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The toxicity associated with chemotherapy is significant and dose limiting. Multiple organ systems can be 
affected, with both acute and chronic side effects producing adverse effects. The concept of cytoprotection, or 
the selective protection of normal tissues is a strategy now being investigated in precfinical and clinical models. 
Systemic approaches have included the use of compounds such as sodium thiosulphate, diethyldithiocarbamate 
and amifostine. The most promising results have been obtained with the organic thiophosphate compound 
amifostine (Ethyol ®, WR-2721). Copyright © 1996 Elsevier Science Ltd 
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THE TOXICITY associated with chemotherapeutic agents used in 
the systemic therapy of malignancy can be significant and 
ultimately can limit the ability to deliver effective therapy. A 
broad range of organ systems may be adversely affected, with 
dose-limiting toxicity occurring in the bone marrow, gastro- 
intestinal tract, kidney, bladder, lung and nervous and 
cardiovascular systems. Because dose intensity [1] may be 
related to clinical outcome measures, such as disease-free and 
overall survival [2-5], chemotherapy-associated toxicity may 
affect not only morbidity but also treatment outcome. Howev- 
er, in many patients, maintenance of dose intensity or dose 
intensification may be limited by such effects. The resulting 
treatment delays or dose reductions may, therefore, potentially 
impair the effectiveness of treatment. Because of these factors, 
investigations designed to decrease side effects or limit the 
normal tissue toxicity have been a priority in medical oncology 
during the past 5-10 years. Approaches that reduce the syste- 
mic toxicity of chemotherapy without impairing its effective- 
ness are, therefore, of great interest. 

Areas investigated to date include the administration of 
haematopoietic growth factors to accelerate recovery from 
myelosuppression [6] and the use of cytoprotective agents to 
minimise normal tissue injury [7,8]. The studies with colony- 
stimulating factors such as granulocyte colony-stimulating fac- 
tor (G-CSF), granulocyte-macrophage colony-stimulating fac- 
tor and erythropoietin [6, 9, 10] demonstrate amelioration of 
clinical toxicity associated with myelosuppression secondary to 
chemotherapy. The normal cell population affected by these 
factors is, in most instances, limited to haematopoietic precur- 
sors. Mechanisms of action generally include accelerated recov- 
ery, but the possibility that G-CSF [11] or interleukin-ll [12] 
may confer protection against mucositis is now under investiga- 
tion. The concept of cytoprotection or selective protection of 
normal tissues is an alternative approach. This strategy has 

been investigated in preclinical models [ 13], but to date clinical 
applications have been limited. 

The mechanisms by which antitumour agents damage or kill 
tumour and normal cells are still poorly understood. They may 
include the effects of reactive species such as organoplatinum 
compounds [ 14] or generation of oxygen free radicals by agents 
such as the anthracyclines [15]. Attempts to develop cyto- 
protective strategies have, therefore, been largely empiric; but 
clearly progress has been made in certain areas [16]. The goals 
of selective cytoprotection include the prevention of multiorgan 
toxicity without affecting the antitumour activity of chemother- 
apy [17]. The normal cells are protected selectively, and both 
acute and chronic toxicity may be decreased [18]. 

One approach employing regional cytoprotection, utilising 
oral cryotherapy to decrease or prevent mucositis associated 
with 5-fluorouracil and leucovorin chemotherapy, has been 
demonstrated to be effective in a randomised trial [19]. Another 
regional approach involves the systemic administration of 
sodium thiosulphate during intraperitoneal therapy with cispla- 
tin [20]. Mensa administration with ifosfamide to prevent 
urinary tract epithelial cell injury by the metabolite acrolein 
[21] is a third example by which cytoprotective effects are 
limited to a specific anatomical compartment. 

Systemic approaches with selective protection of normal cells 
from the toxic effects of chemotherapy have also been investi- 
gated [22]. Various agents have been tested for their cytoprotec- 
tive effects when administered with systemic chemotherapy 
(Table 1). These include the compound sodium thiosulphate, 
diethyldithiocarbamate and amifostine. Sodium thiosulphate 
has been studied for its ability to decrease the toxicity of 
high-dose cisplatin [20]. This compound directly inactivates 
cisplatin [23] and the possibility, therefore, of decreased anti- 
tumour effects with systemic administration is a concern. A 
second drug, diethyldithiocarbamate, has decreased cisplatin 
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Table 1. Systemic chemoprotective agents 

Dexrazoxane (zinecard ®, ICRF 187) 
Amifostine (ethyol ®, WR-2721) 
Sodium thiosulphate 
Diethyldithiocarbamate (imuthiol ®) 

Table 2. Amifostine: potential future investigations 

• Use with other regimens: 
Anthracyclines 
Paclitaxel/cisplatin 
Paclitaxel/carboplatin 
Use with various haemotopoietic growth factors 
Use as part of dose-intense regimens 
Use with combined-modality regimens 
Use in transplant setting: 
Autologous bone marrow transplantation 
E x  vivo purging 
Impact on quality of life and costs of therapy 

toxicity in both preclinical models and clinical trials employing 
cisplatin-based regimens [24]. Unfortunately, secondary neuro- 
logical toxicity and a reduction in antitumour activity have been 
noted [25]. 

The most promising results to date have been obtained with 
the organic thiophosphate compound amifostine (Ethyol ®, 
WR-2721, Schering-Plough International, Kenilworth, New 
Jersey, U.S.A.). This agent (Figure 1) is a prodrug that is 
relatively nonreactive with electrophilic groups of chemothera- 
peutic agents. When amifostine is dephosphorylated by alkaline 
phosphatase, an activated free thiol (WR-1065) is formed. This 
metabolite appears to enter nonmalignant cells selectively [16] 
by facilitated diffusion, and potentially provides protection 
against oxygen-based radicals and electrophilic reactive drugs, 
such as alkylating agents and platinum-containing drugs. 

Initially, this compound was developed during extensive 
screening of sulphydryl-containing compounds, following the 
demonstration that cysteine provided in vivo protection against 
radiation-induced injury. Preclinical studies with amifostine 
[13] clearly indicated it could increase the radioresistance of 
normal tissues and decrease the systemic toxicity of alkylating 
agents and cisplatin. It was then studied in a series of phase I, II 
and III clinical trials, and its cytoprotectant effects and toxicity 
profile were clarified [18, 26, 27]. Based on the ability of 
amifostine to decrease the myelosuppressive effects of cyclo- 
phosphamide and chronic renal toxicity produced by repeated 
cisplatin administration, this agent is now approved in several 
European countries as a cytoprotectant. 

Areas in which future investigations of amifostine may be of 
interest are illustrated in Table 2. These include the combina- 
tion of amifostine and haematopoeitic growth factors, the 
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Figure 1. 
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Structure of amifostine (WR-2721) and its prodrug 
WR-1065. 

effects on toxicity of anthracycline- or paclitaxel-containing 
regimens and the role of amifostine in patients receiving 
dose-intense regimens, combined modality approaches or bone 
marrow/peripheral blood stem cell transplants. Also, the effect 
of this agent on quality of life and costs of therapy should be 
investigated to develop models to demonstrate its overall 
benefit as a clinical cytoprotectant. 
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