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Abstract Theanticancer agentsfluorouracil, raltitrexed, irinotecan and oxalipl atin show

limited efficacy in the treatment of colorectal cancer and may be associated with
substantial toxicity. Therefore, the prevention and reduction of chemotherapy-
induced adverse effectsisof major significance, in accordancewith theincreasing
concern for the quality of life of patients with cancer.

Therapeutic drug monitoring of fluorouracil and chronomodulation of fluoro-
uracil and oxaliplatin, have been effective in reducing the incidence and gravity
of adverse effectsin several clinical trials. However, these concepts have not been
implemented in clinical practice yet. At the present time, dose adaptation and sup-
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portive measures are the main tools for toxicity control in the treatment of col-
orectal cancer. In this review, supportive measures for alleviation of the adverse
effects of fluorouracil, raltitrexed, irinotecan and oxaliplatin, respectively, are
described, based on study results.

Themain adverse effects of these agents are myel osuppression, oral mucositis,
diarrhoea, acute cholinergic syndrome, nausea and emesis, neurotoxicity, hand-
foot syndromeand other cutaneous adverse effects, ocul ar toxicity, cardiotoxicity,
small bowel toxicity, asthenia, elevated liver transaminase levels and alopecia.
The incidence and gravity of these adverse effects are more or lessrelated to the
agent and administration schedule involved. The supportive measures and rec-
ommendations include the use of specific drugs, aterations of administration
schedule and several nonpharmacological methods. In addition, guidelines for
dosage adjustments when toxicity occurs are presented.

For optima management of adverse effects, patients should be considered
individually, while patients, nurses and physicians should cooperate to identify

and treat adverse effectsin an early stage of their development.

Despite improvementsin diagnosis and therapy
inthelast decades, the cureratesfor colorectal can-
cer arestill relatively poor. The survival benefits of
chemotherapy are only modest and depend on the
stage of the disease as assessed using the Dukes'
staging system or the tumour node metastasis (TNM)
classification system. Adjuvant treatment of Dukes
C or TNM stage 111 resected colon cancer with flu-
orouracil and levamisole has been shown to increase
5-year overall survival by 33% (from 39 to 50%)
compared with untreated or levamisole-treated pa-
tients.[%2 In addition, apooled analysisof 3 studies
revealed that fluorouracil combined with folinic
acid (leucovorin) increases 3-year overall survival
from 64 to 76% in patients with TNM stage 111
colon cancer.[3 With regard to advanced colorectal
cancer, arecent meta-analysisreveal ed that chemo-
therapy increases median survival only by 3.7
months compared with no treatment.[4!

These data are based on treatment with fluoro-
uracil. Thisdrug hasbeen the main anticancer treat-
ment for colorectal cancer for decades. In recent
years intensive research has been performed with
new cytotoxic agents, of which raltitrexed, oxali-
platin and irinotecan have been introduced to date.
Inthenear future oral anal oguesof fluorouracil and
inhibitors of the fluorouracil catabolising enzyme
dehydropyrimidine dehydrogenase (DPD) are ex-
pected. Moreover, innovative treatment modalities
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such as antiangiogenic and antimetastatic agents,
farnesyl transferase inhibitors, vaccine and gene
therapy arein early clinical trials.[

Todate, fluorouracil, raltitrexed, oxaliplatin and
irinotecan are being used in clinical practicefor the
treatment of colorectal cancer. The adverse effects
profiles of the new cytotoxic drugs raltitrexed, ox-
aliplatin and irinotecan, are claimed by the manu-
facturers to be more favourable than the adverse
effect profile of fluorouracil (table I). However,
clinical trials have reveal ed that the new agentsare
associated with serious adverse effects, that may
necessitate alteration in dose or dose interval or
even discontinuation of therapy (tables Il and I11).
Therefore, along with the increasing concern for
quality of life, management of chemotherapy-in-
duced adverse effects is of major clinical impor-
tance.

In this review, supportive measures to prevent
or alleviate adverse effects are considered with re-
gard to chemotherapy for colorectal cancer. A
search of the English language literature was per-
formed using Medline and Embase from 1985 to
October 2000 using the key words toxicity, col-
orectal and cancer.

Hepatic arterial infusion (HAI) therapy has not
been included in thisreview, because HAI does hot
represent a standard treatment option for patients
with hepatic metastases from colorectal cancer at

Drug Safety 2001; 24 (5)
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this time.[5354 This also applies to the oral ana-
logues of fluorouracil and inhibitors of the fluoro-
uracil catabolising enzyme DPD, that will beintro-
duced in the near future. In addition, radiotherapy,
which is used in the treatment of rectal cancer and
other types of cancer, is beyond the scope of this
review, which specifically concernsthe management
of chemotherapeutic toxicity.

1. Adverse Effect Profiles

The incidence of the main adverse effects asso-
ciated with fluorouracil, raltitrexed, oxaliplatin and
irinotecan treatment of advanced colorectal cancer
are presented in tables | and I1. The incidence and
severity of the symptoms depend strongly on the ad-
ministration schedule used. Thisis especialy true
for fluorouracil. The results of several administra-
tion schedules have been published including dif-
ferent toxicity data. More detailed information
about the association between administration sched-
ulesand adverse effect profilesisgiven in Jansman
et al .15

Moreover, different combinations of the cyto-
toxic drugs that have been investigated, are listed
intablelll.

2. General Recommendations for the
Management of Adverse Effects

Early detection of adverse effects allows physi-
ciansto prevent worsening of the effects by dosage
adjustment. Therefore, itisimportant toinform pa-
tients prior to the start of chemotherapy about the
possible adverse effects and to explain the rele-
vance of reporting these symptoms if they appear.

An aternative to dosage adjustment based on
the appearance of adverse effectsisthe use of ther-
apeutic drug monitoring. Several studieshavebeen
performed to investigate the relationship between
pharmacokinetic and toxicity parameters of the
drugs discussed. They are summarised by Jansman
et al.15% The results of these studies demonstrate
that pharmacokinetics can be predictive for toxic-
ity. For fluorouracil, somestudieshaveevenreveaed
that individual dosage adjustment based on phar-
macokinetic parameters can reduce toxicity.[56-58]
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These results indicate that therapeutic drug moni-
toring can be beneficial in controlling adverse ef-
fects and should encourage the extension of clini-
ca studies to dosage individualisation.

Another means of decreasing toxicity is chro-
nomodulation of chemotherapy. Adapting contin-
uousinfusion ratesto plasmaconcentrations of ox-
aliplatin and fluorouracil, has been shown to limit
adverse effects and may therefore permit dosage
escal ation.[5%-61] However, chronomodul ated regi-
mens raise a lot of practical and economic prob-
lems, that have prevented implementation in clin-
ical practice thusfar.

Therefore, to date, dosage adaptation and the
application of supportive measures are the main
tools for the management of chemotherapy-induced
adverse effects.

3. Management of Adverse Effects in
the Treatment of Colorectal Cancer

In sections 3.1 to 3.10 the management of the
various adverse effects of fluorouracil, raltitrexed,
oxaliplatin and irinotecan are discussed. In table
IV recommendations are presented based on data
currently available from the literature. Manufac-
turer’sguidelinesfor dosage adjustment when tox-
icity occurs are aso included.

Theroleof the new chemoprotectants, i.e. amifos-
tine, dexrazoxane, glutathione, mesna, and ORG
2766, intheprevention or therelief of chemotherapy-
induced adverse effects has been investigated in
thetreatment of varioustypesof cancer.[67:68] Since
there are no published data available yet with regard
to the effect of chemoprotectants in the treatment
of colorectal cancer, they will not be considered
further.

3.1 Myelosuppression

Myelosuppression is an adverse effect of al the
cytostatic agents discussed in thisreview. Manage-
ment of chemotherapy-associated neutropenic fe-
ver or infection hascustomarily invol ved treatment
with intravenous antibacterials, usually accompa-
nied by hospitalisation. The haematopoietic colony-
stimulating factors (CSFs) have been introduced

Drug Safety 2001; 24 (5)
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into clinical practice as additional supportive
measures that can reduce the likelihood of neutro-
penic complications caused by chemotherapy.[6°!

Theguidelines of the American Society of Clin-
ical Oncology, updated in 1996, 1997 and 2000,
however, do not recommend intervention with a
CSF in patients with afebrile neutropenia, because
clinical data do not show clinical benefit for the
routine use of CSFsin afebrile patients at the time
that neutropeniais diagnosed.l9-72 Yet certain pa-
tients with fever and neutropenia are at higher risk
of infection-associated complications and have
prognostic factors that are predictive of poor clin-
ical outcome. Therefore, the guidelines of the so-
ciety alsoindicatethat the use of CSF together with
antibiotics may be considered for febrile neutrope-
nic patients with risk factors for clinical deteriora-
tion. These factors include profound neutropenia
(absolute neutrophil count < 100/ul), uncontrolled
primary disease, pneumonia, hypotension, multi-
organ dysfunction (sepsis syndrome) and invasive
fungal infection.[70-72

3.2 Oral Mucositis

Managing fluorouracil-induced oral mucositis,
as one of the major dose-limiting toxicities, has
been the subject of many studies. For assessing the
efficacy of treatment or prophylaxis the lack of an
accepted, validated scoring system for mucositis
has always been an impediment. Recently, a scor-
ing system has been published that may permit ob-
jective comparisons of different protective agents
infuture.[”® The currently avail able, sometimesin-
consistent, study results indicate that for preven-
tion of oral mucositis, a mouthwash or rinse with
benzydamine, chlorhexidine, sucralphate, saline,
bicarbonate or just sterile water may be beneficial,
aswell asadministration of betacarotene, dinopros-
tone (prostaglandin E2), granulocyte CSF, pen-
toxifylline, silver nitrate, or acombination of poly-
myxin B, tobramycin and amphotericin B.[74-76] For
treatment of established mucositis, a sucralfate
oral suspension, capsaicin, lidocaine (lignocaine) or
tocopheral (vitamin E) may be considered.[” How-
ever, the mgjority of trials with these prophylactic

Drug Safety 2001; 24 (5)
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Table I. Adverse effect data for fluoruoracil (FU)-folinic acid (FA) therapy in advanced colorectal cancer?

Dose (mg/m2) Frequency of No. of Patients with >grade 2 toxicity (%)° % Reference
administration patients leucopenia thrombo- mucositis diarrhoea nausea vomiting hand-foot TRD
(cumulative) cytopenia syndrome
FU 370-400 bolus/FA 200 bolus D x 5, every 3-5W 403 4-19 5 14-30 9-19 3-8 6 NR 0-2 6-10
FU 370-425 bolus/FA 20 bolus (Mayo regimen) D x 5, every 3-5W 742 17-29 0-3 12-28 7-18 3-10 5-9 NR 0-3 6,7,10-14
FU 500-600 bolus/FA 500 bolus/2-3h infu- D1, every W x6, 626 0-10 0-3 0-10 20-40 4-10 5 NR 0-6 12,13,15-18
sion (Roswell Park regimen) 2W rest
FU 500-600 bolus/FA 20-25 bolus/2h infu- D1, every W x6, 255 1-4 1 0 13-16 6 NR NR 0-4 17,18
sion 2W rest
FU 300-500 bolus + 400-600 22h infusion/ D1, D2 every 2W 309 2-3 NR 0-2 0-16 0-14 0 0 0 9,19,20
FA 200 2h infusion (De Gramont regimen)
FU 2600 24h infusion/FA 100-500 2-24 h D1, every W 271 0-1 0 0-14 0-29 0-14 0-5 3-19 0-5 21-26
infusion (AIO regimen)
FU 200 continuous infusion/FA 20 bolus D1-D28, 1W 122 0 0 11 11 NR 5 24¢ 0 12,27
rest/D1, D8, D15,
D22, every 5SW

a The data summarised includes those administration schedules that have been studied separately at least twice and results that have been published as full papers in the

period from 1985 until October 2000.
b Minimum and maximum percentages as found in references.
¢ Any grade.

AIlO = Arbeitsgemeinschatft fir Internistische Onkologie (Association of Medical Oncology of the German Cancer Society); D = day; NR = not reported; TRD = toxicity/treatment-

related deaths; W = week(ly).
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and therapeutic agents were not placebo-controlled,
with the exception of thosewith benzydamine, chlor-
hexidine and sucralfate.[74-76]

Furthermore, nonpharmacological methods such
as routine mouth care, an adequate diet and helium-
neon laser treatment have proven to be efficacious,
although the results are preliminary, the number of
patients treated small and/or trials were uncon-
trolled.[7475.77.78] Only preventiveoral cooling (cryo-
therapy) with ice chips has been demonstrated to
decrease fluorouracil-induced oral mucositisin 2
controlled trials involving 95 and 84 patients, re-
spectively.[7980)

However, at the present time, no prophylaxisor
treatment has been shown to be uniformly effica-
cious and can be accepted as evidence based stand-
ard therapy. Until the preferred agent or method
has been assessed in comparative trials, oral cool-
ing seems favourable for patients, who are at risk of
devel oping chemotherapy-induced oral mucositis,
because it is simple, inexpensive and well toler-
ated. Oral cryotherapy should be applied for 30
minutes given at around the same time as the fluo-
rouracil therapy.[77:79.89 When fluorouracil iscom-
bined with oxaliplatin, oral cryotherapy is contra-
indicated because of a possible provocation of
laryngo-pharyngal dysesthesia by oxaliplatin (see
section 3.6).

3.3 Diarrhoea

Diarrhoea is a dose-limiting adverse effect of
fluorouracil, raltitrexed and irinotecan. The patho-
physiological mechanism responsible for the se-
verity of irinotecan-induced diarrhoeadiffersfrom
that of fluorouracil- and raltitrexed-induced diar-
rhoea_[81'821

Two types of diarrhoea have been reported as
an adverse effect of irinotecan treatment, i.e. early
diarrhoea and delayed diarrhoea. The early diar-
rhoea, occurring during or immediately after irino-
tecan infusion, is assumed to be the result of in-
creased cholinergic activity.[83 Thistypeof diarrhoea
is mostly accompanied with other cholinergic
symptoms (see section 3.4) and is readily control-

Drug Safety 2001; 24 (5)
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Table Il. Adverse effect data for single-agent therapy with raltitrexed, irinotecan or oxaliplatin in advanced colorectal cancer

Agent/dose (mg/m?) No. of Patients with >grade 2 toxicity (%) % Reference
patients ] leucopenia  neutropenia  thrombo- mucositis  diarrhoea  nausea/ neurosensory/ TRD
(cumulative) cytopenia vomiting  peripheral
neuropathy
Raltitrexed 3 15min infusion 646 6-15 NR 1-4 0-2 10-14 9-13 NR 2-4  28-30
Irinotecan 100-125 90min in- 166 NR 20 NR 270 10 NR 0 31
fusion
Irinotecan 125-150 90min in- 48 25 31 2 NR 37° 10 NR 0 32
fusion
Irinotecan 300-350 30-90min 796 35 14-46 1-2 0-2 10-38° 11-20 NR 0-2 33-37°¢
infusion
Irinotecan 175 90min infusion 30 NR 12 NR NR 4b 5 NR NR 37°¢
Oxaliplatin 130 2h infusion 169 NR 0-5 0-8 3 0-10 8-17 0-31 0 38-40

a
b
c

Minimum and maximum percentage, found in references.

Late diarrhoea.
Preliminary results.

D = day; NR = not reported; TRD = toxicity/treatment-related deaths; W = week(ly).
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led by an anticholinergic agent, e.g. subcutaneous
atropine sulfate 0.25mg.[34

The irinotecan-induced delayed diarrhoea, de-
fined as diarrhoea occurring more than 24 hours
after drug infusion, is suggested to be caused by the
active metabolite SN-38 formed by deconjugation
of the SN-38 glucuronide by intestinal bacte-
ria.[8284 Thistype of diarrhoeausually developsin
the first week after administration with the weekly
schedule and in the second or third week with the
3-weekly schedul e, respectively, probably because
of a secretory mechanism with an exudative com-
ponent.[84 Patients are advised to drink large vol-
umes of electrolyte solutions after the first liquid
stool hasemerged. Theeffect of anticholinergicdrugs
on this type of diarrhoeais limited, but high dose
loperamide initiated at first signs of diarrhoea has
been proven to control irinotecan-induced diar-
rhoea effectively and allowed the administration
of high doses of irinotecan.[328586] A|so, a combi-
nation of loperamide and acetorphan, an antidiar-
rhoeal that acts purely as an antisecretory intestinal
drug, has been found to be effective in controlling
the diarrhoeal episodes. Further studies have been
recommended to determine the optimal treatment
of delayed diarrhoea based on the proposed under-
lying secretory mechanism.!84

Another mechanism that might be involved in
chemotherapy-induced diarrhoea is glutamine
depletion, which develops in patients with cancer
over time. At this time, a prospective study is un-
derway to confirm the preliminary positive results
with oral glutamine suppletion in preventing late
onset irinotecan-related diarrhoea.[87]

Irinotecan- and fluorouracil-induced World
Health Organization (WHO) grade 3to 4 diarrhoea
that isrefractory to loperamide may be eligible for
treatment with oral budesonide 9mg given once
daily for 3to 5 days. In aphasel tria, budesonide
treatment of loperamide-resistant severe diarrhoea
resulted in areduction of stool frequency by at | east
2 grades according to the National Cancer Ingtitute/
WHO classification in 12 of 14 patients (86%)
treated with irinotecan and in 4 of 7 patients (57%)
treated with fluorouracil .[88]

Drug Safety 2001; 24 (5)
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Table Ill. Adverse effect data for combination chemotherapy used in advanced colorectal cancer

Agent/dose (mg/m?) Frequency of No. of Patients with >grade 2 toxicity (%)2 % TRD Reference
administration  patients . neutropenia  thrombo-  mucositis diarrhoea nausea/ hand-foot neurosensory/
(cumulative) cytopenia vomiting  syndrome  peripheral
neuropathy
Irinotecan 80-350 90min infu-  Variable 490 15-64 0 0-9 12-24 9-15 <1 NR 0-1 41-44
sion/FU bolus and/or continu-
ous infusion/FA low dose or
high dose
Oxaliplatin 50-135 2-6h infu- Variable 651 10-42 2-13 0-18 0-53 0-28 0-3 0-28 0-2 45-51
sion/FU bolus and/or continu-
ous infusion/FA
Irinotecan 80 30min infusion D1, D8, D15, 36 19 6 0 19 17 NR 8 0 52
every 4W
Oxaliplatin 85 2h infusion D1, D15, every
4W

a Minimum and maximum percentage found in references.

D = day; FA = folinic acid; FU = fluorouracil; NR = not reported; TRD = toxicity/treatment-related deaths; W = week(ly).
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Table IV. Management of the adverse effects of anticancer agents used in colorectal cancer

Agent Adverse effect

Support measures

Specific recommendations

Fluorouracil2 Myelosuppression

Oral mucositis

Diarrhoea

Nausea/emesis

Hand-foot syndrome

Erythema or increased
cutaneous pigmentation

Ocular toxicity

Cardiotoxicity
Small bowel toxicity
Alopecia

Raltitrexed ~ Myelosuppression

Oral cooling/ice chips for 30
minutes at around start of bolus
fluorouracil

Loperamide 2mg every 2 hours
starting at initial signs of diarrhoea

Oral or intravenous rehydration
Electrolyte replacement
Broad spectrum antibacterials

Metoclopramide

Pyridoxine (vitamin B6) 50 to 150
mg/day

Ice packs for 30 minutes starting 5
minutes prior to chemotherapy

Haematopoietic CSF + antibacterials in febrile patients with neutropenia with risk factors for
clinical deterioration

If moderate haematological toxicity: 20% dose reduction®

If severe haematological toxicity: 30% dose reduction?

If leucocyte count <3500/mm3 or platelet count <100 000/mm3: discontinuation?

Switch to weekly administration schedule or continuous infusion?

If moderate gastrointestinal toxicity: 20% dose reduction®
If severe gastrointestinal toxicity: 30% dose reduction?
Switch to weekly administration schedule?

SC octreotide 100 to 150ug 3 times daily for severe diarrhoea and diarrhoea refractory to
loperamide

PO budesonide 9 mg/day for 3 to 5 days for NCI/WHO grade 3 to 4 diarrhoea refractory to
loperamide

If moderate gastrointestinal toxicity: 20% dose reduction®

If severe gastrointestinal toxicity: 30% dose reduction?

Switch to Mayo regimen?

If diarrhoea persists over 24 hours

If moderate gastrointestinal toxicity: 20% dose reduction®

If severe gastrointestinal toxicity: 30% dose reduction®

For prevention at 30 min before start of chemotherapy: dexamethasone, prochlorperazine,
thiethylperazine or metoclopramide in combination with diphenhydramine with or without
lorazepam

Switch to bolus injection?

Avoid strong sunlight

Withdrawal of fluorouracil/fluorouracil replacement
Continuation with a lower dose after acute toxicity period
Wig or toupee

Haematopoietic CSF + antibacterials in febrile patients with neutropenia with risk factors for
clinical deterioration

If WHO grade 3 haematological toxicity: 25% dose reduction®

If WHO grade 4 haematological toxicity: 50% dose reduction®

If WHO grade 4 haematological toxicity + WHO grade 3 gastrointestinal toxicity:
discontinuation®

Continued on next page
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Table IV. Contd

Agent Adverse effect Support measures Specific recommendations
Oral mucositis Oral cooling/ice chips for 30 If WHO grade 2 mucositis: 25% dose reduction®
minutes at around start of If WHO grade 3 mucositis: 50% dose reduction®
chemotherapy If WHO grade 4 mucositis or WHO grade 3 mucositis + WHO grade 4 haematological toxicity:
discontinuation®
Diarrhoea Loperamide 2mg every 2 hours SC octreotide 100 to 150ug 3 times daily for severe diarrhoea and diarrhoea refractory to
starting at initial signs of diarrhoea  loperamide
If WHO grade 2 diarrhoea: 25% dose reduction®
If WHO grade 3 diarrhoea: 50% dose reduction®
If WHO grade 4 diarrhoea or WHO grade 3 diarrhoea + WHO grade 4 haematological toxicity:
discontinuation®
Oral or intravenous rehydration
Electrolyte replacement
Broad spectrum antibacterials If diarrhoea persists over 24 hours
Nausea/emesis Metoclopramide
Irinotecan Myelosuppression Haematopoietic CSF + antibacterials in febrile patients with neutropenia with risk factors for
clinical deterioration
If WHO grade 4 neutropenia or WHO grade 3 to 4 with WHO grade 2 to 4 fever or WHO grade
4 thrombocytopenia or WHO grade 4 leucopenia: 15 to 20% dose reduction (and/or
fluorouracil dosage reduction when combined)®
Acute diarrhoea/cholinergic SC atropine sulfate 0.25mg Prolongation of infusion duration to at least 90 minutes
syndrome
Delayed diarrhoea Loperamide 2mg every 2 hours SC octreotide 100 to 150ug 3 times daily for severe diarrhoea and diarrhoea refractory to
starting at initial signs of diarrhoea  loperamide
PO budesonide 9 mg/day for 3 to 5 days for NCI/WHO grade 3 to 4 diarrhoea refractory to
loperamide
If WHO grade 3 to 4 diarrhoea: postpone administration of next course until full recovery of
symptoms and reduce dose (and/or fluorouracil dose when combined) with 15 to 20%°¢
Oral or intravenous rehydration
Electrolyte replacement,
Broad spectrum antibacterials If diarrhoea persists over 24 hours
Nausea/emesis Serotonin 5-HT3 antagonist Also for prevention before start of chemotherapy: 5-HT3 antagonist in combination with
dexamethasone with or without lorazepam
If WHO grade 3 to 4 nausea/emesis: postpone administration of next course until full recovery
of symptoms and reduce dose (and/or fluorouracil dose when combined) with 15 to 20%¢
Oxaliplatin -~ Myelosuppression Haematopoietic CSF + antibacterials in febrile, neutropenic patients with risk factors for clinical

deterioration

If neutrophils <1.5 x 10%/L or platelets <50 x 10%L postpone administration of next course until
values have been normalised®

Oxaliplatin combined with fluorouracil: if neutrophils <1.0 x 109L or platelets <50 x 10%/L: 25%
dose reduction of oxaliplatin®
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Late diarrhoea caused by irinotecan, as well as
fluorouracil-and raltitrexed-induced diarrhoes, is
sometimes accompanied by severe neutropenia.
Because patients with diarrhoea and neutropenia
are at increased risk of developing severe infec-
tious complications, prophylactic treatment with a
broad spectrum antibacteria is indicated if diar-
rhoea persists for more than 24 hours.[36]

In 1998 the consensus of an expert multidisci-
plinary panel was published.[82 This panel was
convened to formulate clinical practice guidelines
for the treatment of chemotherapy-induced diar-
rhoea. The panel consensus was that |loperamide
2mg every 2 hours is the treatment of choice for
short term management of diarrhoea. This recom-
mendation issimilar to the current treatment guide-
line for irinotecan-induced (delayed) diarrhoea as
originally described by Abigergeset al.[8¢] Further-
more, the panel stated, that subcutaneous octreo-
tide 100 to 150ug 3 times daily should be consid-
ered for patients who have severe diarrhoeaand in
whom the diarrhoea is refractory to loperamide
therapy. Octreotide directly acts on epithelial cells
to reduce the secretion of a number of pancreatic
and gastrointestinal hormones and has been shown
to prolong intestinal transit time, promote intesti-
nal absorption of electrolytes, decrease mesenteric
blood flow and decrease secretion of fluids and
electrolytes.[82 |t must be emphasised, however,
that no clear understanding of the optimal dosage
currently exists. As for mucositis, the panel sug-
gested that validated measures of diarrhoeahaveto
be developed and studied in clinical trials as part
of standard evaluation and care.[82]

3.4 Acute Cholinergic Syndrome

Irinotecan treatment is often accompanied by
acute cholinergic adverse effects (see section 3.3)
such as abdominal cramps, diarrhoea, diaphoresis,
hypotension, bradycardia, rhinitis, salivation, vi-
sual disturbancesand lacrimation. Thischolinergic
syndrome has been attributed to the piperidine
structure of theirinotecan molecule, which mimics
acholinergic drug when dissociated by esterasesto
form SN-38.[83 The adverse effects can be treated

Drug Safety 2001; 24 (5)
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Diarrhoea Loperamide 2mg every 2 hours SC octreotide 100 to 150ug 3 times daily for severe diarrhoea and diarrhoea refractory to
starting at initial signs of diarrhoea  loperamide
Oxaliplatin combined with fluorouracil: if WHO grade 4 diarrhoea: 25% dose reduction of

oxaliplatin®
Oral or intravenous rehydration
Electrolyte replacement
Broad spectrum antibacterials If diarrhoea persists over 24 hours
Nausea/emesis 5-HT3 antagonist Also for prevention before start of chemotherapy with infusion durations of 6 hours or less
Avoid cold food or drink and contact with cold surfaces during and shortly after infusion
Neurotoxicity If neurological symptoms persist over 7 days or if paraesthesia without functional impairment

persist until next cycle: dose reduction from 85 to 65 mg/mZ, if paraesthesia with functional
impairment persist until next cycle: discontinuation®

a Toxicity profile is largely dependent on administration schedule: leucopenia and mucositis more frequent and diarrhoea less frequent with Mayo regimen than with weekly
administration, 16! haematological toxicity more frequent and hand-foot syndrome less frequent with bolus injection than with continuous infusion.[62

b Data from AHFS Drug Information 2000.[63]
¢ Recommendation by manufacturer.[64-66]
CSF = colony-stimulating factor; NCI = National Cancer Institute; PO = oral; SC = subcutaneous; WHO = World Health Organization; 5-HT= seratonin (5-hydroxytryptamine).
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effectively with subcutaneous atropine sulfate
0.25mg. Also, prolongation of the infusion dura-
tionto at least 90 minutes can prevent or reducethe
cholinergic toxicity.[34

3.5 Nausea and Emesis

For the prevention and treatment of acute and
delayed emesis by chemotherapy alizapride, pro-
chlorperazine, thiethylperazine, metoclopramide,
lorazepam, serotonin 5-HT3 antagonists and dexa-
methasone are used. For moderate to high emeto-
genic anticancer agents numerous studies have
been carried out to determine the most appropri-
ate scheme and schedule of antiemetic treatment.
However, for low to moderate emetogenic agents,
including the drugs discussed in this review, the
optimal antiemetic treatment has not been estab-
lished.[89]

Hesketh et al.[9991] have described a system for
classifying the acute emetogenity of chemotherapy
into 5 levels, based on the percentage of patients
experiencing emesis within 24 hours after chemo-
therapy without antiemetic prophylaxis. Accord-
ing to this classification system, fluorouracil at
doses |ess than 1000 mg/m? is considered alevel 2
agent and irinotecan alevel 3 agent, causing vom-
iting in 10 to 30% and 30 to 60% of patients, re-
spectively. To date, raltitrexed and oxaliplatin have
not yet been classified. For antiemetic prophylaxis,
the National Comprehensive Cancer Network has
developed guidelines, that have been applied to the
classification system.[% For chemotherapy with
level 2 acute emetogenic potential (fluorouracil),
antiemetic prophylaxis with dexamethasone, pro-
chlorperazine, thiethylperazine or metoclopramide
in combination with diphenhydramine with or
without lorazepam is recommended. For level 3
agents (irinotecan), 5-HT3 antagonistsin combina-
tion with dexamethasone with or without loraze-
pam are advised.[90-92]

In the studies that have been performed with
irinotecan or oxaliplatin, monotherapy with meto-
clopramide or alizapride, metoclopramide combined
with dexamethasone or 5-HT3 antagonists have
been used for managing nausea and emesi s.[72:93.94]
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For prevention of these adverse effects, the manu-
facturers of both irinotecan and oxaliplatin recom-
mend the use of 5-HT3 antagonists.[646% For ox-
aliplatin, this recommendation especially applies
to infusion durations of 6 hours or |ess.[38:39.93] For
fluorouracil and raltitrexed, no specific antiemetic
treatment has been used in clinical trials, nor have
specific recommendations been made by the man-
ufacturers. Sincefluorouracil hasbeen classified as
alevel 2 agent, metoclopramide may be the appro-
priate choice for prevention and treatment of nau-
seaand emesisinduced by thisagent. Thismay also
apply to raltitrexed, since there are no data avail-
able involving the use of alternative antiemetic
drugs such as 5-HT3 antagonists.

3.6 Neurotoxicity

The dose-limiting sensory neuropathy of ox-
aliplatin is characterised by paraesthesia and dys-
esthesiain hands, feet and the peri-ora area. It has
often been observed during oxaliplatin infusion,
lasted for a few minutes to a few days or even
months, and appeared to be reversible. The acute
symptoms develop within hours, either during or
after infusion in 80 to 85% of patients. Some pa-
tients reported laryngo-pharyngal dysesthesia when
swallowing cold food or drink or touching cold sur-
faces. Therefore, the intake of cold food or drink
during or shortly after infusion and contact with
cold surfaces should be avoided.[38:3%9] |n addi-
tion, recurrence of laryngo-pharyngal dysesthesia
can be prevented effectively by prolonging thein-
fusion duration to 6 hours.[40.94]

Because the neurological scales available were
not sufficient for grading the characteristics of the
neurotoxicity associated with oxaliplatin use, a
specific grading system has been developed that
takes into account both the intensity and duration
of toxicity-related symptoms.[61 A safety evalua-
tion in 682 patients from 9 studies revealed that at
a mean cumulative dose of 900 mg/m? of ox-
aliplatin, 12% of patients experienced grade 3 neu-
rotoxicity (functional impai rment) accordingto the
specific grading system. The Kaplan-Meier model
demonstrated, that the risk of developing severe
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neurotoxicity was 10% after 6 cycles (780 mg/m?2)
and 50% after 9 cycles (1170 mg/m?). After discon-
tinuation in patients with grade 2 or more neurop-
athy, regression of symptomswasobserved in 82%
of these patients and disappearance in 41%.[%7)

3.7 Hand-Foot Syndrome and Other
Cutaneous Adverse Effects

Hand-foot syndrome, also known as chemo-
therapy-induced acral erythema or palmoplantar
erythrodysesthesia, is a localised cuteneous reac-
tion to certain systemic anticancer drugs. Fluoro-
uracil is among the drugs mostly involved in this
self-limiting reaction. Pyridoxine at oral dosages
ranging from 50 to 150 mg/day has been reported
to be successful in managing the symptoms in
some case reports or studieswith small numbers of
patients.[98-101] Therefore, pyridoxine may be con-
sidered in case of palmoplantar erythrodysesthesia
development, although confirmatory evidence in
placebo-controlled randomised trials is needed.

Other dermatological manifestations of fluoro-
uracil toxicity include dry skin and fissuring, dif-
fuse erythema, scaling, and photosensitivity man-
ifested by erythema or increased pigmentation.
Exposure to strong sunlight may intensify these
skin reactions.[63!

For raltitrexed, cutaneous toxicity has been re-
ported in 13% of patients.[64

3.8 Ocular Toxicity

Fluorouracil, either alone or as part of acombi-
nation chemotherapy regimen, causes ocular tox-
icity in 25 to 38% of patients.[192 The ocular ad-
verse effects consist of blurred vision, ocular pain,
photophobia, excessive lacrimation, eyeirritation,
conjunctivitis, circumorbital oedema, and kerati-
tis. These symptoms are usually mild to moderate,
although in some cases discontinuation of chemo-
therapy is necessary because of marked ocular dis-
comfort. After cessation of treatment the symp-
toms generally resolve within 1 to 2 weeks.[192]

A North Central Cancer Treatment Group
(NCCTQG) clinical trial has been performed to test
the effect of ocular ice packs on fluorouracil-induced
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ocular toxicity in 62 patients, similar to ora cryo-
therapy in the treatment of oral mucositis.[1%3] The
ice packs were applied for 30 minutes, starting 5
minutes prior to intravenous injection of fluorour-
acil. Crossover analyses demonstrated decreased
ocular toxicity with ocular ice pack therapy (p =
0.001). The therapy was well tolerated by most of
the study participants.[193 However, whether ice
packs are aso effective in the treatment of ocular
toxicity, that has already developed, is yet un-
known. In clinical practice, administration of meth-
ylcellulose or dexamethasone eyedrops can ame-
liorate symptoms.

3.9 Cardiotoxicity

Fluorouracil hasbeen reported to be cardiotoxic
with an estimated incidence varying widely from
1.2 to 18% of patients.[1%4 Fluorouracil cardiotox-
icity is more common after high dose continuous
infusion therapy than after bolus doses.[1%%! The
main symptoms are angina-like chest pain, cardiac
arrhythmias or myocardial infarction. With the ex-
ception of myocardial infarction, these symptoms
are usualy reversible after discontinuation of flu-
orouracil administration. A prospective cohort
study following 1 cycle of fluorouracil infusion in
483 patients reveaed that pre-existing cardiac dis-
ease [relative risk (RR) = 6.83; p = 0.002], use of
calcium antagonists (RR =4.75; p=0.014) and use
of nitrates (RR = 9.18; p =0.007) wererisk factors
for cardiotoxicity.[104

Since no effective prophylaxis or treatment has
yet been proven to be efficaciousin cardiotoxicity,
fluorouracil should be withdrawn and replaced by
another chemotherapeutic regimen.[206] |f further
treatment with fluorouracil iswarranted, it should
be administered in acardiac unit with careful mon-
itoring.[107]

3.10 Small Bowel Toxicity

Recently, Fataet al .I'%! described 6 case reports
of patients who had developed acute small bowel
toxicity with clinical signsof acute abdominal pain
and diarrhoea after treatment with fluorouracil and
folinic acid. Aswith cardiotoxicity, itisdifficult to
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predict which patients may be at risk for develop-
ing small bowel toxicity. However, athough the
symptoms may recur after rechallenge, cautious
continuation with alower dose of fluorouracil can
be considered after the acute toxicity period.[108]

3.11 Other Adverse Effects

Astheniafrequently occursin patients treat-
ed with fluorouracil (2%),132:33.109] raltitrexed
(5 to 12%)[55! and irinotecan (6 to 24%).[5° This
adverse effect is usually reversible, and can be
accompanied by malaise and a flu-like syn-
drome.[29'30'32-34-35'72'85-93-109'110]

Furthermore, reversible elevations of liver
transaminase levels (AST and ALT) have been
reported regularly in clinical trialswith raltitrexed
(10 to 13% of patients)[>3 and irinotecan (9% of
patients).[%% These elevations were mostly asymp-
tomatic and self-limiting, and are unlikely to be
clinically significant.[29.30:34,85,109,111]

Alopeciais acommon adverse effect of irinote-
can therapy (11 to 59% of patients)[®°! and fluorou-
racil therapy (0 to 40% of patients)[11:34.36,55.72,85,93,110]
Although harmless and reversible, patients should
be offered a cosmetic makeshift (wig, toupee, etc.)
because of the negative social impact of alopecia.
For the prevention of chemotherapy-induced alope-
cia, scalp cooling has been proven to be efficacious
when different combinations of taxanes, anthracy-
clines and etoposide have been used.[*12 Therefore,
additional clinical trials seem warranted to test the
preventive effect of scalp cooling on fluorouracil—
and irinotecan-induced al opecia.

4. Conclusion

Despite the supposed safety of the new chemo-
therapeutic agents for treatment of colorectal can-
cer, their toxicity should not be underestimated. In
order to reducetoxicity, identification and manage-
ment of adverse effects at their first appearance are
needed, especially with the introduction of several
combinations of fluorouracil, raltitrexed, irinote-
can and oxaliplatin, in numerous administration
schedules, leading to different adverse effect pro-
files.I52113] Therefore, toxicity management should
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be individualised to the anticancer agent or agents,
administration schedule and patient. In addition,
patients, nurses and physicians should cooperatein
the detection and management of adverse effects at
an early stage.

Therapeutic drug monitoring of fluorouracil and
chronomodulation of fluorouracil and oxaliplatin
have been shown to limit toxicity in clinical trials.
However, these concepts are not implemented in
clinical practice yet. To date, dosage adjustment
and intensive supportive measures are the main tools
for managing chemotherapy-induced adverse ef-
fects.
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