im
probability of the coenzyme analogues becoming incor
porated into RNA; (c) a coenzyme analogue which is a 
specific inhibitor of thymidylate synthase, but not an in
hibitor of DHFR will have practically no adverse effect on 
purine metabolism or other one carbon metabolism path
ways; and (d) the metabolic block is confined to the syn
thesis of only dTMP, which is an obligatory intermediate in 
de novo DNA biosynthesis. In addition to these advantages, 
these compounds may be expected to have potential use in 
the chemotherapy ofMTX-resistant tumors. Based on these 
arguments, there have been numerous attempts to develop 
specific inhibitors of thymidylate synthase of the coenzyme 
class. The synthesis and biological evaluation of a number of 
folate and homofolate analogues were carried out during the 
past two decades. However, with the exception of 
tetrahydrohomofolate, no other analogue showed any 
potent inhibition of thymidylate synthase. It was observed 
by Scanlon et al. (121) and McCuen and Sirotnak (S5) that 
certain 2,4-diamino quinazolines were reasonable inhibitors 
of thymidylate synthase. In the 2-amino-4-hydroxy-5,S
dideazafolates (4-oxy quinazoline series) it was demon
strated (IS) that a methyl group introduced in the 5-position 
impairs the inhibition, but the same substituent at the tenth 
position enhances it. As part of a systematic attempt in 
modifying the structure of 5,S-dideazafolic acid to develop 
more powerful inhibitors of thymidylate synthase, Jones 
and co-workers (75) introduced a propargyl substituent at 
the NIO-position of the parent compound. The resulting 
N lO-propargyl-5,S-dideazafolic acid (14) exhibited outstand
ing inhibition of thymidylate synthase derived from L1210 
cells with a Ki of I nM. The actual mechanism by which 14 
inhibits the enzyme is not clear. Presumably, this inhibition 

• which is competitive with respect to N 5,N lO-methylene 
tetrahydrofolate is due to the fact that 14 is a transition state 
analogue of the coenzyme and that the propargyl sub
stitution at the NIO-position increases the affinity of this drug 
towards the catalytic site of the enzyme. This quinazoline 
analogue, which is also known as CB-3717 or PDDF 
showed excellent activity in causing long-term survival of 
mice inoculated with L1210 cells (Figure S). It was also 
active against MTX-resistant L-121O leukemia (high reduc
tase) in mice. 

FURTHER RESEARCH 

The key question - how and why a particular drug may kill 
tumor cells more selectively than the normal cells - has to be 
answered clearly and completely before a cure for cancer can 
be found. It is known that certain antifolates show tumor 
specificity because they are selectively retained in the tumor, 
either by enhanced transport to or metabolism within these 
cells. Differential metabolism of antifolates such as poly
glutamate synthesis in the tumor versus normal proliferative 
tissues is known to occur in a variety of tumors; and the 
contribution of this differential metabolism to the overall 
chemotherapeutic efficacy of the drug needs to be un
ravelled. Analogues of MTX which are capable of enhanced 
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Figure 7. The structures of various poly-y-glutamates of folic acid; homofoloic acid; methotrexate, 10-deaza aminopterin; lO-deaza-IO-ethyl 
aminopterin; the experimental drug N5-methyl-tetrahydrohomofolate (20) and 7-thydroxymethotrexate [(24); n = 0]. 

polyglutamation may have significant advantages over 
methotrexate in the treatment of those tumors which are 
overproducers of polyglutamates. In high dose methotrexate 
therapy a significant amount of MTX is metabolized to its 
7-hydroxy derivative and is often precipitated in the kidney 
of patients. The biochemical details of the formation of this 
metabolite as well as its metabolic fate including poly
glutamation in vivo has to be studied in detail. 

As noted previously, the chemotherapeutic index of an 
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antifolate can be significantly improved if the dr]Jg can be 
selectively transported to, retained or activated in the tumor. 
Many tumors have shown a specificity for the C9,NlO-bridge 
region of various antifolates for transport influx. A detailed 
understanding of the relationships among the structures of 
the antifolates and their interaction with the tumor cell 
transport receptors will lead to the design of better drugs 
which are capable of enhanced transport to the tumor cells. 
Structural modifications at the glutamate moiety of various 
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ammals)-CB 3717 control. (Ammals were IllJected wIth 20mM NaHC03 buffer O.4ml daily x 5 days); e, MTX 3mg/kg daily x 5 (10 
ammals); .... , CB 3717 125mg/kg dally x 5 (10 animals). Survivals from these treatments were identical, hence the data points are 
supenmposed. 1::.., CB 3717 200 mg/kg daily x 5 (10 animals). The difference in the survival of quinazoline- and MTX-treated animals is 
highly significant, P < 0.001 using the log rank test [45]. Adapted from Jones et aZ.: Eur J Cancer 17:11-19,1981. 
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2,4-diamino folate analogues with a view to enhance poly
glutamation in the tumor, may be beneficial in the develop
ment of more selective drugs. One might expect that such 
compounds will be concentrated and retained more in the 
tumor than the normal tissues. The biochemical reasons of 
the ability of certain tumors to preferentially synthesize 
polyglutamates of antifolates such as MTX and its close 
analogues should be unravelled. Is it due to enhanced ac
tivity of the polyglutamate synthetase or decreased activity 
of 'conjugase' in the tumor compared to normal prolifer
ative tissues? In this regard, design of antifolates which are 
either better substrates of the poly glutamate synthetase or 
inhibitors of conjugase may prove to be beneficial. In the 
case of I O-deaza-l O-ethyl aminopterin (7), which is a 
superior antitumor agent compared to MTX or 10-DA, 
future investigations such as its transport characteristics and 
polyglutamation in vivo should be studied. Results from 
such studies, can then be utilized for the design of better 
antitumor agents. The biochemical and pharmacological 
properties of lO-deazoaminopterin metabolites should be 
studied in detail both in vivo and in vitro. 

Investigations pertaining to the development of synthetic 
substrates of dihydrofolate reductase should be continued 
for the accessibility of 4-oxy antifolates which are capable of 
exhibiting selective toxicity against MTX-resistant (high 
reductase) tumors by virtue of the lethal synthesis mecha
nism. Finally a second generation of N IO-propargyl-5,8-
dideazafolic acid (14), (CB3717) and DDATHE having 
more desirable biochemical and pharmacological dis
position should be synthesized and evaluated. The exciting 
new lead provided by 14 and DDATHE should be thor
oughly exploited for the development of more successful 
antifolates, which are inhibitors ofthymidylate synthase and 
GAR-transmylase. 

ABBREVIATIONS USED 

MTX, Methotrexate; MTXG1, methotrexate mono
glutamate having two glutamate moieties; MTXG2 , metho
trexate diglutamate residues, ... , etc. CF, Citrovorum 
factor, also known as leucovorin or folinic acid. DHFR, 
dihydrofolate reductase; TS, thymidylate synthase. 10-
DA,IO-deazaaminopterin. 
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PURINE ANTIMETABOLITES 

WOLFGANG SA nEE and BINH NGUYEN 

The ever increasing number of purine analogs with potent 
biological properties, either isolated from various microor
ganisms or obtained by chemical synthesis, can elicit an 
unusual fascination with this subject. What are the unique 
features of purine metabolism in different species and cell 
types that allow one organism to accumulate high con
centrations of cytotoxic purines, presumably as a defense 
mechanism without harm to itself? And more relevant to the 
present review, can these natural antipurines or their syn
thetic counterparts be utilized to preferentially kill cancer 
cells without affecting normal tissues? The answer to the 
latter question must be a qualified because with the excep
tion of the 6-thiopurines there are no purine antimetabolites 
in general clinical use in the treatment of neoplasms. How
ever, among the new anticancer drugs undergoing clinical 
evaluation, the purine antimetabolites indeed playa very 
prominent role. Of 37 experimental anticancer drugs for 
which INDA's were filed by the NCI during the period 
1977-1983, no less than seven are purine antimetabolites 
(64). These experimental antipurines are: 

L-alanosine (NSC 51143) 
tiazofurin (NSC 286193) 
f1udarabine phosphate; 5-f1uoro-ara-AMP (NSC 312887) 
acivicin (NSC 163501) 
DON; 6-diazo-5-oxo-L-norleucine (NSC 7365) 
pentostatin; deoxycoformycin (NSC 218321) (poten
tiates araA activity) 
9-arabinosyl adenine; araA (NSC 404241) (in combina
tion with pentoatatin). 

In this review we will briefly describe the purine metabolic 
network in order to provide a basic understanding of the 
current rationale underlying the use of purine antimetab
olites against neoplasms. Furthermore, we will provide a 
summary of the currently available major antipurines and 
their mechanisms of action. Detailed discussion will be lim
ited to the 6-thiopurines, and tiazofurin as an example of 
one of the experimental drugs. 

Several antimetabolites are excluded since they do not act 
specifically on purine metabolism alone, e.g., the antifols 
and ribonucleotide reductase inhibitors. The listed gluta
mine analog acivicin acts on pyrimidine metabolism (e.g., 
CTP synthetase), but it also blocks two purine pathways 
(amidophosphoribosyl transferase and GMP synthetase) 
and therefore represents to a substantial degree a purine 
antimetabolite. 

54 

THE PURINE METABOLIC NETWORK 

Cells can synthesize purine nucleotides either by the de novo 
pathway or by the salvage pathways that utilize preformed 
purine bases and nucleosides (Figure 1). (For review see: 20, 
65-75). The first de novo enzyme committed to purine bio
synthesis, amido phosphoribosyl transferase or PRPP am
idotransferase, utilizes PRPP and glutamine to form phos
phoribosylamine. It represents the rate limiting step for 
overall de novo purine biosynthesis and is the target of 
inhibition by purine nucleotide products. From phosphori
bosylamine the purine ring systerp is constructed in a series 
of metabolic steps (Figure 1) witli IMP as the first complete 
purine nucleotide, which represents the branching point for 
the biosynthesis of adenine and guanine nucleotides. IMP
Dehydrogenase is probably the enzyme of lowest capacity 
among the enzymes catalyzing purine ribonucleotide metab
olism. Control at the IMP branching point is provided by 
both positive and negative feedback mechanisms: ATP is 
required for GTP synthesis, and GTP for ATP synthesis, 
while GMP and AMP inhibit their own production (20). 

The rate limiting enzyme for the utilization of guanine 
and "adenine for DNA synthesis is thought to be the ribonu
cleotide reductase which is capable of reducing all four (T, 
C, G, A) ribonucleotide diphosphates to the corresponding 
deoxyribonucleotides, which are subsequently phosphory
lated to triphosphates and incorporated into DNA by DNA 
polymerase. It is possible that this sequence of events is 
mediated by a multi enzyme complex, forming a metabolic 
channel that guides distant DNA precursors (e.g., GDP or 
ADP) directly into DNA without mixing with the general 
cellular pools of the intermediate products (e.g., (59». While 
such channeling could be of biological importance in the 
control of cell replication, it has predominantly been studied 
for the pyrimidine nucleotides, while its significance remains 
largely unknown for the purine nucleotides. The control of 
ribonucleotide reductase is extremely complex, with A TP 
serving as an allosteric effector ofCDP and UDP reduction, 
dGTP as an effector of ADP reduction and an inhibitor of 
UDP and CDP reduction, and dATP as a general feedback 
inhibitor (59, 62). 

Because of the vital importance of purine nucleotides, it is 
not surprising that the cells can rely on an alternative purine 
supply system, namely the salvage pathways that largely 
consist of two phospho ribosyl transferases (APRTase and 
HGPRTase) and several nucleoside kinases. The salvage 
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Figure 1. Purine metabolic network. Only major metabolic pathways are included; moreover, pathways leading to specialized products 
(SAM, NAD, ODP-mannose, etc.) are also omitted. The following abbreviations are used: Purine and their metabolic precursors: IMP, 
inosinate; XMP, xanthylate; SAMP, adenylosuccinate, FAICAR, formylaminoimidazolecarboximide ribonucleotide, AICRP aminoi
midazole carboxamide ribosephosphate, AICAR, aminoimidazolecarboximide ribonucleotide, AIR, aminoimidazoleribonucleotide, 
AIRP, aminoimidazoleribonucleotide phosphate, FOAM, formylglycinamidine ribonucleotide, FOAR, formylglycine, amidoribonucleo
tide, OAR, glycine amidoribonucleotide, PRA, phosphoribosylamine; PRPP, phosphoribosylpyrophosphate. Selected enzymes: RR, 
ribonucleotide diphosphate reductase; ASS, adenylosuccinate synthetase; ASL, adenylosuccinate lyase; AMPDA, AMP deaminase; 
IMPDH, IMP dehydrogenase, OS, guanylate synthetase; FOAMS, FOAM synthetase; ATR, amidophosphoribosyl transferase; XO, 
xanthine oxidase. Salvage enzymes: APRT, adenine phosphoribosyl transferase, ADA, adenosine deaminase; HOPRT, hypoxanthine
guanine phosphoribosyltransferase; PNP, purine nucleotide phosphorylase. Purine anti metabolites: 6-MP; 6-mercaptopurine; 6-TO, 
6-thioguanine; 6-MMPR, 6-methylmercaptopurine ribonucleoside; MA, mycophenolic acid, MTX, methotrexate; DON, 6-diazo-5-oxo-L
norleucine, DTIC, dimethyltriazenoimidazole carboxamide; EHNA, erythro-9-(2-hydroxynon-3-yl)-adenine. 
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enzymes in most tissues possess a greater biosynthetic capac
ity than the de novo enzymes (66, 67) and allow the cells to 
reuse circulating purine bases and nucleosides. Their biolog
ical importance is illustrated by the severe or lethal conse
quences of inborn deficiencies of HGPRTase (Lesh-Nyhan 
syndrome) and of PNPase and ADAase (immuno deficien
cies). Moreover, most purine antimetabolites require activa
tion by salvage enzymes to cytotoxic nucleotide analogs. 
This places added significance on the salvage pathways in 
the clinical use of anti purines against cancer. While adenine 
and guanine nucleotides serve many cellular functions, a 
generalization as to their predominant roles can be made 
(59, 62). The adenylates carry the major burden as energy 
donors and thus play an important role in metabolic 
processes, while the guanylates are more prominent as reg
ulators of enzymatic processes than as energy donors and 
appear to exert a critical control over cell replication. Much 
more adenylates are required than guanylates which is re
flected in the relative abundance of both (A TP 2-3 mM, 
GTP ~ 0.3 mM in mammalian liver). Moreover, inhibition 
of guanylate synthesis results in an immediate cessation of 
DNA synthesis, while inhibition of adenyl ate synthesis re
sults in cell toxicity before any reduction in DNA synthesis 
is apparent (9). Other functions of GTP include: substrate 
for RNA, Y-'cap' formation in messenger RNA, production 
of small nRNA species, polymerization of micro tubules, 
lipid biosynthesis (GDP-mannose), cyclic GMP formation, 
protein synthesis, activator of CTP synthetase and adeny
losuccinate synthetase, inhibitor of AMP deaminase. 
Thcrefore, depletion of guanine or the formation of toxic 
guanine nucleotide analogs may interfere with any of these 
diverse functions to a varying extent. 

Finally, it should be noted that the pyrimidine nucleotide 
metabolism cannot be viewed independent of purine metab
olism, since both networks may compete for the same sub
strate (PRPP, glutamine) or serve as mutual regulators. 
Examples of purines as regulators of the pyrimidine network 
are already mentioned above (GTP function for CTP syn
thetase (26) and the ribonucleotide reductase regulation) 
and further include GMP as an inhibitor of dCMP deami
nase (36) and A TP as a primary donor in phosphorylation 
reactions. 

CORRELATION BETWEEN CELLULAR 
TRANSFORMA TION AND TUMOR PROGRESSION 
AND THE CONCURRENT CHANGE IN PURINE 
METABOLISM 

Let us now consider the question how purine antimetab
olites can selectively interfere with the metabolism of trans
formed cells. Weber (66, 67) has proposed the 'molecular 
correlation concept' as a biochemical strategy to develop 
anticancer drugs. This concept is based on key enzymes and 
metabolic pathways that are stringently linked with neoplas
tic transformation. Apparently, a reprogramming of gene 
expression occurs that is rather specific to the process of 
transformation, with quantitative and qualitative (isozyme 
shift) metabolic imbalance that is consistently found within 
several metabolic networks, e.g., the purine and pyrimidine 
pathways. Further changes during the progression stage of 
neoplasm may lead to additional progression-linked enzyme 
changes. 

Weber and colleagues (66, 67) have identified a series of 
key enzymes among the purine pathways that lead to an 
enhanced synthesis and utilization of purines in neoplastic 
over that in normal cells. These studies were primarily con
ducted in hepatoma cell lines, but the same changes were 
found to occur in other cells as well. The following key 
enzymes of the synthetic pathways were elevated and can 
serve as enzyme markers of transformation: (see Figure I) 

amido-phosphoribosyl transferase 
formylglycineamidine ribonucleotide synthetase 
adenylosuccinate synthetase 
adenylosuccinate lyase 
AMP deaminase 
IMP dehydrogenase 
GMP synthetase 

Among the degradative enzymes, the following were de
creased, thereby providing a greater purine salvage supply: 

Y -nucleotidases 
inosine phosphorylase 
xanthine oxidase 

The synthetic enzymes are elevated 2-10-fold in tumor tis
sues, while the catabolic enzymes are drastically reduced. 
Because of their rate limiting capacity, their key location in 
the metabolic pathways, their sensitivity to feedback inhibi
tion, and their stringent linking to transformation and pro
gression, amidophosphoribosyl transferase, adenylosuc
cinate synthetase and IMP dehydrogenase have emerged as 
the primary targets of purine antimetabolites of potential 
promise as anticancer drugs. 

A BRIEF SURVEY OF THE MAJOR PURINE 
ANTIMET ABO LITES 

Because of the varied functions of the purine nucleotides, it 
is not surprising that most antimetabolites display more 
than one type of cellular toxicity. The major challenge then 
is to elucidate the mechanism or mechanisms that are re
sponsible for the antitumor effects, a question that remains 
elusive to a large extent. In principle, the purine metabolites 
can block certain enzymatic pathways or they can mimick 
the reactivity of the natural purines as substrates to be 
metabolized to their corresponding ribonucleotide and de
oxyribonucleotide triphosphates and subsequently incor
porated into DNA and RNA. Interference with nucleic acid 
synthesis and function causes multiple types of toxicities and 
will be discussed separately. Frequently, both inhibition of 
mononucleotide metabolism and nucleic acid incorporation 
occur (example: 6-thiopurines). The effects of purine 
analogs are either cytotoxic, a characteristic apparently in
herent with any antitumor efficacy, or regulatory in par
ticular with respect to external message/signal transduction 
through the cell membrane and intracellular processing of 
the message. These events involve GTP regulated mem
braneous coupling proteins, cyclic AMP and cyclic GMP, 
and protein kinases that are largely dependent on ATP. 
Purine analogs that interfere with these regulatory functions 
can produce muscle relaxation, hypothermia, antiallergic 
activity, inotropic effects on the heart, etc. (e.g., (2)). It is 



unknown whether such effects play any role in the antitumor 
effects of purine antimetabolites. 

Most of the purine antimetabolites are applied in the form 
of bases or nucleosides which must rely on activation by the 
purine salvage enzymes for activation. Alterations or de
letions of nonessential tumor salvage enzymes therefore 
represent a major mechanism of drug resistance (vide infra, 
6-thiopurines). Robins (44) recently pointed out the advan
tages that could arise from the use of nucleotide analogs that 
do not need to be further activated and that do not enter 
RNA or DNA. He also reviewed the mechanisms by which 
the polar nucleotide analogs can enter the cells (44). 

Antimetabolites that interfere with adenine metabolism. Ad
enine analogs of potential clinical utility include L
alanosine, fiudarabine phosphate, pentostatin and 9-arabi
nosyl adenine (64). Further, adenine antimetabolites include 
tubercidine (7-deazaadenosine), 2-fiuoroadenine, 8-
azaadenine, formycin, toyocamycin, sangivamycin, cordy
cepin (3' -deoxyadenosine), psicofuranine, hadacidin, 2-
chloro- and 2-bromo-2'-deoxyadenosine (19, 40, 41,52,69). 

Of considerable interest are deoxyadenosine analogs or 
compounds that interfere with (deoxy)adenosine deaminase, 
(e.g., (19, 24». The latter compounds include formycin, 
pentostatin (deoxycoformycin), EHNA. Deoxyadenosine is 

HO HO 

formycin 

highly toxic to the cells because of its potent feedback inhibi
tion of ribonucleotide reductase after phosphorylation to 
dATP (e.g. (62», although other mechanisms of cellular 
toxicity have also been proposed, e.g., deoxyadenosine in
corporation into polyadenylated RNA and the accumula
tion ofS-adenosylhomocysteine (e.g., (24». The observation 
that an inborn deficiency of adenosine deaminase (ADA) 
leads to immunodeficiency because of T and B cell toxicity 
prompted the use of 2' -deoxyadenosine in combination with 
2' -deoxycoformycin (to prevent dAdo deamination) in T 
lymphoblastic leukemia (12,24). Another use of the ADA 
inhibitors is to block the deactivation of adenosine analogs, 
such as 9-arabinosyl adenine (64). 

The inhibition of de novo adenylate formation represents 
another important target with two key enzymes, adeny
losuccinate synthetase and adenylosuccinate lyase (Fig. I). 
The amino acid analogs L-alanosine and hadacidin are 
either competitive with or replace aspartate in the formation 
of adenylosuccinate (21, 52). In particular, L-alanosine 
isolated from a Streptomyces (41), was found to be effective 
against certain viruses and transplanted fibrosarcoma in
duced by SV-40 virus in newborn hamsters. It undergoes 
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condensation with inosinate (IMP) (21) and also forms the 
alanosine analog of N-succinyl-carboxamide-amino imi
dazole riboside (28) which may represent the active con
jugate that inhibits adenylsuccinate synthetase. Although 
the biological consequences of adenine nucleotide depletion 
remain unknown, cell toxicity by adenine starvation is ap
parently unrelated to RNA and DNA synthesis which con
tinues at a normal rate at moderately toxic concentrations of 
L-alanosine (9). L-Alanosine is currently undergoing clinical 
testing (14). 

Antimetabolites that interfere with guanine metabolism. In 
contrast to adenine starvation, guanine nucleotide starva
tion leads to a drastic reduction in DNA synthesis and to a 
lesser extent RNA synthesis, which occurs before the cel
lular pools of GTP and dGTP are fully exhausted (9). More 
recent studies with partially synchronized cell populations 
argue against the existence of separate cellular compart
ments of guanine nucleotides for nucleic acid synthesis. 
Again, our understanding of the biological consequences of 
guanine starvation is limited; nevertheless, with the rate 
limiting IMP dehydrogenase stringently linked to trans
formation and progression, inhibitors of this enzyme are 
potent antiviral drugs or antitumor agents in rodent tumor 
models: the 6-thiopurines, 3-deazaguanine, tiazofurin (see 
below), mycophenolic acid (see below), 6-chloropurine, vir
azol (1, 25, 43, 49, 50, 53, 56, 57). Mycophenolic acid is 
thought to represent a rather selective IMP dehydrogenase 
inhibitor with antiviral and antitumor activity, and limited 
antibacterial and antifungal activity. It was apparently iso
lated in 1896 by Gozio from the broth of penicillin glaucum 
and only much later proposed as a new lead compound in 

COOH 
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mycophenolic acid 

anticancer chemotherapy (57). Its major limitation for clini
cal use was thought to be its rapid in vivo inactivation by 
glucuronidation at the carboxyl function (56). Other IMP 
dehydrogenase inhibitors followed with tiazofurin rep
resenting one of the promising drugs. It will therefore be 
discussed separately. 

Although guanylate synthetase usually displays a greater 
capacity than IMP dehydrogenase, there are several interest
ing anti metabolites that interfere at that point of guanylate 
formation de novo: acivicine, oxanosine, decoyinine, psi
cofuranine (66, 67, 72). In oxanosine, the N-l is replaced by 
an oxygen which conveys its inhibitory properties against 
GMP synthetase (72). 

Cadeguomycin represent just one more example of a 
guanosine analog isolated from microorganisms (58, 71). 
One can thus expect more guanine analogs of potential value 
in chemotherapy in the near future. 
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ANTIMETABOLITES THAT INTERFERE WITH 
EARLY DE NOVO PURINE BIOSYNTHESIS 

The very first committed and rate limiting step of de novo 
purine biosynthesis is the target of several important 
antimetabolites that either afford allosteric inhibition of 
amidophosphoribosyl transferase (6-thiopurines, formycin) 
or compete with or mimick glutamine as the source of the 
amino group (azaserine, acivicin, DON). The glutamine 
antimetabolite acivicin interferes with several glutamine re
quiring reactions that appear to be transformation linked: 
amidophosphoribosyl transferase, GMP synthetase, car
bamylphosphate synthetase and CTP synthetase, and it is 
therefore of considerable theoretical and possibly clinical 
interest (66). Azaserine also interferes with FGAM forma
tion (Figure 1); however, it additionally acts as a potent 
mutagen-carcinogen by causing extensive DNA damage 
(34). The reaction thought to be responsible for the DNA 
toxicity is the 1X,{3-elimination of diazo acetic acid which gives 
rise to carboxymethylated bases in DNA (75). 

Antimetabolites that interfere with nucleic acids. The first 
example to be discovered of purine antimetabolite incor
poration into nucleic acids was 8-azaguanine (40). Its toxic
ity is primarily a result of incorporation into RNA, which 
inhibits maturation ofrRNA and thus protein synthesis (43, 
69). Puromycin also inhibits protein synthesis at the riboso
mal level. In contrast, 3-deazaguanine's toxicity is primarily 
directed against DNA after incorporation, although RNA 
related effects cannot be ruled out (43). A similar case can be 
made for 6-thioguanine. Other antimetabolites that are in
corporated into nucleic acids or inhibit their functions or 
formation include tubercidine (7-deazaadenosine) and 2-
fluoroadenosine (40). The mode of action of these agents is 
extremely diverse and often largely unaccounted for. 

6-THIOPURINES 

The thiopurines, 6-mercaptopurine and 6-thioguanine, rep
resent the only purine antimetabolites that are currently in 
general clinical use as anticancer drugs. The 6-thiopurine 
derivative azathioprine is primarily used as an im
munosuppressive agent and will not be discussed here. 6-
Methylmercaptopurine ribonucleoside (6-MMPR), a met
abolite of 6-mercaptopurine, is of interest since its toxicity is 
rather selectively a result of feedback inhibition of ami
dophosphoribosyl transferase by the nucleotide monophos
phate of 6~MMPR (18). The 6-thiopurines are clinically used 
primarily in combination chemotherapy against various 

leukemias (8); dose limiting toxicities of thioguanine include 
nausea and vomiting and myelosuppression (6, 8, 27). 6-
Mercaptopurine is extensively metabolized along a number 
of pathways that include its conversion to 6-thioguanine 
5' -monophosphate. The metabolism of both 6-mercap
topurine and 6-thioguanine is given in Figure 2. Degradative 
pathways primarily include liver microsomal cytochrome 
P450 enzymes and xanthine oxidase. Inhibition of the latter 
by concomitant administration of allopurinol can lead to a 
significant decrease of thiopurine catabolism following oral 
doses (73) during the first-pass metabolism in the liver. 
Salvage enzymes (HGPRTase) activate 6-mercaptopurine 
and 6-thioguanine to their corresponding nucleotides. 6-
Mercaptopurine ribosyl 5'-phosphate (6-MPRP) is then 
either methylated to the active 6-MMPRP nucleotide or to 
6-TGRP (Figure 2), which is subsequently elevated to the 
ribo- and deoxyribonucleotide triphosphates and incor
porated into DNA and RNA (4, 15,42, 60, 61, 68). 

The mechanisms of action of the 6-thiopurines include the 
following (15, 42): 

1. Inhibition of de novo purine biosynthesis by feedback 
inhibition of amidophosphoribosyltransferase by 6-
MMPRP, 6-MPRP and 6-TGRP. 

2. Sequential blockade of guanine nucleotide biosyn
thesis mostly by 6-TGMP. 

3. Incorporation of 6-thioguanine into DNA. 
4. Incorporation of 6-thioguanine into RNA with subse

quent effects on rRNA maturation or translation. 
5. 6-MPRP inhibits 3' to 5' exonuclease activity of DNA 

polymerase, thereby mimicking IMP effects (30). 

Both purine biosynthesis inhibition and incorporation into 
nucleic acids were discovered rather early (4, 32,33). How
ever, the question as to which mechanism is the more impor
tant with regard to cytotoxicity (in particular of 6-mercap
topurine) remained controversial. An early study had re
vealed a greater degree of 6-thioguanine incorporation into 
DNA of 6-mercaptopurine resistant mouse tumor cells (4). 
However, Tidd and Paterson (60) showed that exposures of 
cells to equitoxic doses of 6-mercaptopurine and 6-thio
guanine led to equal extents of 6-thioguanine incorporation 
into DNA at the time when toxicity became apparent. The 
same authors subsequently distinguished between the inhibi
tion of purine nucleotide biosynthesis with immediate onset 
of cellular toxicity and the delayed toxicity associated with 
DNA incorporation (61). 

The delayed DNA related toxicity of 6-thioguanine be
came the subject of intensive investigations. Weigent and 
Nelson (68) showed that one 6-thioguanine per 100000 base 
units disrupts the transforming ability of B. subtilis DNA, 
and they concluded that 6-TG-DNA cannot serve as a 
template in vitro for transformation. With the use of a 
technique called premature chromatin condensation, May
baum and Mandel (38, 39) were able to demonstrate severely 
disrupted chromatin in G2 cells that apparently occurred in 
only one of the sister chromatids with the delay of one cell 
cycle. They argued that 6-thioguanine readily incorporates 
into DNA, but that 6-TG-DNA fails to serve as an adequate 
template for DNA replication, which explains the delayed 
cytotoxicity. 

The complexity of the mechanism of the thiopurine cy
totoxicity is further demonstrated by the paradoxical behav-
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ior of 6-mercaptopurine. With increasing doses, cytotoxicity 
reaches a plateau and subsequently decreases. Matsumura et 
al. (37) have attributed this behavior to a drug induced block 
of cell progression in G 1, which prevents the cells from 
suffering lethal damage in G2. 

Acquired resistance to the thiopurines presents a major 
problem with their clinical use (as well as that of other 
purine antimetabolites) and has, therefore, been extensively 
studied (3, 7, 18,31,47,48,63,70). Alterations or deficien
cies of HGPRTase were expected since this enzyme is re
quired for thiopurine activation (e.g. (7)). Indeed, van Dig
gelen et al. (63) found 6-thioguanine resistance in cell cul
tures in vitro to be almost exclusively associated with 
HGPRTase deficiency, and Bennett et al. (3) suggested the 
ribonucleotide 6-MMPR as an alternative agent. Other 
mechanisms of resistance were also observed, including al
tered feedback inhibition of amidophosphoribosyl trans
ferase (18) and increased nucleotide phosphohydrolyse ac
tivity to deactivate the thiopurine nucleotides (70). Further
more, the frequency of the various biochemical modes of 
thiopurine resistance in cancer patients did not reveal a 
prevalence of HGPRTase deficiency (47, 48). Severe to 
moderate HGPRTase deficiency (determined by the 
APRTase/HGPRTase ratio) was only observed in 12% and 
23%, respectively, of resistant tumors with acute nonlym
phocytic leukemia. Altered HGPRTase (determined by the 
6-MP/hypoxanthine specific activity ratio) was detected in 6 
out of 18 resistant patients with acute leukemia. Finally, 
increased phosphohydrolase activity was present in 6 out of 
7 resistant tumors with acute lymphatic leukemia (48) and in 
5 out of 11 patients with lymphocytic leukemia (70). It may 
be of interest to search for drugs that show collateral sen
sitivity subsequent to these genetic enzyme changes. 

TIAZOFURIN 

The triazole derivative virazol (ribavirin) ranks among the 
first broad spectrum antiviral agents (53). It is promoted by 
adenosine kinase to the monophosphate and subsequently 
the triphosphate which interferes with nucleic acid func
tions. However, ribavirin also functions as a potent IMP 
dehydrogenase inhibitors, although its antitumor effects are 
rather limited (54). A systematic search for analogs with 
altered ring structure led to the thiazol derivative, tiazofurin 
(54). This agent was found to be among the most potent 
drugs against the Lewis lung tumor, which is used by the 
NCI screening program to identify compound of promise in 

o 
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tiazofurin ribavirin 

the treatment of lung tumors. With certain dosages, tiazo
furin afforded complete protection and 10/10 long-term 
survivors in this model (45). It was subsequently found that 
tiazofurin is activated to its monophosphate by an as yet 
unidentified phosphotransferase activity (51) and that it 
inhibits GMP de novo biosynthesis (23). Further work re
vealed the formation of thiazol-4-carboxamide adenine 
dinucleotide (TAD), which functions as an NAD+ analog 
and blocks IMP dehydrogenase in a highly selective fashion 
(10, 29). The molecular basis of the selective blockade of 
only IMP dehydrogenase, and no other NAD+ utilizing 
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TAD 
enzyme tested, remains unknown, but it is thought that 
guanine starvation is to a large part responsible for the 
antitumor effect oftiazofurin (16). Thus, polyADP ribosyla
tion was also unaffected by TAD in vitro (11). Jayaram et al. 
(22) observed that cellular resistance to tiazofurin is asso
ciated with a lack of its anabolism to TAD while the mon
ophosphate is formed in normal amounts. 

It is currently unknown whether tiazofurin exhibits me
chanisms of cellular toxicity other than IMP dehydrogenase 
inhibition. With the use of an in vivo labeling technique, 
Streeter and Miller (55) suggested the possibility that tiazo
furin is also a potent inhibitor ofGDP kinase, a finding that 
may be of importance in vivo, since such a block would not 
be bypassed by the guanine salvage pathways. 

Current clinical testing will reveal the value of tiazofurin 
and other purine antimetabolites as anticancer agents. 
Whatever the clinical results, however, it is already clear that 
we have learned a great deal from these drugs about bio
chemical changes related to transformation and tumor pro
gression. 
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ALKYLATING AGENTS 

D.E.V. WILMAN and P.B. FARMER 

INTRODUCTION 

Alkylating agents hold an important place in the array of 
drugs available for clinical cancer chemotherapy. Chemi
cally alkylating agents are compounds (RX) which react 
with nucleophilic (electron-donating) centres (Y) to form 
covalently bound products (R Y) containing the alkyl group 
(R). The binding of alkylating agents to cellular macromole
cules is thought to be largely responsible for the in vivo 
cytotoxic action of these compounds. Unfortunately the 
chemical processes are not tumour-selective and the in vivo 
effects of alkylating agents are seen in all dividing cells to 
which these drugs have access. Frequently the side effects 
that occur with alkylating agent treatment limit the dose of 
the compound that can be used for tumour control. There 
has consequently been a great deal of interest in the develop
ment of alkylating agents which contain a structural molec
ular feature which might guide it more selectively towards a 
tumour cell rather than towards a normal cell. Selectivity of 
alkylating agent attack towards tumour cells may also be 
increased by clinical protection measures on normal tissues 
(e.g., by autologous bone marrow transplantation). The 
development of alkylating agent use has thus been an equal 
challenge to the drug-designers and to the clinical chemo
therapists. 

The clinically used alkylating agents described in this 
chapter, with the exception of the triazenes, all possess the 
chemical property of bifunctionality, i.e., they contain two 
centres capable of alkylating nucleophiles, and are thus able 
to cross-link two of these nucleophiles. DNA cross-linking 
has been demonstrated to be a general phenomenon for 
bifunctional alkylating agents in vitro, and there is a sub
stantial amount of evidence now (e.g., (183)) to support the 
hypothesis of Brookes and Lawley in 1961 (32) that the 
formation of DNA strand cross-links is a major factor 
governing the cytotoxicity of bifunctional alkylating agents. 
Thus for example the in vitro cytotoxicity of several chI oro
ethylnitrosoureas to human embryo cells appears to be re
lated (though not quantitatively) to the extent of DNA 
cross-linking; the more resistant cells showed little or no 
DNA interstrand cross-linking, implying either the failure to 
form these linkages or their rapid repair (83) . Similarly in 
three Burkitt's lymphoma cell lines the cytotoxicity of mel
phalan was correlated with interstrand cross-linking of 
DNA (76) . 

Although DNA cross-linking could satisfactorily explain 
the observed inhibition of the DNA template caused by 
alkylating agents, it is not an all-inclusive mechanism of 
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alkylating action. Monofunctional agents such as DTIC 
(5-(3,3-dimethyl-l-triazeno )imidazole-4-carboxamide) and 
procarbazine do not appear to be chemically capable of 
producing cross-links, but show anti tumour properties. Bi
functional alkylating agents also give rise to monofunctional 
DNA alkylations, and DNA-protein cross-links although 
the relevance of these to their antitumour effects is not yet 
understood. 

Although alkylating agents have been studied as anti
cancer agents for about 40 years, and several thousand of 
these compounds have been synthesised and tested in that 
time, the number of alkylating agents in clinical practice is 
surprisingly small. For the reasons described above bi- or 
poly-functional compounds have been the most popular to 
investigate. Initially the pioneering work was carried out by 
Ross (200) who synthesised a variety of nitrogen mustards, 
including chlorambucil, which is still clinically used. Varia
tions in the nature of the leaving group (X) in the alkylating 
agent could be used to increase or decrease the reactivity of 
the molecule, and other pharmacological and physicochemi
cal parameters (e.g. lipid solubility, pK) could be altered by 
making modifications to the alkyl group (R) (Table 1). 
Melphalan for example contains an amino acid as the alkyl 
group, and was synthesised by Bergel and Stock (21) in the 
hope of interfering with malignant cell protein or DNA 
metabolism. 

The concept of using prodrugs has also been attempted 
with nitrogen mustards. A prodrug is an agent whose activ
ity is increased following some enzymic or chemical action 
that is specific to the target site for the drug's action. One of 
the earlier examples in the alkylating agent field was the 
azo-mustard CB 1414 (4-[ di-(2-chloroethyl)amino ]-2-me
thylazobenzene-2' -carboxylic acid), which was designed by 
Ross and Warwick (204) for use against tumours which are 
high in levels of the enzyme azoreductase. The action of this 
enzyme on the azomustard is to release a p-phenylenedia
mine mustard which is of very much greater alkylating 
activity than the initial drug, and which will therefore cause 
toxicity specifically in the areas where the azoreductase 
enzyme is present. This concept has subsequently been ap
plied with the compound CBlO-252 (see below) which is 
currently undergoing development. The very widely used 
alkylating agent cyclophosphamide was also designed as a 
prodrug of a more active agent, although in this case the 
rationale was later shown to be unsatisfactory. 

In parallel with the development of nitrogen mustards as 
anticancer agents came that of the other major classes of 
alkylating agents, methane sulphonates, aziridines, epoxides 
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Table 1. Nitrogen mustards R-N(CH 2CH2CI)2' 

Name 

Melphalan 

Chlorambucil 

Prednimustine 

Su: phadiazene 
mustard 

p-Hydroxyaniline 
mustard 
glucuronide 

Cyclophosphamide 

Azo-mustard 
CB 10-252 

Spiromustine 

R group 

NH, ~ 
HOOC-CH-CH,~ 

HOOCCH,CH,CH,-o-

CH-O-C-'CH.)~ 
II "\'·I~ 

v~o 
O~ 

J/L 

~
COOH~ 

OH 
HO 

OH 

CH :~ o 0 

Q-~ 
COOH CH, 

o 
.l.. ..cH.CH,-

{j 
a This hypotheses was later shown to be invalid. See text. 
bThe alkylating group in the azo-mustard CB 10-252 is N-(CH2CH(CH))Br)2' 

Hypothesis Jor original 
synthesis 

Imitation of endogenous 
compound 

Altered lipophilicity and 
ionic charge 

Transport to areas high in 
gl ucocorticoid receptors 

Concentration in tumours 
because of pH differences 

Activated in areas containing 
p-glucuronidase 

Activated by enzymatic 
hydrolysis' 

Activated in areas containing 
azoreductaseb 

High lipid solubility 
for concentration in CNS 

and more recently triazenes and nitrosoureas (Table 2). 
Examples of drugs from each of these sections which have 
been in, or are approaching, clinical use, will be covered in 
some detail in subsequent sections of this chapter. 

The most recent attempts to improve the selectivity of 

alkylating agents to tumour cells have concentrated on ways 
of delivering the agent more specifically to these cells. For 
example the linkage of the alkylating function to an anti
body or to a hormone for which the tumour cell has recep
tors may result in a useful localisation of the alkylating 



Table 2. L-Phenylalanine. 

Class Example 

Alkanesulphonate Busulphan 

Aziridine Thio-TEPA 

Epoxide Dianhydrogalactitol 

Triazene DTIC 

Nitrosourea BCNU 

agent's attack. Although these possibilities have been under
stood and exploited for many years there is as yet no dra
matic improvement in the clinic of the new drugs' activity 
over that of the best established drugs such as cyclophospha
mide. 

Cancer chemotherapy does, however, continue to im
prove its effectiveness, both through the use of alkylating 
agents and the other drugs described elsewhere in this vol
ume. 

One of the drawbacks associated with the resulting in
creasing life span of cancer sufferers that is now being 
achieved is the development ofiong-term side effects follow
ing successful anticancer therapy. In particular many clinic
ally used alkylating agents are carcinogenic (213) and 
mutagenic, and it is important that ways of minimising these 
genotoxic risks · should be studied in parallel with the de
velopment of more powerful drugs. Protection against this 
carcinogenicity may i~ some cases be possible, a recent 
example being the use of mercaptoethanesulphonic acid 
(Mesna (29)) which decreases the incidence of bladder tu
"mours in rats caused by cyclophosphamide therapy, in addi
tion to its immediate protective effect against haemorrhagic 
cystitis. Attention should also be paid to the health of the 
nurses administering alkylating agents to patients. There 
have been recent reports of the increased mutagenicity of 
such nurses' urine (89), of increased sister chromatid ex
change frequencies in nurses' lymphocytes (19 I), and even of · 
the urinary excretion of cyclophosphamide by nurses hand
ling this drug (128). At this stage, however, the number of 
cases studied has been extremely small and the results have 
been strongly criticised (77, 78). Furthermore rigorous 
studies of this problem are clearly necessary. 
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Structure 

CH,SOzOCH,CH,CH,CH,OSOzCH, 

t /C"1 S=P N, I 
CH, 

I 

;,0, ;,0, 
CH,-CH fH fH CH-CHz. 

HO OH 

H 
\J(CONHz 

~ " N=N_N,cH, 
'CH, 

0 .. 
CICHICHI NH-C- ~- CHICHICI 

NO 

ANILINE MUSTARD 

Aniline mustard (bis-(2-chloroethyl)aniline, I) was the first 
aromatic nitrogen mustard to be synthesised (197), although 
it was not until later (199) that it was prepared as an antican
cer agent. To date the clinical potential of this drug has not 
been fully exploited. The particular interest in aniline mus
tard stems from the observation by Connors and Whisson 
(60) of its ability to eradicate the ADJ/PC5 mouse plasma 
cell tumour, it being the only compound capable of doing 
this. 4-Hydroxyaniline mustard is twelve times more toxic 
than aniline mustard in this system but both toxicity and 
anti tumour activity of other para substituted derivatives are 
greatly reduced. These same authors later demonstrated a 
correlation between inhibitory action and fJ-glucuronidase 
activity in a variety of tumours (253). The sarcoma 180 and 
NK lymphoma with fJ-glucuronidase levels similar to liver 
were unaffected by aniline mustard whereas the ADJ/PC5 
and ADJ/PC6A plasmacytomas, which have elevated levels 
of the enzyme, underwent total regression. Other tumours 
which are extremely sensitive to aniline mustard have also 
been shown to have high levels of fJ-glucuronidase (19, 73). 

The hypothesis put forward for this activity by Connors 
and Whisson (60) was that aniline mustard is metabolised in 
the liver to 4-hydroxyaniline mustard (II), which although 
extremely reactive due to the electron donating character of 
the hydroxyl group, is rapidly conjugated to form the 0-
glucuronide (III). Subsequently, in tissue of high fJ-glu
curonidase activity, the conjugate is cleaved back to the 
cytotoxic 4-hydroxyaniline mustard. Synthesis of various 
glucuronic acid derivatives and testing in the ADJ/PC6A 
tumour system gave added support to this theory (38). 
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Figure 1. Aniline mustard metabolism. 

Microsomal metabolism of aniline mustard in vitro yields 
the glucuronide which can also be identified in the serum 
and bile of treated rats (45, 56). 

The most significant clinical report relating to aniline 
mustard was that of Young and his colleagues (261). The 
importance of this trial was that the tumour fJ-glucuronidase 
was measured in biopsy specimens from a number of pa
tients. Although the number of significant responses was 
poor, 6 of 78 patients with advanced cancer treated, 5 of 
which were cancer of the prostate and one a renal tumour, 
some correlation was observed between fJ-glucuronidase 
level and tumour regression. Of particular interest was the 
observation that two of the tumours with a high fJ-glu
curonidase level were sensitive to aniline mustard therapy 
initially, but upon relapse were both insensitive to the drug 
and lacking in the enzyme. To date no trial solely limited to 
fJ-glucuronidase positive tumours has been undertaken and 
until such happens the usefulness of this drug will remain 
unknown. 

CHLORAMBUCIL 

Chlorambucil (4-(bis-(2-chloroethy l)amino )phenylbutyric 
acid, Table I) was the product of an investigation by Ross 
into the effect of changes in charge and lipophilicity on the 
activity of aniline mustard (86). It is water soluble as a salt, 
but has surface active properties due to the high lipophilicity 
of the remainder of the molecule. The drug was soon in
troduced into the clinic (98) and has since become estab
lished as of major importance in the treatment of malignant 
disease. It is routinely used in the treatment of chronic 
lymphoid leukaemia (209) and carcinoma of the ovary (172). 
Other clinical situations in which chlorambucil is of value 
are Hodgkin's disease and other lymphomas (87, 148) and a 
number of solid tumours (180). Chlorambucil has also been 
used in numerous combination regimes. Of particular note 
has been its incorporation into the MVPP (mustine, vinblas
tine, procarbazine and prednisone) combination for the 
treatment of advanced Hodgkin's disease (146, 175). 
Replacement of mustine by chlorambucil (ChIVPP) results 
in a combination which produces a similar remission rate to 
MVPP without the associated toxicity. It is only more re-

cently that details of the metabolism and mechanism of 
action of the drug have been elucidated. 

Interest in this aspect was aroused by the suggestion that 
chlorambucil is metabolised into a more effective derivative. 
This metabolic activation is enhanced by phenobarbitone 
pretreatment (15, 124). Although chlorambucil is an active 
alkylating agent in its own right, and therefore unlike cy
clophosphamide does not require metabolic activation, this 
does not preclude the possibility of metabolism resulting in 
a more active species. Subsequently Mitoma et at. (178) 
identified 10 urinary metabolites from rats treated with 
14C-labelled chlorambucil. The majority of these involved 
oxidative degradation of the butyric acid side chain to give 
phenylacetic and benzoic acid derivatives. Godeneche and 
co-workers (107) had also shown that fJ-oxidation of the side 
chain occurred. 

An elegant chemical synthesis of 3,4-dehydro
chlorambucil, a postulated intermediate in the metabolism 
of chlorambucil, to phenylacetic acid mustard (2-(4-N,N
bis(2-chloroethyl)aminophenyl)acetic acid) enabled this 
pathway to be confirmed (176). Phenylacetic acid mustard 
was detected in the blood of rats injected with 3,4-dehy
drochlorambucil, from which it would be formed by fJ-oxi
dation. These same workers showed that the major urinary 
metabolite was 2-(4-N -(2-chloroethyl)aminophenyl)acetic 
acid formed by dechloroethylation. As phenylacetic acid 
mustard has similar antitumor activity to chlorambucil but 
is more than twice as toxic (176) the metabolism of the 
parent drug must be regarded as disadvantageous from a 
therapeutic point of view. Attempts to improve the thera
peutic efficiency of chlorambucil by inhibiting this metabol
ism have been investigated. 

Farmer and co-workers (90) synthesised dideuterated 
analogues of chlorambucil with both deuterium atoms 
either !'J. or f3 to the carboxylic acid group. In either case the 
first steps of metabolism, dehydrogenation to 3,4-dehydro
chlorambucil followed by rehydration to the fJ-hydroxy 
derivative further dehydrogenation of which liberates the 
fJ-keto analogue, could be expected to show a deuterium 
isotope effect. Such an effect would be expected to reduce the 
rate at which chlorambucil is metabolised to phenylacetic 
acid mustard. The results obtained with these compounds, 
however, demonstrated a deuterium isotope effect only in 



the {I-position but this was insufficient to alter the thera
peutic response. Deuterium was lost rapidly from the a-posi
tion by an uncertain mechanism. The study of chlorambucil 
analogues in which the {I-oxidation step is completely 
blocked by substitution at the {I-position is in progress. 
Difluorination at this position removed the CNS toxicity 
observed with chlorambucil but caused severe haemorrhage 
in rats. Monomethylation or trifluoromethylation caused 
extreme toxicity (40). To date pharmacokinetic investiga
tions have not been undertaken on these new analogues. 

Chlorambucil has recently been reported as a radiosen
sitiser in experimental systems (122). 

In experimental tumour systems the activity of 
chlorambucil is enhanced by prednisolone. Prednimustine, 
the prednisolone ester of chlorambucil (Table 1) is equally 
active as the combination (119). Prednimustine was origi
nally synthesised to use the steroid as a carrier through the 
cell membrane for the cytotoxic drug (158). There is current
ly some discussion as to the utility of prednimustine in 
relation to a mixture of its components (185). 

Pharmacokinetic studies have shown that prednimustine 
is not detectable in the plasma of patients whilst chlorambu
cil is (80). In fact the bioavailability of chlorambucil is some 
five times lower in prednimustine treated patients than in 
those receiving the parent alkylating drug. This confirma
tion in man of earlier studies in rodents (187) has led to the 
conclusion that the use of prednimustine in routine com
bination therapy cannot be recommended (186). 

One of the ways under development of attacking tumour 
cells selectively is by attaching the cytotoxic entity to a tissue 
specific protein or more particularly a tumour specific anti
body. Initially chlorambucil was used in this fashion either 
physically bound (102) or chemically bound (201, 202). 

However, the number of cytotoxic molecules which can be 
attached to an antibody without denaturation is often insuf
ficient for cell death. Despite this such chlorambucil-anti
body complexes have shown activity in murine systems (70). 
Interest has therefore been focused on toxins such as ricin, 
abrin and diphtheria toxin, where a single A-chain is suf
ficient to kill the cell. Interest in chlorambucil has been 
maintained, however, as it is now used to provide selective 
attachment of the toxin to the antibody (234). 

Chlorambucil has also recently been linked to an anti
CEA antibody (22), and the conjugate will be investigated 
for anticolon cancer properties. 

MELPHALAN 

L-Phenylalanine mustard (Table 2) variously known as 
melphalan and L-PAM is one of the optical isomers of the 
alanine derivatives of aniline mustard, and was first syn
thesised by Bergel and Stock (20, 21). The D-isomer (med
phalan) was also synthesised at this time by Bergel and 
Stock, whilst the racemate (sarcolysin) was prepared by 
Larionov et al. (165) and shown to be half as potent as 
melphalan. 

Despite the principle of its design melphalan has not 
shown clinical utility against melanoma, however, it has 
enjoyed widespread clinical use in the treatment of other 
tumours. Initially this was in the treatment of myeloma (26) 
and its effectiveness has been increased by combination with 
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prednisone (99). Other successfully treated malignancies 
include carcinoma of the ovary (193), testicular cancer (246), 
advanced breast cancer (133) and other solid tumours and 
leukaemias (102). It has also been suggested that it may have 
activity against disseminated carcinoma of the prostate (96). 
The response rate to melphalan as a single agent in breast 
cancer therapy varies between 16 and 30% (168), and it has 
shown some promise as an adjuvant to surgery in the treat
ment of this disease. However, whilst early results, par
ticularly in menopausal women, were remarkably good (94), 
these have not always been born out in later trials. For 
instance, Glucksberg and co-workers (106) have shown that 
the CMFVP combination (cyclophosphamide, metho
trexate, 5-fluorouracil, vincristine and prednisone) is 
superior to melphal<fn in terms of survival and recurrence in 
both pre- and post-menopausal women with breast cancer. 
However, Carpenter and Maddox (42) have recently pointed 
out that because of the variable absorption of oral mel
phalan (4) detailed patient comparisons are required before 
a definitive assessment of the benefit or otherwise of this 
drug in the adjuvant therapy of breast cancer can be made. 

In normal clinical use the dosage of melphalan is limited 
to 20-25 mg/m2 to avoid severe myelosuppression. A num
ber of methods have been established over the past few years 
to enable larger doses to be given without causing unduly 
severe side effects. 

The first of these, marrow rescue, was introduced by 
McElwain and his colleagues (173) as a treatment for malig
nant melanoma. Investigation of the in vivo plasma and 
urinary half-lives of melphalan by mass spectrometry 
showed that after six hours plasma levels of the drug follow
ing a 140 mg/m2 dose would be insufficient to have a signifi
cantly toxic effect on bone marrow cells. In a Phase I study 
of 8 patients, marrow was removed, the drug administered 
and the marrow reinfused eight hours later after storage at 
4°C. The tumours of 7 patients showed a response and there 
was 1 remission. The granulocyte count of these patients 
recovered more quickly than that of 4 patients receiving 
60-125 mg/m2 of melphalan without the marrow graft. 

The other site of melphalan toxicity is gut epithelium. 
This can be ameliorated by administration of a 'priming' 
dose of cyclophosphamide a week prior to melphalan (63). 
The use of a priming dose of cyclophosphamide had 
previously been shown to be of value in overcoming the 
marrow toxicity of melphalan (120). 

Such high dose therapy has also been used in the treat
ment of plasma cell leukemia and myeloma (174). 

Prednisolone has been shown to enhance the antitumor 
activity of melphalan in mice but at the expense of some 
increase in toxicity (216). The nitroimidazole radiosen
sitisers are also capable of enhancing the toxicity of alkylat
ing agents to hypoxic cells (49, 198). In the case of the 
sensitiser misonidazole the activity is observed when it: is 
given shortly before or together with the alkylating agent. A 
recently reported Phase I trial of melphalan infusion 2 hours 
after oral misonidazole produced response or disease sta
bilisation in 50% of the patients (52) without apparent effect 
on the plasma pharmacokinetics of melphalan. Phase II 
trials in non-oat cell lung cancer and malignant melanoma 
are planned. 

Pharmacokinetic and metabolism studies with melphalan 
have shown that it has a rapid terminal phase plasma half-
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life (3) and in vitro undergoes hydrolysis which is similar 
quantitively and qualitatively to degradation seen in vivo, 
there being no detectable metabolism (85). The hydrolysis is 
related to the intracellular concentration of glutathione 
(232). 

Interestingly the entrapment of melphalan in liposomes 
reduces the drug's rate of clearance in mice and gives rise to 
higher activity against the PC6 plasma cell tumour (164). 

A peptide analogue of phenylalanine mustard, pep
tichemio, has recently been developed. It has activity in 
breast cancer which is refractory to cyclophosphamide (112, 
133). In vitro peptichemio is active against cyclophospha
mide resistant Ll210 cells but no better than L-PAM or 
medphalan (214), and it is cross resistant with these latter 
two drugs (215). 

The clinical activity of peptichemio has led to further 
synthetic interest in peptide analogues of aniline mustard 
and melphalan. One of these, a tripeptide (PTT .119), has 
activity against a number of in vitro cell lines including 
human AML and ALL (260). Furthermore leukaemia cell 
lines resistant to melphalan were susceptible to PTT.1l9 
(259). 

AZOMUSTARDS 

Another group of nitrogen mustards requiring bioactivation 
is the azomustards. First investigated by Ross and Warwick 
(203, 204) this class of nitrogen mustards is relatively un
reactive chemically, due to the powerful electron withdraw
ing nature of the azo linkage. However, reduction of the azo 
group leads to an extremely reactive phenylenediamine mus
tard. The necessary enzyme azoreductase is present at high 
levels in normal liver (57) and is well retained in hepatoma 
(12). CB 10-252 (4-(N,N-bis(2-bromo-n-propyl)-amino-2'
carboxy-2-methylazobenzene, IV) was therefore designed to 
exploit these facts (37). In addition the cytotoxic metabolite 
(V) has a short half-life of 41 seconds so that little of it is 
likely to reach sensitive tissues such as bone marrow or gut 
epithelium. That the design of the prodrug works in princi
ple was confirmed by Connors et at. (58). The Walker 256 
tumour when implanted into the flank is sensitive to cy
clophosphamide but not to CB 10-252. However, when 

Figure 2. Azomustard metabolism. 

implanted in the liver the tumour is unaffected by cyclophos
phamide and cured by azomustard. 

Although a trial in London (184) showed no clinical 
activity for this drug, the tumours used were not the rapidly 
proliferating primary hepatocellular carcinoma seen in 
Africa, for which CB 10-252 was designed. Attempts to 
undertake trials in Africa have proved inconclusive due to 
the problems associated with the lack of continued clinical 
observation of the patients. A recent study (152) has shown 
that the azo group can also be reduced by aldehyde oxidase. 
This means there is another enzyme for which elevated 
tumour levels could be exploited for the activation of CB 
10-252. Also it may help to explain the myelosuppression 
observed in the European trial (184). 

CYCLOPHOSPHAMIDE 

Cyclophosphamide, VI (7) is one of most valuable alkylat
ing agents in clinical practice, and is used alone or in com
bination against a wide range of tumours (e.g., acute and 
chronic lymphoblastic leukemia, Burkitt's lymphoma, 
Hodgkin's disease, lymphosarcoma and solid tumours of 
the breast, cervix, lung and ovary). The discovery of its 
anticancer activity was somewhat serendipidous, as the 
hypothesis for which it was originally designed was subse
quently found to be invalid. The intention was that it would 
act as a prod rug being activated by, for example, a phospha
midase, to liberate an active alkylating agent (e.g., nor
nitrogen mustard) at the sites where this enzyme was abun
dant (believed then to include tumour cells). In fact cy
clophosphamide is not a substrate for the enzyme, but it 
does become activated in a different way. The current under
standing of the metabolism of cyclophosphamide is illu
strated in Fig. 3. The initial site of metabolic attack is the 
4-position of the oxazaphosphorine ring (adjacent to the 
nitrogen), which is hydroxylated to yield 4-hydroxycy
clophosphamide, VII. This metabolism is carried out by the 
hepatic mixed function oxidase system; only a minor 
proportion of this metabolite is thought to be formed ex
trahepatically. 4-Hydroxycyclophosphamide is in equili
brium with its open-ring tautomer aldophosphamide, VIII, 
which is an unstable species and breaks down at pH 7 to give 
acrolein, IX and phosphoramide mustard, X. (This equili
brium and decomposition have been observed by proton 
magnetic resonance (242). The half-life for this non-enzy
matic decomposition of 4-hydroxycyclophosphamide has 
been reported to be 100 min at pH 7 in 0.07 M phosphate 
buffer (30). However, Low, Borch and Sladek (170) have 
shown that the reaction is catalysed by the phosphate and 
thus the rate of generation of phosphoramide mustard from 
4-hydroxycyclophosphamide in vivo will depend on the local 
concentration of phosphate and other bifunctional cat
alysts. The breakdown occurs via a chemical f3-elimination 
process, which requires the existence of a hydrogen atom at 
the C-5 position. Cyclophosphamide analogues disub
stituted at C-5 (e.g. 5,5-dimethylcyclophosphamide) are 
inactive as antitumour agents (8), which indicates that the 
breakdown to aldophosphamide and phosphoramide mus
tard is of importance for anti-cancer activity. (Although on 
the basis of this metabolic pathway it would be expected that 
analogues disubstituted at C-4 would also be inactive as 
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Figure 3. Metabolism of cyclophosphamide. (a) Pathways mediated by enzymes; (b) Pathways which proceed spontaneously. 

anti-tumour agents, Sosnovksy and Paul (227) have re
ported on the activity of 4,4-dimethylcyclophosphamide 
against the P388 lymphocytic leukaemia in mice. Metab
olism studies of this compound are clearly warranted. 

In addition to the breakdown pathway for 4-hydroxycy
clophosphamide and aldophosphamide, these compounds 
are oxidized by soluble enzymes to yield 4-ketocyclophos
phamide, XI, and carboxyphosphamide, XII, respectively 
(231). 4-Hydroxycyclophosphamide may also form con
jugates with, for example, glucuronic acid (16). Other minor 
metabolites include alcophosphamide, formed from the re
duction of aldophosphamide (72), and the monochloroethyl 
analogue of cyclophosphamide, XIII, (55) which is 
produced following a hydroxylation at the carbon atom 
adjacent to the mustard nitrogen. The side product in this 
dechloroethylation is chloroacetaldehyde, XIV, which has 
also recently been detected as a urinary metabolite in animal 
experiments (219). 

In vitro toxicity tests for cyclophosphamide and its metab
olites have indicated that the parent drug is itself not very 
active, but that both phosphoramide mustard and acrolein 
are highly toxic. For example, the concentrations required 
to kill 50% of Walker tumour cells in culture are 23 mM, 
1.9jlM, and l7.9jlM for cyclophosphamide, phosphora
mide mustard and acrolein, respectively (68). Phosphora
mide mustard is capable of cross-linking DNA (84) and is 
believed to be the ultimate alkylating agent responsible for 
the anti-tumour activity of cyclophosphamide. Acrolein, on 
the other hand is believed t9 be responsible for one of the 
major side-effects associated with cyclophosphamide 
therapy, haemorrhagic cystitis (31). This was elegantly de
monstrated by Cox (63) who showed that bladder toxicity in 
rats was caused by the analogue of cyclophosphamide, in 
which the chloroethyl groups were replaced by ethyl groups, 

in the same way as by cyclophosphamide. (This analogue 
was shown to be metabolised similarly to cyclophosphamide 
in that it produced acrolein, but it cannot give any other 
alkylating metabolites.) Much attention has recently been 
paid to ways of minimising the bladder toxicity caused by 
acrolein without affecting the anti-tumour activity. It ap
pears that acrolein may be removed from the bladder by the 
use of N-acetylcysteine (25, 28, 63) or of sodium mercap
toethanesulphonic acid (mesna) (147, 210) and the use of the 
latter compound as a uroprotectant has now become well 
established. 

Mesna administration prevents the induction of bladder 
cancer in rats treated with cyclophosphamide (212) and it is 
to be hoped that a similar reduction in the incidence of 
human cyclophosphamide-related bladder cancer (88) will 
also result from the use of mesna. No reduction of anti
tumour activity of cyclophosphamide in animal test systems 
is seen when mesna is concomitantly administered (114). 

Various proposals have been made, based on a knowledge 
of the metabolic scheme for cyclophosphamide, to explain 
why the drug shows some oncostatic selectivity. It seems 
likely that 4-hydroxycyclophosphamide may be responsible 
for this selectivity, which is lost on liberation of the active 
agent phosphoramide mustard, i.e., that 4-hydroxycy
clophosphamide is a carrier for the active metabolite. The 
possibility that normal and tumour tissues differ in their 
ability to carry out the detoxification pathways to 4-ketocy
clophosphamide and to carboxyphosphamide received some 
support from the work of Cox, Phillips and Thomas (67), 
which showed that in rats the liver was 16 times more 
efficient at deactivating the primary cyclophosphamide 
metabolites than the Walker tumour. This hypothesis has 
not been supported by more studies in mice (127). 4-Hydro
xycyclophosphamide also may be deactivated by the reac-
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tion of its 4-position with thiol compounds, and Brock and 
Hohorst (30) believe that this is of greater importance in 
governing the specificity of this metabolite. Thus for exam
ple 4-hydroxycyclophosphamide could be transported as a 
bound complex with a thiol-containing enzyme or with 
glutathione. Deconjugation could reliberate the active 
agent, although the reasons for any site specificity for this 
are as yet not understood. 

Although 4-hydroxycyclophosphamide could not readily 
be used for human cancer treatment in view of its high 
chemical instability, 4-hydroperoxycyclophosphamide is a 
more stable analogue which decomposes in vivo to 4-hy
droxycyclophosphamide. Against xenografted human 
breast tumours in mice (160), 4-hydroperoxycyclophospha
mide shows activity greater than cyclophosphamide. 

Compounds containing thioethers at the 4-position of 
cyclophosphamide have been synthesised and some show 
promising anticancer activity. Compounds of this type 
could have the clinical advantage over cyclophosphamide in 
that no metabolism is required to produce the active metab
olite, and thus the pharmacokinetics could be better predict
ed. An interesting example of one of these compounds is 
AST A Z7557 [4-(2-sulphonatoethylthio )-cyclophospha
mide, i.e., a mesna complex with cyclophosphamide], which 
is stable at pH 4 but hydrolyses to an active alkylating agent 
at pH 7. Consequently good anti-tumour activity results and 
the compound does not give rise to significant bladder toxic
ity. Clinical trials are currently in progress on this com
pound, whose properties have recently been reviewed (Inves
tigational New Drugs, 1984, Volume 2). 

Studies of the clinical pharmacokinetics of cyclophospha
mide are complicated because of the number and, in some 
cases, instability of the metabolites. Gas chromatography 
(GC) (143) or gas chromatography-mass spectrometry (GC
MS) (135) has been used for quantification of cyclophospha
mide, phosphoramide mustard and nornitrogen mustard. 
4-Hydroxycyclophosphamide is too unstable for GC or 
GC-MS but has been measured in the plasma of patients by 
converting it to a thioether derivative with benzyl mercaptan 
(244). Similarly aldophosphamide has been identified in vivo 
as a stable cyanohydrin derivative (92). A more recently 
developed method for detecting 4-hydroxycyclophospha
mide and aldophosphamide, based on measurements of 
fluorescence of acrolein released from these compounds, has 
been used to study the pharmacokinetics of these metab
olites in treated patients (243). 4-Ketocyclophosphamide 
and carboxyphosphamide have been measured using stable 
isotope labelled internal standards and direct insertion mass 
spectrometry (64, 111). 

Cyclophosphamide may be administered orally or in
travenously, although there is some divergence of opinion 
on the bioavailability of the drug (97%, (71); 34-90%, 
(142)). Intravenous administration shows dose-dependence 
of plasma levels of cyclophosphamide (see review by Colvin 
(53)), and maximum alkylating ability (which indicates the 
extent to which the active metabolite has been produced) is 
found after 2-3 hours (13). However, the plasma levels of 
phosphoramide mustard and of nornitrogen mustard have 
been shown to peak at a shorter time « 1 hour) after iv 
injections of cyclophosphamide (143). Following single iv 
doses of cyclophosphamide the terminal phase plasma half
life (ti/2 fJ) of unchanged drug has been reported to be in the 

range 3-11 hours (e.g., 51, 135, 136, 137). That of phos
phoramide mustard is 8.7 hours and nornitrogen mustard 
3.3 hours (14). 

The main urinary metabolites in animals and in man are 
carboxyphosphamide, nornitrogen mustard (which may be 
a breakdown product of carboxyphosphamide (135)) and 
4-ketocyclophosphamide, although phosphoramide mus
tard and 4-hydroxycyclophosphamide have both also been 
reported to be in human urine (135, 244). 

The use of high dose cyclophosphamide has been shown 
in animal experiments to cause damage to the hepatic 
cytochrome P450 mixed function oxidase system (24, 113). 
Thus repeated use of cyclophosphamide may partially de
stroy some of the enzymes responsible for the activation of 
the drug. Evidence exists (25) to suggest that this toxicity is 
caused by acrolein and thus the concurrent use of a protec
tor such as mesna may enhance the activity of cyclophos
phamide on subsequent use. Another parameter of impor
tance with regard to the repeated uses of cyclophosphamide 
is the 'priming effect'; the use of a small priming dose of the 
drug allows the subsequent successful administration, 4 days 
later, of a dose which could normally be in the toxic range 
(177). Although the mechanism for this phenomenon is as 
yet unknown it has been shown in experiments with mice (1) 
that the priming dose causes an increase after 5 days in the 
levels of glutathione and glutathione S-transferase in the 
bone marrow, which would thus be protected against the 
toxic effects of the second dose of the drug. Studies of this 
effect in treated patients would be of value in the assessment 
of the value of the priming technique in clinical practice. 

The chemical structure of cyclophosphamide contains an 
asymmetric centre (phosphorus) and thus optical isomers 
exist. In 1975 the optical isomers were synthesised (151) and 
evaluated separately in comparison with the racemate in 
both animals and humans. Antitumour tests in mice (PC6 
plasma cell tumour) indicated that one of the enantiomers 
(S-) was more active than the clinically used racemate (65) 
and metabolism studies in three animal species showed that 
there was stereoselective metabolism of the enantiomers 
(66). However, in patients treated with each of the enan
tiomers there was no consistent stereo selectivity in plasma 
half-life of cyclophosphamide or in carboxyphosphamide 
excretion (136). Although small differences in 4-ketocy
c1ophosphamide excretion were seen there is currently no 
further interest in clinical studies of these isomers. 

Of more relevance, however, is the report that samples of 
cyclophosphamide from different suppliers differ in their 
biological properties, e.g., toxic effects on the bladder (217). 
Structural differences between the two forms of the drug 
have been detected spectroscopically. Although one report 
suggests that the forms differ in their enantiomeric com
position (218) this seems unlikely on the basis of their chemi
cal preparation. A stereochemical variation in the confirma
tion of the six-membered ring in the structure seems a more 
likely possibility, and warrants further study. 

ISOPHOSPHAMIDE 

Isophosphamide, XV, is a structural isomer of cyclophos
phamide and undergoes a similar metabolic transformation 
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Figure 4. The metabolism of isophosphamide to the dechloroethylated derivatives and to isophosphoramide mustard. 

to it (Fig. 4). The presumed active metabolite is isophos
phoramide mustard, XVI, which has been determined in the 
plasma of patients receiving the drug by the use of a gas 
liquid chromatographic method (34). Peak plasma levels 
were seen 2-4 hours after iv administration of the parent 
drug. It is interesting to note that the cross-linking effects in 
macromolecules caused by isophosphoramide mustard may 
be different from those of the cyclophosphamide metabolite, 
phosphoramide mustard, X, as the two active centres of the 
former bifunctional molecule are separated by a greater 
chain length, and thus will give rise to longer DNA cross
links. Concurrent with the production of the active alkyl at
ing agent is that of acrolein, IX, which again has irritant 
properties against the bladder epithelium (31). Mesna has 
been successfully used to diminish this toxicity without af
fecting the metabolism of isophosphamide or the produc
tion of isophosphoramide mustard (35). 

The N-dechloroethylation pathways, shown in Figure 4, 
which involve the loss of chloroacetaldehyde from the 
parent drug, appear to be more prevalent with isophospha
mide than with cyclophosphamide (190), and the products 
from these pathways are abundant urinary metabolites. 

Plasma pharmacokinetics of isophosphamide have been 
studied in detail by Allen, Creaven and Nelson (5), who 
administered the [14C]-labelled drug to patients. The termi
nal plasma half-life is 15.2 hours following high single doses 
(3.8-5 g/m2 ), which is around twice that reported for cy
clophosphamide. The difference was reduced at lower doses. 
Less of the administered drug (49%) was metabolised com
pared with cyclophosphamide and thus, in view of the meta
bolic pattern (see above), it seems that less of the biologically 
active metabolite is produced in vivo. 

Although isophosphamide has a wide range of anti
tumour activities and has been claimed to show lower toxic
ity to bone marrow than cyclophosphamide its use so far has 
been on a minor scale in comparison with that of cyclophos
phamide. 

ALKANESULPHONATES 

The mode of alkylation by alkanesulphonates follows SN2 

kinetics, which means that the rate-determining step in
volves both the alkylating agent and the nucleophile being 
attacked. Consequently the rate of reaction will depend to 
an extent on the nature of the nucleophile being alkylated. 
Sulphur nucleophiles (e.g., cysteine, glutathione) are most 
reactive towards SN 2 alkylating agents, followed by nitrogen 
and oxygen nucleophiles. 

Busulphan (myleran, 1,4-dimethylsulphonyloxybutane) 
(Table 2) is the only alkane sulphonate in widespread clinical 
use. Its preference for sulphur nucleophiles is illustrated by 
the fact that more than half of the urinary excreted metab
olites in rat, rabbit and mouse derived from C4C]-labelled 
busulphan is accounted for by 3-hydroxytetrahydrothio
phene-l,l-dioxide (196), formed following the reaction of 
busulphan with a thiol group. Cross-linking of DNA does 
however occur, as illustrated by the work of Tong and 
Ludlum (237) who showed, in an in vitro experiment, the 
production of 1,4-di(7-guanyl)butane following incubation 
with busulphan. 

DNA-DNA interstrand cross-linking has also been ob
served by Bedford and Fox (18) in Yoshida lymphosarcoma 
cells treated with busulphan. Also tested in this work were 
the analogs of busulphan with more (5-9) or less (1-3) 
methylene units in the chain linking the methane sulphonate 
residues. In most cases, interstrand cross-linking was cor
related with in vitro cytotoxicity, six CH2 groups showing 
the greatest effects. However, with this tumour in vivo the 
activity of the compounds was not closely correlated to 
interstrand cross-linking. The length of the cross-link 
produced by a bifunctional compound may be of particular 
importance in determining the therapeutic ratio of the com
pound. 

Pharmacologically busulphan differs from the nitrogen 
mustards in that it has a more selective effect on myeloid 
cells (see review by Fox (95)). It is consequently used most 
extensively in the treatment of chronic myelogenous leukae
mia. The reason for the drug's effectiveness against these 
cells is unknown. Busulphan was introduced to the clinic in 
the late 1950s, and as is often the case with the earlier 
alkylating agents, little satisfactory pharmacokinetic data is 
available for the compound. However, Ehrsson et al. (81) 
have recently quoted elimination half-lives of about 21 hours 
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for patients with chronic myelocytic leukaemia receiving 
oral busulphan (2-6 mg). The drug was determined by gas 
chromatography-mass spectrometry after its conversion to 
1,4-diiodobutane (79). 

Treosulphan is a novel analogue of busulphan whose 
structure (L-threitol 1,4-bis-methanesulphonate) differs 
from busulphan only by the addition of two hydroxy 
groups. These groups are believed to playa part in the drug's 
metabolism which is thought to involve the intramolecular 
displacement of the methyl sulphonate groups by the hy
droxylic groups, to yield the active metabolite L-diepoxy
butane (see Epoxides). Unlike busulphan the pharmacoki
netics of treosulphan have been well studied, using a GC 
quantitative method (250). The clinical application of treo
sulphan has been mainly in the treatment of ovarian cancer. 

EPOXIDES 

Epoxides are directly acting alkylating agents which react by 
a bimolecular process (see Alkanesulphonates). The leading 
epoxide in clinical practice is dianhydrogalactitol (Table 2) 
(82), but it should also be pointed out that dibromomannitol 
and dibromodulcitol, which are also under clinical evalua
tion, are believed to be active because of the conversion in 
vivo to mono- or diepoxides (131). The clinical trials that 
have been carried out on these three compounds have been 
surveyed by Chiuten et al. (46). Both dibromodulcitol and 
dianhydrogalactitol have the property of crossing the blood
brain barrier and much attention has been paid to the study 
of patients with intracranial tumours. Dibromomannitol 
has been used in the treatment of chronic myelogenous 
leukaemia but did not show any dramatic therapeutic ad
vantages over the use of busulphan. 

The human pharmacokinetics of dianhydrogalactitol 
have been studied in detail by Eagan et al. (76), using a high 
pressure liquid chromatographic method for quantitating 
the drug, following its conversion to a bis(dithiocarba
moyl)ester. The drug is rapidly removed from the plasma 
(initial half-life tl/21X 3.9 min, terminal half-life t1/2P 31.3 min) 
following I-hour infusions, and further studies on methods 
of administration that would result in maintained plasma 
concentration were recommended by these authors. Al
though there was only a low rate of tumour response in this 
Phase II/III study the observed regression of three tumours 
(large cell lung carcinoma, carcinoid of the thymus and a 
mixed adenocarcinoma/squamous cell carcinoma of the 
lung) suggests that further studies of the drug are necessary. 

Further epoxides which are in an earlier stage of clinical 
development are di-acetyldianhydrogalactitol, di-succinyl 
dianhydrogalactitol and the triepoxide 1,3,4-trigly
cidylurazole. 

AZIRIDINES 

The mechanism of action of some nitrogen mustards is 
regarded as involving a cyclic aziridinium ion intermediate 
(200). This led to an interest in compounds containing the 
three-membered aziridine ring. Indeed it has subsequently 
been shown that 2-bromoethylaminonaphthoquinone is 
metabolised by rat hepatocytes to 2-aziridinylnaphthoqui-

none (247). They also found that the 4-chlorobutyl analogue 
cyclised under similar conditions to form a 5-membered 
pyrrolidine ring; which is similar to the intermediate pos
tulated by Tisdale, Elson and Ross (235) to account for the 
activity of a series of halogenobutylethers. 

The aziridine ring is chemically reactive, due to the strain 
imposed by its configuration. Ring opening which is pro
moted by acid results in the formation of an alkylating 
carbonium ion. 

A number of aziridine derivatives have found clinical use, 
the two of most significance being thio-TEPA (Table 2) in 
the treatment of ovarian carcinoma, disseminated car
cinoma of the breast and Hodgkin's disease, and in com
bination with an androgen for breast carcinoma (117, 241) 
and triethylenemelamine (TEM). Investigation of the 
mechanism of action of TEM and an attempt to prepare an 
inactive analogue led to the synthesis of hexamethyl
melamine (36, 121) and its subsequent introduction into 
clinical use (166). 

In addition to these multifunctional alkylating agents 
based on the active aziridine group a number of apparently 
monofunctional agents have been of interest, however, they 
all have the potential for metabolism of another part of the 
molecule to a reactive species. Tetramin (4-aziridinyl-3-
hydroxybut-l-ene), which has shown activity against a num
ber of tumours (254), has the possibility for in vivo epoxida
tion of its double bond to form a reactive difunctional 
derivative. 

Of more general interest, though clinical application has 
yet to be achieved, are the dinitrophenylaziridines. l-Az
iridinyl-2,4-dinitrobenzene (XVII, R = H) was discovered 
over 30 years ago (6) and, with a therapeutic index of 10 
against the Walker 256 carcinosarcoma, it is comparable 
with clinically useful alkylating agents. A subsequent de
tailed structure-activity study (149, 150) established the 
structural requirements of this class of compounds and, 
more particularly, 5-(I-aziridinyl)-2,4-dinitrobenzamide 
(CB 1954, XVII, R = CONH2) as the most active of the 
series. It has proved to be extremely selective for the Walker 
256 carcinosarcoma with a therapeutic index of 70, the 
highest recorded in this system, and little or no activity 
against other tumours. Small variations in structure were 
sufficient to destroy the activity. This unusual selectivity has 
been the subject of considerable investigation but to date has 
failed to identify the mechanism of action. Metabolic studies 
have shown that, although CB 1954 is superficially a mono
functional alkylating agent, other reactive groups are in
troduced into the molecule by reduction in vivo (138). It has 
also been suggested that CB 1954 may be an inhibitor of 
ribonucleotide reductase (236). 

CB 1954 has been shown to have other properties. It is a 
potent radiosensitiser and chemosensitiser. As a radiosen
sitiser it gives an enhancement ratio (the ratio of cell kill by 
a standard dose of X-rays with and without the drug) of 2.2 
compared with 1.5 for misonidazole at the same molar 
concentration, in hypoxic Chinese hamster cells in vitro. 
This activity is reduced by 2-phenyl-5-aminoimidazo-4-
carboxamide (2-phenyIAIC) to the same level as mis
onidazole (230). As 2-phenylAIC inhibits the cytotoxicity of 
CB 1954 to the Walker tumour in vitro and in vivo the 
increase in the radiosensitising effect over the nitro
imidazoles may result from the inherent cytotoxicity of the 



compound. In a similar fashion CB 1954 has been found to 
be a promoter of alkylating agent activity. It is as effective 
an enhancer of the antitumor activity of cyclophosphamide 
as misonidazole but less good in conjunction with mel
phalan (50). It is to be hoped that this reviewed interest in 
CB 1954 with provide a useful contribution for this drug in 
cancer treatment. 
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Another series of aziridine derivatives has been developed 
over the past ten years. These are the aziridinylbenzoqui
nones. Based on the known ability of compounds of this 
type to inhibit intracerebrally implanted tumours in rodent 
test systems (74) molecules were designed which would re
tain the ability to penetrate the central nervous system and 
yet have sufficient aqueous solubility to facilitate adminis
tration and equal or improve antitumour activity (47, 144). 
This work has resulted in two compounds going forward for 
clinical evaluation. 

The first of these AZQ (3,6-diaziridinyl-2,5-bis(car
boethoxyamino)-1,4-benzoquinone, XVIII, R = NHCOO 
C2 Hs) has been under investigation in the clinic for some 
years. In its Phase I trial the major toxicity was myelo
suppression at doses in excess of 10 mg/m2. Nausea, alopecia 
and anaemia were also observed. Although no significant 
responses were observed in 40 previously treated patients 
with advanced disease, minor objective responses were ob
served in three patients. AZQ was found in the CSF of the 
three patients investigated, in one case with a CSF to plasma 
ratio of 1:1 (211). A number of other Phase I trials have 
suggested that AZQ may be useful against CNS tumours 
(110, 171) and responses have been seen in grade III and IV 
astrocytomas (9, 69). Paediatric patients with CNS involve
ment in refractory acute leukaemia have shown response to 
AZQ (14). Most Phase II trials not involving CNS tumours 
have so far reported little or no response to this drug. 

Although the aziridinyl groups of AZQ are chemically 
reactive, alone they are insufficient for anti tumour activity 
(144). The reasons for this are still not clear nor is the 
importance or otherwise of metabolism. However, AZQ has 
been shown to form a semiquinone free radical on biochemi
cal reduction (115), and to cause selective destruction to 
mitochondria in human glioma cell lines (192). 

The poor aqueous solubility of AZQ (200 ~g/ml) means 
that mixed solvent systems are necessary for clinical ad
ministration (194). A second generation analogue is 
therefore currently being developed with lO-fold greater 
aqueous solubility and similar anti tumour activity. This is 
BZQ (3,6-diaziridinyl-2,5-bis(hydroxyethylamino )-1 ,4-ben
zoquinone, XVIII, R = NHCHl CH20H) (47). In addition 
to being more soluble it is also active at considerably lower 
doses such that the aqueous solubility will be sufficient for 
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clinical administration although its partition coefficient is 
lower (liS) and therefore its penetration of the blood brain 
barrier may be less efficient (167). 

Two antitumour antibiotics contain an aziridine group 
which is responsible at least in part for their activity. These 
are mitomycin C and carzinophilin A. Reductive metabo
lism of the quinone portion of mitomycin C allows release 
of the indole nitrogen lone pair followed by loss of methanol 
resulting in activation ofthe aziridine and carbamate groups 
as potential alkylating functions (134). Mitomycin C is used 
clinically for the treatment of malignanices of the breast, 
lung, colon and stomach (43). Carzinophilin A, which has 
been used clinically to treat cancer of the skin and jejunum, 
reticulosarcoma and chronic leukaemia (161), requires no 
metabolic activation. 

Other more recently developed anti tumour agents con
taining the aziridine group include selenothiotepa (156) and 
nitroxyl spin-labelled thiotepa (157). For the latter com
pound electron spin resonance (esr) may be used to follow 
the intracellular fate of the drug. 

NITROSOUREAS 

The nitrosourea antitumor agents have been extensively 
studied since the early 1960's. In vivo these compounds 
decompose and liberate transiently an active alkylating 
agent, together with an isocyanate. The mechanism of this 
process is shown in Fig. 5. Many variants of the nitrosourea 
structure, containing different Rand R' groups have been 
synthesised (see, e.g., (140,141» and tested for antitumour 
activity. The screening data indicated that the most active 
compounds were those with R = 2-chloroethyl, 2-fiuoro
ethyl or a cycloalipathic group and R' = 2-chloroethyl or 
2-fiuoroethyl. Thus the first nitrosourea to be used exten
sively in the clinic was carmustine (BCNU, XIX, 1,3-bis(2-
chloroethyl)-I-nitrosourea) where Rand R' are 2-chlo
roethyl groups. There was also enthusiasm about the pos
sible clinical use of lomustine (CCNU, 1-(2-chlorethyl)-3-
cyclohexyl-l-nitrosourea), XX, and semustine (MeCCNU, 
1-(2-chloroethyl)-3-( 4-methylcyclohexyl)-I-nitrosourea), 
XXI, which like BCNU had high activity in the animal 
tumour screen and were lipid soluble, allowing their use for 
the treatment of brain tumours. The chloroethylnitro
soureas have been reviewed by Weiss and Issell (249) and by 
Weinkam and Lin (24S). 

BCNU, CCNU and MeCCNU are all believed to alkylate 
intracellular nucleophiles following the formation of a 
ClCH2CHj ion. Cross-linking between DNA chains in vivo 
(153, 23S) and cross-linking between two nucleophilic sites 
within the same DNA base molecule (lOS) have both been 
observed. 

Indeed cross-linking of DNA by MeCCNU in sensitive 
and resistant murine colon tumours was correlated with the 
sensitivity to the drug (251), even though total DNA binding 
was the same in both tumours. 

The fate and biological function of the isocyanate that is 
concomitantly produced (2-chloroethyl, cyclohexyl and 4-
methylcyclohexyl isocyanates from BCNU, CCNU and 
MeCCNU respectively) is less certain. Nitrosourea-derived 
isocyanates react readily with amine groups, such as those in 
lysine residues in proteins (252) and this may be of impor-
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Figure 5. The decomposition of nitrosoureas. 

tance with regard to the observed inhibition of DNA strand
break repair, DNA replication and RNA strand scission (see 
review by Kohn (1S4)) that is seen after nitrosourea treat
ment. Although the isocyanate has generally been thought 
to be more associated with unfavourable side effects than 
anti tumour effects, Gibson and Hickman (103) have chal
lenged this hypothesis with their studies on nitrosourea 
sensitive and resistant TLXS lymphoma cell lines. The resis
tant line was cross-resistant to isocyanates, but not to alky
lating agents, suggesting that the isocyanates were of con
siderable importance with regard to the cytotoxicity of 
nitrosoureas in this particular system. In general, however, 
nitrosoureas with low carbamoylating activity retain their 
anti tumour properties. For example chlorozotocin, XXII, 
produces the alkylating species and the isocyanate in the 
normal way, but the latter compound inactivates itself by 
intramolecular cyclisation (carbamoylation of the sugar re
sidue (116)). Chlorozotocin is an analog of the naturally 
occurring methyl nitrosourea streptozotocin, XXIII, and 
both of these compounds, which are currently undergoing 
clinical trial, cause lower myelosuppression than BCNU or 
CCNU. 

Tsujihara et al. (239, 240) and Morikawa et al. (181) have 
synthesised a series of nitrosoureas disubstituted on the 

nitrogen bearing the R group, and with a f3-hydroxy group 
on one of these substituents. Some of these compounds 
cannot form isocyanates but can form alkylating inter
mediates, and these were more active in animal tests than 
CCNU. Further work by this research group led to the 
synthesis of wide series of sugar containing nitrosoureas 
(e.g., (182)), some of which (e.g., 1-(2-chloroethyl)-3-
isobutyl-3-(f3-maltosyl)-I-nitrosourea) have promising anti
tumour activity (2). 

Other nitrosoureas whose animal anti tumour activity 
warrants their further investigation include the fiuoroethyl 
nitrosoureas (139) and steroid linked nitrosoureas (212, 
262). 

Although the breakdown pathway illustrated in Fig. S is 
a major metabolic route other forms of metabolism have 
been identified, such as denitrosation (BCNU, (12S)) and 
R-group hydroxylation (CCNU cyclohexyl ring, (126, 19S)). 
In the latter case metabolism is extremely rapid and carba
moylation in vivo is likely to be by hydroxycyclohexyl iso
cyanates in addition to cyclohexyl isocyanate. 

Despite the intense study of structure-activity relation
ships, metabolism and mechanism of action of the nitro
soureas over the past 20 years, the impact of these com
pounds on cancer chemotherapy has been greatly limited by 
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Figure 6. Triazene metabolism. 

the severe and cumulative myelosuppression that they 
produce. The future of BCNU and CCNU is therefore 
uncertain, and attention is currently being focused on the 
more recently developed analogs such as chlorozotocin and 
streptozotocin. Another agent where clinical evaluation has 
started is PCNU (1-(2-chloroethyl)-3-(2,6-dioxo-3-
piperidyl)-l-nitrosourea (258)). This has a higher alkylating 
activity than CCNU and is also lipid soluble making it 
suitable for brain penetration (97). Again, however, the 
dose-limiting toxicity was myelosuppression. 

Regardless of the future of nitrosoureas in cancer chemo
therapy they are extremely useful experimental tools for 
laboratory mechanistic studies. One of the major intracel
lular targets for nitrosoureas is transcriptionally active chro
matin. An understanding of the molecular nature of these 
interactions (see review by Tew et al. (233)) may allow the 
development of nitrosoureas of greater selectivity against 
tumour cells, in addition to leading to a greater understand
ing of chromatin structure and function. 

TRIAZENES 

The rationale for including triazenes in a chapter on alkylat
ing agents is perhaps questionable, however, their major 
route of metabolism results in the formation of an alkylating 
carbonium ion. Whether or not this carbonium ion or some 
other established metabolite is responsible for the anti
tumour activity observed with these compounds is still un
certain. Albeit the mechanism of action of the triazenes 
remains to be established, DTIC (5-(3,3-dimethyl-l
triazene-4-carboxamide, DIC, dacarbazine, XXIVa, R' = 
H) has found some clinical utility and second-generation 
agents are currently being investigated clinically. 

OH 
XXV 

+ R'CHO 

XXVII 

The first synthesis of a triazene or diazoamino compound 
was by Wallach (245). Biological interest in such compounds 
did not occur until 70 years later, when it was shown that 
aryldialkyltriazenes had activity against the sarcoma 180 
and leukaemia 82 (39, 48). However, these findings were 
largely ignored until well after the discovery of DTIC. 

Shealy and his colleagues (222, 223, 224) designed DTIC 
to be a prodrug form of 5-diazoimidazo-4-carboxamide, a 
chemically unstable inhibitor of the Walker 256 carcinosar
coma. DTIC has since proved to have a different mechanism 
of action to that predicted and its photochemical decom
position to the diazo compound has been suggested as a 
contributory factor in its toxicity. The photodecomposition 
products of the clinically formulated material are different 
from those of pure DTIC (129, 130). However, means of 
administration which exclude light are now available such 
that this should no longer be such a critical problem (14, 
159). Photo toxic effects have been reported (17) in patients 
exposed to sunlight within 24 hours ofDTIC therapy, which 
might be attributable to photodecomposition of the drug. 

DTIC has been studied clinically in a variety of tumour 
types (44). Its most significant activity as a single agent is to 
produce an overall 25% response rate in the treatment of 
metatastic malignant melanoma (54). This is the highest 
response rate of any single agent and a substantial improve
ment on other alkylating agents. Similar response rates are 
observed with high dose DTIC in combination with either 
actinomycin D or BCNU and hydroxyurea (61). Although 
it does not have the single agent activity of doxorubicin in 
the therapy of adult soft tissue sarcomas, DTIC in combina
tion with doxorubicin shows a cumulative response which is 
further improved by the addition of cyclophosphamide and 
vincristine to the combination (CYV ADIC) (109). These 
results are, however, not necessarily reproducible (105). 
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There are two combination chemotherapy regimes for the 
treatment of Hodgkin's disease, of which MOPP (mechlor
ethamine, vincristine, prednisone and procarbazine) is re
garded as the standard therapy. However ABVD (doxorubi
cin, bleomycin, vinblastine and DTIC) has been shown not 
to be cross-resistant with MOPP (207, 208) and capable of 
producing 100% response and 100% 2-year survival if the 
two combinations are alternated (27). 

DTIC also exhibits single agent activity in neuroblastoma 
and rhabdomyosarcoma (93) which although not as good in 
itself as established combinations warrants investigation of 
its possible inclusion. 

Like all alkylating agents DTIC causes immune suppres
sion clinically (33). However, in experimental systems a 
BCNU resistant EL4 leukaemia line showed altered im
munogenicity and was curable by BCNU following DTIC 
treatment (189). 

The metabolism and mechanism of action of DTIC has 
been studied in some detail although as yet its precise me
chanism of action has not been determined. The work in this 
area related to DTIC must be considered in conjunction 
with that derived from the dialkylaryltriazenes. Originally 
DTIC was regarded as an antimetabolite of 5-amino
imidazole-4-carboxamide (AIC, XXVIIa) (223). The present 
evidence, although originating preponderantly from the aryl 
series, is that dialkyltriazenes require metabolic activation 
by the host in order to produce an antitumour effect (11,59, 
101). 

The major urinary metabolite of DTIC in man is AIC 
(132, 225, 226) and it is also formed by mouse liver mi
crosomes and human and animal tumour tissue (100, 179). 
Such evidence indicates a metabolic route via the mono
methyl derivative, MIC (5-(3-methyl-l-triazeno )-imidazole-
4-carboxamide, XXVIa, following oxidative metabolism 
and loss of formaldehyde. The detection of HMIC (5-(3-
hydroxymethyl-3 -methy 1-I-triazeno )imidazole-4-
carboxamide, XXVa, R' = H) and MIC in the plasma of 
DTIC treated patients (207) and of the primary oxidative 
metabolite HMIC as a urinary metabolite in rats (155) 
would seem to be final metabolic proof of this metabolic 
pathway. The surprisingly high stability of HMIC in polar 
solvents as compared with MIC led these authors to suggest 
that it may be the transport form of the activated drug. 

Although the metabolites, HMIC and MIC, are observ
able in the plasma of DTIC treated patients there is a 
considerable species difference in metabolism between 
mouse, rat and man. Plasma clearance of DTIC is some 9 
times more rapid in mice than man and is reflected in the 
higher levels of the metabolite seen in the mouse. Com
parison of these data with in vitro cytotoxicity testing leads 
to the conclusion that in mice cytotoxic levels of HMIC and 
MIC may result from DTIC metabolism, a situation which 
is not achieved in rats and most patients even after high 
doses, suggesting that the relatively low clinical activity of 
DTIC, in relation to its effect in murine tumour systems is 
due to man's poor ability to metabolise the drug (206). 

The toxicity observed with DTIC, in particular the severe 
nausea and vomiting, has led to interest in analogues in 
which this problem may be overcome. A number of studies 
have shown that the imidazole group may be replaced by 
various other ring systems without any major change in 
activity. Ring types investigated have included phenyl, pyra
zole and y-triazole (169). A detailed structure activity study 

of dialkylaryltriazenes (59) demonstrated the structural re
quirements for activity against a murine plasmacytoma. 
These are an aryl or heteroaryl carrying group at N 1, a 
methyl group at N3 and a readily metabolised group also at 
N3 (XXIV). 

The metabolism of the dialkylaryltriazenes is similar to 
that of the imidazotriazenes (59, 257) hence similar prob
lems in relation to metabolic activation in man might be 
predicted. This is indeed the case, but in the rat levels of 
metabolites of 1-( 4-carbamoylphenyl)-3,3-dimethyltriazene 
(XXIVb, R' = H) following phenobarbitone pretreatment 
are almost identical to those seen in the mouse, giving the 
hope that clinically this problem may be overcome (205). 

The original intention behind the development of a 
second-generation triazene was to overcome the clinical side 
effects of DTIC and to produce a far more effective anti
melanoma drug. Other properties of these compounds and 
the dialkylaryltriazenes in particular have evoked interest in 
the treatment of other tumour types. Farquhar (91) demon
strated the difference in CSF to plasma ratio of an aryl
triazene (1-( 4-carbamoylphenyl)-3,3-dimethyltriazene) and 
DTIC, in dogs. He found that this ratio was 1:1 for the 
aryltriazene but 1: 10 for DTIC. The life span of mice carry
ing the intraperitoneally implanted Ll210 was increased 
40-50% by both drugs following i.p. administration but 
only the aryltriazene produced a similar response when the 
tumour was implanted intracerebrally. The most likely ex
planation of this difference in ability of the metabolites of 
these drugs to cross the blood-brain barrier (BBB) is the 
greater lipid solubility of the aryltriazene which meets 
Levin's criteria for drugs to cross the BBB (167). The find
ings are also in agreement with the differences in optimal 
partition coefficient of active drugs being dependent on the 
site of implant of the Ll210 tumour (41). 

More recent work in this direction has involved the use of 
human grade III and IV astrocytoma xenografts growing in 
immune deprived mice. When implanted subcutaneously in 
the flank these tumours are sensitive to drugs such as 
BCNU, procarbazine, DTIC and CB 10-350 (1-(4-carba
moylphenyl)-3-methyl-3-pentyltriazene, XXIV, R' 
CH2CH2CH2CH3 ). Cyclophosphamide, vincristine, 5-FU 
and hexamethylmelamine have little or no activity. A some
what different pattern emerges when the tumour is im
planted intracerebrally, in this case only BCNU and CB 
10-350 inhibit tumour growth (256). This data allows certain 
conclusions to be drawn, firstly because DTIC is not active 
on the intracerebral implant whereas CB 10-350 is, the BBB 
has remained intact and the tumour is located in this 
privileged site. Secondly, that CB 10-350 has the predicted 
criteria, high lipophilicity and molecular weight below 400 
(167), for penetration of the BBB. Thirdly, a more 
generalised investigation of the aryltriazenes in this tumour 
system is warranted to establish a drug of choice for clinical 
study. 

Although DTIC became the initial triazene of choice for 
clinical use BTIC (5-(3,3-bis(2-chloroethyl)-I-triazeno )im
idazole-4-carboxamide, XXVIII) has better activity in mu
rine tumours (221). The metabolism of BTIC parallels that 
of DTIC in leading to a monoalkyl, in this case a 2-chloro
ethyltriazene (MCTIC, (220)). A second series of com
pounds designed as chemically activated prodrug forms of 
these two cytotoxic imidazole derivatives has been pursued 
by Stevens and his colleagues (229) at the University of 



Figure 7. Structural requirements of imidazotetrazinones. 

Aston. The first of these compounds 8-carbamoyl-3-(2-chlo
roethyl)imidazo[5, I-d]-l ,2,3,5-tetrazin-4(3H)-one (mito
zolamide, XXIX, R = CH2CH2Cl) cures many experi
mental tumours (123). It has been shown to decompose 
chemically, under mildly alkaline conditions, by opening of 
the tetrazine ring, to yield MCTIC (229). Biological evalua
tion of mitozolamide also points to the drug acting as a 
prodrug form of MCTIC (228). 

XXVIII XXIX 

The Phase I clinical study ofmitozolamide (188) covered 
doses from 8 to 153 mg/m2 and demonstrated dose-related 
but not severe vomiting, with thrombocytopenia as the 
dose-limiting toxic effect at doses greater than 115 mg/m2. 
The plasma half-life of the drug was 1 to 1.3 hours and 
independent of the route of administration (i.v. or oral). 
Partial responses were seen in two patients with adenocar
cinoma of the ovary who had received previous cisplatin 
therapy. Phase II studies with this drug are planned against 
melanoma and lung and ovarian tumours. 

A detailed structure activity study (163,228) has indicated 
the structural requirements for anti tumour activity in this 
class of compounds (Fig. 7). The substituent at Rl may be 
an amide, sulphonamide, sulphone or sulphoxide, that at R2 
a hydrogen or small alkyl group and R3 must be either a 
methyl or 2-chloroethyl group. Antitumour evaluation of 
these compounds have indicated the most active to be 
CCRG 81045 (8-carbamoyl-3-methylimidazo[5, I-d]-1 ,2,3, 
5-tetrazin-4(3H)-one, XXIX, R = CH3)' This compound 
decomposes chemically in a similar fashion to mitozol
amide, in this case producing MTIC as the active metab
olite, the presumed active metabolite of DTIC, without the 
need for biological activation. Extensive testing of CCRG 
81045 in experimental tumour systems has shown it to be 
superior to DTIC and to have a different spectrum of ac
tivity to mitozolamide (162). Consequently it has been selec
ted for toxicological evaluation prior to Phase 1 clinical trial 
(228). 

CONCLUSION 

New alkylating agents are constantly being synthesised and 
tested for anticancer activity. They are selected for toxico
logical and ultimately clinical trial on the basis of animal 
screening tests. Many of these novel compounds that have 
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'passed' these tests (e.g., PCNU, spiromustine, aziridinyl
benzoquinone (AZQ), etc.) have promising activity, which 
clearly warrants their further clinical testing. It should be 
pointed out, however that there is a danger that the animal 
test systems may not be the best predictor for human drug 
activity. Most of the compounds going successfully through 
the preclinical development fall into the same general chemi
cal classes as the earliest alkylating agents developed twenty 
or more years ago. Maybe our initial test systems are par
ticularly sensitive to these classes of compounds and maybe 
our perspective should be extended towards broader based 
test systems, which might show up novel classes of com
pounds. The current use of human tumour xenografts in the 
drug development programmes of the NCI and other groups 
may well prove to give rise to the selection of drugs having 
more diverse structural properties and activity against the 
currently refractory types of human tumour. 
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POSTSCRIPT 

The peculiar sensitivity of the Walker tumour to CB 1954 has 
recently been reinvestigated by Roberts and his colleagues. CB 1954 
forms DNA interstrand crosslinks time dependently in Walker 
tumour cells, but not in V79 cells which are unaffected by the drug 
(5). The V79 cells are, however, rendered sensitive to CB 1954 by 
co-culturing with Walker cells and interstrand crosslinks are formed 
in their DNA. This is indicative of the formation of a diffusible toxic 
metabolite by the Walker cells (3). The active metabolite has been 
identified as 5-(aziridin-l-yl)-4-hydroxylamino-2-nitrobenzamide 
by comparison with synthetic material (3). The metabolizing 
enzyme has been shown to be a form of NAD(P)H dehydrogenase 
(quinone) (DT diaphorase, quinone reductase) (4). The authors 
have suggested that this selective bio-activation could lead to the 

development of new anti-cancer strategies (1). Antibodies to the 
enzyme might lead to a screening system for CB 1954-sensitive 
tumours or the enzyme could be targeted to particular tumours by 
coupling to a tumour 'specific' antibody after the manner suggested 
by Bagshaw (I). 
A phase I clinical study of 1-(4-carboxyphenyl)-3,3-dimethyl
triazene (CB 10-277) has been initiated (2) and I minor and 2 partial 
responses have been observed out of 4 melanoma patients treated. 
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PLATINUM COMPOUNDS 

CHARLES L. LITTERST and EDDIE REED 

INTRODUCTION 

cis-Diamminedichloroplatinum-II (DDP) is a relatively new 
antineoplastic drug with demonstrated activity against 
mainly ovarian and testicular cancers. The biological activ
ity of DDP was discovered by accident when bacterial 
growth was observed to cease in the vicinity of a platinum 
electrode (170). The antibacterial effects of platinum were 
characterized as being mainly bacteriostatic, with an elonga
tion of bacterial cells rather than actual cell death (170). 
Several platinum salts were screened for their antibacterial 
effects, and one of the most cytotoxic, DDP, was then tested 
against an animal tumor model (171). When DDP was 
discovered to prolong the life of tumored animals, large 
scale screening for antineoplastic activity was begun. DDP 
was screened against a large number of predominantly mu
rine tumor models and found to have significant, confirmed 
activity against B16 melanoma, LI210 and P388 leukemias, 
and human mammary and colon xenographs, among others 
(212). In addition, DDP was found to be active by several 
treatment schedules, against rat as well as mouse tumors, 
and to be active against tumors of both chemical and biolog
ical origins (169). Clinical trials of DDP first began in the 
early 1970's. 

CHEMISTRY 

The relatively simple chemical structure of DDP (Fig. 1) 
belies an extensive series of spontaneous aquation reactions 
wherein the chlorine atoms of DDP are replaced with aquo 
and hydroxo groups (Fig. 2). These reactions, when allowed 
to proceed in vitro, will ultimately produce an equilibrium 
mixture of parent drug and the numerous aquated and 
hydroxylated products. In addition, the presence of di- and 
tri-aquo complexes also has been suggested (168). In vivo, 
the equilibrium probably never occurs because of selective 
removal of some of the reactants from the reaction mixture. 
Thus, the parent drug is rapidly excreted in urine and after 
removal of the chlorines from the molecule, extensive nu
cleophilic binding to proteins and other substances occurs, 
further depleting the pool of reactants. Although DDP has 
been shown to interact with various enzymes in vivo and in 
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Figure 1. Chemical structure of cis-Diamminedichloroplatinum-II 
(DDP). 

vitro (2,3,57, 121 , 122, 132), no evidence for the catalysis of 
these aquation reactions by enzymatic means has appeared, 
nor has any enzyme-mediated metabolism of DDP been 
proposed. It has been inferred that biological activity resides 
with components other than the parent molecule but no 
identification of reactive products has been made. When 
DDP was incubated with plasma in vitro and ultrafilterable 
(nominal mw cutoff = 50000) as well as total platinum was 
analyzed, there was a gradual decrease in the concentration 
of filterable platinum (119), with a half time approximating 
that of the rate constant for the loss of the first chlorine atom 
(Ill). This suggested that DDP must undergo transforma
tion to one or another of its byproducts prior to the ap
pearance of the protein-bound platinum species. Additional 
work has shown that other effects on enzyme activity in vitro 
occur only after long incubation times (4, 57, 132). In vitro 
plasma binding curves are similar to those obtained in whole 
animals and in patients. Although the exact nature of the 
active species is unknown, the di- and tri-aquo polymers of 
DDP have been suggested to be extremely toxic (168). 

ANTITUMOR MECHANISM 

The mechanism by which DDP exerts its antitumor effect is 
thought to involve nucleophilic interaction with the DNA 
molecule and subsequent derangement of the structure and 
function of this nucleic acid. This thesis is based on the 
presence of platinum in cellular nuclei following DDP treat
ment (25, 10 I), its inhibition of DNA synthesis in vitro and 
in vivo (69, 84, 85,136, 195), and the in vitro binding ofDDP 
to DNA (48, 68, 93 , 126, 150, 163, 220, 221). The mechanism 
of DNA binding and inactivation is thought to be denatura-
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Figure 2. Chemical decomposition scheme of DDP in aqueous medium. 

tion caused by crosslinking of DNA molecules. Thus, cross
linking of DNA strands resulting from interstrand cross 
links has been shown by several authors (48, 93, 150, 163, 
220, 221) and DNA-protein links have also been demon
strated (220). DDP is bifunctional in that there are two 
reactive sites on the molecule (both chlorine atoms are 
leaving groups) and the interaction of DDP with DNA is 
strongly dependent on the cis configuration between these 
two sites. It has been demonstrated that trans DDP binds to 
mammalian cell DNA as avidly as does cis DDP and forms 
interstrand cross links even more rapidly than does cis DDP 
(48, 93, 150, 163, 220) but the trans configuration is much 
less cytotoxic. Hence, the difference in biological activity 
between the two isomers must not be in the initial binding 
to DNA or in the formation of inter strand cross links but in 
the iptramolecular interactions between the second reactive 
site of cis DDP and various additional nucleophilic sites on 
the DNA molecule. Thus, it is thought that cis DDP initially 
interacts with nucleotides in DNA to form interstrand links 
but then subsequently interacts with other reactive sites on 
the same DNA strand to form intrastrand cross links that 
ultimately result in denaturation of the DNA molecules. In 
support of this theory, Eastman (48) concluded that the lack 
of denaturation of calf thymus DNA following trans DDP 
treatment was due to the inability of the trans molecule to 
form the same intra strand cross links that were observed 
with cis DDP treatment. The binding of cis DDP to DNA 
is to the guanine bases and appears to mainly involve the 
N-7 positions (126). Support for guanine as the major bind
ing site in DNA was obtained when intra strand cross linking 
was shown to occur between adjacent guanine bases (164). 

Although DDP-induced inhibition of DNA synthesis is 
widely recognized as being primarily responsible for the 
antitumor effects of DDP, the concentration of platinum 
found in tumors after administration of DDP to tumored 
animals is surprisingly low (80, 211). This had led to some 
speculation that a mechanism other than inhibition of DNA 
synthesis might also be operating to inhibit tumor growth. 
It has been postulated that DDP might interact with the host 
immune system to stimulate immune-mediated rejection of 
the tumor. Thus, Rosenberg first suggested that DDP may 
alter antigenic sites on tumor cell surfaces (167) and Sodhi 
and Aggarwal (189) showed an enhancement of cellular 
immunity in tumored animals treated with DDP. Subse
quent work demonstrated that animals could be immunized 
against tumor cell challenge if previously treated with DDP
exposed tumor cells (178). 

Although a good deal of animal work has been done with 
respect to DDP's effect on the immune system, work of only 
limited scope has been done in humans or with human 

tissues in vitro. Kleinerman et al. (104) reported that treating 
human monocytes with low concentrations of DDP (10- 9 

M) in vitro will cause enhancement of spontaneous mono
cyte-mediated cytotoxicity (SMMC), They cite literature 
suggesting that SMMC plays an important role in tumor cell 
kill in man. In a clinical study in ovarian cancer patients, all 
seven evaluable patients treated with a DDP-containing 
regimen showed at least a three-fold enhancement of cyto
toxic function in the SMMC assay (105). This was thought 
to suggest that DDP may have some beneficial enhancement 
of immune function in treated patients. Howle et al. (85) 
reported that treating human monocytes in vitro with DDP 
in the 10- 5 M range for up to 24 hr may actually suppress 
immune function. Kleinerman and Zwelling (103) studied 
the effects of in vitro DDP treatments in the 10-5 M range 
for one hour and reported no difference between treated 
cells and controls with respect to response to several mito
gens and to 3H-thymidine incorporation. These data, taken 
together with other animal data suggest that DDP may have 
an as yet incompletely understood but beneficial effect on 
the human immune system. 

PHARMACOKINETICS AND DISTRIBUTION 

Following a bolus intravenous administration of DDP to 
animals, platinum leaves the blood in a multi-compart
mental fashion, with two major components. The initial 
distribution half time is 6-10 minutes in rats, dogs and 
rabbits (39, 42, 58, 119, 123, 156). The second major com
ponent is a very prolonged elimination half life reported to 
be 2-5 days in the same 3 species (39, 42,58, 119, 123, 156). 
It is felt that these long half times reflect the biological half 
lives for various tissue proteins and thus the prolonged 
plasma platinum concentrations arise from platinum freed 
from tissue binding sites only by the normal endogenous 
catabolism of these proteins (RL Dedrick, personal com
munication). Plasma decay of platinum in humans following 
DDP administrations is similar to that in animals, with half 
times for the initial distribution phase of 23-24 min and for 
the elimination phase of 44-67hr (21, 36, 63, 66, 89, 151). 
Variations in elimination halftimes may reflect variations in 
treatment regimens. The kinetic data reported above reflect 
determinations of total platinum in plasma. From earlier 
discussions (p. 1) it should be apparent that total platinum 
analysis reflects both protein-bound platinum and ultra
filterable platinum (i.e., either unbound platinum or plati
num bound to low molecular weight components). Al
though the kinetic parameters for filterable platinum have 
not routinely been determined, many authors report that the 



plasma concentration of filterable platinum declines in a 
monoexponential fashion and is below the limits of detec
tion by 1-2 hr after dosing in both animals and patients (21, 
63, 66, 89, 119, 151). 

Excretion of platinum is almost exclusively in the urine, 
with 30-50% of the administered dose appearing in urine 
within the first hour after dosing (8,36,39,42, 119, 156) and 
50-70% appearing by 24hr (8,39,42, 58, 119, 123, 156). 
After that time only very small amounts of platinum are 
recovered in urine, although uril}ary platinum is still detect
able 30 days after dosing (120). The large excretion of plati
num during the first day after administration of DDP may 
be accounted for in part by the fact that DDP is a rather 
potent diuretic, with 2-3-fold increases in urine volume (8, 
29, 61). This early diuretic effect has been shown to be due 
to an inhibition of release of vasopressin from the posterior 
pituitary (29). Total recoveries of platinum rarely exceed 
70-80%, probably because of extensive binding in tissues of 
large mass, such as skin and liver. Consistent with the theory 
of platinum metabolism, 90% of the urinary platinum 
during the first hour is intact DDP (162). Fecal excretion has 
not been closely examined, probably due to esthetic con
siderations and to the obviously predominant role of renal 
excretory mechanisms. This seems justified because in one 
48-hr stool collection no platinum was detected after 
adminstration of DDP to a patient (188). However, plati
num has routinely been detected in bile in all studies where 
it has been examined (21, 119, 156, 187) and this has 
prompted examination of the biliary excretion of platinum 
following administration of DDP. In bile duct cannulated 
rats, only 1 % of the administered dose was recovered in the 
bile in 24 hr (42, 187) and this is consistent with various 
studies that have extrapolated biliary excretion data to 2-
3% of administered dose. Inconsistencies in plasma decay 
curves of platinum after DDP administration have been 
alleged to be due to enterohepatic recirculation of DDP in 
patients (201). 

Following administration of DDP to animals, highest 
concentration of platinum is found in kidney (80, 118, 119, 
156). Liver, skin, ovary and lung also have high concentra
tions of platinum (80, 118, 119, 156). The decay of platinum 
from these tissues is relatively slow, with substantial con
centrations detected in kidney, liver and skin as long as 12 
days after a single injection ofDDP (119), and platinum was 
easily detectable in brain tumor and brain tissue 5 days after 
an injection of DDP (13, 78, 191). Tissue half lives of plati
num in liver and kidney have been calculated to be 32 and 
50 hr, respectively (25). Data on distribution of platinum in 
tissues of patients treated with DDP are uncommon but 
have appeared. Two days after DDP administration to a 
patient with Hodgkin's disease, platinum concentrations 
were highest in kidney, followed by liver, testes, lymph 
nodes and thymus, and in a lymphosarcoma patient 25 days 
after DDP extremely high concentrations of platinum were 
found in liver with high concentrations also found in testes 
and lung but only moderate concentrations in kidney (78). 

The intracellular distribution of platinum in animals has 
been only recently investigated in much detail. As might be 
expected from DNA interactions of DDP, high concentra
tions of platinum have been found in nuclei, with mi
crosomes also containing high concentrations (25, 101). 
Cytosol, however, contained 4-5 times more platinum than 
any other individual fraction (25). The presence of such high 
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concentrations of platinum in cytosol may be attributable to 
high concentrations of glutathione and other thiol-contain
ing chemicals in that fraction (121). Although there was 
some redistribution of platinum with time, both liver and 
kidney had similar subcellular distribution. 

TOXICITY 

DDP is a relatively toxic drug, with an intraperitoneal single 
dose mouse LDso reported between 13.4-17.8mg/kg (179, 
183, 193). The single dose ip LDso is 7.5 mg/kg for the rat 
(208) and is 9.7mg/kg for the guinea pig (56). The dose
response curve is very steep. The spectrum of toxic effects 
observed clinically is similar to, but more extensive than that 
reported in animals. Potentially the most serious toxicity 
associated with DDP administration is to the kidney. An 
acute renal tubular necrosis characterized by azotemia, in
creased plasma creatinine, decreased creatinine clearance 
and proteinuria is widely reported. The lesion is best de
scribed as a renal proximal tubular degeneration and ne
crosis, mainly in the pars recta of the outer medulla or 
corticomedullary junction. Although some authors report 
regeneration (45), others claim no significant regeneration to 
occur (27). Single administration of nonlethal doses has 
been shown to produce a progressive chronic degeneration 
terminating in extensive cyst formation in renal tubules (27, 
44) and reports of interstitial fibrosis (44). Chronic ad
ministration of very small doses twice weekly for 10 weeks 
also has been shown to produce interstitial fibrosis as well as 
a periglomerular fibrosis, both of which were concluded to 
represent irreversible damage (27). Glomerular damage has 
not been reported after acute doses in animals. Some clinical 
studies, however, report a decreased GFR in patients on 
combination regimens containing DDP (130). The mild pro
teinuria which is reported to occur is likely a reflection of the 
tubular lesion and is due to leakage of low molecular weight 
enzymes and microglobulins into the tubular fluid as a result 
of damage to epithelial and other cells lining the tubule (32, 
107). Although not reported in animal studies, human stud
ies have shown platinum blood concentrations to correlate 
with appearance of renal toxicity (19). However, toxicity 
was not correlated with the number of treatment cycles or 
with parameters of renal function (19). In patients dying of 
malignant disease after being treated with DDP a major 
distinction was the finding that lesions were mainly in the 
distal tubule, with the proximal tubule affected to a much 
lesser degree, particularly in low dose regimens (62). The 
explanation for this major discrepancy between animal 
models and human results is unexplained and should be 
addressed. 

Related to the tubular lesions is a serious electrolyte 
wasting, which has resulted in occurrence of severe tetany in 
isolated patients (72). This presumed defect in tubular func
tion affects mainly Mg2+ and Ca2 +, but K + is also affected. 
This defect has not been widely studied in animals and was 
not detected in early rodent studies (179, 208), possibly 
because these parameters are rarely studied in such inves
tigations. However, both dogs and monkeys showed de
creases in serum Ca2+ and K + (Mg2+ was not evaluated) in 
early preclinical toxicity studies (J 79). The demonstration 
that hypomagnesemia can persist for a number of years after 
treatment (181) supports this as a tubular malfunction and 
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is consistent with the chronic effects on renal histology and 
tubular morphology cited above. 

Of less life-threatening potential but greater practical sig
nificance to the patient is severe nausea and vomiting, begin
ning an hour after dosing and persisting for 24 hr. Dogs 
given high doses of DDP showed both emesis and severe 
hemorrhagic enterocolitis (179). No diarrhea was observed, 
however, even though this is a hallmark of DDP-induced 
gastrointestinal toxicity in rats (208) and has been reported 
in monkeys as well (179). The hemorraghic enterocolitis has 
also been reported in rats (26). No mucosal necrosis or 
hemorrhage was reported in stomach or colon, but an in
crease in lesion severity occurred from the duodenum (35-
40% decrease in crypt and villus cells) to the ileum (60-70% 
decrease in cells) of rats (26). Very high doses of DDP have 
been shown to affect the colon of the rat (208). Although of 
unknown significance a gastric distention has been reported 
in rodents (165) and may reflect the inability of the rat to 
vomit. 

Clinically, bone marrow suppression by DDP has been 
minimal, possibly because severe renal impairment inter
venes at doses below those required for significant marrow 
suppression. Mild marrow suppression, however, has been 
detected in numerous animal studies (70, 179, 208). At lethal 
doses in dogs only mild leukopenia and neutropenia were 
observed, but moderate anemia was present with no his
tologic evidence of hypocellularity (179). This is reminiscent 
of the hemolytic anemia observed in patients (60, 115). 
Hematologic effects of DDP in monkeys were restricted to 
anemia, reticulocytopenia, and neutropenia (179). All hema
tologic effects were mild and appeared to be reversible. Mice 
have been shown to manifest mainly a reticulocytopenia 
with no evidence of the anemia or leukopenia (70) observed 
in other species. The significance of the reticulocytopenia is 
unknown because this response is not commonly observed 
in patients. 

Hearing loss following DDP treatment has been studied 
extensively in both monkeys and guinea pigs and reflects the 
effects observed in patients. High tone hearing loss meas
ured in guinea pigs after either single or multiple doses of 
DDP occurred before lower tone loss and was dose related 
(56, 139). Furthermore, loss of hair cells in the lower turns 
of the organ of Corti correlated well with functional loss of 
hearing (56). Using different methods of evaluation, Naika 
et al. (139) came to essentially the same conclusions, and, in 
addition, detected a tendency toward recovery of hearing 
function in animals receiving very high doses of DDP. This 
is of interest because clinically, the decreased high-tone 
hearing loss has been shown to be irreversible (199). Hair 
cell degeneration observed following treatment has been 
elegantly described, but the mechanism of this effect is yet 
unknown. 

Following the successful demonstration that renal toxicity 
could be dramatically lessened with the use of hydration and 
diuresis (37), numerous attempts were made to find other 
means of blocking or reversing toxicity. Thus, extensive 
work in this area has been reported using chemicals and 
drugs in animals (14, 64, 83, 87, 112, 117, 129, 172, 186,207, 
218). By-and-large, effects in animals have been equivocal or 
have not been suitable for clinical application. Two tech
niques, however, have been found to produce significant and 
reproducible decreases in clinical toxicity and deserve brief 

mention. One of these is the use of sodium thiosulfate (TS) 
as an antidote and the other is the use of hyperosmotic NaCI 
as a vehicle for cisplatinum administration. Several authors 
have shown that TS could block cisplatinum-induced lethal
ity and could decrease BUN elevations in a dose-dependent 
manner (83, 87). Recent work by Howell et al. (82) has 
shown a similar effect in patients. These authors adminis
tered DDP intraperitoneally for tumors confined to the 
peritoneal cavity and gave TS intravenously as an antidote. 
At doses up to 270 mg/m2 there was no significant neph
rotoxicity with minimal myelosuppression and no hearing 
loss or peripheral neuropathy. Previously, the' maximum 
tolerated dose had been 100-120 mg/m2. The elimination of 
nearly all toxic effects of DDP with this treatment suggests 
a dramatic change in overall biological activity ofDDP and 
raises the question ofthe effect ofTS on therapeutic efficacy. 
Results of Phase II and Phase III clinical trials of this 
regimen will have to be examined closely to determine if 
therapeutic effect also has been altered. The use of hyperos
motic saline to block lethality and renal accumulation of 
DDP was first shown to be effective in rodents (117) and has 
since undergone use in clinical trials of both testicular and 
ovarian cancer patients (145, 146). In both populations of 
patients, no consistent increases in BUN or creatinine were 
observed at doses exceeding 200 mg/m2. Only one of 8 ovar
ian cancer patients had BUN elevations and when subse
quently retreated there was no increase in this parameter. 
Responses have been observed in a population of ovarian 
cancer patients where no response had been previously ob
served. These 2 clinical uses of antidotes for systematic 
toxicity of DDP indicate that searches for new means of 
blocking potential dose limiting toxicities should not be 
abandoned because initial successes are modest in animal 
studies, or because there are difficulties in application of 
laboratory methods or chemicals to clinical use. 

CLINICAL USE 

Phase I clinical trials of DDP were started in 1971 (75, 76, 
173, 192). These studies and others showed a good correla
tion between animal studies and human studies with respect 
to tumoricidal efficacy and toxicity. After reports of ex
cellent clinical results using DDP, particularly in testicular 
cancer (51), the Food and Drug Administration approved 
this drug for human use in late 1978. 

Spectrum of activity 

Disseminated, non-seminomatous testicular cancer is one 
situation where DDP has become, without question, the 
mainstay of primary therapy. Higby et al. (75) showed in 
1974 that DDP had significant activity when used as a single 
agent against refractory advanced testicular cancer. Prior to 
this time, single agent therapies and multiple drug combina
tions had been used with limited success (97, 125, 133, 176, 
214). Single agents such as mithramycin and methotrexate, 
or combinations such as vinblastine-bleomycin gave long
term survival results ranging from 22% to 40% (97, 177, 
214). In 1974, Indiana University started clinical trials with 



a platinum-vinblastine-bleomycin regimen (PVB) which was 
reported in detail in 1977 (51). Of the currently established 
chemotherapy regimens for testicular cancer, the PVB reg
imen appears to be the most efficacious. The "projected cure 
rate" for non-seminomatous stage III patients is now 70-
80% using PVB regimen (152). It should be noted that all 
established first line regimens for testicular cancer now use 
DDP in combination with other drugs. 

There are a number of malignancies for which DDP has 
been incorporated into combination chemotherapy reg
imens, but where it remains unclear if DDP containing 
regimens are truly superior to non-DDP containing reg
imens. Among these are neoplasms of the ovary, of the head 
and neck, and of the lung. 

Single agent studies have shown that the response rate to 
DDP in ovarian cancer is in the 30% range (216). This is 
considerably less than with some alkylating agents such as 
thiotepa, cyclophosphamide, melphalan, or chlorambucil 
(216). Indeed, whereas protocols containing DDP show 
good response rates - CHAD* 90% (202), PAC-5* 65% 
(50), CHex-UP* 72% (217) -long-term survival data are not 
yet available. Further, these figures are in the same range as 
more established non-DDP containing regimens such as 
Hexa-CAF* 75% (215) and CHF* 83%* (40). A more 
certain role for DDP in the treatment of ovarian cancer may 
be as part of a second line regimen. Here, data from several 
centers show that DDP-containing regimens give superior 
results over non-DDP containing regimens (90, 202). There 
are data to suggest that "high dose" DDP may be superior 
to previous regimens in refractory cases (145, 146). 

In head and neck malignancies, multiple studies have 
shown that methotrexate is probably the best single agent 
with response rates consistently reported in the 50-60% 
range (108, 109, 114, 149). DDP was initially reported to 
have response rates in the same range (116), however, subse
quent studies have shown that even in DDP combinations, 
response rates in the 60-70% range are the best obtained to 
date (91, 159). There are multiple drug regimens containing 
no DDP which have response rates in the 60-70% range (81, 
157). Once again, there is no clear advantage with the use of 
DDP. It should be noted, however, that published data are 
incomplete with respect to durability of response and to 
toxicity in most of the reports cited. 

In non-small cell lung cancer (NSCLC), the response rate 
to DDP as a single agent has been reported to be 14-26% 
range (21, 148). This is similar to the response rates reported 
for other single agents such as vindesine (59), mitomycin C 
(175), adriamycin (10), and VP-16 (46). Although DDP
containing combinations have resulted in response rates of 
40-50% (88, 153), there are several non-platinum contain
ing regimens that have response rates in the same range (53, 
l38). Even though its popularity has increased in recent 
years in the treatment of NSCLC, DDP has yet to demon
strate clear advantage over other drugs used in this setting. 
In small cell lung cancer (SCLC), DDP has generally been 
felt to be of limited value. Minna et al. (l35) classify DDP 
as being a drug "for which conflicting data exists" in the 
treatment of SCLC. More recent studies suggest that DDP 
may well be quite useful in SCLC when used in an intensive 
fashion in combination with VP-16 and/or other drugs, with 

* See Table 3 for explanation. 
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Table 1. Rare tumors reported to have responded to DDP either as 
a single agent or in combination. 

Type of cancer 

Thymoma 
Kidney 
Adenoid Cystic Carcinoma 
Hepatoblastoma 
Hepatocellular Carcinoma 
Vulvar Carcinoma 
Fallopian Tube 
Adrenal 
Thyroid 
Mesothelioma 
Suprasellar Germinoma 

Complete 
or partial response 

CR 
CR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 

CR = complete response; PR = partial response 

Reference 

31,20 
196, 166 
185, 182 

3 
131 
86 
43 

194 
190 
38 

143 

response rates in the 80-90% range even in extensive stage 
disease (71, 102, 141). 

There are a number of malignancies in which DDP has 
begun to establish an important role in the treatment of 
inoperable, advanced disease; these include carcinomas of 
the endometrium (41, 184, 198), bladder (30, 140, 197), 
prostate (7, 28, l34), esophagus (94,147,203), melanoma (6, 
142), cervix (1, 67, 204), brain (99, 106,210), and osteogenic 
sarcoma (144). There are also a number of relatively rare 
malignancies where DDP has been used with good effect. 
Many of these are listed in Table 1. Even though there are 
not enough cases in anyone disease listed to draw definite 
conclusions, literature reports such as these warrant con
sideration when the practitioner is posed with a similar 
problem requiring chemotherapeutic intervention. 

Mode of administration 

DDP is administered parenterally, usually in isotonic NaCl. 
NaCI is used because DDP may react with water at low 
chloride ion concentrations (47, 110, 160). The neutral DDP 
molecule can then become "aquated". The aquated DDP 
molecule may have different antineoplastic and toxic actions 
than the parent compound. DDP may form a precipitate 
when maintained in bicarbonate solutions (79), or when 
used with aluminum infusion needles (12, 155). For these 
reasons, stainless steel infusion needles should be used, and 
bicarbonate solutions should be avoided. 

Many different treatment schedules have been used for 
administering DDP intravenously. These DDP schedules 
are usually part of the "larger" schedule of the particular 
multiple drug combination being used. It is difficult to deter
mine what an "optimal" DDP schedule is for a given dis
ease, as can be illustrated in the case of ovarian cancer. 
Table 3 lists several of the DDP treatment schedules that 
have been reported in "first-line" drug combinations used 
for ovarian cancer. There are no available data showing 
"true tissue exposure" to active DDP in patients treated 
with these regimens. From the schedules listed, one would 
guess that if "true tissue exposure" to active DDP were 
measured in a serum concentration x time fashion, these 
regimens would give significantly different results. However, 
response rates to these regimens are roughly comparable. 
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Table 2. Combination regimens used to treat cancer (all are admini
stered on a 4 week cycle). 

Acronym Drugs 

CHAD Cyclophosphamide 
Hexamethylmelamine 
Adriamycin 
Cisplatinum 

PAC-5 Cisplatinum 
Adriamycin 
Cyclophosphamide 

CHEX-UP Cyclophosphamide 
Hexamethylmelamine 
5-Fluorouracil 
Cisplatinum 

HEXA-CAF Hexamethylmelamine 

CHF 

Cyclophosphamide 
Methotrexate 
5-Fluorouracil 

Cyclophosphamide 
Hexamethylmelamine 
5-Fluorouracil 

Dose and schedule 

600 mg/m2 IV Day I 
200mg/m2 PO Days 8-22 

25 mg/m2 IV Day I 
50mg/m2 IV Day I 

20 mg/m2 IV Days 1-5 
50 mg/m2 IV Day I 

750 mg/m2 IV Day I 

150 mg/m2 PO Days 2-16 
150 mg/m2 PO Days 2-16 
600mg/m2 IV Days I & 8 
30mg/m2 IV Days I & 8 

150 mg/m2 PO Days 1-14 
150mg/m2 PO Days 1-14 
40 mg/m2 IV Days 1 & 8 

600 mg/m2 IV Days 1 & 8 

100mg/m2 PO Days 1-14 
150mg/m2 PO Days 1-14 
600mg/m2 IV Days 1 & 8 

This leads one to assume that other drugs in these combina
tions play varying roles in tumor cell kill. This makes it 
extremely difficult to demonstrate an advantage of one DDP 
treatment schedule over another. Although some authors 
have suggested that scheduling may be used to minimize 
some of DDP toxicities (5), it has yet to be demonstrated 
that one can maintain tumoricidal efficacy and substantially 
reduce toxicity by scheduling alone. 

Data on diseases discussed above resulted from intrave
nous administration of the drug. However, several centers 
have begun to use intraarterial and/or intracavitary ad
ministration in an effort to increase the amount of drug 
delivered to the tumor while minimizing systemic drug toxic
ity. Howell et al. (82) reported that using the intraperitoneal 
approach combined with systemic thiosulfate treatment per-

Table 3. Side effects secondary to DDP administration. 

Toxicity/side effect Severity/frequency Reference 

Auditory dysfunction Mild - Common 73, 154 
Peripheral neuropathy Mild - Common 92, 34 
Hypomagnesemia Moderate - Common 9, 180 
Tetany* Severe - Rare 72, 180 
Seizures Severe - Rare 155, 52 
Anaphylaxis Severe - Rare 98,206 
General allergic reactions Mild - Not Common 98, 206, 100 
Cerebral blindness Severe - Rare 43 
SIADH! Severe - Rare 113 
Hemolytic anemia Severe - Rare 60, 115 
Mallory-Weiss syndrome Severe - Rare 124 
Toxic liver damage Severe - Rare 23 
Coronary artery disease Severe - Rare 49 
Platinum gum line Mild - Rare 54 

* Secondary to abnormally low serum magnesium. 
: Syndrome of inappropriate anti-diuretic hormone secretion. 

mitted administration of up to 270 mg/m2 of DDP with 
peritoneal concentrations of drug reaching 21-fold higher 
than the concurrent plasma drug level. This resulted in 
disease regression in a number of cases of far-advanced 
previously treated ovarian carcinoma, mesothelioma, and 
malignant carcinoid. Blumenreich et al. (11) reported a 13% 
complete response rate for superficial bladder tumor using 
intra vesicular administration. However, they concluded that 
this approach was ineffective in this setting. Compared to 
Howell's study (82), DDP doses used by Blumenreich were 
rather low (50-150 mg/m2) and systemic thiosulfate therapy 
was not given. Intraarterial drug administration has been 
used to treat osteogenic sarcoma, melanoma, and other 
regionally confined malignancies with response rates rang
ing from 45 to 75% (18, 128, 158). There are no studies 
reported to date comparing these "novel" treatment ap
proaches to standard IV administration in a randomized 
controlled trial. Therefore, the true utility of these ap
proaches has yet to be defined. 

Toxicity 

The major limiting toxicity in the clinical use ofDDP is renal 
tubular dysfunction. Madias et al. reported that about 30% 
of patients receiving the drug may experience renal toxicity 
(127). Blachley et al. reported that this number may actually 
be as high as 75% (9). Associated with this may be elec
trolyte disturbances that may become quite profound in
cluding hypomagnesemia, hypocalcemia, and hypokalemia 
(9, 127, 180). Rossof et al. reported that renal dysfunction is 
cumulative in humans and is directly related to total dose 
(173). Whereas the renal toxicity of a single dose or course 
of treatment may be mild and reversible, after repeated 
courses and high doses, the toxicity may become severe and 
irreversible (219). Available data suggest that renal toxicity 
may be reduced by any of, or any combination of the 
following maneuvers: slow infusion rates (78); hydration 
before, during and after DDP administration (9); ad
ministration of mannitol; systemic administration of thio
sulfate when the drug is given intraperitoneally (82); and 
possibly furosemide use (24). Concomitant aminoglycoside 
therapy should be avoided because of markedly increased 
risk of renal dysfunction (62). 

The most pronounced immediate toxicity is nausea and 
vomiting. Multiple agents have been used with good control 
of this side effect including tetrahydrocannabinol (174), 
droperidol (65), metoclopramide, nabilone (74) and others. 
With some antiemetics, including droperidol and metoclo
pramide, some patients may experience severe ex
trapyramidal reactions which may necessitate intervention 
with cogentin or benadryl. The physician should be alert to 
this possibility and be prepared to switch to another antie
metic should this occur. 

Although myelosuppression has been reported as being 
modest with DDP (205), some authors feel that this side 
effect assumes greater importance when DDP is used in 
combination with other myelosuppressive drugs (33, 209, 
219). Table 2 lists other reported toxicities. These toxicities 
tend to occur rarely, or are mild when they occur. However, 
any of the side effects listed may be quite pronounced in a 
given patient. 



ANALOGS OF CIS PLATINUM 

Because of the severe nephrotoxicity, nausea and vomiting, 
and hearing loss associated with DDP administration, ef
forts have been underway to develop analogs of DDP which 
would retain the therapeutic efficacy but produce less toxic
ity. Hundreds of platinum containing analogs have been 
synthesized and subsequently screened for their antitumor 
effect in various animal systems (15, 213). Until recently 
only preliminary data in a very few patients were available 
regarding the efficacy of new analogs against human tumors 
and the associated human toxicity of these potential new 
drugs (77, 137, 161). Recently, however, large scale clinical 
testing of several of the DDP analogs was begun in both the 
US and in other countries, and efficacy and toxicity data are 
beginning to accumulate on the disease response and toxic
ity of these analogs. Several dozen abstracts have been 
presented at the recent meetings of the American Associa
tion of Clinical Oncology-American Association of Cancer 
Research, at the 4th International Symposium on Platinum 
Coordination complexes in Cancer Chemotherapy (1983) 
and elsewhere but the results to follow are from full length 
published manuscripts. 

Cis-diammine-l, l-cyclobutane dicarboxylate platinum-I! 
(Carboplatin; CBDCA) is an analog developed mainly in 
England but widely tested in other countries as well. At the 
present time at least 7 Phase T studies have been conducted 
and these are summarized by Calvert et al. (16). The most 
extensive work (17) reports carboplatin administration via 
1 hr infusion to 60 patients (38 ovarian) in doses ranging 
from 100-520 mg/m2 . Dose limiting toxicity was throm
bocytopenia, which was severe enough at 520 mg/m2 to 
require platelet transfusions in 80% of the treated patients. 
Myelosuppression occurred at doses as low as 200 mg/m2. 
Increases in urinary concentrations of leucine aminopep
tidase, N-acetylglucosaminidase, and f32-microglobulin (2-5 
x greater than control) above a carboplatin dose of 320 mg/ 

m2 were the only evidence of renal toxicity. There appeared 
to be no significant dose-related increase in 5ICr-EDTA 
clearance, even in patients with preexisting renal dysfunc
tion. Nausea and vomiting were prominent but subjectivcly 
less severe than with DDP, and no hearing loss was noticed. 

Table 4. Clinical results of Phase II trials with carboplatin in various 
human cancers.' 

Evaluable 
Disease patients 

Ovarian cancer3 

resistant 33 
naive 34 

Small cell lung cancer 36 
Non small cell lung cancer II 
Testicular teratoma 9 
Testicular seminoma 3 
Mesothelioma 8 
Thyroid carcinoma 5 

'Summarized from Calvert et al. (190, 191). 
'CR plus PRo 

Number of 
re5ponse.i 

7 
19 
12 
2 
0 
2 
2 
I 

J Distinguished between having failed a DDP-containing regimen 
(resistant) or having not previously received DDP (naive). 
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Table 5. Clinical results of Phase II trials with DACCP in various 
human cancers. 

Evaluable Number of 
Disease patients responses 

Non-small cell lung cancer 29 I 
Colon cancer 11 0 
Ovarian cancer 8 I 
Gastric cancer 9 1 
Esophageal carcinoma 9 I 
Testicular cancers 8 0 
Bladder cancer 5 1 

Eight percent of the patients showed signs of peripheral 
neurotoxicity. Response rate in the ovarian cancer patients 
was 39% (CR + PR) and another 39% had either no 
change in progression of disease. In 22 additional patients 
with various cancers there were 3 responses. No responses 
were seen in patients with testicular cancer. Results of Phase 
I! evaluation of carboplatin against several cancers are sum
marized in Table 4. Of particular significance is the 21 % 
response rate in ovarian patients previously failing DDP
containing regimens. Toxicity was mainly similar to that 
previously reported in the Phase I trials but with the 
previously unreported occurrence of leukopenia. In a Phase 
I! trial against advanced ovarian carcinoma in 36 patients 
the overall response rate with carboplatin was 29% but 
more significant was a 25% response rate in heavily pre
treated patients who had previously failed conventional 
cisplatinum therapy. At a dose of 300mg/m2 repeated 
monthly, hematologic toxicity (leukemia and throm
bocytopenia) was severe and 14 patients required trans
fusions. Three patients with no prior chemotherapy showed 
no hematologic toxicity, however. Eighty-six percent of pa
tients receiving 3 or more monthly courses showed no sig
nificant decrease in ISICr_EDT A clearance and the other 
14% had a decrease of 20% or more. Emesis was common 
but not quantitated, either with respect to incidence or 
severity. There was no hearing loss but there appeared to be 
a progression of cisplatinum-induced peripheral neu
ropathy. The only Phase III trial involves ovarian car
cinoma patients and although it is very early in the trial, 
response rates are equal in the carboplatin and DDP arms, 
although toxicity is less with carboplatin. Whether carbo
platin will replace DDP as the first line platinum drug 
remains to be seen. The lack of renal toxicity observed at 
therapeutic doses is replaced by bone marrow toxicity, 
which is more reversible than renal toxicity but which may 
negate the advantage of DDP as a combination agent in 
regimens with marrow suppressive drugs. 

A second drug whose Phase T and Phase I! clinical trials 
have been reported (95, 96) is 4' -carboxyphthalato-(I ,2-
diaminocyclohexane)platinum-II (DACCP). Phase I studies 
were conducted in 45 patients using a rapid (15-20min) iv 
infusion. As was true with carboplatin, the dose limiting 
toxicity seen with DACCP was thrombocytopenia. Leuko
penia was observed only at the highest dose (800 mg/m2). 
Significant renal toxicity was observed only at 640 and 
800 mg/m2 but nausea and vomiting were common, and 
fever with negative bacterial cultures occurred in 21 % of the 
patients. Diarrhea was common (25%). Allergic reactions 
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(other than fever) and peripheral neuropathy occurred in 
about 10% of patients. Four responses were recorded in 22 
evaluable adult patients (all adenocarcinomas) and no re
sponses were observed in 9 evaluable pediatric patients. The 
therapeutic response was considered encouraging (95) be
cause responses were in tumors not highly responsive to 
DDP and in patients previously heavily pretreated with 
DDP. Phase II trials were conducted at 640-720mg/m2 in 
cancers shown in Table 5. In general, responses were less 
impressive than observed with carboplatin. 

Results of Phase I studies have been reported (200) for 
1,I-diamminomethylcyclohexane (sulphate) platinum-II 
(TNO-6), which is being developed and tested mainly in the 
Netherlands. Fifty-three patients were treated with a single 
iv injection at doses of 2.5-35 mg/m2 or as a 3-6 hr infusion 
at 30-40 mg/m2 • Above 25 mg/m2 there was a dose-depend
ent decrease in WBC with a nadir at day 14 and recovery by 
day 21-25. A similar nadir and recovery were observed with 
platelets. Patients receiving 30-40 mg/m2 infusion occasion
ally required RBC transfusion to combat anemia. At 35-
40 mg/m2 renal toxicity was observed and was manifested by 
increased plasma creatinine and significant proteinuria. In
fusion appeared to increase the risk of renal complication. 
Tubular damage also was evidenced by electrolyte abnor
malities. Phlebitis, and nausea and vomiting were almost 
universal. Overall response rate was only 10%, but all re
sponders had previously failed DDP-containing regimens. 

Phase I trials also have been completed for cis-dichloro
trans-dihydroxy-bis-isopropylamine platinum-IV (CHIP) at 
doses of 40-350 mg/m2 (35). Twenty-six patients were given 
a total of 40 courses as a 2 hr infusion repeated every four 
weeks. Dose limiting toxicity was myelosuppression with 
WBC nadir of 2500/mm3and a platelet nadir of 32,000/mm3 . 

The maximum tolerated dose (MTD) was 350 mg/m2• 

Nausea and vomiting were universal, with 80% of the in
cidents classed as moderate (lasting 4 hours and easily con
trolled by antiemetics). No evidence of renal toxicity was 
observed, even in patients given the MTD with no hydra
tion, or in patients receiving up to 5 treatment cycles. Hyper
sensitivity reactions were observed in two patients, but no 
evidence of hearing loss was found. No responses were 
obtained, but 5 patients had apparently stable disease. Start
ing dose for Phase II trials was recommended to be either 
180 mg/m2 or 270 mg/m2 depending on bone marrow status. 

Finally, malo nato (1,2-diamminecyclohexane)platinum 
was studied in 49 patients at doses of 3-32mg/kg (55). 
Gastrointestinal toxicity was nearly universal and at 24mg/ 
kg thrombocytopenia was moderate, with a nadir on day 
15-21. There was no apparent renal, neurologic or ototoxic
ity, and hematologic effects did not appear to be cumulative. 
One of 36 evaluable patients had a partial response and 3 
other patients had minor responses. Extensive Phase II trials 
apparently are not planned. 
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NITROSOUREAS 

GARTH POWIS 

INTRODUCTION 

The nitrosoureas represent a large and extensively studied 
family of antitumor agents. They exhibit a broader spectrum 
of activity against experimental tumors than any other class 
of agents and are one of the few groups of compounds to 
cross the so-called blood-brain barrier at therapeutically 
effective concentrations. Clinically the nitrosoureas are used 
against a variety of human solid tumors. There continues to 
be of interest in the development of new nitrosourea analogs 
with greater activity and reduced toxicity. The basic nitro
sourea structure and analogs discussed in this chapter are 
shown in Fig. 1. Observations in the late 1950's that N
methyl-N'-nitro-N-nitrosoguanidine, a precursor of the 
methylating agent diazomethane, had activity against mu
rine Ll210 leukemia led to studies identifying the N-nitroso 
function as important for cytotoxicity. Nitrosoureas were 
the most active N-nitroso agents (81, 82 and references 
therein) . Structure-activity studies led to the development of 
chloroethylnitrosoureas and observations that one analog, 
BCNU,* was curative against Ll210 leukemia implanted 
intracranially or intraperitoneally (51, 105). Further struc
ture-activity studies revealed that CCNU (2) and PCNU (5) 
were among the most active nitrosourea analogs against 
intraperitoneally and intracerebrally implanted Ll210 
leukemia and that MeCCNU (3) had high activity against 
implanted Lewis lung carcinoma (83, 84). BCNU (1), 
CCNU (2) and MeCCNU (3) are all lipid-soluble chlo
roethylnitrosoureas and were of great interest because of 
their ability to cross the blood-brain barrier and exhibit 
antitumor activity in experimental brain tumor models . 
MeCCNU exhibited a high level of antitumor activity but its 
low water solubility made it unsuitable for intravenous ad
ministration, although it could be given by mouth. Subse
quently the water soluble carboxy analog CCNU (4) and 
acetic acid analog ACCNU (5) were synthesized and were 

* Chemical names and abbreviations of nitrosoureas discussed in 
this chapter are as follows: BCNU, N,N'-bis(2-chloroethyl)-N
nitrosourea; CCNU, N-(2-chloroethyl)-N' -cyclohexyl-N-nitrosou
rea; MeCCNU, N-(2-chloroethyl)-N' -(trans-4-methylcyclohexyl)-N 
-nitro-sourea; PCNU, N-(2-chloroethyl)-N' -2,6-dioxo-3-piperidyl)
N-nitrosourea; ACNU, N-(2-chloroethyl)-N' -[( 4-amino-2-methyl-
5-pyrimidinyl)methyl]-N-nitrosourea hydrochloride; GANU, N-(2-
chloroethyl)-N' -(fi-D-glucopyranosyl)-N-nitrosourea; MCNU, N
(2-chloroethyl)-N ' -(methy I-IX-D-gl ucopyranose-6-yl)-N -ni tro
sourea; RFCNU, N-(2-chloroethyl)-N'-[I'-(Y-I-nitrobenzoyl-2' ,3 '
isopropy lidene )-IX, fi- D-ribofuranosyl]-N -nitrosourea. 
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found to have activity against experimental tumors equal to, 
or greater than MeCCNU (48). Streptozocin (strep
tozotocin, 10), a naturally occurring nitrosourea and a de
rivative of 2-amino-2-deoxyglucose, was isolated from a 
fermentation broth of Streptomyces achromogenes. Strep
tozocin was found to have only marginal activity against 
experimental leukemia but to be a potent toxin for the 
pancreatic islet beta cell and to exhibit clinical activity 
against pancreatic islet cell carcinomas (125). The 2-chlo
roethyl analog of streptozocin, chlorozotocin (11) has been 
synthesized (49) and like streptozocin shows less bone mar
row toxicity than other nitrosoureas, but unlike streptozocin 
is not diabetogenic. Streptozocin and chlorozotocin do not 
cross the blood-brain barrier and are inactive against in
tracerebrally implanted LI210 leukemia. Some newer water 
soluble nitrosourea analogs currently undergoing clinical 
study are PCNU (6), MCNU (7), GANU (8), and ACNU 
(9). 

MECHANISM OF ACTION 

The antitumor activity of nitrosoureas appears to be related 
to their ability to bind irreversibly to cellular macromole
cules. There are two chemical activities of the nitrosoureas, 
alkylation and carbamoylation (128). The chemical decom
position of chloroethylnitrosoureas in aqueous solutions 
leads to formation of chloroethyl carbonium ion (III) and a 
substituted isocyanate (I) as shown in Fig. 2. Evidence, 
summarized by Weinkam and Lin (123), suggests that at 
pHs greater than neutrality, including physiologic pH, there 
is formation of 2-chloroethylazohydroxide (II), which is 
kinetically indistinguishable from 2-chloroethyldiazonium 
ion, followed by nucleophilic attack on this species (SN 2), or 
less likely, nucleophilic attack by the free carbonium ion. 
Evidence that the spontaneous decomposition of the chlo
roethylnitrosoureas is important to their antitumor activity 
is provided by studies where the proton on the non-nitro so 
nitrogen (i.e., -NHR in Fig. 2) is replaced with a methyl 
moiety producing a molecule which is much more stable in 
aqueous solution and which has a greatly reduced in vitro 
cytotoxicity (19). It should be noted that such non-nitroso 
nitrogen disubstituted derivatives retain in vivo antitumor 
activity since the alkyl group can be enzymatically removed. 
The cytotoxicity of BCNU, CCNU, and PCNU at the cel
lular level has been shown to correlate with the amount of 
2-chloroethylazohydroxide formed by breakdown of chlo
roethylnitrosourea within the cell during the period of drug 
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Figure 2. Decomposition of chloroethylnitrosourea in aqueous solution to a substituted isocyanate (I) and 2-chloroethylazohydroxide (II). 
Alkylation of macromolecules by II proceeds either directly via an SN 2 reaction or via formation of the chloroethyl carbonium ion (III). 
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exposure rather than to the concentration of parent chlo
roethylnitrosourea (122, 123). There is no apparent effect 
due to the different carbamoylating species and different 
levels of carbamoylating activity of the agents. Chlorozoto
cin requires a two-fold higher concentration to produce the 
same toxic effect as the other chloroethylnitrosoureas prob
ably because of the slow uptake of chlorozotocin by cells 
relative to its rate of conversion to the active species (122). 

There are many studies focusing on the reaction of nitro
sourea decomposition products with cellular macromole
cules. In general, the chloroethyl (or methyl moiety) of 
nitrosoureas alkylate nucleic acids while the isocyanate por
tion of the molecule carbamoylates protein. For example, 
Cheng et al. (16) carried out in vivo and in vitro studies, and 
demonstrated that when the radio label of CCNU was in the 
chloroethyl moiety, radioactivity was preferentially asso
ciated with DNA. When the radiolabel was associated with 
the cyclohexyl moiety, radioactivity was bound to protein. 
Ludlum and Tong (71) have summarized studies, primarily 
from their laboratory, on the modification of DNA and 
RNA bases by the chloroethyl function of chloroethylnitro
soureas. Incubation of synthetic polynucleotides or DNA 
with BCNU followed by isolation and digestion of nucleo
tide reaction products resulted in identification of haloethyl, 
hydroxyethyl, and aminoethyl nucleoside or base products 
(71, 115, 116). Modification of nitrosourea substituents in
fluenced the distribution of modified base products, and 
Tong et al. (114) noted that such changes in the base 
products might play a role in the biological activity of 
individual nitrosoureas. A number of investigators, most 
notably Kohn and colleagues, have shown that chloroethyl
nitrosoureas can crosslink either purified DNA or DNA in 
cells (24, 56, 57, 70). Crosslinking is due to the ethylene 
portion of the chloroethyl group. It is believed that the 
2-chloroethylazohydroxide moiety or possibly the free chlo
roethyl carbonium ion first alkylates a heteroatom on a 
DNA base, such as the 0-6 of guanine, and that the result
ing guanine O-chloroethyl moiety undergoes rearrangement 
and reacts with its base sharing partner cytosine in the 
opposite DNA strand (113). DNA-protein crosslinks are 
also formed (24). DNA crosslinking by methylnitrosoureas 
is much reduced compared to chloroethylnitrosoureas, and 
methylnitrosoureas have less antitumor activity compared 
to chloroethylnitrosoureas (8). 

Alkylation is thought to be the principal mechanism of 
nitrosourea antitumor activity. Nitrosoureas have a spec
trum of antitumor activity similar to that of nitrogen mus
tard and tumors resistant to nitrogen mustard are cross 
resistant to nitrosoureas (105). Evidence for a contribution 
of carbamoylation to antitumor activity or toxicity is less 
decisive. Some results suggest that carbamoylation is not 
required for antitumor activity ofnitrosoureas. Chlorozoto
cin, which has very little protein carbamoylating activity 
(128), has significant antitumor activity against several mu
rine model systems (40). Reed (100) has pointed out that 
carbamoylation reactions can be specific and that the use of 
a single in vitro criterion for carbamoylating activity may 
lead to assumptions that are incorrect for carbamoylation in 
vivo. An example is ACNU which has virtually no carba
moylating activity with lysine in vitro but is a potent carba
moylating agent against gluthathione reductase (4). One can 
speculate, therefore, that even chlorozotocin may be capable 

of some carbamoylation in vivo. Wheeler et al. (128) com
pared toxicity and antitumor activity for a number of nitro
soureas against intraperitoneally implanted L1210 in mice, 
to alkylation, carbamoylation and lipid solubility of these 
agents. They found that carbamoylation correlated with 
toxicity and alkylation correlated with cytotoxicity meas
ured either by cell kill or 45-day survival. These data support 
the premise that carbamoylation is not required for antitu
mor activity, and suggest that toxicity may be reduced by 
reducing carbamoylation activity ofnitrosoureas. However, 
while some nitrosoureas with low carbamoylating activity 
are less toxic than analogs with high carbamoylating activ
ity, more recent structure-activity studies (39, 93, 94) suggest 
that carbamoylation may not be a primary factor in nitro
sourea toxicity. The demonstration that carbamoylation 
inhibits radiation induced repair of DNA damage (52, 53) 
presents the intriguing possibility that inhibition of repair 
processes could enhance the therapeutic and toxic effects of 
alkylating agents, including the cytotoxic effects of the nitro
soureas themselves. 

IN VITRO DECOMPOSITION 

Chloroethylnitrosoureas decompose spontaneously by a 
base catalyzed reaction in pH 7.4 phosphate buffered saline 
with half-lives in the range of 25 to 53min (60). The 
products formed by spontaneous breakdown of BCNU are 
shown in Fig. 3. The rate of decomposition of the lipophilic 
chloroethylnitrosoureas BCNU, CCNU and MeCCNU, al
though not of the more hydrophilic chloroethylnitrosoureas 
PCNU and ACNU, is enhanced in the presence of serum 
due to a nonspecific interaction between the lipophilic chlo
roethylnitrosoureas and serum proteins (124). The half-life 
of BCNU, for example, is 49min in buffer but 14min in 
serum (66). The products of the protein catalyzed decom
position are the same as the products of the base catalyzed 
reaction (124). The high reactivity of the decomposition 
products means that a large proportion probably react with 
and are covalently bound to albumin. This could explain the 
long half-lives of total radioactivity in plasma when radiola
beled chloroethylnitrosoureas are administered in vivo (21). 

IN VITRO METABOLISM STUDIES 

There are two major pathways for metabolism of chlo
roethylnitrosoureas, denitrosation and hydroxylation of the 
cyclohexyl ring. Thus BCNU which has no cyclohexyl ring 
is metabolized by denitrosation while CCNU and, at a 
slower rate MeCCNU, are hydroxylated on the cyclohexyl 
ring. CCNU and MeCCNU also undergo denitrosation but 
at a slower rate than BCNU. 

Two types of denitrosation reactions have been reported 
for chloroethylnitrosoureas, reductive denitrosation with 
release of nitric oxide and, for BCNU only, glutathione 
conjugation with release of nitrite (Fig. 3). Denitrosation of 
chloroethylnitrosoureas was first reported for BCNU and 
N-methyl-N-nitrosourea by microsomes from mouse liver 
and lung (42). The product formed from BCNU was 1,3-bis
(2-chloroethyl)urea. Lin and Weinkam (69) have subse
quently shown that 1,3-bis(2-chloroethyl)urea is subject to 
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Figure 3. Chemical breakdown and metabolism of BCNU (I). Metabolism yields 2-chloroethyl-3-ethylglutathionylurea (II) and 1,3-bis(2-
chloroethyl)urea (III). Chemical breakdown yields acetaldehyde (IV), 2-oxazolidone (V) and 2-chloroethylamine (VI). 

further slow metabolism by microsomal preparations. Hill 
et al. (42) found very little denitrosation of BCNU in the 
absence of microsomes or NADPH and the reaction was 
only partly blocked by the inhibitors of cytochrome P-450, 
CO, 2-diethylaminoethyl 2,2-diphenylvalerate (SKF-525A) 
and by the absence of oxygen. Under similar incubation 
conditions Hill et al. (42) found that CCNU and MeCCNU 
formed only cyclohexyl ring hydroxylated metabolites and 
they concluded that if denitrosation of CCNU and MeCC
NU occurred it was at the rate less than 5% of that for 
hydroxylation. May et al. (77) subsequently showed that 
during hepatic microsomal metabolism of MeCCNU there 
was denitrosation of MeCCNU to the parent urea 
(MeCNU) by both rat and mouse liver microsomes. The 
rate of denitrosation by mouse liver microsomes was much 
slower than by rat liver microsomes. Only about half of the 
MeCCU formed required micro somes and NADPH, the 
remainder appeared to be formed as an artifact during the 
extraction procedure. When allowance was made for the 
nonenzymatic reaction, denitrosation of MeCCNU by 
phenobarbital induced rat liver microsomes appeared to be 
completely inhibited by CO. Potter and Reed (97) reported 
denitrosation of BCNU and CCNU by rat liver micro somes 
under anaerobic conditions with formation of the parent 
ureas and nitric oxide. Nitric oxide binds to hepatic micro
somal cytochrome P-450 producing a characteristic Soret 
maximum at 444 nm which was used to measure denitrosa
tion: Denitrosation of BCNU proceeded at about 3 times 
the rate of denitrosation of CCNU. Denitrosation required 
NADPH, was induced by phenobarbital but was only partly 
inhibited by SKF-525A, oc-naphthoflavone, metyrapone and 
CO. Although the results suggested a possible role for 
cytochrome P-450 in denitrosation it was also shown that a 
reconstituted system of purified microsomal NADPH
cytochrome P-450 reductase, dilauroylphosphatidylcholine 
and NADPH was able to catalyze denitrosation of CCNU. 
The results were initially taken to indicate a dual catalytic 

site on NADPH-cytochrome P-450 reductase and cyto
chrome P-450 for denitrosation of nitro so urea (97). Further 
work by the same authors (98) using NADPH-cytochrome 
P-450 reductase, dilauroylphosphatidylcholine and 
NADPH showed that denitrosation of CCNU was stim
ulated by addition of not only cytochrome P-450 but also by 
cytochrome c. Stimulation of denitrosation was maximal 
when the ratio of cytochrome to NADPH-cytochrome P-
67450 reductase was I: 1 and decreased when the cyto
chrome was in excess. The results of these studies were taken 
to indicate that NADPH-cytochrome P-450 reductase rath
er than cytochrome P-450 was the microsomal enzyme re
sponsible for denitrosation of CCNU. Although BCNU, 
CCNU and MeCCNU are the only nitrosoureas for which 
denitrosation has so far been reported, Potter and Reed (97) 
indicate that eight of nine other nitrosoureas studied by 
them were denitrosated. 

BCNU has also been shown to undergo denitrosation 
when incubated with glutathione-supplemented mouse liver 
cytosol to form l-chloroethyl-3-glutathionylurea (41) and 
nitrite (112) in a reaction catalyzed by glutathione-S-trans
ferase. The reaction is increased by phenobarbital pretreat
ment (112). The apparent Km of the denitrosating enzyme 
for glutathione is 2 mM, a value that is below the normal 
glutathione concentration in mouse liver, indicating a pos
sible role for the reaction under physiological conditions. 
Conjugation of BCNU with glutathione might explain the 
decrease in hepatic glutathione levels in mice treated with 
BCNU (78). However, BCNU is also an irreversible in
hibitor of glutathione reductase in mouse and other species 
(3, 73) which result in a lowering of hepatic glutathione 
levels (3). Glutathione dependent denitrosation of BCNU 
has been reported not to occur in rat liver preparations (68). 
CCNU and MeCCNU are not substrates for glutathione 
dependent denitrosation by mouse liver cytosol (41). 

Hydroxylation of the cyclohexyl ring is the major path
way of metabolism for CCNU and MeCCNU. Hydroxyla-
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Table 1. Microsomal metabolism of CCNU in mouse and rat. 

Percent total hydroxylated metabolites 

2-0H CCNU 3-0H CCNU 4-0H CCNU 

Species cis trans cis trans cis 

Rat (76) 
Control 
PB 
3-MC 

Rat (43) 
Control 
PB 

Rat (25) 
PB 

Mouse (129) 
Control 

trace 

14 
3 

2 

Data taken from Reed (100). 

30 
16 
25 

39 
13 
40 

trace' 31 
3' 11 

20 6 

13 12 

21 
67 
30 

54 
77 

62 

46 

trans 

9 
5 
5 

3 
5 

6 

28 

PB, phenobarbital induced; 3-MC, 3-methylcholanthrene induced. 
'This value is probably an underestimate, see text for explanations. 

tion occurs very rapidly when CCNU is incubated with 
hepatic micro somes, O2 and NADPH (42, 43, 75) forming 5 
of the 6 possible isomeric monohydroxylated metabolites 
(Table I). Using rat hepatic microsomes the principal 
products found by May et al. (76) were cis and trans-3-
hydroxy-CCNU while Hilton and Walker (43) found mostly 
cis-4-hydroxy-CCNU with some trans-3-hydroxy-CCNU. 
Reed (100) has pointed out that the analytical technique 
used by Hilton and Walker (43) would permit decom
position of the intrinsically unstable cis-3-hydroxy-CCNU, 
probably leading to its underestimation. Phenobarbital pre
treatment leads to an increased stereochemical specificity for 
4-axial hydroxylation of CCNU with cis-4-hydroxy-CCNU 
being the major metabolite. Pretreatment of rats with 3-
methyIcholanthrene does not change the pattern of hy
droxylated CCNU metabolites. The principal hydroxylated 
metabolite of CCNU formed by uninduced mouse mi
crosomes is cis-4-hydroxy-CCNU with some trans-4-
hydroxy-CCNU (129). MeCCNU exhibits a slower rate of 
microsomal hydroxylation than CCNU but forms at least 7 

Table 2. Microsomal metabolism of MeCCNU in mouse and rat. 

metabolites including a metabolite resulting from IX-hy
droxylation of the ethylene side chain (Table 2). A different 
spectrum of metabolites is produced from MeCCNU by 
mouse microsomes compared to rat microsomes. Trans-4-
hydroxy-methyl-CCNU predominates in the mouse but in 
the rat trans-4-hydroxymethyl-CCNU and a combination of 
methyl-CCU and trans-4-hydroxy-cis-methyl-CCNU are 
formed in equal amounts. Induction with phenobarbital 
leads to an increase in the rate of formation of cis-4-
hydroxy-trans-4-methyl-CCNU in both rat and mouse, and 
although trans-4-hydroxymethyl-CCNU formation is in
creased in mouse, in rat its formation is decreased. 
Phenobarbital induction does not show as much stereospeci
ficity for 4-axial hydroxylation with MeCCNU as with 
CCNU, possibly due to steric hindrance by the trans-4-
methyl group. An unusual feature of metabolism of MeCC
NU is inversion of the methyl group to the opposite side of 
the alicyclic ring during hydroxylation at the 4-position to 
yield trans-4-hydroxy-cis-4-methyl-CCNU (Table 2). Inver
sion has been shown to occur in the opposite direction 
during hydroxylation of cis-MeCCNU (96). A mechanism 
involving a transitory free radical intermediate has been 
proposed by Reed (100) which would permit a limited loss 
of stereospecificity during 4-hydroxylation. 

IN VIVO METABOLISM STUDIES 

Although chloroethylnitrosoureas break down spon
taneously under physiological conditions comparison of the 
rates of chloroethylnitrosourea elimination in vivo with the 
rates of metabolism observed in vitro suggest that a con
siderable proportion of a dose of chloroethylnitrosourea 
might be metabolized before chemical breakdown can occur 
(42,63,75). Lee and Workman (59) reported metabolites of 
CCNU in plasma of mice after intraperitoneal administra
tion of CCNU. CCNU disappeared rapidly from plasma in 
a biphasic manner with an initial half-life of 2 min and a 
terminal half-life of 53 min. Hydroxylated metabolites were 
detected in plasma as early as I min after CCNU administra
tion. Five of the six possible isomeric mono-hydroxylated 
metabolites were detected in plasma although trans-2-
hydroxy-CCNU was present in only trace amounts. cis-2-

nmol/min/mg 

trans3-OH -trans-4-MeCCNU 
cis-3-OH -trans-4-MeCCNU 
cis-4-0H -trans-4-MeCCNU 
a-OH-trans-4-MeCCNU 
trans-4-0H -MeCCNU 
MeCCNU + trans-4-0H-cis-MeCCNUa 

Data taken from May et al. (77). 
Pb, phenobarbital induced. 

Rat 

Control 

0.11 
0.13 
0.16 
0.07 
0.50 
0.51 

Mouse 

Pb Control Pb 

0.15 0.04 0.29 
0.37 0.08 0.17 
1.11 0.12 1.85 
0.48 0.04 0.40 
0.35 0.21 0.77 
1.45 0.06 0.91 

aThese two metabolites were not resolved by the analytical technique employed. Further evidence for formation of trans-4-0H-cis-4-
MeCCNU was provided by Potter and Reed (96). 



Table 3. Terminal half-life and AUCo~", for CCNU metabolites in 
mouse plasma. 

3-0H CCNU 4-0H CCNU 

Parameter CCNU cis trans cis trans 

tl/2P (min) 53.0 108.1 64.3 91.7 86.4 
AUCo~w (,ug·min/ml) 43.0 24 13 67 370 

Data taken from Lee and Workman (59). 
CCNU was administered to mice at a dose of 20 mg/kg. 
AUCo~oo is the area under the plasma concentration time curve 
from time = 0 to infinity. 

hydroxy-CCNU was not detected. 4-Hydroxylated metab
olites predominated in plasma siniilar to results in vitro, 
although in contrast to in vivo results trans-4-hydroxy
CCNU was present in excess of cis-4-hydroxy-CCNU. Max
imum metabolite concentrations were reached within 10 to 
20 min of administration of CCNU and their elimination 
was biphasic. Values for pharmacokinetic parameters of 
CCNU and the four major hydroxylated metabolites are I 

shown in Table 3. It is interesting that the AUCo~oo for total 
hydroxylated metabolites was 10-fold that for parent 
CCNU. Reed and May (102) and Reed (100) reported stud
ies where [cyc1ohexyl-l-14C] CCNU was administered in
travenously to phenobarbital induced rats and the rats killed 
after 2 min. Brain and intestine contained mostly unchanged 
CCNU and monohydroxylated metabolites. Liver and 
blood contained a large proportion of unextractable ra
dioactivity, presumably representing carbamoylated pro
tein, as well as metabolites more polar than monohydroxyl
ated CCNUs. In excess of 50% of the extractable radioac
tivity in liver was present as these unidentified polar metab
olites, which it was suggested, might be N-hydroxy or N
amino derivatives formed by reduction of the nitroso group. 
[Ethylene-14C] CCNU was not transformed into unextract
able products, possibly indicating a high degree of protec
tion by the ethyl moiety against alkylation of intracellular 
thiols such as glutathione. Reed and May (101) have shown 
that the 2-chloroethyl alkylating moiety of CCNU readily 
forms conjugates with glutathione or cysteine and 62% of a 
dose of [ethylene-14C] CCNU administered intraperitoneally 
to uninduced rats is excreted in urine in 24hr, mostly as 
thiodiacetic acid and S-carboxymethyl L-cysteine. Examina
tion of urine of rats receiving [cyc1ohexyl-l-14C] CCNU in 
the study of Reed (100) revealed that 44% of the dose of 
radioactivity was excreted in 24hr, mostly as cyc1ohexyla
mine containing carbamoylated peptides, which on acid 
hydrolysis gave predominantly cysteine and serine residues. 
A small amount (12 %) of radioactivity was excreted in urine 
as free cyc10hexylamines with approximately equal amounts 
of cyc1ohexylamine, cis-3- and cis-4-hydroxycyc1ohexyla
mine and lesser amounts of trans-3- and trans-4-hydroxycy
c1ohexylamine. Phenobarbital pretreatment increased the 
relative proportion of cis-4- and trans-4-hydroxyisomers. 

Streptozocin breaks down extensively in vivo and at least 
5 components have been detected in plasma and urine of 
mice given radiolabeled streptozocin (7). Two of these com
ponents were thought to be the IX- and p- anomers of strep
tozocin itself while the other 3 components, which com
prised 50% of the radioactivity in plasma 30 min after giving 
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the drug and 51 % in the urine in 4hr, were not identified. Six 
components have been detected in urine of rat after giving 
radiolabeled streptozocin (54). 

Guarino (34) has reported preliminary work on the distri
bution of radio labeled BCNU and CCNU in shark. Al
though parent drug and metabolites were not separated this 
is an interesting comparative study. Slow plasma elimina
tion of radiolabel was observed with half-lives in the range 
of 20-30 hr, presumably due to binding of radiolabel to 
plasma proteins as reported in other species (21). There was 
localization of radiolabel in hepatic and renal compartments 
while radiolabel could be detected in brain after 24 hr. 

Despite the extensive work in animals there has been little 
work on metabolism of nitrosoureas in man. It is not known 
whether BCNU is metabolized in man. Clemens et al (17) 
reported the presence of vinyl chloride in blood and exhaled 
air of patients receiving BCNU. Vinyl chloride has been 
reported to be a volatile decomposition product of BCNU 
in aqueous buffer (19). However, Clemens et al. (17) only 
found vinyl chloride formed in vitro when BCNU was in
cubated with erythrocytes, but not when incubated in saline 
or plasma. Lin and Weinkam (69) were unable to find 
1,3-bis(2-chloroethyl)urea, the product of BCNU denitrosa
tion, in urine of patients receiving BCNU therapy. Hilton 
and Walker (44) studied plasma of four patients receiving 
[ethylene.I4C] CCNU at therapeutic doses. At the end of 
intravenous infusion three quarters of the plasma radioac
tivity was hydroxylated products. Approximately one-third 
was cis-4-hydroxy-CCNU, two-thirds was trans-4-hydroxy
CCNU and there was a little trans-3-hydroxy-CCNU. These 
were preliminary results and few other details were given in 
the report. Since these compounds can only derive from 
metabolism and not breakdown this finding, if confirmed, 
would indicate significant metabolism of CCNU in human. 

EFFECT OF METABOLISM ON ACTIVITY 

Removal of the nitro so function from nitrosoureas results in 
compounds lacking antitumor activity (42, 81). Not sur
prisingly, therefore, metabolic denitrosation of BCNU leads 
to a decrease in antitumor activity of BCNU. This has been 
shown in vitro with isolated hepatocytes coincubated with 
cultured human tumor cells (2) and in vivo. Levin et al. (63) 
reported that in rats pretreated with phenobarbital the area 
under the plasma concentration time curve (AUC) for 
BCNU following intraperitoneal administration of drug was 
decreased by 90% and antitumor activity against in
tracerebrally implanted brain tumor was abolished. 
Phenobarbital pretreatment of rats also reduced the lethality 
of BCNU. The reduction in BNCNU lethality appeared to 
be less than the reduction in antitumor activity suggesting 

. that phenobarbital pretreatment produces a decrease in the 
therapeutic index of BCNU. A surprising finding, in view of 
the presumed inactivation of BCNU by microsomal metab
olism, was a report that incubation with an Aroc1or 1254 
induced rat liver microsomal preparation increased the 
mutagenicity of BCNU as well as CCNU, MeCCNU, strep
tozocin and chlorozotocin in the Ames S. typhimurium assay 
(26). Work by Suling et al. (111) suggests, however, that the 
major part of the enhanced mutagenicity of BCNU and 
CCNU is not due to metabolism but to nonspecific factors 
that are present in the liver enzyme preparation. 
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Hydroxylation of the cyclohexyl ring of chloroethylnitro
soureas leaving the chloroethylnitrosourea moiety intact 
gives compounds with antitumor activity similar to, or even 
greater than the parent compound (50,81, 129). Phenobar
bital pretreatment, which in vitro increases microsomal hy
droxylation of CCNU, was found by Levin et al. (63) to 
produce a small although non-significant decrease in the 
antitumor activity of CCNU against brain tumor in rat. On 
the other hand, Muller et al. (86) found that in mouse 
phenobarbital pretreatment markedly reduced the toxicity 
and the antitumor activity ofCCNU against brain tumor, as 
well as against tumor at a subcutaneous site. These results 
suggest that denitrosation, which is also increased by 
phenobarbital pretreatment, may be a more important path
way for elimination of CCNU in mouse than in rat. 
Phenobarbital pretreatment has been shown to significantly 
reduce the antitumor activity and toxicity of MeCCNU, 
CCNU and ACNU in rats and mice, although with no 
change in therapeutic index of the drugs (55, 87, 109). 

Administration of the radiosensitizing drug misonidazole 
to mice increases the toxicity and to a greater extent the 
antitumor activity of CCNU with a consequent increase in 
the therapeutic index (45, 117). This appears to be due to a 
pharmacokinetic mechanism. Lee and Workman (59) have 
shown that administration ofmisonidazole to mice prolongs 
the initial phase of plasma elimination of CCNU and in
creases the concentration of hydroxylated CCNU metab
olites in plasma. There was, however, no effect of miso
nidazole on the terminal phase of plasma elimination of 
CCNU or its hydroxylated metabolites. The authors sug
gested that this indicated that the terminal phase of elimina
tion was not dependent on hepatic metabolism but on the 
redistribution of drug from depots such as adipose tissue 
back into plasma. They also suggested that misonidazole 
might inhibit subsequent metabolism of hydroxylated 
CCNU derivatives to unknown species. In contrast to re
sults in mouse Urtasun et at. (118) have reported that miso
nidazole has no effect of the plasma kinetics of BCNU in 
man. Whether this represents a true species difference be
tween mouse and man, or is due to other factors remains to 
be seen. SKF-525A, an inhibitor of microsomal mixed func
tion oxidase, increases the toxicity and antitumor activity of 
both CCNU and MeCCNU in mice although, unlike miso
nidazole, SKF-525A produces no gain in therapeutic index 
of CCNU or MeCCNU (55, 109, 117). 

PHARMACOKINETICS OF PARENT 
NITROSOUREAS 

Many early studies on the disposition of nitrosoureas em
ployed 14C-labeled drug. The label was either incorporated 
uniformly or in the alkylating or carbamoylating portions of 
the molecule. Elimination of radiolabel from plasma was 
relatively slow with half-lives in the order of days. The long 
half-life is probably due to the covalent binding of nitro
sourea breakdown products or metabolites to plasma pro
teins. In some of these studies radio labeled drug and metab
olites were separated by thin layer chromatography and 
pharmacokinetic parameters for unchanged drug obtained. 
Sensitive and specific mass spectrometric and hplc assays 
capable of measuring parent drug have recently become 

available and have been used to obtain reliable pharmacoki
netic parameters for unchanged nitrosoureas. Tables 4 and 
5 summarize pharmacokinetic parameters for parent nitro
soureas in animals and in man. The biologic half-life for 
unchanged nitrosoureas in plasma is relatively short, on the 
order of 25 to 100 min, and does not vary much between 
animals and man. BCNU appears to have the largest steady 
state apparent volume of distribution. Steady state apparent 
volume of distribution decreases with increasing hydrophil
icity and for ACNU and MCNU, two water soluble nitro
soureas, in man is about the same as total body water, that 
is, 0.55 to 0.651/kg. Total body plasma clearance of nitro
soureas is generally higher for more lipophilic nitrosoureas. 
The contribution of metabolism to the elimination of nitro
soureas in man is not known except for a preliminary study 
by Hilton and Walker (44) showing formation of hydro x
ylated metabolites from CCNU, already referred to. Levin 
et al. (66) suggested that serum factors might playa major 
role in the in vivo pharmacokinetics of BCNU in man be
cause of the similarity of the apparent first order rate con
stant for elimination of BCNU, 0.0324 min -I, and the de
composition rate observed for BCNU in serum in vitro of 
0.044 min -I. Similar arguments for a major role for serum 
factors in in vivo elimination could be advanced for PCNU 
where the apparent first order rate constant for elimination 
is 0.028 min -I and the decomposition rate in plasma in vitro 
0.027 min (60). In the absence of studies on metabolism of 
nitrosoureas in man it is difficult to arrive at a conclusion 
concerning the relative contribution of chemical breakdown 
and metabolism to elimination. Parent chloroethylnitro
soureas are not the biologically active species so that plasma 
concentrations of an unchanged drug are unlikely to relate 
directly to antitumor activity. Physical properties of the 
drug such as lipophilicity and size, as well as tumor vascular
ity, blood flow and capillary permeability will determine the 
amount of drug reaching the tumor for a given plasma 
concentration. Conversion to compounds with antitumor 
activity equal to, or greater than the parent drug will also 
obscure the relationship between concentrations of parent 
chloroethylnitrosourea and antitumor activity. Some chlo
roethylnitrosoureas retain antitumor activity when given by 
mouth. It is unlikely that after oral administration much 
unchanged drug will reach the systemic circulation because 
of chemical breakdown in the gastrointestinal tract and 
first-pass metabolism by the liver. Unfortunately there have 
been no studies using newer analytical techniques on the 
pharmacokinetics of orally administered nitrosoureas. 

ANTITUMOR ACTIVITY 

Animals 

Studies in tumored mice have shown a correlation between 
antitumor activity ofnitrosoureas and their alkylating activ
ity (128). Lipid solubility, which is a critical determinant of 
the ease with which nitrosoureas cross cell membranes and 
the blood-brain barrier, also contributes to the antitumor 
activity of the nitrosoureas. Structure activity relationships 
by Montgomery et al. (83) have shown a parabolic relation
ship between antitumor activity against Lewis lung car
cinoma in mice and log of the octanol-water partition coef-
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Table 4. Pharmacokinetic parameters of parent nitrosoureas in animals. 

Species 

Mouse 

Rat 

Dog 

Parameter 

tl/2oemin 
tl/2pmin 
Vdl/kg 
CI ml/min/kg 

tl/2oemin 
tl/2pmin 
Vdl/kg 
CI ml/min/kg 

tl/2oemin 
tl/2pmin 

BCNU 

Sf 
26 

1.9 
40 

ISh 

CCNU 

5a* 
100 

sa* 
> 120 

PCNU RFCNU Streptozocin Chlorotozocin 

2.3b 10-15d S'* 
S3 29C* 
3S.6 1.6 

463.0 39 

<5U 

tl/2oe, initial half-life; tl/2P, terminal half-life; Vd, apparent volume of distribution; Cr, total body plasma clearance. 
* Studies using radioactively labeled drug. 
a Oliverio et al. (92); b Lee and Workman (S9); C Rahman et al. (99); d Bhuyan et al. (7); 'Mhatre et al. (80); fLevin et al. (63); g Godeneche 
et al. (30); h Hochberg et al. (46). 

Table 5. Pharmacokinetic parameter of parent nitrosoureas in man. 

tI/2oe tI/2P tI/2y Vd" cI 
Drug Dose Route min min min l/kg ml/min/kg Reference 

BCNU 30-175 mg/m2 i.v. 3.5" 69.0a 3.25 S6 Levin et al. (66) 
50mg i.v. 1.4 17.8 59 2.S9 16.7 Russo et al. (103) 

MeCCNU 100mg p.o. 96 Caddy et al. (12) 
PCNU 90-100 mg/m2 i.v. 4.7a 45.1" 1.9 33 Levin et al. (67) 

94 mg/m2 i.v. 24.7 3.2b Smith et al. (110) 
ACNU 100-1S0mg i.v. 1.3 35 0.49 16 Mori et al. (85) 

100-150mg i.v. 6.S 49 0.55 NS Harada et al. (37) 
70-l40mg i.v. 3.4 50 0.57b NS Hara et at. (3S) 

MCNU NS i.v. 4.5 44 0.65 NS Harada et al. (36) 
GANU 120 mg/m2 i.v. 4.6 O.l4b 21 Nakajima et al. (88) 
Streptozocin I 500-2460 mg i.v. 5 35 NS NS Adolphe et al. (1) 

tl/2oe, initial half-life; tl/2P, terminal half-life; Vdss, steady state apparent volume of distribution, Cr, total body plasma clearance. 
"Calculated values. 
b Calculated for a 70 kg, 1.8 m2 individual. 
- Means there is no appropriate value, NS means not stated or insufficient information given to be calculated. 

ficient (log P) of the nitrosourea, with maximum antitumor 
activity obtained for values of log P between - 0.20 and 
+ 1.34. Levin and Kabra (62) found that antitumor activity 
against rat brain tumor decreased with increasing log P 
between 0.37 and 3.3. In this study insufficient drugs with 
log P lower than 0.37 were tested to determine if the rela
tionship was parabolic. Subsequent studies by Panasci et al. 
(93, 94) demonstrated a significant correlation between le
thality and alkylating activity of nitrosoureas, although no 
correlation was found with carbamoylating activity and 
neither parameter showed any correlation with antitumor 
activity. If, as suggested by in vitro studies, the activity of 
lipid soluble chloroethylnitrosoureas at the cellular level is 
related to the amount of active species formed within the cell 
and is relatively independent of structural parameters of the 
parent drug (122), then diffferences in in vivo disposition of 
the drugs could be a major factor in determining differences 
in antitumor activity between the chloroethylnitrosoureas. 

Chloroethylnitrosoureas exhibit a wide range of activity 
against transplantable tumors in mice. Table 6 shows the 

activity of BCNU, CCNU, MeCCNU, PCNU and 
chlorozotocin against the National Cancer Institute tumor 
screening panel of experimental tumors which includes mu
rine tumors and human tumor xenografts growing in nude 
(immunodeficient) mice. Activity in the screening panel 
ranges from 69% of tumors tested for BCNU, to 83% for 
CCNU, which is similar to the activity seen for alkylating 
agents such as nitrogen mustard, melphalan, cyclophospha
mide and cisplatin, and exceeds the activity of most other 
clinically active antitumor agents (31). The chloroethylnitro
soureas exhibit activity against nearly all the murine tumors 
but show less activity against human tumor xenografts. The 
clinically established chloroethylnitrosoureas, BCNU, 
CCNU, and MeCCNU show activity in 33% to 60% of 
human tumor xenograft systems tested. In this respect they 
differ from the alkylating agents which generally exhibit 
activity greater than 60% in human tumor xenograft test 
systems. PCNU, a new chloroethylnitrosourea, is active in 
67% of human tumor xenograft test systems. Not only are 
the nitrosoureas active in a wide range of animal tumors but 
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Table 6. Activity of chloroethylnitrosoureas against transplantable tumors in mice. 

BCNU CCNU MeCCNU PCNU Chlorozotocin 

Mouse tumors 
Ll210 leukemia + + + + + 
P388 leukemia + + + + 
B 16 melanoma + + + + + 
Lewis lung + + + + + 
Colon 26 + + + + + 
Colon 38 + + + + + 
CD8F 1 mammary + + + + + 

Human tumor xenografts 
Mammary MX-I, sc + + 
Mammary MX-I, src + + NT + NT 
Lung LX-I, sc + + 
Lung LX-I, src + + NT + NT 
Colon CX-I, sc 
Colon CX-I, src NT NT NT 

Number 9/13 10/12 8TfO 10/13 77IO 
Percent 69 83 80 77 70 

Data taken from Goldin et al. (31). 
Human tumor xenografts were grown in nude mice either at a subcutaneous site (sc), or at a subrenal capsule site (src). 
Response criteria; survival times, P388 ;;. 120%; Ll21O, BI6 ;;. 125%; Colon 26 ;;. 130%, Lewis lung;;. 140%; tumor weight inhibition, 
Colon 38, MX-l sc, LX-l sc, and CX-l sc :;;; 42%; MX-l src, and CX-l :;;; 20%. 
+ Signifies activity, - signifies no activity, NT = not tested. 

they can cure some animals of tumor with a single dose (83, 
104). 

An important feature of the chloroethylnitrosoureas is 
their activity against experimental brain tumor (6, 62, 79, 
104). This appears to be related to their lipid solubility and 
the ease with which the parent drug and/or metabolites cross 
the blood-brain barrier. Studies in a number of animals 
have shown the presence of parent drug and metabolites in 
the brain after systemic administration of chloroethylnitro
sourea (21, 34. 79, 99, 100). 

Man 

The spectrum of antitumor activity of the nitrosoureas in 
man is shown in Table 7. BCNU, CCNU and MeCCNU 
have received extensive clinical trials and their antitumor 
activity is discussed below. A major problem with the nitro
soureas is that relatively few comparative studies have been 
conducted in man and there is a lack of information to show 
whether any of the compounds are clearly superior to the 
other compounds for a given tumor type (13). 

Table 7. Antitumor activity of nitrosoureas in man. 

Drug Brain Colon Stomach 

BCNU + + ± 
CCNU + ± ± 
MeCCNU ± + + 
Streptozocin 
Chlorozotocin ? ? ? 

Data taken from Carter (13). 

Observations that nitrosoureas were active against in
tracerebrally implanted tumors in animals and confirmation 
that some nitrosoureas penetrate the blood-brain barriers 
led to studies demonstrating significant activity of BCNU 
and CCNU against human glioma (61,65, 119). The ability 
of unchanged nitrosoureas to penetrate into the brain in 
man is shown in Table 8. The promise of the early clinical 
studies has, however, not been borne out in subsequent 
trials. A large 4 arm study comparing radiation, BCNU, 
radiation plus BCNU, or the best conventional care but no 
radiation or chemotherapy, in the post-surgical treatment of 
primary malignant glioma demonstrated a modest but sig
nificant role for BCNU in prolonging survival when used 
alone (120). BCNU did not, however, further improve the 
increased survival offered by radiation, although the num
ber of long-term survivors (alive at 18 months) was signifi
cantly greater in the group receiving BCNU plus radiation 
than radiation alone. It is important to note, however, that 
few patients survive more than one year and it is only in 
these patients that BCNU may be of additional benefit. 
MeCCNU plus radiation offered no advantage over BCNU 
plus radiation (121). Based on these and other clinical trials 

Hodgkin's Islet 
disease Lung Melanoma cell 

+ ± + ? 
+ + ± ? 
+ ± + ? 
+ ? + 
? ? ? 
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Table 8. Brain or CSF concentrations of unchanged nitrosoureas in man. 

Drug Dose Tissue Concentration Tissue/blood' Ref 
p.g/g ratio 

BCNU 30-200 mg/m2 CSF ~I 1.0 Levin et al. (64) 
ACNU 100-150mg CSF 0.6b 0.3 Mori et al. (85) 

100-150mg Glioma > I' 1.6d Harada et al. (37: 
MCNU NS CSF 0.4' 0.3 Harada et al. (36: 

a Concomitantly measured blood or plasma concentration. b Peak value at 30min. 'Mean value over 60 min. d Peak value at 50min. 'Valu( 
at 40 min. NS = not stated. 

BCNU in conjunction with whole brain irradiation is now 
widely used for treatment of malignant glioma. Although 
not curable, meaningful survival prolongation and pallia
tion of neurologic deficits can be achieved with this com
bined treatment. BCNU appears equivalent to CCNU in 
this respect (I26). Combinations ofnitrosoureas with agents 
such as 5-fiuorouracil, procarbazine and vincristine may 
increase the response rate of recurrent brain tumors but 
have little impact on duration of response (119). 

Nitrosourea-containing regimens have established a role 
in the treatment of Hodgkin's lymphoma. Schein (106) and 
Gottlieb et at. (33) have reviewed the extensive Cancer and 
Leukemia Group B experience with nitrosoureas in the 
treatment of Hodgkin's lymphoma. Single agent studies 
demonstrated that CCNU was more effective than either 
BCNU or MeCCNU in the treatment of relapsed Hodgkin's 
patients (74, 107). Subsequent studies included three and 
four drug regimens, and focused on comparisons with the 
"MOPP" (nitrogen mustard, vincristine, procarbazine and 
prednisone) regimen for Hodgkin's disease (23). Replace
ment of nitrogen mustard with BCNU (BOPP) or CCNU 
(COPP) gave comparable periods of remission to MOPP in 
the treatment of advanced Hodgkin's disease (20, 90). Addi
tion of CCNU to several regimens such as CVPP (CCNU, 
vinblastine, procarbazine and prednisone) also resulted in 
effective therapies for treatment of advanced Hodgkin's 
disease (20). Toxicities of these therapies appear to be equal 
to or less than those encountered with MOPP (233). The 
Eastern Cooperative Oncology Group has recently pub
lished results of ten years experience in the treatment of 
advanced Hodgkin's disease (29). After studying several 
regimens, the group found that the five drug regimen of 
BCNU, cyclophosphamide, vinblastine, procarbazine and 
prednisone (BCVPP) provided significantly longer complete 
response durations than did MOPP, and reduced gastroin
testinal toxicity and neurotoxicity. While MOPP continues 
to be widely used in the treatment of Hodgkin's disease (22), 
nitrosourea-containing regimens have become clearly estab
lished as important in the treatment of this disease. Nitro
sourea-containing regimens are also employed in the treat
ment of non-Hodgkin's lymphomas (22). 

Nitrosoureas, as part of combination regimens, play a 
role in the treatment of small-cell lung cancer. Chemo
therapy is particularly important in this disease since surgery 
and radiotherapy have not proven to be satisfactory treat
ment. Single agent therapy (9) have given way to combina
tion regimens, many of which include nitrosoureas, primari
ly CCNU. Common nitrosourea-containing regimens in
clude cyclophosphamide, methotrexate and CCNU, and 

methotrexate, adriamycin, CCNU and cyclophosphamid( 
(MACC). A summary of studies by Bunn and Ihde (II) de 
not indicate any clear superiority for nitrosourea-containinf 
combinations over non-nitroso containing combinations 
Nitrosoureas do not appear to reduce the incidence of CN~ 
relapse (IO). Similar nitrosourea-containing combination~ 
have been studied in non-small cell lung cancer. Unfor· 
tunately, there appears to be little long-term patient benefil 
from such treatment (18). 

The nitrosoureas have been widely used in the treatmeni 
of gastrointestinal cancers. The activity of BCNU ane 
CCNU as single agents against upper gastrointestinal tracl 
cancer is low although the combination of BCNU ane 
5-fiuorouracil for gastric cancer offers superior respons( 
rates and survival compared to either drug alone (58) 
BCNU is now little used in therapy of gastric cancer havinf 
been replaced by MeCCNU (126). BCNU and MeCCNU a~ 
single agents have low activity against advanced colorecta 
cancer while combination of MeCCNU with 5-fiuorouraci 
offers a response advantage over 5-fiuorouracil alone, bUi 
no survival advantage (5). Other cancers where nitrosourea~ 
may be of some benefit are previously untreated melanoma 
and myeloma where BCNU may be useful as a substitute fOJ 
melphalan as initial treatment (126). 

Streptozocin has a limited use in the treatment of pan· 
creatic islet cell (beta and non-beta) carcinomas. It has som( 
activity against carcinoid tumors but negligible activit) 
against most other cancer types (126). Despite argument! 
based on physical and chemical properties of the drug ane 
results in animal tumor models PCNU does not appeal 
clinically to be a notably superior drug to other chI oro ethyl 
nitrosoureas (28). 

TOXICITY 

Animals 

The most dramatic and consistent toxIcIties of the chlo· 
roethylnitrosoureas in animals involve the bone marrow 
lymphoid tissues, liver, kidney and gastrointestinal trac 
(14). Initially the drugs deplete several hematopoietic ele 
ments of the marrow and Iymphoidal components of tht 
spleen and nodes. Escalation of the dose leads to damage te 
the liver, first with congestion and later cirrhosis, and rena 
damage at comparable doses. Delayed hepatotoxicity i: 
striking and severe. In general, toxicities reported in animal: 
resemble those seen in man (Table 9). Pulmonary toxicit) 
and encephalopathy reported with BCNU in man were not 
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Table 9. Comparison of toxicities of nitrosoureas in dog and man. 

Drug Gastrointestinal Hepatic Hematopoietic Nervous Renal Pulmonary 

BCNU +(++) +(+) +(+ +) (+) +(+) 
+(+) 
+(++) 
+(+) 

(+ ) 
CCNU +(+ +) + +(+ +) 
Streptozocin +(++) (+ ) 
Chlorozotocin +(+) +(+) +(+ +) 

+ Toxicity seen in dog, ( + + ) Major toxicity seen in man, (+) Minor toxicity seen in man. 
Data taken from Carter and Newman (14); Guarino (34); Weiss and Issell (126); MacDonald et al. (72); Hoth and Duque-Hammershaimb 
(47). 

however, seen in preclinical toxicology studies. BCNU, 
CCNU and MeCCNU are almost equitoxic in mouse (12S) 
while PCNU is less toxic (2S). 

Man 

When the dose of nitro so urea is expressed in terms of body 
surface area (mg/m2) rather than weight, thus permitting an 
interspecies comparison (27), man exhibits the same or 
slightly less sensitivity to the toxic effects of nitrosoureas 
than mouse, dog or monkey (Table 10). Administration of 
the chloroethylnitrosoureas BCNU, CCNU and MeCCNU 
to man is associated with a number of acute toxicities includ
ing nausea and vomiting, and myelosuppression (throm
bocytopenia and leukopenia). Myelosuppression is the dose
limiting toxicity and is delayed with nadirs 4 to 6 weeks after 
treatment (72, 126). Leukopenia and thrombocytopenia 
may be protracted, particularly in patients who received 
extensive prior chemotherapy (15). The methyl nitrosourea 
streptozocin does not cause myelosuppression and its dose
limiting toxicity is renal tubular toxicity (125). 

Nitrosourea therapy can lead to less frequent chronic 
toxicities in man which appear more related to the total dose 
of nitrosourea rather than to time of exposure. An example 
is pulmonary toxicity observed following chronic ad
ministration of BCNU (72, lOS, 127). This toxicity is charac
terized by dyspnea, tachypnea, reduced pulmonary function 
and pulmonary fibrosis. The reported incidence of BCNU 
pulmonary toxicity varies but approximates between 20% 
and 30% of patients receiving high doses of drug. The 
cumulative dose of BCNU producing pulmonary toxicity is 
1.2 to 1.5 g/m2 and time from initial therapy to toxicity can 

be several months to 3 years. There have been a few reports 
of pulmonary toxicity in patients receiving MeCCNU and 
chlorozotocin, but no reports of pulmonary toxicity asso
ciated with CCNU or streptozocin. With the exception of 
the dose-limiting renal toxicity secondary to therapy with 
streptozocin (125) renal toxicity with clinically used nitro
soureas is unusual (72). In a series of S57 patients receiving 
MeCCNU reviewed by Nichols and Moertel (S9) only 4. 
(0.5%) exhibited drug associated nephrotoxicity. Three of 
these 4 patients had received more than 1 g/m2 MeCCNU 
and duration of therapy was more than 15 months. Renal 
toxicity has been reported in 35% of pediatric brain tumor 
patients receiving doses of MeCCNU gneater than 1.5 g/m2 
(3S). Renal toxicity has also been associated with ad
ministration of BCNU, CCNU and chlorozotocin, although 
at very low incidence. Two other unusual toxicities of nitro
soureas are encephalopathy and optic neuritis (72, 126). 
Encephalopathy has only been reported at extraordinarily 
high doses (> 1.2g/m2) of BCNU in preparation for bone 
marrow transplantation while optic neuritis has not been 
unequivocably demonstrated to be associated with nitro
sourea therapy. Of growing concern are reports that nitro
soureas, particularly MeCCNU are leukemogenic in man. 
There are a number of reports in which patients have been 
diagnosed with acute non-lymphocytic leukemia at least two 
years after diagnosis of primary malignant disease. All pa
tients received high cumulative doses of nitrosoureas or 
extensive combined dose modality therapy with radiation or 
other chemotherapy and nitrosoureas (72). 

The major toxicities of PCNU are similar to those of the 
chloroethylnitrosoureas, although perhaps it is less emeto
genic. In contrast to findings in animals PCNU is relatively 
more toxic than BCNU in man and only about one-half as 

Table 10. Toxicity ratios for man compared to various animal species. 

Toxicity ratio 

Drug Scheduled Route Man/mouse' Man/do~ Man/monkeyd 

BCNU Single dose I.v. 2.1 0.9 0.6 
CCNU Single dose p.o. 0.7 3.2 5.4 
MeCCNU Single dose p.o. LS 1.8 1.5 
Streptozocin Daily x 5 I.v. 7.8 

Data taken from Goldsmith et al. (32). 
a Dose schedules are shown for man; where equivalent animal dose schedules were not available appropriate toxic doses were calculated 
for the human dose schedule. 
bI.p. in mouse is considered the same as i.v. in human. Dose comparisons are made in mg/m2. 
'Toxicity ratio = maximum tolerated dose in man/LDJO in mouse. 
dToxicity ratio = maximum tolerated dose in man/toxic dose low in dog or monkey. 



much can be administered (28, 95). Chlorozotocin was origi
nally developed because of evidence in mice of a lack of 
myelosuppression. This has not been confirmed by studies in 
man where chlorozotocin demonstrates all of the major 
toxicities of the other chloroethylnitrosoureas (47). The 
dose-limiting toxicity of the remaining chloroethylnitro
soureas that have been used clinically, namely ACNU, 
GANU and MCNU, is myelosuppression (91). 

CONCLUSIONS 

An attempt has been made in this chapter to compare and 
contrast the distribution and metabolism of different nitro
soureas, together with their toxicity and antitumor activity, 
in animals and man. Physical properties of the nitrosoureas 
playa large role in determining their biological activity. 
However, distribution and metabolism can also influence 
biological activity. Extensive metabolism of the nitrosoureas 
has been demonstrated in vitro and in vivo for animals, but 
their is much less evidence that nitrosoureas are extensively 
metabolized in man. Studies in animals have shown that 
concomitantly administered drugs can modify the metabo
lism of nitrosoureas and alter their antitumor activity. It is 
not known if these findings can be extrapolated to man but 
they are important because of the implications for drug 
interactions and modulation of therapeutic activity. There is 
not much difference, qualitatively or quantitatively in the 
toxicities observed with nitrosoureas in animals or man. 
Man may be somewhat less sensitive to nitrosourea toxicity 
but exhibits all the major toxicities seen in animals. Delayed 
myelosuppression is the principal dose-limiting toxicity of 
all nitrosoureas, except streptozocin. Despite the promising 
activity of nitrosoureas in animals against a wide range of 
tumors their impact on the treatment of human cancer has 
been relatively modest (126). The lipid solubility of nitro
soureas allows their entry into brain and BCNU and CCNU 
favorably affect the course of human brain tumors, but only 
in association with whole brain irradiation. As sole therapy 
for brain tumor the nitrosoureas so far evaluated provide no 
survival benefit. The nitrosoureas can be useful for treat
ment of other cancers, primarily as a reasonable substitute 
for other drugs in combination regimens when there are 
concerns about specific side effects or means of administra
tion. It remains to be seen whether new nitrosourea deriva
tives will exhibit greater antitumor acitivity than those tested 
so far in man. 
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TRIAZINES 

Background 
~--~ - -

Compounds containing the s-triazine-molety have long been 
of interest to cancer chemotherapists and, while hexa
methylmelamine is currently the only triazine derivative in 
widespread clinical use, efforts continue to develop new 
s-triazine antitumor agents. The structures of some s-tria
zines with antitumor activity are shown in Fig. I. 

Triethylenemelamine (TEM) was the first s-triazine found 
to have antitumor activity against experimental tumors and 
leukemia in mice in 1950 (60) . Clinical studies on triethyl
enemelamine were soon undertaken. The antitumor activity 
of triethylenemelamine was found to be similar to that of 
nitrogen mustard producing transitory responses in lym
phomas, chronic lymphocytic leukemia and ovarian cancer 
(80, 91). Triethylenemelamine offered advantages over ni
trogen mustard because it could be administered orally and 
had a lower incidence of acute side effects (73). Triethyl
enemelamine is not now used clinically. The synthesis of 
hexamethylmelamine (HMM) was first reported in 1951 (50) 
and it was introduced into clinical trial in 1965. Hexamethyl-

melamine has been found to be of use in combination with 
other drugs for the treatment of ovarian cancer, small cell 
carcinoma of the lung, breast cancer and lymphomas (47, 
58). Due to its poor aqueous solubility hexamethylmelamine 
is administered orally. Attempts to develop a parenteral 
formulation of hexamethylmelamine as a complex with gen
tisic acid were unsuccessful (53). Recently, hexamethyl
melamine hydrochloride has been reported to be well 
tolerated when given intravenously to dogs (49) although 
earlier studies using hexamethylmelamine formulated as the 
hydrochloride at pH 3 showed venous irritation and throm
bophlebitis (57) . A parenteral formulation of hexamethyl
melamine in lipid used for parenteral nutrition has been 
described (3) and is currently in clinical trial. Pentamethyl
melamine (PMM) was developed as a more water soluble 
analog of hexamethylmelamine and it can be given intrave
nously. Unfortunately pentamethylmelamine causes severe 
central nervous system and gastrointestinal toxicity which 
limits its clinical usefulness (67). Synthesis of a number of 
melamine analogs with antitumor activity have been repor
ted (25) and one of them, N2,N4,N6_trimethyl_N2,N4,N6_ 
trimethylolmelamine (TMTMM), is currently undergoing 
clinical trial. Melamine and all the methylmelamines exhibit 

Rl yYy R2 

NyN 
R3 

Rl R2 R3 

TEM 
/CH 2 /CH 2 /CH 2 

-N I -N I -N I 
'CH 'CH 'CH 2 2 2 

HMM 
/CH 3 /CH 3 /CH 3 

-N'CH - N'CH 3 -N'CH 3 3 

PMM 
/CH 3 /CH 3 /CH 3 

-N'CH3 -N'CH -N'H 
3 

TMTMM 
/CH 3 /CH 3 /CH 3 

- N 'CH 2 OH -N'CH 2 OH -N 'CH 2 OH 

Figure 1. Structures of TEM, HMM, PMM and N2,N4 ,N6-trimethyl-N2,N4,N6-trimethylolmelamine (TMTMM). 
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chemosterilizing properties in houseflies and hexamethyl
melamine in particular, received extensive study as a chemo
sterilant (13, 19). 

Mechanism of action 

Triethylenemelamine is a direct acting bifunctional alkylat
ing agent and does not require metabolic activation (99). In 
this respect it differs from hexamethylmelamine and other 
methylmelamines which have little or no acute cytotoxic 
effect of their own on cells in culture. Acute cytotoxicity of 
the methylmelamines is greatly enhanced in the presence of 
a hepatic microsomal activating system (64, 82). The best 
available evidence suggests that hexamethylmelamine 
produces its antitumor activity by acting as an alkylating 
agent. Hexamethylmelamine is not, however, an alkylating 
agent itself and does not react with 4-(p-nitrobenzyl)py
ridine (66, 99). Incubation of [14 C_ring]_ or [14 C-methyl]
labeled hexamethylmelamine and pentamethylmelamine 

HMM 

with rat and mouse liver microsomes without NADPH 
results in no covalent binding, but when incubated with 
microsomes and NADPH there is covalent binding of ra
diolabel to microsomal macromolecules as well as to added 
DNA (6, 7). Administration of either [14 C-ring]_ or p4 C_ 
methyl]-moiety labeled hexamethylmelamine to mice results 
in binding of radiolabel to nucleic acids and/or proteins, in 
tumor and normal tissues (40, 83). Although it is tempting 
to speculate that the alkylating species formed during meta
bolism of hexamethylmelamine is also the species respon
sible for antitumor activity, other mechanisms might explain 
the antitumor activity. Hexamethylmelamine lacks cross
resistance with conventional alkylating agents (92) and is 
much less myelosuppressive than other alkylating agents 
(58). There are reports that prolonged exposure of tumor 
cells in culture to hexamethylmelamine results in cytotoxi
city without the need for microsomal activation and without 
measurable metabolism of hexamethylmelamine (33, 81). 
The lack of cytotoxic activation of hexamethylmelamine by 
isolated hepatocytes co-cultured with tumor cells in vitro, 

I cytochrome P-450 

H3C" ~ ,;:H20H 
N N N 

H3C/ Y Y "CH3 
NyN 

I 
N 

/"-. 
CH 3 CH 3 

PMM 

Figure 2. Suggested mechanism for metabolism of HMM. There is formation of a carbinolamine intermediate, N2-monomethylolpen
tamethylmelamine, which preferentially breaks down to pentamethylmelamine and formaldehyde or forms a iminium ion which can react 
with cellular nucleophiles (from Ames et al. (7)). 



where reactive metabolites have to diffuse out of the hepa
tocyte to reach the tumor cell as opposed to microsomal 
preparations where the reactive metabolite is formed in close 
contact with the tumor cell (21), also raise doubt that hepa
tic microsomal activation is essential for the antitumor ac
tivity of hexamethylmelamine. The possibility remains that 
the antitumor activity and alkylating properties of metabo
lically activated hexamethylmelamine are not related. 

The identity of the alkylating species and the species 
responsible for antitumor activity, whether the same or 
different, are unknown. Formaldehyde, which is released 
during metabolism of hexamethylmelamine, is mildly cyto
toxic but cannot be the species responsible for antitumor 
activity, since metabolism oftrimethylmelamine which lacks 
antitumor activity produces plasma concentrations of form
aldehyde similar to those produced by hexamethylmelamine 
(83). Furthermore, formaldehyde produces extensive DNA
protein cross-linking in LI210 cells at nontoxic concentra
tions and yet following treatment of LI210 cells with cyto
toxic concentrations of microsomally activated hexamethyl
melamine or pentamethylmelamine the frequency of DNA
protein cross-links is very low (79). N-methylolmelamines 
formed by metabolic C-hydroxylation of methylmelamines 
are the most likely candidates for the alkylating species. A 
pathway for alkylation by hexamethylmelamine via an N
methylol metabolite which could in turn form a reactive 
iminium ion is shown in Fig. 2 (7). The monomethylol 
metabolites of hexamethylmelamine, N2 -monomethylolpen
tamethylmelamine, is formed in vitro during metabolism of 
hexamethylmelamine (41) and methylol metabolites of 
methylmelamines have been detected in vivo (25, 84). N
methylolmelamines are more toxic than methylmelamines to 
tumor cells in culture (33, 81) and show antitumor activity 
ih vivo (23, 42). Monomethylolmelamines can only act as a 
monofunctional alkylating agent and do not cross-link 
strands of DNA (79). The trimethylol derivative of hexa
methylmelamine, N2 ,N4 ,N6 -trimethyl-N2 ,N4,~ -trimethy
lolmelamine, has been shown to cross-link DNA of LI210 
cells in culture (79). It would be expected that dimethylol
melamines could also function as bifunctional alkylating 
agents. However, dimethylol and trimethylol derivatives of 
methylmelamines do not appear to be formed under phy
siological conditions. 

Metabolism 

In vitro 
Oxidative N-demethylation is the only known metabolic 

Table 1. In vitro metabolism of melamines by hepatic microsomes. 

Substrate 

HMM 
PMM 
N2,N2,N4,N6-tetraMM 
~ ,N4,W -triMM 

a Brindley et al. (15). 
b Ames and Powis (4). 

Mouse" 

km Vmax 
mm nmoljminjmg 

0.09 3.4 
0.23 4.2 
0.91 5.1 
1.7 2.9 

Rat!' 

km Vmax 
mm nmoljminjmg 

0.18 9.0 
0.50 10.8 
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pathway for the methylmelamines. Hexamethylmelamine is 
metabolized by the hepatic microsomal mixed funciton ox
idase of rat and mouse in the presence ofNADPH and 02, 
to pentamethylmelamine and N2,N2,N4,N6 -tetramethyl
melamine (41,82). A decreasing extent of methylation ofthe 
melamine leads to a decreased affinity for the hepatic micro
somal mixed function oxygenase (Table 1) (4, 15). Further 
metabolism of N2 ,N2 ,N4 ,N6 -tetramethylmelamine by rat 
hepatic microsomal fraction was not detected by Rutty and 
Connors (82). N2 -monomethylolpentamethylmelamine is 
the first product of metabolism of hexamethylmelamine and 
breaks down spontaneously to pentamethylmelamine and 
formaldehyde (41). Rat intestinal mitochondria have been 
shown to metabolize hexamethylmelamine in the presence of 
NADPH and O2 to N2 -monomethylolpentamethyl
melamine possibly by a cytochrome P-450 dependent 
mechanism, at the same rate as intestinal microsomal 
preparations (14). It is assumed that methylol intermediates 
are formed during N-demethylation of other methylmel
amines, in addition to hexamethylmelamine, but individual 
N-methylolmelamines, apart from N2 -monomethylolpen
tamethylmelamine, have not been demonstrated. N
demethylation of hexamethylmelamine and other methyl
melamines results in decreased toxicity and decreased 
antitumor activity in direct relation to the number of methyl 
groups removed (56,81). Melamine, which has no N-methyl 
groups, lacks antitumor activity. Hexaethylmelamine lacks 
antitumor activity (82) and undergoes N-demethylation at a 
much slower rate than hexamethylmelamine (82). 

In vivo 
Triethylenemelamine is rapidly broken down in vivo and 
78% of a dose of [14C-ring]-labeled triethylenemelamine is 
excreted in the urine of mice in 24hr, mostly in the first 2hr 
after administration (68). The fact that the major urinary 
metabolite is 1 ,3-fJ-trihydroxy-s-triazine (cyanuric acid) and 
the virtual absence of radioactivity in exhaled carbon diox
ide indicate that the s-triazine nucleus remains intact. Dis
position of hexamethylmelamine in vivo has been studied in 
a number of species including housefly (19), dogfish (45), 
mouse (16), rat (21, 99,100), rabbit (5), and man (31, 99). In 
rat, approximately 40% of a dose of hex am ethyl melamine is 
excreted in the urine as metabolites in 48 hr, while biliary 
excretion accounts for only 5% of the dose (21, 99). Metab
olism of hexamethylmelamine is qualitatively similar in all 
species studied (Table 2). N-demethylation of methyl
melamines proceeds further in vivo than in vitro and can go 
as far as the completely demethylated melamine. The s-tria
zine ring is not, however, metabolically cleaved. The major 
urinary metabolites of hexamethylmelamine in most mam
malian species are N2 ,N4 -dimethylmelamine and mono
methylmelamine, and in rat, for example, they account for 
more than 95% of the total metabolites in urine (21). In 
rabbit N2,N4 ,N6 -trimethylmelamine is also a major urinary 
metabolite (5). Conjugates of methylmelamines with glu
curonic acid or sulfate are present in urine but only in 
minute quantities. Metabolism of pentamethylmelamine has 
been studied in rat (21), rabbit (5) and man (5, 10,31) with 
similar results to hexamethylmelamine. The fact that 
methylmelamines containing completely N-demethylated 
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primary amine functions, that is N2,N2,N\N4-tetramethyl
melamine and N2 ,N2 -demethylmelamine, are not formed in 
vivo suggest that the mixed function oxidase exhibits greater 
affinity for dimethyl-substituted tertiary amines than for 
monomethyl-substituted secondary amines. 

Pentamethylmelamine is eliminated more rapidly from 
plasma than hexamethylmelamine. The plasma half-life of 
pentamethylmelamine in mice is 8 min and the half-life of 
hexamethylmelamine 47min (16). In rabbit half-lives are 
22 min and 67 min, respectively (5). N-demethylated meta
bolites are found in plasma and tissues after administration 
of hexamethylmelamine and pentamethylmelamine (5, 16, 
22, 31, 34, 40). The plasma half-lives of demethylated metab
olites increases with decreasing number of methyl groups 
(10). Metabolites detected in plasma after administration of 
hexamethylmelamine to mice are pentamethylmelamine, 
N2 ,N2 ,N4 ,N6 -tetramethylmelamine and N2 ,N4 ,N6 -trimeth
ylmelamine (16). Demethylated metabolites are formed rap
idly and the area under the plasma concentration time curve 
for N2,N2,N4,N6 -tetramethylmelamine exceeds that of 
parent compound by seven- to ten-fold in mice. Metabolites 
detected in plasma of patients receiving pentamethyl
melamine are N2 ,N2 ,N4 ,N6 -tetramethylmelamine, N2 ,N2, 

N4 _ and N2 ,N4 ,N6 -trimethylmelamine, dimethylmelamine 
and monomethylmelamine (5, 10, 31). In man, the area 
under the plasma concentration time curve for N2,N2,N4, 
N6 -tetramethylmelamine and N2 ,N4,~ -trimethylamine is 
less than that for parent compound (31). Rutty et al. (84) 
have reported a study directly comparing the metabolism of 
pentamethylmelamine in mouse, rat and man. The plasma 
half-life of pentamethylmelamine in mouse was less than 
15 min, in rat 40 min and in man 102 min. In all species the 
major plasma metabolites of pentamethylmelamine were N2, 

N2 ,N4 ,N6 -tetramethylmelamine and N2 ,N4,~ -trimethyl
melamine. Peak plasma concentration of total N-methylol
melamine was higher in mouse (6 x 10-4 M) than in rat 
(2 x 10-4 M) while in man N-methylolmelamine could not 
be detected ( < 5 X 10-5 M). In tissues of mice administered 
hexamethylmelamine the major metabolite is N2 ,N4 ,N6 _ 

trimethylmelamine and in brain the area under concentra
tion time curve for N2,N\N6 -trimethylmelamine exceeds 
that of parent drug by more than 20-fold (17, 40). Covalent 
binding of radio label from [14C-methyl]-labeled hexamethyl
melamine is highest in liver and intestine, and lowest in brain 
and heart. Except in the small intestine, where a decrease is 
observed between 2 and 10 hr, binding of radiolabel is com
plete by 2 hr and constant up to 40 hr (40, 83). 

Hexamethylmelamine and its metabolites have been 
found in the cerebrospinal fluid of a patient after a single 
oral dose of hexamethylmelamine (34). The cerebrospinal 
fluid: plasma concentration ratio 230 min after giving the 
drug was, for hexamethylmelamine 0.06. for pentamethyl
melamine 0.24, for N2 ,N2 ,N4 ,N6 -tetramethylmelamine 0.47 
and for N2,N4,N6 -trimethylmelamine 1.0. The difference in 
the ratios is probably due to differences in plasma protein 
binding which for hexamethylmelamine is 94% and which 
decreases with decreasing number of methyl groups. 

Hexamethylmelamine administered orally has a low and 
variable bioavailability, probably because of a large first
pass metabolism (31,32). First-pass metabolism of hexam
ethylmelamine after oral administration has been reported 
in both rat (52) and rabbit (5). The systemic bioavailability 
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of oral hexamethylmelamine in rat is 8% and in rabbit 25%, 
despite complete absorption as judged from metabolite 
data. Both the intestine and liver contribute to first-pass 
metabolism in the rat with extraction ratios for intestine of 
71 % and for liver of 73 % (52). Hexamethylmelamine is not 
appreciably metabolized by lung (52). 

TOXICITY 

Triethylenemelamine produces toxic effects in mice, rats, 
cats and dogs similar to those of nitrogen mustards, with 
myelosuppression, gastrointestinal lesions and parasym
pathetic stimulation. In addition there is delayed motor in
coordination which may be central in origin (73). Toxic 
effects of triethylenemelamine in man are anorexia, nausea 
and vomiting, diarrhea and myelosuppression (80). The 
lowest dose of triethylenemelamine administered intrave
nously producing death in cat is 1 mg/kg, in dog 400llg/kg 
and in monkey lOOllg/kg (86). A clinically effective dose of 
triethylenemelamine in man is 2 to 3 mg daily, for 2 to 3 days 
(80). 

Toxic effects of hexamethylmelamine given orally to 
rodents are ulceration and hemorrhage of the gastrointesti
nal tract, inhibition of spermatogenesis and, at high doses, 
sedation and ataxia. Dogs and monkeys receiving intrave
nous hexamethylmelamine exhibit vomiting and, upon au
topsy have evidence of pulmonary edema and hemorrhagic 
lesions of the lungs and gastrointestinal tract (57). Hexa
methylmelamine is only mildly myelosuppressive in all spe
cies studied (57, 86). Hexamethylmelamine, unlike triethyl
enemelamine, is not teratogenic (9). Hexamethylmelamine 
appears to be equitoxic in most species studied, the LDso for 
orally administered drug being in mouse 437 mg/kg, in rat 
350 mg/kg, in guinea pig 255 mg/kg, and in chicken 341 mg/ 
kg (93). A typical dosage schedule for hexamethylmelamine 
in man is 4 to 12mg/kg by mouth daily for 21 to 90 days, 
depending on the daily dose. Dose-limiting toxicity of hex
amethylmelamine in man is nausea and vomiting, and 
cumulative neurological toxicity, with myelosuppression 
occurring rarely (47, 58). The mechanism of nausea and 
vomiting, which occurs in 50 to 70% of patients, is unknown 
but may be a central effect rather than local irritation be
cause it usually occurs some days after beginning treatment. 
Neurological toxicity occurs in about 20% of patients and 
paresthesias, hypereflexias, muscle weakness, peripheral 
numbness, ataxia and Parkinson's disease-like symptoms 
have been reported. It has been suggested that neurological 
toxicity results from hexamethylmelamine reacting with pyr
idoxine to cause a pyridoxine deficiency, and concomitant 
pyridoxine has been recommended although its efficacy in 
ameliorating neurological toxicity has not been demon
strated (59). Moderate leukopenia and to a lesser degree 
thrombocytopenia occur in up to 40% patients receiving 
hexamethylmelamine. 

Pentamethylmelamine administered to mice, dog, guinea 
pig, rabbit and rhesus monkey produces symptoms indica
tive of gastrointestinal disturbances and central neurologic 
toxicity, in addition to toxic lesions at the injection site and 
lesions to the lymphatic, renal and male reproductive sys
tems (72). In man, pentamethylmelamine produces severe, 
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dose-limiting nausea and vomltmg, and central nervous 
system toxicities (47). Nausea and vomiting is evident a few 
hours after giving drug and can last several days. Central 
nervous system toxicity consists of somnolence, depression, 
headache, confusion, agitation and, at higher doses, visual 
hallucinations, electroencephalographic changes, including 
diffuse slowing of rx- or fJ-waves and loss of consciousness. 
Myelosuppression, however, is mild and occurs only occa
sionally. Because of its toxicity pentamethylmelamine ap
pears to offer no advantage over hexamethylmelamine and 
its further clinical development of pentamethylmelamine is 
unlikely. 

Antitumor activity 

Triethylenemelamine is a directly acting alkylating agent 
and has high activity against several animal tumors includ
ing rat Walker carcinosarcoma 256 (48, 60). Triethyl
enemelamine is not now used clinically but has been re
ported to have activity against Hodgkin's and non-Hodg
kin's lymphoma, chronic lymphocytic leukemia and ad
vanced ovarian carcinoma (80, 91). Hexamethylmelamine 
has only borderline activity against transplantable murine 
tumors such as sarcoma 180 and the murine tumors of the 
National Cancer Institute screening panel shown in Table 3 
(42,65). Hexamethylmelamine does, however, show signifi
cant activity against murine PC6 plasmacytoma (15,81) and 
exhibits considerably greater antitumor activity against 
transplantable rat tumors including Walker carcinosarcoma 
256, L5178Y lymphatic leukemia, Dunning's leukemia and 
Yoshida sarcoma (57, 71, 72). Hexamethylmelamine also 
has activity against human tumor xenografts, for example, 
lung carcinoma P246 growing in immune-deprived mice (65) 
and breast MX-l xenograft growing in nude mice (42). 
Pentamethylmelamine shows more activity than hex a
methylmelamine against human breast MX-2 xenograft and 
is equally active against human breast MX-l xenograft (72). 
Pentamethylmelamine, N2-monomethylolpentamethylmel
amine and N2,N4,N6-trimethyl-N2,N4,N6-trimethylolmela
mine exhibit antitumor activity against lung carcinoma P246 
in immune-deprived mice (23). N2 ,N4 ,N6 -Trimethyl-N2 ,N4 , 

N6 -trimethylolmelamine has activity against several murine 
tumors of the National Cancer Institute screening panel and 
against human tumor xenografts growing in nude mice 
(Table 3). 

Hexamethylmelamine is potentially a valuable drug for 
treating cancer in man in combination with other anticancer 
agents because of its mild myelotoxicity. In ovarian cancer 
hexamethylmelamine appears to be at least as active as 
alkylating agents. Because there is no cross resistance be
tween hexamethylmelamine and alkylating agents it appears 
logical to combine them together, or to use one therapy after 
the patient fails to respond to the other (58). Hexamethyl
melamine is frequently used in combination with cyclophos
phamide, cisplatin and adriamycin in the treatment of ad
vanced ovarian cancer. Hexamethylmelamine containing 
regimens have produced moderate response rates with 
previously treated patients, although little or no change in 
median survival. Studies are now focusing on the use of 
hexamethylmelamine containing drug combinations in 
previously untreated patients with ovarian cancer (47). In 

lung cancer hexamethylmelamine continues to be a part of 
intensive and other regimens for the treatment of small cell 
and non-small cell carcinoma, but its value has yet to be 
determined. Hexamethylmelamine has been reported to 
have activity as a single agent against lymphomas, car
cinoma of the cervix and breast carcinoma (58). Future trials 
have been recommended to determine the value of hexa
methylmelamine in the treatment of endometrial and pro
static carcinomas (47). 

HYDRAZINES 

Background 

Procarbazine (N -isopropy l-rx-(2-methy Ihydrazino )-p-tolua
mide hydrochloride) is the only hydrazine antitumor agent 
in clinical use today. It was synthesized together with other 
methylhydrazines in the early 1960's as a potential inhibitor 
of monoamine oxidase (101). The finding that I-methyl-2-
benzylhydrazine had significant antitumor activity against 
several transplantable tumors, although too hepatotoxic to 
be of clinical use, led to the search for antitumor activity 
among other methylhydrazine derivatives (11). The N
carbamoyl analog of I-methyl-2-benzylhydrazine and pro
carbazine were chosen for further screening and procar
bazine hydrochloride, which was the less toxic of the two 
compounds, was introduced into clinical trial in 1963 (62). 
Procarbazine is now primarily used in combination with 
other chemotherapeutic agents in the treatment of 
Hodgkin's disease. 

Mechanism of action 

Procarbazine itself is not cytotoxic and has to undergo 
chemical or metabolic activation (39, 46). Chemical break
down of procarbazine to potentially toxic substances com
plicates the study of the cytotoxicity of procarbazine in vitro. 
Procarbazine in solution at physiologic pH undergoes rapid 
chemical oxidation by molecular oxygen with a half-life of 
about 15 min, to yield azoprocarbazine (N-isopropyl rx-[2-
methyldiazeno )-p-toluamide) and hydrogen peroxide (1, 
95). Azoprocarbazine slowly isomerizes, with a half-life of 
50 min, to the conjugated hydrazone N-isopropyl-p-formyl
benzamide methylhydrazone which, in turn, hydrolyses to 
give the aldehyde N-isopropyl p-formyl-benzamide and, it is 
postulated, methylhydrazine which reacts with oxygen to 
form methane (94). Metabolism of procarbazine in vivo 
proceeds by a similar initial step forming azoprocarbazine 
and it is probable that both chemical oxidation and metab
olism contribute to the formation of azoprocarbazine in 
vivo. Subsequent in vivo metabolism of azoprocarbazine is 
much more rapid than tautomerization to the hydrazone 
and little hydrazone is formed in vivo. It is unlikely that 
chemical breakdown products of procarbazine contribute 
significantly to the in vivo antitumor activity of procarbazine 
(1, 37). The antitumor activity of procarbazine in vivo is 
probably due to metabolic conversion to alkylating and/or 
free radical intermediates. Evidence supporting the view 
that procarbazine acts as an alkylating agent is the rapid 
incorporation of radiolabel from [N-methyl)4C]-labeled 
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procarbazine into DNA, RNA, protein and phospholipids 
of P8l5 leukemic cells in tumored mice given the drug (57). 
Nucleic acid has been shown to be methylated on the 7N_ 
atom of guanine by transfer of an intact methyl group (63). 
The N-demethylated analogue of procarbazine lacks antitu
mor activity showing the importance of the N-methyl group 
for antitumor activity (11). Incubation of [14C_ring]_ or [N
methyl-14C]-labeled azoprocarbazine with hepatic mi
crosomes and NADPH under aerobic conditions results in 
covalent binding of radiolabel to microsomal protein (97). 
More radiolabel is covalently bound using [N-methyl-14C]
labeled azoprocarbazine than using [14C-ring]-labeled azo
procarbazine further implicating the N-methyl group as 
forming a reactive species which might be responsible for the 
antitumor activity of procarbazine. A possible pathway 
leading to formation of a reactive methyldiazonium ion 
during the metabolism of procarbazine by hydroxylation of 
the benzyl carbon adjacent to an azoxy function to form a 
carbinolamine-like intermediate, as suggested by Weinkam 
and Shiba (96), is shown in Fig. 3. An alternative pathway 
for forming an alkylating species during metabolism of 
procarbazine is by hydroxylation of the methyl group adja
cent to an azoxy function, which would also give a car
binolamine-like intermediate and an alkyldiazonium ion. 
Although Fig. 3 shows azoxyprocarbazine metabolites as 

intermediates in the formation of proposed alkylating spe
cies, Prough et at. (75) have reported that [methyl-14C]
labeled methylazoxyprocarbazine and benzylazoxyprocar
bazine, unlike [methyl-14C]-labeled azoprocarbazine, do not 
bind covalently to liver microsomal protein suggesting that 
azoxyprocarbazines are not intermediates in the formation 
of alkylating species from procarbazine. An alternative 
mechanism for the antitumor activity of procarbazine in
volves the formation of reactive free radical intermediates 
(8, 95). Hydroxylation of azoprocarbazine in a manner 
analogous to that proposed for azoxy metabolites previ
ously, would yield products that would rapidly hydrolyze to 
an aldehyde and diazene. Diazenes rapidly decompose in the 
presence of molecular oxygen to give molecular nitrogen 
and free radicals. Hydrogen abstraction by the free radical 
could ultimately lead to formation of methane and N
isopropyl-p-toluamide, both of which are detected as metab
olites of procarbazine in vivo (61, 77, 96). Since metabolism 
of procarbazine is catalyzed by cytochrome P-450 and 
cytochrome P450 is not found in most tumors it must be 
assumed that one or more of the metabolites of procar
bazine is the transport form of the drug in plasma and is 
taken up by tumor cells to produce a cytotoxic effect. At the 
present time the exact mechanism for the antitumor effect of 
procarbazine has not been established. 

o -0-' " /CH, CH J NHNHCH 2 CNHCH, 
- CH 3 

procarbazine 
I cytochrome P-450. + monoamine oxidase 

o -0-' " /CH, CH 3N=NCH 2 CNHCH, 
- CHa 

azoprocarbazine 
~ytochrome P-450 

o 0 o 0 
t -0-" II /CH, CH3N=NCH 2 CNHCH ....... 

- CH 3 

t -0-' II /CH, CH J N=NCH 2 CNHCH ...... 
- CHa 

methytazoxyprocarbazine benzylazoxyprocarbazine l cytochrome P-450 l cytochrome P-450 

N-isopropylterephthalamic 
acid 

N-isopropyl-a -hydroxy 
-p-totuamide 

Figure 3. Metabolism of procarbazine to form of alkylating intermediates. Postulated metabolites are shown in parenthesis. Alkylating 
intermediates can react with water or cellular nucleophile (NU) (adapted from Shiba and Weinkam (88)). 



Metabolism 

In vitro 
The metabolism of procarbazine has been extensively stud
ied in vitro (8, 26, 30, 37, 76, 96, 97, 98) and in vivo (30, 36, 
43, 55, 85, 88, 96). Pathways for the metabolism of procar
bazine are shown in Fig. 3. Work, primarily by Prough and 
his colleagues (37, 76, 97), has shown that cytochrome P-450 
catalyzes both the oxidation of procarbazine to azoprocar
bazine and the subsequent oxidation of azoprocarbazine to 
the 2-isomeric azoxy derivatives, benzylazoxy- and methyl
azoxyprocarbazine. Azoprocarbazine has a greater affinity 
for cytochrome P-450 (Km 0.1 mm) than procarbazine 
(Km 0.6 mM) (97). Coomes and Prough (24) have shown 
that monoamine oxidase in rat liver mitochondria can also 
convert procarbazine to azoprocarbazine. Formation of the 
azoxy derivatives from azoprocarbazine is stereoselective 
and species dependent (Table 4). In rat two isozymes of 
cytochrome P-450 have been identified as being responsible 
for the major portion of microsomal metabolism of azopro
carbazine to azoxyprocarbazine (74). The formation of azo
xyprocarbazine, methylazoxyprocarbazine, benzylazoxy
procarbazine, N-isopropyl-p-formylbenzamide, N-iso
propyl-IJ(-hydroxy-p-toluamide and N-isopropyl-tereph
thalamic acid from procarbazine by a rat liver 9000 x g 
supernatant in the presence of NADPH and oxygen has 
been reported by Shiba and Weinkam (88). Cummings et al. 
(26) have presented evidence that N-isopropyl-IJ(-hydroxy-p
toluamide can be formed by two pathways, either by reduc
tion of N-isopropyl-p-formylbenzamide by microsomal al
dehyde reductase or by solvolysis of a benzyldiazonium ion 
formed by cytochrome P-450 dependent oxidation of azo
procarbazine. Cummings et al. (26) also presented evidence 
that the azoxyprocarbazine isomers are not intermediate in 
the formation of N-isopropyl-IJ(-hydroxy-p-toluamide or 
perhaps even N-isopropyl-p-formylbenzamide. 

In vivo 
In vivo studies with radio labeled procarbazine have shown 
that the major metabolites of procarbazine are carbon diox
ide, which in rat accounts for up to 30% of a dose of 
[N-methyl)4C]-labeled procarbazine (78, 85), and N
isopropyl-terephthalamic acid which is the only urinary 
metabolite of procarbazine so far identified in mouse, rat, 
dog and man (8,69,70,77). The percent ofa dose [CO-14C]
labeled procarbazine excreted as radio label in the urine in 
24 hr is, in rat 74%, in dog 81 % and in man 73% (85). 

Table 4. Metabolism of azoprocarbazine by hepatic microsomes. 

Metabolites nmol/min/mg 

Benzylazoxy 
Methylazoxy 
p-F ormyl-N -isopropylbenzamide 

Pb - phenobarbital induced. 
N D - not detectable. 

Rat 

ND 
0.35 
0.14 

Data taken from Wiebkin and Prough (97). 

pB 

0.39 
1.50 
0.36 

Rabbit 

Pb 

0.09 0.32 
0.35 0.96 
0.02 0.04 
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Kuttab et al. (55), using direct probe electron impact mass 
spectrometry and ether extraction of plasma, have reported 
that 15 min after intraperitoneal administration of procar
bazine to rat azoprocarbazine is the principal metabolite in 
plasma. No parent drug of other metabolites were detecte'd 
by these authors apart from a small amount of azoxyprocar
bazine. Gorsen et al. (43), using gas chromatography-mass 
spectrometry and toluene extraction of plasma, found that 
1 hr after an oral dose of procarbazine 70% of total drug 
and metabolites in plasma of rat was N-isopropyl-p-formyl
benzamide with much smaller amounts (in decreasing order) 
of N-isopropyl-IJ(-hydroxy-p-toluamide, azoprocarbazine, 
N-isopropyl-p-formylbenzamide methylhydrazone, N
isopropyl-p-toluamide, azoxyprocarbazine and procar
bazine itself. N-isopropyl-terephthalamic acid could not be 
detected under the conditions used in the assay. Shiba and 
Weinkam (88), using high performance liquid chromato
graphy and ether extraction of plasma, reported the time 
course of several metabolites in plasma of rats given procar
bazine intraperitoneally. N-isopropyl-terephthalamic acid 
was present in the highest concentrations. Azoprocarbazine 
was less abundant than methylazoxyprocarbazine while 
benzylazoxyprocarbazine and N-isopropyl-p-formaldehyde 
were present in trace amounts. Shiba and Weinkam (88) also 
reported that in a patient receiving procarbazine the major 
circulating metabolite was methylazoxyprocarbazine with 
benzylazoxyprocarbazine and azoprocarbazine present at 
lower concentrations. It should be noted that azoprocar
bazine and the isomeric azoxy compounds, methylazoxy
and benzylazoxyprocarbazine exhibit antitumor activity in 
vivo (87). Which of the metabolites of procarbazine in plas
ma represent the active formes) of the drug is not clear. 

Toxicity 

Most methylhydrazines with antitumor activity depress 
hemopoiesis in animals, leucopoiesis and thrombopoiesis 
being most markedly inhibited and erythropoiesis much less 
affected (12). The extent of inhibition of leucopoiesis varies 
considerably with species. Procarbazine depresses lym
phopoiesis in rats whereas in dogs it depresses predominant
ly granulopoiesis. Hemolysis with the appearance of Heinz
Ehrlich inclusion bodies in erythrocytes is a feature common 
to many hydrazine derivatives. Methylhydrazines cause 
marked depression of spermatogenesis and atrophy of the 
testis in mouse, rat and monkey (90). Some methyl hydra
zines are hepatotoxic, but one reason procarbazine was 
chosen for clinical trial was its lack of hepatotoxicity. Neu
rologic toxicity produced by procarbazine in monkeys in
cludes loss of coordination, emesis, depression and marked 
anorexia before death (69, 70, 90). Procarbazine has been 
shown to be carcinogenic and to induce pulmonary tumors, 
leukemia and mammary carcinoma in rodents and mye
logenous leukemia in monkeys (51, 90). Procarbazine can 
also suppress the immune system (38) and in animals is 
teratogenic (20). 

Toxicity of procarbazine in man includes nausea and 
vomiting, myelosuppression resulting in thrombocytopenia 
and leukopenia, neurotoxicity and sterility (90). Male pa
tients receiving procarbazine can develop persistent azoo
spermia and testicular biopsies show a microscopic picture 
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of total germinal cell aplasia (89). There is some evidence 
that the germinal cell aplasia is reversible after treatment 
with procarbazine is stopped. The neurologic toxicity of 
procarbazine includes somnolence, confusion, hyperir
ritability, euphoria and cerebellar ataxia (27, 28). The 
neurologic toxicity of procarbazine has been suggested to be 
due to inhibition of monoamine oxidase (27) or to decreased 
levels of pyridoxal phosphate (18). 

Antitumor activity 

Procarbazine has activity against a wide range of transplant
able tumors in mouse (see Table 3) (11,42,69, 70), rat (11, 
69), and hamster (44). Procarbazine retains antitumor activ
ity when administered orally and is active against in
tracerebrally implanted leukemia Ll210 in mice (69, 70). 
Procarbazine is used clinically primarily in combination 
with other drugs for treatment of Hodgkin's disease as, for 
example, the MOPP regimen which consists of mech
lorethamine, vincristine (Oncovine@), procarbazine and 
prednisone (29). Procarbazine is used less frequently in 
treatment of non-Hodgkin's lymphoma, malignant melano
ma, multiple myeloma, bronchogenic carcinoma and, be
cause of its good penetration into cerebrospinal fluid, brain 
tumor (35). 

CONCLUSION 

Methylmelamines and methylhydrazines are two distinct 
classes of compounds with antitumor activity and, yet, have 
several features in common., Both classes of compounds are 
represented by only one member that is used clinically. Both 
classes of compounds appear to act as alkylating agents and 
require metabolic activation to form alkylating species and, 
probably, to express antitumor activity. An N-methyl group 
appears to be important for the antitumor activity of both 
classes of compound. Drugs of both classes undergo exten
sive, rapid metabolism, primarily by the hepatic microsomal 
mixed function oxidase, in vitro and in vivo. Both classes of 
drugs are used in combination chemotherapy to treat specif
ic human cancers and do not cross react with other alkyl at
ing agents. Nausea and vomiting and neurotoxicity are side 
effects common to both classes of compounds, but while 
methylmelamines are free of myelosuppression, methylhy
drazines produce marked myelosuppression. Differences in 
antitumor activity exist between methylmelamines and 
methylhydrazines, with the former compounds exhibiting 
activity against a limited range of animal tumors while the 
latter group exhibit a wide range of activity against animal 
tumors. 

ACKNOWLEDGEMENTS 

The excellent secretarial assistance of Ms Wanda Rhodes in prepar
ing this manuscript is gratefully acknowledged. 

REFERENCES 

I. Aebi H, DeWald B, Suter H: Autoxydation N'-substituierter 

Methylhydrazine Beeinflussung der cu und fe Katalyse durch 
Proteine. Helv Chim Acta 48: 656, 1965 

2. Alley MC, Powis G, Appel PL, Kooistra KL, Lieber MM: 
Activation and inactivation of cancer chemotherapeutic 
agents by rat hepatocytes cocultured with human tumor cell 
lines. Cancer Res 44: 549, 1984 

3. Ames MM, Kovach JS: Parenteral formulation of hexa
methylmelamine potentially suitable for use in man. Cancer 
Treat Rep 66: 1579, 1982 

4. Ames MM, Powis G: Metabolism of hexamethylmelamine 
and pentamethylme1amine by rat liver micro somes and iso
lated hepatocytes. Proc Amer Assoc Cancer Res 21: 257,1980 

5. Ames MM, Powis G, KovachJS, Eagan RT: Disposition and 
metabolism of pentamethylmelamine and hexamethy1-
melamine in rabbits and humans. Cancer Res 39: 5016, 1979 

6. Ames MM, Sanders ME, Tiede WS: Metabolic activation of 
hexamethy1me1amine and pentamethylmelamine by liver mi
crosomal preparations. Life Sci 29: 1591, 1981 

7. Ames MM, Sanders ME, Tiede WS: Role ofN-methylolpen
tamethylmelamine in the metabolic activation of hexa
methylmelamine. Cancer Res 43: 500, 1983 

8. Baggiolini M, DeWald B, Aebi H: Oxidation of p-(N1-

methylhydrazino methyl)-N-isopropyl benzamide (procar
bazine) to the methy1azo derivative and oxidative cleavage of 
the N'-C bond in the isolated perfused liver. Biochem 
Pharmacol 18: 2187, 1969 

9. Barnes TC, Frances S: Toxicity of hexamethy1me1amine in 
rats. Arch Int Pharmacodyn 160: 83, 1966 

10. Benvenuto JA, Stewart DJ, Benjamin RS, Loo TL: Pharma
cology of pentamethylmelamine in humans. Cancer Res 41: 
566, 1981 

11. Bollag W, Grunberg E: Tumor inhibitory effects of a new 
class of cytotoxic agents: methylhydrazine derivatives. Ex
perientia 19: 130, 1963 

12. Bollag W, Theiss E: Methylhydrazine derivatives. In: In
ternational Symposium on Chemotherapy of Cancer. Edited 
by PA Plattner Lugano, pp. 311-314. Elsevier, Amsterdam 

13. Borkovec AB, De Milo AB: Insect chemosterilants. V. De
rivatives of melamine. J Med Chem 10: 457, 1967 

14. Borm P, Mingels MJ, Hulshoff A, Frankhuyen-Sierevoge1 A, 
Noordhoek J: Rapid formation of N-hydroxymethylpen
tamethylmelamine by mitochondria from rat small intestinal 
epithelium. Life Sci 33: 2113, 1983 

15. Brindley C, Gescher A, Langdon SP, Broggini M, Colombo 
T, D'Incalci M: Studies of the mode of action of antitumor 
triazenes and triazines - III Metabolism studies on hexa
methylmelamine. Biochem Pharmacol31: 625, 1982 

16. Broggini M, Colombo T, D'Incalci MD, Donelli MG, Ge
scher A, Garattini S: Pharmacokinetics of hexamethy1-
melamine and pentamethylmelamine in mice. Cancer Treat 
Rep 65: 669, 1981 

17. Broggini M, Rossi C, Colombo T, D'Incalci M: Hexamethy1-
melamine and pentamethylmelamine tissue distribution in 
M5076j73A ovarian cancer-bearing mice. Cancer Treat Rep 
66: 127, 1982 

18. Chabner BA, DeVita V, Considine N, Oliverio VT: Plasma 
pyridoxal phosphate depletion by the carcinostatic procar
bazine. Proc Soc Exp Bioi Med 132: 1119, 1969 

19. Chang SC, DeMilo AB, Woods CW, Borkovec AB: Metab
olism ofCl4-labeled hemel in male houseflies. J Econ Entomol 
61: 1357, 1968 

20. Chaube S, Murphy MC: Fetal malformations produced in 
rats by N-isopropyl-oc-(2-methylhydrazine)-p-toluamide hy
drochloride (procarbazine). Teratology 2: 23, 1969 

21. Colombo T, Broggini M, Gescher A, D'Incalci M: Routes of 
elimination of hexamethylmelamine and pentamethy1-
melamine in the rat. Xenobiotica 12: 315, 1982 

22. Colombo T, Torti L, D'Incalci MD: Dose-dependent
pharmacokinetics of PMM in the rat. Cancer Chemother 
Pharmacol 5: 201, 1981 



23. Connors TA, Cumber AJ, Ross WCJ, Clarke SA, Mitchley 
BCV: Regression of human lung tumor xenografts induced 
by water soluble analogs of hexamethylmelamine. Cancer 
Treat Rep 61: 927, 1977 

24. Coomes MW, Prough RA: The mitochondrial metabolism of 
1,2-disubstituted hydrazines procarbazine and 1,2-di
methylhydrazine. Drug Metab Disp 11: 550, 1983 

25. Cumber AJ, Ross WCJ: Analogues of hex am ethyl melamine: 
The antineoplastic activity of derivatives with enhanced 
water solubility. Chem Bioi Interact 17: 349, 1977 

26. Cummings SW, Guengerich FP, Prough RA: The charac
terization of N-isopropyl-p-hydroxymethylbenzamide for
med during the oxidative metabolism of azo-procarbazine. 
Drug Metab Disp 10: 459, 1982 

27. DeVita VT, Hahn MA, Oliverio VT: Monoamine oxide in
hibition by a new carcinostatic agent N-isopropyl-IX-(2-
methylhydrazino)-p-toluamide. Proc Soc Exp BioI Med 120: 
561, 1965 

28. DeVita VT, Serpick A, Carbone PP: Preliminary clinical 
studies with ibenzmethyzin. Clin Pharmacol Ther 7: 542, 1966 

29. DeVita VT, Serpick A, Carbone PP: Combination chemo
therapy in the treatment of advanced Hodgkin's disease. Ann 
Inter Med 73: 881, 1970 

30. DeWald B, Baggiolini M, Aebi H: N-Demethylation of p
N1-methyl-hydrazino methyl)-N-isopropyl benzamide (pro
carbazine), a cytostatically active methylhydrazine deriva
tive, in the intact rat and in the isolated perfused rat liver. 
Biochem Pharmacol18: 2179, 1969 

31. D'Incalci M, Beggiolin G, Sessa C, Mangione C: Influence of 
ascites on pharmacokinetics of hexamethylmelamine and 
N-demethylated metabolites in ovarian cancer patients. Eur 
J Cancer 7: 1331, 1981 

32. D'Incalci M, Bolis G, Mangioni C, Masca L, Garrattini S: 
Variable oral absorption of hexamethylmelamine in man. 
Cancer Treat Rep 62: 2117, 1978 

33. D'Incalci M, Erba E, Ba1coni G, Morasca L, Garrattini S: 
Time dependence of the in vitro cytotoxicity of hexamethyl
melamine and its metabolites. Br J Cancer 41: 630, 1980 

34. D'Incalci M, Sessa C, Beggiolin G, Mangioni C: Cerebro
spinal fluid levels of hexamethylmelamine and N-demethy
lated metabolites. Cancer Treat Rep 65: 350, 1981 

35. Dorr RT, Fritz WL: Procarbazine. In: Cancer Chemotherapy 
Handbook, pp. 593-601. Elsevier, New York, 1980 

36. Dost FN, Reed DJ: Methane formation in vivo from N-iso
propyl-IX-(2-methylhydrazino )-p-toluamide hydrochloride, a 
tumor inhibiting methylhydrazine derivative. Biochem 
Pharmacol16: 1741, 1967 

37. Dunn DL, Lubet RA, Prough RA: Oxidative metabolism of 
N-isopropyl-IX-(2-methylhydrazino)-p-toluamide hydrochlo
ride (procarbazine) by rat liver microsomes. Cancer Res 39: 
4555, 1979 

38. Floersheim GL: Verliingerte Oberlebenszeit von Hauthomo
transplantaten bei Miiusen durch ein Methylhydrazinderivat. 
Experientia 19: 546, 1963 

39. Gale GR, Simpson JG, Smith AB: Studies of the mode of 
action of N-isopropyl-IX-(2-methylhydrazine)-p-toluamide. 
Cancer Res 27: 1186, 1967 

40. Garattini E, Colombo T, Donelli MG, Catalani P, Bianchi 
M, D'Inca1ci M, Pantorotto C: Distribution, metabolism and 
irreversible binding of hexamethylmelamine in mice bearing 
ovarian carcinoma. Cancer Chemother Pharmacol II: 51, 
1983 

41. Gescher A, D'Inca1ci M, Fanelli R, Farina P: N-Hydroxy
methylpentamethylmelamine, a major in vitro metabolite of 
hexamethylmelamine. Life Sci 26: 147, 1980 

42. Goldin A, Venditti JM, MacDonald JS, Muggia FM, Hen
ney JE, DeVita V: Current results of the screening program 
at the Division of Cancer Treatment, National Cancer In
stitute. Eur J Cancer 17: 129, 1981 

9: Triazine and hydrazine derivatives 123 

43. Gorsen RM, Weiss AJ, Manthei RW: Analysis of procar
bazine and metabolites by gas chromatography-mass spec
trometry. J Chromatogr 221: 309, 1980 

44. Grunberg E, Prince HN: The activity of ibenzmethyzin hy
drochloride against the human transplantable tumors human 
epithelioma No.3 and human adenocarcinoma No.1. Ex
perientia 22: 324, 1966 

45. Guarino AM: Pharmacologic and toxicologic studies of anti
cancer drugs: of sharks, mice, and men (and dogs and mon
keys) methods. Cancer Res 17: 91, 1979 

46. Gutterman J, Huang A, Hochstein P: Studies on the mode of 
action of N-isopropyl-IX-(2-methylhydrazine )-p-toluamide. 
Proc Soc Exp Bioi Med 130: 797, 1979 

47. Hahn DA: Hexamethylmelamine and pentamethylmelamine: 
An update. Drug Intel! Clin Pharm 17: 418, 1983 

48. Hendry JA, Homer RF, Rose FL, Walpole AL: Cytotoxic 
agents. III. Derivatives of ethyleneimine. Brit J Pharmacol6: 
357, 1951 

49. Hulshoff A, Neyt JP, Smulders CFA, van Loenen AC: The 
intravenous injection of hexamethylmelamine (HMM) as its 
monohydrochloride. Proc Amer Assoc Cancer Res 21: 301, 
1980 

50. Kaiser DW, Thurston IT, Dudley JR, Schaeffer FC, 
Hechenbleikner I, Holm-Hansen D: Cyanuric chloride de
rivatives. II. Substituted melamines. J Amer Chem Soc 73: 
2984, 1951 

51. Kelly MG, O'Gara RW, Gadekan K, Yancey ST, Oliverio 
VT: Carcinogenic activity of new antitumor agent, N
isopropyl-IX-(2-methylhydrazino)-p-toluamide hydrochloride 
(NSC 77213). Cancer Chemother Rep 39: 77, 1964 

52. Klippert PJ, Hulshoff A, Mingels MJ, Hofman G, Noord
hoek J: Low oral bioavailability of hexamethylmelamine in 
the rat due to simultaneous hepatic and intestinal metabo
lism. Cancer Res 43: 3160, 1983 

53. Kreilgard B, Higuchi T, Repta AJ: Complexation in formula
tion of parenteral solutions. Solubilization of the cytotoxic 
agent hexamethylmelamine by complexation with gentisic 
and species. J Pharmacol Sci 64: 1850, 1975 

54. Kries W, Yen Y: An antineoplastic ct4-labeled methylhy
drazine derivative in P815 mouse leukemia. A metabolic 
study. Experientia 21: 284, 1965 

55. Kuttab SH, Vouros P, Tanglertpaibul S: Studies on the 
metabolism of procarbazine by mass spectrometry. Biomed 
Mass Spec 9: 78, 1982 

56. Lake LM, Grunden EE, Johnson BM: Toxicity and antitu
mor activity of hex am ethyl melamine and its N-demethylated 
metabolites in mice with transplantable tumors. Cancer Res 
34: 2858, 1975 

57. Legha SS, Slavik M, Livingston RB, Carter SK: Hexa
methylmelamine (NSC 13875). Clinical Brochure, National 
Cancer Institute, Bethesda, Maryland, 1974 

58. Legha SS, Slavik M, Carter SK: Hexamethylmelamine-an 
evaluation of its role in the therapy of cancer. Cancer 38: 27, 
1976 

59. Leite C: Hexamethylmelamine with or without pyridoxine in 
refractory breast cancer. Proc Amer Assoc Cancer Res 38: 27, 
1978 

60. Lewis MR, Crossley ML: Retardation of tumor growth in 
mice by oral administration of ethyleneimine derivatives. 
Arch Biochem 26: 319, 1950 

61. Maloney SJ, Prough PA: Studies on the pathway of methane 
formation from procarbazine, a 2-methylbenzylhydrazine 
derivative, by rat liver microsomes. Arch Biochem Biophys 
221: 577, 1983 

62. Martz G: Clinical results with a methylhydrazine derivative. 
In: Proc Int Symp Chemother Cancer. Edited by PA Plattner. 
Lugano, Switzerland, p. 198,2-63, Elsevier, New York, 1964 

63. Matsumoto H, Higa HH: Studies on methylazoxymethanol, 
the aglycone of cycasin: methylation of nucleic acids in vitro. 



124 Garth Powis 

Biochem J 98: 20c, 1966 
64. Miller-Hatch KJ, Ames MM, Kovach JS, Ahmann DL: 

Cytotoxic activity of hexamethylmelamine in human tumor 
cell lines in the presence of rat hepatic preparations. Proc 
Amer Assoc Cancer Res 24: 247, 1983 

65. Mitchley BCV, Clarke SA, Connors TA, Neville AM: Hexa
methylmelamine-induced regression of human lung tumors 
growing in immune deprived mice. Cancer Res 35: 1099, 1975 

66. Morimoto M, Green D, Rahman A, Goldin A, Schein PS: 
Comparative pharmacology of pentamethylmelamine and 
hexamethylmelamine in mice. Cancer Res 40: 2762, 1980 

67. Muindi JR, Newell DR, Smith IE, Harrap KR: Pentamethyl
melamine (PMM): Phase I clinical and pharmacokinetic 
studies. Br J Cancer 47: 27, 1983 

68. Nadkarni MV, Goldenthal EI, Smith PK: The distribution of 
radioactivity following administration of triethyleneimino-s
triazine-Cl4 in tumor bearing and control mice. Cancer Res 
14: 559, 1954 

69. Oliverio VT, Kelly MG: Contributions to the biological and 
clinical effect of a methylhydrazine derivative. In: Proc Int 
Symp Chemother Cancer. Edited by PA Plattner. Lugano, 
Switzerland, pp. 221-226. Elsevier, New York, 1964 

70. Oliverio VT, Kelly MG: Some pharmacological properties of 
a tumor inhibitory methylhydrazine derivative. Proc Amer 
Assoc Cancer Res 5: 49, 1964 

71. Osswald H: The curative action of hexamethylmelamine on 
intramuscularly or intracerebrally implanted Yoshida sar
coma. Cancer Lett 21: 343, 1984 

72. Pentamethylmelamine NSC 118742, Clinical Brochure: Na
tional Cancer Institute, Bethesda, Maryland, 1978 

73. Philips FS, Thiersch JB: The nitrogen mustard-like actions· 
2,4,6-tris(ethyleneimino)-s-triazine and other bis(ethylenei
mines). J Pharmacol Exp Ther 100: 398, 1950 

74. Prough RA, Brown MI, Dannan GA, Guengerich FP: Major 
isoenzymes of rat liver microsomal cytochrome P-450 in
volved in the N-oxidation of N-isopropyl-alpha-(2-methyl
azo)-p-toluamide, the azo derivative of procarbazine. Cancer 
Res 44: 543, 1984 

75. Prough RA, Coomes MW, Cummings SW, Wiebkin P: 
Metabolism of procarbazine [N-isopropyl-a-(2-methylhy
drazine)-p-toluamide HCl]. Adv Exp Med Bioi 136: 983, 1980 

76. Prough RA, Coomes MW, Dunn DL: The microsomal me
tabolism of carcinogenic and/or therapeutic hydrazine. In: 
Microsomes and Drug Oxidations, Volume 3, pp. 600-607. 
Edited by V Ullrich, I Roots, AG Hildebrandt, RW Esta
brook, AH Conney. Pergamon Press, New York, 1977 

77. Raaflaub J, Schwartz DE: Dber den Metabolismus eines 
cytostatisch wirksamen Methylhydrazin-derivates (Natulan). 
Experientia 21: 44, 1965 

78. Reed D, Dost F: Methane and CO2 formation by rats during 
metabolism of a methylhydrazine (Natulan). Proc Am Assoc 
Cancer Res 7: 57, 1965 

79. Ross WE, McMillan DR, Ross CF: Comparative of DNA 
damage by methylmelamines and formaldehyde. J Nat! Can
cer Inst 67: 217, 1981 

80. Rundles RW, Barton WB: Triethylenemelamine in the treat
ment of neoplastic disease. Blood 7: 483, 1952 

81. Rutty CJ, Abel G: In vitro cytotoxicity of the methylmel
amines. Chem Bioi Interact 29: 235, 1980 

82. Rutty CJ, Connors TA: In vitro studies with hexamethyl
melamine. Biochem Pharmacol26: 2385, 1977 

83. Rutty CJ, Connors TA, Nguyen HN, Hoellinger H: In vivo 
studies with hexamethylmelamine. Eur J Cancer 14: 713, 
1978 

84. Rutty CJ, Newell DR, Muindi JRF, Harrap KR: The com
parative pharmacokinetics of pentamethylmelamine in man, 
rat and mouse. Cancer Chemother Pharm 8: 105, 1982 

85. Schwartz DE, Bollag W, Obrecht P: Distribution and ex
cretion studies of procarbazine in animals and man. Arzneim 
Forsch 17: 1389, 1967 

86. Sherman M, Herrick RB: Acute toxicity of five insect che
mosterilants, hemel, hempa, TEPA, MeTEP A and metho
trexate, for cockerels. Tox Appl Pharm 16: 100, 1970 

87. Shiba DA, Weinkam RJ: Metabolic activation of procar
bazine: activity of the intermediates and the effects of pre
treatment. Proc Am Assoc Cancer Res 20: 139, 1979 

88. Shiba DA, Weinkam RJ: Quantitative analysis of procar
bazine, procarbazine metabolites and chemical degradation 
products with application to pharmacokinetic studies. J 
Chromatogr 229: 397, 1982 

89. Sieber SM, Adamson RH: Toxicity of antineoplastic agents 
in man: Chromosomal aberrations, antifertility effects, con
genital malformations and carcinogenic potential. Adv Can
cer Res 22: 57, 1975 

90. Sieber SM, Correa P, Dalgard DW, Adamson RH: Car
cinogenesis and other adverse effects of procarbazine in non
human primates. Cancer Res 38: 2125, 1978 

91. Sykes MR, Rundles RW, Pierce VK, Karnofsky PA: Tri
ethylenemelamine in the management of far advanced ovar
ian cancer. Surg Gynecol Obst 101: 133, 1955 

92. Takida H, Didolkar MS: Effect of hexamethylmelamine 
(NSC-13875) on small cell carcinoma of the lung (Phase II 
study). Cancer Chemother Rep 58: 371, 1974 

93. Tatken RL, Lewis RJ: Registry of Toxic Effects of Chemical 
Substances, 1981-1982 Edition, Volume 2, p. 651. US Depart
ment of Health and Human Services, Cincinnati, OH 1983 

94. Tsuji T, Kosower E: Diazenes. VI. Alkyldiazenes. J Am 
Chem Soc 93: 1992, 1971 

95. Weinkam RJ, Shiba D: Procarbazine in Pharmacologic 
Principles of Cancer Treatment. Edited by B Chabner, pp. 
340-362. Saunders, Philadelphia, 1982 

96. Weinkam RJ, Shiba D: Metabolic activation of procar
bazine. Life Sci 22: 937, 1978 

97. Wiebkin P, Prough RA: Oxidative metabolism of N
isopropyl-a-(2-methylazo )-p-toluamide (Azoprocarbazine) 
by rodent liver microsomes. Cancer Res 40: 3524, 1980 

98. Wittkop JA, Prough RA, Reed DJ: Oxidative demethylation 
of N-methylhydrazines by rat liver micro somes. Arch Bioch
em Biophys 134: 308, 1969 

99. Worzalla JF, Johnson BM, Ramirez G, Bryan GT: N
demethylation of the antineoplastic agent hexamethyl
melamine by rats and man. Cancer Res 33: 2810, 1973 

100. Worzalla JF, Kaiman BD, Johnson BM, Ramirez G, Bryan 
GT: Metabolism of hexamethylmelamine-ring-14C in rats 
and man. Cancer Res 34: 2669, 1974 

101. Zeller P, Gutmann H, Hegedus B, Kaiser A, Langemann A, 
Muller M: Methylhydrazine derivatives, a new class of cyto
toxic agents. Experientia 19: 129, 1963 



10 

ANTHRACYCLINE ANTIBIOTICS 

N.R. BACHUR 

MICROBIAL ORIGIN AND HISTORY 

Although the anthracycline antibiotics were first discovered 
in 1939, as red substances derived from microorganisms, 
very little was understood of their chemical structure and 
composition until the 1950s when a series of anthracyclines 
from Streptomyces were systematically studied through defi
nitive chemical analysis in Brockman's laboratory. These 
research studies which lasted more than a decade formed the 
groundwork for understanding the chemistry of this very 
important, interesting and useful family of antibiotics. Al
though the time of the 1950s and 1960s was an era when the 
discovery and utilization of antibiotics was a booming and 
even dazzling scientific developmental era, the anthra- · 
cyclines resisted inclusion into the fold of useful antibiotics. 
Time after time, anthracycline antibiotics were isolated by 
research groups and showed very promising antibacterial 
activity only to prove to be much too toxic in animal toxicol
ogy studies. So it was with interest when in the early 1960s 
anthracycline isolates tested for antitumor bearing mice 
showed activity against these tumors. These findings heral
ded the entry of this important class of antibiotics into 
useful application against human disease. 

Brockman's laboratory in the 50s established that separa
tion of the anthracyclines could be accomplished into iden
tifiable fractions. Their studies went on to show that anthra
cyclines consisted of an anthracyclinone portion and a vary
ing number of sugars attached to this fundamental con
jugated planar ring system, therefore they may be classified 
as glycosides. The sugars belong to one family, and are 
daunosamine, rhodosamine, 2-deoxy L-fucose and rhodi-
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nose. The anthracyclinone was shown to be fused ring sys
tems which contained conjugated systems and quinone 
groups with phenolic groups substituted at various ring 
positions. Subsequently many anthracyclinones have been 
discovered with varying substitution arrangements (Figure 
1 ). 

In the 1960s the anthracyclines discovered in Italy and 
France proved to excite the medical world with regard to 
their anticancer activity. From the Streptomyces peucitius 
daunomycin or what later came to be named daunorubicin 
was isolated at Farmitalia (Figure 2). Meanwhile the French 
investigators at Rhone-Poulec isolated an identical sub
stance named rubidomycin from Streptomyces coerubleo
ruNdus. Testing of this substance on animal tumors showed 
significant antitumor activities. These antibiotics were rap
idly developed through animal toxicology and formulation 
to go into clinical testing against human malignancy where 
the remarkable activity of daunorubicin against adult acute 
leukemia had a stimulating effect on research into the an
thracycline family. New analogs were produced by medici
nal chemists whereas old molecules were reisolated from 
various strains of the Streptomyces. However, the single 
most important discovery to date among the anthracycline 
molecules was the discovery of adriamycin (doxorubicin) in 
1967 at Farmitalia in Italy. Clinical testing of doxorubicin 
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Figure 2. Daunorubicin. 
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showed the antibiotic to have even more remarkable anti
cancer activities than daunorubicin since doxorubicin was 
quite effective against a rather wide spectrum of solid 
tumors as well as leukemias. 

With the rash of excitement accompanying the discovery 
of the utility of daunorubicin and doxorubicin, other an
thracyclines have been discovered and/or chemically modi
fied to produce potentially useful compounds both for fun
damental studies as well as for clinical usage. In the early 
1970s, carminomycin an analog of daunorubicin was an
nounced from the USSR. In the mid 1970s, aclacinomycin 
described by a Japanese group has shown to have anti
tumor activity and went into clinical testing. Since those 
important discoveries, thousands of anthracyclines have 
been isolated, characterized and tested for activity both as 
antibiotics and as antitumor agents. Today, a significant 
number of active and potentially active anthracycline 
analogs are available, although the major ones for clinical 
use at the present time remain as adriamycin (doxorubicin) 
and daunorubicin. 

CHEMISTRY 

Although the structures of many of anthracyclines have 
been determined, it is beyond the scope of this chapter to 
discuss each one. It is appropriate to focus on the clinically 
useful compounds that have been described since a great 
deal of corresponding comparative chemical and biological 
data are known for these compounds. However, despite this 
large amount of comparative data for both doxorubicin and 
daunorubicin, the correlation of chemical structure with 
specific biological actions lags. The red-orange doxorubicin 
and daunorubicin have the planar ring system of the anthra
quinone with resonating electronic structure in the A and C 
rings and conjugated quinone structure in the B ring. Paired 
phenolic groups on the C ring supply hydrogen bonding, 
and a methoxy group at position 4 completes substituents on 
Rings A, Band C. The highly conjugated nature of the 
anthraquinone nucleus gives doxorubicin and daunorubicin 
their brilliant red-orange color. This distinctive color as well 
as the highly fluorescent nature of these compounds are very 
useful for chemical, biological and pharmacological studies. 

The anthraquinone portion of doxorubicin or daunorubi
cin is by itself quite water insoluble and lipophilic. This gives 
the intact antibiotic molecules a highly lipophilic head which 
lends important binding characteristics to the molecules. 

Although the D ring is not part of the conjugated electron 
system, its nonplanar characteristics are important for bind
ing to macromolecules. Through the D ring at position 7 is 
linked the amino sugar, daunosamine, which is critical for 
water solubility of the molecules as well as their amphoteric 
properties. Under normal physiologic conditions at pH 7.4, 
the amino group of daunosamine is protonated and pos
itively charged. The sugar linkage at position 7 as well as the 
side chain and hydroxy group at position 9 are optically 
active; and strict adherence to the proper stereochemical 
structure is essential for biological activity. 

The only structural difference between doxorubicin and 
daunorubicin is the hydroxy group on carbon 14 of the 
methyl ketone side chain. It is an interesting and well estab
lished fact that this small chemical modification on so large 

and complex a molecule has such profound biological and 
pharmacological effects which will be discussed later. The 
differences in the chemistries of doxorubicin and daunorubi
cin are seen in increased instability for doxorubicin in solu
tion and increased hydrophilicity. 

Both doxorubicin and daunorubicin are sensitive to 
strong acid and alkali. Acids hydrolyze the glycosidic link
age to give the aglycones, doxorubicinone and daunorubici
none respectively and the amino sugar daunosamine. Al
kaline treatment gives the fully anionic forms of the phenolic 
substituents at positions 6 and 11 which in time break down 
irreversibly. 

Because of the quinone structure in the anthraquinone 
nucleus, doxorubicin and daunorubicin can undergo revers
ible oxidation reduction reactions. Under normal con
ditions, the qui nones are in an oxidized state but can be 
reduced either chemically or biochemically. Reduction can 
occur either by single electron reduction or two electron 
reductions. A semiquinone free radical is the product of 
single electron reduction, whereas hydroquinone is the 
product of two electron reductions. The reactions appear to 
be important in the cytotoxic activity of the anthracycline 
antibiotics and will be discussed further. 

A great deal of work has been done on the structure 
activity characteristics of anthracycline antibiotics, but no 
single conceptual picture of anthracycline model activity has 
evolved. This may be because no single site in eukaryotic 
cells is responsible for anthracycline cytotoxicity. Many 
modifications can be made to the doxorubicin and dauno
rubicin molecules to raise or lower activities. The sugar can 
be widely altered with no loss of activity - even with an 
increase in activity as seen in the cyanomorpholyno com
pounds. However, some groups of the anthraquinone are 
sensitive to change. These are the 6 and II phenolic hy
droxyl groups and the 7 and 9 position groups. Loss or 
modification of the 6 and 11 phenolic hydroxyls reduces or 
destroys antitumor activity as does modification at the 7 and 
9 position. 

MOLECULAR INTERACTIONS 

Probably the first predicted action of the anthracycline anti
biotics was their binding to nuclear double stranded DNA. 
This was predictable since the anthracycline structural 
anthraquinone system is quite similar to other compounds 
which bind to helical DNA. The flat planar rings of the 
anthracycline quinone nucleus are an appropriate size and 
shape to slip into and between the base pair systems of 
stacked DNA bases in helically coiled DNA. This interac
tion has been studied extensively since the 1960s, and a 
substantial number of scientific papers describe the interac
tions. Despite all these studies it is still not clear what the 
exact molecular interaction is that accounts for anthra
cycline binding with DNA. Studies that utilize X-ray crys
tallography propose that the planar ring system slides be
tween stacked bases and distorts the DNA helix. Projecting 
out from the intercalated anthracycline is the amino sugar 
which can be rotated and positioned so that the positively 
charged amino group can bind ionically with negatively 
charged phosphate groups of the DNA sugar phosphate 
backbone. Several variations of this type of binding have 



been published, and the intercalative mode is accepted as 
probably the most likely type of primary bonding. In addi
tion, other types of non-intercalative DNA binding have 
been proposed for the anthracyclines. 

The binding of doxorubicin and daunorubicin to DNA is 
easily demonstrated in tissue culture with live cells. The 
drugs readily concentrate in the nucleus of a cell or in 
chromosomal bands and will fluoresce strongly from these 
sites. 

Several changes in the physical chemical properties of 
both the anthracycline antibiotics as well as the DNA occurs 
with binding of doxorubicin or daunorubicin to DNA. The 
drugs undergo spectral changes, with quenching of drug 
fluorescence as well and alterations of absorption spectra, 
and the quinone groups are limited in their ability to under
go redox changes. For the DNA, there is a decreasing 
buoyant density and sedimentation coefficient as well as an 
increase in melting temperature and viscosity. These are 
changes that would be expected of an intercalation reaction 
between drug and DNA. 

Physical chemical measurement studies as well as studies 
utilizing X-ray crystallography and defraction, and NMR 
techniques have led to conflicting conclusions concerning 
the exact molecular interaction between anthracyclines and 
DNA. Most recently, an interesting question has arisen as to 
whether the different configurations of DNA show selective 
or specific binding to anthracyclines. 

Another characteristic of DNA binding which has been 
investigated with the anthracyclines yet remains unresolved 
is the specificity of anthracyclines for base pair types. Al
though early studies describe a preferential binding to AT 
base pairs whereas more recent studies have leaned to 
preferential binding to GC bases, in fact, there are data 
which indicate that the binding to GC is an absolute require
ment for DNA binding. 

Recently interesting experiments have suggested a binding 
of DNA and anthracyclines through metal ion participa
tion. This opens several possibilities concerning mechanism 
of action and may be useful for understanding DNA interac
tions. Because of the location of quinone and phenolic 
hydroxyl groups on the planar ring systems, the oxygens in 
these groups serve to share their abundant electron shells 
with positively charged divalent and trivalent cations such 
as Mg2+, Cu2+, AI3+, Fe2+, and Fe3+. The chelation of metal 
cations by anthracyclines and the properties of these che
lates have been studied extensively. The chelates with Cu2+ 
and Fe2+, Fe3+ are most interesting also because of their 
possible involvement in free radical generation. 

Although the binding of the anthracyclines to DNA has 
taken a paramount position with regard to molecular in
teractions in cells, these versatile molecules, because of 
charge characteristics and amphipathic nature, bind to 
numerous protein macromolecules as well as lipids and 
polysaccharides. In addition to extensive binding to cellular 
membrane and architectural structures such as the cell en
velope, microsomal membranes, mi!ochondrial membranes 
and nuclear membranes, the anthracycline drugs also bind 
to soluble proteins. Examples of proteins that bind anthra
cyclines are spectrin, tubulin, his tones, casin, fibrinogen, 
gammaglobulins, catalase, etc. Anthracycline binding can 
affect both the reactivity of a number of these proteins as 
well as protein interconversions. However, the binding affin-
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ities to proteins are sufficiently weak that protein binding is 
not considered to be a primary site of action of the anthra
cyclines in the cell; but the protein-anthracycline interac
tions may mediate other actions and may lead to secondary 
affects which are important. 

As part of the protein-membrane interactions, both the 
phospholipids as well as the polysaccharides play an impor
tant role in these functions. Cardiolipin has been shown to 
be a selective lipid component which binds to anthracyclines 
and is responsible for a significant portion of anthracycline 
membrane interactions. More recently, the doxorubicin ef
fect on solid to fluid state transition in membranes of lipo
somes has been studied extensively with regard to lipid-an
thracycline binding. It is possible that membrane located 
receptors may play an important role in anthracycline action 
and toxicity. Studies with anthracyclines bound to insoluble 
support show very high cytotoxicity for these drugs which 
do not penetrate the cell. This implies that the anthracy
clines are acting at the membrane site. 

Several respiratory enzymes are known to interact with 
the anthracycline antibiotics. First the flavoproteins 
NADPH Cytochrome P-450 Reductase and Xanthine Ox
idase will reduce doxorubicin and daunorubicin to 
semiquinone products. In mitochondria coenzyme QlO en
zymes such as NADH-oxidase and succinoxidase are in
hibited by the same anthracycline molecules. Of these reac
tions, no direct effect of the coenzyme QlO enzymes has been 
observed. However, in vivo evidence of the reduction by 
flavoproteins is clear since the 7-deoxyaglycone products of 
this reaction are seen in tissues and metabolism products. 

The anthracyclines belong to a group of natural products 
including mitomycin C, the vinca alkaloids, actinomycin D 
and antitumor substance which show a cross-resistance in 
some tumor cells. This cross-resistance is a characteristic 
which can be induced in the tumor cells and has been 
narrowed down to be caused by an increased ability of the 
resistant cell to excrete or eliminate these foreign natural 
substances. A membrane carrier phenomenon seems re
sponsible but no common membrane carriers have been 
described. A few membrane proteins have been shown to be 
increased in these resistant cells but their exact function is 
unknown. 

CELLULAR ACTIONS 

Because of the quinone-containing structure of the anthra
cycline antibiotics, these agents were studied for redox 
properties in biological systems. With the appropriate redox 
potential of the anthracyclines, in the cell flavoproteins 
catalyze the reduction of the anthracycline to the semiqui
none and hydroquinone state. Anthracyclines act as site 
specific free radical generating agents which through this 
mechanism and through the generation of secondary free 
radicals are cytotoxic. 

As quinones, the anthracyclines can be reduced through a 
flavo-protein reductant, most likely either NADPA cyto
chrome P450 reductase or xanthine oxidase in the cell (Fig
ure 3). These reductions are single electron reductions which 
generate the semiquinone form of the anthracycline anti
biotics. This has been shown very clearly in EPR studies and 
in other types of res~arch studies. The semiquinone of the 
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Figure 3. NADPA cytochrome P450 reductase. 

anthracycline antibiotic is a very labile structure and quickly 
donates its electron to other acceptors, one of the most avid 
being molecular oxygen. When molecular oxygen is avail
able, the anthracycline semiquinone is quickly depleted and 
the quinone structure is regenerated. The single electron 
donated to oxygen generates superoxide which is capable of 
reacting with other substances to generate other types of 
reacting oxygen components or other free radicals. If a free 
electron acceptor is not available, the reduced anthracycline 
will subsequently split at the glycocytic linkage point to 
generate the 7 deoxyaglycone and the sugar daunosamine as 
separate molecules. These reactions have been clearly de
scribed in both cellular and animal systems. These reactions 
occur in the cells and may occur at membranes where the 
flavoproteins are abundant such as in mitochondria mi
crosomals and in the nuclear membrane. Because of the 
avidity of the anthracycline structure for DNA, it is 
proposed that an anthracycline free radical may bind rapid
ly to DNA after being activated and subsequently cause the 
DNA damage that has been described within cells through 
free radical breakage. This has been shown to occur in 
model systems and at present is one of the proposed mecha
nisms of toxicity and cytotoxicity for the anthracycline anti
biotics. 

TOXICITIES 

Anthracyclines are very cytotoxic and display profound 
effects on tissues undergoing constant regeneration such as 
the GI tract, bone marrow, and hair follicles. During cellular 
replication in the S phase of the cell cycle, the cells are very 
susceptible to damage and cytotoxicity by anthracyclines. 
As a result, a major form of toxicity seen in patients is 
related to depression of bone marrow function. Depression 
of white blood counts and depression of platelet synthesis 
and anemia are direct results of toxic action. Vomiting, 
nausea, mucositis, diarrhea, and ulceration of the colon 
result from toxicity to the gastrointestinal tract. Partial or 
total alopecia occur because of the blockage of hair follicle 
growth. These are all temporary; and with the subsequent 
removal and excretion of the drug, these functions return to 
normal. 

Associated with long-term anthracycline therapy and a 
cumulative dose of anthracyclines of about 550 mg/m2 has 
been the evolution of an unusual and pathonemonic type of 
heart toxicity. In this cardiomyopathy there is the destruc
tion of cardiac myocytes with single cell drop-out and myofi
bril destruction and loss. When sufficient numbers of 

myocytes are lost, failure of the heart muscle results. This is 
an irreversible process and is a major form of disappoint
ment in cancer patients who are responding favorably with 
anthracycline therapy. 

A significant clinical problem associated with the in
travascular administration of anthracyclines is extravasa
tion necrosis. This is a very destructive action which causes 
death of the tissues which have extracellular fluid contact 
with anthracycline producing subsequent necrosis, ulcer 
formation and delayed healing. Several studies have at
tempted to prevent this toxicity through different mecha
nisms, and it appears possible that antidotes which either 
split anthracyclines by free radical activation or ones which 
counteract free radical production may be the best type of 
antidote therapy. 

CLINICAL USAGE 

Doxorubicin and daunorubicin have evolved as important 
chemotherapeutic agents in the treatment of human malig
nancy. Clinical research in the mid 1960s indicated that 
daunorubicin was a very effective drug against adult and 
childhood acute leukemias. This sparked a remarkable in
terest in these agents since adult acute leukemia were especi
ally difficult to treat effectively. Clinical trials with dauno
rubicin rapidly showed that both acute lymphocytic leuke
mia and acute myelogenous leukemia in both children and 
adults could be effectively treated to yield both a significant 
percentage of complete and partial remissions through the 
use of this single agent. Careful clinical evaluation of dosage 
regimens with daunorubicin increased the success rate by 
increasing remissions and reducing toxicity. Subsequently, 
the development of combined drug therapy for acute leuke
mias revealed that combinations of active drugs given at 
varying times and dosages could be more effective than a 
single drug. This development has continued with dauno
rubicin so that it is now used in combination with other 
active antileukemic drugs in the combination therapy of 
acute leukemias. 

When doxorubicin became available in the late 1960s, 
clinical trials showed this anthracycline to be effective in the 
treatment of several types of solid tumors. With the develop
ment of combination therapy and new dosage regimens, 
doxorubicin has become a major anticancer therapeutic 
agent in the treatment of lymphomas, lung cancer, breast 
cancer, ovarian, gastric and other tumors. 

Because of their chemical structure both doxorubicin and 
daunorubicin are administered parentally primarily through 
the intravenous route. Although dosage regimens have been 
examined thoroughly in clinical trials, recent evidence in
dicates that long-term infusion of doxorubicin may help in 
reducing the cardiotoxicity associated with cumulative 
dosing of these agents (see toxicity). 

PHARMACOKINETICS - DISPOSITION AND 
METABOLISM 

With the intravenous injection of doxorubicin or dauno
rubicin, there is very rapid uptake of these molecules into the 
cells of virtually every organ except brain. As a result, the 
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plasma shows a rapid decrease in drug concentration as 
measured by a number of different techniques. After the 
initial rapid uptake into tissues, the distributive phase of the 
drug and metabolism occurs so that there is a gradual 
decline in plasma concentration over the next few hours 
giving way to a final phase of slow excretion and release 
from the tissues. The resulting plasma long half life ap
proaches 30 hr with a significant degree of variation. 

Tissue distribution of both drugs, doxorubicin and dau
norubicin as studied in animals and acute studies in human 
autopsy tissues, shows a very rapid uptake of the drug, the 
parent molecule into lungs, liver and kidney with slower 
accumulation into heart muscle, gastrointestinal tract and 
skeletal muscle. With time, the concentration of drug or 
drug metabolites in liver and spleen tends to increase where
as other tissues show decrease in their drug concentrations. 
Tumor tissues show varying degrees of drug uptake depend
ing on vascularity as well as the nature of the tumor cells. 
Uptake or retention into tumors does not exceed that with 
the average normal tissues. 
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In parallel with the tissue and plasma concentrations, the 
anthracyclines show initial outflow of drug through the 
kidney into the urine. This decreases rapidly. Simultaneous
ly, with the increasing concentration of the drug in the liver, 
there is an increasing output of drug and metabolites 
through the biliary tract into the bile. As seen in both 
animals and humans, the urinary excretion is primarily of 
parent drug or of the primary alcohol metabolic product 
amounting to no more than about 10 to 15 % of the adminis
tered agent over a period of a week. The biliary output, 
however, is significantly greater. Parent drug as well as 
several fluorescent metabolites are excreted for over a week 
into the biliary system. Most of the drug is excreted in the 
first and second day with rapid decline thereafter. Overall, 
approximately 50-60% of the administered drug is re
covered in urine and biliary excretion. A significant amount 
of drug is not recovered; so these analytical techniques 
indicate either prolonged retention in tissues or metabolism 
to non-fluorescent species. 

Extensive metabolism of the anthracyclines occurs in 
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mammalian species including humans, and how this metab
olism is related to the mechanism of action and the toxicity 
of the anthracyclines is an important question (Figure 4). 
Neither drug is metabolized in the plasma. However, upon 
entry into cells, the anthracyclines are subject primarily to 
cytoplasmic enzymes known as the aldoketoreductases 
which can reduce the l3 keto substituent to a l3 hydroxy or 
alcohol product (Figure 4 I, II). This rapid reaction converts 
a significant portion of both doxorubicin and daunorubicin 
to their alcohol metabolites which retain both cytotoxicity 
and antitumor activity. The aldoketoreductases responsible 
for the production of the alcohol products are cytoplasmic 
enzymes that are constitutive and require NADPH for co
factor. They are a family of enzymes found in the cytoplasm 
of all cells including erythrocytes and platelets. These en
zymes are known to be cytoplasmic converters of a number 
of keto and aldehyde drugs. Recent studies have shown that 
in aging individuals, the increased concentration of the alco
hol products may relate to increased toxicity seen in elderly 
patients. 

When the anthracyclines interact with the microsomal 
systems of cells, especially in kidney, liver or lung, additional 
transformations of the anthracycline drugs occur. The most 
important transformation involves the reductive glycolysis 
of the anthraquinone nucleus from the daunosamine sugar 
(Figure 41, II, IV, V). This reaction has been studied in detail 
and involves flavoprotein reduction of the quinone structure 
to semiquinone and hydroquinone as described earlier in the 
reductive characteristics of the anthraquinone nucleus. 
Under suitable conditions in the cell, presumably where 
oxygen is limited, the anthracycline structure splits releasing 
7-deoxyaglycone as a metabolite (Figure 4 IV, V). This 
highly hydrophobic product is metabolized through a num
ber of steps to yield several other products leading way to 
conjugation reactions through sulfation or glucuronidation 
(Figure 4 V-VII, VI-VIII, VI-IX). 

Although these metabolic reactions are numerous, addi
tional reactions occur in cells with the anthracyclines since 
the metabolism of these substances leading to nonfluores
cent metabolites has also been described. 

SUMMARY 

The discovery and development of the anthracycline anti
biotics as anticancer drugs has been a major advance in the 
human endeavor to free mankind of disease. Although these 
drugs are imperfect, toxic, and have limited activity and 
utility, they have helped propel us toward our goa\. The 
glimpses of success we have experienced in using them clini
cally lend hope to our cause. 
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ACTINOMYCIN 

DAVID L. ANTON and PAUL A. FRIEDMAN 

Actinomycins are antibiotics that were first isolated from 
cultures of Streptomyces in 1940 (36). Structurally they 
consist of a common phenoxazone ring chromophore, 
which imparts a bright red color to the compound, and two 
cyclic peptide lactone side chains of variable composition. 
The most potent and widely used of these is Actinomycin D 
which is often called dactinomycin (Figure I). In addition to 
the naturally occurring actinomycins a large number of 
synthetic analogs with altered chromophores of cyclic pep
tides (19, 35) have been prepared (for a review see (7)). 

Although originally isolated by their antibacterial action 
against gram positive bacteria, actinomycins soon were de
monstrated to inhibit at very low concentrations the growth 
of DNA viruses and mammalian cells both in culture and in 
the intact animal (22). Gram negative bacteria are normally 
resistant to the antibiotic - a result of failure to transport 
actinomycin through the cell wall, since these organisms can 
be made sensitive by maneuvers that increase cell wall per
meability. Most RNA viruses are not inhibited by actinomy
cin (22); those which are, such as influenza, are thought 
either to require cellular enzymes for replication or to repli
cate through an intermediate DNA, as is known to occur 
with the actinomycin sensitive RNA virus, Rous sarcoma 
virus. 

MECHANISM OF ACTION 

At low concentration actinomycin selectively inhibits DNA 
directed RNA polymerase both in vivo and in vitro (6, 16, 
21). DNA replication and protein synthesis are also affected 
but only at much higher concentration (20). Initiation of 
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Figure 1. Structure of Actinomycin D. Abbreviations used: Sar, 
Sarcosine; L-N-Me-Val, L N-Methylvaline; L-Thr, L~threonine; D
Val, D-valine; L-Pro, L-proline. 
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RNA synthesis by RNA polymerase occurs in the presence 
of actinomycin; it is the elongation step which is blocked (14, 
17,25,28). 

Actinomycin has been shown to bind tightly to duplex 
DNA. Complex formation can be demonstrated with a 
variety of techniques among which are: spectroscopic 
changes of the chromophore; decrease in the buoyant den
sity of complexed DNA; increase in the melting temperature 
of complexed DNA (19). Complexes of actinomycin with 
either single stranded DNA or RNA or with DNA-RNA 
hybrids have not been observed (12). Maximal interaction 
occurs with synthetic DNA containing guanine or 2,6 diami
nopurine, suggesting the importance of the 2-amino func
tion of the purine for stable complex formation with acti
nomycin. 

There is significant correlation of the biological activity of 
an actinomycin, its DNA binding ability, and its inhibition 
of RNA polymerase (23). From studies of a number of 
structurally modified actinomycins several functional 
groups have been shown to be essential for activity. These 
include the quinoidal oxygen, and the 3-amino group of the 
phenoxazone chromophore moiety and intact cyclic lac
tones of the pentapeptide side chains (24). Some changes in 
the amino acids markedly effect the conformation of the 
peptide and the activity of the antibiotic. Other amino acid 
changes result in only minor changes in activity (19, 22). 

A model has been proposed for DNA binding based on 
crystallography of a complex formed between deoxyguano
sine and actinomycin D (30, 31) (Figure 2). In this complex 
the phenoxazone ring intercalates between two G-C base 
pairs resulting in significant aromatic stacking interaction. 
The two pentapeptide lactone side chains project perpen
dicularly from either side of the plane of the chromophore. 
The peptides lie in the minor groove of the DNA helix. The 
2-amino groups of the deoxyguanosine residues form specif
ic hydrogen bonds to the carbonyl oxygen of the L-threo
nine residues of side chains. Weaker hydrogen bonds are 
evident from the N-3 ring nitrogen of deoxyguanosine and 
the NH of the same L-threonine. This structure is further 
stabilized by intramolecular hydrogen bonding between the 
two D-valines of the side chains. There are also numerous 
possibilities for hydrophobic and Van der Waals interac
tions. 

This model of actinomycin binding most clearly explains 
its observed activity. In particular it emphasizes binding to 
G-C base pairs through hydrogen bond formation, and it is 
also consistent with observed changes in the polypeptide 
side chains. Furthermore, it is compatible with the observa-
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Figure 2. Actinomycin D binding to DNA. Model of Actinomycin 
D (in bold) binding to double stranded DNA (G6:C6) based on the 
coordinates in Sobell, H.M.; Tsai, c.; Jain, S.c.; and Gilbert, S.G.; 
J Mol Bioi, 114, 333-365, 1977 

tion that RNA polymerase can initiate RNA synthesis, but 
elongation will be blocked when the enzyme, as it moves 
along the minor groove of the DNA template, encounters 
the cyclic peptides of actinomycin. DNA polymerase may be 
more resistant because it causes local denaturation of the 
DNA resulting in dissociation of the actinomycin (19). 

ANTITUMOR ACTION 

Actinomycin is highly toxic to all mammals, and this toxic
ity was initially thought to preclude its clinical use. How
ever, further studies suggested that it might be used effective
ly as an antitumor agent with careful administration of the 
drug. 

The most striking antitumor effect of actinomycin D in 
animals is the complete resolution of the Ridgeway osteo
genic sarcoma of mice following a single non-lethal dose 
(27). Other experimental tumors of mice that are inhibited 
by the drug are sarcoma 180, Ehrlich carcinoma and 
Krebs-2 ascites carcinoma (3, 8, 33). Transplantable mam
mary adenocarcinoma is also treatable with actinomycin D; 
however, spontaneously developed adenocarcinomas are 
not (32). In rats actinomycin has been reported to inhibit 
Jensen sarcoma (9), human sarcoma 1 and human epithe
lioma 3 (17). Actinomycin is also effective against Rous 
sarcoma in chickens (10). 

In man actinomycin D is highly effective in the treatment 
of gestational choriocarcinoma, and Wilms' tumor (unilat
eral nephroblastoma). In practice, the drug of choice for 
gestational choriocarcinoma is methotrexate; however, in 
the presence of renal or hepatic dysfunction or methotrexate 

resistance, actinomycin is administered intermittently in 
large doses. Wilms' tumor is treated by surgical resection of 
the tumor followed by actinomycin D therapy in conjunc
tion with radiation. In more advanced cases of Wilms' 
tumor actinomycin has been used in combination with vin
cristine and radiotherapy with improved results (4). Go
nadal (primarily testicular) choriocarcinoma and mixed em
bryonal carcinomas have been successfully treated with acti
nomycin triple therapy with chlorambucil and metho
trexate. Ewing's sarcoma and rhabdomyosarcoma of chil
dren also have been successfully treated with actinomycin 
alone and in combination with other agents or radiotherapy. 

There is some evidence that both Hodgkin's and non
Hodgkin's lymphomas, and Kaposi's sarcoma are respon
sive to actinomycin (4). 

PHARMACOLOGY AND TOXICITY 

Actinomycin D is normally administered intravenously. 
Dosage schedules vary; a typical dosage schedule for gesta
tional choriocarcinoma is 0.5 mg daily for five days. After a 
recovery period of 2 to 3 weeks dosing is repeated for 5 to 
8 courses. The drug is rapidly removed from the plasma and 
accumulates in the tissue. Tissue distribution studies in the 
mouse, dog, monkey and rat indicate that liver, kidney, 
spleen and salivary gland accumulate actinomycin to the 
greatest extent; concentration is quite low in testis and brain 
(5,26). Actinomycin D is not metabolized in animals and is 
excreted in both the urine and feces. A mean tissue half life 
in the dog has been estimated at 47 hours. Limited studies 
in humans show similar pharmacokinetics to those reported 
in animals. However, a small amount of actinomycin is 
converted to the monolactone, and there is prolonged ex
cretion of the drug, with 30% being recovered in the urine 
and feces after 9 days (34). 

Actinomycin D is much more toxic to dogs and monkeys 
(LD50 ~ 0.01-0.02 mg/kg single injection) than to mice 
and rats (LD50 ~ 0.6-1.2 mg/kg single injection) (27). 
Features of toxicity in the larger animals include gastrointes
tinal disturbances - vomiting, bloody diarrhea; in man 
nausea, anorexia, and vomiting occur within 4-5 hr after 
administration of the drug. Bone marrow depression and 
oral ulceration, other major toxicities are usually not evident 
until 2-4 days after a course of actinomycin and may not 
reach their maximum for one to two weeks. Depression of 
white blood cell and platelet production is the major dose 
limiting feature of actinomycin therapy (4). 

DRUG RESISTANCE 

Resistance to actinomycin D appears to result from de
creased accumulation of the drug both in bacterial and 
mammalian systems (1,2,29). For example, in actinomycin
sensitive murine Ridgeway sarcoma cells initial actinomycin 
uptake was greater and retention prolonged compared to 
resistant sarcomas (27). For some resistant cells the nuclear 
membrane may be at least partially limiting; for example, 
resistant HeLa cells treated with hyper- or hypotonic media, 
resulting in damaged plasma membrane still did not accu
mulate actinomycin in the nucleoli (1). 
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OTHER ANTITUMOR ANTIBIOTICS l 

GARRETT R. L YNCH* and MONT AGUE LANE ** 

MITHRAMYCIN 

Mithramycin, or aureolic acid, is an antitumor antibiotic 
derived from the species Streptomyces plicatus. At present, 
it is not a part of the therapeutic armamentarium of any 
specific malignancy. At one time, however, it played a sig
nificant role in the management of embryonal cell car
cinoma of the testes. Currently, mithramycin is used chiefly 
in the treatment of cancer-related hypercalcemia. 

Structure 

The structure of mithramycin is shown in Fig. l. Mith
ramycin is an aglycone chromomycinone which is attached 
to the three sugars, olivose, mycorose, and olise. The mole
cular weight of mithramycin is 1085.2 daltons (44). 

Mechanism of action 

Mithramycin binds to DNA in the presence of the mag
nesium cation and inhibits RNA synthesis without signifi
cantly affecting DNA or protein synthesis. Studies in the 
mouse ascites tumor 6CH3ED have been conducted, meas
uring the incorporation of phosphate-32P into DNA and 
RNA. There was marked inhibition of incorporation of 
phosphate-32P into the RNA of the tumor and liver, but no 
demonstrable effect upon incorporation of the isotope into 
tumor DNA (113). The maximal effect of RNA inhibition 
occulTed within one hour. Like actinomycin D, DNA di
rected RNA synthesis seems to be affected. The guanine
cytosine base pairs appear to be the sites of DNA binding. 
The molecular mechanism of action of mithramycin does 
not appear to involve intercalation between base pairs (62). 
It appears that adenine deaminase is also inhibitited by the 
drug (37). 

j Supported in part 

j Supported in part by the Grady Goodpasture Grant and the E.R. 
Parkhurst Cancer Research Fund. 
* Associate Professor of Medicine, Baylor College of Medicine, 
Chief, Medical Oncology, Ben Taub General Hospital, Houston, 
Texas. 
** Professor of Pharmacology and Medicine, Head, Divi"IIJ1J ,if 
Clinical Oncology, Department of Pharmacology, Chief, Section or 
Medical Oncology, Department of Medicine, Baylor College of 
Medicine, Houston, Texas. 

Disposition and fate 

Pharmacologic studies to date have been quite limited due to 
the lack of a sensitive assay for mithramycin. Mithramycin 
is very poorly absorbed orally and is, therefore, given by the 
intravenous route. It is soluble in water and short chain 
alcohols. Tissue distribution studies in mice revealed peak 
accumulation of mithramycin in the kidney, lung and liver 
up to four hours after drug administration. It was detectable 
in the brain immediately after injection, but at no time 
thereafter (110). It penetrates the CSF, with blood and CSF 
levels of the drug being equivalent in four hours. Very little 
is known of the pharmacokinetics ofmithramycin. Only one 
study was done in humans; this study involved a patient with 
glioblastoma (94). In this patient, the T j t was one hour and 
the T 2t was twelve hours. Twenty-seven percent of the dose 
appeared in the urine in two hours, with an additional 27% 
appearing in the urine in thirteen hours. Studies to date have 
not elucidated if significant metabolism of mithramycin 
occurs. 

Antitumor activity 

1. Animal data 
The introduction of mithramycin into animal systems re
vealed activity against P388 leukemia, with a 122% increase 
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vealed activity against P388 leukemia, with a 122% increase 
in survival noted over controls. Some activity was noted in 
Walker carcinosarcoma. Activity has also been noted 
against a transplantable glioma tumor in C57 black mice 
(59). No appreciable activity was noted in Ll210 leukemia 
and Bl2 melanoma. 
2. Clinical studies 
Phase I-II studies have been conducted in several human 
tumors. Response rates have been reported as follows: non
Hodgkin's lymphoma (40%, 4/10 patients); adenocar
cinoma of the colon (16%, 2/25 patients); breast carcinoma 
(16%, 5/34 patients); lung carcinoma (0%, 0/13 patients); 
and melanoma (15%, 2/13 patients). Isolated responses have 
also been noted in Ewing's sarcoma, ovarian carcinoma, 
prostate cancer, hepatoma and gastric carcinoma (63). A 
randomized trial in patients with malignant gliomas of mith
ramycin plus conventional therapy versus conventional 
therapy alone revealed no benefit for the addition of mith
ramycin (92). In all of the aforementioned studies, toxicity 
outweighed benefit. 

The greatest antitumor activity of mithramycin is against 
embryonal cell carcinoma of the testes. A 47% response rate 
was demonstrated in twenty-three patients, including com
plete responses in five patients (60). Two of the complete 
responses were maintained over one year. These results were 
obtained with a schedule of 50/lg/kg/day by rapid IV in
fusion. Mithramycin was given every other day until toxicity 
was demonstrated. It was then held for greater than two 
weeks but not more than four weeks. This schedule was the 
most tolerable one with respect to toxicity. It involved close 
monitoring ofLDH, BUN, PT and PTT; doses were held for 
PT > 15 seconds, LDH > 2500 IU, and BUN> 25 mg%. 
In the twenty-three patients initially treated on this schedule, 
there were no drug-related deaths. Other series utilizing this 
schedule revealed similar response rates and occasional 
long-term survivors. The alternate day treatment schedule 
has some basis in animal data (112). Studies of 32P incor
poration into the RNA of liver and mouse glioma tissue 
demonstrated a marked difference in these two tissues in the 
recovery rate from the mithramycin-induced inhibition of 
RNA synthesis. Hepatic tissue rapidly recovered from the 
mithramycin effect, while the recovery of RNA synthesis in 
the glioma was delayed. This implied that an alternate day 
schedule of therapy may decrease toxicity while maintaining 
the antitumor effect. Very effective cis-platinum based re
gimens have replaced mithramycin in the therapeutic ar
mamentarium of testicular cancer. 

Hypocalcemic effect 

Currently the major clinical use of mithramycin is in the 
treatment of tumor-related hypercalcemia. Mithramycin is 
able to inhibit osteoclast resorption of bone, via inhibition 
of RNA synthesis in osteoclasts. It is also able to block the 
hypercalcemic action of vitamin D (115). The effective hypo
calcemic dose of mithramycin is lower than the standard 
antitumor dose. Patients often respond to a dose of 25 /lg/kg 
given intravenously. Doses may be repeated every other day. 
Even with this schedule, renal function, hepatic function, 
coagulation parameters and the CBC must be followed very 
carefully. A study of mithramycin therapy in 89 cancer 
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patients revealed normalization of the serum calcium after 
one intravenous injection in 56 patients, a significant but 
incomplete reduction of serum calcium in 30 patients, and 
no response in six patients (102). The hypocalcemic response 
is usually noted within 24 hours. In this study, patients with 
breast and kidney carcinoma responded better than patients 
with lung cancer, head and neck cancer, and multiple mye
loma. 

Toxicity 

The high toxic-therapeutic ratio of mithramycin has pre
vented its widespread clinical use. Gastrointestinal toxicity, 
manifested as nausea, vomiting and diarrhea is not com
monly seen with doses used to treat hypercalcemia, but is 
frequently seen with antineoplastic doses. A rash, facial 
flushing, and toxic epidermal necrolysis are also seen. Fever 
is noted in 15% of cases (89). A syndrome of sudden multi
ple arterial occlusions temporally associated with mith
ramycin therapy has also been described (76). The neurolog
ic toxicity of mithramycin includes headache, drowsiness, 
depression and weakness. Hepatotoxicity, manifested as 
abnormal liver function tests, warrants monitoring the liver 
chemistries carefully, avoiding the drug in patients with 
altered hepatic function. Mithramycin can also be neph
rotoxic; the dose should be attenuated or held in the 
presence of renal insufficiency. Clinically significant hypo
calcemia and hypophosphatemia may be seen as a direct 
result of the toxic effect of mithramycin on osteoclasts. 

The dose-limiting toxicity ofmithramycin is hematologic. 
Myelosuppression, with thrombocytopenia predominating, 
is commonly seen, especially after prolonged courses of 
therapy. Leukopenia is not commonly noted. In one series 
of thirty-three patients with mithramycin, only seven of 
fifty-four courses of therapy were associated with a 
WBC < 5000 cells/mm3 ; no patients . had a WBC < 
3000 cells/mm3 (15). A unique hematologic syndrome is 
noted with mithramycin. It is manifested as throm
bocytopenia, capillary fragility, and altered platelet func
tion, with an inability of platelets to aggregate in the 
presence of ADP. Prolongation ofPT, PTT, and the clotting 
time may be seen. Depletion of clotting factors II, V, VII 
and X are noted. A DIC syndrome can be seen with mith
ramycin therapy, even in the absence of depletion of liver 
dependent clotting factors. This hematologic syndrome is 
often unpredictable. It occurs in 5% of patients treated with 
a dose of 30/lg/kg/day for up to ten days. Hematologic 
parameters were monitored very carefully in a study of 41 
patients treated with mithramycin; extensive testing was 
conducted in the eight patients who manifested bleeding 
(80). From the results of the study, the authors concluded 
that the etiology of mithramycin-induced hemorrhage was 
multi-factorial, with direct injury to the terminal vascular 
bed, quantitative and qualitative alteration of platelets, re
duction of coagulation factors, and enhancement of fibri
nolytic activity all noted. It was felt that the final common 
pathway in patients who bled was injury to the terminal 
vascular bed. It was also suggested that mithramycin 
therapy should be interrupted for any of the following: 
persistent epistaxis, marked facial flush and edema, bleeding 
time > 15 minutes, a platelet count < 50,000 cells/mm3, 
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and significant increase in fibrinolytic activity. The dose of 
50/lgjkgjday was felt to be excessive; it was recommended 
that doses of 25-35/lgjkgjday would produce equivalent 
therapeutic results with less hematologic toxicity. A 10% 
incidence of the syndrome is noted with higher doses of 
mithramycin or longer courses of therapy. The mortality 
from hemorrhagic diatheses in patients treated with mith-

MITOMYCINC 

Mitomycin C is one of several antibiotic and antineoplastic 
compounds isolated from Streptomyces caespitasus. It is 
isolated as blue crystals as a fermentation product of the 
actinomycete. 

Chemistry 

The structure of mitomycin appears in Fig. 2. Mitomycin C 
consists of a quinone A ring linked to an indole B group and 
2 labile side chains. The side chains are a methoxyforma
mide and an azuridine ring. There are three potentially 
biological active sites on the mitomycin C molecule: the 
azuridine ring, the ColO carbamate, and the dihydroquin
one. Mitomycin C has a molecular weight of 334. It is 
soluble in both aqueous and organic solvents (43). 

Mechanism of action 

The mechanism of action of mitomycin is not completely 
understood, although its antineoplastic effect is felt to be 
due to its ability to alkylate and cross link DNA (53). 
Mitomycin C is activated by reduction of the quinone ring. 
The quinone reduction requires an NADPH dependent 
quinone reductase system that causes spontaneous loss of 
the tertiary methoxy group (54). Subsequently, bond breaks 
in the azuridine ring result in the formation of carbonium 
ions, which alkylate the nucleophilic sites. In the process, a 
free radical semiquinone intermediate may form. The major 
site of DNA alkylation is the 6 oxygen of guanine. The 
multiplicity of reactive sites on DNA results in cross-linking. 
The steps in this reaction resulting in the formation of 
carbonium ions which react with DNA are shown in Fig. 3. 
A second effect of mitomycin C on DNA is to cause strand 
scission. This is mediated by free radical attack or by at
tempts to repair the alkylated sites of DNA (74). Of note, 
free radical scavengers, such as catalase or superoxide dis
mutase, can prevent strand breakage. In addition, after 
reduction, mitomycin C can form covalent bonds with nu
cleophilic groups on RNA and protein. 
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Figure 2. Mitomycin C. 

In low doses, mitomycin C is selectively toxic to hypoxic 
cells. In high doses, superoxide radical formation occurs, 
and oxygenated and normal cells are damaged (61). Mito
mycin C is both mutagenic and carcinogenic. 

Disposition and fate 

Mitomycin C has been administered by the oral, intraperito
neal, intrapleural, intravenous, intra-arterial, and direct per
fusion routes. In man, mitomycin C is poorly absorbed 
orally, with the drug levels obtained being highly variable. 
Overall, the maximal concentration obtained by the oral 
route is Ij20 the maximal level obtained when mitomycin C 
is given intravenously (27). High local serum levels of mit
omycin C are obtained when the drug is given by the intra
arterial or local perfusion routes. When given intraperitone
ally, serum levels obtained in man exceed levels of drug 
obtained when given intravenously (26). Minimal drug is 
absorbed via the intravesical route, making mitomycin C an 
ideal drug for local therapy for superficial bladder cancer. 

Mitomycin C is widely distributed. The highest con
centrations of drug are found in the kidney, tongue, heart 
and lungs. High levels of mitomycin C have also been noted 
in ascites fluid. Mitomycin C does not penetrate the CNS 
(27). 

Mitomycin C is rapidly cleared from the blood. The 
serum concentration at 80 minutes is only 10% of the max
imal serum concentration obtained. Terminal half-lives of 
50 and 42 minutes have been noted with single agent mito
mycin C and when mitomycin C is given as part of a com
bination (31). 

It is felt that the rapid clearance of mitomycin C is due to 
metabolism. Very little drug is found in the urine, with only 
5.8% (range 2-15%) ofa 20mg intravenous dose excreted in 
the urine; glomerular filtration is responsible for the small 
amount of mitomycin C appearing in the urine (101). Mit
omycin C is first activated by a reducing system utilizing 
NADPH and inactivated by liver, kidney and heart; inac
tivation is greatest under anaerobic conditions (100). 

Antitumor activity 

1. Animal studies 
Animal studies have revealed a broad spectrum of activity. 
Mitomycin C was found to have activity against the Ehrlich 
carcinoma and the Yoshida sarcoma growing in ascites and 
subcutaneous tissue. Activity has also been noted in Dun
ning leukemia (IRCj741), Murphy lymphosarcoma, Walker 
carcinosarcoma 256, Jensen rat sarcoma, sarcoma 180, car
cinomas 755, 63 and 1025 (55). 

Studies from the original animal trials revealed that the 
safe starting dose for human use was 10 /lgjkgjday and that 
doses exceeding lOO/lgjkgjday would be toxic. A common 
regimen based on these data consisted of 50 /lgjkgjday for 6 
days; then the drug was given every other day until toxicity. 
Doses were repeated every 6-8 weeks. Problems with this 
schedule were that toxicity was cumulative and severe hema
tological toxicity was often not averted in spite of the fact 
that treatment was discontinued at the first sign of toxicity 
(33). 
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Figure 3. Steps in the reactions by which mitomycin C forms cross-linkages between DNA strands. In reaction (1), the quinone group is 
reduced. Subsequently (2), a methoxy group is lost and a carbonium ion is formed. The carbonium ion then reacts with a DNA guanine 
(3). A second carbonium ion is then generated which reacts with a guanine in another DNA strand. The two DNA strands may then form 
cross-linkages. 

Studies involving Ehrlich ascites tumors revealed that 
intermittent therapy was as effective as daily therapy and 
was less toxic. This fact, as well as the unpredictable nature 
of the cumulative hematologic toxicity, led to the use of 
mitomycin C in intermittent bolus doses at 6-8 week inter
vals when used alone and in combination. The usual dose 
given on this schedule is 10-20 mg/m2 (33). 

Mitomycin C has been used in a number of clinical set
tings, both as single agent therapy and as part of combina
tion chemotherapeutic regimens. To date, however, the 
exact role of mitomycin C is undefined. 

2. Clinical studies 
The initial human studies involving mitomycin C revealed 
21/120 patients (17.5%) having an antitumor response. Res
ponses were noted in the following tumors; breast (4/7), lung 
(1/15), colon (117), prostate (1/4), chronic myelogenous 
leukemia (1/2), chronic lymphocytic leukemia (1/1), rhab
domyosarcoma (2/4), Ewing's sarcoma (1/3), and unknown 
primary carcinoma (1/3). Of note, responses were not ob
served in the few patients with gastric, pancreatic, and uter
ine cervical carcinoma (55). 

Subsequent studies better defined the activity of mitomy
cin C. Compiled single agent data in studies which utilized 
exact response criteria revealed significant single agent activ
ity in the following tumors: gastric carcinoma 34.7% (26/75 

patients), colon adenocarcinoma 18.5% (46/248 patients). 
pancreatic carcinoma 20.8% (11/53 patients), non-small cell 
lung carcinoma 16.9% (1,3/77 patients), head and neck 
cancer 20.9% (18/86 patients), and uterine cervix cancer 
20% (4/20 patients) (26). The median duration of clinical 
response was of short duration in all of these studies, with 
a range of 6-16 weeks. 

The role of mitomycin C in combination chemotherapy 
regimens for gastrointestinal neoplasms is controversial. 
The single agent activity of mitomycin C in gastrointestinal 
cancers has been reported to be 10-18%. In the early 1980's, 
a promising combination chemotherapy regimen of 5-flu
orouracil, adriamycin and mitomycin C (F AM) was noted 
in patients with gastric and pancreatic carcinoma. An objec
tive response rate in gastric adenocarcinoma of 42% was 
noted in the original study of 60 patients. The median 
duration of survival of responders was 12.5 months versus 
3.5 months in nonresponders. Other investigators reported 
response rates of 42% and 55%, respectively, with 
prolongation of survival in responders (8, 41). Several trials 
utilizing the same regimen have been conducted in patients 
with adenocarcinoma of the pancreas. Response rates in 
series of 15-27 patients have been 37-48%, with median 
duration of survival of responders being 10.75-13.0 months 
(103). A regimen of streptozotocin, mitomycin C, and 5-
fluorouracil produce similar results in pancreatic carcinoma 
(109). 
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The contribution of mitomycin C in F AM against gastric 
carcinoma is uncertain. A recent study compared 5-FU 
versus FA versus F AM in pancreatic and gastric carcinoma 
(29). Response rates and survival were equivalent in all 
arms, with the authors concluding that the combination 
regimens offered no advantage over single agent 5-FU. A 
large adjuvant study was conducted in patients with gastric 
carcinoma. No survival advantage was noted for the com
bination regimen, but toxicity was much greater, in large 
part due to the hemolytic uremia syndrome (38). 

Mitomycin C is also used in the treatment of squamous 
cell carcinoma of the anus. 5-FU plus mitomycin C and 
radiation therapy has resulted in a higher Cure rate in this 
disease, with subsequent preservation of the anal sphincter. 
The exact role of mitomycin C in this regimen is also un
defined (16, 39, 77). 

Mitomycin C has been used alone and in combination in 
adenocarcinoma of the breast. Response rates of 18% and 
23%, respectively, have been observed in two series of 90 
patients (24, 45), with response durations from 6-12 
months. A combination of mitomycin C-vinblastine has 
produced a response rate of 27% in patients refractory to 
cytoxan, methotrexate, 5-fluorouracil, adriamycin and vin
cristine (64). 

A single agent response rate of 20% has been noted in 
squamous cell carcinoma of the uterine cervix. A response 
rate of 93% was noted in one series of 15 patients treated 
with mitomycin C and bleomycin; these results could not be 
duplicated by others and was associated with a high in
cidence of pulmonary toxicity (79). A combination o(mito
mycin C, vincristine and bleomycin has produced a 37% 
response rate in this disease; responses to this regimen were 
of very short duration (5). 

Mitomycin C has also been used to treat non-small cell 
lung carcinoma. Single agent response rates of 25% in ad
enocarcinoma and 13% in large cell carcinoma have been 
noted; these results were obtained in small series (95). 
Median duration of response for single agent mitomycin C 
in these studies was 17 weeks. Several combinations contain
ing mitomycin C have been tried in non-small cell lung 
cancer; most of these series consisted chiefly of patients with 
adenocarcinoma. FOMI (5-FU, oncovin and mitomycin C) 
produced responses in 41 % of 56 patients; response dura
tion was 28 weeks (78). FAM produced a 30% response rate 
in adenocarcinoma of the lung; the responses were of 7 
months median duration (94). 

Although responses have been noted in other tumors, 
including sarcomas, head and neck cancer and chronic mye
logenous leukemia, mitomycin C has not become a signifi
cant part of single agent or combination chemotherapy of 
these neoplasms. 

Mitomycin C, when administered intravesically, is quite 
effective in treating low stage bladder carcinoma, with re
sponse rates of 72-83% noted (4). A complete response rate 
of 50% has been noted in one study of previously untreated 
patients, but only 31 % of patients who received prior thio
tepa had complete responses (85). In this trial, there has been 
no tumor recurrence at 12 months in 5 of the complete 
responders; 5 of the complete responders recurred within 6 
months. Sixty-four percent of patients experienced no toxic
ity. The major toxicity encountered was bladder irritative 
symptoms; therapy was discontinued in 11 % of patients 

because of these symptoms. The dose of mitomycin C used 
in this study was 40 mg in sterile water given weekly for 8 
weeks. No episodes of myelosuppression have been noted 
with intravesical mitomycin C. 

Resistance to mitomycin C has been demonstrated in both 
human and animal tumors. It has been noted that remissions 
to mitomycin C given as a single agent are unusually brief. 
Although cell lines resistant to mitomycin C are resistant to 
alkylating agents, the converse is not true (26). 

Toxicity 

A number of common and unusual side effects have been 
noted with mitomycin C therapy. Anorexia, nausea and 
vomiting are the usual gastrointestinal toxicities; vomiting 
has been noted in 20-25% of patients receiving the drug. 
Diarrhea is noted in up to lO% of cases. 

Skin and mucous membrane toxicities occur; alopecia and 
stomatitis occasionally have been observed. A mac
ulopapular rash has been noted following intravesical and 
intravenous therapy. The most serious skin toxicity ofmito
. mycin C is tissue necrosis secondary to extravasion of drug. 
Tissue necrosis may produce extensive ulceration and ten
don damage; skin grafting is occasionally needed to treat 
mitomycin-induced injuries. Although no controlled data 
exists in humans on the treatment of extravasations, lab
oratory data suggests benefits from local injections of ascor
bic acid or sodium thiosulfate (2, 51). 

The dose limiting toxicity of mitomycin C is hematologic. 
Myelosuppression with mitomycin C is often prolonged and 
delayed, with the nadir occurring in 3-5 weeks; recovery 
generally takes 6-8 weeks, but may be longer. The degree 
and duration of myelosuppression may be cumulative, in
creasing with further courses of therapy. The white blood 
count and platelet count are affected more than the ery
throid series. Hematologic toxicity in the original studies 
involving mitomycin C was related to the total dose; hema
tologic toxicity was rare below a total dose of 50 mg (45). 
With the currently used schedules of 10-20 mg/m2, the 
median time to leukopenia was 3.5 weeks and to throm
bocytopenia was 4.1 weeks. The duration of leukopenia was 
1-2 weeks, while thrombocytopenia continued 2-3 weeks 
(40). This dose, given every 6-8 weeks, is associated with less 
hematologic toxicity. The mean total dose of responding 
patients was 99.8 mg. Fifty percent of patients experienced a 
WBC < 4000 cells/mm3 and 70% experienced platelet 
counts < 90,000 cells/mm3 • The incidence of life-threatening 
toxicity or toxicity necessitating a discontinuation of 
therapy was low. 

Nephrotoxicity has also been noted with mitomycin C 
therapy. Renal insufficiency, with rises in the serum creati
nine, has been noted in 20% of cases. The renal failure may 
be reversible on discontinuing mitomycin C, but occasion
ally it is progressive. The pathologic lesion most commonly 
noted with mitomycin C-induced renal damage is 
glomerular sclerosis (40). Clinically significant renal failure 
associated with mitomycin C therapy is more commonly 
seen with the microangiopathic hemolytic anemia-renal fail
ure syndrome. 

A syndrome of microangiopathic hemolytic anemia and 
renal failure has been described in patients receiving mito-



mycin C (29, 56, 65, 85). Patients present with dyspnea, 
lethargy, and anemia. Renal insufficiency, usually progres
sive in nature, is present; fever, thrombocytopenia and neu
rological signs are often present. The syndrome is usually 
seen in patients who have been treated with mitomycin C for 
several months; it has, however, been noted after one course 
of mitomycin C and has developed after mitomycin C has 
been discontinued. At autopsy, little or no residual tumor 
has been noted in some patients who developed this syn
drome. The incidence of this syndrome in patients receiving 
mitomycin C is unknown; in one series of over 100 patients 
treated with mitomycin C as part of the F AM regimen, 4 
patients developed this clinical entity (65). 

Renal pathology in patients with this syndrome revealed 
fibrin thrombi in afferent arterioles and glomerular loops. 
Onion skinning and fibrinoid necrosis are often noted in the 
arteriolar walls. Fibrin, red blood cell fragments and plate
lets have also been noted to be deposited in the walls of the 
renal arteries (65). 

There is no effective therapy for the mitomycin C-related 
microangiopathic hemolytic anemia syndrome. Therapy 
with mitomycin C should be discontinued when this syn
drome develops. Corticosteroids, plasmapheresis, dialysis 
and azathioprine have all been tried to no avail. Of note, 
patients often worsened following blood transfusions. 

Interstitial pneumonitis has also been described with mi
tomycin C therapy (48, 83). Patients most often present with 
dyspnea and a nonproductive cough; chest pain may also be 
noted. The most common physical finding is the presence of 
basilar rales. Diffuse reticular infiltrates are the most com
mon radiographic findings, although pleural effusions have 
been noted. Pathologic findings include diffuse alveolar sep
tal edema, mononuclear cell infiltrates, and hypertrophy of 
the pulmonary lining cells. The mechanism of mitomycin 
associated pneumonitis is unknown. Patients may improve 
with discontinuation of mitomycin C therapy and cortico
steroids. Concomitant therapy with vinca alkaloids may be 
associated with an increased risk of mitomycin C-associated 
pneumonitis. 

Mitomycin C may be synergistic with adrialllycin in caus
ing cardiotoxicity. A study of patients receiving standard 
doses of mitomycin C after failing courses of adriamycin not 
exceeding 450 mg/m2 had an incidence of congestive heart 
failure of 15.3%, compared to an incidence of 3.4% of 
patients with similar characteristics who received adriamy
cin alone. The median time from the last adriamycin dose to 
the development ofCHF was 8.5 months for patients treated 
with mitomycin C and adriamycin versus 1.5 months for 
patients treated with adriamycin alone. The significantly 
higher incidence of late congestive heart failure in the mito
mycin C group implies that mitomycin C is potentially 
cardiotoxic (19). 

Hepatic veno-occlusive disease has been noted in patients 
treated with very high doses of mitomycin C (60-90 mg/m2) 
in association with autologous bone marrow transplanta
tion. In this setting, where the normal dose limiting toxicity 
is overcome, hepatic veno-occlusive disease becomes the 
dose-limiting toxicity. Patients most often develop ascites, 
right upper quadrant abdominal pain and elevated liver 
function tests; on occasion, the patient may be asymptomat
ic. Pathologic findings consist of partial or complete occlu
sion of central or sublobular veins with edema and a con-
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centric ring of reticular and collagen fibers. In one series of 
29 patients treated with high dose mitomycin C and autolo
gous bone marrow transplantation, clinical hepatic veno
occlusive disease was noted in 6/29 patients (24%) and 
pathologic disease was noted in the 4 patients with clinical 
disease who underwent autopsy (68). One of the 12 autop
sied patients who had no symptoms of hepatic veno
occlusive disease had pathological evidence of this entity. 
There was a trend in the series for the incidence of veno
occlusive disease to increase with increasing dose levels. 
Patients previously treated with cytotoxic chemotherapeutic 
regimens had a higher incidence of this syndrome. 

BLEOMYCIN 

Bleomycin is a racemic mixture of antibiotics isolated from 
Streptomyces verticilus. It is a drug that is widely used in 
clinical cancer therapy, particularly in combination treat
ment programs. 

Chemistry 

The natural compounds contain copper bound in a coor
dination complex; however, the copper (CD II) compound 
does not have antitumor activity. The bleomycins with 
antitumor activity contain the ferrous ion. The bleomycins 
are sulfur containing polypeptides which are water soluble. 
The approximate molecular weight of these compounds is 
1500. The various bleomycins differ only in their terminal 
amine groups. Chromatography has separated the bleo
mycins into two groups: A and B; these groups can be 
further divided into three fractions: AI-A6, A2, and BI-B2. 
The A2 subgroup accounts for 50% or more of most com
mercial preparations (9). The structure of bleomycin A2 is 
shown in Fig. 4. 

Mechanism of action 

The mechanism of action of bleomycin is the inhibition of 
DNA synthesis; RNA and protein synthesis are affected 
little, if at all. Bleomycin causes fragmentation of viral, 
bacterial, and animal cell DNA. Chromosomal changes are 
noted secondary to bleomycin, including gaps, fragments 
and deletions. 

Bleomycin affects cells in the early Sand G2 phases; 
progression of cells in G2 through the cell cycle is markedly 
delayed. Studies of cell cycle progression in Chinese hamster 
ovary cells revealed that mitosis (M) and the G2 phase were 
most susceptible to the effect of bleomycin. Mitosis was 
highly susceptible to the presence of bleomycin, with sur
vival reduced to 2% in pure mitosis populations. Treatment 
of cells in the G2 phase was necessary to inhibit progression 
through the cell cycle. Interruption of transcriptional and 
translational processes in the G2 phase alters the synthesis 
or function of a division-specific protein that is necessary for 
the progression of cells from G2 to mitosis (6, 108). 

Bleomycin acts on DNA to cause strand scission; the 
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Figure 4. Bleomycin A2 . 

degree of cytotoxicity correlates with the degree of strand 
scission noted. The strand scission is a direct effect of the 
bleomycIn-DNA interaction (42,73). The S tripeptide (ami
noterminal tripeptide) of bleomycin binds to guanine bases 
of DNA. At saturation, one mole of bleomycin is bound for 
every 4-5 base pairs of DNA. The bithiazole rings of the S 
tripeptide are intercalated between the guanine-cytosine 
base pairs (86). 

DNA cleavage is mediated via hydrolysis of the N
glycosidic bonds. The cleavage occurs at a specific site on the 
3' site of guanine, between guanine and the deoxyribose. 
Thymine is the chief product of DNA cleavage, especially at 
low bleomycin concentrations (104). The hydrolysis of the 
N-glycosidic bonds and subsequent thymine release results 
in single strand scission. Although double strand scission 
may occur, it does so at 1/10 the frequency of single-strand 
scission. 

Of interest is the role of the ferrous ion (Fe II) in bleo
mycin cytotoxicity. Several studies have demonstrated an 
interaction between Fe II and bleomycin. The effect of 
bleomycin on DNA degradation has been shown to be 
enhanced in the presence of Fe II. DNA degradation by 
bleomycin is also enhanced by reducing agents under aero
bic conditions (97). 

Studies utilizing the reducing agent 2-mercaptoethanol 
revealed that bleomycin caused labeled DNA to become 
degraded to an acid labile form. It was felt that the role of 
the reducing agent was to convert trace metals from the 
oxidized to the reduced form. Fe II stimulates bleomycin 
activity in the absence of organic reducing agents, as well as 
in their presence. The same does not hold for the ferric ion, 
which stimulates bleomycin cytotoxicity only in the presence 
of a reducing agent (9). Fe II in the absence of bleomycin 
may cause degradation of DNA, but only to a minor extent. 
Of note, EDT A inhibits degradation of DNA by bleomycin, 
possibly by chelating Fe II. Studies have also demonstrated 
that under conditions in which DNA and bleomycin are 

active in DNA degradation, a complex is formed between 
the bleomycin and Fe II; the stability of the complex is 
oxygen sensitive (18). 

Distribution and fate 

Much of the pharmacology of bleomycin has been learned 
since radio-immunoassays of 1-125 and Co-57-bleomycin 
have been developed (15). Bleomycin is widely distributed, 
with the highest levels noted in kidney, bladder, skin and 
lung. Very low to absent levels are noted in the brain, as 
bleomycin is unable to cross the blood-brain barrier (105). 

Peak plasma levels of 1-10 million units/ml are noted with 
a 15 unit/m2 intravenous bolus dose (1). After intramuscular 
injection, the peak plasma levels were 1/10 that of the bolus 
intravenous dose and were reached at 1 hour (82). Intra
cavitary administration of drug gives intracavitary levels 
that are 10 times higher than plasma levels; 45% of an 
intracavitary dose is absorbed systemically (2, 84). 

The half-life ofhleomycin after an intravenous bolus dose 
is 24 minutes for the first phase and between 2 and 4 hours 
for the second phase (22). A similar terminal half-life is 
noted after intramuscular injection. After continuous in
fusion of bleomycin, the terminal half-life post-infusion is 
three hours. 

Bleomycin is cleared rapidly and excreted in the urine, 
with 45-70% of the drug appearing in the urine in a biolog
ically active form in 24 hours (28). The remainder of the 
drug is felt to be metabolized. The best candidate for the 
mechanism of bleomycin metabolism is a bleomycin-inac
tivating enzyme that has been isolated from a mouse tumor 
line (106). The enzyme functions as an aminopeptidase, 
hydrolyzing the terminal amino alanine portion of bleo
mycin. 

Because the kidney is the major route of bleomycin ex
cretion, the clearance of drug declines as renal function 



deteriorates and the phI sma half-life is prolonged (28). At
tempts to develop a dose attenuation schedule based on 
serum creatinine values have been unsuccessful, due to the 
variation in drug clearance among patients with similar 
serum creatinine values. Caution must be given in the use of 
this drug in patients with altered renal function. Doses of 
bleomycin are measured in units of antimicrobial activity. 
One unit consists of l.2-l. 7 mg of polypeptide protein. 

Resistance to bleomycin has been noted in several animal 
cell lines and is felt to playa role in the short duration of 
activity seen in human tumors. In two resistant rat hepato
ma cell lines, increased activity of an inactivating enzyme 
was noted; this activity was not increased in three resistant 
Chinese hamster ovary cell lines (l3, 81). A bleomycin inac
tivating enzyme has also been noted in both normal and 
cancer cells. This enzyme has been partially purified from 
mouse liver (106). Minimal to no activity of this enzyme has 
been noted in lung and skin, accounting for increased toxic
ity of bleomycin in these tissues. 

Altered membrane permeability may playa role in resis
tance to bleomycin. One bleomycin-resistant cell line 
showed sensitivity in the presence of the detergent Tween 80 
(l3). 

Antitumor activity 

1. Animal studies 
Bleomycin is active against a variety of animal tumors, 
including Rous sarcoma virus-induced ascites, Friend's vi
rus-induced ascites, Ehrlich ascites carcinoma, and a carbon 
tetrachloride-induced ascites hepatoma. Activity has also 
been demonstrated against Lewis lung carcinoma (9). 

2. Clinical studies 
Bleomycin has activity as a single agent and in combination 
therapy in a variety of malignancies. Although it is occasion
ally used as a single agent, its clinical use is chiefly as part of 
combination chemotherapy regimens. 

Bleomycin is most commonly used as a single agent in 
squamous cell carcinoma of the head and neck. Single agent 
response rates have varied between 25-93%. Higher re
sponse rates are observed in patients with no prior radiation 
or chemotherapy. A compilation of trials in 576 patients 
revealed an overall response rate of 58% (9). However, 
careful analysis utilizing only objective criteria for response, 
revealed an overall response rate of 30%. The lower figure 
has been confirmed in other trials. Mean response duration 
was two months. Oral cavity lesions had the highest objec
tive response rates. The response rate for bleomycin is sim
ilar to that for cis-platinum and methotrexate. However, the 
duration of response is longer with the other agents. Bleo
mycin has been used in combination chemotherapy in squa
mous cell carcinoma of the head and neck. Although objec
tive response rates approaching 60% have been reported for 
these combinations, responses were of short duration and 
were associated with increased toxicity (36, 91). 

In squamous cell carcinoma of the uterine cervix, an 
overall response rate of 21 % was noted in a compilation of 
78 cases in which bleomycin was given as a single agent (9). 
Responses were of short duration, with a mean response 
duration of 2.5 months (range 1-8 months). Bleomycin 
given by continuous intravenous infusion in carcinoma of 
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the cervix resulted in a 38 % response rate with a median 
response duration of 5.7 months (14). Combinations of 
bleomycin in cervical carcinoma have produced responses of 
25-90%; the highest response rate was noted for mitomycin 
C, oncovin, and bleomycin (4). These combination series all 
involved small numbers of patients. 

Bleomycin has been studied in small series of patients with 
carcinoma of the vulva and vagina. A 44% response rate 
was reported in one trial of 16 patients with vulvar and 
vaginal carcinoma (9). 

In a series of 67 patients with squamous cell carcinoma of 
the penis, a complete plus partial response rate of 52% was 
noted (50). 

Bleomycin plays a major role in the management of germ 
cell tumors. As a single agent bleomycin was associated with 
a response rate of 32% in 37 patients with testicular cancer. 
The duration of response was 1.5-2.0 months. Bleomycin is 
used in combination therapy of testicular carcinoma as part 
of the PVB (cis-platinum, velban, and bleomycin) or Ein
horn regimen. This regimen produces a 70% complete re
mission rate and a 25-30% partial response rate (34). Of the 
patients achieving only a partial response, 19-20% were 
rendered disease-free after surgery. This regimen produces a 
70% long-term disease-free survival and apparent cure rate. 
Regimens eliminating bleomycin have demonstrated a lower 
complete response rate. 

Bleomycin also demonstrates some activity in squamous 
cell carcinoma of the skin. A US series revealed a 39% 
complete and partial response rate in 43 evaluable patients, 
with a median response duration of 2.8 months (9). Higher 
response rates have been noted in Japanese series (49). 

Bleomycin has been used to treat Kaposi's sarcoma of 
both the classic and epidemic varieties. A 75% response rate 
has been noted for bleomycin in patients with the classic 
variety of Kaposi's sarcoma (107). In epidemic Kaposi's 
sarcoma, a combination of adriamycin, vinblastine, and 
bleomycin produced an 80% response rate in patients with 
fairly advanced disease (67). The toxicity rate for the com
bination was high, with 50% of patients experiencing oppor
tunistic infections. 

Bleomycin has also been evaluated in squamous cell car
cinoma of the esophagus. Although a compilation series of 
56 patients treated with bleomycin revealed a 54% response 
rate, most individual series have demonstrated response 
rates of only 15-20%, with response durations of only 3 
months (57). Combination regimens involving bleomycin 
have given slightly higher response rates. A regimen of 
cis-platinum and bleomycin in patients with advanced meas
urable disease resulted in a 25% response rate; survival was 
only 4 months from the onset of chemotherapy (58). Che
motherapy with this regimen, when given preoperatively, 
has converted unresectable lesions into resectable tumors in 
rare cases. 

Bleomycin has also been studied in squamous cell car
cinoma of the lung. While worldwide series have reported 
overall response rates of 16%, US trials have demonstrated 
response rates of only 2-10% (9) that were of short dura
tion. Bleomycin-containing combinations have given higher 
response rates, with little or no impact on survival (52, 71). 

Bleomycin has been utilized extensively in patients with 
Hodgkin's disease and non-Hodgkin's lymphomas. US and 
European studies involving 198 patients yielded overall re
sponse rates of 44% with a 5% complete response rate (9, 
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36). When analyzed according to histologic type, the US 
trials demonstrated response rates of 43% for Hodgkin's 
disease, 47% for lymphocytic lymphoma, and 45% for large 
cell lymphomas. The duration of response was short lived 
for all types, being 3.1 months for Hodgkin's disease and 
lymphocytic lymphoma and 1.8 months for diffuse large cell 
lymphoma. The median total bleomycin dose for bleomycin 
responders was 225 units. 

Bleomycin has been used extensively in combination che
motherapy of Hodgkin's disease. ABVD (adriamycin, bleo
mycin, vinblastine and DTIC) has been used in MOPP 
failures by a number of investigators. The original studies of 
ABVD conducted in Italy gave a 59% complete response 
rate, with a 27% 5-year disease free survival (38% for com
plete responders) (96). In the US, a 20-30% long term 
disease free survival has been noted with ABVD chemother
apy in MOPP failures (20). Other bleomycin-containing 
regimen such as B-CAVe (bleomycin, lomustine, doxorubi
cin, and vel ban) produced similar results (39). ABVD has 
been used alternating with MOPP as first line therapy for 
advanced Hodgkin's disease. The addition of the non-cross 
resistant ABVD combination alternating with MOPP im
proves the complete response rate to approximately 80% 
and improves the overall disease-free survival rate by an 
additional 10-15% (12). 

Although bleomycin is used extensively in combination 
therapy for non-Hodgkin's lymphomas, its exact role is not 
clearly defined. In advanced diffuse large cell lymphomas, a 
regimen of BACOP (bleomycin, adriamycin, cytoxan, on
covin, prednisone), produced a 48% complete response rate 
in patients with advanced disease (99). Of the patients 
achieving complete remission, 84% remained disease-free 
beyond 2 years. Although similar results have been obtained 
with a regimen of CHOP-bleomycin, the response rate and 
survival rate did not differ from that utilizing CHOP alone 
(93). Bleomycin, velban and DTIC (BVD) may produce 
responses of 30% in patients with small and large celilym
phomas who fail first line chemotherapy. Responses to these 
regimens tend to be short lived. 

Toxicity 

Bleomycin is associated with some of the usual toxicities 
associated with chemotherapy, as well as toxicities that are 
unique to bleomycin. Bleomycin is only minimally mye
losuppressive; this feature allows it to be used in full dosage 
in myelosuppressive combination chemotherapy protocols. 
In the original US trials of bleomycin, only 7/806 patients 
had significant thrombocytopenia or leukopenia (9). In one 
study of 172 patients, only 29% had WBC < 4500 cells/ 
mm3 ; the time to nadir was 12 days, with recovery by 16 
days (43). In the same study, 48% of patients had platelet 
counts below 200,000 cells/mm3 ; the nadir occurred by day 
11 and the marrow recovered by day 17. The hemoglobin 
dropped in 58% of patients; the median decline, however, 
was only 16% from baseline. The median nadir of hemo
globin occurred by day 12 and recovery was by day 16. In 
this series, there was no need to attenuate drug doses due to 
hematologic toxicity; in this and in other series, there was no 
hematologic morbidity and mortality. 

Anorexia, nausea, and vomiting occurs in 5-30% of cases; 

this is usually mild and of short duration. Diarrhea rarely 
occurs. 

The dose limiting acute toxicity is mucositis. This is espe
cially a problem with continuous intravenous infusion reg
imens. The presence of early mucositis is an immediate 
indication to discontinue therapy. The mucosal lesions often 
begin as linear white streaks on the lateral tongue surfaces. 
If they progress, severe limitation of oral intake may occur. 
Concomitant radiotherapy and bleomycin has resulted in 
life-threatening mucositis. Mucositis was noted in only 16% 
of patients treated with conventional dose intermittent 
therapy (47). 

Fever is quite common with bleomycin, occurring in 20-
50% of patients (90). Fever is most often noted on the day 
of therapy and is especially common after the first dose. 
Temperatures > 103°F have been noted in lymphoma pa
tients. It has been suggested that bleomycin fever is due to 
the liberation of an endogenous toxin from host cells, prob
ably leukocytes. In rabbits, a pyrogen is produced during the 
fever peak that can be transferred to other rabbits (45). 

One of the most serious acute toxicities of bleomycin is an 
anaphylactoid reaction. This reaction is rare in solid tumor 
patients treated with bleomycin, the incidence being less 
than 1 %; however, up to 6% (9/149) of patients with lym
phoma develop this syndrome. The syndrome consists of 
hyperpyrexia, hypotension, bronchospasm, and occasion
ally, cardiac arrest. A review of four patients who developed 
this syndrome and later died revealed that they all had 
lymphomas, had doses of bleomycin exceeding 25 mg/m2 , 

and developed the reaction 6-15 hours after receiving bleo
mycin (69). The etiology of this reaction is elusive, as it does 
not meet the criteria of classic anaphylaxis. Endogenous 
pyrogen release is felt to be the etiology, although conta
mination of drug cannot be ruled out. Although this syn
drome may resolve spontaneously, corticosteroids and anti
histamines are recommended, as they can alleviate symp
toms in a number of patients. It is currently recommended 
that patients with lymphomas who receive bleomycin should 
receive two I-mg test doses of drug 24 hours apart. If no 
reaction is noted, then one can proceed with full doses of 
bleomycin. 

Cutaneous toxicity is also a major problem with bleo
mycin therapy, developing in 50% of patients. The lack of 
a bleomycin-inactivating enzyme in the skin is felt to be 
reason why the integument is so sensitive to the effects of 
bleomycin. Numerous skin effects have been noted, with 
hyperpigmentation being the most common; hyperpig
mentation is most common in skin creases, but may be 
diffuse. Characteristic linear streaks that are hyperpig
mented commonly appear on the upper torso. Edema and 
erythema, especially of acral areas may occur. Rarely des
quamation is noted. Although these changes are usually 
reversible, they remain permanently in a small percentage of 
patients (23). Raynaud's phenomenon may also complicate 
bleomycin therapy. 

The most serious side effect of bleomycin is pulmonary 
toxicity. It may present as acute respiratory distress or 
chronic respiratory insufficiency. Although it may develop 
after one dose of bleomycin, it may likewise not become 
manifest until years after the last bleomycin dose. 

The pathology of bleomycin-induced lung damage has 
been described in both light and electron microscopic stud-



ies (7). Light microscopy of lung tissue from patients with 
signs and symptoms of bleomycin pulmonary toxicity re
veals intraalveolar amorphous and cellular debris, hyaline 
membranes, interstitial edema and fibrosis, a proliferation 
of atypical-appearing alveolar lining cells, and alveolar col
lapse. Electron microscopic studies have helped to elucidate 
these changes on an ultrastructural level. Alveolar spaces 
appear decreased in size and are occupied by cellular and 
amorphous debris; macrophages may be present ingesting 
the debris. Type I alveolar lining cells are markedly dimin
ished to absent. Type II alveolar lining cells are increased in 
number; they exhibit marked variation in size and shape. 
These cells often have short microvilli, cytoplasmic edema, 
and disintegration of cellular lamellar bodies. Some of these 
cells are desquamated into the alveoli. The interstitium is 
edematous, with increased collagen; fibroblasts with col
lagen fibrils in their cytoplasm are present in the inter
stitium. The pulmonary capillary endothelium is normal. 

It has been postulated that increased capillary permeabil
ity leads to interstitial and intraalveolar edema. Severe dam
age to the Type I alveolar lining cells lead to their disap
pearance. A proliferation of Type II alveolar cells ensues; 
the atypical Type II cells are impaired in their ability to 
produce surfactant, with alveolar collapse resulting. This 
proliferation of cells precludes absorption of intraalveolar 
and interstitial edema; this edematous material becomes 
organized and along with collagen production, results in 
diffuse fibrosis. 

Although the exact site on the bleomycin molecule re
sponsible for pulmonary toxicity is unknown, one inves
tigator noted that the terminal amine substitute attached to 
the bithiazole group of the bleomycins could individually 
induce bleomycin lung toxicity when instilled into the tra
chea of mice (90). The terminal amine on B2 bleomycin was 
only a mild inducer of pulmonary damage. It was suggested 
that chemical modification of the terminal amine could 
possibly result in bleomycin analogues with less pulmonary 
toxicity. 

The earliest clinical symptom of pulmonary toxicity is 
dyspnea on exertion; this may progress to dyspnea at rest 
and chronic respiratory insufficiency. Fever, chest pain, and 
a dry cough may be present. Although patients may present 
with acute symptoms of fever, cough, chest pain and short
ness of breath, the more typical course is one of progressive 
dyspnea progressing in a subacute or chronic manner. 

The earliest physical findings noted with bleomycin
induced pulmomary disease is coarse, basilar rales. In one 
series this occurred in 46% of patients treated with bleo
mycin; other series report a much lower incidence of this 
finding (11). Tachypnea, tachycardia and diminished breath 
sounds may occur. The paucity of physical findings often 
fails to reflect the severity of respiratory insufficiency. 

Radiographically, the earliest finding is bibasilar alveolar
interstitial infiltrates. Later a pattern of diffuse interstitial 
fibrosis may be present. Occasionally, with the acute syn
drome, fleeting alveolar infiltrates may be noted. 

Although the arterial blood gases may reflect hypoxia, the 
earliest pulmonary function abnormality is a decline in the 
carbon monoxide diffusion capacity, especially when the 
total dose exceeds 240 units (72). It has been recommended 
that bleomycin be discontinued after a 50% decline in dif
fusion capacity. Late in the course of pulmonary toxicity, a 
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decline in vital capacity and total lung capacity may be 
noted. 

The incidence of bleomycin-induced lung toxicity has 
varied from study to study; an overall incidence of 5-10% 
has been noted. An analysis of 808 patients treated with 
bleomycin in the US revealed a 10.7% incidence of toxicity. 
Definite pulmonary toxicity was noted in 1.1 % of patients, 
probable toxicity in 1.9%, unexpected autopsy findings of 
bleomycin toxicity in 2.0%, and questionable toxicity in 
5.7%. In this study, the definite group had clinical toxicity 
with tissue documentation; the probable group had clinical 
findings without tissue documentation. Seven patients (1 %) 
in this series had drug-induced pulmonary deaths (9). 

When the doses at which pulmonary toxicity occurred 
were analyzed, it was noted that the incidence of pulmonary 
toxicity was relatively constant at doses lower than 400 
units, being 3-5% at each 50 unit dose level. Above 400 
units, the incidence of toxicity increased considerably. In the 
450-549 unit range, 13% of patients experienced pulmonary 
toxicity; the incidence was 17% at doses greater than 550 
units. Based on this data, it has been recommended not to 
exceed the 400 unit total dose. 

Bleomycin must be used with caution in several clinical 
settings. Patients over age 70 tolerate bleomycin poorly; a 
dose of 300 units should not be exceeded in this population 
(25). In the animal model, older rats had less bleomycin
inactivating capacity than younger animals. Prior radiother
apy to the chest may increase the risk of bleomycin pulmo
nary toxicity (35). In addition, some studies have suggested 
that concomitant alkylating agent therapy may lower the 
total bleomycin dose at which pulmonary toxicity is seen. 
Patients with lymphomas who are receiving bleomycin ap
pear to be especially prone to pulmonary toxicity at lower 
than normal doses. 

Oxygen therapy greatly increases the risk of bleomycin 
pulmonary toxicity. Patients who have received bleomycin 
and are given high concentrations of oxygen, especially at 
the time of surgery or immediately postoperatively, are at 
increased risk for acute and chronic respiratory insufficiency 
(46). This increased sensitivity to high concentrations of 
inspired oxygen is felt to be due to increased formation of 
oxygen-derived free radicals which mediate pulmonary 
toxicity. The incidence of this toxicity can be greatly reduced 
by decreasing the FlOz to 24% and minimizing fluids ad
ministered at the time of surgery and in the immediate 
postoperative period. 
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PLANT ALKALOIDS: THE VINCA ALKALOIDS 

M.e. CASTLE 

INTRODUCTION 

Although a large number of compounds from a wide variety 
of plants have been tested for antitumor activity, none has 
played a more vital role in cancer chemotherapy than the 
vinca alkaloids. These compounds are present in minute 
quantities in the plant Catharanthus roseus G. Don (Vinca 
rosea Linn.), commonly called the periwinkle. Although this 
plant contains in excess of fifty alkaloids, only two of these 
(vincristine and vinblastine) have become established as 
important cancer chemotherapeutic agents. 

The antitumor activity of the vinca alkaloids was dis
covered independently and simultaneously by two groups of 
investigators who were festing extracts of Vinca rosea for 
purported hypoglycemic activity (2, 31). No hypoglycemic 
et1:ec{s were demonstrated in these animal studies, but both 
groups noted that these plant extracts exhibited mye
losuppressive activity and induced peripheral leukopenia. 
Subsequent isolation and characterization of the alkaloids 
in these plant extracts resulted in the identification of several 
compounds with antitumor activity . Of these, only vincris
tine and vinblastine have become established as therapeutic 
agents. Other vinca alkaloids with demonstrated antitumor 
activity include vinleurosine and vinrosidine, both of which 
have been abandoned due to excessive toxicity (13). Several 
semisynthetic derivatives have been prepared from the nat
ural alkaloids and one of these (vindosine) has been in
troduced into clinical practice. 

OH 

VINBLASTINE R = CH3 

VINCRISTINE R = CHO 

Figure 1. Structure of vinca alkaloids. 

OH COOCH3 

Vincristine (NSC-67574) was originally referred to as 
leurocristine and the salt form has the empirical formula 
C46H5601ON4' H2S04, A commonly used abbreviation for 
this agent is VCR. Vinblastine (NSC-49842), frequently 
abbreviated as VLB or VBL, formally had the generic name 
vincaleukoblastine and has the empirical formula 
C46H5809N4·H2S04' Both are large molecules with quite 
similar but complex structures (see Fig. I). Both compounds 
are composed of diineric units: an indole nucleus (the cath
aranthine portion) and a dihydroindole nucleus (the vin
doline portion). The two compounds are identical with the 
exception of the substituent attached to the nitrogen of the 
vindoline nucleus where vincristine possesses a formyl group 
and vinblastine has a methyl group. Both compounds are 
marketed as sulfate salts to enhance solubility and to mini
mize decomposition. Several of the structural features of 
these compounds are essential for antitumor activity (13). 

Extensive reviews of the discovery, isolation and charac
terization of vinca alkaloids have been published (32, 35). 
Other plants alkaloids which have been investigated for 
antitumor activity have been reviewed elsewhere (14). 

MECHANISM OF ACTION 

Since the initial demonstration of the antitumor activity of 
vinca alkaloids a quarter of a century ago, these compounds 
have been intensively investigated in an attempt to establish 
the mechanism of action of their antitumor effects. Despite 
extensive evidence that the vinca alkaloids disrupt a wide 
variety of biochemical pathways and cellular events, the 
specific mechanism of action of these agents remains elusive. 
Among the biochemical effects which have been reported for 
the vinca alkaloids are the following: (I) Competition for 
transport of amino acids into cells; (2) Inhibition of purine 
biosynthesis; (3) Inhibition of synthesis of both RNA and 
DNA; (4) Inhibition of protein synthesis; (5) Interference 
with lipid metabolism; (6) Inhibition of glycolysis; (7) Alter
ation in the release of antidiuretic hormone, and (8) Inhibi
tion of release of histamine by mast cells and enhanced 
release of norepinephrine. A complete review of these effects 
of the vinca alkaloids has been presented (13). 

Despite the diversity of biochemical effects noted above, 
there is a general consensus that the vast majority of the 
biological effects produced by the vinca alkaloids are related 
directly or indirectly to their interactions with tubulin. These 
biological effects include arrest of mitosis, cytotoxicity, dis
appearance and disruption of microtubules, inhibition of 
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the motility and phagocytotic activity of human polymor
phonuclear leukocytes, anti-inflammatory activity, neurolo
gical toxicity, teratogenicity in laboratory animals, and in
hibition of antibody formation (11). Several of these biologi
cal effects will be considered in more detail below. 

In order to discuss the mechanism of action of the vinca 
alkaloids as antitumor agents, an understanding of the role 
of microtubules in cell division is essential. Microtubules, 
subcellular organelles present in all eukaryotic cells but not 
in prokaryotic cells, are associated with the shape of cells, 
with the movement of cells, and with the movement of 
components within cells (8). The steps involved in the 
formation of microtubules have been reviewed by Dustin 
(19). Briefly, this process begins with two globular proteins 
(alpha tubulin and beta tubulin) which come together to 
form a dimer. In several subsequent steps, these dimers form 
intermediate structures, protofilaments and finally a tubular 
structure which elongates to produce a microtubule. Mi
crotubules can be disassembled into components and then 
reassembled into new microtubules. There is some evidence 
that these latter processes may be under the control of 
calmodulin (19). 

Although their exact role in cell division is not fully 
understood, there seems little doubt that microtubules are 
essential to mitosis. As pointed out by Dustin (19), the 
spindle fibers are composed of microtubules. Microtubules 
are involved in the initial grouping of chromosomes and in 
the movement of these chromosomes toward poles in 
preparation for cell division. Microtubules also appear to 
play a role in the elongation of the cell just prior to the 
separation of the daughter cells. 

The interaction of vinca alkaloids with microtubules re
sults in changes which lead to disruption of mitosis with 
metaphase arrest. Under certain conditions, this arrest is 
reversible once the drug has been removed and cells may 
then proceed through the cell cycle. The disruption of mi
crotubules of the mitotic spindle leads to an inability of the 
cell to segregate chromosomes correctly. The chromosomes 
become dispersed throughout the cytoplasm (exploded mi
tosis) or form unusual grouping (ball and star configura
tions). This appears to be the critical event leading to cell 
death. The vinca alkaloids are sometimes referred to as 
"spindle poisons". Other drugs which have a similar effect 
on the mitotic spindle include colchicine, griseofulvin and 
the podophyllotoxins, all of which bind at a different site 
than do the vinca alkaloids (49). 

The vinca alkaloids bind to specific sites on tubulin and 
initiate a sequence of events which lead to disruption of the 
spindle apparatus. The micro tubules become disassembled 
and the subunits form highly regular crystals which contain 
one mole of bound drug per mole of tubulin (6). As en
visioned by Wilson [see (41)], the effect of the vinca alkaloids 
in the disassembly process is an indirect one. Microtubules 
are thought to be in a state of continuous change in which 
assembly of tubulin at one end causes elongation of the 
microtubule whereas disassembly at the opposite end shor
tens the chain. Vinca alkaloids bind to tubulin and prevent 
the polymerization of these subunits into microtubules but 
these drugs do not appear to affect the disassembly process. 
The net effect of these processes is dissolution of the mi
crotubule and the formation of soluble tubulin. 

To summarize, current evidence indicates that the vinca 

alkaloids bind to specific sites on tubulin and block the 
polymerization oftubulin into micro tubules which compose 
the spindle apparatus of the cell. This disruption of mi
crotubule formation eventually leads to inhibition of mito
sis, metaphase arrest and death of the cell. 

PHARMACOLOGICAL DISPOSITION 

Precise knowledge of the pharmacokinetics, distribution, 
metabolism ard excretion of vinca alkaloids has been ham
pered by deficiencies in the methodology required to isolate 
and quantitate the small amounts of these drugs present in 
most biological specimens. Those investigations which have 
been performed have utilized tritium-labeled alkaloid, 
bioassay with KG or L cell lines or radioimmunoassay 
techniques for quantitation. A variety of extraction and 
isolation procedures have also been utilized in an attempt to 
separate the parent compound from metabolic and decom
position products. It is perhaps not unexpected that numer
ous discrepancies exist in the reported results of these stud
ies. 

Although no definitive evidence has been presented con
cerning the degree of oral absorption of vinca alkaloids, 
there is a consensus that absorption by this route is un
predictable at best. Although adequate absorption after 
intraperitoneal administration has been demonstrated with 
vinblastine (3), this route is not used due to severe extravasa
tion which occurs when these agents are present in high 
concentrations. There is also evidence that vinblastine is 
more toxic by the intraperitoneal route than when adminis
tered intravenously (32). As discussed in more detail below, 
these drugs are administered intravenously either by bolus 
injection or by continuous infusion. 

The distribution of both vincristine and vinblastine has 
been investigated in several species of laboratory animals. 
Although there are differences in experimental design and in 
the reported results, some generalizations can be made. In 
the dog and the rat, the spleen concentrates vincristine to a 
greater extent than any other tissue studied (10, 36). In the 
monkey, the tissue with the highest concentration was the 
pancreas (20), a tissue which was not included in the studies 
with rats and dogs. There was general agreement among all 
of these studies that vincristine does not penetrate into the 
cerebrospinal fluid to any significant extent. Most of the 
vinblastine in the blood appears to be present in the buffy 
coat (21) and exists in a bound form with platelets (24). High 
concentrations of vinblastine have also been observed in 
leukocytes (16). Since all of these investigations were carried 
out with tritiated drugs, at least some of the measured 
radioactivity may have been products formed by tritium 
exchange including tritiated water. 

The primary route of excretion for both vincristine and 
vinblastine in most species is in the feces via the bile. In the 
rat, only about 15 percent of the injected dose appears in the 
urine, mostly during the first 24 hours (10) whereas the 
mouse excretes more of the drug in the urine than in the feces 
(20). Approximately 60 percent of an injected dose of vin
cristine is excreted in the feces of rats within 24 hours and 70 
percent within the first 72 hours. However, the portion of 
the injected dose excreted over these time intervals decreases 
with increasing dose (10). These investigations also demon-



strated that over 25 percent of an injected dose of vincristine 
was excreted in the bile during the first 30 minutes. Similar 
results have been observed when vincristine is administered 
to humans. Urinary excretion accounts for about 10 percent 
of the injected dose (5, 39) while over 70 percent is excr((ted 
in the feces over a 72 hour period (5). Biliary excretion has 
been studied in one patient receiving vincristine for therapy 
of pancreatic carcinoma (26). Almost half of the injected 
dose was excreted during the first 24 hours with the bile and 
urine containing equal amounts. 

The excretion of vinblastine has also been extensively 
investigated in several species. In humans, this alkaloid 
appears to be excreted much more slowly than vincristine in 
both the urine and the bile (40) although conflicting results 
have been reported (38). Using vinblastine labeled at dif
ferent positions, these investigators found overall excretion 
rates to be 55 percent in the first study and 25 percent in the 
latter study covering a 72 hour period. These data seem to 
be in direct contrast to results with vincristine (see above) 
which suggest that most of this alkaloid is excreted within 
the first 24 hours. In the dog, vinblastine is excreted to a 
greater extent in the feces than in the urine (approximately 
35 percent and 15 percent, respectively) over a nine day 
period (15). Most of the urinary excretion occurred in the 
first three days while fecal excretion remained relatively 
constant throughout 

The metabolic fate of both vincristine and vinblastine has 
been investigated but little definitive information has been 
accumulated. This has been due partly to the complex struc
ture and unstable nature of these agents. Some of the initial 
studies with tritiated vincristine were difficult to interpret 
due to a significant degree of degradation during extraction 
and thin-layer chromatographic analysis of biological spe
cimens (37). Subsequent development of an analytical 
procedure employing high-performance liquid chromato
graphy has provided a more efficient and more reliable 
technique for the analysis of vinca alkaloids and their meta
bolic and decomposition products (9). There appears to be 
a general agreement that vincristine is not extensively 
metabolized. Although significant amounts of other com
pounds have been isolated from the plasma, bile and urine 
of several species, most but not all of these products can be 
attributed to degradation processes (9, 37). In addition, 
attempts to demonstrate metabolism of vincristine by liver 
homogenates have not been successful (9). 

At least one metabolic product (deacetylvinblastine) of 
vinblastine has been identified in both dog (12) and man 
(40). This metabolite, which may be as active as the parent 
compound, was detected in small quantities in the urine and 
stool. The site of this deacetylation reaction has not been 
established but is assumed to be the liver. 

The pharmacokinetic behavior of all three alkaloids has 
been investigated by numerous groups, in several species, 
and employing widely different methodologies. The re
ported results are inconsistent and difficult to interpret. 
What is evident is that all three drugs are rapidly removed 
from the blood after intravenous administration. An initial 
plasma half-life of one to four minutes has been reported for 
all three alkaloids when administered by bolus intravenous 
injections to humans (5, 28, 29, 39,40,44,45). The half-life 
of the second phase of plasma elimination has an even wider 
range of reported values (7 to 99 minutes) and the terminal 
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phase has been estimated to be between 3 and 26 hours. 
In addition to the studies mentioned above involving 

bolus administration of vinca alkaloids, considerable data 
have also been obtained from studies in which these alka
loids were administered by continuous infusion over a 
period of several days (27,34,42). One of these studies (27) 
clearly demonstrated that continuous infusion maintained 
serum levels of vincristine which were above the therapeutic 
threshold for five days. Similar results have been reported 
with vinblastine (34, 50) and with vindesine (7). 

TOXICITY 

Although vincristine and vinblastine are capable of produc
ing a wide variety of adverse reactions, there are marked 
differences in the incidence and severity of these toxic effects. 
There is currently no adequate explanation for these dis
crepancies but differences in the rate of uptake into cells and 
the formation toxic metabolites have been suggested. In 
general, the toxicity of these vinca alkaloids is most likely 
the result of their ability to bind to tubulin and disrupt 
microtubule formation (see section on Mechanism of Action 
above). This is probably not unexpected in view of the 
ubiquitous nature of microtubules. 

One very important area in which there are major dif
ferences in toxicity between vinblastine and vincristine is 
bone marrow depression. Leukopenia is to be expected with 
the use of vinblastine with a nadir occurring five to ten days 
after the last dose of the drug. Both the extent and duration 
of leukopenia are dose-related and the white-cell count usu
ally returns to normal in one to two weeks. Throm
bocytopenia is not usually a problem with vinblastine unless 
other chemotherapeutic agents or radiation have been em
ployed. Vincristine, on the other hand, is a particularly 
valuable agent in combination chemotherapy due to a lack 
of myelosuppression with conventional doses. Vincristine 
does not appear to have any consistent effect upon platelets 
when used in therapeutic doses. Thus bone marrow depres
sion represents the dose-limiting factor in the clinical appli
cation of vinblastine but not of vincristine. 

A prominent adverse reaction associated with all vinca 
alkaloids is neurological toxicity. The mechanism of this 
neurotoxicity is apparently related to properties of the vinca 
alkaloids discussed above: namely, the ability ofthese agents 
to bind to tubulin and disrupt the polymerization process 
which leads to the formation of micro tubules. However, the 
toxicity of these agents to nervous tissue may be the result 
of different effects than the inhibition of mitosis and mitotic 
arrest which characterize their antineoplastic activity. The 
ubiquity of microtubules in eukaryotic cells and the marked 
affinity of tubulin for the vinca alkaloids predisposes a wide 
variety of functions to disruption in the presence of these 
agents. Among these processes are axoplasmic transport 
and secretory function which may represent the sites of 
action of the neurotoxicity of these drugs. 

Although all three vinca alkaloids (vinblastine, vincristine 
and vindesine) produce qualitatively similar neurological 
toxicity, there are considerable quantitative differences in 
the neurologic sequelae [for reviews, see (25, 33, 43, 48)]. 
Vinblastine exhibits the least neurotoxicity of this group 
whereas this toxicity represents the dose-limiting effect with 
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vincristine. Vindesine was originally thought to be free of 
neurotoxicity but clinical trials of this drug have established 
that it also is neurotoxic, albeit less so than vincristine. 

It appears likely that almost every patient treated with 
vincristine will develop peripheral neuropathy to some ex
tent. There is a fairly well-established progression of this 
neurotoxicity in most patients. The earliest manifestation of 
vincristine neurotoxicity is the loss of the Achilles tendon 
reflex which, though universal, may be asymptomatic (33). 
This may be followed by paresthesias in the hands and feet. 
If therapy with vincristine is continued, there may be a 
progression to muscle pain, weakness, difficulty in walking 
and sensory impairment. These neurotoxic effects are almost 
always symmetrical and may persist for weeks or months 
after discontinuation of the drug (33). 

In addition to peripheral neuropathy, a less frequent 
complication of vincristine therapy is cranial neuropathy. 
Severe pain in the jaw (possibly related to effects on the 
trigeminal nerve) may occur soon after the initial dose of 
vincristine but usually does not persist with subsequent 
therapy (33). Ocular disturbances are also rare manifesta
tions of vincristine toxicity. Mental changes such as depres
sion, agitation, insomnia and hallucinations have been re
ported but the relationship of these to the administration of 
vincristine has not been established (43). There are numer
ous reports of seizures following administration of vincris
tine [see (33, 43)]. It is difficult to attribute this effect to a 
direct action of vincristine in view of the inability of this 
drug or its metabolites to enter the central nervous system 
(10,28). Many of these seizures are probably attributable to 
factors such as intracranial metastases, infection, metabolic 
disturbances or other drug therapy. Seizures after vincristine 
therapy may also be associated with the well-documented 
ability of this drug to produce a syndrome of inappropriate 
antidiuretic hormone secretion leading to hyponatremia. 
This complication, which is apparently dose-related, may be 
due to an effect of the drug on the hypothalamus, neurohy
pophyseal tract or posterior pituitary (33). 

Several toxic effects attributable to autonomic neu
ropathy are common with vincristine therapy. The most 
prominent of these are gastrointestinal disturbances includ
ing colicky abdominal pain, constipation and paralytic ileus. 
The presence of these symptoms is significant because they 
are usually the first indications of toxicity, preceding more 
serious toxic effects such as peripheral neuropathy. Paralytic 
ileus, though usually reversible, has resulted in several 
deaths (33). Urinary dysfunction and orthostatic hypoten
sion have also been reported with vincristine therapy. Exten
sive electrophysiological and histological data have been 
accumulated from numerous investigations of the neuro
pathies produced by vincristine [see (33)]. 

Attempts to reverse or prevent the neurotoxicity of the 
vinca alkaloids have not been successful and treatment con
sists primarily of supportive care and adjustment of dosage. 
Folinic acid (leucovorin), but not folic acid, has been shown 
to protect mice against an otherwise lethal dose of vincris
tine (32). This approach has also been tried in several cases 
of vincristine overdose in humans but the results have not 
been encouraging. Anecdotal reports of effectiveness of this 
treatment have appeared (18) as well as conflicting pub
lished reports (22, 46). The effectiveness of folinic acid as an 
antidote for vincristine toxicity remains to be established. 

Several agents have been employed in attempts to mini
mize paralytic ileus produced by the vinca alkaloids. Lac
tulose (23), caerulein (1, 4) and sincalide (30) have been used 
to stimulate bowel motility. While these agents appear to 
offer some benefit in the relief of gastrointestinal distur
bances, their effects on the pharmacokinetics of vinca alka
loids have not been investigated. In view of the extensive 
biliary excretion and enterohepatic recirculation of vincris
tine and vinblastine, the use of bowel stimulants may reduce 
the half life of the vinca alkaloids. 

The extravasation produced by the administration ofvin
cristine has been treated with corticosteroid therapy (4). 
Although some steroids appear to reduce the cytotoxicity of 
vincristine (17), the anti-inflammatory activity of steroids 
may be responsible limiting tissue damage of these anti
neoplastic agents rather an inhibition of cytotoxicity. 
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POSTSCRIPT 

The recent review by Jackson (1) summarizes the clinical use of the 
vinca alkaloids. Considerable attention has been directed toward 
preventing, minimizing and reversing the neurotoxic effects of vin
cristine. Thiamine, vitamin B12 , folinic acid, pyridoxine, and 
glutamic acid have all been tried clinically but only glutamic acid 
has shown any benefit in reducing the neurotoxicity of vincristine. 
Greater success has been achieved in dealing with ileus, another 
major concern to the use of the vinca alkaloids. Improvement has 
been observed with sincalide (an analog of cholecystokinin) and 
with metoclopromide (a dopamine antagonist). 

Improved clinical activity has been demonstrated with con
tinuous infusion (as opposed to the usual bolus injection) of vinca 
alkaloids. Vincristine, vinblastine and vindesine have all undergone 
clinical trials in a variety of cancers and have produced encouraging 
results. In many of these studies, vinca alkaloid infusion was used 
in patients who were refractory to prior chemotherapy with other 
antitumor agents and to bolus administration of vinca alkaloids. 
Another approach has been to link vinca alkaloids. to a monoclonal 
antibody in an attempt to increase delivery of the drug to the site of 
the tumor. These conjugates of vinca alkaloids are currently under
going clinical trials. Finally, the observation that calcium-channel 
blockers reverse the development of resistance to the vinca alkaloids 
by tumor cells is being explored in a clinical setting. 

POSTSCRIPT REFERENCE 

Jackson DV: Vinca alkaloid chemotherapy. lSI Atlas of Science: 
Pharmacology 1:124, 1987 
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NON-ALKALOID NATURAL PRODUCTS AS ANTICANCER AGENTS 

DAVID G.!. KINGSTON 

INTRODUCTION AND SCOPE 

Crude natural products have been used in the treatment of 
cancer since ancient times, but it is only in the last 30 years 
that serious scientific study of naturally occurring anticancer 
agents has been carried out. This work has resulted in the 
discovery of numerous antibiotics and alkaloids as effective 
clinically active anticancer agents, and these substances are 
discussed in other chapters of this volume. Large numbers of 
non-alkaloidal natural products have been discovered which 
have had promising activities in animal trials, but only a few 
of these compounds have shown clincial activity to date. The 
most useful compounds in this class are the podophyllotoxin 
derivatives VPI6-213 (etoposide) and VM26 (teniposide), 
which have been the subject of extensive clinical studies and 
are now entering normal clinical practice. The bulk of this 
chapter is thus given over to a discussion of these two drugs, 
but later sections deal with some newer compounds which 
are still in development but which are candidates for clinical 
use in the future. 

VPI6-213 AND VM26 

Introduction 

The chemotherapy and pharmacology of the podophyllo
toxin derivatives VP16-213 and VM26 has been discussed 
extensively in recent symposia (5, 7,8,16, 17,30,32). Since 
these symposia present convenient recent summaries of 
work on these compounds, many of the citations in this 
chapter will be to papers in symposia rather than to the 
original literature. 

History 

The dried roots and rhizomes of the North American plant 
Podophyllum peltatum Linnaeus, (the American mandrake 
or Mayapple) and of the related Indian species Podophyllum 
emodi Wallich have long been known to possess medicinal 
properties (21). The major active substance in podophyllin, 
which is the resin product obtained by extraction of the 
dried roots and rhizomes with ethanol, was shown to be the 
lignan lactone podophyllotoxin (1), although a variety of 
other lignans and lignan glycosides have been isolated from 
podophyllin. A review of the chemistry and pharmacology 
of podophyllin and its constituents summarizes develop-
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Figure 1. Structural formula of podophyllotoxin (1). 

ments to about 1957 (15). Podophyllotoxin itself is a potent 
antimitotic agent, but it proved to be too toxic to be useful 
in the treatment of human neoplasms. A variety of podo
phyllotoxin derivatives have been isolated from natural 
sources or prepared by partial synthesis, however, and the 
two cyclic acetals of 4' -demethylepipodophyllotoxin fJ-D
glucopyranoside known as VP16-213 (etoposide) and VM26 
(teniposide) gave promising results in both in vitro and in 
vivo screening trials and were selected for clinical trials. 
These trials have proved the efficacy of these compounds in 
treating certain tumors. The remainder of this section will 
thus be concerned with these two compounds; information 
on the structures, chemistry, mode of action, and structure
activity relationships of other podophyllotoxin derivatives is 
contained in an excelllent recent review (18). 

Chemistry 

The chemical structures of VP16-213 and VM26 are shown 
in Fig. 2. They differ from podophyllotoxin in having a 
4' -hydroxyl group instead of a 4' -methoxyl group, in having 
the epi configuration at the 4-position, and in having a 
substituted glucose residue at the 4-position. They differ 
from each other only in the nature of the substituent on the 
glucose ring: etoposide is the cyclic acetal prepared from 
4' -demethylepipodophyllotoxin fJ-D-glucopyranoside and 
acetaldehyde (as its dimethyl acetal), while teniposide is the 
cyclic acetal prepared when 2-thiophenecarboxaldehyde re
places acetaldehyde (20). The two compounds are essentially 
insoluble in water, but are readily soluble in organic solvents 
such as chloroform. 

P.V. Woolley (ed.l. Cancer management in Man: Biological Response Modifiers . Chemotherapy, Antibiotics , Hyperthennia, Supporting Measures 
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Figure 2. Structural formulae of the podophyllotoxin derivatives 
etoposide VP16-213 (2) and teniposide VM26 (3). 

The chemistry and structure-activity relationships of 
VP16-213 have been reviewed (12), and it is concluded that 
there is a great deal of room for additional chemical work on 
the molecule. The lack of a practical synthetic route to the 
parent basic aglycone may be a barrier to this work, how
ever. 

Activity in in vitro and in vivo assay systems 

In vitro activity of VPI6-213 and VM26 has been shown 
against a number of cell lines (14, 20, 21). VPI6-213 was 
active in P-81S murine mastocytoma with an ED so of 
0.031 Jlg/ml, while VM26 had an EDso of 0.0048 Jlg/ml in 
this system (20). Human lymphoid cells exposed to VPI6-
213 at 1.0 Jlg/ml or VM26 at 0.1 Jlg/ml for 24 hr have the 
major part of the population arrested with their DNA in the 
S part of the cell cycle (23). Other results suggest that 
VP16-213 arrests cells in the late S or G 2 phases of the cell 
cycle (14). In animal studies VP16-213 is generally more 
active than VM26; thus it gives an increase in survival time 
in the Ll210 mouse leukemia system of 167%, while VM26 
gives a 121 % increase in the same system (20). In a com
parative study of various dosage schedules in mice with 
Ll210 leukemia, Dombernowsky and Wissen (11) con
cluded that VP16-213 was one of the most active drugs yet 
tested in the Ll210 system. 

In a discussion of the results of in vitro and in vivo assays, 
Rose and Bradner (44) point out that VPI6-213 shows a 
broad-spectrum activity, but there is no correlation in activ
ity for specific histologic types of neoplasms between spe
cies. Thus although VP16-213 shows excellent activity in the 
Ll210 and P-388 leukemia assays, it is not particularly 
active in human leukemias. On the other hand, VPI6-213 
shows good activity in certain types of human lung car
cinomas, but is only weakly active in the mouse lung car
cinoma assays. This difference of response between species 
has also been observed with other antineoplastic agents. 

Structure-activity studies and mechanism of action 

In the initial search for podophyllotoxin derivatives with 
useful anticancer activity, a large number of modified podo-
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phyllotoxins were prepared. Initial findings indicated that 
some podophyllotoxin derivatives such as podophyllinic 
acid ethylhydrazide (SP-l) did have some therapeutic activ
ity but the most active derivatives prepared were those of the 
type exemplified by VPI6-213 and VM26. Interestingly, the 
corresponding compounds in which the 4' -hydroxyl group is 
methylated (i.e., the epipodophyllotoxin derivatives) are 
much less active than the corresponding 4' -demethyl
epipodophyllotoxin derivatives. Of the many 4'-demethyl
epipodophyllotoxin fJ-D-glucopyranoside acetals prepared, 
VPI6-213 showed the best activity in the Ll210 in vivo 
system, while VM26 was one of the most active derivatives 
in the P-8IS mouse mastocytoma cell assay. Changing the 
sugar moiety to galactose rather than glucose gave deriva
tives with lower activity (20). Various analogs of VPI6-213 
modified in the lactone ring have also been prepared, but 
they were uniformly less active than the parent compound 
(19). 

The mode of action of the drugs VPI6-213 and VM26 
differs markedly from that of the parent compound podo
phyllotoxin. Podophyllotoxin is a potent inhibitor of mi
crotubule assembly in vitro, and competitively inhibits col
chicine binding to microtubules (18, 30). Because of this 
property, it arrests cells at mitosis by disrupting the equili
brium between tubulin polymer and tubulin dimer, thereby 
destroying the cytoskeletal framework for chromosome 
separation and arresting cell division at the mitotic stage of 
the cell cycle. 

VP16-213 and VM26 appear to have a quite different 
mechanism of action. Both compounds arrest cells in the 
late S or G2 phase of the cell cycle, and have no effect on 
tubulin assembly. Instead, they induce single stranded 
breaks in HeLa DNA (VPI6-213) or in the DNA in Ll210 
cells (VM26) (18, 43). They have also been shown to cause 
double-strand DNA breaks (31, 4S). In the case of VM26, 
these breaks are predominantly double-stranded. It has been 
proposed (4S) that VP16-213 and VM26 act as inhibitors of 
the DNA ligase activity of type II topoisomerases. 

Pharmacology 

Both compounds are only sparingly soluble in water, and 
are supplied for clinical use in nonaqueous formulations. 
VP16-213 is supplied in Sml ampules at a concentration of 
20 mg/ml, while the VM26 ampules contain 10 mg/ml in a 
total of S m!. VPI6-213 is also available for oral administra
tion in 10 mg and SO mg gelatin capsule formulations (16). 
VPI6-213 is stable for at least 3 hr in various aqueous solu
tions, and is stable for up to 72 hr in aqueous dextrose or 
normal saline when its concentration does not exceed 
0.2S mg/ml (S). 

Dose schedules for VP16-213 are normally 300-600mg/ 
m2 i.v. divided over 3 or S days and repeated every 3-4 
weeks. For VM26 the schedule for adults is similar, but at 
a lower dose of 300 mg/m2 . The limiting toxicity in treat
ment with these drugs is myelosuppression, and hence a 
lower dose range is indicated for those patients whose bone 
marrow function has been compromised by prior radio
therapy or chemotherapy. For children, VM26 mono
therapy is commonly used at a dose of ISO-200mg/m2 
weekly or 100 mg/m2 twice weekly (16). 

Studies on the clinical pharmacology of the drugs indicate 
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Figure 3. Structural formulae of the major urinary metabolites of 
VP16-213 (4) and VM26 (5). 

that absorption from lipophilic capsules is erratic, but that 
absorption from oral solution and hydrophilic gelatin cap
sules is much better. Plasma levels of unchanged drug have 
been monitored both by thin layer chromatography and 
high performance liquid chromatography (HPLC), and 
these studies have shown that VP16-213 has a shorter termi
nal half-life than VM26. Both drugs are reported to have 
activity against intracranial neoplasms, with most work 
having been done on VM26. Only low levels of this drug 
have been found in the cerebrospinal fluid, however; typi
cally these levels were 0.2-14.3 % of the plasma levels found 
in the same patient (8). 

Excretion of both drugs is primarily in the urine, with 
approximately 50% of the administered radioactivity being 
recovered in the urine within 72hr of administration. Fecal 
excretion is variable, with amounts varying from 0-16% of 
the administered radioactivity being recovered in the feces of 
patients administered intravenous [3H]VP16-213. In the case 
offH]VM26, only 21 % of the radioactivity recovered in the 
urine corresponded to unchanged drug, with the major 
metabolite being the ring-opened lactone 4' -demethyl
epipodophyllic acid-9-(4,6-0-ethylidene-fJ-D-glucopyra
noside) (4). In the case of [3H]VP16-213, 67% ofthe urinary 
radioactivity was in the form of unchanged drug, and the 
major metabolite has been shown to be the acid 5 corre
sponding to the major metabolite ofVM26 (1, 49). Reviews 
of the clinical pharmacology of VP16-213 in adults (9) and 
in children (13) have appeared. 

Clinical single agent activity 

The composite response rates for VP16-213 and VM26 have 
been compiled by Issell and this section is thus abstracted 
from his review (16). 

VP16-213 is one of the most active single agents in small 
cell lung cancer with a composite single agent response rate 
of 40% in 262 patients, and a 6% complete response rate. 
VM26 has been less thoroughly evaluated in this cancer, but 
preliminary results show a 28% response rate with 8% 
complete responses in one trial. 

For testicular cancer, response rates of up to 46% have 
been reported with VP16-213, and activity is retained even 

in patients refractory to front-line combination therapy. 
VM26 has not been adequately tested in this situation. 

Both VP16-213 and VM26 show activity against Hodg
kin's disease and other malignant lymphomas, with especi
ally encouraging results in treatment of diffuse histocytic 
lymphoma with VP16-213 in patients who had become re
fractory to front-line combination chemotherapy. 

VP16-213 shows some activity against adult acute mye
logenous leukemia, with a good response rate for patients 
with myelomonocytic and monocytic leukemia. VM26 and 
VP16-213 are both useful in pediatric leukemia, with VM26 
showing activity against refractory acute lymphoblastic 
leukemia and VP16-213 against acute monocytic leukemia. 

VP16-213 and VM26 both have meaningful activity in 
pediatric refractory neuroblastoma, with responses in up to 
50% of the patients evaluated. 

VM26 appears to have some activity in brain tumors, with 
responses in up to 35% of the patients evaluated; responses 
were seen in patients who were progressing on nitrosoureas. 
VP16-2l3 has some effect on breast cancer, with useful 
partial responses reported for 17% of heavily pretreated 
patients. 

Finally, recent results (29) show that VP16-213 has activ
ity against Kaposi's sarcoma associated with acquired im
munodeficiency syndrome (AIDS); it is the most active 
single agent tested to date. 

Clinical combination therapy 

The drugs VP16-213 and VM26 are suitable candidates for 
combination therapy, since their toxicity is relatively low 
and they ha,ve unique modes of action. At this point, a 
number of combinations have been tested in experimental 
animals, but only a few are at the point where they are 
clinically useful. The most interesting situation to date is 
that of the combination ofVM26 with cytarabine (ara C) in 
the treatment of refractory pediatric acute lymphoblastic 
leukemia. The drugs are reported to show a synergistic 
effect, and in one study 9 of 14 patients achieved complete 
remission after they had failed remission induction with 
standard therapy (42). VP16-213 has beeJ;l used in combina
tion with cisplatin for treatment of small cell lung cancer, 
non-small cell lung cancer, and refractory testicular cancer 
with encouraging results (16). 

Toxicity 

The two dose-limiting toxic effects ofVP16-213 and VM26 
are myelosuppression and gastrointestinal disturbances, 
with the former being the more important since the latter 
effect is usually easily controlled. Other toxicities include 
alopecia, and less commonly peripheral neuropathy and 
acute toxicities such as fever, chills, hypotension, and bron
chospasm (16). 

Conclusion 

The modified podophyllotoxin derivatives VP16-213 and 
VM26 have demonstrated significant clinical activity in 



treatment of several tumors. VPI6-213 shows particular 
promise in the treatment of small cell lung cancer and also 
shows pronounced activity in the treatment of testicular 
cancer, monocytic or myelomonocytic leukemia, non-Hodg
kin's lymphomas, and hepatocellular carcinoma. VM26 has 
a role in the treatment of Hodgkin's disease, non-Hodgkin's 
lymphomas, neuroblastoma, and childhood acute lympho
blastic leukemia. It may also have efficacy in the treatment 
of primary brain tumors, although this is less certain. The 
current status of etoposide has been summarized by 
O'Dwyer and Wittes (34). 

OTHER NATURALLY OCCURRING ANTICANCER 
AGENTS 

As mentioned earlier, the epipodophyllotoxin derivatives 
VP16-213 and VM26 are the only non-alkaloid natural 
products from higher plants with clinical activity against 
cancer. The search for novel anticancer agents from plants 
and marine organisms is a continuing one, however, and the 
four compounds described below are representative of types 
of activity and structure that are being discovered. 

Taxol 

The novel diterpene derivative taxol (6) was discovered by 
Wani et at. (52). The drug shows confirmed activity in 
several animal systems, including the mouse leukemias L-
1210, P-388, and P-1534, the B1 melanoma, B16 melanoma
carcinoma and the WA-256 carcinosarcoma. Taxol is of 
great interest from a pharmacological viewpoint, besides its 
mechanisms of action is quite unlike that of other anticancer 
agents. It completely inhibits division of exponentially 
growing HeLa cells at low concentration of drug, and it 
apparently does so by acting as a promoter of microtubule 
assembly (46). This is in contrast to other naturally occur
ring antimitotic agents such as colchicine and podophyl
lotoxin, which inhibit microtubule assembly. Taxol binds 
directly to polymerized tubulin, with saturation occurring at 
approximate stoichiometry with the tubulin dimer con
centration (35). Some preliminary structure-activity correla
tions have been published (35) and it is shown that cyt
otoxicity and in vitro binding to microtubules require both 
an intact taxane ring and ester side chain at position C-13. 

H 
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Figure 4. Structural formula of taxol (6). 

14: Non-alkaloid natural products as anticancer agents 155 

Acetylation at positions 2' and 7 results in loss of mi
crotubule binding activity but not cytotoxicity. 

The antitumor activity of taxol as tested at the National 
Cancer Institute has been summarized in a recent review 
(50). In addition, a series of novel taxol analogs having 
xylosyl substituents at position 7 has been reported (47) and 
a study of the ability of taxol and baccatin III derivatives to 
inhibit the disassembly of tubulin has appeared from the 
same group (28). The activity of 2- and 7-acetyltaxols has 
also been reported (33) and it is concluded that potentially 
either the 2'- or 7-substituents could be used to prepare taxol 
prodrugs. Studies on other taxol derivatives have shown 
that the oxetane ring is necessary for in vitro activity (22), 
and a partial synthesis of taxol starting from baccatin-III 
has been achieved (10). 

The major difficulty in preparing taxol for clinical trial has 
been the development of a suitable formulation for the very 
lipophilic compound, but this difficulty was overcome with 
an emulsion formulation using a polyethoxylated castor oil 
as a surfactant. Taxol completed phase I clinical trials in 
March 1985, and is currently (1987) undergoing phase II 
trials. The results of three phase I trials have been reported 
(50); the dose-limiting toxicity of taxol is leukopenia, but 
other toxicities such as nausea and vomiting, stomitis, and 
various allergic type reactions are also observed. 

Didemnins 

The didemnins A -C are members of a new class of depsipep
tides. They were isolated recently from a marine tunicate of 
the Trididemnum genus (39), and their structures were elu
cidated primarlily by mass spectrometry and nuclear mag
netic resonance techniques (40). The structures of these 
compounds have recently been revised to 7-9, and their total 
synthesis has been accomplished (41). The most promising 
compound for development as an antitumor drug is didem
nin B, which showed activity in the P388 leukemia assay in 
mice with TIC values up to 199, and a TIC of 160 against 
B16 melanoma (39, 40). The fact that didemnins A and C 
showed markedly different biological activities suggests that 
structure modification might provide useful activities in 
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Figure 5. Structural formulae of didemnins A-C (7-9). 
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Figure 6. Structural formula of maytansine (10). 

these compounds. Didemnin B (8) was 1987 ready to enter 
phase II clinical trials after successful completion of phase I 
trials (6). 

Maytansine 

Maytansine (10) is a novel ansa macrolide that was isolated 
from several May tenus species by Kupchan and his co
workers (24); a number of related macrolides differing in the 
nature of the ester group at C-3 have also been isolated or 
prepared synthetically (25, 27, 51). 

Maytansine was of great interest as an antileukemic drug 
because it was effective in animal models at very low doses 
( < 25Ilg/Kg) and has a wide effective dose range; the com
pound is a potent antimitotic agent (38). Structure-activity 
studies indicated that the C-3 ester is necessary for signifi
cant activity, while a free carbinolamide at C-9 is also ad
vantageous for optimal activity (26). Regrettably, may tan
sine failed to show therapeutic activity in phase II clinical 
trials, even though it was tested in many different protocols, 
and clinical studies with this interesting compound have 
now been discontinued. Reviews on the chemistry and 
pharmacology of maytansine and the may tan sino ids have 
appeared (48, 50). 

Phyllanthoside 

The novel glycoside phyllanthoside (11) was originally iso
lated by Kupchan from the tree Phyllanthus acuminatus and 
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Figure 7. Structural formula of phyllanthoside (11). 

~o CH3 

I I 
o H 

12 

Figure 8. Structural formulae of 4-ipomeanol (13). 

its structure partially elucidated (26). Subsequent work by 
Pettit and his co-workers has completed the structural elu
cidation and has uncovered the existence of several related 
glycosides named phyllanthostatins 1-3 (35, 36). Phyllan
tho side has exhibited a curative level of activity against the 
murine B16 melanoma, and is presently in preclinical toxi
clinical toxicology prior to consideration for eventual clini
cal trial (6). 

4-Ipomeanol 

The furan derivative 4-ipomeanol (13) was first isolated as 
the major component of a group of closely related toxic 
furans produced by the common sweet potato (Ipomea bota
tas) in response to infection by the fungus Fusarium solani 
(2, 3). 4-lpomeanol and its congeners show lung toxicity in 
cattle. This toxicity has been shown to result from activation 
of the furan ring by a specific P-450 mono oxygenase, 
generating a reactive electrophilic species which can then 
alkylate tissue (4). 4-lpomeanol is under development at the 
National Cancer Institute as a lung specific antitumor agent 
and approval has been granted for phase I clinical trials (6). 
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HYPERTHERMIA 

MARK W. DEWHIRST 

This chapter will provide a brief overview of the biologic 
rationale for the use of hyperthermia in cancer therapy, a 
review of the current clinical literature and a discussion on 
areas for future research. Readers interested in further de
tails about this form of therapy are referred to several recent 
books and monographs (13, 31, 37, 38, 57, 61, 63, 67, 68, 88, 
92). 

BIOLOGICAL RATIONALE 

There are several biologic effects observed when tissues are 
raised to temperatures in the range of 39-50°. These effects 
form a strong biologic rationale for the use of hyperthermia 
in cancer therapy: 

(1) Temperatures above 4lSC are cytotoxic, with the 
rate of cell kill being dependent on temperature (14). 

(2) The cytotoxicity may be more prominent in cells 
which are at a low pH and p02; a condition often seen in 
tumors but uncommon in normal tissues (85). 

(3) Hyperthermia may preferentially act in tumor tissues 
because it causes microcirculatory collapse at lower tem
peratures in tumors than in normal tissues (85). 

(4) Tumor microcirculation is vasodilated and generally 
unable to respond to hyperthermia, whereas normal tissues 
can vasodilate providing a mechanism for cooling. This 
difference tends to lead to preferential tumor heating during 
hyperthermia treatment (95). 

(5) Hyperthermia is known to be synergistic with radio
therapy and a variety of chemotherapeutic drugs, including 
nitrogen mustards, cisplatin, adriamycin, nitrosoureas and 
mitomycin-c (31). 

Since the rate of cell kill by hyperthermia is dependent 
upon temperature and time, it is theoretically possible to 
compare the relative effectiveness of different time tem
perature combinations. The relationship is most readily 
demonstrated by utilizing an Arrhenius plot. In an Ar
rhenius plot the rate of cell kill is plotted as a function of 
temperature. Roughly speaking, the rate of cell kill doubles 
for every 1°C above 43°C and reduces by a factor of 4-6 for 
every 1°C drop below 43°C (21, 83). This relationship has 
been shown to exist in vitro and in vivo, for a variety of 
tumor and normal tissues. Formulations of time
temperature equivalency, based on the Arrhenius relation
ship have been proposed, to form the basis for a clinically 
useful estimate of treatment effectiveness (or dose) (21, 83). 
The use of the word "dose" for these conversions has been 
somewhat misleading since they do not refer to a physical 

quantity (22). More importantly, there are several assump
tions inherent in their current use, which could make their 
validity questionable, without appropriate modifications. 

One of the largest modifiers of hyperthermia sensitivity is 
thermotolerance (acquired resistance to hyperthermic cell 
kill) (31). Thermotolerance can develop as a result of long 
heat treatments (> 3 hours) at temperatures less than 43°C 
or from treatment at hyperthermic temperatures, followed 
by a return to normothermia. The kinetics of ther
motolerance development and rate of its decay are depend
ent on the time and temperature of the initial exposure. This 
phenomenon could reduce the effectiveness of fractionated 
hyperthermia, especially when the intertreatment interval is 
less than 72 hours (60). 

A somewhat opposite effect can occur in so called "step
down" heating. In this case, temperatures are brought above 
43°C and subsequently dropped to temperatures below 
43°C. When this happens, the slope of the Arrhenius plot 
does not change below 43°C, as described previously, but 
remains at a factor 2 drop in rate of cell kill for every 1 °C 
drop in temperature below 43°C. Thus, when step down 
heating occurs clinically, temperatures less than 43°C can be 
more effective than would be predicted from the time
temperature equivalency calculations. (35). 

Three other factors which can alter the slope or position 
of the Arrhenius plot are pH, the resting temperature of the 
tissue prior to heating and the combination with radio
therapy (12, 23, 69). 

It should be noted that although the slopes of the Ar
rhenius plots for various tissues are similar, the absolute 
heat sensitivity varies considerably. For example, muscle, fat 
and skin are relatively heat resistant while brain and liver are 
relatively heat sensitive (19). 

In addition to the factors defined above, the current time
temperature equivalency calculations do not provide in
formation on potentially important interactions that may 
occur at sublethal but supranormal tempe~atures (39-
41.5°C). For example, temperatures between 3<) and 41.5°C 
may improve tumor blood flow and oxygenation, thereby 
increasing radiosensitivity (62, 85). In addition they are 
known to inhibit repair of sublethal radiation damage. Fur
thermore, when hyperthermia is combined with some che
motherapeutic drugs, such as melphalan, cytoxan and cis
platin, synergism in terms of cell kill is observed even though 
temperatures between 39 and 41.5°C are not cytotoxic by 
themselves (31) . 

The ultimate usefulness of time-temperature equivalency 
calculations will be dependent upon future research which 
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will delineate how to make appropriate modifications of the 
basic Arrhenius relationship to account for the various 
modifiers discussed above (21, 22, 83). 

In spite of the problems encountered currently in quan
titating thermal "dose" the biologic rationale for its use is 
quite strong. The enthusiasm from the biologists has carried 
over into the clinical as well. The human studies which have 
been done to date have shown rather impressive tumor 
response rates without significant toxicity. Overgaard (70) 
recently reviewed the world's literature and found that near
ly 11,000 human patients had been treated with hyperther
mia in the past ten years. The most impressive subgroup 
were those patients where paired nodules were treated - one 
with radiotherapy alone and the second with hyperthermia 
and radiotherapy. This subgroup numbered several hun
dred. The encouraging fact was that the complete response 
rates for the combined therapy group were consistently 1.5 
to 2 times higher than the radiotherapy alone controls. This 
was in spite of considerable variation in method and dose of 
radiotherapy and techniques of hyperthermia delivery. The 
question which remains largely unanswered at this time, 
however, is whether the improvement in response rates will 
affect cure rates. Development of clinical trials to answer 
this question have been slow, largely because of a lack of 
equipment which can reliably and predictably heat target 
tumor tissues without harming adjacent normal tissues. As 
will be shown in a later section, nonuniform intratumoral 
temperatures have a significant prognostic effect in clinical 
hyperthermia. Thus, many investigators have been reluctant 
to initiate phase III testing in potentially curable patients 
until improvements in hyperthermia delivery and monitor
ing can be made (16, 70). In the next section, the most 
commonly used hyperthermia devices will be discussed, with 
an emphasis on the strengths and weaknesses of each. 

PHYSICAL TECHNIQUES OF HYPERTHERMIA 

There are two challenges in hyperthermia engineering today. 
The first is to be able to measure temperature in heated 
tissues and the second is to be able to deliver power to a 
given target volume reliably and predictably. 

Hyperthermia delivery devices can be conveniently cat
egorized into those which are designed to heat locally, re
gionally and systemically. Local hyperthermia techniques 
have included external microwave applicators (29, 39, 40, 
56,72), ultrasound (18, 20,50,56), small magnetic induction 
coils (2, 6, 32, 33, 42, 47, 48), and capacitive radiofrequency 
techniques. Implantable microwave antennae (90), metallic 
needles conducting radiofrequency currents (localized cur
rent field LCF) (18) and ferromagnetic techniques (86) have 
also been investigated for their potential usefulness in local 
hyperthermia. Typically, these techniques have been used 
for treatment of peripherally accessible lesions. Interstitial 
techniques have also been investigated for their usefulness in 
treating deep seated sites, such as pelvis (54, 96) and brain 
(53). The external beam techniques have been restricted to 
superficial lesions because of their limited depth of penetra
tion. For example, for 915 MHz microwaves, the maximum 
depth that can be heated is 4 cm. Plane wave ultrasound may 
do somewhat better, but is still probably limited to a maxi
mum of 6-7 cm (63). A second limit to many external micro-

wave and ultrasound techniques is an inability to control 
applied power spatially. As mentioned earlier, the tem
perature in homogeneities which develop during hyperther
mia have significant prognostic importance. Therefore, 
devices which have the capability of controlling power in 
individual parts of the heated volume should help to im
prove the temperature uniformity and the effectiveness of 
this therapy. Devices of this type are being developed cur
rently and it is hoped that they will begin to solve this 
problem. Spatial temperature control is already somewhat 
achievable with interstitial microwave antennae (53) and 
with the LCF technique (5). A third, rather novel, approach 
to the problem has been the development of ferromagnetic 
implants, which undergo a curie point transition in the 
desired temperature range. When the seeds are placed in an 
inductive magnetic field, eddy currents develop in them 
leading to resistive heating. However, once the curie point 
temperature is reached, they lose their magnetic properties 
and cease to heat. The adjacent tissues subsequently heat by 
thermal conduction. With proper implantation techniques, 
it is theoretically possible to achieve very uniform heating 
with this technique, despite wide variations in tumor blood 
perfusion, a major avenue for heat loss and temperature 
inhomogeneity during hyperthermia (55, 86). 

REGIONAL HEATING TECHNIQUES 

The depth of heating with single external beam applicators 
is limited. Thus, for deep seated lesions, alternative methods 
have been devised which generally are capable of applying 
power to a relatively large region of the body, such as the 
pelvis or abdomen. With these techniques, one relies largely 
upon the commonly encountered sluggish tumor blood flow 
to result in preferential tumor heating, relative to surround
ing normal tissue. 

Regional hyperthermia has been investigated utilizing 
techniques involving magnetic induction at 13.56 MHz (63), 
cophasic microwave arrays (91) and capacitively coupled 
radiofrequency techniques (41). Comparisons have been 
made between the magnetic induction techniques and the 
co phasic array, on a theoretical and clinical basis. In 
general, neither device is capable of heating all the tumor 
volume in many deep seated lesions, although the annular 
cophasic array tends to do better (26, 82, 89). Less work has 
been done thus far, to document the capacitive of technique, 
and it has not been directly compared with the other two 
regional heating techniques on an experimental or theoreti
cal basis. It is known, however, that heating of superficial fat 
layers is a potentially serious limitation and cannot be over
come when fat exceeds 3cm depth (41). 

A variety of methods have been utilized for induction of 
whole body hyperthermia. They have included hot wax, 
water suits, arteriovenous shunts and radiant heating de
vices (58). Recent advances in anesthetic management and 
methods of hyperthermia induction have reduced the sys
temic toxicity of this procedure (11,81), although its efficacy 
has yet to be documented fully (79). One potential advan
tage of total body hyperthermia is a reduction in the mag
nitude of temperature gradients. Thus, it may be of use in 
combination with radiotherapy, in addition to its potential 
as an adjuvant to chemotherapy. However, systemic tem-



peratures cannot safely exceed 42°C. Thus, direct heat cyto
toxicity will be less of a factor with this form of therapy than 
is observed with local and regional techniques. 

Monitoring of the efficiacy and safety of hyperthermia 
treatment is dependent upon the measurement of tem
perature. The importance of temperature monitoring has 
been demonstrated in a number of clinical reports (4, 15, 17, 
52,64,94). However, thermometry in clinical hyperthermia 
is problematic, because it is necessarily invasive. No ac
curate method for measuring temperature noninvasively is 
available (8). Development of noninteractive sensors has 
greatly improved the accuracy of measurement in micro
wave and radiofrequency fields (9), but patient tolerance 
and practicality limit the number of thermometers which 
can be placed. The recent development of multijunction 
thermometers (93) and pull back techniques (25) have in
creased the amount of information which can be gained 
from a single catheter placement. However, even more in
formation will be needed to generate complete three-dimen
sional temperature fields. The problem may ultimately be 
solved by combining limited invasive temperature measure
ments with heat transfer modelling (82). 

CLINICAL RESULTS 

Heat alone 

The clinical effects of heat alone have been recently sum
marized by Meyer (57). In general, heat alone is of limited 
usefulness, since complete responses are infrequent and re
growth is common. 

Heat and radiotherapy 

Most of the clinical experience which has been obtained thus 
far with hyperthermia has been with peripherally accessible 
lesions. This has been true because the development of safe 
and practical methods of heating deep seated tumors has 
been relatively slow. The clinical data has been recently 
reviewed (70, 73). Much has been learned from this initial 
experience, although the majority of patients have not been 
evaluable for long-term tumor control. 

Several institutions have reported on patients with two or 
more lesions where one lesion served as a radiotherapy alone 
control (70, 73). In all series reported the response rates of 
those lesions receiving the combined therapy was superior to 
the controls, usually by a factor of 1.5-2. In addition, these 
results have been obtained without significant enhancement 
of normal tissue effects, from radiotherapy or hyperthermia 
itself. More recently, the encouraging results obtained for 
initial response have been shown to hold true for long-term 
tumor control (4, 84). In both studies, control lesions re
ceived tolerance dose radiotherapy alone with small doses 
per fraction. The failure rate in the control lesions was 
higher, but no thermal enhancement in late radiation effects 
was observed in those sites that received the combination 
therapy. Thermal enhancement in early and late radiation 
effects has been observed in other reports, with the severity 
being dependent upon the radiation dose per fraction and 
the sequence used between hyperthermia and radiotherapy. 
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When hyperthermia was given immediately after radiother
apy with doses per fraction of 4-5 Gy, enhancement in 
normal tissue effects was observed (3, 71). These results are 
in agreement with extensive data in murine models which 
have investigated sequencing. Minimization of normal tis
sue effects was seen when hyperthermia followed radio
therapy by 2-3 hours (66). 

In summary, the results from the paired lesions studies 
have demonstrated that the combination therapy is superior 
to radiotherapy alone for palliative treatment of recurrent 
or metastatic lesions. Consequently, the modality is rapidly 
developing as an adjuvant treatment option in general ra
diotherapy practice. Hyperthermia systems are now com
mercially available for external and interstitial treatment of 
the above mentioned lesions. In one sense, it is encouraging 
to see the general employment of this modality, since it can 
offer effective therapy. However, there are many factors 
which influence its effectiveness and safety; work is continu
ing to elucidate these factors further. Some of these factors 
are discussed below. 

Perhaps the most influential factor influencing therapy 
effectiveness and safety is the temperature gradient which 
develops during hyperthermia treatment. Temperature gra
dients were first demonstrated to be clinically important in 
murine systems (27, 97). Clinically, this was verified in pet 
animal tumors by Dewhirst et at (17) when they demon
strated a significant correlation between minimum mon
itored tumor temperature and prognosis for tumor control. 
Several human clinical reports have substantiated the im
portance of temperature gradients as well (4, 52, 64). It is 
clear that in most clinical situations it is not possible to heat 
all of the tumor volume. Unfortunately, because of the 
limited thermometry which is currently available, it is not 
feasible to determine how much a tumor volume must be 
heated to achieve a maximal effect. Therefore, it is very 
difficult to document when adequate therapy has been de
livered (15). These results emphasize the need for develop
ment of improved thermometry systems, which may ulti
mately rely partially on heat transfer modelling (82). Quality 
assurance in hyperthermia therapy is further complicated by 
factors which relate to patient tolerance of the therapy and 
the experience of the personnel involved in therapy delivery. 
Furthermore, techniques for therapy documentation and 
verification of reproducibility are still under development 
(65). Several studies have demonstrated that radiotherapy 
dose influences the efficacy of the combinated modality (28, 
52, 64, 71, 94). Thus, when previously irradiated lesions are 
being treated it is necessary to deliver a dose which is as close 
to tolerance as possible. When previously unirradiated 
lesions are treated, conventionally fractionated tolerance 
doses are probably indicated (73). One reported advantage 
of thermoradiotherapy over radiotherapy alone has been its 
ability to control relatively large tumors. However, even 
with this form of therapy, tumor response rates tend to drop 
with increasing tumor volume (4, 17, 64). Two factors are 
probably responsible for this phenomenon. Firstly, larger 
tumors probably have more clonogenic cells in them, thus 
requiring more optimal hyperthermia. Secondly, larger 
tumors are more difficult to heat. This difficulty may, in 
large part, be reflective of inadequate hyperthermia devices 
(17, 74). 

Three other factors which will probably play a role in 
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hyperthermia treatment efficacy are the timing between 
hyperthermia fractions, the number of fractions delivered 
and optimization of the combination with fractionated ra
diotherapy. Protocols are underway in a number of in
stitutions to define these parameters but currently data are 
just not available (73). It should be emphasized that the 
clinical data which is currently available has been gained 
from phase I-II testing. Phase III testing has not been done 
in human patients to date and this must be done to confirm 
whether hyperthermia will be an effective adjuvant form of 
therapy for potentially curable patients (16, 70, 73). 

Hyperthermia and chemotherapy 

Progress in the clinical utilization of hyperthermia and che
motherapy has not been as rapid or as extensive as with 
radiotherapy. Thus, its value in this setting is less well de
fined (43). Rationale for its use lies in the following observa
tions: (1) It is synergistic with a variety of chemotherapeutic 
drugs, including nitrogen mustards such as cytoxan and 
melphalan, cisplatin, adriamycin mitomycin-c (31) and lon
idamine (70). (2) It makes some drugs, not normally thought 
of as chemotherapeutic agents, cytotoxic. Examples of these 
types of agents include Actinomycin D (31), Lidocaine (98) 
and thiopental (80). (3) Its combination with local or region
al hyperthermia could potentiate its effects in the region of 
tumor, while reducing systemic toxicity. 

Perhaps the most impressive series of clinical reports 
published thus far have involved low temperature (40-
41.4°C) limb perfusion combined with melphalan for the 
treatment of limb sarcomas and melanomas (7, 87). These 
investigators have had the longest clinical experience with 
the use of hyperthermia and chemotherapy. Therefore, it has 
been possible to assess long-term control and survival. The 
results for advanced loco-regional disease have been re
ported to be superior to historical controls involving per
fusion with melphalan at normothermia. For example, 
Stehlin (87) reported 5-year survival rates for stage IlIA 
melanoma to be 22% and 76.7% for perfusion alone and 
combined with hyperthermia, respectively. It is unfortunate, 
that these studies were not randomized prospective trials. 
Therefore, it has been difficult to make a definitive statement 
about this procedure, relative to more conventional forms of 
therapy. Recently, however, results of a randomized pro
spective trial were reported in which hyperthermic limb 
perfusion, used as a postoperative procedure, was compared 
to surgery alone (24). Statistically significant improvements 
in local control rates were observed for all stages of loco
regional disease (I, II, III) with the addition of hyperthermic 
limb perfusion with melphalan. 

The rationale for the use of whole body hyperthermia in 
combination with chemotherapy lies in its potential to treat 
refractory disseminated solid malignancies and other forms 
of systemic malignancy. The question which must be ad
dressed, however, is whether this type of treatment can be 
given without causing significant systemic toxicity. There is 
some evidence from murine models that a therapeutic gain 
is possible through manipulation of sequencing between 
drug administration and induction of hyperthermia (1, 36). 
Alterations in pharmacokinetics during hyperthermia due to 
changes in the rates of metabolism and/or biodistribution 

may provide mechanisms for exploiting this combination to 
achieve therapeutic gain (36, 59, 78). 

The clinical studies which have been published to date 
investigating total body hyperthermia and chemotherapy 
have focused largely on physiologic effects and defining 
toxicities. Nevertheless, some tumor response information 
has been provided. For example, Pettigrew and collabora
tors (46, 75, 76, 77) observed objective responses in 11/13 
patients treated with heat and chemotherapy. Larkin (44, 
45) reported a 43% response rate in 72 patients treated with 
a variety of disseminated solid malignancies. Historically the 
toxicity of the hyperthermia procedure itself has limited a 
more rapid development of this technique. Recent advances 
in method of anesthetic management (11) and techniques for 
hyperthermia induction (81) have renewed interest in this 
technique. It remains to be seen, however, whether the 
procedure will be of clinical value. 

SUMMARY 

It is clear that there is a strong biologic rationale for the use 
of hyperthermia in combination with chemo- and radiother
apy. The clinical results which have been obtained thus far 
confirm that the modality has clinical utility. 

In future years, studies must concentrate on optimization 
of the use of heat with other modalities, especially in regard 
to sequencing and time-dose fractionation. In addition, the 
true test of hyperthermia; namely demonstration that it can 
result in increased tumor control rates without significant 
elevation of toxicity, has not been demonstrated in random
ized studies. Such studies will be greatly facilitated by con
tinued development in hyperthermia delivery and monitor
ing devices. 
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CURRENT ADVANCES IN BMT* FOR CANCER TREATMENT 

DAHLIA V. KIRKPATRICK and LILIAN DELMONTE 

LIST OF ABBREVIATIONS 

AL 
ALL 
ANLL 
AP 
ASTA-Z 
BCNU 
BMT 
BP 
CGL 
CML 
CP 
CP-I 
CP-2 
CR 

CR-I 
CR-2 
CR-3 
CT 
DMSO 
DTIC 
EBV 
4-HC 
GvHD 
GvL 
HCL 
HD 
MAb 
NHL 
PR 

RT 
SBA 
SCLC 
TBI 
VP-16 

acute leukemia 
acute lymphoblastic leukemia 
acute non-lymphocytic leukemia 
acute phase 
mephosphamide 
carmustine 
bone marrow transplantation 
blast phase (blast crisis) 
chronic granulocytic leukemia (see CML) 
chronic myelocytic leukemia (see CGL) 
chronic phase 
first chronic phase 
second chronic phase 
complete response: 100% regression of all 
measurable lesions 
first complete remission 
second complete remission 
third remissions 
chemotherapy 
dimethyl sodium dioxide 
dacarbazine 
Epstein-Barr virus 
4-hydroperoxycyclophosphamide 
graft-versus-host disease 
graft -versus-leukemia 
hairy cell leukemia 
Hodgkin's disease 
monoclonal antibody 
non-Hodgkin's lymphoma 
pari tal response: 2': 50% regression of all meas
urable marrow 
radiotherapy 
soybean hemagglutinin 
small cell lung carcinoma (oat cell carcinoma) 
total body irradiation 
etoposide 

Table 1. Complication risk in bone marrow transpantation (BMT). 

Donor: recipient 
match 

Allogeneic 
Syngeneic (Twin) 
Autologous 

* Bone marrow transplantation. 

Immunosuppression 
before BMT 

+ 

INTRODUCTION 

Bone marrow transplantation (BMT) has become an ac
cepted form of treatment for acute leukemia, aplastic ane
mia, and severe combined immunodeficiencies, and has re
cently become an alternative treatment for solid tumors, 
particularly lymphoma. The purpose of BMT is to re
populate the hemopoietic and lymphoid system following 
eradication of malignant cells with extremely high doses of 
chemotherapy (CT) and/or radiotherapy (RT) and, hope
fully, to inhibit progression of the malignant process. 

In the clinical situation, three types of BMT are possible: 
(I) Autologous BMT, using the patient's stored bone mar
row; (2) syngeneic BMT, using identical twin donor marrow; 
or (3) allogeneic BMT, using marrow from related or un
related individuals (Table 1). Allogeneic BMT is done pri
marily using intact marrow from genetically matched sib
lings or, occasionally, using T lymphocyte-depleted marrow 
from a genetically mismatched parent or other close relative. 

The difficulty of finding genetically matched donors, and 
the high risk of graft-versus-host disease (GvHD) and fatal 
interstitial pneumonitis, even with the best of matches, has 
led to the exploration of autologous BMT as a viable alter
native for allogeneic BMT. Unfortunately, it is becoming 
increasingly apparent that the autologous approach may be 
less effective than the allogeneic approach for achieving 
durable suppression of malignant disease (Table 1). 

Prior to marrow infusion, the patient is usually put into 
remission using CT and RT. Immunosuppressive condition
ing is required only in the allogeneic situation (Table 1). 

GRAFT -VERSUS-HOST DISEASE 

Graft-versus-host disease (GvHD) has been a major com
plication for the transplant recipient, and continues to be so 
in spite of recent attempts using monoclonal antibodies 
(MAbs) to deplete the marrow of T cells (15, 42). Other T 

Risk of 
GvHD 

+ 

Risk of 
relapse 

+ 
+++ 
+++ 

Risk of fatal 
pneumonitis 

+++ 
+ 
+ 
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cell depletion techniques, notably the soybean lectin, have 
been highly successful in limiting the severity of GvHD, but 
have resulted in a higher rate of rejection and relapse (15). 

GRAFT -VERSUS-LEUKEMIA 

In 1965, Mathe et al. (90) observed that CT could reduce the 
tumor burden of mice bearing Ll210 leukemia by no more 
than 5 logs at best. Thus, when early trials with BMT failed 
to achieve lasting therapeutic effects in cancer patients, this 
was generally thought to reflect a failure of the pre-BMT 
conditioning regimens to extirpate all malignant cells. 

More recently, improvements in transplant technology 
have led to long-term survival in 20-60% of patients with 
acute lymphoblastic leukemia (ALL) transplanted in first or 
second remission (CR-I or CR-2) (30, 142), and 50-60% of 
patients with acute non-lymphocytic leukemia (ANNL) 
transplanted in first remission (CR-l) (141) or CR-2 (31). 
This has led to the widespread assumption that the efficacy 
of BMT in acute leukemia is related to improved anti
leukemic efficacy of the high doses of CT and R T adminis
tered to condition the patient for BMT. 

A factor that may contribute to the antileukemic efficacy 
of allogeneic BMT is graft-versus-leukemia (GvL) reac
tivity, a phenomenon first proposed by Barnes (7) and 
Mathe et al. (90), and then later by Bortin et al. (14) who 
observed that development of GvHD in mice engrafted with 
genetically matched allogeneic marrow was frequently as
sociated with an increased tumor cure rate. The GvL 
hypothesis proposes that destruction of residual leukemia 
cells during the post-transplant period may be effected by 
the GvHD process itself, or by antibodies to alloantigens 
(minor histocompatibility antigens and/or leukemia-associ
ated antigens) expressed by engrafted donor lymphocytes. 

In man, the concept of GvL activity was supported by a 
study by Weiden (145). He documented a low relapse rate in 
patients with chronic GvHD, and a high relapse rate in 
recipients of syngeneic (identical twin) transplants. He docu
mented disease-free survival vs leukemic relapse in 46 syn
geneic marrow recipients. One-hundred seventeen allogeneic 
sibling marrow recipients developed only low-grade or no 
GvHD, and 49 allogeneic sibling marrow recipients de
veloped moderate to severe acute GvHD or chronic GvHD. 
Survival was 50% at 2 years for patients with grade II-IV 
acute GvHD, as compared with 25% for those with grades 
0-1 acute GvHD. Patients who developed chronic GvHD 
without prior acute GvHD had an 80% survival at 2 years. 
Thus, the likelihood of achieving a remission lasting two 
years appeared to be significantly higher for allogeneic 
transplant recipients with moderate to severe GvHD than 
for those with only mild GvHD or no GvHD. 

In 1985, Gale and Champlin (45) reviewed the leukemic 
relapse rates reported by various centers for a total of 370 
marrow transplant recipients conditioned with the same 
CT/RT regimen. Thirty-one had received marrow from a 
monozygotic twin; 339, marrow from a matched allogeneic 
sibling. The actuarial relapse rate among the twin marrow 
recipients was 59%, while that among sibling allograft reci
pients was 18% - a highly significant difference. The authors 
proposed that the high relapse rate in the twin situation 
might be due to the absence of GvHD, while the low relapse 

rate in the allogeneic situation might reflect GvHD-asso
ciated GvL reactivity. Ongoing clinical investigations are 
aimed at manipulating GvHD in marrow allograft reci
pients to exploit this apparent antileukemic effect. 

SECONDARY MALIGNANCIES AFTER BMT 

Secondary malignancies occur with a greater frequency in 
marrow transplant recipients than in the general population. 

Canine studies have suggested that such malignancies 
arise as a consequence of the high dose of total body irradi
ation (TBI) used in conditioning the recipient for BMT (27). 
Among 153 healthy dogs who received marrow auto- or 
allografts, the incidence of malignancies developing over a 
median period of 33 months was five times greater when 
their conditioning regimen included TBI than when their 
conditioning regimen consisted of CT (cyclophosphamide 
and myleran) without TBI. 

While cytogenetic studies have shown that in man most 
leukemic recurrences after BMT are of host cell origin, 
about 5% of recurrences do occur in donor cells. In a 
retrospective analysis of almost 2000 marrow allograft re
cipients, Deeg et al. (28) documented 20 secondary malig
nancies occurring within 2 months to 5 years after trans
plantation. All but one (a patient with aplastic anemia) had 
been transplanted for hemopoietic malignancy. All but three 
had received TBI (8.0-15.75Gy) as part of their condition
ing regimen. Six of the 20 patients with secondary malignan
cies had recurrence of leukemia in donor-type cells, eight 
developed lymphoproliferative malignancies (four of donor
type, three of host-type, and one of undetermined origin), 
and six developed solid tumors. 

Epstein-Barr virus (EBV) associated lymphoma or 
lymphoproliferative disease in donor-derived cells has been 
reported in two recipients of marrow treated with mono
clonal antibody (MAb) (89) and recipients of donor marrow 
depleted ofT cells prior to transplantation (126). In a survey 
of 33 BMT recipients with leukemic relapse, Schubach et al. 
(127) identified secondary lymphoproliferative malignancies 
in the five patients whose cells contained the EBV genome or 
expressed the viral antigen, but not in the other 28 patients 
who were EBV-negative. This observation is consonant with 
the widely-held hypothesis that oncogenic viruses may play 
a role in the development of secondary malignancies in 
BMT recipients. The investigators concluded that the etiol
ogy of secondary malignancies in human BMT recipients is 
probably multifactorial, and may include TBI, immuno
suppression, and transformation of donor cells by a viral 
oncogene or by viral transfection. 

HIV infection and marrow transplantation 

Following BMT the immune response is altered and many 
patients are unable to mount normal antibody responses. In 
the early post transplant period HIV infections are difficult 
to document because many patients are unable to produce 
specific antibodies to HIV. These patients should be eval
uated for HIV antigen and the polymerase chain reaction 
test for HIV should be used in lieu ofthe HIV antibody test. 

Studies of infants infected with HIV have demonstrated 



that some of these infants are negative on the antibody test 
but have now shown to be infected with the virus by the 
polymerase chain reaction (84). 

BMT has been attempted without success for HIV. A twin 
transplant was performed by Hassett, Zaroulis et al (66) 
however; the recipient failed to attain immune recon
stitution. The donor cells probably became infected with the 
virus and the patient's condition ultimately deteriorated. 
Although BMT has been successful in reconstituting con
genital severe combined immunodeficiency the patient with 
acquired immunodeficiency has a viral vector which is ca
pable of transfecting the immunocompetent cells of the 
donor. Transplantation of normal cells into a host with an 
immunosuppressive virus is doomed to fail unless a satisfac
tory antiviral agent is available. 

BMT FOR ACUTE LEUKEMIAS 

Allogeneic BMT for acute leukemia 

In initial studies, Thomas and colleagues (137) established 
that 15% of patients who had terminal acute leukemia (AL) 
resistant to all standard therapies, could achieve long-term 
survival with BMT. These observations in poor risk patients 
prompted the investigators to consider using BMT earlier in 
the course of the disease. 

Acute nonlympbocytic leukemia (ANLL) 

The dismal prognosis for CT-treated patients with early 
acute non-lymphocytic leukemia (ANLL) - a median sur
vival of one year (see (Ill» - and the equally dismal outlook 
for patients transplanted in the late course of their disease 

16: Marrow transplantation for cancer 167 

(137), prompted investigators to explore allogeneic BMT for 
early ANLL. The Seattle group (124, 141) reported that 
transplantation for ANLL in CR-l increases the survival 
rate to approximately 60%, and is associated with a high 
early mortality but a dramatic reduction of the relapse rate 
to 15-21 % (Table 2). These data demonstrated that some 
BMT -associated risks relate directly to the patient's physical 
condition and remission status at transplantation. 

Encouraged by these results, several cancer centers ini
tiated prospective randomized trials comparing the thera
peutic efficacy of CT followed by allogeneic BMT and CT 
with the efficacy of CT alone for ANLL. While about 50% 
of adults were found to achieve long-term survival when 
transplanted in CR-l (140, 141), it remains controversial 
whether this is a significant improvement over results with 
CT alone (22). Occasional late relapses have occurred in the 
transplant arm of these studies and has led to Some to 
recommend BMT in early 1st relapse or 2nd remission in the 
older patient. 

For children and young adults, the situation is more 
clear-cut. Data from four centers in the U.S. (31,43,78,125) 
and the Royal Marsden Hospital in England (111,112) have 
documented a two-year median survival rate as high as 
77-80% for children transplanted in early stage ANLL 
(Table 2). A recent report from the Children's Cancer Study 
Group clearly shows a statistically significant advantage for 
BMT in a large group of patients (63). 

At this point in time, it appears that BMT in CR-l may 
prove to be the treatment of choice for children. The indica
tiion is less clear in adults with ANLL. 

Timing of BMT for optimal disease-free survival of pa
tients with ANLL remains to be determined. The high mor
bidity and mortality during the early post-transplant period 
(47), particularly in the older patient, is a risk factor that 
requires careful reassessment within the context of this ques
tion. 

Table 2. Results of allogeneic BMT for children with ANLL in first remission. 

Number of Complete Disease-free Relapse Non-leukemic 
BMTcenter patients Age remission survival rate death rate 

Memorial 
Sloan-Kettering 13 1-19 years 78% 3 years 4% 17% 
Cancer Center (1) 

Fred Hutchinson 38 0.8-17 years 66% 3.5 years 21% 15% 
Cancer Center (2) 

City of Hope (3) 10 0-19 years 80% 10 months 20% 0% 

University of 17 6-28 years 77% 2 years 17% 17% 
Minnesota (4) 

Royal Marsden 9 8-20 years 77% 2 years 11% 11% 
Hospital, London (5) 

1. Dinsmore R, Kirkpatrick D, F10menberg N, et al.: Allogeneic bone marrow transplantation for patients with acute non-lymphocytic 
leukemia. Blood 63:649, 1984 
2. Sanders JE, Thomas ED, and the Seattle Marrow Transplant Group: Marrow transplantation for children with acute non1ymphob1astic 
leukemia in first remission: An update. Blood 66:460, 1985 
3. Forman SF, Spruce WE, Farbstein MJ, et al.: Bone marrow ablation followed by allogeneic marrow grafting during first complete 
remission of acute non1ymphocytic leukemia. Blood 61 :439, 1983 
4. Kersey JH, Ramsay NKC, Kim T, et al.: Allogeneic bone marrow transplantation in acute non1ymphocytic leukemia: A pilot study. 
Blood 60:400, 1982 
5. Powles RL, Morgenstern G, Clink HM, et al.: The place of bone marrow transplantation in acute myelogenous leukemia. Lancet 1: 1047, 
1980 
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The Memorial Sloan Kettering Cancer Center (MSKCC) 
transplant group found (31) that patients with ANLL who 
are transplanted in CR-2 are doing as well as patients with 
ANLL transplanted in first remission. In contrast, the 
Seattle Bone Marrow Transplant Group (13S) has reported 
that patients transplanted in first relapse of ANLL are 
enjoying longer disease-free survival than those transplanted 
in CR-2. It is difficult to explain why patients transplanted 
in relapse should do better than patients transplanted in 
remission. Patients in early first relapse normally have had 
less exposure to CT than patients in CR-2, and may 
therefore have disease that has not yet become refractory to 
CT. 

The increased risk for post-transplant complications such 
as veno-occlusive disease, congestive heart failure, and 
hepatic damage, must be taken into consideration when 
using agents such as anthracyclines and cytosine arabinoside 
to induce a second remission prior to BMT. This is a major 
consideration when contemplating BMT in CR-2. 

In spite of recent progress in chemotherapeutic manage
ment of ANLL, more than SO% of these patients relapse 
with CT, whereas only 8-20% relapse after BMT (84). 
Consequently, BMT is being considered as an alternative 
therapy for ANLL in first relapse. 

Acute lymphoblastic leukemia (ALL) 

Until recently, BMT for acute lymphoblastic leukemia 
(ALL) in children in remisssion was considered highly con
troversial because of excellent response rate (90%) to CT 
(90). It soqn became apparent that patients with ALL who 
relapsed while on CT have very poor prognosis, even if a 
second remission is attained, and that patients with ANLL 
transplanted in CR-l have good prognosis. This finding 
raised interest in the use of BMT for ALL. While most 
investigators would not transplant ALL in CR -1, some have 
proposed transplanting CR-l patients with Philadelphia 
chromosome-positive ALL (117). 

In the early 1980s, two reports appeared in the literature, 
comparing therapeutic responses of children with ALL in 

CR-2 to allogeneic BMT and CT (Table 3). Johnson et al. 
(7S) reported that 8 of 24 allogeneic marrow recipients but 
none of 32 CT-treated patients were surviving 3-6 years in 
unmaintained CR. Woods et al. (ISO) observed comparable 
responses: 43% of allografted but only S% of CT-treated 
children remained free of disease at 36 months. These two 
studies demonstrated that BMT is indicated for ALL in 
CR-2. 

Leukemic relapse remains the principal reason for failure 
of BMT in ALL. The Seattle Group (139, 142), who con
ditioned their patients with 120 mg/kg of cyclophosphamide 
followed by 10 Gy total body irradiation (TBI), reported a 
greater than SO% relapse rate during the first year for 
patients with ALL, regardless of whether they were trans
planted in CR-2 or in subsequent remission. Moreover, they 
found no survival advantage for patients transplanted in 
CR-l. Others (lSI, ISS), using similar pretransplant con
ditioning regimens, have observed a comparable relapse 
rate. Recently Butturini (20) reviewed the outcome of BMT 
in 871 patients with childhood ALL reported to the Inter
national Bone Marrow Transplant Registry. In these 
patients, the major reason for transplant failure was leukem
ic relapse, irrespective of whether patients were transplanted 
in CR-l, CR-2 or later remission. 

In contrast, the MSKCC marrow transplant group (30), 
using an alternative approach to the standard pre-BMT 
RT /CT regimen, achieved dramatic reduction of the first 
year relapse rate and an increase in the projected disease-free 
survival of patients transplanted in early ALL. They con
ditioned a series of S2 patients with hyperfractionated TBI 
(l3.2GY given in 11 doses of 1.2Gy over a 4-day period) 
followed by 120 mg/kg of cyclophosphamide. Twenty-two 
of the patients were transplanted in CR-2, and had a projec
ted disease-free survival of 62 %. Twenty-two of the patients 
were transplanted in CR-3, and had a projected disease-free 
survival of26%. These data suggest that allogeneic BMT for 
ALL can be effective when done in early remission, but still 
has a poor outcome when done in late disease (CR-3) or 
relapse. 

BMT for ALL in CR-l is still very controversial, because 
of the high success rate of CT for patients at this early stage 

Table 3. Comparison of allogeneic chemotherapy for children with ALL in CR-2. 

BM* Chemotherapy** 

3-year 3-year 
Patients Age CR Relapse Survival Follow-up Patients Age CR Relapse survival Follow-up 

Cancer center (no.) (yrs) (%) (%) # (mos) (no.) (yrs) (%) (%) (mos) (mos) 

Fred Hutchinson 24 4-16 60 60% 33% 36-72 21 4-16 100 0% 36 
Cancer Center (I) 

University of 15 4-22 58 58% 33% 36-72 23 4-22 95 5% 36 
Minnesota (2) 

* Transplanted in CR-2 to CR-4 
** Treated in CR-2 
# Disease-free survival 

I. Johnson FL, Thomas ED, Clark BS, et al.: A comparison of marrow transplantation to chemotherapy for children with acute 
lymphoblastic leukemia in second or subsequent remission. New Engl J Med 305:846, 1981 
2. Woods WG, Nesbitt NE, Ramsay NKC, et al.: Intensive therapy followed by bone marrow transplantation for patients with acute 
lymphocytic leukemia in second or subsequent remission. Determination of prognostic factors (a report from the University of Minnesota 
bone marrow transplant team. Blood 6: 1182, 1983 



of disease, and because of the difficulty in selecting poor-risk 
patients. Three transplant groups have initiated BMT for 
ALL in CR-l, but the patient population is heterogeneous 
and the follow-up is quite short. The Seattle Group (134) 
reported 32% disease-free survival, with a median follow-up 
of 38 months. The European Group for BMT (155) reported 
64% survival at 19 months' median follow-up. The City of 
Hope group (128) reported 60% survival after 30 months' 
follow-up. The disparity in these results may reflect either 
differences in patient characteristics (e.g., age, disease sub
type, extramedullary relapse) or in pre-transplant therapies. 
It is much too early to draw conclusions as to the value of 
BMT for ALL patients in CR-l. 

Autologous BMT for acute leukemias 

Autologous BMT for AL is still considered by some to be 
experimental. One of the earliest trials of autologous BMT 
for ALL, using marrow purged MAb J-5 to delete CALLA
positive leukemic B cells, was done by the Boston Children's 
Hospital transplant group (9, 120). Eight of 24 patients 
transplanted in CR-2 or CR-3 remained in CR for a median 
period of 16+ months (range: 4-44 months). More recently, 
Burnett (19) reported survival rate of 50% or better among 
12 adult patients with ANLL in CR-l given untreated mar
row auto grafts. This is an excellent response, when one 
considers the high early mortality among adults receiving 
allogeneic BMT. Long-term follow-up is needed to deter
mine if these results will hold up. 

CHRONIC LEUKEMIAS 

Chronic myelogenous leukemia 

Over the past 80 years, no major advances have been made 
in the treatment of chronic myelogenous leukemia (CML) 
with CT. Myleran, used since the 1950s because of its rela
tively selective myelodepressive effect, and hydroxyurea, the 
two standard drugs used in chronic phase CML, did not 
significantly prolong survival. Multidrug combinations can 
frequently induce remission, but these are usually short
lived. Recent trials of interferon in chronic phase CML 
suggest that this lymphokine may be useful in inducing a 
peripheral blood remission. However, interferon has no 
effect on the accelerated phase of the disease (84). 

There have been promising case reports of plicamycin 
(mithramycin) inducing remissions in blast phase patients, 
but the follow-up is too short in the majority of patients 
(81). 

Syngeneic (Twin) BMT 
Between 1974 and 1982, the Seattle transplant team treated 
34 patients with CML with syngeneic BMT. There was only 
one long-term survivor among the first group of eight 
patients, all of whom were transplanted in blast phase (BP) 
(see (38, 39». In contrast, eight of 12 subsequent patients, 
who were transplanted in chronic phase (CP), survived for 
a median period of 30 months (range: 21-65 months) with
out cytogenetic evidence of disease (41). At the Hammer
smith Hospital in London, two patients given twin marrow 
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for CML in accelerated phase (AP), have remained free of 
disease for over three years (50). These observations have led 
to the conclusion that prolonged arrest of CML progression 
can occur independently of GvHD-associated GvL activity., 

Autologous BMT 
Concurrently with attempts at treating CML with syngeneic 
BMT, the Seattle group (17, 18) and the Hammersmith 
Hospital group (49) explored the usefulness of myeloabla
tive high-dose CT IR T followed by reinfusion of untreated 
autologous marrow collected in CP or blood collected in BP, 
respectively, for treating patients in BP. Another rationale 
for this approach was the extreme resistance of patients in 
BP to sublethal CT and RT. The majority of patients (47/57) 
showed rapid hematologic engraftment, but median du
ration of CR-1 was only 15 weeks (range: 2-152 weeks). 
Clearly, this approach offers little benefit for treating CML 
in blast crisis, possibly due to persistence ofleukemic cells in 
the autologous marrow. 

Intensive CT or splenic RT alone can induce transient 
suppression of PhI-positive hemopoiesis in a small number 
of patients. This observation suggests the usefulness of auto
logous marrow or blood harvested in CP for restoring Ph l -

negative (presumably non-leukemic) hemopoiesis in CML 
patients following intensive myeloblative CT. It remains to 
be determined whether this phenomenon reflects merely 
prolonged transitory reestablishment of normal hemopoi
etic cell population, or whether it reflects an actual antitu
mor activity of the engrafted autologous marrow. 

Allogeneic BMT 
A number of transplant groups have treated patients with 
CML with allogeneic BMT (21, 47, 87,130). The 1985 report 
of the International Bone Marrow Transplant Registry (see 
(47» projected a three-year disease-free survival rate of 63% 
for 199 patients transplanted in CP, 36% for 146 patients 
transplanted in AP, and 12% for 146 patients transplanted 
in BP. The risk of relapse within 3 years of BMT was 
projected at 11 % for patients transplanted in CP, and 41 % 
for those transplanted in AP or BP (47). Patients allografted 
early in first CP appear to have a better chance for 3-year sur
vival (95%) than those allografted late in first CP (130). Results 
with patients transplanted in BP have been uniformly poor. 

There is still considerable controversy as to whether 
splenectomy prior to BMT is necessary. In two studies (27, 
48), it appeared that splenectomy did not improve the out
come. Subsequent studies have suggested that transfusion 
requirements and engraftment following BMT may be im
proved by prior splenectomy, but that the incidence of 
GvHD may be increased (10). 

HAIRY CELL LEUKEMIA 

Hairy cell leukemia (HCL) is a rare variant of chronic 
lymphocytic leukemia seen predominantly in older in
dividuals. About one half of these patients respond to 
splenectomy, and require no further treatment until disease 
progresses. Those who fail splenectomy may respond to a 
limited number of modalities such as chlorambucil (53), 
androgens (88), or leukapheresis (152). The most promising 
investigational agents for inducing remissions in this disease 
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appear to be alpha interferons (72, 114, 116), and pentos
tatin (2-deoxycoformycin) (132). 

Syngeneic BMT, following conditioning with high-dose 
CT (cyclophosphamide, dimethyl myleran) and TBI, has 
been used successfully in a 47 year-old male patient who has 
remained free of evidence of disease for six years (23). This 
suggests that BMT might be a potentially curative thera
peutic modality that should be explored further in patients 
who fail standard therapy. 

SOLID TUMORS 

More than one half of solid tumors of childhood are now 
curable by combination CT (83). Many adult tumors -
including testicular carcinoma, teratomas, and breast cancer 
- are also responding well to currently used combination 
CT. However, certain tumors - such as neuroblastoma 
Stage IV, metastatic malginant melanoma, lymphomas 
(particularly B cell lymphomas), Ewing'S sarcoma, rhab
domyosarcoma Stage IV, and metastatic retinoblastoma -
remain a serious challenge to the oncologist. Despite ex
cellent initial response to CT and RT, patients relapse rapid
ly. Many clinicians feel that some of these patients might be 
salvaged with extremely high doses ofCT and RT. However, 
the myelotoxocity of most effective agents limits this ap
proach. 

BMT rescue has always been an attractive therapeutic 
option. Currently, several cancer centers are exploring this 
treatment modality as a means for permitting wider appli
cability of high-dose CT. Autologous BMT has the advan
tage of avoiding the high risk of fatal GvHD and greatly 
reducing the incidence of fatal viral infections that plague 
recipients of allogeneic BMT, and of circumventing the· 
problem of finding a genetically matched parent marrow 
donor. Nevertheless, the usefulness of autologous BMT 
remains questionable for patients with malignant invasion 
of the marrow. 

The chemotherapeutic agent that has been found most 
appropriate for pretransplant conditioning in patients with 
solid tumors is high-dose melphalan. Its principal toxicity is 
to the marrow. Unlike cyclophosphamide, melphalan has 
the advantage not being included in standard protocols for 
most solid tumors other than myeloma. Therefore, the ma
jority of solid tumors are not likely to have developed resist
ance to melphalan. 

In addition to melphalan, numerous new drug combi
nations are being evaluated in solid tumors. Of these, the 
combination of thioTEPA with cyclophosphamide is prob
ably the most effective for conditioning preparatory to au
tologous BMT (147). ThioTEPA has had limited use in 
standard therapy of solid tumors because of its severe mye
lotoxicity. The advantage of using ThioTEPA for cyt
oreduction preparatory to BMT is that most patients have 
not received this drug, and that most refractory solid tumors 
are sensitive to ,combinations incorporating this drug. The 
list of tumours responding to thioTEPA is impressively 
long: It includes breast cancer, small cell lung cancer, and 
colon cancer. 

In the light of these findings, many investigators are now 
re-evaluating old therapeutic agents, withdrawn from the 
clinic because of unacceptable myelotoxicity, for potential 
use for cytoreduction prior to BMT. 

A variety of chemical, immunologic, and physical meth
ods have been explored to purge the marrow of tumor cells 
in vitro prior to autologous BMT (Fig. 1). This offers an 
exciting therapeutic potential: It is possible to treat marrow 
'in vitro, without significantly affecting its hemopoietic re
population in vivo. It has been reported that autologous 
BMT accelerates the rate of recovery from CT-induced 
myelosuppression (2, 54, 86). However, in some patients 
hemopoietic recovery following transplantation of stored 
autologous marrow has been exceedingly slow and incom
plete, irrespective of whether the marrow has been 'purged' 
or left untreated prior to cryopreservation (35, 116). Thus, 
this problem is probably a consequence of the cryopreser
vation methodology. Recent improvements in cryopreser
'vation (see (69)) may help resolve this problem. 

Marrow 'purging' techniques 

Chemical 'purging' 
Two cyclophosphamide metabolites - 4-hydroperoxycy
clophosphamide (4-HC) and mephosphamide (ASTA-Z) -
and a derivative podophylline - etoposide (VP-16) - are 
being looked at in both the laboratory and the clinic. ASTA
Z has the advantage of being much more stable in its crystal
line form than 4-HC, but the disadvantage of only prevent
ing cells from entering DNA synthesis, rather than killing 
them as 4-HC does. 

At dose levels used in vitro in most clinical laboratories to 
'purge' marrow preparatory to autologous BMT, 4-HC 
(IOO,ug/ml) and ASTA-Z (80 ,ug/ml) inhibit growth ofleuke
mia cells as well as growth of 90-95% of morphologically 
recognizable precursor cells (32, 123, 129), while VP-16 
(20,ug/ml has the advantage of sparing about 40% of nor
mal myeloid precursor cells while killing the majority of 
leukemic cells (121). However, since patients given marrow 
purged with 4-HC and ASTA-Z have good hemopoietic 
regeneration, in spite of the absence of morphologically 
identifiable myeloid precursors, and since more clinical data 
is available on engraftment with 4-HC and ASTA-Z-purged 
marrow than on engraftment ofVP-16-purged marrow (56, 
76, 129), most investigators continue to use 4-HC and 
ASTA-Z in clinical trials. 

Immunologic 'purging' 
In ongoing clinical trials, tumor-specific heterologous anti
bodies of monoclonal antibodies (MAb) are being used in 
vitro to 'purge' residual malignant cells from marrow prior 
to autologous BMT. Most investigators are using comple
ment to destroy antibody-coated tumor cells (see (8, 95, 96, 
115)). Others are exploring the usefulness of immunotoxins, 
i.e., MAbs conjugated with ricin chain-A. The advantage of 
this approach is that, after the antibody moiety binds to 
specific receptors on the tumor cell surface, the im
munotoxin complex is internalized into the cytoplasm where 
the toxin inhibits protein synthesis. Several ricin-conjugated 
anti-T cell MAbs have been used to 'purge' malignant T cells 
from marrow prior to autologous BMT (56, 74), or to 
prevent GvHD by 'purging' normal T cells from normal 
donor marrow prior to allogeneic BMT (15, 144). 

The advantage of immunologic 'purging' of marrow is 
that this method is tumor cell-specific and far less toxic to 
normal hemopoietic and lymphoid progenitor cells in vitro 



than currently used chemical 'purging' agents. The disad
vantage is that unbound substances such as ricin or cross
reactive antibodies could potentially be toxic to the patient, 
unless the treated marrow is washed adequately prior to 
infusion. Furthermore, in the clinical setting, immunologic 
'purging' has not been found to be superior to chemical 
'purging' with regard to the rate of hemopoietic recovery 
following autologous BMT (9). 

The increasing availability ofMAbs against a wide variety 
of human leukemias and solid tumors, and the unique tumor 
specificity of such MAbs, appears to offer an unique tool for 
selectively ablating residual tumor cells during remission. 
Serotherapy with MAbs has been attempted in a limited 
number of patients resistant to standard therapies, and has 
been reported to be effective primarily for clearing circulat
ing tumor cells. Using anti-idioptypic MAbs, Miller and 
colleagues (92, 93) have induced regression of malignant 
infiltrates of skin and lymph nodes of some patients with B 
cell or T cell NHL. One case achieved prolonged CR. How
ever, such responses to MAbs are the exception rather than 
the rule. For this reason, the most widespread application of 
MAbs has been for ablating of residual tumor cells from 
marrow in vitro. 

Marrow 'purging' with MAbs has proved disappointing, 
because its effectiveness is limited by cross-reactivity of some 
MAbs with normal cells, ineffective complement-mediated 
lysis of MAb-coated cells, and factors such as antigenic 
modulation of malignant cells. For example (see (119)), the 
J5 MAb is reactive with ALL cells and lymphoma cells from 
most patients with CALLA-positive Iymphoblasts but is, 
unfortunately, cross-reactive with differentiated granulo
cytes, renal glomerular cells, and renal proximal tubule 
epithelium. Other MAbs such as Leu I and TlOI react with 
both normal and malignant cells of the T lineage. Their 
usefulness for ablating residual leukemic T cells from re
mission marrow of patients with T-cell ALL is under clinical 
investigation. 

Physical purging' methods are also being explored. In 
1981, Helson and Reisner (pers. comm.) found that soybean 
hemagglutinin (SBA) binds neuroblastoma cells in vitro per
mitting physical separation from hemapoietic cells. SBA in 
vitro treatment also removes a number of normal cell popu
lations from the marrow, leaving a cell concentrate greatly 
enriched for hemopoietic progenitor cells, lymphoid 
progenitor cells, and natural killer cells. However, the use
fulness of 'purging' with SBA is limited by the fact that it 
only reduces the tumor load of marrow or blood by one log. 

Attempts to 'purge' marrow using MAb-coated magnetic 
micro spherules are under laboratory investigation. Al
though this technique appears attractive in principle, its 
eventual clinical applicability is questionable, since it only 
reduces the tumor load by about 2 logs 'in vitro' (77). 

Clinical outcome of autologous BMT 

The early mortality during the first month following autolo
gous BMT reported in most published studies varies from 
6-15%, and is due primarily to complications of CT con
ditioning prior to BMT. It is noteworthy that while as many 
as 95% of recipients of autologous marrow develop infec
tions, particularly viral infections (herpes zoster, cyto
megalovirus, EBV), only a small number of these infections 
prove fatal (10, 57). 
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Most investigators are agreed that the primary value of 
autologous BMT is repopulation of the hemopoietic system 
following myeloablation. This permits the use of extremely 
high and potentially curative doses of certain CT agents, and 
extends the therapeutic range of other agents that could not 
previously be used because of dose-limiting myelotoxicity. 
Autografted patients may additionally benefit from the 
presence of traces of DMSO in the marrow inoculum (24). 
DMSO is used as a cryopreservative, and is diluted but not 
washed out of the thawed marrow before transplantation. 
Since DMSO is a differentiating agent, it may promote 
residual tumor cells into marrow inoculum and thus render 
them less malignant. 

HEMATOLOGIC TUMORS 

Hodgkin's disease 

Hodgkin's disease (HD) is one of the tumors most sensitive 
to RT and CT. About 68% of patients with Stage III Band 
IV B HD treated with combination CTjRT remain disease
free beyond 10 years (29). Of those who relapse, about 50% 
can still respond to CT and achieve long-term survival. 

A small number ofHD patients who relapse repeatedly on 
CT have poor prognosis, and are candidates for BMT. 
Goldstone (52) reviewed the experience of nine European 
centers, and described the response of 29 patients auto trans
planted for HD in relapse. These patients had failed initial 
CTjRT as well as multiple salvage regimens. There was a 
57% rate of CR but, unfortunately, a 21 % rate of cyto
reduction-related death. The duration of disease-free sur
vival and rate of relapse were not given. 

Fay et al. (37) achieved CR in 9 of 14 patients given 
autologous BMT for HD in relapse. The median follow-up 
was not stated. 

The M.D. Anderson Hospital marrow transplant group 
(73) auto grafted 16 poor-risk patients for refractory or re
lapsed HD. Twelve patients had progressed on salvage CT; 
four had relapsed after completing salvage CT. One half of 
the patients had extranodal disease in sites including lung, 
bone, pleura, kidney, liver, and thyroid. The majority (60%) 
also had constitutional 'B' symptoms. Six of the 16 patients 
achieved CR. Three remained in continuous remission for a 
median period of 15 months, two died in CR of interstitial 
pneumonia, and two relapsed. 

In order to assess the value of autologous BMT in HD, 
one must evaluate the initial stage of the patients at 
presentation, and the extent of disease at relapse. At present, 
these data are not readily evaluable, except in the study of 
Jagannath et al. (73). The chronically relapsing HD patient 
who has been heavily treated appears to relapse just as 
readily after BMT as after CT. 

Non-Hodgkin's lymphomas 

Non-Hodgkin's lymphomas (NHL) are a heterogeneous 
group of diseases with different clinical courses. 

Low-grade forms of NHL run a very indolent course. The 
median survival for this type of patient is 11 years, even 
when CT is delayed (70, 110, 122). Although the majority of 
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patients run an indolent course, a few develop disease pro
gression to a high grade malignancy. 

Patients with intermediate-grade or high-grade NHL such 
as diffuse histiocytic lymphoma and Burkitt's lymphoma 
have aggressive disease, with a relapse rate in excess of 50% 
with standard therapies (83, 109, 154). Relapsing patients 
are candidates for BMT in CR-2. 

Since many of these patients will not achieve a CR-2, 
several ongoing studies are designed to harvest the autolo
gous marrow in CR-l. The patient is then offered the option 
of undergoing autologous BMT in CR-l, as part of the 
consolidation phase of treatment, or receiving the autograft 
in CR-2 (56, 60, 104). 

Gorin's preliminary data on 12 patients with poor prog
nosis nodular lymphoma showed a 75% response rate, 
based on median follow-up of 27 months (56). This high 
response rate is not surprising, since nodular lymphoma 
usually has a better prognosis than diffuse histiocytic lym
phoma. 

Fay et at. (37) reported that of 51 patients with poor-prog
nosis NHL, 25 of whom had relapsed diffuse histiocytic 
lymphoma, 13 (51 %) achieved CR with autologous BMT. 
Although the follow-up was very short (2-49 months), and 
the data thus still preliminary, duration of response already 
appears to be longer than on standard CT. 

Of 81 patients with NHL who received marrow autografts 
at nine European cancer centers, 73% achieved CR (52). 
BMT-related mortality was as low as 6%. Unfortunately, 
35% of the complete responders relapsed. The best outcome 
- 68% survival - was reported to have occurred in those 
patients who received their autografts while in CR. This 
survey is difficult to evaluate, since the classification of the 
NHLs and the duration of follow-up was not stated. 

African Burkitt's lymphoma responds well to combi
nation CT. However, the subtype of Burkitt's lymphoma 
seen in American and European patients is very poorly 
amenable to standard CT/RT, is the most rapidly progres
sive solid tumor in man, and has a relapse rate as high as 
80% (153). Despite significant advances in CT for this dis
ease (154), most clinicians tend to consider this the most 
troublesome of the NHLs. 

Patients with relapsed Burkitt's lymphoma, who have 
been treated extensively with CT or CT/RT, have an ex
tremely poor prognosis with a survival expectancy of only a 
few months. Treatment failure is due primarily to incom
plete ablation of the malignant clone, and development of 
resistance to CT. It is noteworthy that even relapsed Bur
kitt's lymphoma frequently is very sensitive to high-dose 
cyclophosphamide (97). Possibly, autologous BMT will per
mit the use of this drug at a dose high enough to overcome 
apparent resistance. 

O'Leary et al. (98) reported that three of six patients 
allografted for relapsed Burkitt's lymphoma have remained 
in continuous unmaintained CR for over 1-1/2, 2, and 6 
years, respectively. Similarly, Philip et al. (104, 105), review
ing results of 37 patients given autologous BMT for relapsed 
Burkitt's lymphoma at various centers, reported that 25 
patients achieved CR, and that 10 responders have remained 
in unmaintained remission for up to 5 years or longer. 

The follow-up period of allogeneic BMT for NHL is 
sufficiently long to indicate that its use in CR-2 may prove 
to be superior to that of standard CT (1, 98). Autologous 

BMT for NHL is still investigational, but the morality of 
these procedure is sufficiently low to justify using marrow 
harvested in CR-l for autografting in CR-2. The potential 
benefit of both allogeneic and autologous BMT is high 
enough to warrant referral for transplantation for NHL in 
CR-2. 

Multiple myeloma 

Limited success has been achieved in a small number of 
patients treated for far advanced multiple myeloma with 
chemoradiotherapy followed syngeneic (40, 99), or autolo
gous (101) BMT rescue. Although all patients engrafted and 
appeared to be free of dIsease, as judged by disappearance 
of myeloma proteins and detectable myeloma cells for 1-2 
years, most eventually relapsed. 

The unsatisfactory results achieved so far with BMT, and 
the advanced age of most myeloma patients under con
sideration for BMT, makes it difficult to recommend this 
treatment modality for multiple myeloma. 

AUTOLOGOUS BMT FOR NON-HEMATOLOGIC 
TUMORS 

Autologous BMT for non-hematologic tumors is still ex
perimental. Limited success has been achieved with this 
modality in children with neuroblastoma or Ewing's sar
coma, and in adults with malignant melanoma and small cell 
carcinoma of the lung. It has also been tried in several other 
tumors. 

Childhood tumors 

Neuroblastoma 
The clinical outcome of neuroblastoma is linked to the 
patient's age and disease stage at diagnosis. Neuroblastoma 
diagnosed in infants younger than one year has a basically 
benign course. Older children with early (Stages I and II) 
disease have excellent prognosis with CT, more than 50% 
surviving over five years after multimodal therapy (83). 

Unfortunately, more than one half of the patients present 
with advanced disease. While many will achieve complete 
remission on conventional chemotherapy, only about 10% 
will remain free of disease for two years. The other 90% will 
relapse repeatedly and have a life expectancy of less than 
eight months (83). 

Over the past seven years, BMT has been used success
fully in small numbers of patients with Stage IV neuroblas
toma (4,5,6,34,57,60,67,68). Some groups have explored 
supralethal high-dose CT, with or without TBI, followed by 
rescue with BMT (primarily, autologous) for treating over 
80 of these high-risk patients. It is of special interest that 
advanced disseminated neuroblastoma is sensitive to high
dose melphalan, since the disease is notoriously resistant to 
conventional therapies. 

A variety of methods have been explored for 'purging' the 
marrow of neuroblastoma cells. Most groups have been 
using the cyclophosphamide analogs 4-HC or ASTA-Z 
which, unlike their parent compound, do not require oxi-



dation by hepatic microsomal enzymes to the active alkylat
ing species. 

Recently, good results have been reported, using autolo
gous marrow 'purged' with agents that have high affinity for 
neuroblastoma cells, such as hydroxydopamine/ascorbic 
acid, SBA, or MAbs conjugated with magnetic microspheres 
(61, 67, 143). Hydroxydopamine/ascorbic acid reduces the 
tumor cell load by 2-3 logs in vitro (61). SBA can only affect 
a one log neuroblastoma cell reduction; but it also con
centrates the marrow, allowing for more effective subse
quent ablation of the remaining tumor cells with mono
clonal antibodies (6). 

Most groups have achieved sustained disease-free periods 
with an average duration of about two years in more than 
30% of their patients (see (6, 57, 61)), whereas one group 
(68) reported a mean duration of CR of only 6 months in 10 
similarly-treated patients. 

The best results with autologous BMT for advanced stage 
neuroblastoma were reported in two French groups (65, 
104). Of 15 patients treated by Hartmann et al. (67), 7 who 
were transplanted in PE failed to respond, whereas 5/8 
(63%) patients transplanted in CR responded and are still in 
CR at 29-54 months. Phillip (1985) (104) transplanted 56 
consecutive patients (14 in CR, 40 in PR), using melphalan/ 
vincristine/TBJ as the preparative regimen, and achieved an 
overall disease-free survival of 39% after a median follow
up period of 24 months post-BMT (up to 32 months post
diagnosis). These results are impressive, in the light of an 
expected survival time of less than 10% for patients treated 
with standard chemotherapy. A more recent protocol using 
high dose chemotherapy and no RT reported a 50% survival 
rate (11). If comparable results can be achieved in larger 
patient series, the high-dose CT/RT approach might be 
considered for children with advanced neuroblastoma in 
CR-l. 

Ewing's sarcoma 
Children with early stage Ewing's sarcoma have an excellent 
prognosis for 5-year survival with multimodal CT/RT 
therapy (83). Patients with advanced disease at diagnosis 
also respond readily to CT, but tend to relapse just as 
readily. Bone marrow involvement is rare. 

High-dose melphalan or cyclophosphamide/TBI followed 
by autologous BMT has been reported to achieve CR in 
over one half of the children with relapsed or therapy-resis
tant Ewing'S sarcoma (25, 33, 58, 68). However, duration of 
response in the majority of the patients has been disappoint
ingly brief - only 2-6 months. The best results were those of 
Cornbleet et al. (25) and Graham-Pole et al. (58), who 
achieved CR lasting 12-13 months in two children. 

Other childhood tumors 
Children early Wilms' tumor, retinoblastoma, and rhab
domyosarcoma can be cured with combination surgery/CT/ 
RT (83). For Wilms tumor with favorable histology, even 
stage IV disease responds to standard therapeutic modali
ties. Autologous BMT has been tried in a small number of 
children with poor prognosis Wilms' tumor, retinoblas
toma, and rhabdomyosarcoma, but results to date have not 
been encouraging (16, 34, 68). 
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ADULT TUMORS 

Malignant melanoma 
There are no adequate therapies for managing metastatic 
malignant melanoma. Metastatic disease is not amenable to 
either surgery or RT, but frequently responds to chemother
apeutic agents such as BCNU, DTIC, or melphalan. How
ever, responses tend to be brief, and the outcome is generally 
fatal within 6-7 months. Autologous BMT is under inves
tigation as a possible salvage modality for these patients. 

To date, approximately 100 patients with Stage IV meta
static malignant melanoma have been treated at various 
centers with intensive CT (BCNU, melphalan) followed by 
rescue with autologous BMT harvested during remission of 
metastatic disease (see (68)). Although the overall initial 
complete and partial response rate has been good (45% and 
73%, respectively), disease recurred within 10-16 weeks. 
Among 48 patients treated with a combination of BCNU 
and melphalan, followed by autologous BMT, 63% had 
objective response, but only 10% had a disease-free survival 
of one year or more (36, 68, 79). 

Small cell carcinoma 0/ the lung 
Small cell lung carcinoma (SCLC, oat cell carcinoma) ac
counts for approximately 25% of the new cases of lung 
cancer in the US each year. Localized disease will metas
tasize rapidly to the liver and brain. Metastases are often 
present at diagnosis. Left untreated, SCLC is fatal within 
three months (94). SCLC differs from the other types oflung 
cancer in that up to 90% of the cases will respond initially 
to CT, but that the responses are generally brief. Median 
survival with optimal current CT is 10 months. Only 4-16% 
of CT-treated patients achieve long-term survival (94). 

The exquisite sensitivity of these tumors to chemotherapy, 
and their propensity to spread, has resulted in the selection 
of patients with SCLC for autologous BMT. 

Harper et al. (62) reviewed the results of intensive CT with 
autologous BMT rescue in 77 untreated patients from four 
centers and 61 relapsed patients from five other centers. 
Thirty-eight of the 77 newly diagnosed patients (49%) 
achieved CR, whereas only six of the 61 relapsed patients 
(10%) had confirmed CR. The duration of unmaintained 
remission was short (median: 9 months). Follow-up, even in 
the best studies, was also short (42-74 weeks). Only one 
center, M.D. Anderson Hospital, reported a high response 
rate (69%) for newly diagnosed patients, but disease-free 
survival was highly variable (8-47 months) (133). 

Other investigators (71, 135) used late CT intensification 
followed by autologous BMT rescue, but found that it 
conferred no clinical benefit. 

These results are not encouraging. Autologous BMT does 
prolong life, but at the present time does not appear to offer 
any advantage for the management of SCLC. Studies with 
other CT combinations may prove to be more promising, 
since these tumors do show transitory responses to many CT 
agents. 

Breast cancer 
There is considerable controversy regarding the optimal 
approach to management of metastatic breast cancer. 
Median survival from time of diagnosis with metastatic 
breast cancer is 18 months. While a number of alkylating 
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agents produce responses in this disease, adequate dose 
escalation is prevented by myelotoxicity, and no cures can 
be achieved. This has led to a limited number of clinical 
trials using autologous BMT rescue to permit administra
tion of more intensive CT. 

In Phase Itria1s, only 11 of 58 patients (19%) at 11 centers 
achieved CR with high-dose CT followed by autologous 
BMT (see (103». Duration of follow-up to date has been 
inadequate to determine effects on survival. 

In another study, 16 heavily pretreated patients with 
metastatic breast cancer were given late intensification 
therapy with high-dose mitomycin-C followed by autolo
gous BMT rescue (136), but achieved only brief partial 
remissions. 

In a recent phase I trials with thioTEPA followed by 
autologous BMT show impressive albeit brief partial remis
sions in about 72% of patients with advanced breast cancer 
(147). 

At present, no single agent therapy is satisfactory. Further 
studies are needed to identify the most effective CT com
binations. 

Other adult solid tumors 
Autologous BMT has been attempted for a variety of other 
CT-resistant solid tumors in adults (see (68, 107». Respon
ses have been primarily partial and of short duration. 
Hence, the high response rates listed in the table do not 
reflect disease-free survival. 

In one recent study of 18 patients with high-grade gliomas 
(predominantly brain stem tumors) treatment with high
dose carmustine conditioning followed by autologous BMT 
resulted in a median survival of 17.5 months from diagnosis, 
and a projected 22% survival rate of more than 27 months 
(149). This is a striking improvement ofthe median survival 
time of 3 months seen in conventionally treated patients. 

PERSPECTIVES 

Current results support the use of BMT for hematologic 
malignancies. The selection of the appropriate patients for 
BMT remains an area that is highly controversial. 

In the younger patient, allogeneic BMT has been accepted 

Table 4. Responses of some solid tumors to intensive chemotherapy with autologous BMT rescue. 

Pre-BMT Number 
Chemo- of 

Tumor therapy patients 

Ovarian Melphalan 7 
cancer 

Germ cell Melphalan 6 
cancer 

Gastrointestinal BCNU 9 
cancer 

Colon cancer Melphalan 7 

Sarcoma BCNU or 11 
melphalan 

Testicular Multiple 15 
cancer 

Teratocarinoma VP-16 and/or 3 
HDM-200 

Glioblastoma/ BCNU and/or 47 
astrocytoma VP-16 

Response 

CR 

2 

o 

23 

PR 

3 

3 

3 

3 

7 

o 

Rate 

57% 

67% 

22% 

57% 

36% 

60% 

0% 

49% 

Duration 
(mos) 

3-18+ 

2-21+ 

5-24 

2-3 

1-9 

0.7-28 

1-71+ 

Source 

(1) 

(1) 

(1) 

(1) 

(1) 

(2) 

(3) 

(4) 

I. Herzig RH, Phillips GL, Lazarus HM, et al.: Intensive chemotherapy and autologous bone marrow transplantation for the treatment 
of refractory malignancies. Proc 1st 1nternatl Symp on Autologous Bone Marrow Transplantation, pp. 197-202. Edited by KA Dicke, G 
Spitzer, AR Zander. UT MD Anderson Hospital and Tumor Institute, Houston, Texas, 1985. 
2. Biron P, Philip T, Maraninchi D, et al.: Massive chemotherapy and autologous bone marrow transplantation in progressive disease of 
nonseminomatous testicular cancer. Proc 1st Internatl Symp on Autologous Bone Marrow Transplantation, pp. 203-210. Edited by KA 
Dicke, G Spitzer, AR Zander. UT MD Anderson Hospital and Tumor Institute, Houston, Texas, 1985. 
3. Kolb HJ, Ledderose G, Hartenstein R, et al.: Autologous bone marrow transplantation in patients with advanced teratocarcinoma Proc 
1st Internatl Symp on Autologous Bone Marrow Transplantation, pp. 211-217. Edited by KA Dicke, G Spitzer, AR Zander. UT MD 
Anderson Hospital and Tumor Institute, Houston, Texas, 1985. 
4. Wolf NS, Phillips GL, Fay JW, et al.: High-dose chemotherapy with autologous bone marrow transplantation for primary tumors of 
the central nervous system: Phase II and II studies of the Southeastern Cancer Study Group. Proc 1st Internatl Symp on Autologous Bone 
Marrow Transplantation, pp. 255-259. Edited by KA Dicke, G Spitzer, AR Zander. UT MD Anderson Hospital and Tumor Institute, 
Houston, Texas, 1985. 



as a reasonable therapy for ANLL in CR-l and CR-2, and 
is now being established as the treatment of choice for ALL 
in CR-2, and NHL in CR-2. 

In the older patient, the indication for allogeneic BMT is 
not as clear-cut. Early mortality associated with GvHD and 
interstitial pneumonia dampen the enthusiasm for this ap
proach. The elimination of the problem of GvHD, and the 
marked reduction of interstitial pneumonia during the early 
post-transplant period, make autologous BMT attractive 
for the older patient. However, increased risk of relapse with 
autologous BMT is the price paid for reduction of mortality 
during the early post-transplanted period. 

For tumors other than NHL, autologous BMT is being 
explored as a means of permitting delivery of very high 
doses of CT. The finding of appropriate chemotherapeutic 
agents and dosage schedules is the task of future studies. 
Until these regimens have been found, indications for high 
dose CT followe by autologous BMT remain unresolved. 
While reports of 'good' responses are numerous, few of the 
responses are complete, and duration of response is gener
ally brief. Partial responders have residual disease, even 
after intensive CT/RT and, despite BMT rescue for mye
lotoxicity, are ultimately destined to die from their disease. 
Consequently, long-term disease-free survival remains elu
sive. 
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HEMATOLOGIC SUPPORT OF THE PATIENT WITH MALIGNANCY 

JOHN C. PHARES 

INTRODUCTION 

Patients with malignancy frequently develop significant de
grees of compromised bone marrow function and increased 
loss and utilization of the formed elements of the blood as 
a consequence of the disease process. Surgical therapy fre
quently results in the external loss of blood components and 
significant suppression of bone marrow function occurs as 
the result of medical therapy for the malignancy. The availa
bility of hematologic supportive therapy in the form of 
transfusion of blood products has, over the past several 
years, in conjunction with overall improved medical sup
port, made it possi1J;t to deliver more effective antitumor 
therapy and palliative support to these patients. Modern 
transfusion techniques and practices now provide effective 
temporizing measures for use during the treatment of pa
tients with a wide variety of malignancies. 

COMPONENT THERAPY 

The history of transfusion of blood and blood products is an 
old concept dating to the seventeenth century however, it 
was not until the 1900's with the discovery of blood groups 
by Landsteiner that it became possible to consider using 
blood transfusions in man to any significant extent. Wide
spread use of transfusions did not occur until the 1940's 
when the concepts of blood banking and blood preservation 
were developed, in part, due to the stimulus of World War 
II (54). In the ensuing years, as the techniques of blood 
collection and preservation improved, the concepts and the 
use of component therapy evolved. The patient has available 
to him a large number of blood components which can be 
utilized in a selective manner to meet his individual needs 
and requirements. It is now possible to administer red cells, 
platelets, granulocytes, plasma, and plasma components 
selectively to replace the specific components needed by the 
patient. The appropriate dose can now more easily and 
safely be given and at the same time a limited resource can 
more efficiently and effectively be utilized. Whole blood 
rarely is the product of choice. 

'Head, Hematology Division, Department of Internal Medicine, 
Naval Hospital, Bethesda, Maryland 20814, U.S.A. The opinions 
expressed are the private ones of the author and are not to be 
construed as official or reflecting the views of the Navy Department, 
of the Naval Service at large or the Department of Defense. 

RISKS OF TRANSFUSION THERAPY 

Transfusion therapy, although widely used and relatively 
safe, is not without significant risks. The incidence of trans
fusion reactions has been estimated as occurring with a 
frequency of 1 to 20%, however, accurate figures are difficult 
to obtain. In 1975 the Food and Drug Administration re
quired the reporting of fatal reactions and initial figures 
would suggest that in the United States, 30 to 40 fatal 
transfusion reactions occur yearly among recipients of near
ly 12 million units of blood (50). Meticulous blood banking 
techniques, procedures and controls and careful clinical care 
minimize these risks however, adverse reactions, as with all 
medical interventions, continue to be present and the clini
cian must be aware of the potential risks and be able to 
recognize their occurrence. The risk-benefit ratio of trans
fusions must not be lost sight of. 

Adverse reactions to transfusion of blood and blood 
products may be classified into immune mediated reactions 
and those unrelated to immune mechansism. 

Hemolytic transfusion reactions 

Immediate. Immediate hemolytic transfusion reactions for
tunately are among the less common of the various trans
fusion reactions. Although this problem was responsible in 
large part for the lack of widespread use of transfusion 
therapy, until the discovery of the blood group antigens by 
Landsteiner, it has progressively become a more infrequent 
problem. In an early series reported in 1942, the incidence 
was noted to be one in 541 transfusions and in a more recent 
series was recorded as one in 6,232 transfusions with a 
mortality rate of 17% (55) . Other series have reported mor
tality rates for hemolytic transfusion reactions to be as high 
as 50%. 

The mechanism of hemolysis is immune in nature with 
either naturally occurring (anti A; anti B) antibodies or 
acquired isoantibodies being responsible for the hemolysis 
in asssocation with complement. The mechanism by which 
the antibodies and complement produce hemolysis has not 
been clearly defined. Factors which influence the degree of 
hemolysis and its clinical consequences include the antigen 
to which the antibodies are directed, the class and subclass 
of the antibodies, antibody affinity, antibody titer and the 
volume of blood transfused. 

The signs and symptoms of a hemolytic transfusion reac
tions are variable in severity. In some individuals the reac-
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tion may pass all but unnoticed while in others it may be 
fulminant in nature with the variability being due to those 
factors previously mentioned as well as the individuals un
derlying state of health and consciousness. Symptoms of a 
severe hemolytic reaction include fever, chills, anxiety, back 
pain, chest tightness, dyspnea, hypotension, urticaria, 
nausea, vomiting, diarrhea, bleeding, renal failure, jaundice 
and hemoglobinuria. The frequency of these various signs 
and symptoms varies depending upon the series reported, 
however, fever tends to be one of the more frequent occur
rences in most series. 

The bleeding diathesis associated with a hemolytic trans
fusion reaction may be manifest by oozing from venapunc
tures, operative sites and mucous membranes and may pro
gress to generalized fulminant bleeding. The bleeding dis
order has the characteristics of generalized dissemination 
intravascular coagulation. The DIC is triggered by the ac
tivation of the coagulation sequence both by thromboplastic 
substances released from the lysed red cells and by antigen
antibody complexes. 

The renal failure association with transfusion reactions 
was long thought to be the result of free hemoglobin in the 
plasma and its subsequent precipitation in the renal tubules 
or due to a direct toxic effect of the hemoglobin on the renal 
tubules. This has been shown not to be the case with the 
demonstration that stroma-free hemoglobin does not lead to 
renal failure (57, 58). It has been shown that incompatable 
hemoglobin free red cell stroma is capable of inducing renal 
failure (62). It now appears that the renal failure is a conse
quence of antigen-antibody complex formation resulting in 
DIC and vasomotor disturbances induced by these factors 
(27). 

The activation of the coagulation system and the develop
ment of DIC results in the formation of intravascular fibrin 
deposits within the kidney. In addition, the activation of 
Hageman Factor (FXII) results in the formation of vasoac
tive kinins. The antigen-antibody complexes also activate 
the complement cascade which may cause release of hista
mine and serotonin. These substances are likely responsible 
for hypotension and the secondary release of catechol a
mines seen in association with transfusion reactions with 
renal vasoconstriction being the end result. The combi
nation then of the renal vasoconstriction, hypotension and 
renal vascular fibrin deposition is renal failure. 

Current recommendations for the management of im
mediate hemolytic transfusion reactions although unproven 
in clinical trials are based upon the aforementioned patho
physiological mechanisms and are aimed primarily at 
the prevention of renal failure. These measures include cor
recting hypotension, maintaining urine output and control 
of DIC with heparin. 

Delayed. Delayed hemolytic transfusion reactions were first 
recognized in 1957 with the incidence apparently increasing. 
The incidence of delayed hemolytic transfusion reactions of 
one per 4,000 units of blood transfused has been reported in 
one series. The apparent increasing incidence can probably 
be attributed to increased sensitivity of testing methods and 
awareness of the entity (47). 

The etiology, like that of immediate hemolytic transfusion 
reactions, is antibody formation, usually an isoantibody, 
with subsequent red blood cell destruction. The responsible 
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antibody in most cases goes undetected at the time of trans
fusion due to its low titer and the lack of sensitivity of the 
screening procedures used but increases in titer significantly 
post transfusion via an anamnestic response. 

In general delayed hemolytic transfusion reactions are of 
a lesser degree of severity than immediate hemolytic trans
fusion reactions. However, renal failure may develop (46) 
and all the severe manifestation seen with immediate 
hemolytic reaction may occur (56). 

Leukocyte antibodies 

Febrile transfusion reactions are the most common of all 
transfusion reaction accounting for up to 80% of all non
hemolytic transfusion reactions (31). These reactions are 
characterized by the onset of fever usually within 1/2 to 2 
hours following the initiation of a transfusion, however, the 
onset of fever may be delayed up to 24 hours with resolution 
over the next several hours (74). These febrile reactions are 
relatively benign, however, on occasion may be severe. It is 
now generally accepted that the vast majority of such reac
tions are due to antibodies directed against white cell and 
platelet antigens (4). The white cell antibodies may be either 
leukoagglutinins or Iymphocytotoxic antibodies. The 
majority Qf the antibodies are induced by either prior trans
fusion or pregnancy and patients requiring repeated trans
fusion over a prolonged period of time are at the greatest 
risk of developing this type of transfusion reaction. Al
though the most common reaction is isolated fever, on 
occasion pulmonary symptoms may develop in association 
with pulmonary infiltrates which occur in association with 
the finding of leukoagglutinins (71). 

Febrile transfusion reactions for the most part may be 
managed with antipyretics, antihistamines and steroids. If 
reactions are particularly severe leukocyte poor red cell 
preparations such as buffy coat poor red cells, washed red 
cells or frozen-thawed red cells may be considered. A re
cently available alternative to such preparations is to use a 
leukocyte filter, an in-line device through which the blood is 
passed at the time of transfusion. 

Platelet antibodies 

Platelets have been shown to contain multiple antigens in
cluding HLA antigens, ABO antigens and platelet specific 
antigens (74). The existence of these antigens and resulting 
antibody formation accounts for the development of febrile 
transfusion reactions, post transfusion purpura and poor 
response to platelet transfusions. Post transfusion purpura 
is characterized by the development of severe throm
bocytopenia, usually about one week following a trans
fusion (63). Such reactions usually occur in individuals who 
have had a prior pregnancy or to whom multiple prior 
transfusions have been given. In most instances reported the 
affected individuals lack PLA I antigen, an antigen found in 
98% of the population (1, 63). Although it is felt that an 
antibody directed against this antigen is responsible for the 
destruction of platelets, the mechanism involved is unclear 
(4). Other platelet associated antigens may playa role in 
development of the thrombocytopenia and it has been sug-
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gested that the disorder may be more heterogeneous (77). 
Exchange transfusion (11), plasmapheresis (1) and steroids 
(72) have been utilized successfully in treating this disorder. 

A much more common problem associated with platelet 
antigens and antibodies is encountered in the administration 
of platelets to which the recipient becomes refractory. Allo
immunization is manifest as a poor platelet incremental 
increase post transfusion as well as impaired control of 
thrombocytopenic hemorrhage by platelet transfusions. 

Graft versus host disease 

Graft versus host disease has long been recognized as a 
common complication of bone marrow transplantation. 
This disorder is due to the engraftment of donor lym
phocytes and is manifest by skin rashes, abnormal liver 
function and gastrointestinal symptoms. More recently, 
graft versus host disease has been recognized as occurring in 
a variety of individuals following blood transfusion. These 
have included patients with congenital immunodeficient 
syndromes, neonates receiving intrauterine or exchange 
transfusion (53) and patients with hematologic malignancies 
(5,13,16,21,59). Donor lymphocytes which are responsible 
for this disorder may be found in virtually all blood com
ponent preparations and thus in a subgroup of patients 
receiving transfusion, the potential for graft versus host 
disease exists, although the incidence is unknown. The oc
currence of graft versus host disease has led some to recom
mend prophylactic irradiation of blood components used 
for transfusion in selected patients although firm guidelines 
for this are lacking. Studies have been conducted which 
indicate that the functional qualities of the formed elements 
of the blood are not significantly impaired by 5,000 rads of 
radiation, a dose which significantly impairs tritiated thy
midine uptake by lymphocytes (9), a measure of their 
proliferative potential. 

Antibodies against plasma components 

Approximately one in 800-900 (38, 39, 41, 70) healthy in
dividuals are deficient in or have markedly diminished quan
tities of IgA. Approximately 20-25% of such individuals 
have anti-IgA antibodies, many of which appear to occur 
spontaneously (38, 70) although prior transfusion and sen
sitization have occurred in some individuals. The trans
fusion of small quantities of IgA into such individuals, via 
an antigen antibody reaction, may result in a severe anaphy
lactic reaction. 

Antibodies directed against other plasma components 
have been identified including antibodies against other im
munoglobulins which have the potential for causing allergic 
reactions. The allergic reactions noted earlier are due to 
antibodies in the transfused recipient directed against trans
fused material. Another mechanism for allergic reactions is 
the infusion of antibodies contained in the donor material. 
Antibodies may be transfused which subsequently may 
mediate allergic reactions when the recipient is challenged 
with the antigen to which the antibodies are directed (4). 

Allergic reactions, most commonly urticarial in nature, 
although as with IgA may have a specific etiology identified 

frequently occur in which the specific etiologic factor cannot 
be identified. 

Nonimmune mediated transfusion problems 

Nonimmune mediated problems associate with transfusion 
include metabolic disturbances associated with transfusion, 
mechanical/physical problems and disease transmission by 
transfusion. 

Metabolic. Blood and its components are collected in the 
majority of instances in a citrate solution. Citrate phosphate 
dextrose (CPD), a commonly used solution, contains 3.2 g of 
citric acid and 25.8 g of sodium citrate per liter of solution 
with 14 milliliters of the solution being used per 100 milli
liters of blood collected (74). Thus, a blood recipient may 
receive substantial quantities of citrate. If the rate and quan
tity of blood and thus the quantity of citrate infused is great 
enough, or citrate metabolism is impaired, citrate intoxica
tion with its primary manifestation being due to hypocalce
mia may occur. This results in muscular tremors, electro
cardiographic changes, arrhythmias and diminished cardiac 
output. Such hypocalcemia may be rapidly reversed by the 
administration of calcium. This, however, is infrequently 
needed, as citrate is metabolized rapidly. It has been suggest
ed that calcium is rarely needed until the infusion rate 
approximates I liter over a ten minute period of time or in 
exchange transfusions being performed more rapidly than 
an exchange over a two hour period of time (4). 

Stored red cells over a period of time release potassium 
into the extracellular fluid and the potential exists for in
fusion of significant quantities of potassium. Modern 
storage techniques tend to minimize this however, and rarely 
does this present significant problems. Problems are most 
likely to occur in patients receiving massive transfusions in 
the setting of impaired renal function or with extensive 
tissue damage. 

One unit of red blood cells contains approximately 
250 mg of iron. As the daily excretion of iron is limited to 
approximately 1 to 2 mg of iron, regular transfusions of red 
blood cells soon result in the net gain of iron and iron 
overload. The rapidity at which iron is accumulated depends 
not only on the quantity transfused but also on the patient's 
bone marrow erythroid mass. In individuals with erythroid 
hyperplasia iron absorption is significantly greater than in 
individuals with hypoplastic erythropoiesis. The transfused 
individual with active but ineffective erythropoiesis will de
velop clinically significant iron overload at a much more 
rapid pace than comparably transfused individuals with 
diminished erythropoiesis. The excess iron becomes de
posited in tissues resulting in their dysfunction with signs 
and symptoms of overload occurring as the body's iron 
stores approach 25 g (74), an amount present in approxi
mately 100 units of blood. Iron chelation therapy which to 
date has been used most extensively in thalessemia offers a 
means of retarding and/or preventing iron overload. 

Nonmetabolic. Circulatory overload with the development 
of congestive heart failure and pulmonary edema may de
velop with the rapid transfusion oflarge quantities of blood, 
particularly in individuals with compromised cardiac func-
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tion. Signs and symptoms which include cough, chest pain, 
dyspnea, cyanosis and chest discomfort may develop during 
or up to 24 hours after a transfusion. The risk of this 
occurrence can be minimized by the use of slow infusion 
rates, component therapy and, on occasion, exchange trans
fusion to avoid intravascular volume expansion. 

Hypothermia, with significant lowering of body tem
perature, may occur with the transfusion of large quantities 
of blood and may predispose to cardiac arrhythmias. Blood 
may be warmed to prevent this but overheating of the blood 
must be avoided as hemolysis may occur. 

The transmission of diseases by blood and blood products 
poses significant risks to patients requiring transfusion 
therapy. The most common transfusion transmitted disease. 
is viral hepatitis. Viral hepatitis infection may be hepatitis A, 
hepatitis B or hepatitis non-A, non-B with recent informa
tion suggesting that 80 to 90% of post transfusion hepatitis 
is of the non-A, non-B type. It has been suggested that a 
portion of transfusion related hepatitis is caused by infec
tious agents not yet identified (20). The risk of developing 
hepatitis from the transfusion of blood obtained from vol
unteer donors is approximately 1 % per unit transfused with 
approximately 20% of patients becoming icteric from the 
hepatitis (14). 

A number of other infectious diseases including malaria, 
syphilis, leishmaniasis, trypanosomiasis, toxoplasmosis, mi
crofilariae, cytomegalovirus and Epstein-Barr Virus may be 
transmitted by blood transfusion (14). 

Bacterial contamination of blood, most commonly with 
staphylococci and diphtheroids, may occur, usually as the 
result of improper techniques of collection and handling of 
blood and rarely as the result of unsuspected bacteremia in 
donors (13). 

The transmission of acquired immunodeficiency syn
drome by transfusion has been reported (15). With the 
subsequent availability of a screening test for HIV antibody 
blood banks have instituted screening for the antibody to 
the causative agent of this disorder. The incidence of trans
fusional transmission of HIV is not known with certainty 
but has been estimated to occur at a frequency of 1 :40,000 
to 1: 1,000,000(4) (See also postscript of chapter 19, Volume 
VI, p. 189.) 

Tumor cell infusion 

Tumor cells have been demonstrated to be present in the 
peripheral circulation of patients with neoplasms. One 
might expect that the potential exists for the transfusion of 
viable tumor cells, via blood obtained from blood donors 
with unsuspected neoplasms, into recipients with resulting 
grafting of these cells and the development of tumors in 
susceptible individuals, a situation analogous to the de
velopment of graft versus host disease due to transfusion of 
viable lymphocytes. This to date has not been reported in 
humans. The lack of its occurrence may be related to the 
number of factors. Transfused cells may be rejected as for
eign and in the vast majority of instances this would be 
expected. Tumor cells collected and transfused may not be 
viable, either due to their inherent characteristics or due to 
an irrepairable damage inflicted upon them by the collection 
process and storage techniques used in blood banking. It has 

been reported that the vast majority of tumor cells in the 
circulation are rapidly cleared without the development of 
metastases and that their presence in the blood is not in itself 
sufficient for metastases to occur (8). In experimental ani
mals the dose of tumor inoculum needed to transplant 
tumors suggests that the number of cells introduced is an 
important variable and it is not unlikely that if viable tumor 
cells are transfused they are in insufficient quantities to 
engraft. It has also been shown that clumps of tumor cells 
are more likely to result in metastatic tumor formation than 
single cells. In animal models, the majority of circulating 
tumor cells are single (43). The anticoagulant in which 
donor blood is collected would be expected to cause cell 
dispersion and if tumor clumps were present, to perhaps 
result in their being dissociated into either smaller clumps or 
single cells. Other factors undoubtedly also are of impor
tance. 

RED BLOOD CELL TRANSFUSION 

The primary function ofthe red cell is to carry oxygen to the 
tissues of the body. The oxygen carrying capacity of normal 
blood is 1.34ml of oxygen per gram of hemoglobin and 
therefore with a normal hemoglobin concentration, ap
proximately 20 ml (1.34 ml 02/gram hemoglobin x 15 gr 
hemoglobin/IOO ml blood = 20 ml O2 per 100 ml of blood) 
of oxygen may be transported by 100ml of blood. As ane
mia develops the oxygen carrying capacity of the blood 
decreases, however, tissue oxygenation is not impaired 
proportionally to the decrease in hemoglobin as compensa
tory mechanism become operative. As anemia develops red 
cell 2,3 diphosphoglycerate increases which results in a shift 
in the hemoglobin-oxygen dissociation curve with a de
creased affinity of the hemoglobin for oxygen thus enhanc
ing tissue oxygen delivery. Other compensatory mechanisms 
to prevent tissue hypoxia include a redistribution of blood 
flow to oxygen sensitive organs and an increase in cardiac 
output. In addition, other responses such as an increase in 
respiratory activity occur. This type of response, however, 
does little to increase oxygen delivery as blood leaving the 
pulmonary veins contains nearly 100% saturated hemo
globin. This type of response, in fact, may increase the 
oxygen requirements due to an increase in muscular activity 
associated with increasing respirations. Thus, rather than 
acting as compensatory mechanisms, this type of response 
may aggravate the situation and be responsible for such 
symptoms as dyspnea. 

The signs and symptoms of anemia result not only from 
tissue hypoxia due to decreased oxygen delivery but also 
frequently and to a greater extent from activation of com
pensatory mechanisms and the underlying disease process. 
The rapidity at which anemia develops plays a significant 
role in the development of symptoms. Individuals who rap
idly become anemic tend to be more symptomatic than those 
in whom the anemia is slowly progressive or chronic in 
nature. For example, patients with severe but chronic ane
mia such as individuals with Sickle Cell Disease and those 
with severe megaloblastic anemia of insidious onset have 
remarkably fewer symptoms compared to those individuals 
with rapidly progressive anemias as may be seen in acute 
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bone marrow suppression due to, among other factors, 
cancer chemotherapy. 

Transfusion with red blood cells offers an effective means 
of rapidly alleviating anemia and its signs, symptoms and 
consequences. A variety of blood products are available by 
which red cells may be delivered to the patient requiring 
such treatment. Whole blood may be utilized, however, 
seldom is the product of choice. The plasma contained in the 
product usually is not needed by the patient and in fact, due 
to volume considerations, frequently is undesirable. In addi
tion, the use of whole blood poorly utilizes a limited re
source which may be fractionated into components, a much 
more effective and wise utilization of blood. Red cell rich 
preparations, most commonly prepared by centrifugation of 
whole blood, are the usual preferred product. In such 
preparations of packed red blood cells approximately 80% 
of the plasma has been removed with the resulting hemato
crit of the preparation being in the range of 60 to 90. 
Leukocyte poor red cell preparations are available and may 
be indicated for a small subset of patients requiring trans
fusion, such as in individuals who have demonstrated signifi
cant reactions to leukocytes. Leukocyte poor preparations 
have been prepared in a number of ways including sedi
mentation with removal of the leukocyte buffy coat, centri
fugation, filtration, saline washing of red cells and freezing 
and thawing of blood. 

The decision to use red cells for transfusion frequently is 
taken somewhat lightly. The primary indications for red cell 
transfusions are to restore and/or maintain blood volume in 
the prevention of/or treatment of hypovolemic hemorrhagic 
shock and to restore the oxygen carrying capacity of the 
blood in patients with significant degrees of anemia in whom 
the total blood volume may not be markedly diminished. 

In hypovolemia or hemorrhagic shock the volume of 
blood to be transfused cannot with any degree of reliability 
be estimated based upon the patient's hemoglobin or 
hematocrit as in acute blood loss these values do not acutely 
reflect the degree of volume depletion. With acute hemor
rhage the hematocrit falls only after a time of equilibration 
which may require several days (2) before a stable value is 
reached. The treatment thus of hemorrhagic shock depends 
much more on the estimate of the volume of blood lost 
utilizing clinical parameter such as tachycardia, pulse pres
sure, absolute blood pressure, orthostatic changes in blood 
pressure, venous pressure and cardiac output. The inter
pretation of these parameters is much easier in previously 
healthy patients suffering hemorrhage than in individuals 
with significant underlying disease such as a malignancy and 
those receiving a variety of drugs which may alter the phy
siologic response to acute volume depletion. 

The administration of red cells to patients with more 
subacute or chronic forms of anemia may more reliably be 
guided by the hemoglobin and hematocrit levels. However, 
the degree of anemia at which transfusion is considered must 
be highly individualized. 

The decision to institute transfusion therapy in non
hemorrhagic, non-hypovolemic anemia must take into ac
count a number of variables and considerations. One must 
consider not only the hemoglobin level but also the symp
toms associated with the anemia or the likelihood of the 
development of symptoms. Individuals with relatively severe 
but stable anemia tolerate their low red cell mass remark-

ably well as evidenced by patients with Sickle Cell Anemia 
who may frequently be managed without transfusion, 
whereas patients with more acute lowering of the red cell 
mass may be quite symptomatic. Therefore the duration as 
well as the degree of anemia must be considered. 

Younger patients are likely to tolerate a significant degree 
of anemia well whereas older individuals with compromised 
cardiac function are more likely to develop symptoms of 
tissue hypoxia such as angina pectoris. Therefore the thresh
old for transfusion may be influenced by the patient's age 
and known or estimated cardiac reserve as well as other 
physiologic factors. 

Another consideration is the etiology of anemia and the 
likelihood of either reversibility or improvement with some 
measure other than transfusion. Or conversely whether one 
might expect the anemia to become progressively worse. 
One would be more included to avoid transfusions in pa
tients with, for example, pernicious anemia in whom treat
ment can be expected to result in a rather rapid improve
ment as opposed to individuals with severe and prolonged 
bone marrow suppression due to cancer chemotherapy in 
whom one might expect worsening of the anemia and signifi
cantly delay in improvement occurring. 

Therefore, the decision to institute transfusions in non
hemorrhagic anemia should be based not only on the degree 
of anemia but also consideration must be given to its etiol
ogy, chronicity and expected course as well as the status of 
the patient and their estimated or demonstrated tolerance 
for a decreased red cell mass. 

PLATELET TRANSFUSIONS 

It has long been recognized that thrombocytopenia is a 
common cause of significant bleeding. Bleeding is frequently 
contributed to by the coexistence of other factors such as the 
presence of other coagulation defects, fever and infection. 
However, the platelet count remains a significant independ
ent variable. The frequency of hemorrhage and its clinical 
severity is closely related to the platelet count. In one study 
(25) of patients with leukemia thrombocytopenic hemor
rhage of varying severity was observed to occur on 92% of 
the days during which the platelet count was less than 1,000 
in contrast to its being noted on only 8% of the days when 
the platelet count was between 50,000 and 100,000. Severe 
hemorrhage occurred at a lower frequency, but again could 
be correlated in a very similar manner with the degree of 
thrombocytopenia, with such hemorrhage occurring about 
5% of the time with platelet levels greater than 100,000 and 
increasing to 33% with platelet counts less than 1,000. Gross 
hemorrhage defined as gross hematuria, melena or hema
temesis occurred rarely at platelet counts greater than 
20,000. In another study, looking at patients with aplastic 
thrombocytopenia, fecal blood loss was utilized as a meas
ure of the relationship between bleeding and platelet count 
(67). Again the relationship between bleeding and platelet 
count was demonstrated. It was found that at platelet counts 
of greater than 10,000 stool blood loss was no greater than 
in normal subjects, at counts of 5-10,000 blood loss was 
slightly increased and at counts less than 5,000 markedly 
elevated fecal blood loss was noted. 

Although the platelet count is an important predictor of 
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the chances of hemorrhage, other factors are of significance. 
The etiology of the thrombocytopenia is important. The 
aforementioned data is operative primarily in hypo
proliferative thrombocytopenias. In thrombocytopenia due 
to immune destruction of platelets (ITP) the chances of 
bleeding are usually less than in patients with comparable 
platelet counts due to defective production. This relation
ship has been graphically demonstrated by the correlation of 
bleeding times and platelet counts (29). Here it was demon
strated that the bleeding time and platelet count were in
versely related in patients with hypoproliferative throm
bocytopenias. However, in patients with ITP and those in 
whom rapid recovery of bone marrow function following 
chemotherapy was occurring the bleeding time was shorter 
than in those with hypoproliferative thrombocytopenias 
and comparable platelet counts. 

Conversely, bleeding time and clinical hemorrhage may 
be greater than might be expected based upon the platelet 
count if a coexistent congenital or acquired platelet function 
abnormality is present or other coagulation defects are 
present. Multiple drugs, aspirin being a prime example, alter 
platelet function and thus predispose to thrombocytopenic 
hemorrhage out of proportion to the platelet count. This has 
been demonstrated both via bleeding time (29) and fecal 
blood loss (67). Concurrent uremia, disseminated intravas
cular coagulation and infection likewise have the potential 
for exacerbating thrombocytopenic bleeding. 

As early as 1910 (18) the ability of transfused platelets to 
elevate platelet counts and improve hemostasis was recog
nized. However, many years elapsed before platelet trans
fusions were investigated or utilized to any significant ex
tent. 

With the advent of modern blood banking techniques and 
the availability of platelets for transfusion, control of 
thrombocytopenic hemorrhage has become possible. The 
effectiveness of platelet transfusions in raising the platelet 
count and in controlling thrombocytopenic hemorrhage has 
been repeatedly demonstrated (10, 23, 24). With the utiliza
tion of platelet transfusions hemorrhage as a cause of death 
in patients with leukemia has become less frequent (32) 
decreasing from 67% in the preplatelet transfusion era to 
38% following the availability and use of platelet trans
fusions. 

An extension of the therapeutic effectiveness of platelet 
transfusions in controlling hemorrhage has been the 
prophylactic use of platelets to prevent hemorrhage in 
severely thrombocytopenic patients not actively bleeding. 
The utility of platelet transfusions given prophylactically in 
preventing hemorrhage has been shown (24) where the num
ber of days with bleeding was reduced in prophylactically 
transfused patients in comparison with historical controls. 
Other reports have confirmed this (60) including random
ized trials (35, 49). Various recommendations as to use of 
prophylactic platelet transfusions have emerged including 
maintaining the platelet count via transfusion above 20,000 
(23) and initiating transfusion only when the platelet count 
is less than 5,000 (67). 

These recommendations are operative primarily in those 
disorders with diminished platelet production. The etiology 
of thrombocytopenia must be considered when contemplat
ing prophylactic platelet transfusions. Patients with hypo
plastic thrombocytopenia are the primary candidates for 

platelet transfusions given in a prophylactic manner. In 
those disorders involving platelet destruction such as dis
seminated intravascular coagulation, immune throm
bocytopenia and drug related thrombocytopenias mediated 
via immune mechanisms, prophylactic platelet transfusions 
are not generally of value as platelet survival is markedly 
diminished and thus the effectiveness of transfused platelets 
is severely compromised. Nevertheless, therapeutic platelet 
transfusions in individuals with this type of disorder with life 
threatening hemorrhage may be of value. 

The prophylactic use of platelet transfusions, although 
widely accepted and utilized is not without some degree of 
controversy, however, with this controversy relating pri
marily to the development of antibodies and refractoriness 
to platelet transfusions. 

The effectiveness of the prophylactic transfusions of plate
lets in preventing hemorrhage in most instances has been 
correlated with the ability to obtain and maintain post 
transfusion incremental increases in platelet counts. 

The frequency of transfusion and the quantity of platelets 
transfused to achieve this desirable effect is variable. 
Freireich reported that 4 units of platelet rich plasma per 
square meter of body surface area administered twice weekly 
would maintain the platelet count above 20,000 most of the 
time with platelet concentrations being 80 to 90% as effec
tive (23). Another study (60) suggested that a dose of 3 
platelet concentrates per 1001b of body weight was sufficient 
as a prophylactic dose in noninfected patients. In this study 
the majority of patients received transfusions on a daily 
basis. There are multiple factors which may alter the effec
tiveness of prophylactic transfusions and dictate altering the 
use of, schedule of and the quantity of platelets transfused. 
In patients with decreased platelet production there is a 
modest decrease in platelet recovery and survival when com
pared to normal individuals (65). In patients with malig
nancy and particularly leukemia the decreases are more 
marked (66) and thus patients with leukemia may require 
significantly greater quantities of platelets given more fre
quently to obtain a desired effect than patients with aplastic 
anemia. Fever and infection may in a similar manner de
crease the effectiveness of transfused platelets both in post 
transfusion incremental increases in platelet counts and sur
vival of transfused platelets. 

Compounding the problem of effectiveness of prophylac
tic platelet transfusions in preventing hemorrhage is the 
quality of the infused platelet and endogenous factors which 
may affect the platelet function. Storage techniques for 
platelets to be transfused have long been recognized as an 
important variable in altering platelet recovery, viability and 
functional integrity. Storage temperature plays a significant 
role in platelet yield, viability and function and currently 
storage at room temperature in the majority of instances 
appears preferable to refrigeration (65, 74). Potential exists 
for transfusion of functionally deficient platelets due to 
acquired defects in the donor platelets. Perhaps the most 
prominent concern in this area is donor use of aspirin which 
results in irreversible platelet function defects and thus 
would be expected to significantly compromise the effective
ness of platelets obtained from such a donor. Also com
promising the effectiveness of transfused platelets are recip
ient factors. As was noted earlier fever, infection and ma
lignancy alter yield and survival of transfused platelets. A 
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significant number of drugs are known to affect platelet 
function and more are being identified. Patients requiring 
platelet transfusion very frequently require such platelet 
function suppressing drugs and are at greater risk for bleed
ing than would be anticipated if only platelet counts were 
considered. The concurrent existence of other disorders, for 
example uremia, in the recipient may likewise compromise 
the function of infused platelets. 

A significant continuing problem in the field of platelet 
transfusion and one which requires further study is the 
development of refractoriness to platelet transfusions. This 
results in transfusion reactions, diminished survival of trans
fused platelets and most importantly the inability of platelet 
transfusions to control thrombocytopenic hemorrhage. Al
loimmunization with antibodies directed against platelet 
antigens is in large part responsible for the development of 
refractoriness to platelet transfusions. The relationship has 
been shown to exist between the number of transfusions and 
the likelihood of developing refractoriness to transfusion. 
Shulman in 1966 (64) reported the relationship between the 
number of transfusions and the frequency of occurrence of 
detectable antibodies. In patients receiving less than 10 
transfusions only 5% had detectable antibodies, whereas in 
patients receiving greater than 100 transfusions 80% had 
developed antibodies. Eys in 1978 reported a progressive 
decrease in the effectiveness of platelet transfusions to el
evated platelet counts and control hemorrhage which was 
related to the number of prior transfusions (19). Adequate 
incremental rises in platelet counts occurred in 57% of 
patients who had received less than 3 prior transfusions and 
only in 9% of patients who had received more than 30 prior 
transfusions. The ability to control hemorrhage was similar
ly affected with hemorrhage being controlled in 62% of the 
patients who had received fewer than 3 prior transfusions 
while it was controlled in less than 10% of patients who had 
received greater than 20 prior transfusions. Such data would 
suggest the use of prophylactic platelet transfusions may 
compromise the ability to control thrombocytopenic 
hemorrhage at a future date and requires one to be thought
ful in the use of prophylactic platelet transfusions. 

Several strategies have been employed and reported in 
addressing the problem of sensitization to transfused plate
lets with the resulting refractoriness to platelet transfusions. 
These have included using family members as platelet 
donors, using HL-A identical family members as donors 
(75), using HL-A compatible unrelated donors (44, 76), 
using HL-A compatible leukocyte poor platelet prep
arations (33) and utilizing single donors rather than multiple 
random donors as the source of platelets to be transfused 
(26). Although these approaches have been shown to be of 
value, further work is required to solve the problem of 
alloimmunization and the development of refractoriness to 
platelet transfusion. 

A recent study (6) has more systematically analyzed fac
tors contributing to poor incremental responses in platelet 
counts to platelet transfusions and while recognizing that 
further work is required adds to our understanding of the 
issues. The factor of major importance identified was HLA 
antibody grade. Of lesser importance were the presence of 
platelet-specific antibodies, the concurrent use of antibac
terial antibiotics, the grade of clinical bleeding and the 
patient's temperature. The number of prior red cell, platelet 
and granulocyte transfusions, the presence of infection, age, 

blood group, diagnosis, sex, pre transfusion platelet count, 
prior pregnancies and the use of concurrent antineoplastic 
drugs did not have a demonstrable effect upon the efficacy 
of platelet transfusions. 

Additional strategies reported to be of use in preventing 
and/or managing refractoriness to platelet transfusions in
clude measurement of lymphocytotoxic antibody titers (42), 
leukocyte depletion of transfused blood products (52, 68), 
ABO and HLA crossmatching of platelets (30) and the use 
of intravenous gamma globulin in high doses (78). 

GRANULOCYTE TRANSFUSIONS 

Infection is a common problem and major cause of death in 
patients with granulocytopenia of a variety of etiologies and 
frequently is encountered in patients with malignancy with 
decreased granulocyte counts being the result of both the 
disease process and its treatment with radiation and che
motherapy. The risk of infection is roughly proportional to 
the granulocyte count (7). At granulocyte counts greater 
than 1,000 the incidence of infection is not significantly 
increased above that seen in patients with normal gran
ulocyte counts but progressively increases as the granulocyte 
count falls below 1,000. The incidence and severity of infec
tions relate not only to the absolute granulocyte count but 
also to the duration of the granulocytopenia, increasing with 
more prolonged granulocytopenia. The overall status of the 
immune system likewise contributes with infection being 
more likely with concurrent immune suppression. 

The potential usefulness of the transfusion of leukocytes 
in neutropenic infected patients was suggested in the 1960's 
when granulocytes from patients with chronic myelogenous 
leukemia were transfused into leukopenic patients (48). 
Subsequently, several trials utilizing granulocytes obtained 
by continuous flow centrifugation and filtration leuko
pheresis were conducted and suggested the efficacy of such 
transfusions in infected neutropenic patients (17, 28, 45). 
Randomized trials utilizing granulocytes collected by con
tinuous flow centrifugation (34, 69) and filtration leuko
phoresis (3, 37) likewise suggested the efficacy of granulocyte 
transfusions in patients with sepsis. Some conflicting data, 
however, exists and at least one trial failed to document a 
benefit of transfusion of granulocytes into patients with 
neutropenia and fever (22). 

The precise role and indications for granulocyte trans
fusions in the treatment of infected neutropenic patients is 
not well defined. Generally, leukocyte transfusions are con
sidered for patients with severe neutropenia with docu
mented infections, unresponsive to appropriate antibiotics. 
In deciding to initiate granulocyte transfusions, in addition 
to the above, consideration should also be given to the type 
and severity of infection, expected duration of the neu
tropenia and the overall status of the patient (35). 

Granulocyte transfusions, in addition to their use as an 
adjunct to antibiotic treatment of infections in neutropenic 
patients, have been utilized in a prophylactic setting in 
severely neutropenia patients. The apparent ability of 
prophylactic granulocyte transfusions to decrease the in
cidence in infection has been shown (12), however, survival 
of patients so treated was not significantly improved. By 
contrast another study (73) failed to demonstrate a statisti-
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cally significant improvement in infection rate among pa
tients treated with prophylactic transfusions and moreover 
noted an increased incidence of pneumonia and cyto
megalovirus infection and showed, like the prior study, no 
survival benefit to prophylactic use of granulocytes. In addi
tion, prophylactic transfusions of granulocytes have been 
demonstrated to be associated with increased numbers of 
transfusion reactions, fevers, pulmonary infiltrates and re
fractoriness to platelet transfusion as the result of alloim
munization (61). 

The role of granulocyte transfusions in support of neu
tropenic patients is changing and is likely to continue to 
change. The current trend has been one of using granulocyte 
transfusions infrequently. Improvements in antibiotic 
therapy and changes in the treatment strategies of malign an
cies are likely to alter the requirement for granulocyte sup
port and dictate that the indications for the use of gran
ulocytes be reevaluated. In addition potential future im
provements in the collection and storage of granulocytes 
may likewise alter their effectiveness and thus the indications 
for their use. 
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THE SPHYGMOCHRON FOR CHRONOBIOLOGIC BLOOD 
PRESSURE AND HEART RATE ASSESSMENT IN CANCER 

PATIENTS 

JULIA HALBERG, GERMAINE CORNELISSEN, FRANZ HALBERG, FRANCINE 
HALBERG AND ERNA HALBERG 

INTRODUCTION 

Chronobiometry (11, 15), a subdiscipline of chronobio
logy*, serves, among other uses, for cardiovascular assess
ment of a cancer patient. This approach is advocated for 
everyone, in order to obtain individualized reference stand
ards in health. The assessment of a reliable chronobiologic 
mean (the midline-estimating statistic of rhythm, briefly the 
MESOR) is particularly pertinent in the case of heart rate 
for patients with cancer who are treated with doxorubicin, 
where it can serve as a gauge of cardiotoxicity. The purpose 
of this chapter is to introduce the chronobiologic approach 
to the measurement of blood pressure and heart rate and to 
distinguish it from any conventional 24-hour ambulatory 
monitoring. The 24-hour profile (carried out without 
chronobiologic analyses) is a valuable yet incomplete sub
stitute for the conventional casual spotcnecks, currently 
practiced for convenience rather than at pertinent times. 

CASUAL MEASUREMENTS 

In measuring blood pressure, a conventional approach seeks 
to identify values that are too high or too low with respect 
to time-unspecified reference standards (35, 39). This con
ventional inquiry based on casual spotchecks can be ques
tioned as wasteful (18). Indeed, the outcome of large-scale 
clinical trials such as the Australian Therapeutic Trial in 
Mild Hypertension (see 18 for discussion) reflects the status 
quo . Out of nearly 2,000 individuals in this study who 
received a placebo, 48% responded to this 'treatment', most 
of them within less than a year. This fact renders that 
'office-hypertension' or 'white-coat hypertension' associated 
with the excitement of visits to a physician's office leads to 
the entry into large-scale studies of many false positive cases 
(5, 18, 38, 39). Taking 'the' blood pressure at health fairs or 
in shopping centers is a put-on (18). The physician can 
consult at least the personal and familial history of high 
blood pressure and/or related disease. 

The placebo effect in studies such as the Australian trial 
(18) may be contributed in part by a substantial error in 
diagnosis, not only at the outset of a study (false positives 
entering the study), but also by false negative diagnoses 
contributing to the outcome at the completion of a study. 

* Chronobiology is the study (logos) of time (chronos) in the fabric 
of life (bios), characterized by rhythms, defined as algorithmically 
validated, reproducibly recurring dynamics (II). 

The outcome is somewhat less ambiguous in those studies 
relying on endpoints such as morbidity and mortality; yet in 
these cases as well, the uncertainty associated with the diag
nosis at the entry into the study may greatly complicate or 
even invalidate the outcome (18). Whether individuals who 
respond to stimuli such as a physical examination by blood 
pressure elevation are at an increased risk remains a matter 
for further chronobiologic research. Such individuals may 
already reveal an alteration of dynamic rhythm characteris
tics as a harbinger of subsequent MESOR-hypertension (17, 
127). 

Ambulatory blood pressure monitoring, ABPM 

Indications for ambulatory blood pressure monitoring have 
been restricted to special groups of patients, notably those 
with 'borderline hypertension' for whom office and home 
measurement disagree markedly. Certain basic questions 
have been raised before recommending ABPM for routine 
diagnostic use in the clinical setting. Among these questions, 
Weber, notwithstanding earlier chronobiologic contribu
tions (3, 39), points to the difficulty of interpreting the data 
ABPM generates (38). The computation of mean values and 
the inspection of a single 24-hour record, which can hardly 
predict a given pattern's uncertainty on subsequent days, 
indeed may be improved by computing the percentage of 
measurements above some arbitrary limit as an assessment 
of load (38). Critical limits should, however, be adjusted to 
account for the predictable variability in blood pressure. 
Moreover, visual inspection alone cannot resolve sensitive 
parameters that may be informative in their own right. 
Restriction of monitoring to 24 hours and to special cate
gories of individuals, a useful first step, may lead a priori to 
an as-yet indeterminate number of false negative and false 
positive diagnoses and should be replaced by more general 
and extensive chronobiologic approaches discussed below. 
Since chronobiologic methodology will also focus on a 
rhythm alteration more broadly, cost-effectiveness may 
thereby be improved, rather than violated. The objective 
clarification of this point is an urgent matter of research. 

Chronobiology 

Chronobiologists advocate, for everyone, cancer patients 
included, both automatic monitoring and the interpretation 
of (even single time-specified and) serial measurements in 
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the light of time-varying reference standards. Monitoring 
for at least 48 hours, if possible, is advocated since two 
24-hour profiles can have means which differ substantially 
(4, 18). Special chronobiologic methods serve for analyses 
beyond the computation of conventional means (over 24 
hours and separately for the day and the night spans), 
standard deviations and coefficients of variation, the inspec
tion of data for the determination of the peak and the nadir, 
and a comparison of all values with time-unspecified limits 
such as 140j90mmHg. Chronobiologic analyses yield new 
endpoints that allow predictions with estimates of the uncer
tainties involved (3, 4,5,7, 11, 15, 17, 18,25,27,36). 

Parametric and non-parametric endpoints 

Some of the new endpoints are inferential statistical para
meters: an improved 24-h mean, the MESOR; the amplitude 
(half the total predictable difference between high and low 
values); the acrophase (an indication of the times when high 
values are more likely to occur overall); and the period. 
Confidence intervals provide some measure of uncertainty, 
while 90% prediction limits (chronodesms) serve as ref
erence limits for dynamic characteristics of change. The 
MESOR is superior to the arithmetic mean as a location 
index when measurements are unequally spaced. For 
equally-spaced measurements, the MESOR is identical to 
the mean, yet when the data are characterized by a rhythm, 
the MESOR has a smaller uncertainty than that of the arith
metic mean. For the individual patient, the effect of a treat
ment may be rigorously validated by a MESOR test, when 
a comparison of means by a t-test fails to achieve this task. 
Nonparametric features of numerical integration over time 
include time-tension products reflecting the extent of any 
excess (or deficit), the time when excess (or deficit) is most 
likely to occur and the duration of elevation (or deficit) 
within a 24-h day. These endpoints are obtained by a com
parison of the patient's profile with reference chronodesms 
also serving for the interpretation of single time-specified 
measurements (18). 

The sphygmochron 

There are charts called the long and short form of the 
'sphygmochron' (sfig' • mo • kron). Sphygm denotes a 
relation to the circulation - a sphygmomanometer is the 
device used to measure blood pressure - and chron (from 
chronos) refers to a rigorous evaluation over time. The 
sphygmochron is a computer-prepared comparison of a 
given individual's data with those of clinically healthy indi
viduals of the same age and gender (peers), ifnot with earlier 
data of the same subject. The reference data base is sum
marized as time-specified ranges or regions for single values 
or rhythm parameters, which can involve more components 
(harmonics) than the 24- and 12-h cosine curves, the most 
prominent features in the circadian waveform of most indi
viduals. 

A computer helps to fill out the sphygmochron, using the 
blood pressure and heart rate measurements collected over 
at least two full days, and for longer spans if necessary. The 
computer calculates the circadian rhythm parameters and 

any measure of excess or deficit. These characteristics in
dicate, for the individual patient, whether values or the 
characteristics computed from them are within the time
varying peer group limits or outside these chronodesms. 
Values outside the chronodesms are of interest as an esti
mate of the amount of time and the extent to which an 
individual's blood pressure or heart rate will be deviant, 
perhaps as a function of chemotherapy, increasing the risk 
of health problems. The 24-hour time-tension product as
sessing excess should be less than 50 mm Hg x hover 24 
hours. If this is not the case, interventions should be recom
mended in order to achieve this goal. 

The sphygmochron can help the physician prescribe 
timing as well as dosing. Medication can be taken in such a 
way as to lower blood pressure or heart rate at the times 
when the individual would have high values, if left un
treated. This timing of treatment not only makes the medi
cation more effective, it also avoids reducing the blood 
pressure at times when it is already low, leading to the 
dizziness many people experience when taking medication 
for high blood pressure. A follow-up sphygmochron can be 
completed while one takes medication, often allowing the 
physician to prescribe the timing of drugs in order to reduce 
or reschedule dosages and help prevent undesirable or harm
ful side-effects. Timing antihypertensive treatment is par
ticularly indicated in the case of amplitude-hypertension 
(18, 27) or when insufficient conventional treatment by 
drugs reduces the MESOR but enlarges the amplitude, the 
extent of predictable variation (18). 

A sphygmochron should be used routinely 

Cancer patients, among others, might appear to be well
treated for high blood pressure, yet have (undetected) un
desirably high pressures or fast heart rates at odd times. 
Alternatively, one may be overtreated by antihypertensive 
medication when actually much less medication is needed, if 
given at the right time. 

To summarize, features of the chronobiologic approach 
include: 1. monitoring all rather than a select group of 
individuals to obtain individualized reference standards; 2. 
starting monitoring early in life, preferably at birth (17, 18); 
3. monitoring over at least a 48-h span; 4. interpreting the 
record by reference to chronobiologic standards relying on 
living healthy peers. 

The following clinical case serves for the purpose of illus
trating the application of chronobiologic methodology, in
cluding a demonstration of tests of statistical significance 
applicable to the given patient, as a step toward rendering 
the art of treatment into a science. With the availability of 
ambulatory monitors, the test for statistical significance of a 
change in blood pressure or heart rate should always be 
considered, in addition to the also-indispensable considera
tion of clinical significance. 

CLINICAL CASE 

A 39-year-old woman, diagnosed ~ 1.5 years earlier to have 
elevated blood pressure, was treated daily (in the morning) 
for this condition with 12.5 mg of spironolactone and 
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Table 1. Cardiovascular profiles of a 39-year-old woman treated for metastatic breast cancer and high blood pressure* 

Cosinor results 

Profile Date MESOR ± SE Amplitude Acrophase (95% Cl) 
# (Aug. 1982) (95% Cl) (360° == 24 h; 0° = 0000 ) 

Systolic BP 
I 1-2 123.9 ± 0.9 11.9 (9.5, 14.4) - 270° ( - 258, - 282) 
2 7-8 114.2 ± 0.9 8.2 (5.6, 10.9) - 230° ( - 213, - 248) 
3 20-21 116.6 ± 0.8 13.6 (11.5, 15.8) - 276° ( - 268, - 285) 

Diastolic BP 
I 1-2 79.3 ± 0.6 8.2 (6.5, 9.8) -249° (-237, -261) 
2 7-8 72.1 ± 0.7 7.5 (5.3, 9.7) -195° (-179, -211) 
3 20-21 76.2 ± 0.7 9.7 (7.7, 11.6) -291° (-279, -304) 

Heart rate 
1 1-2 76.6 ± 0.7 6.8 (4.8, 8.8) -2W(-195, -228) 
2 7-8 78.2 ± 0.9 12.3 (9.8, 14.8) - 213° ( - 202, - 224) 
3* 20-21 85.8 ± 0.7 6.4 (4.6, 8.3) -261°(-246, -277) 

* Blood pressure (BP) in mmHg; heart rate in beats/min. N of measurements are 102, 85 and 85 for profiles 1,2 and 3, respectively. State 
5 months after removal of the left breast and adjuvant chemotherapy, including a total of 300 mg of doxorubicin. Three around-the-clock 
profiles are summarized above, one IS and another 22 days after the last oncologic combination treatment, Rxo (with 50 mg [cardiotoxic] 
doxorubicin, 500 mg cytoxan and 1.5 mg vincristine) and a third profile 3 days after another course of the same Rxo. The patient received 
concomitant daily treatment with 12.5 mg of spironolactone and 12.5 mg of hydrochlorothiazide, continued unchanged throughout span 
investigated. P from zero-amplitude test for rhythm detection < .001 in each (not shown). For inter-profile changes see Table 2. 

12.5 mg hydrochlorothiazide (one-half tablet of 25 mg/ 
25mg of Aldactazide). In March 1982, she underwent a left 
mastectomy for a biopsy-proven infiltrating ductal car
cinoma. At the time of surgery, 5 of 16 lymph nodes con
tained metastatic tumor, with the same histology as the 
breast neoplasm. In August 1, 1987, after having received a 
cumulative dose of 300 mg doxorubicin, the patient's blood 
pressure and heart rate were monitored at lO-minute inter
vals with a room-restricted instrument, manufactured by 
Nippon Colin Ltd. (Komaki, Japan), connected to a per
sonal computer in the patient's home. Around-the-clock 
profiles obtained on several occasions were analyzed by 
chronobiologic methods. 

Table 1 shows the circadian characteristics of blood pres
sure and heart rate for 3 consecutive profiles. A rhythm is 
demonstrated in each case. The model accounts for from 30 
to over 50% of the total variation. Tests of changes in the 
circadian characteristics, shown in Table 2, reveal a decrease 
in blood pressure MESOR between the first and third pro
files. This decrease is statistically significant but is not 
necessarily relevant to a dose modification, since infradian 
variations can bring about statistically significant changes as 
well. This comment also applies to a statistically significant 
increase in the circadian amplitude of heart rate between the 
first and the second profile, followed by an increase in heart 
rate MESOR, Figure 1. The statistical significance of a 
change, while it is a sine qua non for rigorous inferences, is 
not in itself a sufficient condition for biologic significance. 
The latter must be judged in a broader context of earlier 
data. 

Since an increased circadian amplitude of blood pressure 
can be a harbinger of a MESOR increase (27), the question 
may be raised whether similar changes in heart rate may 
have been associated with the known cardiotoxicity of doxo
rubicin (5). The increase in the circadian amplitude of heart 

rate occurs, however, with a relatively long lag after the last 
doxorubicin treatment on July 17, and hence could be an 
infradian change. By contrast, the MESOR increase in the 
profile on August 20 occurs rather soon after doxorubicin 
treatment on August 17. This increase is statistically signifi
cant, as shown in Table 2 and could well be a harbinger of 
cardiotoxicity. Accordingly, the doxorubicin-containing 
treatment was replaced by methotrexate and 5-fluorouracil. 
By the time of the change in therapy, however, the damage 
to the patient's heart was apparently irreversible. A switch 
to other, presumably non-cardiotoxic therapy notwith
standing, the patient died ~ 5 months later of congestive 
heart failure. 

This clinical case demonstrates the feasibility, by 1982, of 
chronobiologic cardiovascular home monitoring prompting 
modifications of the treatment. It is recommended that the 
cardiovascular monitoring of cancer (and other) patients 
receiving potentially cardiotoxic treatment be implemented 
by ambulatory monitoring at the outside and followed lon
gitudinally (rather than only by 48-hour profiles, as in Fig. 
1) for the early detection of cardiotoxicity (5) and a timely 
change in medication, if need be. Such longitudinal monitor
ing is the more important since it can assess the extent of 
spontaneous change in a given subject. In the clinical case 
discussed herein, if we restrict our attention to the three 
profiles compared in Tables 1-2, one is certainly led to 
believe that the MESOR increase was a result of cardio
toxicity (5). Figure 1, however, shows a broader picture. It 
reveals a lower heart rate MESOR after discontinuance of 
the doxorubicin-containing treatment, on September 9, as 
anticipated. On September 11 and again on September 25, 
however, following a different, presumably non-cardiotoxic 
treatment, a large heart rate MESOR is again seen. In this 
case, it cannot be decided whether, on September 25 and 
October 4, one is dealing with an expression of congestive 
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heart failure or with a spontaneous variation. Had one had 
serial MESORs in longitudinal studies with around-the
clock monitoring, each day from the start of treatment, one 
could have tested statistically whether a given change in a 
rhythm characteristic (MESOR, amplitude or acrophase) 
was within or outside the limits of individualized standards 
of infradian variation. In such prospective studies, the 
changes in MESOR may be much more reliably interpreted 
on an individualized basis. Miniaturized instrumentation 
for such purposes is within the state of the art, even if it is 
not commercially available. Such instrumentation will be 
required if death from the cardiotoxic chemotherapy is to be 
prevented by timely action. Results such as those in Table 1 
and 2 should be routinely given on the back of follow-up 
sphygmochrons, to assess the time course of a condition, as 
in this case, and in particular the success or failure of a given 
treatment. 

TASKS AHEAD 

Very often in medicine and more so in facing a patient with 
coexisting disease conditions, such as the infiltrating ductal 
carcinoma and high blood pressure in the clinical case dis
cussed above, a variety of medical issues have to be ad
dressed. In this particular case, the cardiotoxicity of the 
previously prescribed doxorubicin, apart from the fait 
accompli of prior treatment for an elevated blood pressure, 
was the clinical problem that needed attention as much as 
the cancer treatment itself. Under the circumstances, little 
could be done. A diagnostic reevaluation of the 'hyperten
sion' or of finer points such as a question offree-running vs. 
synchronization of the circadian cardiovascular rhythms 
(11, 20) was beyond the scope of a consultation, nor was 
there any opportunity to consider chronotherapy for high 
blood pressure (6, 40) or of cancer (21). 

A broader perspective of the tasks on hand is the more 
important. One should consider what could have been done 
by treatment initiated earlier and chronobiologically. One 
may ask what research must focus on in order to eventually 
prevent both disease conditions. For prevention as well as 
treatment, rhythms with several frequencies have been 
found to be relevant in the clinical case in this chapter, as in 
the other contributions on approaches by chronobiology to 
cancer in this book (5, 9, 29, 30). Today, circadian rhythms 
start to be emphasized and exploited. But optimization 

Figure 1. Clinical case. Changes in rhythm characteristics of hean 
rate of a patient receiving cardiotoxic treatment for metastatic 
breast cancer. Interpretation is difficult, notwithstanding the statis
tical significance of the changes occurring among the first 3 profiles 
shown in Table 2. The contribution of infradian rhythms cannot be 
ruled out. Admittedly with a posteriori reasoning, one may be 
tempted to see an increase in the circadian amplitude preceding the 
increase in MESOR on August 20, that could be discussed as a 
possible harbinger of cardiotoxicity by virtue of its occurrence 
promptly after the administration of cardiotoxic treatment. Results 
of follow-up heart rate monitoring of the patient in six additional 
profiles suggest that caution is warranted. It can be seen that 
changes occur not only before but also after discontinuation of the 
cardiotoxic treatment. A lasting cumulative role of the prior car
diotoxic treatment cannot be ruled out. The patient's conditioned 
response to a treatment that previously constituted a cardiotoxic 
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according to infradian rhythms should also become practi
cal in medicine. 

From a chronoepidemiologic viewpoint, the circannual 
amplitude of prolactin and TSH have been related to the 
risk of developing breast cancer (19, 37) and the circannual 
amplitude of aldosterone to cardiovascular disease risk (19). 
These results stem from international studies of clinically 
healthy women of 3 age groups studied around-the-clock in 
each season. The circannual amplitude of plasma prolactin 
is low and that of plasma TSH is high in women at high risk 
of developing breast cancer (19). In adult women with fibro
cystic disease of the breast, also characterized by an in
creased risk of developing breast cancer, there is also a 
damping of the circannual amplitude of plasma prolactin 
(37). 

A model of the murine carcinogenesis, related to the 
prolactin secreted abundantly by an ectopic pituitary, initi
ated by the gland removed from its proximal neurohumoral 
coordination in the sella turcica, is interesting, since it im
plies that local neuroendocrine interactions are critical. Ec
topic pituitary-induced carcinogenesis in the mouse breast 
can be reversed by no more than the addition of a hypo
thalamus to the ectopic pituitary (16, 21). The 'replace' 
approach is thus selective, since the entire brain is not re
quired for the reversal. Hormonal cycles may be involved in 
these processes of early carcinogenesis and neurohumoral 
factors may interact in a partial or complete reversal. 

From a clinical viewpoint, a given treatment may be more 
or less effective, depending on the circannual stage. This has 
been shown to be the case for oncostatic agents such as 
doxorubicin and cisplatin (13) as well as for cyclosporine, a 
drug acting upon immunity, a function also pertinent to a 
patient's response to cancer therapy. Lentinan, a potential 
immunomodulator, can modify, in either direction, the 
host's response to a subsequent cancerous growth (8). De
pending on the circadian-circaseptan pattern of its admini
stration, lentinan enhances or delays the growth of a subse
quently implanted myeloma; and this effect depends further 
on the stage of circannual rhythms at treatment time. In the 
context of multifrequency interactions, it is interesting that 
some aspects of the circadian cell cycle also undergo circan
nual changes (31, 34). Recent results from studies on immu
nology and shifts of the circadian synchronizer have shown 
that apart from optimizing the circadian stage of treatment, 
benefits could be derived from repeatedly changing treat
ment times. Such a strategy may benefit the host by spread-

and other burden also comes to mind. 
For statements that are valid on an individualized basis, it is 

important to assess spontaneous fluctuations. In this cliriical case, 
monitoring was started so late that the changes shown in this figure 
cannot be separated from a trend toward congestive heart failure, 
which eventually killed the patient. If the spontaneous rhythmic 
changes could have been monitored for several months earlier, 
starting at least at the onset of treatment, their extent could have 
provided an individualized reference standard to assess treatment 
effects. If so, ambulatory monitoring With chronobiologic assess
ment, as here advocated, could have overcome a traditional di
lemma in clinical treatment. Long-teno monitoring (perhaps with 
miniaturized devices inplanted at the time of diagnosis, once these 
Will be developed) remains the long-term goal of a chronbiologic 
approach to the cancer patient. 
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Table 2. Test of equality of rhythm characteristics in 3 blood pres
sure and heart rate profiles of a 39-year-old woman treated for 
metastatic breast cancer and high blood pressure* 

Systolic blood pressure 

Parameter(s) df F P 

August 1-2/20-21, 1982 
MESOR,M (I, 180) 39.05 <0.001 
amplitude, A (1, 181) 1.07 0.302 
acrophase, cfJ (1, 175) 0.74 0.392 
(A, cfJ) (2, 181) 1.16 0.315 
(M, A, cfJ) (3, 181) 12.88 <0.001 
August 7-8/20-21,1982 
MESOR, M (1, 157) 3.90 0.050 
amplitude, A (1, 156) 9.84 0.002 
acrophase, cfJ (1, 121) 17.01 0.001 
(A, cfJ) (2, 164) 18.63 <0.001 
(M, A, cfJ) (3, 164) 14.96 <0.001 

Diastolic blood pressure 
August 1-2/20-21, 1982 
MESOR, M (1, 171) 10.62 0.001 
amplitude, A (1, 170) 1.30 0.256 
acrophase, cfJ (1, 179) 20.09 <0.001 
(A, cfJ) (2, 181) 12.89 <0.001 
(M, A, cfJ) 3, 181) 11.58 <0.001 
August 7-8/20-21, 1982 
MESOR, M (1, 163) 15.41 0.001 
amplitude, A (1, 162) 2.04 0.155 
(A, cfJ) (2, 164) 39.84 <0.001 
(M, A, cfJ) (3, 164) 34.93 <0.001 

Heart rate 
August 1-2/7-8, 1982 
MESOR, M (I, 169) 2.25 0.135 
amplitude, A (1, 164) 11.76 0.001 
acrophase, cfJ (1, 165) 0.02 0.886 
(A, cfJ) 2, 181) 6.16 0.003 
(M, A, cfJ) (3, 181) 5.33 0.002 
August 7-8/20-21, 1982 
MESOR, M (1, 152) 49.73 <0.001 
amplitude, A (1, 152) 14.01 <0.001 
acrophase, cfJ (1, 146) 19.86 <0.001 
(A, Pf) (2, 164) 19.01 <0.001 
(M, A, cfJ) 3, 164) 31.36 <0.001 
August 1-2/20-21, 1982 
MESOR, M (1, 181) 91.68 <0.001 
amplitude, A (1, 181) 0.07 0.795 
acrophase, cfJ (1, 181) 14.3 <0.001 
(A, cfJ) (2, 181) 9.27 0.001 
(M, A, cfJ) (3, 181) 40.37 <0.001 

* See footnote to Table 1. 

ing defense mechanisms allowing not only for 'killing the 
last cell' (2), but what may be even more important, for the 
first cell kill. 

A basis for dramatic interindividual differences (in a 
population) in proneness to cancer may be found in the 
intra-individual spectrum of host rhythms already mapped 
at all levels of organization pertinent to carcinogenesis. The 
cell cycle (31, 34), the immune surveillance of the cell cycle 
(2, 26), and the neuroendocrine feedsidewards modulating 
defense (20), are pertinent. Rhythm stages are critical for all 
these functions. They also affect a patient's response to 

treatment, both from a therapeutic viewpoint (9, 12) and 
from the viewpoint of toxic side effects (5, 21,23). Rhythm 
stages have also been shown to be critical for carcinogenesis, 
for instance in the case of the circadian susceptibility to 
DMBA (21, 24). As noted earlier, rhythm stages have even 
been shown to be important to determine the risk of de
veloping breast cancer and other diseases. The hours of 
changing resistance have been amply documented in dif
ferent laboratories (14, 28, 32, 33). The response to whole
body irradiation, i.e., the dose that kills 50% of the animals 
in 30 days (LD~g), also changes drastically as a function of 
the host's circadian timing (10, 28), as does the nonlethal 
body weight loss associated with exposure to partial body 
irradiation. Chronorisk, as a concept, may well apply to 
carcinogenic, much lower doses of radiation, as it does to a 
host of other agents. This is the more likely since the cir
cadian stage dramatically determines the outcome of chemi
cal carcinogenesis (24). The concept of chronorisk is thus 
found to be critical at all stages, not only treatment but also 
induction and promotion, and even earlier. 

This state of affairs leads us to ask whether early chrono
risk assessment may not be utilized with an aim of preven
tion. To turn back to blood pressure, differences in the 
dynamics of blood pressure may already be detected at 
birth. A larger circadian and circaseptan amplitude charac
terizes babies with a positive as compared to those with a 
negative family history of high blood pressure. The two 
groups may differ even in their circannual modulations of 
the circadian blood pressure amplitude and MESOR (17, 
18). Chronorisk may be formulated as a constellation of 
unfavorable acrophases in circadian rhythmic risk factors. 
Circannual rhythms modulate circadian rhythms not only in 
the newborn but even during pregnancy (18). 

Chronobiology also aims at a timely prevention. The late 
John J. Bittner (discoverer of the first mammalian breast 
cancer agent, or virus) already emphasized, that genetic and 
acquired endocrine features were critical aspects of mam
mary carcinogenesis, interacting with the agent which bore 
his name (I). Intuitively, he anticipated the description of 
intermodulation among several frequencies characterizing 
rhythms that may coordinate certain natural killer cell sub
populations that patrol at the level of the cell cycle. Bittner 
made a major discovery by an astute observation of what 
happened when the progeny of mice of an inbred strain with 
a high breast cancer incidence were foster-nursed by animals 
of a strain with a low such incidence. The animals were 
mostly free of breast cancer. Just as Bittner's weaning ex
periments have been reproduced innumerable times, so a 
spectrum of rhythms is now amply documented (14,32,33). 
The external biologic response modifiers can and should 
exploit the spontaneous rhythmic changes in host response 
(2, 22). 

Chronorisk characterizes organisms throughout life, be
fore a cancerous process is induced, at initiation and 
thereafter. Endeavors to reduce such risk may be started 
very early in life. In the ectopic pituitary in the mouse, 
chronorisk can be largely reversed. Future chronobiologists 
are challenged to achieve the same result in human beings. 
The five chapters ort chronobiology are dedicated to the 
memory of John J. Bittner, who built the first chronobiology 
laboratory, at the Univers~ty of Minnesota. 
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NUTRITIONAL SUPPORT OF CANCER PATIENTS DURING 
CANCER PROGRESSION 

TAKAO OHNUMA 

Cachexia and malnutrition are among the major causes of 
morbidity in patients with progressive cancer. The causes of 
cancer-related malnutrition are multifold, and can be con
veniently divided into 3 interrelated groups; anorexia, me
chanical obstruction of the alimentary tract and metabolic 
derangements (57). 

Anorexia is known to be induced by abnormalities in taste 
sensation (21) as well as metabolic abnormalities shown in 
cancer patients and in animal studies (2, 18,42, 69, 79, 81, 
83). 

Food intake is impaired in cancer patients when tumors 
interfere mechanically with the anatomic structure and func
tion of the gastrointestinal tract. Thus, tumors of the oro
pharynx, esophagus, stomach, pancreas, liver and perito
neum can compromise oral intake. Ascites and intestinal 
obstructions are often the initial manifestations of ovarian 
carcinoma. Malabsorption syndrome secondary to infiltra
tion of the intestine by cancer, particularly lymphomas, has 
been described (64). 

Metabolic derangements considered to be causally related 
to the pathogenesis of cancer cachexia are as follows (57): 

(a) The elaboration of pharmacologically active tumor 
byproducts. Among the nonhormonal tumor byproducts 
affecting cell metabolism, the polypeptide isolated by Sylven 
appears to be important in relation to cachexia (80). 

(b) Selective parasitism of the host by the tumor in the 
form of successful competition for substrates with limited 
availability (49, 53). Chemical analysis has failed, however, 
to convincingly demonstrate unusual shifts of any nutrient 
into the tumor (74). 

(c) The systemic energy-losing cycle, dependent on an 
interplay of tumor glycolysis and host glyconeogenesis (28) . 
High rates of glucose utilization with production of lactic 
acid are characteristic features of the neoplastic cell. Lactic 
acid so produced may be utilized for energy purposes by 
other tissues or transported to the liver for resynthesis to 
glucose. This cyclic metabolic pathway, in which glucose is 
converted to lactic acid by glycolysis and then reconverted 
to glucose in the liver, is referred to as the Cori cycle. 
Glucose to lactate in cancer cells yields 2 ATPs, whereas 
lactate to glucose in the liver requires 6 ATPs. Therefore, the 
cancer cell is an energy parasite. A significant increase in the 
Cori cycle was shown in cancer patients with progressive 
weight loss as compared to those without weight loss (32). 
Expendable protein stores appear inappropriate consumed 
for this purpose (67). 

(d) Hypogonadism or low testosterone levels in male 
patients (12, 30, 66). Abnormally low levels of male hor-
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mone were described in patients with advanced cancer and 
correlated with weight loss and adverse outcome. 

(e) Certain aspects of cachexia might be mediated by 
immunologic reaction (10). It is known that many patients 
with advanced cancer have anergic reactions to recall anti
gens. It is possible that the factors that produce cancer 
cachexia overlap those with immunologic disturbances. In 
cachectic animals a hypertriglyceridemic state is frequently 
seen and this was shown to be due to the production of 
cachectin, a protein secreted from macro phages, which 
causes systemic suppression of enzyme lipoprotein lipase (4). 
Recently a high degree of homology was found between the 
N-terminal sequence of mouse cachectin and the N-terminal 
sequence for human tumor necrosis factor (3). These ob
servations may open new areas of research relating to cancer 
and cachexia. 

(f) Complications from the treatment of cancer add to 
cancer cachexia. Therapeutic modalities such as systemic 
chemotherapy, radiation to the head and neck or abdomen 
may produce stomatitis, vomiting, diarrhea and a further 
decrease in appetite through the weeks of treatment and 
thereafter. Analgesic medications produce lethargy and de
creased physical activity. This iatrogenically produced de
crease in caloric intake accelerates the deterioration of the 
nutritional status in these patients. 

Patients with anorexia from decreased physical activity, 
concomitant infection and toxicities to the alimentary tract 
from radio- and chemotherapy are clinically managed 
symptomatically for maintenance of nutritional status and 
quality of life (26) . Such management includes the use of 
mouthwash for stomatitis, frequent small volume feedings, 
antiemetics, antibiotics, providing a dining room atmos
phere and/or oral and parenteral nutritional supplement. 

It would be ideal to reverse cancer-related malnutrition by 
correcting the underlying biochemical and/or immunologi
cal mechanisms (5). Very few attempts, however, have been 
made to correct the cancer-related malnutrition by correct
ing the proposed metabolic derangements. 

Hydrazine sulfate, an inhibitor of an enzyme, phospho
enolpyruvate carboxy kinase, was shown to interrupt gluco
neogenesis in animals (65). This observation led to the clini
cal studies of hydrazine in attempts to prevent or revers!; 
cancer-related cachexia and weight loss (see (c) above) (13; 
29, 43, 78). Recent randomized studies have shown that 
hydrazine sulfate-treated patients had significant improve
ments in abnormal glucose tolerance, decrease in the rate of 
total glucose production and maintenance of body weight 
(13). It is, therefore, possible to prevent cachexia by using 
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hydrazine sulfate or related compounds. Whether hydrazine 
sulfate improves the survival of cancer patients or improves 
the tolerance or the efficacy of therapeutic intervention re
mains to be established. 

Beneficial effects from anabolic steroid hormones have 
been reported in patients undergoing chemotherapy (14,77). 
It is unclear, however, whether abnormalities in hypogonad
ism was corrected in these patients (see (d) above). In at
tempts to correct androgen abnormalities a randomized 
clinical trial was carried out to test whether supplements of 
nandrolone decanoate can influence the outcome of che
motherapy. Although the treated group experienced less 
weight loss (with borderline statistical significance) whether 
correction of gonadal function was made has not been 
demonstrated (14). 

For the correction of cancer-related malnutrition enteral 
and parenteral administration of nutrient solutions has been 
widely carried out. The role of nutritional support in cancer 
patients during tumor progression should, however, be con
sidered at several different levels. 

Parenteral nutritional support in cancer patients with 
obstructions of the gastrointestinal tract, gastrointestinal 
fistula, evisceration and intraabdominal infection appears 
justified during and after surgery (7, 19). Although strong 
data is lacking, parenteral nutritional support is considered 
beneficial in these patients who have not been eating for at 
least 10 days or have lost more than 10% of their usual body 
weight (22, 48). 

A number of nonrandomized studies claimed benefit from 
parenteral nutrition in cancer patients requiring surgery. 
Such benefit included maintenance of body weight and posi
tive nitrogen balance, maintenance of immune status and 
increased wound healing. However, such claims have not 
been uniformly substantiated by randomized studies. 

Available randomized studies asking questions of what 
impact the parenteral nutrition will have on the outcome of 
surgery are summarized in Table 1. Although 4 of 7 random
ized studies claimed benefit from parenteral nutritional sup
port it ranged from improved wound healing to decreased 
infection, decrease in major complications to decrease in 
mortality. All of these reports were, however, isolated obser
vations and none were reproducibly significant. Indeed, 
Dionigi and Dominioni (22) observed an increase in the rate 
of major complications among patients treated with par
enteral nutrition. Such adverse effects of parenteral nu
trition were also reported by Brister et al who found, in a 
retrospective analysis, more pulmonary infection and longer 
hospital stay (9). 

Only after compiling 28 published randomized studies, 
Klein et al felt that total parenteral nutrition might be useful 
when used preoperatively in patients with gastrointestinal 
tract cancer (40). Total parenteral nutrition significantly 
reduced major surgical complications and operative mortal
ity in pooled population. Recently a randomized study be
tween total parenteral nutrition and elemental diet adminis
tered by needle-catheter jejunostomy was carried out in 
patients who had undergone pancreatico-biliary surgery (6). 
Both routes of treatment provided adequate nutritional 
support. The latter group compared favorably with signifi
cant cost efficiency. More importantly, there has so far been 
no evidence that nutritional support improved survival of 
cancer patients after surgery as a group (68, 89). These 
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observations indicate that indiscriminatory use of parenteral 
nutritional support is not justified as an adjuvant for surgery 
in patients with cancer. 

Similar discrete considerations are needed for the nutri
tional support of cancer patients during radiotherapy and 
chemotherapy. 

Pretreatment weight loss and low serum albumin in can
cer patients often spell out short survival and poor tolerance 
to chemotherapy. Nutritional support for improvements in 
the performance status of cancer patients seemed possible 
(17, 60). Since response rates to chemotherapy and perfor
mance status were positively correlated (38, 50), nutritional 
support to improye the performance status and response 
rate was considered logical. Likewise, malnutrition and an 
increased rate of infection in children with malignant neo
plasms have been correlated (34). Thus, the idea of nutri
tional support to improve malnutrition and prevent 
therapy-related infection seemed reasonable. Indeed, early 
uncontrolled trials did claim that nutritional support less
ened the side effects of radiotherapy and chemotherapy 
while improving the outcome of therapy (16, 18). These 
initial observations led to extensive evaluation of nutritional 
support in cancer patients during therapeutic intervention 
and a number of prospective randomized trials were carried 
out. 

Table 2 summarizes the results of available randornzied 
studies asking the question of whether parenteral nutrition 
influences tumor response and survival from chemotherapy 
and/or radiotherapy. In contrast to earlier expectations, 
none of these studies showed that parenteral nutrition in the 
currently available form could augment the response rate or 
survival of patients treated with radiotherapy and/or che
motherapy. In addition, reports have appeared indicating 
that parenteral nutritional support was detrimental. Thus, 
Shamberger et al showed that patients with parenteral nutri
tion had a significantly lower duration of response (72). 
Nixon et al found that patients treated with parenteral 
nutrition had shorter survival (56). 

Available randomized studies questioning the role of nu
tritional support in ameliorating therapy-induced toxicities 
are summarized in Table 3. Although earlier studies re
ported favorable effects from parenteral nutritional support 
(35, 76), more recent studies failed to show that the support 
can decrease gastrointestinal, hematological and/or infec
tious complications of radiotherapy and/or chemotherapy. 
Weiner et al have reported that parenteral nutritional sup
port produced considerable complications of its own which 
included mechanical difficulties with the catheter leading to 
discontinuation of nutritional support, subclavian vein 
thrombosis, sepsis, fluid overload, hyponatremia and 
hyperglycemia (87). Although parenteral nutrition groups 
had higher granulocyte nadirs, the difference was considered 
to be caused by fever and infection associated with par
enteral nutritional support rather than any nutritional effect 
on granulopoiesis. They suggested that further studies must 
have a significant rationale for adjunctive use to justify the 
potential risk (87). 

Parenteral nutrition was reported to be beneficial in chil
dren with leukemia and lymphoma who were treated with 
intensive chemotherapy and radiotherapy followed by auto
logous bone marrow transplantation. Patients who received 
prophylactic total parenteral nutrition engrafted donor cells 
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Table 1. Effects of nutritional support on surgery (randomized studies). 

Senior author Time of Type of No. of 
(year) Tumor type support support patients Complication Survival Reference 

Holter Gastrointestinal Peri PN 30 No differences in rate NA 33 
(1977) cancer C' 26 of major or minor 

Cb 28 complications or 
mortality 

Moghissi Esophageal Peri PN 10 PN group had no NA 51 
(1977) cancer C 5 weight loss, wound 

healing was faster 

Heatley Esophageal and Pre PN 38 Pn group had less NA 31 
(1979) gastric cancer C 36 wound infection. No 

differences in 
anastomatic leakage 
or death rate 

Lim Esophageal cancer Pre PN 10 Anastomatic leakage NA 45 
(1981) C' 10 (1/10 vs 4/10), wound 

infection (3/10 vs 5/10) 
and operative mortality 
(1/10 vs 2/10) were 
higher in control 

Sako Head and neck Pre or Post PN 30 No differences in major 60%/12mos 68 
(1981) cancer C 32 complication operative 86%/12mos 

mortality 2/34 vs 0/32 (p = 0.01) 

Thompson Gastroin testinal Peri PN 12 No differences in major NA 82 
(1981) cancer Ca 9 complications. Mortality 

Cb 20 0/12 vs 0/9 vs 2/10 

Muller Gastrointestinal Pre PN 66 PN group had less NA 54 
(1982) cancer C 59 major complications 

and less mortality. No 
differences in the rate 
of wound infection or 
pneumonia 

Yamada Gastric cancer Post PN 11 PN group had increased 73%/3 yr' 89 
(1983) C 12 disease-free intervals 58%/3 yr 

PNd 18 PN group had increased 55.6%/3 yr' 
Cd 16 disease-free intervals 36.4%/3 yr 

Dionigi Esophageal Peri PN 11 PN group had more NA 22 
(1985) cancer C 10 major postoperative 

complications 

Silverman Gastrointestinal Pre PN 66 PN group had less NA 75 
(1985) cancer C 59 major postoperative 

complications and 
mortality 

Jensen Rectal cancer Peri PN 10 PN group had less NA 36 
(1985) C 10 major complications 

(1/10 vs 6/10, p < 0.05) 

PN: parenteral nutrition; C: control; NA: not available. 
a Weight loss more than 10 Ibs. 
bWeight loss less than 101bs. 
'Feeding gastrostomy. 
d Treated with 5-fluorouracil. 
'Differences are not significant. 
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Table 2. Effects of nutritional support on tumor response and survival from chemotherapy and/or radiotherapy (randomized studies). 

Senior author Tumor Type of No. of 
(year) type Treatment support patients Response Survival Comment Reference 

Issell Squamous cell CT&IT PN 13 4PR/13 NA Differences 35 
(1978) carcinoma of C 13 1 PR/13 in response 

the lung rates, NS 

Valerio Adenocarcinoma RT PN II 5PR/ll NA Differences 85 
(1978) or transitional C 9 3PR/9 in response 

carcinoma of the rate, NS 
abdomen 

Douglas GI malignancy RT' EN 13 pancreas 25 
(1978) C 17 9.4 vs 9.5 mos 

stomach 
14.5 vs 7.0mos 
colorectal 
15.4 vs 
14.8mos 

median 
Solassol Ovarian RT PN 42 9.0mos Differences in 76 
(1979) carcinoma C 39 8.3mos survival, NS 

outcome 
Van Eys Childhood CT PN 10 NA 80% alive Differences in 86 
(1980) neoplasms C 9 NA 78% alive survival, NS 

16 mos followup 
Kinsela Pelvic or RT PN 17 NA 53% alive 39 
(1981) abdominal C 15 NA 53% alive 

malignancy 

> 25% response median Control patients 
Nixon Colorectal CT PN 20 3/20 79 days lived longer; 
(1981) cancer C 25 3/25 308 days response rate NS 56 

CR + PR median 
Jordan Adenocarcinoma CT PN 41 8/30 21.5 weeks' 37 
(1981 ) of the lung 28 weeksb 

C 24 7/18 40 weeks 

Popp Lymphoma CT PN 20 NA 69%/2yr 63 
(1981) C 21 NA 66%/2yr 

Samuels Testicular CT PN 16 63% CR 72%/2yr 70 
(1981) C 14 79% CR 77%/2yr 

Valdivieso Small cell CT&RT PN 21 85% CR 71 %/1 yr Differences 84 
(1981) carcinoma of C 28 59% CR 55%/1 yr in response 

the lung rate and 
survival, NS 

during study 
Donaldson Childhood CT PN 12 NA 92% 24 
(1982) malignancy ±Adj CT C 13 NA 92% 

alive 
Ghavimi Childhood RT&CT PN II NA 73% 27 
(1982) malignancy C 14 NA 71% 

Levine Sarcomas CTor PN 14 No 48%/2yr Differences in 44 
(1982) CT + RT C 18 difference 64%/2yr survival, NS 

Some with 
ABMT 

Serrou Small cell CT PN 19 10 CR/19 73%/1 yr Differences in' 71 
(1982) carcinoma of C 20 9 CR/20 68%/1 yr response and 

the lung survival, NS 

Response 2yr 3yr 
Shamberger Sarcoma CT ± RT PN 14 10/14 25% 12% Duration of 72 
(1984) some with C 18 12/14 43% 43% response 

AMBT significantly lower 
in PN group 

Clamon Small cell CT&RT PN 59 24CR,20PR/50 No difference Differences in 15 
(1985) carcinoma of C 62 26 CR, 32 PR/60 response rate, NS 

the lung 

CT: chemotherapy; IT: immunotherapy; RT: radiotherapy; ABMT: autologous bone marrow transplants; PN: parenteral nutrition; EN: 
enteral nutritional; C: control; PR: partial response; CR: complete response; NS: statistically not significant. 
'Chemotherapy and nutritional support given together. 
b Nutritional support prior to chemotherapy. 
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Table 3. Effects of nutritional support on chemotherapy and/or drug of radiation-induced toxicities (randomized studies). 

Senior author Tumor Treat- Type of No. of Toxicities Comment Ref 
(year) type ment support patients 

GI Hematological Infection 

Bounous Abdominal RT EN 9 NA H NA Less lymphocyte 
(1975) and pelvic C 9 drop in EN group 

malignancy 

Issell Squamous CT PN 13 NA (i)" NA a After I st course 35 
(1979) carcinoma (IT) C 13 only, no changes 

of the lung after 2nd & 3rd 
course 

Solassol Ovarian RT PN 42 m NA NA 76 
(1979) carcinoma C 39 

Van Eys Childhood CT PN 10 NA NA Infect( _)b b Included non- 86 
(1980) neoplasms C 9 Sepsismb randomized patients 

(total 36) 

Nixon Colorectal CT PN 20 N & V (-) (-) NA PS (-) 56 
(1981) carcinoma C 25 

Jordan Adenocarcinoma CT PN 41 N & V (-) (-) (-) PN group had 37 
(1981) of the lung C 24 additional com-

plications 
(h ypergl ycemia) 

Popp Lymphoma CT PN 15 NA (-) NA Tolerance to 62 
(1981) C 18 dosage (-) 

Samuels Testicular CT PN 16 (-) (-) (l)' 'PN group had 70 
(1981) C 14 more 

infectious complica-
tions; 
PN group had no 
weight loss 

Valdivieso Small cell CT& PN 21 N & V (-) (-) (-) d Days with muco- 84 
(1981) carcinoma RT C 28 mucositis md sitis was longer in 

of the lung PN group; Weight 
(i); Immunological 
status (i) 

Donaldson Childhood RT PN 12 N & V (-) NA NA Nutritional 24 
(1982) malignancy (± CT) C 13 bowel movement status m 

(-) 

Gharimi Childhood RT& PN II N & V (-) me u/ 'Days with WBC 27 
(1982) malignancy CT C 14 bowel movement < 1500/1'1 

(l) 52 vs 11 
fDays with fever 
110 vs 37 

Serrou Small cell CT PN 19 NA (-) (-) BW(-) 71 
(1982) carcinoma C 20 

of the lung 

Lioudice Gynecologic RT PN(±MP) 12 Absorption study NA NA Radiographic 46 
(1983) malignancy EN(±MP) 12 (j) score (j) 

Shamberger Sarcomas CT PN 12 NA (-) (-) 72 
(1983) ±RT C 15 

±ABMT 

Clams on Small cell CT PN 59 NA mg (l) g Granulocyte nadir 15 
(1985) carcinoma RT C 62 600 vs 350/1'1 but 

of the lung PN group had more 
febrile episodes. 
See Ref. 87 

Weiner Small cell CT PN 54 Mucositis (-) (_)h h Same data as Ref. 87 
(1985) carcinoms RT C 62 N & V (-) 15 and reanalyzed 

of the lung Diarrhea m 
(l)' 'More than 50% of 

patients in PN 
group developed 
PN related com-
plications (see 
Table 4) 

(-), No differences in severity and/or incidence and/or length of complications between study group and control; (I), study group had favorable effect; (D. 
study group had detrimental effects; CT, chemotherapy; RT, radiotherapy; IT, immunotherapy; ABMT, autologous bone marrow transplantation; PN, 
parenteral nutritional support; EN, enteral nutritional support; C, control; NA, not available; PS, performance status; N & V, nausea and vomiting; BW, body 
weight; MP, methylprednisone. 
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Table 4. Complications from parenteral nutrition. 

Complications from catheterization Pneumo-, hydro- and hemothorax 
Hydromediastinum 
Central venous thrombophlebitis 
Air embolism 
Catheter embolism 
Catheter misplacement 
Subclavion artery injury 

Infection Local infection 
Sepsis 

Metabolic abnormalities Hyperosmolar dehydration 
Hypercalcemia 
Hyponatremia or Hypenatremia 
Hypophosphatemia 
Hyperchloremic acidosis 
Hyperglycemia 
Hyperosmolar coma 

Hepatic dysfunction Liver function abnormalities 
Fatty metamorphosis of the liver 

3 days earlier than the control patients (88). There was, 
however, no difference in the two groups' clinical outcomes; 
mortality, duration of hospital stay, incidences of sepsis, 
graft vs host disease and return of malignancy were equi
valent; the findings consistent with adult data (44, 72). 

In these studies it was demonstrated that parenteral nutri
tion could maintain body weight, but mostly with fat and 
water. A gain in protein or muscle mass has not been dem
onstrated. It appears protein malnutrition cannot be re
placed with currently practiced parenteral nutritional sup
port. Alternative approaches such as much longer durations 
of parenteral nutritional support have been advocated, but 
available data casts strong doubt that the present form of 
nutritional support would decrease therapy-related com
plications and increase survival of cancer patients in con
junction with radiotherapy and chemotherapy. Review 
papers on nutritional support during therapeutic interven
tion in cancer patients are available (I, 8, 11,23,40,41,47, 
48, 55, 59, 61). 

Review of available data on parenteral nutritional sup
port of cancer patients led to the identification of patients 
who are in need of nutritional support. Selected patients 
with gastrointestinal cancer may benefit from preoperative 
nutritional support. Nutritional support is also indicated in 
patients with intestinal obstructions who have not been 
eating and have lost body weight and in whom response 
from therapeutic modalities is expected, e.g., ovarian car
cinoma. Parenteral nutrition was also reported to be of 
value for faster improvements of radiation-induced enteritis 
(46). However, they constitute only a small percentage of the 
cancer population. Parenteral nutritional support was also 
reported to be of benefit in patients with advanced and 
terminal cancer (52); however, these cases· should be re
garded as exceptional. Parenteral nutritional support is an 
intensive clinical care requiring physicians, pharmacists, 
dieticians and experienced nurses who, as a team, have to 
make daily rounds to evaluate nutritional status and check 
complications. Complications from parenteral nutritional 
are multiple (Table 4). Among them the complications from 
infection are the most problematic when long term nutri-

tional support is utilized. In addition, the cost of nutrient 
solutions, prolonged hospitalization and/or frequent visits 
to special clinic/office are formidable financial burdens. 

Lastly, psychological impact from parenteral support 
cannot be overlooked. A case was described in which paren
teral nutritional support was given. When the patient did 
not respond he refused to have nutritional support stopped 
because of fear that if it was stopped, death would soon 
follow. The patient was on nutritional support for several 
months just to prolong misery without any therapeutic gain 
("umbilicus cord syndrome") (58). For these reasons careful 
patient selection is essential before the start of parenteral 
nutritional support. Therapeutic complications as well as 
the financial and psychologic impact on the patient and his 
family cannot be justified if therapy has not shown clear-cut 
benefit. 
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PALLIATIVE CHEMOTHERAPY: CANCER 
CHEMOTHERAPY-INDUCED NAUSEA AND VOMITING 

J. LASZLO and V.S. LUCAS, JR 

Significant advances in the treatment of certain dissemi
nated malignancies have been accompanied by increased 
awareness of the consequences of inadequate antiemetic 
therapy. In some patients, nausea and vomiting may lead to 
noncompliance with treatment regimens, and these com
plications commonly impose mental and physical suffering 
that diminishes the quality of life. The extent to which 
medical complications are associated with vomiting depends 
upon its severity and duration; these complications can 
include esophageal tears, bone fractures, malnutrition, and 
major fluid and electrolyte derangements. 

Pharmacological management of chemotherapy-induced 
nausea and vomiting is influenced by the specific emetogenic 
agents available and their mechanism(s) of action, as well as 
by whether therapy takes place in the hospital or in an 
outpatient setting. No single antiemetic drug is successful in 
all cases. This chapter outlines general approaches in drug 
therapy of nausea and vomiting and points out factors that 
should be considered when planning antiemetic therapy. 

Before planning antiemetic therapy for an individual pa
tient, underlying conditions such as intestinal obstruction, 
peritonitis, or increased intracranial pressure should be eval
uated and excluded. It is important not to assume that 
nausea and vomiting are ascribable to chemotherapy and 
thereby miss the opportunity of important alternative treat
ment. Explosive vomiting without nausea and excessively 
prolonged vomiting following a course of chemotherapy 
should at least raise the possibility of other medical or 
psychological causes (5). 

A related concern in developing a program for a patient 
is whether the problem can be adequately managed in the 
outpatient clinic or whether the entire treatment should be 
dealt with during a brief period of hospitalization. Distance 
from the hospital and the extent of delay in the nausea and 
vomiting following chemotherapy are factors which, if they 
permit the patient to go home to a supportive environment, 
make it preferable for the problem to be dealt within that 
setting. At the same time, we must be aware that some 
patients may be so incapacitated by retching every 5-10 mi
nutes that someone needs to stay with them, and if that is 
not possible at home, then it is preferable to hospitalize such 
patients. Fortunately that happens only rarely at the present 
time. For patients treated in the clinic, it is important to 
consider that most antiemetic agents produce sedation when 
given in the dosage needed to manage nausea and vomiting. 
Thus patients should be advised to refrain from driving 
vehicles or working with hazardous machinery while under 
the influence of some drugs. 

When we consider the drugs that induce nausea and 
vomiting, we have a general sense of which ones are more 
potent than others, a rough estimate of these is given in 
Table 1. Clearly drugs such as cisplatin and cyclophospha
mide have a high potential for inducing nausea, vomiting 
and retching, whereas vincristine and many antimetabolites 
are far less likely to do so. It is necessary to add that dosage 
considerations are extremely important because the nausea 
and vomiting produced by low doses of cisplatin may be 
handled by numerous anti emetics, whereas high doses of 
cisplatin respond poorly to most antiemetics. No single 
classification scheme of emetogenic agents can take into 
account all variables nor the fact that some antiemetics are 
more effective against one agent, whereas others may be 
preferable against a different agent (12). The latter dis
crepancies are undoubtedly related to the variable effects 
which emetogenic chemotherapeutic drugs can exert on the 
specialized receptor sites in the brain and gut. A number of 
reviews have been written about the pharmacologic manage
ment of chemotherapy-induced nausea and vomiting, such 
as those by Penta et al. (15, 16). 

Turning first to the standard antiemetic agents, we should 
begin any such listing with the classic antiemetics - the 
phenothiazines (Table 2). Most of these are very familiar 
and a good deal has been written about them since they were 
introduced in the early 1950s. As a class the phenothiazines 
are the most widely used drugs in medical practice, being 
primarily employed in the management of patients with 
psychiatric disorders. However, phenothiazines are also use
ful for their antiemetic, antinausea, and antihistamine 
properties, as well as for their capacity to potentiate analge
sics, sedatives and other central nervous system depressant 
agents (8, 21). Moertel and colleagues (9, 10) have studied 
emesis produced by anticancer agents, primarily 5-fluoro
uracil, for many years; they found that drugs such as pro
chlorperazine and thiopropazate were more effective than 
placebo in preventing 5-FU-induced nausea and vomiting. 

Table 1. Emetogenic potency of chemotherapeutic drugs.* 

Worst 

Cisplatin 
DTIC 
Nitrogen mustard 
Adriamycin 
Cyclophosphamide 

Moderate 

Nitrosoureas 
Procarbazine 
Mitomycin C 

* Relationships based on usual doses. 

Least 

Vincristine 
Vinblastine 
Bleomycin 
6-Mercaptopurine 
Cytosine arabinoside 
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Table 2. Antiemetic drugs. 

I. Phenothiazines 
A. Chlorpromazine (Thorazine) 
B. Prochlorperazine (Compazine) 
C. Triethylperazine (Torecan) 
D. Promethazine (Phenergan) 
E. Triflupromazine (Vesprin) 
F. Perphenazine (Trilafon) 

2. Antihistamines 
A. Hydroxyzine (Vistaril, Atarax) 
B. Cyclizine (Marizine) 
C. Meclizine (Antivert) 
D. Dimenhydrate (Dramamine) 
E. Buclizine (Bucladin) 
F. Diphenhydramine (Benadryl) 

3. Miscellaneous 
A. Benzquinamide (Emete-Con) 
B. Haloperidol (Haldol) 
C. Droperidol (Inapsine) 
D. Metoclopramide (Reglan) 
E. Trimethobenzamide (Tigan) 
F. High-Dose Corticosteroids 
G. Lorazepam 
H. Domperidone 
I. Tetrahydrocannabinol (THC) 
J. Diphenidol (Vontrol) 
K. Scopolamine hydro bromide 

More recent studies have compared various phenothia
zones, mainly prochlorperazine, with several newer antieme
tics such as tetrahydrocannabinol (THC) and nabilone, and 
in most (though not all) studies prochlorperazine was less 
effective than THC or nabilone (14, 18, 19). It seems to us 
that mild emetogenic programs such as 5-FU or radiation 
therapy may respond positively to phenothiazines; however, 
more potent drugs such as cisplatin, and combination che
motherapy with drugs such as doxorubicin and dacarbazine 
rarely respond satisfactorily (8). Furthermore, aggressive 
use ofphenothiazines is associated with a considerable num
ber of side effects, some of which are attributable to the 
actions of the drugs on the central and autonomic nervous 
systems while others are hypersensitivity reactions. 

Antihistamines are often used as antinausea and antivom
iting agents. Although extremely effective in motion sick
ness, they offer little protection against the nausea and 
vomiting produced by potent chemotherapeutic agents. 

A variety of miscellaneous agents has been used in various 
situations in management of patients receiving cancer che
motherapy. Among these we might highlight the more 
potent drugs, including benzquinamide derivatives, buty
rophenones such as haloperidol, and metoclopramide. For 
example, Neidhart et al. (12) found benzquinamide to com
pletely eliminate vomiting in approximately 20% of patients 
who received doxorubicin, although it was rarely effective in 
entirely controlling cisplatin or nitrogen mustard-induced 
vomiting. They found that benzquinamide was occasionally 
effective even in patients who were unresponsive to pro
chlorperazine or haloperidol during prior therapies. Halo
peridol is a major tranquilizer which appears to act as a 
membrane stabilizer blocking the action of dopamine at the 
post-synaptic membrane (4). The drug decreases apomor-

phine-induced vomiting, suggesting its effectiveness at the 
chemoreceptor trigger zone (CTZ) as a major mechanism of 
action. In comparative studies against prochlorperazine or 
THC in patients receiving potent emetogenic chemothera
peutic agents, its overall efficacy was significantly better than 
prochlorperazine and about the same as THC (12, 13). 

Metoclopramide has been highlighted recently by the 
elegant work of Gralla and associates at Memorial Sloan
Kettering Institute in New York; their controlled random
ized double-blind studies showed marked effectiveness of 
high doses of this agent in management of cisplatin-induced 
nausea and vomiting (2). The drug has recently been mar
keted for cisplatin-induced nausea and vomiting and con
stitutes the most potent single antiemetic presently available 
for this problem. 

There has been considerable interest in the use of several 
cannabinoids. Delta-9-tetrahydrocannabinol (THC), the 
most studied of these, can be extracted from marijuana 
plants or synthesized. The drug is difficult to formulate even 
in capsule form and its absorption is erratic; nonetheless, it 
is an effective antiemetic (6,13,14,18,19). Our studies using 
THC in 88 patients who had previously experienced severe 
nausea and vomiting despite the use of other antiemetics 
found 18% complete responses, 48% partial responses, and 
34% who had less than a partial response; the response rate 
was improved even further with repeated courses ofTHC. A 
number of side effects have been reported, with the majority 
of patients experiencing somnolence, or high, or, to a lesser 
extent, other side effects, among which dysphoric reactions 
such as fear and anxiety are the most serious. Of note - THC 
is not particularly helpful in counteracting the erne to genic 
effects of cisplatin (6). 

Nabilone was the first of the synthetic cannabinoid de
rivatives described; Herman and colleagues called it a sig
nificant advance in the management of cisplatin-induced 
nausea and vomiting which has now been amply confirmed 
(3, 20). Sallan and Laszlo have done Phase I-II studies on 
oral and parenterallevonantradol, another synthetic canna
binoid, and have found it to be an effective antiemetic agent 
by both of those routes (1, 7), an important attribute be
cause of the flexibility provided by the parenteral route once 
the patient begins to vomit. (THC is now marketed, nabi
lone may be in the future and levonantradol apparently will 
not.) The unresolved question about the cannabinoids is 
whether their dysphoric properties can be eliminated by 
pharmacologic manipulation of the parent molecule or 
whether to do so would also eliminate the antiemetic effect. 

No review of any pharmacologic program would be com
plete without mention of the high doses of corticosteroids 
which seem to be recommended for just about everything. In 
fact, there are a number of articles suggesting that high 
doses of steroids (methylprednisolone, dexamethasone), 
either alone or in combination with other antiernetics, are 
very effective (17, 22), and we agree. 

In summary, the more recent and aggressive chemothera
peutic programs are also more emetogenic and, fortunately, 
major advances in counteracting this problem have also 
occurred. Oncologists recognize that inadequate manage
ment of nausea and vomiting is deleterious to the health and 
well-being of the patient and any delay in providing aggres
sive treatment merely aggravates the problem. When the 
pattern of nausea and vomiting becomes established or 
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conditioned during a period of ineffective antiemetic 
therapy, then the anticipatory nausea and vomiting become 
extremely difficult to manage. The only current means of 
dealing with the anticipatory syndrome is the use of behav
ioral desensitization or relaxation (11). 
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POSTSCRIPT 

High dose metoclopramide and high dose steroids are 
among the most generally effective antiemetic agents. Indeed 
with newer programs, such as with these drugs plus 
droperidol and diphenhydramine it is possible to achieve 
complete control of nausea and vomiting in about 70% of 
patients. 
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CHRONIC PAIN MANAGEMENT 

R.M. FRANK 

Introduction 

Pain is a perception and as such its form and content are 
dependent upon the subjective response of the patient who 
is experiencing it. All too often, the treatment of chronic 
pain depends upon the attitudes and mores of the health 
professionals rather than the patient's own perception (I) . 
Generally speaking, pain progresses from an awareness to a 
discomfort, it may then intensify until it dominates the 
senses and finally explodes into agony (4), Pain at times can 
be debilitating as well as extremely unpleasant and is usually 
perceived as evidence of ill health. It evokes anxiety and fear 
of the unknown. 

Pain and the cancer patient 

The association of intractable pain with cancer is a miscon
ception. The media have presented a picture of terminal 
cancer patients writhing in their beds, incapacitated with 
pain, but this picture is far from true. Up to half of all 
patients with terminal cancer have no pain or have minimal 
discomfort. A painful death from cancer is not inevitable 
(8) . For those patients suffering with chronic pain, relief is 
available, if the health professionals have the will and the 
knowledge to treat it properly. 

A study by Marks and Sacher (13) showed that three
quarters of medical inpatients who had received narcotic 
analgesics for severe pain continued to experience moderate 
to severe pain. A chart review showed that physicians pre
scribed narcotics at 50-67% of the dose required to relieve 
severe pain and that nurses then underadministered these 
drugs by another 33-50% . A follow-up survey showed that 
most house staff physicians underestimated the effective 
dose range and overestimated the duration of action and the 
potential for respiratory depression and addiction. 

Chronic pain vs. acute pain 

Chronic pain and acute pain are two different entities, and 
must be treated differently. A comparison shows the follow
mg: 

Chronic pain 

Usually a protracted course 
Spectrum from mild to severe 
Difficult to treat 
A noxious disease state in 

itself which can cause a 
complete alteration in the 
patient's perception of hisl 
her life. 

A circular experience with no 
beginning and no end 

A situation 
Can reduce the victim to a 

vegetative state 

A cute pain 

Usually transient 
Spectrum from mild to severe 
Easier to treat 
Represents a sensory system 

which may act as a warning 
signal alerting the body to a 
usually dangerous situation 

A straight-line experience with 
a beginning and an end 

An event 
Stimulates body autonomic 

function 

Chronic pain as a circular experience 

Chronic pain has been characterized as a vicious circle with 
no set time limit. The fearful anticipation of its perpetuation 
leads to anxiety depression and insomnia which, in turn, 
accentuates the physical component of the pain (14). Chron
ic pain can be visualized as follows: 

PAIN 
ANXIETY ~ ~ ANXIETY 

~ PAIN ~ 

Meanininglessness, helplessness and hopelessness are 
characteristics of the unreal nightmare world in which the 
patient with chronic pain lives every day. Chronic pain can 
become all consuming and the complete focus of the suf
ferer's life. 

Aims of treatment (15) 

The aims of treating chronic pain should include: Identify
ing the cause(s); preventing pain by anticipating rather than 
treating it; using carefully ti trated scheduled doses: erasing 
pain memory, if anxious anticipation and memory of pain is 
lessened the treatment can be successful. An unclouded 
sensorium rescuing a patient from being trapped between 
perpetual pain and perpetual somnolence. The balance, 
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pain-free state without sedation can be achieved. Normal 
affect so that the patient can relate to his environment with 
neither an euphoric or depressed affect. Ease of administra
tion so patient's independence and mobility are not im
paired. 

Diagnosing pain 

Individuals have different pain thresholds. Two components 
make up pain, an unpleasant sensation and the emotional 
reaction to that sensation. The emotional component itself 
may contain depression, anxiety, fear of death and worries 
about finances and family. All these features must be dealt 
with in order to diagnose and treat chronic pain effectively. 

The occurrence of pain may be the first symptom of 
disease or a sign of its spread. Pain may be the only symp
tom preventing a patient from leading a "normal" life and 
its successful treatment may lead to a great improvement in 
the patient's quality of life. 

In order to diagnose chronic pain properly many factors 
should be evaluated. A complete physical, psychological, 
neurologic, orthopedic, radiologic and laboratory examina
tion may be needed. 

The cause of pain should be determined if possible. Is it 
the disease, the effects of the disease, the treatment of the 
disease or inactivity? Location: is the pain local or diffuse? 
Severity: is it mild or severe, aching, burning, sharp, dull, as 
judged by the patient and/or the health professionals? State 
of disease: is the patient potentially curable, will the patient 
be able to return home? Intensity as assessed by the patient's 
verbal description. Duration: is the pain continuous or 
periodic? Individual factors: age, mental status, physical 
status, reporting ability, family status and finances. Previous 
treatment: a comprehensive history of both drug and other 
modalities must be taken. Have other therapies been more 
adequate as to dose, administration and length of trial? 
Have any allergic reactions been noted? 

The gate theory of pain (14) 

Pain is the result of a complex pattern of interaction of fast 
and slow conducting nerve fibers and feedback from the 
brain impinging on the "gate". The gate consists of trans
mission nerve cells in the sensory (dorsal) horn of the spinal 
cord, the locus at which peripheral stimuli enter the cord. 
The larger fibers transmit impulses involving touch, while 
the smaller fibers transmit impulses involving pain. The 
smaller fibers conduct more slowly than the larger ones and 
both sets of nerves converge at the spinal cord. The gate 
allows nerve-borne messages to travel along the spinal cord 
to the brain, it widens or narrows depending on the sensa
tion being transmitted. A moderate sensation keeps the gate 
partially open. If the sensation intensifies more small fibers 
become active and the pain becomes stronger. The gate can 
be closed by activity in the large fibers. Rubbing or scratch
ing shuts the gate down. Emotional factors may influence 
the gate. Negative feelings such as anxiety, fear or sadness 
open it allowing more pain messages to reach the brain. One 
sensation cancels out the other, sometimes momentarily, 
sometimes longer. There is little doubt that pain perception 
and behavior is based upon complex anatomical, physio
logical and chemical factors, many of which are still poorly 
understood. 

The chemical theory of pain (19) 

This theory is based upon the discovery of opiate receptors 
in the human body and of the fact that we manufacture our 
own morphine-like substances which are intimately involved 
with analgesia. Pert & Snyder discovered receptors in the 
brain to which opiate derivatives attach themselves. These 
receptors apparently existed in the brains of vertebrate ani
mals for millions of years before the discovery of opium. 
They theorized that there might be naturally occurring 
opiate-like substances which relieve pain. Hughes et a/. 
reported the structure of a chemical from pig brain that 
resembled morphine and named it enkephalin. This chemi
cal looked like and behaved like an opiate, binding receptor 
sites and producing pain suppression when injected. A vari
ety of enkephalins have been isolated including endorphin, 
which is released by the pituitary and is 200 times as effective 
in pain relief as morphine. This implies that the body carried 
endogenous narcotics whose release can be triggered by 
certain stimuli such as acupuncture. Research is underway 
to synthesize these compounds and to produce the "ideal" 
analgesic, one which releaves pain without causing toxic 
effects. A lack of enkephalins or a deficiency in opiate recep
tors may explain why some people are extraordinarily sen
sitive to pain. 

Treatment of chronic pain 

A variety of modalities to treat pain exist: surgery, drugs, 
nerve block, electrical stimulation, hypnosis, acupuncture 
and biofeedback. Currently the most widely used method 
for the control of chronic pain is drug therapy. 

Treatment of chronic pain: narcotic analgesics (2, 7) 

The use of narcotic analgesics is still the most widely used 
method for the control of pain. It is possible that equianal
gesic doses of narcotic analgesics will give the same degree 
of pain relief as well as similar toxic effects. Many com
pounds produce analgesia and other effects similar to mor
phine. None have proven clinically superior in relieving 
pain. Morphine is the standard against which all new anal
gesics are measured. 

Narcotic analgesics: adverse effects (2, 7) 

Narcotic analgesics exert their primary effect on the central 
nervous system (CNS) and the ga&trointestinal (GI) tract. In 
terminal illness some adverse effects may help rather than 
hurt the patient (ex: euphoria, drowsiness). 

CNS effects 

Analgesics: these drugs may act on the sensory cortex of the 
frontal lobes and on the diencephalon of the brain; may 
interfere with pain conductIon or the central response to 
pain; or may affect the patient's emotional response to pain. 
These drugs usually produce analgesia without loss of con
sciousness. 

Drowsiness, sedation where the extremities feel heavy, the 
body is warm, the face may itch and the mouth may be dry. 
If conditions are favorable sleep may follow. 



Change in mood, euphoria. 
Respiratory depression: in part due to direct effect on the 

brain stem respiratory center. This involves a reduction in 
the responsiveness of the brain stem respiratory center to 
increases in carbon dioxide tension. Also depresses the cen
ters involved with regulating respiratory rhythmicity and the 
responsiveness of the medullary respiratory center to electri
cal stimulation. 

Cough suppression. 
Mental clouding. 
Nausea, vomiting by direct stimulation of the che

moreceptor trigger zone for emesis in the area posterior of 
the medulla. These effects are idiosyncratic. 

Electroencephalologic changes. 

GI effects 

Gastric, biliary, and pancreatic sensations are decreased and 
the drugs may delay digestion. 

Increased smooth muscle tone in the antral portion of the 
stomach, the small intestines, the large intestines and the 
sphincters. 

Increase smooth muscle tone is the urinary tract. 
Oliguria. 
Constipation. 

Cardiovascular effects 

Little effect is seen on the patient when supine, orthostatic 
hypotension or fainting on arising may occur as a result of 
peripheral vasodilation. 

Histamine release may lead to peripheral blood vessel 
dilation manifested by flushing, pruritis and sweating. 

Large doses and/or rapid administration can lead to 
hypotension and bradycardia. 

Blood pressure falls largely as a result of hypoxia. This 
dilates the vessels and decreases the capacity of the car
diovascular system to respond to gravitational shift. 

Endocrinologic changes 

Stimulates release of antidiuretic hormone (ADH). Inhibits 
release of ACTH and gonadotropin hormone from the pitu
itary. Inhibits release of thyroid stimulating hormone. 
Hyperglycemia. Decreases of basal metabolism rate. 

Other effects 

Ophthalmologic: miosis. 
Rare anaphylactoid reactions have been noted. 

Narcotic analgesics: contraindications 

In patients with known hypersensitivity to the particular 
drug. Patients who are hypersensitive to one narcotic anal
gesic may be able to tolerate a different narcotic analgesic. 

Narcotic analgesics: drug interactions 

Depressant effects may be exaggerated and prolonged by 
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phenothiazines, monoamine oxidase inhibitors and tricyclic 
antidepressants. 

Narcotic analgesics: absorption, distribution, metabolism, 
excretion 

Individual narcotic analgesics differ in onset and duration of 
action (see chart to follow). They are rapidly removed from 
the bloodstream, with approximately t protein bound in the 
plasma. 

They are distributed in the skeletal muscle, kidneys, liver, 
lungs, intestinal tract, spleen, and brain. They readily pene
trate the placental barrier. They do not persist in the body 
and 24 hours after the last dose, tissue concentrations are 
usually very low. The plasma halflife in young adults ranges 
from 2.5 to 3 hours, but may be considerably longer in older 
patients. 

The drugs are primarily metabolized in the liver. The 
microsomes in the endoplasmic reticulum being the major 
site. To a lesser degree, metabolism takes place in the CNS, 
kidneys, lungs and placenta. The major pathway for detoxi
fication is conjugation with glucouronic acid. 

Excretion is primarily through the urine with 90% of the 
drug either unchanged or as metabolites eliminated in the 
first 24 hours. Elimination of the major metabolites is per
formed by glomerular filtration. Enterohepatic circulation 
occurs which probably accounts for the presence of small 
amounts of drug in the urine for several days. The feces 
account for 7-10% of excretion. 

Narcotic analgesics: dosage 

Doses must be carefully adjusted according to the severity of 
the pain and the response of the patient. If the initial dose 
is found to be ineffective and has not produced limiting 
adverse effects, then the dose should be increased before 
changing to another narcotic analgesic. The difference be
tween morphine and its surrogates has been considerably 
overestimated. In equianalgesic doses (see chart to follow), 
most of these drugs produce approximately the same in
cidence and degree of unwanted side effects as well as ap
proximately the same degree of analgesia. 

Narcotic analgesics: mechanism of action 

These drugs act as agonists which interact with binding sites 
or receptors which are widely but unevenly distributed 
through the central nervous system. The affinity of many 
narcotic analgesics for these binding sites correlate well with 
their potency as analgesics. 

Narcotic analgesics: agonist-antagonist activity (5, 10) 

Narcotic analgesics exhibit differences that are believed to 
be connected with complex interactions of these drugs with 
CNS opiate receptors. Morphine and pure morphine-like 
agonists (drugs that bind to opiate receptors) represent one 
such group. Another is a group that are pure antagonists 
(drugs that reverse or block the effects of morphine) while in 
between there are drugs that exhibit agonist-antagonist 
(mixed) properties. 
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Agonists 

Codeine 
Heroin 
Hydromorphone 
Levorphanol 
Meperidine 
Methadone 
Morphine 
Oxycodone 
Oxymorphone 
Propoxyphene 

Mixed properties 

Butorphanol 
Nalbuphine 
Pentazocine 

Partial agonists 
Buprenorphine 

Antagonists 

Naloxone 

The agonist drugs may differ from morphine in relative 
potency, onset and duration of action but they all mimic 
morphine in desired and toxic effects. Mixed action drugs 
produce analgesia and other narcotic effects but may exhibit 
a lower liability for abuse, although this is still in question. 
Mixed action drugs in therapeutic doses may produce cer
tain self-limiting psychotomimetic effects in some patients. 
Patients who have received repeated doses of a morphine
like drug to the point of physical dependency may ex
perience withdrawal reactions when given a mixed action 
drug. 

Narcotic analgesics: relative potency, and other 
pharmacologic parameters (2, 3, 7, 10) 

The dosage and pharmacokinetic effects are based on acute, 
short-term use. Recent data suggest that chronic administra
tion will significantly alter these parameters. 

Equianalgesic dose Onset 
Name of drug (mg) (b) (min) (b) 

Buprenorphine Parenteral 0.4 
Sublingual 0.8 

Butorphanol Parenteral 2 5-15 
Hydromorphone Parenteral 1.5 15-30 

Oral 7.5 15-30 
Levorphanol Parenteral 2 45-60 

Oral 4 45-60 
Meperidine Parenteral 75 10-15 

Oral 300 
Methadone Parenteral 10 10-15 

Oral 20 
Morphine Parenteral 10 20-30 

Oral 20 (c) 
Nalbuphine Parenteral 10 
Oxymorphone Parenteral 1 5-10 
Pentazocine Parenteral 60 

Oral 180 

Name of drug 

Acetaminophen 
Aspirin 
Codeine 
Meperidine 
Oxycodone 
Pentazocine 
Propoxyphene 

Peak 
(hr) (b) 

H 
2-3 
H 
H 

1!-2 
H 

1!-2 
H 

1!-2 
H 

1!-2 
H 

1!-2 
H 
H 
H 

1!-2 

(b) The dose and frequency of administration must be titrated to the individual patient. 

Duration 
(hr) (b) 

4-6 
5-6 
3-6 
4-5 
4-7 
4-6 
4-7 
2-4 
2-4 
4-6 
4-6 
4-6 
4-7 
4-6 
4-6 
4-6 
4-7 

Equianalgesic dose 
PO (mq) 

650 
650 

32 
50 
2.5 

30 
65 

Plasma half 
life (hr) (b) 

3-4 
2-3 
2-3 

12-16 
12-16 
3-4 

15-30 

2-4 

5 
2-3 
2-3 

(c) Clinical experience with Brompton and morphine sulfate solutions indicates the correct parenteral: Oral ratio for morphine should be 
1:2 rather than 1:6 usually shown. 

Relative potencies of oral analgesics expressed in terms of 
doses approximately equivalent in total effect to 650mg of 
Aspirin (ASA). 



Narcotic analgesics: suggested regimens 

At this institution two suggested regimens of treatment for 
pain have been developed. 

ORAL ADMINISTRATION 
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Acetaminophen 
or ASA 

Acetaminophen 
or ASA + 
Codeine 

Acetaminophen 
or ASA + 
Oxycodone 

Hydromorphone Morphine sulfate 
tablets 

Morphine sulfate 
oral solution 

Methadone 
Mild Moderate Severe 

Meperidine 
PARENTERAL ADMINISTRATION 

Hydromorphone Morphine bolus 
Morphine infusion 
Methadone 

Narcotic analgesics: dosing for the elderly (11) 

Elderly patients are often very sensitive to these drugs. With 
respect to dose, particularly aged patients respond to mor
phine as though they had received 3-4 times the dose as 
compared to younger patients. This is primarily an increase 
in duration rather than an increase in peak analgesic effect, 
and is consistent with the suggestion that morphine is 
cleared from the body more slowly in the aged patient. 

Narcotic analgesics: individual drug information (2, 5, 7) 

The following statements contain information concerning 
individual drugs and will draw upon clinical experience, as 
noted, as well as the references cited. 

Buprenophine 
This drug is not available for clinical use in the United 
States. It can be used sublingually as well as by other tradi
tional routes of administration. 

Butorphanol 
It is only available for parenteral administration and has not 
been widely used on a chronic basis. In contrast to mor
phine, it transiently increases urine output and decreases 
urine osmolality and sodium and potassium excretion in 
rats. These effects are due to inhibition of release of anti
diuretic hormone from the hypothalamus. 

Codeine 
Useful as a first line analgesic in combination with 650mg of 
Acetaminophen or ASA. We find a dose of 60mg in com
binations can be effective in treating mild chronic pain. 

Heroin (17) 
In equianalgesic doses compared to morphine its analgesic 
and mood-altering effects are similar. Onset of action is 
slightly faster but duration of action is shorter. Its toxic 
effects are similar to morphine. Clinical use of the drug in the 
United States is illegal. Recent studies indicate that heroin 
offers no special advantage compared with morphine. 

Hydromorphone 
Has a rapid onset of action which makes it particularly 

useful on a when needed ("pm") basis. Because of its sol
ubility large concentrations of drug can be given in small 
volumes, an advantage if subcutaneous or intramuscular 
route is to be used. As previously stated all narcotic analge
sics are similar in desired and toxic effects when equianalge
sic doses are given. This drug was included in both our oral 
and parenteral suggested regimens because many patients 
and their families equate the use of morphine with the 
end-stages of disease. 

Levorphanol 
Apparently produces more sedation and smooth muscle 
stimulation than morphine. 

Meperidine 
CNS hyperirritability has been reported including subtle 
changes in mood to more significant neurologic signs of 
tremors, multifocal myoclonus and seizures. This is second
ary to accumulation of the active metabolite normeperidine. 
Systemic administration may cause corneal anesthesia 
which can abolish the corneal reflex. Excretion of the un
changed drug is enhanced by acidifying the urine. The drug 
has poor oral potency and in the doses usually administered 
(50-100mg po q6h) it is not more effective than 650mg of 
acetaminophen or ASA for treating chronic pain. 

Methadone 
A longer acting narcotic with good oral potency. While its 
half-life is 17-24 hours its duration of analgesic action seems 
to be 4-8 hours. Clinical experience indicates that the start
ing dose should be 20 mg every six hours, if the patient has 
failed other narcotic regimens. After pain has been control
led the frequency of administration may be cut back to every 
eight hours. It is firmly bound to tissue protein which may 
explain its cumulative effects and slow excretion. 

Morphine 
Experience with oral preparations has shown that this route 
is effective and well tolerated. Oral doses should be titrated 
to the patient's needs and are most effective if given on an 
around-the-clock schedule. Both oral sustained release tab
lets and liquid are available. The drug has been given intra
thecally, (18) by continuous intravenous infusion (9) and 
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other parenteral routes. Experience at our institution shows 
that a starting dose of 40-80 mg/hour of morphine is needed 
when the continuous infusion method is administered. Often 
these doses can be reduced within a period of 24 hours. This 
is done only after consultation between the patient and the 
health professionals. We have maintained patients on con
tinuous infusions of morphine sulfate for 2-3 months. Pa
tients have remained lucid and ambulatory on doses in 
excess of 500mg/hour for 1-2 days. 

Nalbuphine 
This drug is available for parenteral administration only. It 
may have less psychotomimetic effects than pentazocine but 
has not been widely used for chronic administration. 

Naloxone 
This is a narcotic antagonist. After administration there is 
an increase in respiration rate and minute volume, arterial 
PC02 decreases toward normal and blood pressure returns 
to normal if depressed. Its duration of action is usually 
shorter than the narcotic. The precise mechanism of action 
is unknown but competitive inhibition seems to be impor
tant. Onset of action is 1-5 minutes with a duration of 45-90 
minutes. It crosses the placental barrier and is the drug of 
choice when the nature of the depressant drug is not known 
since it will not cause further respiratory depression. 

Oxycodone 
A synthetic congener of morphine which is useful in com
bination with acetaminophen or ASA. The available com
binations contain 5 mg of oxycodone and 325 mg of aceta
minophen or ASA per tablet. 

Oxymorphone 
Useful as a rectal suppository. The onset of action rectally 
is 15 minutes with a duration of 3-6 hours. 

Pentazocine 
The introduction of pentazocine to a patient chronically 
receiving narcotic agonists, will precipitate an acute with
drawal state. Escalation of the dose is associated with psy
chotomimetic effects including hallucinations and un
pleasant dreams. This limits the usefulness of this drug. In 
one study 50mg of pentazocine NCI was not more effective 
than 650 mg of ASA. It is a mixed action drug with weak 
narcotic antagonist effects. 

Propoxyphene 
A weak narcotic analgesic. In some studies it could not be 
distinguished from placebo. Since it does not exhibit any 
antipyretic effects, it can be used for mild pain when mask
ing of fever could present a problem. It passes into the 
cerebrospinal fluid. 

Treatment of chronic pain: nonsteroidal anti-inflammatory 
drugs (2, 7, 12) 

Nonsteroidal anti-inflammatory drugs (NSAIDS) control 
pain at the periphery where pain is engendered rather than 
the CNS. They reduce prostaglandin synthesis by interfering 
with the metabolizing enzymes. Some also modify the effects 
of kinins, complement and oxygen radicals. 

NSAIDS: adverse effects (2, 7, 12) 

Can cause upper gastrointestinal intolerance with nausea, 
vomiting and pyrosis; salt and water retention. Both these 
effects are due to a reduction of the prostaglandin produced 
locally in the stomach and kidney. Gastrointestinal effects 
can be minimized by administering with food or fluids. 

Many of these drugs effect platelet aggregation and 
produce other hematological effects which may make these 
drugs unsuitable for cancer patients. 

CNS effects including headache, somnolence, dizziness, 
tremors, confusion, insomnia, nervousness, asthenia, pares
thesia, muscle weakness, fatigue, drowsiness, malaise, tin
nitus, blurred vision with diplopia, and optic neuritis have 
been seen. 

Renal effects with dysuria, cystitis, hematuria, nephrotic 
syndrome, renal failure, oliguria, anuria, azotemia, allergic 
nephritis, nephrosis, and papillary nephrosis have been 
noted. 

Dermatologic effects with rash, pruritis, urticaria, in
creased sweating, dyspnea and anaphylaxis. 

Hepatic effect including severe reactions including jaun
dice and cholestatic hepatitis, elevation of SGOT, SGPT, 
LDH and alkaline phosphatase. 

Fenoprofen 
The presence of food in the stomach retards absorption and 
lowers peak concentrations in plasma. The concomitant 
administration of antacids does not seem to alter concentra
tions. 

Ibuprofen 
Daily doses of 2400 mg in divided doses may be given, 
though doses up to 4200mg per day have been reported. It 
may be possible to reduce the dose for maintenance pur
poses. The pediatric dose is 20 mg/kg but should not exceed 
500 mg/day in children weighing less than 30 kg. 

Indomethacin 
The peak concentration in plasma is within 3 hours in the 
fasting subject but may be somewhat delayed when drug is 
taken after meals. Total plasma concentrations can be in
creased by concurrent use of probenecid. It antagonizes the 
natriuretic effect of furosemide. Severe frontal headache 
appears in 25-50% of patients who take the drug chroni
cally. It can cause psychotomimetic effects possibly due to its 
serotonin-like chemical structure. The drug should be taken 
in divided doses with food or immediately after meals to 
lessen gastric distress. 

Naproxen 
Absorption may be accelerated by the concurrent ad
ministration of sodium bicarbonate or reduced by mag
nesium oxide or aluminum hydroxide. In children the half
life is probably shorter. The drug may be given with food to 
minimize gastric distress. 

NSAIDS: metabolism, distribution 

These drugs are primarily metabolized in the liver and ex
creted in the urine and feces. Most of these drugs bind firmly 



to plasma proteins and thus may displace other drugs from 
the binding sites. 

NSAIDS 

These drugs are contraindicated in patient with hypersen
sitivity to aspirin. 

Combinations of NSAID's with opioids is rational since 
the former work in the periphery and the later centrally. 

NSAIDS: individual drug information (2, 7, 12) 

The following statements contain information concerning 
individual drugs and will draw upon clinical experience, as 
noted, as well as the references cited. 

Acetylsalicyclic acid 
This is the original NSAID and is the standard against 
which new mild analgesics are measured. The elimination 
of half-life becomes more prolonged with increased dose. 
Blood levels of l50,um/ml is the minimum necessary for 
anti-inflammatory effect, levels greater than 300,um/ml can 
cause a reversible tinnitus while higher blood levels can 
cause a metabolic acidosis with CNS effects. It has local 
toxic effect on the mucosa of the stomach, and has been 
administered with food or buffering agents to minimize this 
effect. The drug can effect platelet aggregation and thus may 
be unsuitable for use with cancer patients. Doses above 
650 mg do not increase the effectiveness of ASA. High doses 
can interfere with prothrombin production. Overdosage is 
evidenced by hyperventilation, respiratory alkalosis and 
later metabolic acidosis. 

Oxybutazone and phenylbutazone 
These drugs can cause agranulocytosis and aplastic anemia. 
They cause significant retention of sodium and chloride 
accompanied by a reduction in urine volume, edema may 
result. This is a direct effect of the drugs on the renal tubules 
and is reversible. They reduce the uptake of iodine by the 
thyroid gland apparently secondary to inhibition of biosyn
thesis of organic iodine compounds. Significant concentra
tions may persist in the synovial spaces for up to three 
weeks. These drugs should be given only for short periods of 
time. Other anti-inflammatory, anticoagulant, hypoglycem
ic, sulfonamide, and other drugs may be displaced from 
binding to plasma proteins by these drugs. 

NSAIDS and acetaminophen: usual dose, peak, duration 
and plasma half-life (2, 7) 

Usual daily Duration Plasma-half-
Name a/drug dose (mg) Peak (hr) (hr) life (hr) 

ASA 2600-3900 1!--2 4-6 2-3 
Fenoprofen 2400-3000 2-4 4-6 4 
Ibuprofen 1200-1600 1-2 4-6 2 
Indomethacin 100-200 t-I 4-6 2-3 
Naproxen 500 2-4 5-7 13-14 
Oxybutazone/ 100-600 2-3 4-6 50-100 
Phenylbutazone 
Acetaminophen 2600-3900 t-I 4-6 1-4 
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Acetaminophen (2, 7) 

This drug has analgesic and antipyretic effects that do not 
differ significantly from ASA, however, it has only weak 
anti-in.flammatory effects. It has no effect on platelet ag
gregatIOn and can often be substituted for ASA in the 
tre~tment of pain for cancer patients. It produces its anal
gesIc effect by a peripheral action. 

Absorption, distribution, metabolism and elimination 
When administered orally the drug is rapidly and completely 
absorbed. 25% is bound to plasma protein. It is metabolized 
by the liver microsomal enzyme system and is excreted 
primarily through the urine. 

Adverse effects 
Therapeutic doses have little effect on the cardiovascular 
and respiratory systems but toxic doses can cause circula
tory failure and rapid shallow breathing. Acute overdosage 
can cause a fatal hepatic necrosis. Skin rash and occasional 
allergic reactions have been seen. Renal tubule necrosis and 
hypoglycemic coma may also occur. 

Chronic pain management: treatment by non-drug 
modalities 

A host of non-drug treatments for relief of chronic pain have 
been attempted. These include acupuncture, biofeedback 
electrical stimulation, nerve block and surgery. ' 

Acupuncture 
This stimulates the small nerve fibers, sending impulses 
through the open gate that register in the brain as an acute 
pain of turning needles. When the signals reach the central 
bia.sing mechanism in the brain stem, they trigger coun
tenmpulses that travel down the spinal cord and close the 
gate against the chronic pain. Acupuncture produces signals 
that may counteract pain by closing the spinal-cord gate or 
activating inhibitory fibers within the brain. 

Biofeedback 
This relies on the power of the mind. The significance of 
biofeedback is not the method but the message which is to 
put yourself in charge. By switching flashing lights on and 
off or by listening to beeps that vary in speed and light 
subtle changes in body temperature pulse and other sup~ 
posedly involuntary reactions can be registered. Patients can 
actually see and then learn to control what their environ
ment does to their body. 

Electrical stimulation 
Transcutaneous Electrical Nerve Stimulation (TENS) uses 
electronic impulses to override pain. Electrodes powered by 
batteries are taped to the skin over any painful area. The 
stimulator is operated by the patient at will. Gentle electrical 
stimulation activates the large nerve fibers that close the 
~ate. Stimulation of nerves to relieve pain may act by re1eas
mg enkephalins in the brain. Adverse effects include a 
sometimes annoying sensation similar to the tip of a needle 
touching the skin, irritation by the tape. This procedure does 
not work for all for reasons not yet elucidated. 

Dorsal Skin Stimulation (DSS) in which fine wire elec
trodes are implanted directly in the spinal cord above the 
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level of pain and attached to a receiver implanted beneath 
the skin of the back. A transmitter taped over the receiver 
sends electrical signals into the spine at the flick of a switch. 
This can be carried out whether or not the patient is in bed. 

Nerve block 
A local anesthetic, steroid or alcohol is injected into the area 
suspected of controlling the pain. The result is total numb
ness. The effects can last from hours to weeks or longer. 
There can be complications from the drugs or damage to 
muscle tissue. 

Surgery 
One of the oldest ways of dealing with chronic pain is 
surgery to cut the pain bearing nerve fibers. Cordotomy is 
used to relieve pain in the lower back and legs. The spino
thalamic tract is cauterized above the area where the pain 
originates. There are risks of muscle weakness and paralysis. 
Frequently the effects wear off after several months. 

Chronic pain management: successful treatment 

The armamentarium against pain is vast, but the successful 
management of chronic pain depends on the will to treat on 
the part of the practitioners and the will to accept treatment 
by the patient and his/her family. 

To be successful it is necessary to refocus the thinking 
about chronic pain management from the health profession
al's own attitudes and needs to those of the patient; and to 
develop a therapeutically rational approach to the control of 
chronic pain. 

Some of the attitudes that we bring to the treatment of 
pain include 

- a preference for stoic patients who are less demanding 
and easier to care for. 

- the social conditioning about narcotics caused by sto
ries in the media. We should not let drug abusers form our 
opinions about the proper use of narcotics, but often we do. 

- the fear of addiction: a 1980 study by Porter & Jick (16) 
showed the incidence of addiction in hospitalized patients 
who had received narcotics, to be 1 per 4000. 

It is possible to be physically dependent on drugs without 
being addicted (7). Cancer patients take narcotic analgesics 
for pain relief not for an altered state of mind. 

Many family members wishing a patient to be adequately 
controlled for pain, have second thoughts when a patient 
becomes drowsy and lethargic even though this is usually a 
transient phenomenon and may reflect previous sleep dep
rivation due to the pain. 

These attitudes and others conspire to cloud our vision 
when dealing with a patient in pain and lead us to what has 
been characterized as the 4-won't syndrome: 

The physician won't prescribe enough 
The pharmacist won't dispense enough 
The nurse/family won't administer enough 
The patient won't take enough medication to ade
quately treat chronic pain 

To aid practitioners in understanding chronic pain ahd its 
appropriate treatment the following 10 principles of chronic 
pain management have been developed (6) at our in
stitution. 

The principles of chronic pain management 

(1) The patient is the best judge of his/her pain. This is 
the most important concept and has to be accepted by all 
involved if proper management is to be achieved. Pain is 
what, and occurs when, the experiencing person says. We 
often erroneously assume that we must be able to identify 
the source of pain for the expression of pain to be valid. For 
many patients pain is the most feared manifestation of their 
disease. Cancer is what may eventually kill them, but pain is 
what makes them suffer. 

(2) Placebos have no place in the treatment of chronic 
pain. If we are convinced of principle 1 then this is obvious. 
Using placebos reveals more about our own attitudes than 
the patient's comfort. 

(3) All narcotic analgesics are equivalent if equivalent 
doses are given. 

(4) All narcotic analgesics have similar adverse effects. 
(5) Around-the-clock dosing is preferred over as-needed 

dosing. If chronic pain is thought of as a continuum, several 
problems exist when an analgesic is given on demand rather 
than on a regular schedule. It is discouraging to the patient 
when relief is not available until the pain recurs. Patients are 
often hesitant to ask for pain relief for a variety of reasons, 
including fear that complaining about pain is a sign of a 
weak or bothersome patient. Nurses or family may en
courage patients to wait until pain becomes unbearable 
before giving a dose because they fear drug dependence. We 
have found excellent results when using morphine sulfate 
solution for chronic pain management on an around-the
clock schedule with the dose being titrated to the patient's 
needs. Perhaps any analgesic would work as well if adminis
tered in the same way. 

(6) When changing from one narcotic analgesic to 
another, keep the old drug available on an as-needed basis 
for a short while. We have found it very comforting for the 
patient to keep the old analgesic available on an as-needed 
basis when a different drug is used on an around-the-clock 
schedule. Often within one to two days the call for the old 
drug ends, and the patient has adequate control of pain. 

(7) Analgesic drugs should not be switched without an 
adequate trial. To treat chronic pain appropriately, it is 
necessary to have a treatment plan and follow it. Indiscrimi
nate switching of drugs will only result in a diminution of 
trust on the part of the patient and the family since none of 
the drugs is given enough time to produce relief. When drugs 
must be switched, an equivalent dosing chart should be 
used. 

(8) Think of analgesic orders in terms of daily equivalent 
doses. It would be useful for all health professionals dealing 
with chronic pain management to think of the equivalent 
daily doses of analgesic given to a patient. 

(9) Dose and frequency of administration of narcotic 
analgesics should not generally be changed at the same time. 
A small change in the dose and frequency of administration 
can result in a substantial reduction in the daily dose of pain 
medication. 

(10) Oral drugs are preferred over injectable drugs. Since 
the object is to treat chronic pain properly, it is hoped that 
many patients will then be able to return home. An oral 
regimen can facilitate this. 
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CARE FOR THE TERMINALLY ILL: DEATH AND DYING 

H.E. KAISER, D.B. BROCK, D.J. FOLEY, H. MAIER-GERBER and T.A. 
HODGSON 

INTRODUCTION by H.E. Kaiser 

The tenninal phase of illness is the last stage of life. As such, 
it is also applicable to the neoplastic diseases. The tenninal 
phase exhibits a varying appearance in different species and 
the terminal stage of neoplastic and related diseases is most 
complicated in man himself. When it occurs suddenly or 
unexpectedly, or in the case of lower organisms, death, may 
be met unconsciously. But it may also be a conscious event, 
even to the very end, even before a coma sets in. In man, the 
impact of approaching death may be experienced quite dif
ferently. Persons with greater acquiescence, or some form of 
hope, based upon religious convictions, better care or sound 
economic situations may lessen the burden incurred by the 
tenninal phase. On the other hand, the situation, in addition 
to the sick individual, may pose serious problems on family, 
friends , community, state and even country. 

The life span of an individual regardless of species, and 
the progression of particular phases of a given disease, are 
greatly influenced by the environment in which the in
dividuallives. Man himself has remodeled his own environ
ment in many physical and mental respects. It has been 
shown in Chapters 5 and 6 of the first volume, that the 
neoplastic diseases reach their highest phylogenetic develop
ment in the various species of mammals, especially man. The 
changing environmental factors which play a role in the 
well-being of an individual clearly indicate that the life span 
of each individual varies accordingly. This can be observed 
in mammals whether free-ranging, or in captivity. It is also 
noticeable in population groups or different nations. The 
terminal stage of the cancer patient is approached through 
various factors operating among the species. Natural, medi
cal, therapeutic, educational, spiritual, perhaps even 
psychological and religious, as well as economic, factors 
may contribute to the formation of the terminal state of the 
individual. The basic factors influencing the terminal con
dition may differ clearly from those which are only of occa
sional importance. For example, unproven cancer therapies 
may exert, psychologically, a stimulating effect. 

COMP ARA TIVE ASPECTS by H.E. Kaiser 

The terminal phase of neoplastic diseases varies in members 
of the organismic kingdoms in accordance with the nonnal 
body plan and is reflected in neoplastic progression. The 
neoplasms or galls in the plectenchymata of fungi originat
ing through the coalescence of cells offer a picture different 

from that of the tissues formed by the dividing cells of 
vascular plants. Plants, even as complex as the redwoods, 
may be considered less centralized organisms from the state 
of cells than a highly developed invertebrate, such as an 
insect, or highly developed vertebrates, as a mammal be
cause the cellular state of the vascular plant lacks the ner
vous system. Malignant plant neoplasms are unable to 
metastasize or disseminate. Cell distribution from the pri
mary malignant tumor, as it occurs in the animal, is com
paratively impossible. A diseased plant portion may be 
discarded, a process comparable to the autolysis of larval 
structures in holometabolic insects or the regression of 
mammalian tumors. The terminal phase of plant malignan
cies differs from that of the animals because it has neither 
consciousness, nor dissemination. 

In animals, especially tnammals, metastases are common 
in the majority of tumors and they often terminate in general 
dissemination. This progression is realized by the highly 
developed nervous system; psychologically, it culminates in 
the mind oftnan. This fact must be borne in mind when, for 
example, mammalian neoplasms, and, particularly, their 
spreading, are compared to those of an invertebrate, such as 
the fruit fly Drosophila melanogaster. Primary tumors may 
be similar to a certain degree, but not secondary tumors and 
neither is their distribution, dissemination and the terminal 
phase. 

CARE AND PSYCHOLOGY OF DYING by H.E. Kaiser 

Some aspects of terminal care 

The cancer patient is forced to accept the harsh reality of a 
relentless illness; fatnily, or even a caring community, must 
hence assume very great responsibilities. The physician has 
the responsibility for providing palliative care for the incur
able terminally ill patient. The financial pressures and emo
tional stress suffered by their families may well exceed their 
abilities to meet and overcome the challenge and must be 
considered an integral part of the social environment. With 
the exception of a number of very rapidly progressing malig
nancies, such as oat cell carcinoma of the lung, or cancer of 
the pancreas, these malignancies are diseases that progress 
slowly. Therapy can cure a few, but not the commonly 
occurring which can be included into the following catego
ries: (1) rapidly progressing, and mainly fatal neoplasms 
(oat cell carcinoma of the lung); (2) treatable neoplasms of 
the young, where treatment may result in a second neoplasm 
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in later life, such as nephroblastoma, followed after 20 or 
more years by radiation-induced Hodgkin's disease; (3) the 
majority of slowly progressing neoplasms, such as the solid 
tumors (e.g., colon cancer), and certain types of Hodgkin's 
lymphoma; (4) certain treated neoplasms exhibiting a 
therapy-initiated, prolonged course, often with a second 
primary neoplasm. The terminal pathology may be neoplas
tic in character or the result of nonneoplastic diseases. 

Palliative therapy tries to provide relief in patients, where 
cure or long-term survival is impossible due to the advanced 
stage of the disease. As in curative cancer therapy, surgery, 
chemotherapy, radiotherapy, immunotherapy, and other 
forms of therapy are used to cope with the functional im
pairment caused by the tumor itself or the damage that 
neoplastic disease has inflicted on the host organs and their 
proper function. Terminally ill patients, those with far ad
vanced disease and generally in a rather weak condition 
require the physician to make decision with utmost care in 
order not to put an unnecessary burden on the enfeebled 
patient (Silberberg, 1982; Glick, 1982). 

Suffering by the patient can be diminished by appropriate 
means. For example, morphine is hazardous for the healthy, 
but analgesics, both narcotic and nonnarcotic, are available 
and, if properly used, can provide effective relief of pain for 
most terminally ill (McGivney, 1984). Often, the physician, 
the relatives and the patient must consider the choice be
tween death and a miserable existence. They should decide 
which option offers the best chance for a relative well-being 
of the patient. A prescription, for example, with strong side 
effects, may be used in the terminally ill, if it enables him or 
her to endure the last days (Lloyd, 1983). 

The final stage as the end process of the disease is highly 
complex in man due to species specificity. The only appro
priate comparison that can be made, with certain restric
tions, is the terminal phase of neoplastic disease in animals 
under the care of a veterinarian. The substages of the termi
nal phase of life are characterized by increasing deteriora
tion in the quality of life, which accelerates in the period 
between the third and last week or even the last day (Morris, 
1986a; Brock, 1987) before death. Approximately 20% of 
patients, however, do not experience such an extremely low 
quality of life, even in the last week. There are variations 
with regard to the type of tumor, the primary, as well as of 
metastases, general dissemination, and the discomfort of the 
patient due to pain. Little has been published on dying as 
correlated to different types of neoplasms. The adjusted 
relative risk of cancer death was significantly greater in 
patients diagnosed from 1960 to 1969 as compared to those 
diagnosed from 1970 to 1974, in a study done in Hawaii 
(Hinds, 1983). 

The disease process will affect the terminal stage of the 
patient differently, depending on the impairment of essential 
or nonessential body functions. A patient with terminal 
esophageal cancer with occlusion of the esophagus and 
inability to swallow even saliva must suffer more than 
another patient whose pain can be eliminated or alleviated 
by pain relievers. Pain was noted in 85% of primary bone 
tumor and 52% of breast cancer cases, compared to only 
5% of cases involving leukemia (Foley KM, 1979). More 
than 80% of the patients who died reported some degree of 
pain during the course of the study, with increasing fre
quency and severity as death approached (McKegney, 
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1981). According to a study of 600 patients (Wilkes, 1974) 
pain was present in 82% of patients with cervical cancer, 
75% with gastric cancer and 44-59% with cancer of the 
lung, rectum or breast. Patients in substantial pain were less 
likely to be fully conscious. As death approached, the per
centage of the incidence of persistent pain increased, and at 
the final stage 18.2% of the patients were in persistent pain. 
The proportion of patients with severe pain increased dra
matically within the last week oflife, 25% of the 269 patients 
interviewed within 2 days of death were said to be in severe 
pain, while only 17% were in severe pain in the preceding 6 
days. The percentage of patients who were "free of pain" 
remained fairly constant (Morris, 1986a). Prostate cancer 
and bone metastases were associated with more pain while 
patients with brain cancer or brain metastases were signifi
cantly more likely to be painfree. A significant relationship 
exists between age and pain insofar as patients over 75 years 
of age are more often free of pain or experience less existent 
pain. Due to its high percentage of bone metastases prostate 
cancer is characterized more often by severe pain whereas 
primary or secondary neoplasms of the brain are correlated 
with a painfree state which may be due to the decrease of the 
number of neurons in the brain cortex based on two facts: 
(1) decrease of the number of neurons during aging, based 
on their cell invariability; (2) further impairment of neurons 
by the neoplastic processes. Older patients obtain more pain 
relief than younger ones from the same dose of medication 
(Bellville, 1971). The relief of frequently undertreated pain 
(Krant, 1978) is a major problem in the provision of termi
nal care. There exists only little systematic research on the 
use of analgesics in terminal cancer patients (Goldberg, 
1985). A chapter by R. Frank deals with chronic pain 
management. Chemotherapy induced nausea and vomiting 
is dealt with in a chapter by 1. Laszlo and V.S. Lucas, lr. 

Various possibilities for patient care are available in the 
terminal phase. Recently, extensive studies were directed at 
the hospice and its capabilities. The terminal stage of any 
disease process, as the final one, has a particular impact on 
family, relatives, friends, health care personnel, and also 
involves particular choices of fiscal responsibility. The care 
for terminally ill patients varies dramatically from the needs 
of those who recover since the latter cannot be considered as 
being part of the final disease stage. The terminal cancer 
patient has the following options: (1) care in a hospital 
setting including intensive care units at the end of the final 
stage which supplies the most effective case in such measures 
including X-ray surveillance or pain control but hospital 
stay may be less convenient with regard to the quality of the 
patient's life; (2) the hospice, either with hospital-based care 
where the patient spends the last days of life or hospices 
without beds providing home care. 

"Hospice" is both a philosophy and system of terminal 
care preparing people to experience dying as an inevitable, 
natural phase in the life cycle. It is a program of supportive 
services for terminally ill patients and their families, 
provided either at home or in designated inpatient besettings 
and resulting in lower cost than conventional terminal care 
stations. A review of cancer costs to the nation is provided 
in a later section of this chapter by T.A. Hodgson. It is the 
prerequisite to know what the quality of the dying process 
is really like. The character of life for the dying person 
assumes another shape: The direct environment may be 
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limited to a single room, family and friends are seen dif
ferently and values of interest change. The emotional 
changes and social involvement remains important. Several 
concepts to measure the quality oflife such as the Karnofsky 
performance and others have been used to investigate the 
characteristics of the terminal phase in neoplastic diseases 
(Morris, 1986a). 

In a modal hospice 90% of patients have cancer, over 
95% have a principal care person, all are over age 21, and 
over 90% require assistance with personal care at the time 
of hospice admission. In general, the length of life after 
admission was only 35 days (Goldberg, 1986). The average 
scores are relatively unchanged at 7 weeks: deterioration 
begins to become more pronounced between 5 and 3 weeks, 
and is most pronounced in the period between 3 and I week 
prior to death (Morris, 1986). The section by Brock and D. 
Foley enlarges on this topic. 

Psychology of dying 

Kuebler-Ross (1969) distinguishes five stages in the process 
of dying: 
I. stage: Denial and isolation 
2. stage: Anger 
3. stage: Bargaining 
4. stage: Depression 
5. stage: Acceptance 

The child dying of cancer 

Very few investigations deal directly with the problems of 
the dying child. This is especially true of stages I through 5. 
Kuebler-Ross elaborates on this topic and Sandra Levy 
(1983/83) confirms that most of the literature deals with the 
dying adult. The time when the treatment of a terminally ill 
person should switch from a treatment aiming at curel 
survival to a mainly palliative treatment of a child is a 
difficult decision to make (Chapman and Goodall, 1980). 
Important is pain control, pharmacologic or other methods 
for which dosage is not well enough known for children. The 
choices depend on the developmental condition, nutritional 
status, etc., of the child with terminal illness. The family 
contact more or less dictates the transmission of information 
to the siblings so that they are aware of the impending death 
of the ill child (Peck, 1980); see·also OJ Sahler, 1978. It was 
advised keeping the dying child in the family as much as 
possible, but Peck has suggested that the parents be alone 
for a while with the child after death has occurred. Spinetta 
(1974) concluded that children from the age of 6 are aware 
of the terminal character of their illness. 

The adult dying of cancer 

Studies such as those by Kelly and Friesen (1950) or Kalish 
and Reynolds (1976) have indicated that more people wish 
to hear the truth if they are going to die of cancer, than not. 
Ethnic differences have been observed: 60% of the black 
patients, 49% of Japanese Americans, 37% of the Mexican 

Americans, and 71 % of the Anglos who responded, replied 
that they would tell a friend he had to die and more than 
70% of each group, with the exception of 10% of Mexican 
Americans, wanted to be informed about their terminal 
condition (Kalish and ReynOlds, 1976). Comparative as
pects of this problem appeared not to be available regarding 
differences among various religious groups. 

Kastenbaum (1977) and Gorer (1976) have described the 
cultural milieu within which Americans, in particular, suc
cumb. Because of our increasing technology and perhaps 
our decreasing sense for the religious significance of events, 
until the late 1970s the experience of death itself had become 
intolerable and hence concealed within institutional walls. 
However, in 1979, Kastenbaum described the sources of a 
new quest for "healthy dying". That is, as the technology of 
our death industry has increased, a reaction to this dehuma
nizing process has set in. An image of a self-actualized death 
has begun to emerge. 

Increasingly, the person with a life-threatening illness has 
some kind of positive conception of the death he or she 
wants to have. This is a distinct departure from the interper
sonal climate that existed only a few years ago when death 
was not considered a fit topic of contemplation for either 
patient or caregiver. 

Flynn and Stewart (1979) reviewed 55,288 death certifi
cates in the state of Ohio, covering a period of 18 years. They 
found that for the total period, 65% of the patients died in 
acute and chronic care hospitals, 15% died in nursing 
homes, and 20% died at home. Trends over this period 
demonstrated a shift from patients dying at home to patients 
dying in nursing homes. 

The elderly dying of cancer 

Nursing care of the elderly patients with cancer has two 
aspects, namely meeting the basic biological, psychological 
and social needs and the oncologic care of the particular 
neoplastic disease. Intelligence, patience, attention to detail, 
love, gentleness, and hard work are required (Kersey
Cantril, 1986; see also Leventhal, 1986; Lyons, 1987, Woll, 
1987; McCallum, 1987).* There have been no improvements 
as regards the electrical stimulation of the brain for relief of 
intractable pain due to cancer or the Denver type for peri to
neovenous shunting of malignant ascites, or the isotonic 
methotrimeprazine by continuous infusion in terminal can
cer care (Sykes, 1987). 

Anthropologic variations 

Anthropologic cultural variations will have an impact on the 
handling of cancer patients in population groups with vari
able civilizations which will be especially reflected on the 
terminal stages of the disease. The histology and anthropol
ogy of religions exhibit variations in the encounters with 
death (see Reynolds and Waugh, 1977) which may also have 
an influence on the psychology of the terminally ill in vari
ous ethnic population groups. 

The British have been leaders in research on the psychol-

* See Brock and Foley. 



ogy of dying for some time. A good example of this work is 
represented in the book Life Before Death (Cartwright, 
1973), which reports results of a study of the lives and care 
of a random sample of adults who died in England in 
1968-69. In addition to providing information on the 
psychological characteristics of the patients and their fami
lies, the study pointed out some deficiencies in level of 
services for dying patients. The book also stated the needs 
for additional research on common symptoms and con
ditions of the dying. Finally, the authors called for more 
resources to be devoted to the care of these individuals. 

This book is supplemented by the American book, Clini
cal Care of the Terminal Cancer Patient, dealing directly 
with the cancer problem. Another addition in a certain sense 
is Lasc1o's Physicians Guide to Cancer Care complications 
which contains also most relevant sections. Dr. Lasc10 is 
also a coauthor in this section of the book. 
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SURVEY OF THE LAST DAYS OF LIFE by D.B. 
Brock and D.J. Foley (1) 

There exists a considerable amount of information on the 
quality oflife before death in the terminally ill cancer patient 
but very little is known about life before death in the broader 
spectrum of disease-related mortality in the older age groups 
(9). About two-thirds of the 2 million deaths that occur 
annually in the United States are among those age 65 and 
over. The published underlying causes for national mortal
ity for persons age 65 and over are: heart disease, 43 percent; 
cancer, 20 percent; stroke, 9 percent; pneumonia/influenza, 
4 percent; and other, 24 percent (10). Further, the older 
population accounts for roughly one-third of this nation's 
health expenditures and much of this is consumed in the 
last year of life (3). Sound epidemiologic data on the 
circumstances in the last year of life and its implications for 
furthering biomedical research and shaping health policy 
are generally unavailable. 

Only recently have large-scale studies been funded with 
the potential for providing information in this area includ
ing the National Long Term Care survey (7), the Longitudi
nal Study on Aging (5), the NHANES-I Epidemiologic 
Followup Survey (8), and the Established Populations for 
Epidemiologic Studies ofthe Elderly (4). Though these stud
ies were designed to address a broader range of topics 
including the recovery from illness, and the need for long
term care support, a specific study of mortality was spon
sored by the National Institute on Aging entitled "The 
Survey of the Last Days of Life". Data collection was 
recently completed on a sample of 1,200 decedents in Fair
field County, Connecticut through interviews with the de
cedents' next-of-kin on the lifetime history of conditions and 
circumstances surrounding death. Information from this 
study will provide a better understanding of the magnitude 
of sudden versus lingering death, the course of functional 
health (both mental and physical) prior to death, the 
presence of pain or discomfort, costs, and the trends in the 
quality of life before death in the older ages. 

Preliminary data indicated that about 10 percent of the 
decedents died of cancer, though one-third had a lifetime 
history of a cancer-related diagnosis. Both the proportion 
with a lifetime diagnosis and the proportion dying of cancer 
decreased with advancing age. This trend was noted in 
another study of cancer mortality trends which implicated 
the role of selective survival in producing these trends (2). 
Furthermore, these data showed that unlike heart disease, 
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stroke and the dementias, cancer-related deaths are not as 
highly associated with costly nursing home care in the last 
years of life (see Figs. 1 and 2). 

Neoplasms exhibit many prognostic outcomes. Some are 
lingering diseases over many years and others take a fast and 
fatal course. A number of cancer types, especially the so
called solid tumors occur more commonly in the older ages. 
The most frequent neoplasms belong in this category, such 
as breast cancer in women, and prostate or colon/rectum 
cancers in men. In general, neoplastic diseases have shown 
an age-dependent increase in survival due to improvements 
in diagnoses, treatments and even cures over the years. But 
this varies according to the tumor type. These and the other 
data sources mentioned will allow for the study of neoplastic 
mortality in the framework of other cause-specific mortality 
in the older ages, such as cardiovascular disease, diabetes, 
dementia, and hip-fracture, to name a few. 

The use and costs of medical care in the last year of life 
have been the focus of studies at the Health Care Financing 
Administration, which oversees the Federal Medicaid and 
Medicare reimbursement programs (6). Likewise, the Na
tional Center for Health Statistics has included this topic as 
a major content area in its 1986 National Mortality Follow
back Survey (10). Concern is growing over the use of life
sustaining technologies and the implications for unwanted 
aggressive medical treatment in the event of both cata
strophic and lingering illness with a prognosis for terminal 
decline (12). 

Knowledge about the last days oflife will aid in informed 
decision-making and planning to ensure adequate care and 
avoid unnecessary suffering on the part of the patients and 
their families. Items such as changes in residence and house
hold composition in the last months of life and questions 
regarding awareness of death, presence of pain, and the use 
of pain medication immediately before death are of impor
tance because they characterize the onset, duration, and 
outcome of disease. We believe that these data will be ex
tremely important in displacing fear with knowledge about 
death for those faced with the anxieties of terminal illness 
and to those who provide care to older persons during the 
last days of life. 

THEOLOGICAL ASPECTS OF THE TREATMENT 
OF TERMINALLY ILL CANCER PATIENTS by H. 
Maier-Gerber (1) 

Within the framework of this publication, a theologically 
scientific treatise on death or dying should not be expected. 
We who are physicians have our own very practical and 
somewhat less than scientific form of theology. Since we 
must remain strictly scientific within our own field, the 
practice of medicine, we have more than enough of self
imposed limitations to observe; hence, in discussing the 
topic we are now addressing, let us for once speak in very 
personal terms. 

When we physicians accompany the cancer patients we 
have known perhaps for many years as they move toward an 
evermore closely approaching end of their lives, we our
selves have in consequence taken part in this fateful journey. 
Through our close involvement with each patient's fate, we 
can achieve an ever-increasing spiritual maturity. For this 
reason we are already differentiated from those who pursue 
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other vocations. In our association with our patients, we 
must inwardly digest and then master every external situa
tion and element and every personal inner experience if we 
wish to avoid reacting merely with professional detachment. 
But the latter is just what the patient very quickly notices; he 
becomes inwardly lonely and may form an attachment to 
others who are more warmly disposed toward him. Further, 
if the physician also wishes to lead his patients along this 
part of the way (and that he should), he is then himself 
challenged, he must bring himself into it and by word and 
action convey to the patient something of his own firm 
conviction and something of his own peace of mind. In this 
effort, psychological and psychotherapeutic insights may 
well be of assistance, but never be the source from which 
emanates the very essence of the physician, as it were, the 
radiation of his spirit. The power of his personality, how
ever, and the convincing and so comfortingly unshakable 
assurance of his attitude toward the patient is derived direct
ly from his own personal faith. 

If, as a physician, I should already stand unshakable upon 



this firm foundation of faith or as a new beginning were to 
accept these divine truths in true belief, I would then be able 
to meet my patients, especially those terminally ill, with a 
great sense of confidence to offer them much comfort and 
even support. 

The question may be raised whether the bearing of such 
tidings to the patients is not the concern rather of the priest, 
pastor or other such spiritual advisor. If one of them with an 
equal faith is available, I gladly relinquish this mission to 
him. It is not unusual, however, for the patient to follow, 
and place his trust in the words of the attending physician -
who knows his patient's true situation only too well- rather 
than in a man of the church who may put in an appearance 
only once or twice. In each instance, however, it is essential 
that through the warmth of the attending physician's hand
clasp and through his every word there glow that quiet and 
convincing confidence in a coming glory, and that there 
emanates from him an atmosphere of profound peace and 
joyous expectancy. 

What I seek to express is the conviction that as physicians 
we cannot in good conscience accompany those in our care 
to the very limits of their biological existence without calling 

ECONOMIC ASPECTS OF NEOPLASTIC DISEASE 
IN THE UNITED STATES, 1987 by T.A. Hodgson (5) 

Introduction 

Illness and disease create a burden for the patient, his family 
and friends, and society. The individual's burden may in
clude pain and suffering, reduced quality of life, premature 
mortality, and financial loss. Family and friends also may 
suffer emotional trauma, grief, and financial loss. Society 
must bear the negative impact on the social conscience 
created by distress of patients, families, and acquaintances 
and the costs of resources used for medical care and lost 
because of morbidity, disability, and premature mortality. 
The social and economic implication of disease for victims 
and the society at large are pain, suffering, disability, and 
death; millions of years of life lost; vast amounts of human 
and economic resources devoted to detection, diagnosis, and 
treatment; and billions of dollars of economic output for
gone annually because of lost human resources. 

Three categories of costs can be identified: direct costs, 
resulting from the use of resources; indirect costs, resulting 
from the loss of resources; and psychosocial costs, resulting 
from intangible impacts such as pain and suffering. 

Direct costs 

Direct costs include resources used for medical care in the 
prevention, diagnosis, and treatment of illness and disease 
and for the continuing care, rehabilitation, and terminal 
care of patients. In addition to medical care, other direct 
costs borne by patients and other individuals include costs 
of transportation to health providers, certain household 
expenditures, and costs of relocating such as moving expens
es. Transportation costs could be incurred not only for local 
transportation to hospitals, clinics, physicians, and so on, 
but also for transportation out of state, and out-of-area 
living costs. Illness can force a family to incur numerous 
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ourselves to account with respect to what is really transpir
ing here before us, to what is expected to follow thereafter, 
and to how we ourselves would respond in the same situa
tion. 

What do the words "dying with dignity" really signify? A 
little more attention and a more humanitarian treatment for 
those who, in their agony of dying, are helpless and without 
hope? It is not enough to provide the solution to their 
problem for which nearly all those who are about to pass on 
cry out. They yearn to know whether there is a life after this 
life and under what conditions they may anticipate forgive
ness, sanctuary, and glory, or must they fear the approach 
of darkness and dread. They will not settle for less, and that 
is just as well. 
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other expenses in caring and providing for the sick member 
of the family. 

Financial costs include interest lost on withdrawal of 
savings to pay expenses, interest charges on funds borrowed 
to pay for illness-related expenses including interest on per
sonalloans, mortgages, and loans against the cash value of 
life insurance. 

Indirect costs 

Indirect costs are the time and output lost or forgone by the 
patient, family, friends and others from employment, house
keeping, volunteer activities and leisure. The patient suffers 
a cessation or reduction of activity because of morbidity, 
disability or mortality associated with the illness. 

Psychosocial costs 

Disease may bring about personal catastrophes that are not 
reflected in direct and indirect economic costs. Illness and 
disease are responsible for a wide variety of deteriorations in 
the quality oflife that are frequently referred to as psychoso
cial costs. Victims of illness and disease; children, spouses, 
and siblings of victims; friends of co-workers of victims; and 
those who render care may all be affected. A victim may 

Table 1. Economic costs of cancer by type of cost: United States, 1985. 

Percent 
Amount Percent of all 

Type of cost (millions) distribution illnesses 

Total $72,494 100.00 10.7 
Direct 18,104 25.0 4.9 
Indirect 54,390 75.0 17.6 

Morbidity 7,170 9.9 8.9 
Mortality 47,220 65.1 20.8 

Discounted at 4 percent. 
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suffer a loss of a body part or speech, disfigurement, disabil
ity, impending death, pain, and grief. The combination of 
financial strain and psychosocial problems can be especially 
devastating. 

Economic costs of neoplasms 

It is estimated that over five million Americans alive today 
have a history of cancer, two million of whom were diag
nosed less than five years ago, and new cases are occurring 
at the rate of more than 900,000 per year (not counting 
400,000 new cases of non-melanoma skin cancer) (1). Eco
nomic costs of cancer are estimated at $72.5 billion in 1985, 
of which $18.1 billion were health care expenditures, $7.2 
billion were morbidity costs, and $47.2 billion were mortal
ity costs (Table 1). 

Personal health care expenditures 

The Health Care Financing Administration annually esti
mates national health expenditures according to type of 
service and source of funds (13). 

Health care expenditures for cancer were estimated at 
almost 4 billion dollars in 1976 by Cooper and Rice (4). This 
grew to over 13 billion dollars in 1980, and reached about 18 
billion in 1985. 

Most of the cost of medical care for cancer derives from 
the care received in short-stay hospitals by 1.9 million pa
tients who required an average 8.9 days per stay for a total 
of 17 million days (5), and 20 million office visits to ambula
tory care physicians for diagnosis and treatment (10). Hos
pital care of cancer patients accounted for $12.1 billion, Or 
two-thirds of total medical care expenditures (Table 2). In 
contrast, hospital care spending for all illnesses comprised 
45% of total medical spending in the United States. This 
relative difference is due to the higher rate of hospitalization 
and lo~ger stays for cancer patients compared with many 
other Illnesses. Physicians' services for cancer patients 
amounted to $4.l billion (23% of total medical care expen
ditures for cancer), but considerably lesser amounts were 
sp~~t for nursing home care ($919 million), drugs ($659 
mIlhon), and other professional services ($326 million). 

Morbidity losses 

Illness due to cancer prevents people from leading their 
accustomed productive lives and keeping house. They may 
lose time from their activities, be forced out of the labor 
force, or become institutionalized. Morbidity costs of neo
plasms are estimated for the currently employed, persons 
not in institutions who were unable to work, and women 
unable to keep house because of illness or disability. In 
addition, there may have been persons residing in in
stitutions such as nursing homes and homes for the aged 
who were ill with cancer and unable to work or keep house. 
Morbidity and disability from cancer in the United States in 
1985 resulted in $7.2 billion of lost output, representing 
9.9% of the morbidity costs for all diseases. Cancer is high 
on the list of diseases causing morbidity and concomitant 
economic costs (12). 

Mortality losses 

Deaths from neoplasms represented 22% of all deaths, but 
the proportion varied markedly with age and sex. This 
proportion increased to 17% at 25-44 years of age, and to 
more than one-third of all deaths at ages 45-64 years, then 
decreased to about 20% of deaths at ages 65 years and over. 
Females 45-64 years of age had the highest proportion of 
deaths from neoplasms, 42% of the total in this group. 

More than half of all cancer deaths were caused by malig
nant neoplasms of the digestive, respiratory, and intra
thoracic organs (Table 3). Malignant neoplasms of the geni
tourinary organs were the third leading cause of cancer 
deaths and were responsible for 15% of the total. The 
contributions of specific sites were different for male and 
female mortality. The leading causes of cancer deaths 
among males were malignant neoplasms of the respiratory 
and intrathoracic, digestive, and genitourinary organs in 
that order with these three sites responsible for 75% of all 
male deaths from neoplasms. Among females, the leading 
sites were digestive organs, breast, respiratory and intra
thoracic organs, and genitourinary organs which together 
accounted for 76% of cancer deaths of females. 

Premature mortality from cancer is a significant drain on 
the productive capacity of the economy. Cancer deaths in 

Table 2. Medical care expenditures for all conditions and cancer by type of medical service: United States, 1985. 

All conditions Cancer 

Type of Amount Percent Amount Percent 
service (millions) distribution (millions) distribution 

All services $371,400 100.0 $18,104 100.0 
Hospital care 166,700 44.9 12,118 66.9 
Physicians' 82,800 22.3 4,082 22.5 

services 
Nursing home care 35,200 9.5 919 5.1 
Drugs 28,500 7.7 659 3.6 
Other professional 39,700 10.7 326 1.8 

services 
Other health 18,500 5.0 a a 

services 

a Not applicable. 



1985 resulted in a loss of $47 billion. The cost per cancer 
death was $102 thousand. For males who died of cancer, an 
estimated 3.5 million person-years were lost (14 per death) 
at a cost of $26 billion. Females who died of cancer rep
resented a loss of 3.7 million person-years (17 per death) and 
$21 billion. Males accounted for 53% of the productivity 
losses due to the higher earnings of males. Cancer was 
responsible for about one-fifth of all person-years lost and 
mortality costs. 

Total indirect costs 

Morbidity and mortality from neoplasms in 1985 deprived 
the Nation of more than seven million person-years of 
productive activity at an estimated value of $54 billion. This 
grew from 12 billion in 1972 (4). 

Summary of economic costs 

Total economic costs of neoplasms, including direct and 
indirect costs, were estimated at $72.5 billion in 1985. While 
medical care expenditures have caused concern for some 
years now, our analysis shows that indirect costs of neo- . 
plasms in 1985 were 3 times direct costs. Personal health care 
expenditures for neoplasms were almost one-fourth of total 
costs, morbidity losses acounted for 10%, and mortality 
losses were 65% of all costs. Chronic diseases characterized 
by morbidity, disability and mortality generate high indirect 
costs relative to medical care expenditures. This is also the 
case for heart disease for which indirect costs were even a 
larger percent of the total. For all conditions together, total 
costs were more evenly distributed among direct and in
direct costs. This reflects the influence in the costs of all 
diseases of acute illnesses for which mortality is low but 
medical care is required and time is lost from work and other 
activities when people are sick. 
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Medical care expenditures were a larger proportion of 
disease costs for females than for males. This results not so 
much because personal health care expenditures were higher 
for females (which they were) but because morbidity and 
mortality losses were so much lower for females. Indirect 
costs are determined both by the time lost from productive 
activities and the value of that time. Total person-years lost 
for all diseases were higher for males, but females had higher 
years lost for some conditions. However, the lower values of 
earnings and housekeeping services for females compared to 
males usually outweighed any differences in person-years 
lost and resulted in higher indirect costs for males for most 
conditions. It is only at ages 65 and over, when labor force 
participation declines sharply among men while women 
continue keeping house, that the expected value of earnings 
and housekeeping services lost for a woman ill with disease 
exceeds that for a man who becomes ill. Rice (11) and 
Hodgson (7) discuss these relationships in some detail and 
address the issue of a methodology that is based on earnings 
patterns and tends to give greater weight to working-age 
men compared to women, the young, and older persons. 

Neoplasms accounted for 11 % of economic costs of all 
diseases in 1985. Mortality losses are a large share of total 
economic costs, one-third for all conditions, and almost 
two·thirds of the total estimated for neoplasms. Indirect 
losses are especially important for chronic conditions that 
cause morbidity and disability and conditions that result in 
death, especially at relatively young ages. It is important, 
therefore, to consider both direct and indirect costs in order 
to more fully account for the burden of illness and more 
accurately compare costs of several diseases. 

Conclusion 

Our understanding of the economic aspects of neoplastic 
diseases would benefit if greater specificity could be in
troduced and we were able: (a) to distribute costs among 

Table 3. Number of deaths, person-years lost, and mortality costs, according to cancer site: United States, 1985. 

Person-years lost Mortality costs" 

Number Total Per Total per death 
Cancer site o/deaths (thousands) death (millions) (thousands) 

Total 461,563 7,210 15.6 $47,220 $102 
Lip, oral cavity, 8,290 136 16.4 1,045 126 

and pharynx 
Digestive organs 116,609 1,614 13.8 9,418 81 

and peritoneum 
Respiratory and in- 127,311 1,951 15.3 12,869 101 

trathoracic organs 
Breast 40,383 793 19.6 5,165 128 
Genital organs 49,690 687 13.8 3,607 73 
Urinary organs 18,897 251 13.3 1,450 77 
Leukemia 17,319 327 18.9 2,511 145 
Lymphatic and hema- 25,159 416 16.5 3,097 123 

topoietic tissues 
Other and unspecified 57,905 1,035 17.9 8,057 139 

sites 

Source: Number of deaths from National Center for Health Statistics (1987); person-years lost and costs calculated by the author. 
a Discounted a 4 percent. 
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diagnosis, treatment, rehabilitation, and continuing care; (b) 
estimate non-health sector costs such as those for trans
portation, special diets, equipment, clothing, vocational, 
social, and family counseling, and indirect losses to family 
members; (c) relate functional health status and costs; (d) 
estimate costs according to significant attributes of disease, 
such as tumor site, stage of disease at diagnosis, and treat
ment modality; (e) estimate costs per person with the disease 
or per case. Included in this would be ascertaining the 
medical care used, expenditures incurred, disability, morbid
ity and mortality suffered from onset of a condition until 
death or cure, thus facilitating the calculation of incidence
based costs. 

In conclusion, there are limitations to the costs of illness 
estimated in this chapter and not all relevant costs can be 
measured. Nevertheless, the methodology and data em
ployed provide estimates of certain economic aspects of the 
burden of disease on society. 
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POSTSCRIPT TO CHAPTER 4. ANTIFOLATES BY M. G. NAIR 

Like folate and methotrexate, PDDF (CB3717) is also 
metabolized to polygamma glutamates in tumor cells (73) 
and animal tissues (102). These metabolites were chemically 
synthesized (103) and evaluated as inhibitors of thymidylate 
synthase derived from several species (103, 122). The di-, 
tri-, and tetraglutamates of PDDF were equipotent with 5-
fluorodeoxyuridylate as inhibitors of thymidylate synthesis in 
permeabilized LI210 cells, and they were shown to be the 
most potent antifolate inhibitors of L. casei and LI210 
thymidylate synthases yet described. Unfortunately in 
preclinical toxicology studies with mice, precipitation of 
PDDF in the nephron and subsequent renal failure was 
observed. Due to its unacceptable nephrotoxicity CB 3717 
has been withdrawn from further clinical trials. In an attempt 
to develop PDDF analogues with more favorable therapeutic 
indices, analogues 15, 16 and 17 were synthesized (103); but 
all of them were weaker inhibitors of TS than the parent 
compound. Quite recently two groups (66, 109) have 
independently synthesized a PDDF analogue (DMPDDF), in 
which the 2-amino group of PDDF was replaced with a 
methyl group. Although 2-desamino-2-methyl-NIO
propargyl-5,8-dideazafolic acid (DMPDDF) was a waeker 
inhibitor of TS than PDDF, it exhibited excellent antitumor 
activity against selected tumor cells in culture. The replace
ment of the 2-amino group of PDDF with a methyl group 
resulted in enhancement of transport (109) and accumulation 
in tumor cells. The inhibitory activities of DMPDDF were 43 
and 65-fold greater than that of PDDF in Manca human 
lymphoid leukemia and H35 hepatoma cells in culture (109). 
Transport studies in vitro established that DMPDDF 
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effectively inhibits MTX influx in to H35 hepatoma cells 
whereas PDDF has no effect on MTX transport in this cell 
line (109). These data suggest that the greater activity of 
DMPDDF relative to PDDF is due to the ability of the 
former to be transported and metabolized to polyglutamates 
more efficiently in tumor cells than PDDF. The polyglutamyl 
derivatives of DMPDDF were substantially better inhibitors 
of TS than the monoglutamate form (67). 

5,8-Dideaza-5,6,7,8-tetrahydrofolate (DDATHF) which is 
a specific inhibitor of glycinamide ribonucleotide transfor
mylase (GAR-transformylase) has been synthesized and 
evaluated as an antitumor agent by Taylor and co-workers 
(137). DDATHF exhibited a wide spectrum of antitumor 
activity both in vitro and in vivo. For example it was a potent 
inhibitor of the growth of LI210 murine and CCRF-CEM 
human leukemia cells with IC50 values ranging from 20-50 
nM. DDATHF was not cross resistant to a subline of CCRF
CEM cells that are resistant to MTX by virtue of overproduc
tion of dihydrofolate reductase. When screened against a 
variety of murine solid tumor models in vivo, DDATHF 
exhibited a broad spectrum of activity. 

A related analogue of DDATHF, ll-deazatetra
hydrohomofolic acid was found to be (104) a potent inhibitor 
of L. casei GAR-transformylase. However, it was not a good 
inhibitor of the LI210 enzyme. The polyglutamyl derivatives 
of tetrahydrohomofolate also showed inhibition of GAR 
transformylase indicating that the antitumor activity of 
tetrahydrohomofolate may be due to inhibition of de novo 
purine biosynthesis. 
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Synergistic toxIcity of methotrexate and 6-mercaptopurine 
was shown to result from interactions among purine de novo 
synthesis and purine salvage pathways in malignant 
lymphoblasts (3). This interaction is an example of poten
tially useful combinations of antipurine drugs. Some 
enzymes, such as ADA, PNP, and 5NT of the purine 
degradative pathway are important in diagnosis and 
treatment of lymphomas and lymphocytic leukemia (5). The 
clinical use of the ADA inhibitor deoxycoformycin is of 
particular interest (2). In a patient with T-cell lymphoma, 
deoxycoformycin exhibited highly specific toxicity against 
immature lymphoblasts (1): Among the IMP-dehydrogenase 
inhibitors, tiazofurin is a novel C-nucleoside with significant 
antitumor activity against murine tumor models (4). 
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POSTSCRIPT TO CHAPTER 7. PLATINUM COMPOUNDS BY C. L. LITTERST AND E. REED 

One new area of research has undergone substantive 
development since the writing of the initial draft of this 
chapter; defining the role of platinum-DNA adducts in the 
biology of cancer drug therapy . Such studies have employed 
the use of immunochemical methodologies to explore the 
pharmacology of cisplatin-DNA binding in human cancer 
patients, as well as in animal models. 

Several cohorts of patients have been studied by Reed and 
Poirier for platinum-DNA adduct formation in normal and 
malignant tissues (5,8 - 13). In initial studies which focused 
on the pharmacology of adduct formation in peripheral blood 
leukocyte DNA, measurable levels of adduct were shown to 
occur in some patients but not in others. Those patients 
receiving single agent therapy with either cisplatin or 
carboplatin who did not form measurable levels of adduct in 
leukocyte DNA did not respond to therapy. Even in patients 
recelvmg cisplatin-based combination chemotherapy, 
formation of adduct correlated well with disease response. 
Th!! measured level of adduct was independent of the 
leukocyte differential of the patient, appeared to increase 
with successive cycles of treatment, had an apparent half-life 
of no less than 28 days, and for an individual patient was not 
simply a direct reflection of total drug exposure as measured 
by the product of plasma drug concentration and time [area
under-the-curve ]. 

For groups of patients, however, there did appear to be a 
general direct relationship between adduct level and the dose 
of cisplatin or carboplatin administered. These studies 
showed that the level of adduct formed in leukocyte DNA 
strongly correlated with disease response in ovarian cancer 
patients and in testicular cancer patients. Further, adduct 
levels measured in bone marrow specimens obtained at 
autopsy closely approximated adduct levels measured in 
tumor tissues (10, 12). These studies imply that biochemical 
factors such as rates of drug inactivation of DNA repair, may 
be common to both tumor and some normal tissues, and thus 
possibly determined by the host genome of the individual 
and not uniquely by the tumor. 

Fichtinger-Schepman and colleagues showed that using 
their assay, a patient's adduct levels in leukocytes in vivo 
from therapy could be predicted by measuring the adduct 
level after exposing that individual's leukocytes to cisplatin 
in vitro (1). They also showed that in cisplatin treated 
patients, adduct is removed from leukocyte DNA in a 
biphasic fashion, and more than 90% of DNA adduct is 
removed in the first 16 to 24 hours (2). Although a different 
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ELISA was used in the Fichtinger-Schepman studies as 
compared to the studies of Reed and Poirier, the range of 
adduct values observed in patients in the respective studies 
showed substantive overlap. 

Studies done in rodent animal models have resulted in 
several observations that shed light on similar observations 
made in the human studies. In rats, adduct persistence was 
studied in kidney and gonadal tissues of male and female 
animals. Following a single parenteral exposure of cisplatin, 
adduct removal from kidney and gonadal tissues followed a 
biphasic pattern where the initial half-life of removal was 2 
to 3 days, followed by a plateau phase of no less than 7 days 
(3,6). Further, by administering sequential drug exposures in 
small doses seven days apart, one could obtain greater adduct 
levels in kidney tissues than if the animal was given an 
equivalent dose as a single exposure (3,6). Thus, the 
persistence of adduct in kidney and gonadal tissues of male 
and female rats contributes to the total adduct level formed 
following a series of cisplating exposures. It is clear that in 
human tissues, adduct persistence plays a major role in 
determining the adduct level measured after a series of drug 
treatments-(4, 13). 

In rats, gender plays an important role in the determination 
of adduct level following a cisplatin drug exposure. When 
male and female animals are treated concurrently from the 
same solution of cisplating, adduct levels in kidney and 
gonadal tissues are far greater in males than in females (7). 

Castration studies show that this gender difference appears 
not to be related to testosterone or estrogen levels, but is 
inversely related to progesterone level suggesting that 
progesterone may exert a "protective" effect for the DNA. In 
human patients, males with testicular cancer appear to form 
adduct in peripheral blood cell DNA more readily that 
females with ovarian cancer (4), paralleling the observation 
made in rats. 

It is possible that as technological advances allow more 
precise and sensitive measurement of the DNA binding of 
this class of compounds, plasma pharmacokinetics of drug 
may be correlated with DNA binding effects. Phar
macokinetic models could in principle be extended to include 
the compartments of DNA-bound drug and specific drug
DNA lesions. However, it is also possible that DNA binding 
and cytotoxicity may be determined more by the ability of 
cells to inactivate platinum complexes and/or to repair 
adducts, and to a lesser extent by pharmacokinetics. 
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POSTSCRIPT TO CHAPTER 15. HYPERTHERMIA BY M. W. DEWHIRST 

A number of new developments have occured in the field of 
hyperthermia since this chapter was first written. Many of 
these have the potential to contribute significantly to the field 
and are thus highlighted below. 

Biology 

Early reports from in vitro experiments indicated that acute 
pH shifts to pH's below 7.0 would dramatically increase the 
thermal sensitivity of cells. Thus, it was felt that since low 
pH conditions exist in human tumors that the use of 
hyperthermia might be particularly advantageous in those 
regions of tumor which resided at low pH. However, more 
recent studies by Hahn and Shiu have shown that cells that 
are adapted to grow in low pH conditions are no more 
sensitive to heat than their normal counterparts (5). In 
addition, they are able to develop thermotolerance at the 
same rate as non-chronically pH adapted cells at normal pH. 
These results indicate that it may be necessary to acutely 
drop pH to take advantage of pH sensitization from 
hyperthermia. Hyperglycemia has been investigated as a 
technique to drive down tumor pH (22). Thistlethwaite et al. 
(18) utilized oral glucose administration in human patients 
with superficially accessible tumors in which they could 
measure tumor pH. The regimen reduced pH 0.1 to 0.3 units 
in some patients, which would be sufficient to overcome the 
chronic pH conditioning effect based on results obtained in 
vitro (5). High energy phosphorus metabolites have been 
shown to play a role in hyperthermic sensitivity in that 
concomitant depletion of oxygen and glucose depletes 
intracellular PCr and ATP levels, which is highly correlated 
with increased thermal sensitivity (4). Considerable 
interpatient variability has been seen in magnetic resonance 
spectroscopy (MRS) studies of human tumors, with some 
cases indicative of low energy status (11, 16). It is possible 
that tumors of this type might be preferentially sensitive to 
hyperthermia therapy. 

Recent reports by Herman and co-workers have served to 
highlight the potential role of heat, radiation, and 
chemotherapy in the management of locally advanced 
malignancies (6). Of particular interest are drugs such as 
cisplatin and mitomycin C, which demonstrate selective 
cytotoxicity under hypoxic and low pH conditions and are 
potentiated with hyperthermia. Another potentially exciting 
related area is in the development of drugs which are 
selectively more cytotoxic at elevated temperatures than their 
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parent compounds, such as platinum-dye complexes (7). In 
addition, platinum resistant sublines have been shown not to 
be cross-resistant to platinum dye complexes, especially at 
elevated temperatures. Kano et al have recently reported that 
heat plus bleomycin overcomes bleomycin resistance seen at 
3T C (9). 

Physics 

It has been recognized for some time that one of the major 
limitations to the effective use of hyperthermia is the general 
inability to heat tumors in a predictable and uniform fashion. 
Largely in response to these constraints, a number of new 
and improved hyperthermic devices are currently under 
development. One emphasis has been on development of 
microwave devices which have phase and amplitude control, 
such that the pattern of maximum power deposition can be 
moved to different parts of the heated region (19, 20). 
Another innovation is the scanning spiral microwave array, 
which can be used to heat large body surface areas as might 
be needed for chest wall lesions from recurrent carcinoma of 
the breast (14). Scanned, focused ultrasound, pioneered by 
Lele, has undergone continued development. Newer devices 
are capable of focusing ultrasound to heat tumor masses 
located deep within the abdomen, pelvis, and brain (10, 8). 

A major limitation to the evaluation and improvement of 
hyperthermia efficacy has been the inability to completely 
measure the temperature field (3). Work has continued in the 
development of heat transfer models which could be used to 
calculate temperature distributions based on a few invasive 
temperature measurements. While considerable work still 
needs to be done to develop these models, especially into the 
three-dimensional realm, they have the potential to truly 
modernize the utilization of hyperthermia clinically (2). 

Another significant advance has been the recent develop
ment of relatively strict guidelines for quality assurance and 
data standards in hyperthermia trials (15, 17). These efforts 
have contributed to the development of closely controlled 
multi-institutional studies which are necessary for the 
ultimate development and proof of the efficacy of hyperther
mia. 

Clinical results 

In 1984 the results summarized by Overgaard from paired 
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lesion studies provided the strongest rationale for continuing 
work in the clinical applications of hyperthermia (13). Since 
that time, however, a number of the long-term follow-up data 
are now available (21). Prognostic variables which have 
consistently been shown to be important include tumor size, 
radiation dose, and descriptors of the temperature distribution 
(3, 12). Of particular importance is the observation that 
complete responses generally last for a considerable length of 
time. These results lend credence to the notion that adjuvant 
hyperthermia may be of value in improving local control 
rates over that achievable with radiotherapy alone. The 
relationship between complete response rate and radiation 
dose for groups of patients receiving radiation alone and 
compared with radiation plus heat has been recently 
examined. In these retrospective analyses involving 
advanced neck nodes, malignant melanoma, and brest 
carcinoma, enhancement ratios in the range of 1.4 to 2.0 have 
been consistently obtained, which indicate that significant 
improvements in local control rates may be achievable for a 
variety of tumor types (1). 

Summary 

There are a number of excltmg new areas of ongoing 
research in the biologic, physical, and clinical aspects of 
hyperthermia. Some biologic studies are aimed at trying to 
increase the effectiveness of hyperthermia through phar
macologic manipulation of tumor physiology and the 
addition of chemotherapeutic drugs to target cells that might 
be resistant to heat and/or radiation. Improvements in 
hyperthermia devices continue. Further, methods for quality 
assurance have matured. Development of heat transfer 
models may significantly improve utilization of hyperthermia 
because of more accurate assessment of the efficacy of 
treatment. Finally, and possibly most signifcantly, the more 
recent clinical results further support the strong rationale for 
continued efforts in further refining the scope of usefulness 
of this modality in the treatment of human malignancies. 
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