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Abstract Anticancer treatment is generally associated with toxicity to health issues. One

of the reasons for this unpleasant association is that anticancer agents have been
mostly selected on the basis of an empirically established toxicity towards cancer
cell lines and rapidly growing tumours in animal models, and not on the basis of

a sophisticated intervention in tumour-specific biology. This strategy of drug
development unavoidably produces drugs with toxicity towards normal cells and
tissues which also have a high cell turnover and share many characteristics with
tumour cells. Therefore it is a continuing challenge to design therapy which is
both effective and also has high specificity for the biology of cancer and/or is
efficiently targeted to tumour tissue.

This article describes the mechanisms of cytotoxicity of standard chemo- and
radiotherapy and discussed the possibilities of currently available cytoprotective
agents to reduce or prevent these toxicities. These agents should ideally be selec-
tive for normal cells versus cancer cells, be effective in reducing or preventing
toxicity, have no negative impact on anticancer therapy and have minimal adverse
effects. None of the agents described in this article fulfils these criteria completely
and therefore we cannot recommend these agents for standard use in daily anti-
cancer practice. Nevertheless, there are encouraging data concerning the bene-
ficial effects of dexrazoxane for anthracycline-induced cardiomyopathy and
amifostine for platinum- and radiotherapy-induced toxicity. These date warrant
further studies.

Anticancer therapy is not only cytotoxic towards haematopoietic progenitor/stem cell population; and
cancer cells but to healthy cells also. This resultéreatment with rescue agents or cytoprotectants.
in a narrow therapeutic index, with adverse events ldeally, cytoprotective agents should show se-
frequently limiting the administration of optimal lectivity for healthy cells versus cancer cells, pre-
anticancer therapy. It is hoped that a better undement or at least substantially reduce the toxicity of
standing of the essential mechanisms of carcinochemotherapy, have no negative impact on the dis-
genesis will lead to the development of more spetribution and antitumour effect of therapy, be ef-
cific approaches to cancer therapy; however, theréective against toxicity induced by radiotherapy or
is presently a need for strategies to circumvent ochemotherapeutic agents, and have minimal ad-
reduce healthy tissue toxicity?! verse effects of their own.

Approaches to reduce or prevent chemotherapy- None of the cytoprotective drugs available
induced toxicity include: alternating the duration fully meet these requirements which means that we
and route of administration; the use of drug carare far from an ideal situation. This article will con-
riers, analogues and prodrufisthe use of growth sider present approaches to preventing or modulat-
factors to enhance the recovery of the remainingng the toxicity associated with chemotherapy and
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Modulation of Toxicity in Cancer Therapy 135

radiotherapy. Treatment for established toxicity,slower rate of cell growth. Thus, myelotoxicity,
for instance with haematopoietic growth factors orgastrointestinal toxicity and hair loss are frequent
antiemetics, falls beyond the scope of this article.and early occurring adverse effects of chemother-
apy. Toxicity to organs or cells with a reduced rate
1. Principles of of proliferation is generally a late event, but is fre-
Radiotherapy-Induced Toxicity guently irreversible.
Radiotherapy is especially toxic for cells with a '!'he route of ellmlnatllon may contribute to
toxicity. For example, plaium compounds are

high rate of proliferation. Consequently, radiation L . ! .

of the bone marrow or the mucosa of the orogr:lsl—argely ellr'nllnated by thg .kldney, and th.'s. (.axpllalns
trointestinal system may be associated with seriougqe'tr spe(;n‘lc renal tOX'C'ty'. Th? dE.EtOX'Cr'I'Cr?ttIOFn ,
side effects. Radiation causes hydrolysis of intra>Y® eml 0 t;‘/ar'lous'l.cirgafnﬁ IS ?so Irr;p(z arl m Vo
cellular water, and during this process free radicalsex"’lrf[].p €, the Inabilily o eac; mlésge' ore n?hre
are generated which cause damage to vital celluldFactive 0xygen Species produced dunng (anthra-

elements, notably DNA-9 Radiation-induced cyclines) therapy may explain the specific cardiac

DNA damage includes single- and double-s'[ranotox'c'ty of these agents. The affinity of some

breaks and crosslinks between DNA strands an&hemotherapeutlc drugs for specific cell systems

chromosomal proteins. Cells with DNA damage alrsoi;aprp])gatl;]s to b?r 'E?Orﬁn'{l’ folrl Isnsst'?ennie:l;ﬁir?-_
may undergo DNA repair, but as the dosage of raliractia € gastrointestinal cefl sy '

diation increases more cells undergo apoptosis irt[pary oftsp§0|f|c organ tOX|fltyﬁf\:l:einm:)tE;er?peu—
subsequent cell divisions. Acute radiation toxicity |czgetr;]s Itn C.O.Tmofn L;]Se Sti] ° t.ade L
represents the loss of rapidly proliferating cells. s the toxicity of chemotherapeutic drugs 1s

Additionally, an inflammation-like response asso- closely correlated with their local tissue concentra-
ciated with the generation of cytokines and growtht'on' it can be decreas.ed b.y reducmg the dose. This
may be the best option in many circumstances,

factors may be observé¥! Dermatitis and muco- . . .
sitis are well known adverse effects of acute radi-9'Ve" that the gradient of the dose-activity curve

ation of many chemotherapeutic agents remains behind
Chronic toxicity is associated with injury to tis- that of the dose-toxicity curve.

sue stromal cells and stem cells, resulting in a mor% Nonh%ema';plqtglcaé toxicity Ttiy mcregsmgly
or less irreversible deterioration of organ func- ecome dose-limiting because ot thé growing prac-

; ; ; : - tice of giving escalated doses of chemotherapy fol-
tions. Radiotherapy is particularly damaging to the I
PY1S P y ging lowed by haematopoietic growth factors, haema-

microcirculation of tissues, thereby causing paren-

chymal cell death and ultimately tissue fibrdsis. topoietic stem cells or bone marrow reinfusion to
stimulate recovery of the haematopoidsik.

2. Principles of ] ] ]
Chemotherapy-Induced Toxicity 3. Mechanisms and Manifestations of

Chemotherapy-Induced Toxicity
There are various mechanisms by which chemo-

therapy is toxic to specific organs or organ sys-
tems. Evidence is growing that most chemothera-
peutic agents kill both healthy and cancer cells The demand for newly formed peripheral blood
by causing dysfunction or injury to a specific cel- cells is around 4« 10 cells/day!4! This impres-
lular target. This is interpreted by cells as an in-sive proliferation rate inside the bone marrow im-
struction to enter a programmed cell death pathwaylies a high vulnerability to radiation and to agents
(apoptosig?)). which are cytotoxic to dividing cells. Bone marrow
Organs with a high cellular turnover are moredepression is the dose-limiting side effect for the
vulnerable to cytotoxic agents than those with amajority of chemotherapeutic drugs and largely

3.1 Myelotoxicity
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Table I. Organ toxicity of chemotherapeutic agents in frequent use

Drug Toxicity for
bone marrow kidney lung liver nerves CNS mucosa heart hair

Alkylating agents +++ - + - - — + + T+
Bleomycin - - ++ — - - + — +
Cytarabine +++ - - + - - ++ _ +
Cytostatic antibiotics +++ — - ++ - — T+ o+ .
(anthracyclines)
Etoposide +++ — - — - — ++ _ St
Fluorouracil ++ - + + - - ++ + -
Ifosfamide ++ ++ + - - ++ + ++
Methotrexate ++ ++ + + - - ++ — —
Nitrosoureas +++ ++ ++ ++ - - ++ — +
Platinum analogues

carboplatin +++ + - — + _ + _ _

cisplatin ++ +++ - - +++ - + - _
Taxanes +++ - - + +++ - + + +++
Vinca alkaloids + - - — T+ _ _ _ _

— = no toxicity; + = low toxicity; ++ = moderate toxicity; +++ = high toxicity.

determines dose and regimen of chemotherapy. 3.2 Gastrointestinal Toxicity

The time taken for myelosuppression to develop

depends on which type of haematopoietic precur- Chemotherapy and radiotherapy have both di-

sor cell is damage Agents that affect cycling rect and indirect negative effects on the gastro-

cells, such as cytarabine, cyclophosphamide anwt_estlnal tract. _The_ direct effects arise from spe-

fluorouracil, will damage more mature progenitor cific mucosal injury induced by these ther_aples: AL
. ; ._any one moment, about 14% of normal intestinal

cells and induce acute, but rapidly recovering, 7, . . L ]

. epithelial cells are in the cell division cycle: there-
myelgsuppressmn. Agents S_UCh as busulfan, Car1"0re,this cellular compartment is highly vulnerable
mustine and melphalan, which damage the nong, ragiotherapy and cytotoxic agents which have
cycling primitive stem cells, may resultin a perma- projiferating cells as their main target. The acute
nent loss in repopulating capacity. This may onlyinjury to intestinal mucosa is associated with in-
become apparent when the bone marrow is stressemleased apoptosis of epithelial cells at the villi and
by new therapy (i.e. chemo- or radiotherapy). crypts, and an insufficient replacement activity at

The haematopoietic system is dependent on &he crypt basis, where the mucosal stem cells are
microenvironment that consists of so-called stro-located®’! Toxicity in the epithelial lining of the

mal cells (e.g. endothelial cells, fibroblasts, fatOrogastrointestinal tract commonly appears as

cells, macrophages) which maintain haematopoiem“COSitis with an increased risk for bacterial and

sis through the secretion of haematopoietic growtl'{urlgal infections. Diarrhoea and abdominal cramps

._may be symptoms of damage to the intestinal mu-
factors, and a complex vascular network. Radio- o .
cosa. Moreover, when mucositis is accompanied

therapy or cytotoxic drugs which cause damage 14,y hetropenia, the risk of systemic infection in-

this system will compromise recovery from future .re55es.

bone marrow injury by reducing the bone marrow e chemotherapeutic drugs which most com-
reserve. In particular, hlgh dose radiation will in- m0n|y cause gastrointestina| toxicity are fluoro-

duce irreversible damage to the medullary stromauracil, the anthracyclines and the topoisomerase |
and be associated with permanent marrow apfgia. inhibitors camptothecin and irinotecan, but at es-
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Modulation of Toxicity in Cancer Therapy 137

calated doses the majority of cytotoxic drugs have The onset of cardiac events usually occurs after
this effect. Therefore, high dose chemotherapy isa total dose of doxorubicin 450 to 550 mé/ar
frequently associated with diarrhoea and stomatiepirubicin 900 to 1000 mg#rhas been adminis-
tis.[18] tered. In patients with risk factors for cardiac dis-
Additional indirect effects of anticancer thera- ease (female, age >65 or <4 years, mediastinal
pies arise from reduced food intake, which causesadiotherapy, prior cardiopathy, hypertension and
a decrease in secretion of enteral hormones, resultiabetes mellitus) cardiac toxicity may arise at
ing in decreased trophic effects to the mudé¥a. lower dose$**251 Concomitant administration of
other chemotherapeutic drugs (e.g. taxéitysmay
potentiate the cardiotoxicity of anthracyclines. Of
special concern is the late-onset anthracycline-
induced cardiotoxicity found in survivors of can-
The mechanisms by which anthracyclines caus@er; this may have a significant impact on their
cardiotoxicity and antitumour activity are thought quality of life or even be life-threatenirij]
to be different. Cardiqtoxicity is_ thought to result  The taxoids infrequently induce cardiac distur-
from several mechanisn8:2?l First, the metabo- pances, e.g. hypotension and asymptomatic brady-
lism of this class of drugs is associated with thecagia. This may be a manifestation of autonomic
generation of superoxide radicals, whichleighly  neyropathy associated with these drugs, rather than
toxic towards adjacent molecules. Secondly, superyye cardiotoxicity28! High dose cyclophospha-

oxide radicals may induce the secondary produCjge has infrequently been associated with haemor-
tion of even more toxic hydroxyl radicals. Anthra- rhagic myocarditi2®]

cyclines bind to intracellular iron (F&) forming
complexes which strongly stimulate the generation
of hydroxyl radicals. Furthermore, iron—-anthracy-
cline complexes are themselves toxic and have Three classes of chemotherapeutic drugs induce
high affinity for cardiolipids, resulting in damage peripheral neurotoxicity: the vinca alkaloids, the
to the internal membranes of the mitochondria andaxoids and the platinum compounds. Whereas
the sarcoplasm. the vinca alkaloids bind to tubulin and prevent the
Thus, the generation of free radicals and the toxpolymerisation from soluble dimers into microtu-
icity of iron—anthracycline complexes towards car-bules, the taxoids promote the formation of micro-
diolipids are both thought to be responsible fortubules and prevent their depolymerisation, which
anthracycline—induced cardiotoxicity. results in an abundance of rigid microtubules.
Heart muscle is a specific target for the toxicity Microtubules are essential components of the mi-
of anthracycline because of the relatively poortotic spindle and are important for the maintenance
antioxidant defence mechanisms of this tissueof cell shape, a variety of cellular actions and axo-
(low levels of catalase and glutathione peroxi-plasmic transport. Defective function of microtu-
dase). Histological assessment of anthracyclinebules in neurons and axons may be the origin of the
induced cardiotoxicity shows myofibrilar loss and neurotoxicity of both families of chemotherapeutic
vacuolar degeneration of the sarcoplasmic reticuagents.
lum(23! and, in the final phase, myocardial fibrosis  The vinca alkaloids induce a peripheral senso-
and hypertrophy of the remaining myocytes. Acuterimotor polyneuropathy and autonomic neuropa-
anthracycline—induced toxicity appears generallythy, which appears to be partially reversible after
as nonserious disturbances in cardiac rhythm, busome month&% The taxoids induce primarily a
chronic cumulative cardiac toxicity may cause ir- symmetrically distributed sensory distal neuropa-
reversible congestive heart failure, which is fairly thy, which is related to both single and cumulative
resistant to treatment. doses of the drug and is possibly dependent on the

3.3 Cardiotoxicity

3.4 Neurotoxicity
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regimeni3l The neurotoxicity of both paclitaxel ated!4546]Cisplatin ototoxicity is characterised by
and docetaxel is presumably caused by microtutinnitus and a symmetrical high frequency hearing
bule aggregation in neurons, axons and Schwanloss which is both dose and regimen dependént.
cells[32:33] Taxoids are infrequently associatsith ~ Younger patients tend to be more susceptible,
autonomic neuropath$#! At doses of paclitaxel whereas prior exposure to cranial irradiation in-
>250 mg/m with granulocyte colony—stimulating creases the severity of hearing loss caused by this
factor (G-CSF) rescue of myelotoxicity, neurotox- drug[48!
icity becomes the dose-limiting factét! Taxoids The mechanisms by which the platinum com-
do not accumulate in nervous tis8flewhich ex-  pounds induce ototoxicity have not been com-
plains why, after discontinuation of these drugs, thepletely elucidated. Temporal bone biopsies from 4
symptoms of neuropathy gradually disappear.  patients with documented cisplatin ototoxicity re-
Cisplatin induces a peripheral sensory axonalealed loss of inner and outer hair cells in the basal
neuropathy, affecting large-diameter and, to a lessenalf of the cochlea (which sense the higher fre-
extent, small-diameter sensory fibres. Paraestheguency sounds), degeneration of the stria vascu-
sias and impaired propriocepsis, leading to ataxialaris and a decrease in spiral ganglion cells as the
are the most common symptofis4% Histological ~ most striking histopathological chand& Animal
examination of peripheral neural tissue affectedstudies showed that the level of glutathione was
by cisplatin showed axonal degeneration, grad+educed in the cochlea after cisplatin treati§@nt
ually progressing from the periphery to the celland suggested that the production of reactive oxy-
body and secondary myelin breakdol##.Cis-  gen species in the cochlea might contribute to the
platin accumulates in and damages the dorsal roaitotoxicity of this agent. It remains questionable
ganglia, axonal changes being secondary to neuravhether the disturbances in the ion transport in the
nal damagé&’-39 stria vascularis (differences in the concentration
The incidence of cisplatin-induced neuropathyof sodium and potassium between the endo- and
depends largely on the cumulative dose, the onseterilymph), which have been described after plati-
of symptoms being seen at a total dose of cisplatimum therapy:>4¢l are the cause or a consequence
300 to 400 mg/rh Cisplatin binds tightly and irre- of cochlear damage.
versibly to nerve tissue, which explains the deter- The first manifestation of cisplatin-induced
ioration of neurological condition which some- ototoxicity occurs at a cumulative dose of cisplatin
times occurs after cessation of cisplatin thet4dy. 200 mg/m or higher, and appears as a shift in audi-
Toxicity of the CNS is an infrequent event, tory brainstem response threshold at the higher fre-
primarily because of the inability of many chemo- quencies tested, followed by clinical hearing loss.
therapeutic agents to cross the blood-brain barrieit is an irreversible process. Carboplatin induces
Patients treated with ifosfamide, however, may exvery little ototoxicity when given at conventional
perience symptoms such as somnolence and hallaloses (300 to 400 mg#AnHowever, at muchigher
cinations. This reversible encephalopathy is dosedosages it may also cause damage to the inner
and regimen-dependent and thought to be causeghar(>l
by the generation of lipophilic neurotoxic metabo-
lites such as acrolein and chloroacetic aldeffyde! 3.6 Renal and Bladder Toxicity

3.5 Ototoxicity The kidneys are the main route of elimination
of many chemotherapeutic agents, but notably of
The most frequently used anticancer ageniplatinum compounds. At high local concentrations,
which induces ototoxicity is cisplatin. The associ- cisplatin induces proximal and distal tubular dam-
ation of other chemotherapeutic drugs with ototox-age. Necrosis, interstitial oedema and tubular dila-
icity is both sporadic and inconsistently evalu-tation are seen microscopicdf§:53! Clinically, this
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Modulation of Toxicity in Cancer Therapy 139

may appear as a decrease in creatinine clearanogay induce substantial pulmonary toxicity, which
and renal magnesium wasting. Cisplatin-inducedusually appears some weeks after treatritéfit!
renal toxicity is related to both the acute and cumufulmonary function tests after treatment with high
lative dose given and is for the greater part irre-doses of these agents revealed restrictive lung dis-
versiblel4 ease with reduced diffusion capacity, and lung bi-

Methotrexate and its metabolites are alsintya  opsies showed fibrosis and endothelial cell injury.
excreted in the urine. The nephrotoxicity of high Enhanced pretreatment plasma levels of trans-
doses of methotrexate is probably caused by théorming growth facto3 (TGH3), a growth factor
limited solubility of that drug in urine at acid pH, involved in the fibrotic response to tissue injury,
resulting in crystallisation in renal tubules and seem to predict the risk of lung toxicity due to car-
parenchymal damage. mustinel64]

The alkylating agents cyclophosphamideh{gh Pulmonary toxicity has also been reported with
doses) and ifosfamide can induce haemorrhagigemcitabine, a new deoxycytidine analogue used
cystitis, probably through the generation of uro-mainly for pancreatic and lung cancer. This tox-
toxic metabolites, e.g. acrolein. Ifosfamide at highicity is usually mild and self-limiting, but toxic
dosages may also cause renal impairment by thdeaths due to respiratory distress syndrome have
generation of nephrotoxic metabolites. Pretreatalso been describétf!
ment with cisplatin is a risk factor for ifosfamide-
induced renal toxicit{?® High-dose chemother- 3.8 Liver Toxicity
apy regimens frequently include carboplatin and
ifosfamide; this may result in nephrotoxicity, ev
which is associated with greater transfusion re
quirements and a longer hospital b4

Direct damage to liver cells is an infrequent
ent during chemotherapy. This may be related to
the unique detoxifying potency of these cells or
any damage may remain unnoticed due to the large
o reserve of liver tissue and/or the absence of easy
3.7 Pulmonary Toxicity and sensitive markers of liver toxiciff] Veno-
Bleomycin-associated pulmonary damage isOCdUSive. disease qf the I.iver (VOD), which is_
characterised by weight gain, hepatomegaly, asci-

initiated by inflammation and followed by intersti- ¢ dh bilirubi . fter treat
tial fibrosis. It has been associated with the (local) €s and hyperbiiirubinaémia, may occur after treat-

generation of tumour necrosis facto(TNFa).[57! ment with high dose chemotherapy followed by

. . . ne marrow i ion.
The fibrous tissue that accumulates in the aIveoIP0 e marrow or stem cell reinfusion. Busulfan,

oD mitomycin i -
causes damage to alveolar epithelial lining cells, tomycin C and carmustine are commonly asso

particularly type | cell$859 |t is thought that ciated with this dis.ordéW].Injury of the hepa'ltic'
bleomycin-Fé&* complexes catalyse the genera-vasc.U|a.r endothelium, uIt|mateI¥ resulting in fi-
tion of superoxide and hydroxyl radicals, which brosis, is the postulated mechanism of VOD. The
are toxic for both DNA and intracellular mem- pretreatment plasma level of T3 Before therapy

branes. Low levels of bleomycin hydrolase, oS Positively correlated with its occurrenéd.
bleomycin-inactivating enzyme, may be responsi-
ble for the sensitivity of the lung for this drug.
Pulmonary toxicity has also been described fol- The testes and ovaries are tissues with a high
lowing therapy with busulfan, cyclophosphamide, cell turnover. Menstrual irregularities and deficient
mitomycin C and carmustir&-61 Mitomycin C,  spermatogenesis are therefore common findings
when used at high cumulative doses (>30 ndg/m in young patients treated with chemotherapy; in-
may induce chronic and progressive lung toxicity, fertility may be the definitive outcome of intensive
despite high doses of corticosteroit¥sThe use of treatment®®] The degree of gonadal dysfunction
carmustine in high-dose chemotherapy programmedepends on the age of the patient and the type and

3.9 Gonadal Toxicity
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cumulative dose of the cytotoxic drugs used. Cy- The selectivity of amifostine for healthy tissue
clophosphamide, a drug commonly used in chemois thought to be related to the presence of high
therapy programmes for breast cancer, is a majoalkaline phosphatase concentrations in healthy tis-
cause of amenorrhoea due to primary ovariarsue capillarié€® and at the brush border of renal
failure. However, in women aged <35 years, pregtubules8l! It is thought that the enzyme activity is
nancy following adjuvant chemotherapy is possi-higher in healthy tissues than in tumours because
ble %9 Of special concern is the effect of platinum- they have a normal local pH. Tumour cells often
based therapy on spermatogenesis in young memave a lower pH because of their tendency to an-
treated for germ cell tumours. Differentiating sper-aerobic metabolism. Due to these pH differences,
matogonia are the most sensitive to killing by cyto-WR-1065 is also more avidly taken up by healthy
toxic agents, resulting in short term azoospermiacells[82:83]
Sperm production may gradually recover from sur-  In vitro, amifostine and WR-1065 are less reac-
viving stem cells, but this is related to the degreetive with cisplatin and carboplatin than thiosulfate
of stem cell killingl”® Some patients with oligo- or diethyl-dithiocarbamat&5.84] Administration
spermia will slowly recover while others have re- of amifostine shortly before platinum compounds
productive capacity despite continued oligosper-does not jeopardise their antitumour actiVigy®!
mial’1 The prechemotherapy sperm count largelyHowever, amifostine influences the pharmacoki-
predicts the recovery of spermatogenesis followingnetics of carboplatin. An increase in the area under
treatment’2 the plasma concentration-time curve (AUC) of
platinum in plasma ultrafiltrate, kidney, liver and
tumour has been observed in tumour-bearing nude
micel8®l In patients, a significant increase in the
terminal elimination half-life of ultrafilterable
4.1 Amifostine platinum has been observed after pretreatment
with amifogine, resulting in a slight increase in
Amifostine (S-2-[3-aminopropylamino] ethyl- AUC.[86] Amifostine most probably decreases the
phosphorothioic acid, WR-2721) is a prodrug whichrenal clearance of carboplatin by influencing kid-
is converted into the active, cell-permeable, deney function. Serum creatinine levels were found
phosphorylated metabolite WE365 by cell mem-  to be increased 24 hours after treatment.
brane-bound alkaline phosphaté3e. Similar observations, but to a lesser extent, have
Cytoprotection by amifostine occurs via scav-been made for patients treated with cisplatin in
enging of free radicalé}! deactivation of reactive combination with a single dose of amifost/f8.
cytotoxic agents, prevention of cisplatin-DNA ad- Together, these results suggest that there will be
duct formatiof® and facilitation of DNA re- increased exposure to platinum compounds in the
pairl’®77The effect of amifostine on DNA platina- presence of amifostine.
tion was studied by incubating salmon sperm DNA
with cisplatinl’sl WR-1065, and to a lesser extent 4 » pexrazoxane
amifostine, prevented platinated-DNA (Pt-DNA)
adduct formation. It only slightly reduced pre- Dexrazoxane (ICRF-187) is tlileisomer of the
existing Pt-DNA adducts. This suggests that pretacemic compound razoxane (ICRF-159), a lipo-
vention and not rescue is the most probable mecikphilic derivative of the chelating agent ethylene-
anism of protection by WR-1065 and, at the samaliaminetetraacetic acid (edetic acid, EDTA). Dex-
time, it suggests that the optimal time to administerazoxane readily penetrates cell membranes. It has
amifostine is shortly before administration of plat- been shown to reduce the cardiotoxicity of doxo-
inum compounds. This has been confirmedrby rubicin (one of the anthracyclines). This effect re-
vivo studies for cisplatif®! and carboplatiff?] sults from its intracellular hydrolysis to ICRF-198

4. Currently Used Cytoprotective Agents
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which chelates intracellular iron, producing a reduc-cies!193.104 Since sodium thiosulfate is limited to
tion of the F&**-(doxorubiciny complexes, thus the extracellular space, it does not interact with
preventing free radical formatidf¥:°! intracellular platinum. The molar ratio of sodium
Dexrazoxane also has a cytotoxic effect via inhi-thiosulfate to platinum determines the extent and
bition of topoisomerase % and may potentidfd!  rate of neutralisation. About a 400-fold excess of
or antagonid®! the cytotoxicity of some antitumour sodium thiosulfate is necessary for an adequate in-
agents in experimental models. Its adverse effects aactivation of cisplatin. Clinically, sodium thiosul-
myelotoxicity and phlebitis at the site of injecti®fl.  fate is still in use for residual ovarian cancer in the
abdomen, when cisplatin is given intraperitoneally
4.3 Glutathione with systemic sodium thiosulfate protecti@pe!

Reduced glutathioneGlu-Cys-Gly, GSH), a The rapid accumulation of sodium thiosulfate in

peptde wih a ee iy (SH) roup. e 12 441 A1IGN Soncenraton e e o
principal intracellular thiol in mammalian cells. It b P b 9

: . _ It i . 1106]
exerts its cytoprotective effects in several ways. Flrst!C'ty of cisplatin:

it maintains the active form of glutathione perox-
idase to scavenge toxic peroxides. Secondly, it forms
intracellular complexes with cisplatin, for instance, Mesna binds with and inactivates the alkylators
which reduces the toxicity of this agent, whereas thgphosphoramide mustard and acrolein, which are
reactivity with DNA is maintaine@*9! Thirdly, glu-  toxic metabolites of cyclophosphamide and ifos-
tathione regulates the kinetics of several ion chanfamidell97-108] |n the circulation, mesna is con-
nels, which are of great importance for the biologicalverted into the inactive disulphide dimesna, but
integrity of the cell%6! during transport in the urothelial tract it is recon-

Various chemotherapeutic agents reduce the cirverted into mesna by glutathione reductase. In the
culatory and cellular levels of glutathioldé?8l Ex-  bladder, free sulfhydryl groups neutralise acrolein,
ogenously administered glutathione accumulateshe agent which is responsible for urothelial toxic-
in the kidney, and thus protects against cisplatinity. This toxicity consists of haemorrhagic cystitis,
induced nephrotoxicit®! The glutathione system bladder fibrosis and an increased risk of bladder
has also been associated with chemotherapy resisancer. The peak urinary mesna concentration after
tance. Altered glutathione metabolism is thought tantravenous or oral administration occurs after 1 or
be one of the mechanisms of thf¥] and the expres- 3 hours, respectivel§{*! In order to maintain the
sion of the enzyme glutathioi®transferase, which optimal urothelial protection, mesna should be
catalyses the conjugation gifitathione with several given continuously before, during and after ifos-
cytotoxic drugs, correlates with that@umour re- famide administration.
sponse to these ageRs]

The selectivity of the cytoprotection by glutathi- 4.6 Ditiocarb Sodium

one may be related to a higher activity of this endog- Ditiocarb sodium (diethyldithiocarbamate, DDTC)

enous detoxification system in healthy tissues and Ra heavy-metal chelating agent, which is used as an
I|m|t_ed uptake of ex_ogenously administered glu'etmtidote for acute nickel and cadmium poisoning. In
tathione by tumour tissues, due to reduced levels % himal studies. ditiocarb sodium reduced the cyto-
Yﬁ%ﬁ:igﬁgg nspeptidase in the membrane of tu'toxicity of platinum compounds by interaction with

i these drugs in the circulation and by inhibition of
cisplatin-DNA adduct formatio1° Clinical stud-
ies were discontinued, however, because of ditio-
Sodium thiosulfate (STS) neutralises platinumcarb sodium-related autonomic hyperactivity, con-

compounds by converting them into nontoxic spe-sisting of hypertension and flushing in the absence

4.5 Mesna

4.4 Sodium Thiosulfate
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of a substantial reduction of platinum-induced tox-  5.1.1 Dexrazoxane

icities[111.112]n a recent study, using a regimen of A number of clinical trials found that dexrazox-
ditiocarb sodium with low toxicity, there was no ane significantly reduced cardiotoxicity in women
evidence of cytoprotection. In fact, the patients inwith breast cancer and children with soft tissue
the control arm tolerated cisplatin treatment betteisarcomas receiving an anthracycline—containing

than those in the ditiocarb sodium affs! therapy (see table 11)28-132] All except one of the
trials in breast cancer patients employed standard-
4.7 Flavonoids dose doxorubicin. Clinical congestive heart failure

Flavonoids are ubiquitous in photosynthesising(CHF), measurements of heart contractility by
cells and are therefore present in various plantsSchocardiography or left ventricular ejection frac-

They possess iron-chelatifg? oxygert15! and tion (LVEF) and endomyogardigllbi(.)psies were
nitric oxidd!16! radical-scavenging capacity and used as parameters of cardiotoxicity in these stud-
have a favourable toxicity profile, even at high con-ies. By all of these criteria, dexrazoxane, at a dex-
centrations. MonohydroxyethylrutosidegmoHer), ~ fazoxane/ doxorubicin ratio of 2aL or 10: 1, has

a semisynthetic flavonoid, is a promising com- consistently been demonstrated to reduce cardio-
pound for protection against doxorubicin-inducedtoxicity.*28-132The risk of developing any cardiac
cardiotoxicity, without influencing the antitum- event during these studies was 2 to 3 times lower

our activity of that drugn vitro andin vivo.[117] and the risk of CHF was 8 to 10 times lower in
patients treated with dexrazoxane than in controls.
4.8 ORG-2766 Patients receiving dexrazoxane were able to tol-

erate higher cumulative doses of doxorubl&fl.
melanocyte—stimulating hormone—like ielps] af- The resting LVEF showed a gradually progressive
fall, starting from a dose level of doxorubicin 300

fect the function of nervous tissue in anirdafst1°] ) o
and humans. It is hypothesised that melanocorti;mglmz' but the rate of decline was significantly less

coids mimic an endogenous peptide, which stimun the dexrazoxane group. Moreover, when dex-
lates the recovery of damaged neurons. ORG-27642z0xane was started after a cumulative dose of
a synthetic corticotropin (4-9) analogue is without doxorubicin 300 mg/#) there was still a cardio-

Corticotropic or me'anotropic activity and hasu'“ﬁ prOteCtlve eﬁ:ect Observed W|th a 35 times reduced

been studied as a means of preventing or improvtisk of experiencing a cardiac eveét#l This ob-
ing the recovery of neuropiey induced by cispla- servation has led to the recommendation that dex-

Melanocorticoids [corticotropin (ACTH) ana-

tin,[120-122lyinca alkaloid823] and paclitaxef24! razoxane be started after a cumulative dose of
doxorubicin 300 mg/rin responding patients for
5. Prevention of whom further treatment is indicated. Cardiac pro-
Chemotherapy-Induced Toxicities tection has also been shown in combination with
high dose epirubicin, using a 1@ dexrazoxane/
5.1 Cardiotoxicity epirubicin ratio233] Finally, it has been shown that

The problem of anthracylcine—associatedimar ~ dexrazoxane is also beneficial for children treated
toxicity has been addressed with various stratewith doxorubicin-containing chemotheral3/!
gies125] reducing the dose, adjusting the dose to While these data show that dexrazoxane is a
individual risk factors, prolonging infusion dura- safe, effective cardioprotective agent, in our opin-
tion, administration of moderate doses of doxorub{on 3 issues remain to be clarified before it can be
icin on a weekly basis, development of less cardiorecommended for standard use in patients treated
toxic analogues of doxorubicin (e.g. epirubicin), with anthracyclines.
use of liposomes as carriers of doxorubié#127] Firstly, large, randomised studies with a long
and the introduction of cardioprotective agents. term follow-up are needed to determine whether
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Table Il. Randomised studies using anthracycline with and without dexrazoxane (Dex)

Reference Drug Anthracycline dose (mg/m?) Ratio Dex : anthracycline No. of patients
Speyerl128] F,D,C 50 20 1502
Rosenfeld!'2°] F,D,C 50 10 3492
Weisbergl*30] F,D,C 50 20 1212
Maillard!*34 F,D,C 50 10 1852
Swain('32 F,D,C 50 10 5342
Venturinilt33! FEC orE 60 or 120 10 1622
Wexler[t34 VDCI/Et 50-70 20 33°

a Adult women with advanced breast cancer.
b Children with a sarcoma.
C = cyclophosphamide; D = doxorubicin; Dex = dexrazoxane; E = epirubicin; Et = etoposide; F = fluorouracil; | = ifosfamide; V = vincristine.

dexrazoxane will prevent or reduce chronic, late-cluded in these protocols, such as alkylating agents

onset cardiotoxicity. This issue is of special impor-and mitoxantrone, an anthraquinone structurally

tance as >50% of survivors of childhood cancerrelated to doxorubicin, can also induce cardio-

have been treated with anthrcyclines and are cartoxicity.[20.2°l No data are available concerning the

didates to develop late-onset cardiotoxi€i#:'3"1  use of dexrazoxane in these high dose chemother-
Secondly, there is evidence that dexrazoxanepy protocols.

influences the pharmacokinetics of anthracyclines.

This has been demonstrated for doxorulbiésh 5.1.2 Other Agents L .

and for epirubici® at doses of dexrazoxane Other agents of potential interest as cardio-

>900 mg/nd, but not at the presently recommendedProtectants are amifostine and some flavonoids.
10: 1 ratio of dexrazoxane/doxorubicin dose. Amifosting accumulates rapidly in heart tis8{#
Higher doses of dexrazoxane increased the sy£@Nd: by virtue of its potential to scavenge oxygen
temic clearance of these anthracylines, resulting ifadicals, it reduces doxorubicin-associated car-
a decrease in the AUC. This decrease in exposu@'omx'c'ty’ as has been shown in cultured neonatal
to anthracyclines may have an impact on botHfatheart myocytés?and in mi‘_:é-l‘lg.]'” addition,
toxicity and the antitumour effect of these agents contrary to dexrazoxane, amifostine does not re-
However, only 1 study in breast cancer patié#ils ~ duce the systemic exposure to anthracyclines but
has shown a reduced response rate in patients givéR2y even increase their §8teady-sta}te plasma con-
doxorubicin plus dexrazoxane than that in patient$entrations and their AUB?* These findings sug-
given doxorubicin plus placebo. However, theredest that the cardioprotective effect of amifostine
was no effect on survival. In all other studies thelS Worth investigating in patients treated with (high

response rate to the anthracycline was not comprgiose) anthracyclines.
mised by dexrazoxane. Monohydroxyethylrutoside has been studied

Thirdly, dexrazoxane has its own toxicity and Vvitro *44land in mice treated with doxorubidii!
may also have antitumour activi®y! It is able to ~ Cardiotoxicity, as measured by ST interval and his-
induce a moderate myelotoxicity at dosages oftological investigations, was reduced to a level
>1000 mg/m, and a chemical phlebitis. There is a similar to that achieved with dexrazoxa:4%]
lack of information about long term adverse ef-Monohydroxyethylrutoside did not compromise
fects. the antitumour activity of doxorubicid?l and

The avoidance of anthracyclines in high doseanimals given high doses of the former showed no
chemotherapy programmes has made cardiotoxidoxicity. Evaluation of the cardioprotective effects
ity an infrequent complication of this stratdéf?!  of this agent in patients receiving anthracycline
However, other drugs which are commonly in- therapy is warranted.
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5.2 Neurotoxicity strated prevention of cisplatin-induced neuropathy
by amifostine. These findings have been confirmed
5.2.1 Corticotropin Analogue in 2 randomised studies in patients. In the first,

The analogue of corticotropin (ACTH 4-9; ORG- gyarian cancer patients were treated with 6 cycles
2766) has been shown to prevent cisplédifi-and  of cisplatin 100 mg/#plus cyclophosphamide00
paclitaxel?“-induced peripheral neuropathy in mg/m2 with or without amifostine 910 mg#An
rats. In humans, ORG-2766 has been used at dif\leuropathy, defined as the occurrence of symp-
ferent doses (usually 2mg or 2 mg/radminis-  toms of peripheral neuropathy or a decrease in neu-
tered subcutaneously) before and after cisplatin ofp|ogical function, was significantly reduced from
vinca alkaloid therapy. A small study suggested &ycle 5 onwards in the amifostine af#? In the
protective effect of ORG-2766 on vinca alkaloid second, head and neck cancer patients were treated
neuropathy in lymphoma patierit8?l No studies  ith weekly cisplatin 70 mg/Afor 6 cycles with
have been done combining paclitaxel and ORGyy without amifostine 740 mg/Aits3! In this study,
2766. Two randomised studies showed that thighe protection was evident only from the VPT as-
drug reduced neurotoxicity in cisplatin-treated sessments, not from clinical signs or symptoms. In
patients with ovarian or testicular canééf:124 5 phase Il study using doses of paclitaxel >310
In these trials, the ORG-2766 group of patientsmg/mz preceded by amifostine 910 md/ithe neu-
showed a more limited reduction in vibration per- rotoxicity was less than expectB&fl which sug-
ception threshold (VPT) and fewer paraesthesiasyested protection by amifostine against taxoid-
However, these results could not be reproduced ifhduced neurotoxicity. Because cisplatin and
2 subsequent randomised studies of larger numbegsyclitaxel are often used in combination, further

of ovarian cancer patients treated with a similarinyestigation into the use of amifostine for this in-
cisplatin regimet#6.1471Because of the negative gication is warranted.

findings in the last 2 trials, further clinical devel-

opment of ORG-2766 was terminated. 5.2.4 Other Agents
Preclinical data suggest that nerve growth factor
5.2.2 Glutathione (NGF) prevents neurotoxicity induced by cisplatin,

In a rat model, glutathione prevented cisplatin-vinca alkaloids and taxoid$5:156 Thus, clinical
induced neuropathy, as measured by the sensoliyvestigation of NGF seems also to be warranted.
nerve conduction velocity? A recent report suggested that methylthionin-

In 3 recent randomised studies, patients withium chloride (methylene blue) may be used both
advanced gastfi] or ovarian cancé®14re-  for prophylaxis and for reversal of ifosfamide-
ceived cisplatin-based chemotherapy with or with-induced encephalopatHy”! This interesting ob-
out glutathione. Glutathione 1.5 mgfmas admin-  servation remains to be investigated further.
istered immediately before cisplatin in all trials and
it was repeated over 4 days in one sté¢f}.In all 5.3 Ototoxicity
studies, this drug gave significant neuroprotection
as measured by clinical symptoms, sensory nerve

n ion and VPT. Alth h gl hione re- . . . . .
conduction and though glutathione re tion of sodium thiosulfate or ditiocarb sodium re-

duced neurotoxicity, it did not completely prevent o : .
it. It did not reduce the antitumour response to cis—duced the ototoxicity induced by cisplatin or car-

5.3.1 Sodium Thiosulfate
Animal studies have shown that the administra-

ini i boplatin(58]
latin in these studies. . . .
P Sodium thiosulfate, given 2 hours after carbo-
5.2.3 Amifostine platin, substantially prevented carboplatin-induced

Two laboratory studies, using the ganglia of theototoxicity in patients with malignant brain tu-
CNS of the pond snallymnaea stagnali®® or  mours(®! However, in a large, randomised clinical
dorsal root ganglion cells in cultuféX demon-  study using high dose cisplatin in combination with
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ditiocarb sodium or alone, hearing loss was equivin phase | and Il studid¥? Further evidence
alent in both treatment arri33! comes from 2 randomised trials in ovarian and

532 Amifostine heaq and neck cancer patie$d.1531In the Iargg .

Ih '2 randomised clinical studies the effect of 2Varan cancertrlal,'a >40% decrease in cregtlnlne
pretreatment with amifostine on cisplatin-inducedClear‘r’lnce ogcurred n 30% of '_[he (?ontrol patients,
ototoxicity was investigated. Kemp etl&#! ob- compared with 13% in the amifostine arm. 5% of
tained only baseline audiograms, which were re.cONtrol patients dlscontlnueq treatment because of
peated if clinical hearing problems developed.nephmtox'c'ty (serum creatinine level above 1.5
With this approach a 43% reduction in the inci-mg/dI S yveeks after a chemotherapy cycle), com-
dence of cisplatin-induced ototoxicity was docu- Pared with none in the amifostine arm. In the head

mented in patients given amifostine. In the studyand neck cancer study, no S|_gr1|f|cant differences
by Planting et all153! ototoxicity assessed by serial were observed In serum creatinine levels, but rer_1a|
audiograms was similar in both treatment arms Magnesium wasting was significantly reduced in
There seems to be a good case for further studietge amifostine group.
of the effect of sodium thiosulfate and amifostine

. L - . . 5.5 Myelotoxicit:
on cisplatin-induced ototoxicity, using systemati- y y

cally applied measurements. A large number of studies have shown the effi-
o cacy of haematopoietic growth factors on the re-
5.4 Nephrotoxicity covery of peripheral blood cells after chemother-

hapy- However, protection of the bone marrow from

Hyperhydration is a useful general approacaloxicity has been studied less frequently.

to reducing or preventing chemotherapy-induce
nephrotoxicity. In the case of methotrexate, addi- 5.5.1 Amifostine
tional urinary alkalinisation helps to prevent pre- A number of animal studies have demonstrated
cipitation of the drug in the renal tubules. The usea myeloprotective effect of amifostine for haema-
of mesna to inactivate reactive metabolites oftopoietic progenitors or stem cells. Bone marrow
ifosfamide and cyclophosphamide in the renal sysfunction was studied in Balb/c mice treated with
tem is a common and successful practice. carboplatin with or without amifostiné? (given
Several preclinical studies indicate that amifost-30 or 5 minutes before or 30 minutes after the ad-
ine also offers protection against cisplatin-inducedministration of carboplatin). After 24 hours, time
nephrotoxicity. In rats and mice, amifostine givenvitro proliferation of whole bone marrow (WBM)
at a dose of 200 mg/kg intraperitoneally, 30 min-and 3-day nonadherent cells (NACs), and the clo-
utes before cisplatin, protected against nephrotoxnogenic capacity, were evaluated. Optimal protec-
icity (determined by measuring blood urea nitro-tion of WBM cells and NACs was achieved when
gen levels and histological examinatié¥f] The  amifostine was given 5 minutes before carboplatin,
time dependence of modulating cisplatin-inducedbut the loss of clonogenic capacity was similar
nephrotoxicity was demonstrated in Balb/c mice inwith and without the cytoprotective drug. In fur-
which amifostine was given 30 or 5 minutes beforether animal studies, protection of haematopoietic
or 30 minutes after cisplatifé! Only those mice stem cells by amifostine was observed for mel-
given amifostine before cisplatin were protectedphalan(éll chlormethine (nitrogen mustar@d§2
against cisplatin-induced nephrotoxicity. Thosecisplatin, cyclophosphamide and fluorourd#if!
treated with amifostine also tolerated a larger doséMyelotoxocity was reduced 1.5 to 4.6 times in the
of cisplatin, resulting in an improved antitumour presence of amifostine.
effect. The growth of primitive haematopoietic pro-
The protective effect of amifostine on nephro- genitors, harvested from healthy human donors,
toxicity induced by cisplatin has been confirmedwas studiedh vitro in the presence of a broad spec-
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trum of antineoplastic agents with or without ami-  In a head and neck cancer ti&p! treatment
fostine or its dephosphorylated metabolite WR-delay because of bone marrow toxicity was also
1065[164] A significant degree of cytoprotection significantly reduced in the amifostine group. In
was demonstrable for 5 of the 7 chemotherapeutiaddition, a small randomised trial of carboplatin
agents used, with a magnitude of 1.35- to 65-foldwith or without amifostine in patients with ad-
These indications of cytoprotection by amifostine vanced solid tumours showed the protective effect
for multilineage haematopoietic progenitors haveof the latter drug on the thrombocyte cell lin-
been further confirmed in bone marrow purging eage!”]
studies. Further large, randomised clinical studies using
Purging of bone marrow with hydroperoxy- various chemotherapeutic agents are necessary in
cyclophosphamide in the presence of amifostineorder to define the importance of amifostine for
resulted in a significant decrease in time to marrowPone marrow protection, and to answer the ques-
engraftmentn vitro,[165] need for platelet transfu- tion whether we really need amifostine for this pur-
sions, need for antibacterials and duration of hosPOSe in view of the established stimulatory effects
pital stayl166] of haematopoietic growth factors on the recovery
Taken together, these data show that amifostin€f Plood cells.
offers substantial cytoprotection for haematopoi- From the data available, it appears that amifost-
etic progenitor cells. These haematoprotective efin€ protects multilineage progenitors. This is dif-

fects have been confirmed in animal studies usind€rént from the lineage-specific stimulatory effects

peripheral blood counts as parameters, and usinpf the commonly used colony-stimulating growth

different antineoplastic agents, including platinum 2ctors. Therefore, theoretically, amifostine given
compounds and fluorourad#7.18 and cyclo- before and haematopoietic growth factors given

phosphamidéis® Haematoprotection, however, after chemotherapy could provide complementary

was mostly found in the thrombopoietic lineage benefits to the haematopoietic status after cyto-

and the gain, in terms of the maximum tolerated ¢ therapies. In fact, this has been observed in

dose of the chemotherapeutic agent used, was mog_reclinic_al_ model$;™#47¢1and should be investi-
eratell’% These animal studies have been followedgated clinically.
by a series of human phase Il studies which con-
firmed their findings. In these studies cisplatfi]
carboplatiri!’® cyclophosphamid&l and mito- Different procedures have been used to protect
mycin G172 were used. the oral mucosa against chemotherapy-induced dam-
In a large randomised ovarian cancer #&,  age. Vigorous mouth washes with disinfectants or
pretreatment with amifostine reduced the inci-sgjine solution have a limited effect on the occur-
dence of grade 4 neutropenia (associated with fevefience of stomatitis, but should not be omitééd.
and/or infections) by 53%, and significantly re-  Mouthwashes containing epidermal growth
duced the number of days on antibacterial therapyactof78l or a-tocopherol (vitamin E}79 2 sub-
and the number of days in hospital. The durationstances which are thought to be important for the
of neutropenia was longer in the control arm (i.e.integrity of the gastrointestinal mucosa, have been
without amifostine), which became more pro- used with some success in reducing or preventing
nounced with multiple cycles of chemotherapy.chemotherapy-induced mucositis. The same is true
Moreover, there was less need for transfusions ofor oral cryotherapy used for the prevention of
platelets and erythrocytes in the amifostine groupstomatitis associated with fluoroura@f®
Withdrawal from chemotherapy because of haema- The use of a bowel decontamination regimen
tological toxicity occurred significantly more in is a generally accepted procedure in high dose
the control group. chemotherapy programmes, in order to prevent

5.6 Gastrointestinal Toxicity
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fungal and Gram-negative invasion of the orogasbleomycin complex, which is thought to be respon-
trointestinal mucosa. In a recent clinical tHgl]  sible for lung toxicity. Mice pretreated with dex-
prolonged inhibition of gastric acid production by razoxane showed a significantly reduced severity
omeprazole was shown to be effective in preventof bleomycin-induced lung damage, in particular
ing chemotherapy-induced gastroduodenal mucoless fibrosig!®% Amifostine has also shown a pro-
sal injury. tective effect on lung damage induced by cyclo-
Another agent of interest is interleukin-11. In phosphamide in mic&%1! In another studin vitro,
mice treated with fluorouracil in combination with it protected lung fibroblasts, but not non—small-
radiotherapy, interleukin-11 prevented apoptosiscell lung cancer cells, from paclitaxel-induced
of intestinal crypt cells and stimulated their prolif- cytotoxicity[1921 Recently, the protective effect of
eration, resulting in a reduction of intestinal toxic- keratinocyte growth factor on bleomycin-induced
ity.[182.183] Amifostine has been shown to protect lung fibrosis has been described in the%&it.
against melphalan-induced gastrointestinal toxic- Finally, as lung toxicity may be associated with
ity in mice 621 The amino acid glutamine seems to high-dose chemotherapy programmes containing
be important for the maintenance of the intestinakyclophosphamide and carmustine, early diagno-
structure in both healthy and stressed states. Ansis by a noninvasive scoring system followed by
mal studies have shown that exogenous glutaminearly treatment with prednisone may ameliorate
reduced the intestinal toxicity induced by abdom-the outcome of lung toxicity94!
inal radiotherapy or intravenous fluorouraé#!
Administration of glutamine to cancer patients 5.9 Gonadal Toxicity
treated with chemotherapy alo#] or with total
body irradiation and high dose chemother@&gf,
significantly reduced mucositis and other intesti-

Until now, there has been no established means
of protecting gonadal function against chemother-

T ; . .~ apy-induced damage. At most, the sperm of germ
nal complications in these patients. Further clinical .
) : L ) ~—cell cancer patients may be frozen for later use.
trials, using sensitive evaluations of mucosal in-, . : L
. : . Animal studies showed that a luteinising hormone—
jury throughout the gastrointestinal tract, should

. releasing hormone (LHRH) agonist could protect
demonstrate the relevance of these observations. . : 2
spermatogenesis against toxicity induced by doxo-

5.7 Hepatotoxicity rubicin['°®! Clinical trials using this strategy may
be expected.
The high uptake of amifostine by the liVE]
together with its effective hydrolysis by hepato- 6. Prevention of
cytesl!88l makes this a promising drug for the  Radiotherapy-Induced Toxicity
prevention of chemotherapy-induced liver toxic-

ity. Studies addressing this possibility and usinghe

igp\;'t'vaesrpua;kirlzsm :J“tl)ﬁ;rtnc;)gﬁgywiriihsg?nrﬁg.st?n?nStance' The aim being to reduce the exposure of
Y, y b healthy tissues to radiation as much as possible

was given wa_the hepatic artery prec.ed|.ng 'mr.a_without compromising tumour control. A second
arterially administered chemoembolisation; this

treatment was well tolerated and seemed to be as_trategy involves the use of radioprotective agents
sociated with less liver toxicif§e% However, fur- Which should decrease the radiosensitivity of

. AR ' ' healthy tissues without affecting the antitumour
ther investigation is warranted.

activity.
Amifostine has been applied extensively for
thisindication. Originally developed during exten-
In vitro studies have shown that dexrazoxanesive screening of sulfhydryl-containing com-
has the capacity to remove iron from the iron-pounds, it proved to be the most potent protector

Reduction of radiation-induced toxicity to
althy tissues is a matter of technology in the first

5.8 Pulmonary Toxicity
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against radiation-induced injury. Preclinical stud-by Buintzel and colleagué®?! amifostine signifi-
ies, indeed, showed convincingly that amifostinecantly reduced the incidence and severity of sto-
preferentially increased the radioresistance ofmatitis and xerostomia induced by simultaneous
healthy tissueB:19¢]In these studies, radiation was treatment with radiotherapy and carbopla@iglio
applied to cultured cel7 and to animals, in which et al.l?1% however, found that amifostine did not
amifostine afforded protection against irradiationreduce the mucositis induced by an alternating
to intestinal crypts and the intestinal muc888, regimen of radiotherapy and cisplatin plus fluoro-
lung tissu€9% and the parotid glan@®.201 Fyr-  uracil.
thermore, amifostine proved to be responsible for Tannehill et al?!!l showed that pretreatment
the improved survival of mice after whole-body With amifostine could reduce the oesophageal tox-
irradiation[176] icity caused by sequential cisplatin-based chemo-

It became clear that this drug should be admintherapy followed by radiotherapy for patients with
istered shortly before radiation because of its rapidung cancer.
uptake in healthy tissues and the almost immediate We conclude that amifostine has some potential
generation of cellular damage by ionising radia-to reduce early and late radiation-related toxicities,
tion. Furthermore, it appeared that radioprotectiorPut that further studies are warranted in order to
by amifostine was dose-dependent, with a greateqaptimise its radioprotective effects and to establish
effect at higher dosd®6] the true benefit of this ageRt2!

Human phase /11l studies of radioprotection
by amifostine have concentrated on the toxicity of 7 conclusions and Recommendations
radiotherapy to the pelvi&2205 and head and

neck(206-210] In summarygcytoprotective agents should have
One of the first randomised trials included the following properties: selectivity for healthy
patients with advanced or recurrent rectal cancegells, ability to prevent or substantially reduce
treated with radiotherapy of the pelvis with or toxicity from chemotherapy and/or radiotherapy,
without amifostind?02] Patients treated with intra- have no effect on pharmacokinetics or antitumour
venous amifostine 340 mgfnbefore each radia- activity of therapy, be well tolerated.
tion session showed a significant reduction of Comparing the various cytoprotectants (fig. 1)
grades 2 and 3 late toxicities to the skin, bladdeive come to the following conclusions:
and bowel. However, in 2 other phase Il stud- Several cytoprotective agents have shown prom-
ies[203204lamifostine did not protect against acuteising results in reducing toxicity from chemother-
toxicities induced by radiation of the pelvis, but the apy including amifostine, dexrazoxane, glutathione,
drug doses used were somewhat low. In a phasedodium thiosulfate, ditiocarb sodium and mesna.
study of patients with cervical cancer who received Amifostine is a broad-spectrum cytoprotective
amifostine with cisplatin and concurrent pelvic agent which at present has the largest preclinical
radiation, fewer late mucosal toxicities were seerand clinical database. Several of the other agents
compared with historical control patief#e] are either in a preliminary stage of investigation, or
The benefit of amifostine in patients treatedhhave a more restricted indication (e.g. flavonoids
with radiotherapy for head and neck cancer may ber mesna).
of particular interest. Three studies have shown Glutathione is part of an important endogenous
that amifostine protects the salivary gland fromcytoprotective system. Administration of exogen-
radiation damage, leading to a lower incidence ofbus glutathione results in preferential support of
xerostomia?96-2091 This will be of even more healthy tissue detoxification over tumour tissue.
importance for patients treated with a combinationFurther investigation of the properties of this agent
of radiotherapy and chemotherapy. In the studyin various tissues is warranted.
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Amifostine NH,~(CH,);-NH-CH,~CH,-S-PO,H,
WR-1065 NH,~(CH,);-NH-CH,~CH,-SH
Glutathione y-Glu-Cys-Gly
SH
Sodium thiosulfate Na,S,0,
Ditiocarb sodium Na'S™-C-N(C,H),
Mesna H*S-C-C-SO;Na*
O, O

Dexrazoxane Parent > \ / <

compound N N-CH;=CH-N NH

LAY

ICRF-198

Monohydroxyethylrutoside

Fig. 1. Chemical structure/structural formulae of various cytoprotective agents for healthy tissues.

Some cytoprotectants inactivate anticancemeed further attention before the cytoprotectors can
agents in the circulation including sodium thiosul- be used routinely.
fate and ditiocarb sodium, and thus reduce the Some cytoprotectors, e.g. ditiocarb sodium, have
exposure to these chemotherapeutic agents. In theerious adverse effects which prohibit their use.
case of sodium thiosulfate, it is used systemicallyOthers (e.g. amifostine) have less serious but nev-
as a rescue agent in combination with high dosertheless troublesome side effects, the cause of
intraperitoneal cisplatin. which needs to be further understood in order to
Pharmacological interactions between the dif-make optimal use of the drug.
ferent cytoprotective agents and various anticancer Combination therapy with amifostine with haem-
agents have been insufficiently investigated andatopoietic growth factors is worthy of consider-
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ation given their different mechanisms of action.
This might be of great value in patients undergoing -
high dose chemotherapy.

An accurate assessment of the kidney and liver 8.
functions of the cancer patient should be used .
to determine the optimal dose of chemotherapy.
Evaluation of kidney function (e.g. by monitoring
creatinine clearance) is important when using

drugs which are largely metabolised or excreted

by that organ. Indeed, many anticancer agents are

metabolised by the liver, thus, impaired liver func- 12-

tion, whatever the cause, can strongly influence
their pharmacological behaviour. An easy and reli-
able test of liver function is, however, not as yet 14
available.

The development of reliable and sensitive as-15

sessments of acute and late haematological and

nonhaematological toxicities of anticancer therapy 16.

is, in our opinion, a neglected area in oncology
which deserves more attention, especially in view
of the tendency to use higher dose anticancer ther!?
apies. 18.
In conclusionnone of the available drugs fulfil
all the criteria of an ideal cytoprotective agent. The
goal of future therapy should be to develop agents
which are both specific for the biology of cancer 19
and are able to be delivered preferentially in cancer,q.
tissue. Besides using chemo- and radioprotectants,
the targeting of cytotoxic drugs by taking advan-
tage of the expression of specific antigens by tu-
mour endotheliufd3 may be an important step in  22:
the direction of a more effective and less toxic an- o3,
ticancer therapy.

24.
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