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Summary

Irinotecan is a water-soluble camptothecin analogue. Its cytotoxicity effects
are exerted through interaction with the topoisomerase I-DNA complex, eventu-
ally leading to cell death.

In preclinical studies, irinotecan has demonstrated a broad spectrum of activity
invitro andin vivo, and synergistic effects have been observed when it is admin-
istered in combination with other antineoplastic agents.

Phase | studies of irinotecan conducted in Europe, Japan and the US have
provided useful information on optimal dosage and scheduling, as well as thor-
ough evaluation of the toxicity profile of the drug. Phase Il and Ill trials utilising
either irinotecan alone or in innovative combinations with other drugs are cur-
rently in progress. Available data indicate that irinotecan alone or in combination
with other cytotoxic agents has therapeutic potential in several types of malig-
nancy, including colorectal, lung, ovarian, cervical and gastric cancers and non-
Hodgkin’s lymphoma. It is the first drug since fluorouracil to possess consistent
antitumour activity against metastatic colorectal cancer.

The principal toxicities associated with irinotecan are diarrhoea and leucope-
nia. Effective strategies have been developed to circumvent both the early- and
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delayed-onset diarrhoea induced by irinotecan, thus allowing safer delivery of
this promising agent in the clinical setting.

Camptothecin is a naturally occurring alkaloid by swivelling of the intact strand at the nick and
isolated from the bark and wood of the Chinese tresubsequent religation. Camptothecin and its ana-
Camptotheca acuminatdl. Clinical development logues act by stabilising the DNA/topoisomerase |
of this agent was halted when early studies demoricleavable complex,’ thus preventing the religation
strated minimal antitumour activity along with un- of DNA strands. Irreversible damage probably re-
acceptable toxicities, namely haemorrhagic cystiti$ults when an advancing DNA replication fork en-
and toxic gastroenteriti33! In retrospect, the most counters the drug-stabilised cleavable complex, ul-
||ke|y cause of these toxic effects was the Convertimatew Ieading to lethal double-strand breaks and
sion of large amounts of the inactive soluble soSell death?1 As a consequence of their mecha-
dium salt (sodium camptothecin), that was used fofiSm of action, the camptothecins are especially
administration, to the active lactone form in the!©XiC to cells in the S phase of the cell cyéle!?l
acidic environments of the bladder and stomach,  OVer the last decade, the discovery of a possible

Irinotecan (7-ethyl-10-[4-(L-piperidino)-1-piper- association between topoisomerase | expression

idino]carbonyloxycamptothecin) is a Water-soluble""nd the mallgnqnt phepotype insome Fumﬂéﬁ%é]
S has also led investigators to realise that the
analogue of camptothecin (fig. 1) that was synthe-

sised initially by Yokokura and coworké8! at the Icoagr;lrglott::g;;rg?g be of significant use in onco-
Yakult Honsha Co. (Tokyo, Japan), in an attempt to |

improve on the therapeutic index of the parent com-
pound.

While structural modifications to camptothecin  All camptothecins have a basic heterocyclic 5-
have produced derivatives with variable clinicalring structure with a lactone moiety and an
and pharmacological profiles, these drugs share Bydroxyl moiety on the E ring (fig. 1). In general,
common molecular target — topoisomerase |. Thisubstitutions at the C-9 or C-10 positions on the A
primary target enzyme relaxes supercoiled doublefing tend to increase topoisomerase | inhibition,
stranded DNA arising during DNA replication and @and sometimes aqueous solubility. Hence, the
RNA transcriptiorl®-8 Torsional strain is relieved Pulky piperidino side chain located at the C-10 po-

via the formation of a single-strand nick, followed sition of irinotecan (fig. 1) produces enhanced ther-
apeutic properties in comparison with the parent

drugl®l However, irinotecan itself is a prodrug
with almost no inherent cytotoxicity, and cleavage
of the piperidino side chain is necessary to generate
a more biologically active entitin vivo, irinotecan
undergoes metabolic conversion by serum and tis-
Camptothecin ) sue carboxylesterases to yield SN-38, an active me-

tabolite which is 100- to 1000-fold more potent
[¢]
COA

1. Bioactivation of Irinotecan

than irinotecan at inhibiting topoisomerase | activ-
ity.[16‘201

Similar to camptothecin and its other analogues,
the closed lactone ring form of both irinotecan and

Irinotecan SN-38 is reversibly hydrolysed to an open hydroxy
acid (carboxylate) form, such that these substances
Fig. 1. Structure of camptothecin and irinotecan. exist as 2 distinct chemical species in solution. This

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)
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hydrolysis is pH-dependent, with the open-ring 100 —
carboxylate form predominating at physiological
pH. A dynamic equilibrium exist® vivo between
the 2 forms so that an acidic environment shifts the
reaction to the closed-ring form and a basic envi- &
ronment drives the equilibrium towards the inac-
tive open-ring species.

The presence of an intact lactone ring is an es-
sential structural requirement for cytotoxicity,
since studies have suggested that the carboxylate
form is a less potent inhibitor of topoisomerase I3
and a much less potent antitumour ag&ttl In =~ £
fact, the carboxylate exerts its activities only bme 4
virtue of conversion to the lactone. Thus, a thor-
ough pharmacokinetic analysis of irinotecan must
take into consideration the total form and the lac-
tone form of both the prodrug and SN-38.

20 —

2. Preclinical Evaluation of Irinotecan

2.1 In Vitro Activity

Irinotecan displays weak growth inhibitory ac- & <R N
tivity against tumour cell linei vitro, a phenom-
enon that is rectified by preincubation of the drugrig. 2. cytotoxic activity of camptothecins against HT-29 human
in serum. This modification of activity coincides colon carcinoma cells.?3 Abbreviation: 1Cso = concentration of
with the formation of SN-38, confirming that the Arug that was cytotoxic to 50% of cells.
observed cytotoxicity is caused by the la#&rEor
instance, after 8 hours’ exposure of HT-29 humarlich carcinoma, MH 134 hepatoma and mammary
colon carcinoma cells to various camptothecinscarcinoma of C3H/HeN midé®! The antitumour
SN-38 demonstrated the greatest cytotoxic poactivity of irinotecan against intraperitoneally im-
tency (see fig. 2i?3 Using freshly explanted tu- planted L1210 leukaemia was superior to that of
mours in the human tumour cloning assay, at finadoxorubicin in several outcome parameters, in-
concentrations of 0.3 to 3j@y/ml and after a 1- cluding the maximum increase in life span (ILS),
hour exposure period, irinotecan demonstrated inthe number of cured mice and the therapeutic ra-
hibitory activity against many tumour types, in- tjo.[2%]
cluding colorectal, ovarian, non-small—cell lung  Further confirmation of the cytotoxicity of ir-
(NSCLC) and breast cancer and mesotheliBfia. inotecan was evidenced by the finding that intra-
venous administration of the drug produced a T/C
value (ratio of median weight of tumours from

When administered by the intraperitoneaL in_treated animals to median Welght of tumours from
travenous or oral route, irinotecan has shown sigcontrol animals) of <10% in C51 colon adenocar-
nificant antitumour activity in a broad spectrum of cinoma, mammary 13C and 16C adenocarcinomas
subcutaneously implanted murine tumour modelsand PO3 pancreas adenocarcinoma. Tumour-free
Probable cures were observed with S180 sarcomaurvivors were also observed in early stage PO3
MethA fibrosarcoma, Lewis lung carcinoma, Ehr- pancreatic adenocarcinoma modésirinotecan

2.2 In Vivo Activity

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)
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can also effectively inhibit spontaneous and expereancel3! and L1210 murine leukaemiia vivo.[34
imental lung metastases of several highly metaWhile concomitant administration of topoisome-
static variants of murine colon adenocarcinoma 16ase | and topoisomerase Il inhibitors has generally
and B16 melanom@®! resulted in antagonism and diminished cytotoxic-
By using human tumour xenografts implantedity,[* sequential combination of these inhibitors
subcutaneously in nude mice, irinotecan has demappears to lead to synergistic or additive ef-
onstrated substantial tumour growth inhibitory ac-fects!36:37]
tivity against colon adenocarcinoma Co-4, mam-
mary carcinoma MX-1, gastric adenocarcinoma 3. Iinotecan as a Single Agent
St-15 and SC-6 and squamous cell lung carcinoma
QG-56. In these tumour models, irinotecan pro-
duced results similar or superior to doxorubicin, ppase | studies of irinotecan have been con-
cisplatin, fluorouracil and tegafur. Curative effects gycted in Japan, Europe and the US, using a variety
were noted in mice inoculated with mammary car-of administration schedules: 90-minute infusion
cinoma MX-l, f0||OWing intermittent intravenous every Week; 90-minute infusion every2weeks; 30-
injections of irinotecan given 4 days apéft. to 90-minute infusion every 3 weeks; 30- to 90-
Irinotecan was found to be effective in multi- minute infusion da||y for 3 days every 3 WGEkS;
drug-resistant (MDR) tumour models, such as ing0-minute infusion every 4 weeks; 120-minute
vincristine- and doxorubicin-resistant P388 leu-continuous intravenous infusion every 3 to 4
kaemia-bearing mic&® The minimal recognition weeks; 30- to 90-minute infusion weekly for 3
of irinotecan by the MDR phenotype makes thisweeks followed by a 1-week rest period; 90-minute
drug an ideal candidate for clinical developmentinfusion weekly for 4 weeks followed by a 2-week
against tumours originating from tissues that con+est period. The 2 schedules most frequently used
stitutively express the mdrl gene, such as colorecin subsequent phase Il studies of irinotecan are the
tal cancel?? Excellent activity was also obtained 30- to 90-minute infusion every 3 weeks schedule
in 1 study using irinotecan against juvenile andand the 90-minute infusion weekly schedule with
adult chemorefractory colon cancers, as well as childthe drug given for 4 weeks followed by a 2-week
hood chemoresistant rhabdomyosarcoma sublinedrug-free interval.
grown as xenografts in nude mice. Of interest was 3.1.1 Every 3 Weeks Schedlule

the observation that irinotecan was active against 1, phase | studies have evaluated the delivery
2 xenografts (1 colon and 1 rhabdomyosarcomayt jrinotecan by either a 30- or 90-minute intrave-
selected for primary resistance to topotecan, as ifoys infusion once every 3 wedk&39 In the trial
was against the respective parental tumours, sugsy Rowinsky et all38] 90-minute infusions of ir-
gesting a relative lack of cross-resistance betweefhotecan were administered every 3 weeks at doses
these topoisomerase | inhibitdf¥. ranging from 100 to 345 mgAn32 patients with
Irinotecan has been evaluated in preclinical eXsolid malignancies received 144 total courses
periments for synergistic or additive activity when through 6 dose levels. Acute, severe and refractory
given in combination with other antineoplastic vomiting, and diarrhoea and/or abdominal cramps
agents. Using human lung tumour xenografts im-associated with flushing, warmth and diaphoresis
planted in nude mice, the combination of irinotecanoccurred in the immediate post-treatment period at
and cisplatin was shown to be superior to that othe 240 mg/rh dose level in several patients,
irinotecan or cisplatin alorié’l Synergy between prompting the initiation of a premedication regi-
fluorouracil and irinotecan has also been demonmen consisting of ondansetron and diphenhydra-
strated against several human colorectal cancer cathine. With the routine use of these premedications,
lines[3132] as well as against HT-29 human colonthere was no single toxicity type that limited the

3.1 Phase | Trials

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)
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dose escalation of irinotecan. Instead, the dosesmmended and approved initial dosage of ir-
limiting toxicities observed were a constellation of inotecan in Europe, where the once every 3 weeks
severe haematological and nonhaematologicategimen is commonly used, is 350 mg/atimin-
toxicities, including severe, early- and/or delayed-istered as a 30- to 90-minute intravenous infusion.
onset abdominal cramps, diarrhoea, nausea, vom-
iting and anorexia, as well as prolonged severe
neutropenia. The recommended phase Il dose on In the US and Japan, the preferred treatment

this schedule was 240 mginMajor objective re- egimen is 1 dose of irinotecan administered

sponses were seen in patients with advanced coﬁ— .
P . P weekly for 4 weeks followed by a 2-week rest in-
orectal, cervical and renal cancers.

In the trial by Abigerges et 489 irinotecan was terval. The recommended initial dose for this

. ) ) schedule was derived from 2 phase | studies, one
likewise given once every 3 weeks, but over a

AN ) . ___conducted by Rothenberg etl®l.in the US, and
shorter infusion time of 30 minutes. 64 patlentsthe other by Negoro et #H in Japan.

were enrolled and received 190 total courses
through 12 dose levels, ranging from 100 to 750 In the study reported by Rothenberg etl.32

mg/n?. Initially, irinotecan was always adminis- patients were treated with irinotecan given as a 90-

tered without any prophylaxis for nausea or Vom_mmu:_e mtravino;Js”mfuZlobn ev;ry Welfk fotr 4 c_or:j—
iting, but anti-emetic therapy with alizapride and secutive weeks, followed Dy a -week rest period.

dexamethasone, or ondansetron, was allowed duPOse levels ranged .from 50 to 180 mghweek,
ing subsequent cycles. and delayed onset diarrhoea was found to be dose-

Diarrhoea appeared dose-limiting at 350Iimiting.. Early recog.nitio.r? of this toxicity and in-
mg/n?, but this toxicity was functionally cir- te.rventlon.usmg antimotility agents such as lopera-
cumvented by using a high-dose loperamide pro_mlde or dlphenoxylate-atro'plne were advocated.
tocol that allowed further dose escalation. Patient§{OWever, once grade 4 diarrhoea occurred, no
were instructed to take 2mg of loperamide every 2harmacological measures were found to be effec-
hours at the first diarrhoeal episode, and were allive in arresting or reversing this process. The fo-
lowed to stop loperamide only after a 12-hour di-CUS of management was primarily supportive with
arrhoea-free interval, in relation to the last diar-intravenous fluid and electrolyte replacement until
rhoeal episode. With the implementation of thisthe episode resolved, generally within 5 to 7 days.
protocol, diarrhoea was no longer dose-limiting, Haematological toxicity was mild in most patients,
and neutropenia was consequently the principatith grade 4 neutropenia observed in only 1 of 32
toxicity in this study. The recommended phase IIPatients (3.1%) during the first cycle. Partial re-
dosage was 350 mgfnevery 3 weeks for safety Sponses were seen in 2 patients who had recurrent
reasons, since diarrhoea was a significant clinicafolorectal cancer.
problem at that level, albeit controllable with anti-  The recommended phase Il dosage from this
diarrhoeal therapy. The authors suggested a highdfial was 150 mg/fiweek. However, in the sub-
dose of 500 mg/fin good-risk patients, when sequent US phase Il study of irinotecan in patients
careful monitoring of gastrointestinal toxicities is with progressive or rapidly recurrently colorectal
feasible. cancer?? this starting dosage was found to be too

Complete responses were observed in 2 patientoxic, with 4 of the first 9 patients (44%) develop-
(one with cervical cancer and the other with headng grade 4 diarrhoea and severe dehydration dur-
and neck cancer) who had been pretreated with flung the first treatment cycle. Hence, the starting
orouracil and cisplatin (CDDP). Partial responsesdosage was reduced to 125 méiweek for 4
were documented in 6 patients with fluorouracil-weeks every 6 weeks, which is the current ap-
refractory colon adenocarcinoma. The current recproved dosage for irinotecan in the US.

3.1.2 Weekly for 3 or 4 Weeks Over a 6-Week
Cycle Schedule

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)
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Table I. Phase Il studies of irinotecan in patients with metastatic colorectal cancer

Reference Prior Treatment No. of Effect
chemotherapy dose (mg/m?) evaluable response rate median duration ~ median grade 3/4 diarrhoea  grade 3/4 leucopenia
and schedule patients (%) of response (mo)  survival (mo) (% of patients) (% of patients)
Shimada et al.[47] In 81% (73% with 100 qlwk or 63 17/63 (27.0) 6.8 12.9 16.1
fluorouracil) 150 g2wk
Rothenberg et al.*2  Fluorouracil-based (x 1) 125-150 qlwk x4, 43 10/43(23.2) 6 10.4 375 25.0
over a 6wk cycle
Pitot et al.l48l Fluorouracil-based (x 1) 125-150 qlwk x 4, 90 12/90 (13.3) 7.7 8.3 36.42 21.52
over a 6wk cycle
Van Cutsem et al.*9l Fluorouracil-based (x 1) 350 q13wk 95 13/95 (13.7) 25
Rougier et al.l50 Fluorouracil-based (x 1) 350 g3wk 130 23/130 (17.7) 9.12 11.5 39 35
Pitot et al.l48] None 125-150 qlwk x 4, 31 8/31 (25.8) 7.6 11.8 36.42 21.52
over a 6wk cycle
Conti et al.[31] None 125-150 gqlwk x 4, 41 13/41 (31.7) 8.1 12.1 29.3 12.2
over a 6wk cycle
Rougier et al.[50 None 350 g3wk 48 9/48 (18.8) 9.12 12 35 36

a Separate values not provided for chemotherapy-naive patients versus those who had fluorouracil based chemotherapy.

b Based on 79 patients.
Abbreviation: gxwk = every x weeks.
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ferent administration schedules in metastatic colweeks produced grade 3 or 4 leucopenia in about
orectal cancer. 35% of patients, while the US schedule of weekly
Among approximately 420 patients with fluoro- therapy for 4 weeks followed by a 2-week rest may
uracil-refractory disease, the response rates rangdek less myelotoxic and produced grade 3 or 4 leu-
from 13 to 2794247501 Response rates were copenia in about 20% of patients.
slightly higher among 120 newly diagnosed che- Irinotecan has emerged as one of the few che-
motherapy-naive patients who received the drugmotherapeutic agents with activity in metastatic
ranging from 19 to 329%48.50.51The median dura- colorectal cancer, seemingly comparable to fluoro-
tions of response were generally 6 to 9 months, andracil. Studies evaluating its use in combination
were similar in the 2 patient populations. regimens are ongoing (see section 4).
A recent combined analy§d of 304 US pa-
tients with previously treated metastatic colorectal 3-2-2 Lung Cancer

cancer revealed no correlation between response %%org:ar:/ﬁtlmajocrgcg EQ\&/Ieseb(IalerS]tuilr?sr;fe(Ijr-in
irinotecan and response to prior fluorouracil. A 9 P

number of significant positive predictors of re- Japan, where it is now approved for the treatment

sponse in these patients were identified: (i) goo F NSCLC and small-cell lung cancer (SCLC).
P P S >c- ) 9 onfirmatory trials evaluating the activity of this

performance status; (ii) prior fluorouracil given for drug as a single agent in these tumour types are
metastatic disease rather than as an adjuvant; an ing conducted in Europe and the US
(ili) the occurrence of first-(_:ourse _diarrhoea. AI Table Il summarises the results of clinical stud-
”.“OSt half of the patients ach|evgd disease S.t ab|I|sa|éS that have investigated the effects of irinotecan
tion, _often with tumpur reductlon§ th_at did rjot alone in different administration schedules in pa-
meeting formal partial response criteria. Survwaltients with NSCLC and SCL&359 |n NSCLC
outc.:olm.er\]/vas cgpystent.an}ong allbrepo;ted phr?sl?inotecan has no activity in patients who had re-
Il tria S: the median survivaiwas a qut monthSqiyed prior chemotherapy, whereas response rates
for patients who had received one prior fluoroura—of 15 to 36% were obtained in chemotherapy-naive

cil-based regimen, whereas the median survivalatients. In contrast, both previously treated and

was about 12 months for those who received iryyyreated SCLC demonstrated chemosensitivity to

inotecan as their first line of therapy. irinotecan. Response rates of 16 to 47% were seen

Not s'urprlsmgly., diarrhoea was commonly'c?b' in SCLC patients who had prior cisplatin-based
served in all studies. By combining the toxicity chemotherapy, and 1 study reported a complete re-
data from over 500 patients in all phase Il studiesSponse in a patient with brain metast&8§isOnly

the incidence of grade 3 or 4 diarrhoea was abouf study of SCLC included chemotherapy-naive pa-
32%. Many of the studies adopted and specified gents/54 and responses were noted in 4 of 8 pa-
standardised approach to treatment of both th@ients (50%).

acute-onset and delayed'onset typeS of diarrhoea Diarrhoea and mye'osuppression were the prin_
associated with irinotecan, although minor varia-cipal toxicities associated with irinotecan adminis-
tions existed between different institutions. Genertration. Two of the studi&$.58! described treat-
ally, an anticholinergic agent was used to amelioment-related moderate to severe pulmonary
rate the symptoms of acute-onset diarrhoea, whilgoxicity, although the effects of disease progression
an aggressive loperamide protocol was applied taind radiation were potentially confounding. In the
control and arrest those of delayed-onset diarstudy of NSCLC by Fukuoka et &% 6 of 72 pa-
rhoea. Leucopenia was the other principal toxicitytients (8%) developed pulmonary toxicity and 1
noted in these studies: its frequency appeared tpatient died of respiratory failure. In the study of
correlate with the schedule of irinotecan adminis-SCLC by Masuda et af8] 2 of 15 patients (13%)
tration. The European schedule of once every &xperienced grade 3 or 4 pulmonary toxicity and 1

O Adis International Limited. All rights reserved. Drug Safety 1998 Jun; 18 (6)



"ponIBsaI SIYBY (I *POHWIT [OUOHDUIBI] SIPY ©

(9) 81 :unr gs61 Areyos Bnig

Table Il. Phase Il studies of irinotecan in patients with lung cancer

Reference Prior Treatment No. of Effect
chemotherapy dose (mg/m2) evaluable responserate  median duration median grade 3/4 diarrhoea  grade 3/4 leucopenia
and schedule patients (%) of response (mo) survival (mo) (% of patients) (% of patients)
Non-small-cell lung cancer
Nakai et al.153] Yes/no 200 g3-4wk 35 7/35 (20) 132 182
Negoro et al.[54 Yes 100 glwk 26 0/26 (0) 182 252
No 67 23/67 (34.3)
Baker et al.[53] No 100 glwk x 4, 41 6/41 (14.6) 4.7 6.2 16.7 104
over a 6wk cycle
Fukuoka et al.[56] No 100 glwk 72 23/72 (31.9) 35 9.7 21 25
Douillard et al.[571 No 350 g3wk 11 4/11 (36) 26 420
Small-cell lung cancer
Nakai et al.l53] Yes/no 200 g3-4wk 3 1/3 (33) 132 182
Negoro et al.[54 Yes 100 glwk 27 9/27 (33.3) 182 252
No 8 4/8 (50)
Le Chevalier et al.[59] Etoposide/cisplatin- 350 g3wk 31 5/31 (16) 4.3 4.1 37 58b
based regimen (x 1)
Masuda et al.[58! Yes 100 glwk 15 7/15 (47) 1.9 6.1 7 33

a Separate values not provided for non—-small-cell lung cancer and small-cell lung cancer.
b Grade 3/4 neutropenia.
Abbreviation: gxwk = every x weeks.
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Table Ill. Phase Il studies of irinotecan in patients with various malignancies

Reference Prior Treatment No. of Effect
chemotherapy dose (mg/m?) evaluable response rate (%) median duration median grade 3/4 grade 3/4
and schedule patients of response survival diarrhoea leucopenia
(mo) (mo) (% of patients) (% of patients)

Ovarian
Takeuchi et al.[5% Yes/no 100 g1wk or 55 13/55 (24)

150 g2wk
Cervical
Takeuchi et al.[6% Yes/no 100 g1wk or 55 13/55 (24)

150 g2wk

Potkul et al.l61] Yes (platinum- 125 glwk x 4, 14 0/14 (0) 21 43

resistant) over a 6wk cycle

Verschraegen et al.l’2  Yes (1-4 regimens) 125-150 qlwk x 4, 42 9/42 (21) 2.8 6.4 24 31
over a 6wk cycle

Chevallier et al.[63] No 350 g3wk 34 5/34 (15) >5.5 262

Breast

Taguchi et al.[64 Yes/no 100 glwk 65 15/65 (23) 11 30

Bonneterre et al.l65] Yes 350 g3wk 12 1/12 (8)

Pancreatic

Sakata et al.[66] Yes/no 100 glwk or 35 4/35 (11) 23 39
150 g2wk

Wagener et al.l67] No 350 g3wk 32 3/32 (9) 7.5 5.2 21 50

Gastric

Futatsuki et al.[68] Yes/no 100 g1wk or 60 14/60 (23) 22 42
150 g2wk

Leukaemia (leu) and lymphoma (lym)

Ohno et al.[69] No 200 g3-4wk 10 0% for both Lym without
40/day x 5 q3-4wk 25 0% in leu; bone marrow
40/day x 3 gqlwk 5/16 (31) in lym involvement:
20 bid x 7 q3-4wk 9 0% in leu; 710

14 3/8 (38) inlym

3/12 (25) in leu;
0% in lym

a Grade 3/4 neutropenia.
b Overall for all 4 regimens.
Abbreviations: bid = twice daily; gxwk = every x weeks.
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Table IV. Phase | studies of irinotecan (IRI) in combination with other cytotoxic agents

Reference Tumour Drugs and No. of Recommended phase Dose-limiting Other toxicities Responses
type treatment schedule evaluable Il dose toxicity
patients  (mg/m?)
Shimada et al.l"® CRC IRl day 1 and FU days 1-7 by 21 Not yet defined Not reached at IRI PR in 3/15 assessable pts
continuous infusion, g3-4wk dose of 200 mg/m? (20%)
Benhammouda  Solid tumours, IRI day 0 or 6 and FU days 41 IRI: 300 (no difference Haematological
etal.l"] majority with 1-5 by IV bolus, g4wk for day 0 vs day 6)
CRC (29/41) FU: 375/day
Saltz et al.[’2 Solid tumours, IRI, FU and CF glwk x 4, for 41 IRI: 125 Neutropenia 3 pts had grade 3/4 PR in 6/35 assessable
majority with a 6wk cycle FU: 500 diarrhoea CRC pts (17%)
CRC (38/41) CF: 20
Parnes et al.l’31  Solid tumours, IRIwk 1 and 4, FU and 9 IRI: 25 Diarrhoea 1 pt had grade 3/4 No responses
CRC (4/9) CF glwk x 4, for a 6wk cycle FU: 500 neutropenia observed
CF: 500
Rougier et al.l’l; CRC IRI day 1, followed by De 30 Not yet defined Not reached at IRI CRin 1/20 and PR in
Ducreux et al.ls] Gramont regimen? days 1 dose of 200 mg/m? 4/20 assessable pts (25%)
and 2, g2wk
Karato et al.l’”] Solid tumours, IRl and ETO days 1-3, 33 IRI: 60 Diarrhoea 18 pts had grade 3/4 PR in 10/22 assessable
majority with lung  g3-4wk + G-CSF on days ETO: 60 neutropenia pts (NSCLC, HNC, ACUP)
cancer (21/33) 4-17 G-CSF: 50 pg/m2/day
Saltz et al.[78] Solid tumours IRl and CIS glwk x 4, for a 8 IRI: 50 Neutropenia PR in 3/8 (38%)
6wk cycle CIS: 30 (PT)
Masuda et al.”®  NSCLC (9/21) IRI days 1, 8 and 15, and 21 IRI: 80 mg/m? (PU) Neutropeniaand ~ Moderate NSCLC: PR in 2/9 (22%)
SCLC (12/21) ETO days 1-3, q4wk + and 70 (PT) diarrhoea thrombocytopenia SCLC: CRin 1/12 and PR
G-CSF on days 4-21 ETO: 80 in 6/12 (50%)
G-CSF: 2 g/kg/day
Masuda et al.B%  NSCLC IRI days 1, 8 and 15, and 26 IRI: 60 Neutropeniaand  Mild anaemia, PR in 14/26 (54%)
CIS day 1, g4wk CIS: 80 diarrhoea nausea and vomiting
Masuda et al.B  NSCLC (12/14) IRl days 1, 8 and 15, and 14 IRI: 80 Diarrhoea 5 pts had grade 3 NSCLC: responses in
SCLC (2/14) CIS day 1, g4wk CIS: 60 leucopenia 412 (33%)
SCLC: responses in 2/2
(100%), 1 CR noted
(histological type
unspecified)
Ueoka et al.[82] NSCLC (12/16) IRl and CIS days 1 and 8, 16 IRI: 50 Leucopenia and NSCLC: PR in 12/16 (75%)
SCLC (4/16) g4wk CIS: 60 diarrhoea SCLC: PR in 4/4(100%)
Kobayashi et NSCLC IRI'and CIS days 1, 8 and 15, 18 IRI: 60 Leucopenia 1 pt had grade 3 PR in 5/7 assessable pts
al.[e3 q4wk CIS: 33 diarrhoea (71%)
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bination of irinotecan and cisplatin in this malig-
nancy.

Irinotecan has been evaluated in at least 1 study
of haematological malignancies. Using 4 different
treatment schedules, Ohno etf8l.conducted a
multi-institutional Japanese cooperative phase Il
study of irinotecan in 62 patients with refractory
leukaemia and lymphoma. Infusions of 60-minutes
duration at a dosage of 40 mg@/day for 5 days
every 3 to 4 weeks or for 3 days weekly produced
4 complete and 4 partial responses, or an overall
response rate of 33%, in 24 patients with malignant
lymphoma. A dosage of 20 mgfnwice a day,
given as 60-minute infusions, for 7 days every 3 to
4 weeks resulted in 1 complete and 2 partial re-
sponses, or an overall response rate of 25% in 12
patients with acute leukaemia. Major adverse ef-
fects were leucopenia and diarrhoea. From this
study, it appeared that schedules allowing pro-
longed exposure of irinotecan were the most effec-
tive in these haematological malignancies.

4. Irinotecan Given in Combination
with Other Cytotoxic Agents

4.1 Phase | Trials

Since the establishment of its activity as a single
agent in a broad spectrum of tumour types, a large
number of initial phase | studies of irinotecan in
combination with other cytotoxic drugs have been
conducted (table 1V). Logical choices of drugs to
be administered in combination with irinotecan are
those with different mechanisms of action and tox-
icity profiles, as well as those for which there is
preclinical evidence of additivity or synergy when
given together with irinotecan. Fluorouracil, cis-
platin and etoposide are among the most frequently
selected drugs delivered in combination with ir-
inotecan in the various published phase | studies
using different administration schedules.

4.1.1 Irinotecan and Fluorouracil

The feasibility of combining irinotecan and
fluorouracil with or without calcium folinate (leuco-
vorin) has been evaluated by several grd(fp%]
While the synergistic interaction of irinotecan and

Drug Safety 1998 Jun; 18 (6)
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Masuda et al.B4  NSCLC IRl days 1, 8 and 15, and CIS 20 IRI: 80 Diarrhoea
day 1, g4 wk + G-CSF days CIS: 80
4-21 G-CSF: 2 pg/kg/day
Mori et al.[8] NSCLC IRI day 1, andCIS days 1-5 20 IRI: 80 Neutropenia
by continuous infusion, g4wk CIS: 20/day
Shinkai et al.lB¥  NSCLC IRl and VIN days 1 and 8, 46 IRI: 37.5 Neutropenia and
and CIS days 1, q3-4wk VIN: 3 diarrhoea
CIS: 100
or
IRI: 80
VIN: 3
CIS: 60
Shirao et al.[87] Gastric cancer IRl day 1 and 15, and CIS 24 IRI: 70 Neutropenia
day 1, g4wk CIS: 80/day

3 pts had grade 3/4
leucopenia

2 pts had grade 3/4
diarrhoea

3 pts had grade 3
liver toxicity

3 pts had grade 3/4
diarrhoea

PR in 10/20 (50%)

PR in 9/19 assessable pts
(47%)

PR in 15/33 assessable
pts (45%)

PR in 10/24 (42%)

a Calcium folinate (leucovorin) at 200 mg/m? and fluorouracil bolus at 400 mg/m2 on day 1, followed by fluorouracil 22h intravenous infusion at 600 mg/m? on days 1 and 2.

Abbreviations: ACUP = adenocarcinoma of unknown primary; CF = calcium folinate; CIS = cisplatin; CR = complete response; CRC = colorectal cancer; ETO = etoposide;
FU = fluorouracil; G-CSF = granulocyte colony-stimulating factor; HNC = head and neck cancer; IV = intravenous; LV = leucovorin; NSCLC = non-small-cell lung cancer; PR = partial
response; PT = for previously treated patients; PU = for previously untreated patients; gxwk = every x weeks; SCLC = small-cell lung cancer; VIN = vindesine.
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fluorouracil in the preclinical setting (see sectioncycles of chemotherapy. The recommended phase
2.2) makes their co-administration an attractive opdl doses on this schedule were irinotecan 300
tion, their similar adverse effect profile is a realistic mg/m? and fluorouracil 375 mg/fday, with no
concern. difference observed between the 2 orders of admin-
Shimada et df% were the first investigators to istration.
combine these agents, in a phase | study where es- In the US study by Saltz et &2] irinotecan,
calating doses of irinotecan were given as a 90fluorouracil and low-dose calcium folinate were
minute infusion on day 1, followed by continuous given in repeated 6-week cycles that consisted of
infusion of fluorouracil given at a fixed dosage of weekly treatment with all 3 drugs for 4 consecutive
400 mg/m/day for 7 days, in 3- or 4-week treat- weeks, followed by a 2-week break. The dose of
ment cycles. Toxicities observed at irinotecancalcium folinate was fixed in this study, with initial
doses up to 200 mghwere not dose-limiting and dose escalations of fluorouracil and subsequent
consisted primarily of mild to moderate, but con- dose escalations of irinotecan. Neutropenia was the
trollable, nausea/vomiting and diarrhoea. At themajor dose-limiting toxicity, while diarrhoea was
time of the report, patient accrual continued to decommon but rarely severe. The combination of ir-
fine the recommended phase Il dose on this schednotecan 125 mg/& fluorouracil 500 mg/mand
ule. Pharmacokinetic analysis was performed in aalcium folinate 20 mg/fwas tolerable on this
proportion of patients taking this combination reg-schedule and was recommended for phase Il ad-
imenl78] Interestingly, the area under the plasmaministration.
concentration-time curve (AUC) for irinotecan  Although the above study demonstrated the fea-
was higher in this group of patients than that of asibility of concurrent administration of substantial
historical control group who received similar dosesdoses of fluorouracil and irinotecan, other investi-
of irinotecan alone. In contrast, however, the AUCgators have reported less favourable outcomes
for SN-38 was much lower in the group treatedwhen using this combination. Parnes €f3lad-
with the combination than in the control group. ministered irinotecan on weeks 1 and 4 of each
These observations led to the speculation that flué-week cycle, combined with fluorouracil and
orouracil, or its metabolite, may inhibit the activity high-dose calcium folinate given weekly on weeks
of carboxylesterase. 1to 4. This combination resulted in formidable tox-
Saltz et al’? subsequently performed rigorous icity. Dose-limiting diarrhoea developed early in
pharmacokinetic evaluations in a larger group ofthe course of this clinical trial. Only 25 mg7rof
patients who received irinotecan and fluorouracilirinotecan could be delivered safely with fluoro-
plus calcium folinate in different sequences, so thatiracil 500 mg/ri and calcium folinate 500 mg/m
each patient served as his or her own internal comen this schedule. While the slight variation in treat-
trol for concentrations of irinotecan and SN-38. ment schedule in this study may have altered the
The conclusion drawn from this study was that flu-toxicity profile of the drug combination, the use of
orouracil does not substantially affect the metabohigh-dose instead of low-dose calcium folinate
lism of irinotecan to its active metabolite SN-38. may also have potentiated the occurrence of diar-
In the French study by Benhammouda et’8l., rhoea.
irinotecan was given as a 30-minute intravenous At present, a phase Ill randomised, controlled,
infusion in escalating doses either 1 day beforemulticentre trial is ongoing, comparing irinotecan
(day 0) or 1 day after (day 6) a 5-day course of dailyalone, fluorouracil plus calcium folinate, and com-
injections of fluorouracil, in alternate 4-week cy- bined irinotecan and fluorouracil plus calcium
cles. The dose-limiting toxicity was haematologi- folinate in patients with untreated metastatic col-
cal, and delayed diarrhoea requiring intravenousrectal cancer. The combined therapy arm in this
rehydration occurred in only 8 of 138 assessabletudy is based on the aforementioned protocol
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tested by Saltz et &2 In Europe, a phase I/ll study rate among 9 assessable patients with NSCLC was
of combined therapy in patients with fluorouracil- 22%, with 2 partial responses, both of which oc-
resistant colorectal cancer is ongolffy’®! with curred in chemotherapy-naive patients. Among 12
increasing doses of irinotecan given as a 90-minutassessable patients with SCLC, the overall re-
infusion on day 1 before the De Gramont regimensponse rate was 58%. Of the 11 patients who had
(calcium folinate at 200 mgfmand fluorouracil received prior therapy, 1 achieved a complete re-
bolus at 400 mg/fon day 1, followed by a 22- sponse and 5 achieved partial responses. The re-
hour intravenous infusion of fluorouracil at 600 maining 1 patient who had not received prior ther-
mg/n¥? on days 1 and 2), repeated every 2 weeks.apy attained a partial response. The recommended
phase Il doses on this schedule were irinotecan 80
4.1.2 Irinotecan and Etoposide mg/n? for previously untreated patients and 70
Two Japanese phase | studfie®l have evalu-  mg/n? for previously treated patients, along with
ated the combination of irinotecan and etoposideetoposide 80 mg/fn It appeared that, when com-
both using growth factor support because myelopared with the concomitant administration of both
suppression, especially leucopenia, is the principadrugs for 3 consecutive days, similar dose intensi-
dose-limiting toxicity common to these 2 agents. ties of both drugs could be maintained with the
In the study by Karato et dl’] patients with  combination of monthly etoposide and weekly ir-
refractory solid tumours, including a large propor-inotecan.
tion with lung primaries, received irinotecan and
etoposide daily for 3 consecutive days every 3 or 4.1.3 Irinotecan and Cisplatin
4 weeks. Recombinant human granulocyte colony- The combination of irinotecan with cisplatin
stimulating factor (G-CSF) was administered at ahas been comprehensively tested in dose-finding
dosage of 5Qug/m&/day on days 4 to 17. The dose- studies in patients with refractory solid tu-
limiting toxicity was diarrhoea, and despite the usemoursl’8 advanced lung cand&8¢! and gastric
of G-CSF, a considerable number of patients expecanceté’] The rationale for these efforts are multi-
rienced grade 3 or 4 neutropenia. The recomfold, including the synergy between these 2 agents
mended phase Il doses of irinotecan and etoposida preclinical models, their impressive cytotoxic
were both 60 mg/fon this schedule. Partial re- activity when administered individually against a
sponses were achieved in patients with NSCLCwide range of tumours, and their non-overlapping
head and neck cancer and adenocarcinoma of urincipal toxicities.
known primary, but no complete responses were In 3 of the studies, split doses of irinotecan and
observed. cisplatin were given together as weekly treatments
In the study by Masuda et &9 patients with  followed by a rest period. Administration sched-
advanced lung cancers were treated in 4-week cyiles that were explored included weekly for 2
cles with irinotecan on days 1, 8 and 15, and withweeks over a 4-week cydf&] weekly for 3 weeks
etoposide on day 1 to 3. Again, the use of G-CSFver a 4-week cycl&3] and weekly for 4 weeks
was mandatory and daily subcutaneous injectiongver a 6-week cycl&8 The recommended phase
were given from days 4 to 21 of each cycle, exceptl doses of irinotecan/cisplatin for these 3 sched-
on the days of irinotecan administration. Diarrhoeaules were: 50/60, 60/33 and 50/30 mg/nespec-
and leucopenia were the dose-limiting adverse eftively. Myelosuppression in the form of leucopenia
fects, suggesting that even prophylactic therapyr neutropenia was dose-limiting in all cases, and
with G-CSF cannot completely compensate for thediarrhoea was also dose-limiting on the weekly-
haematological toxicity of these drugs. Grade 2 pneutimes-two every 4 weeks schedule. No pulmonary
monitis, which resolved with corticosteroid ther- toxicity was reported. Two of the studfs3! in-
apy, was seen in 1 patient treated with irinotecarvolved patients with NSCLC and both reported
60 mg/n? during the third course. The responsepartial responses in 71 and 75% of patients; how-
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Table V. Phase Il studies of irinotecan (IRI) in combination with other cytotoxic agents

Reference

Prior Treatment dose (mg/m?) No. of
chemotherapy and schedule evaluable
patients

Effect

response rate (%)

median duration

of response (mo) survival (mo)

median

grade 3/4
diarrhoea
(% of patients)

grade 3/4
leucopenia
(% of patients)

Colorectal cancer

Rothenberg et al.[88 None

Barone et al.l89

IRI 100 qlwk x 4, géwk alternating 70
with FU 425 and CF 20 days 1-5,
g4wk

None IRI 350 g3wk alternating with FU 425 19
and CF 20 days 1-5, g3-4wk

Non-small-cell lung cancer

Oshita et al.[%]

DeVore et al.lo1

Mori et al.[92

Saka et al.l3!

Kudoh et al.[94

Ovarian
Sugiyama et al.[9!

Shimizu et al.[%a

Gastric
Boku et al.l*]

None IR1 60 and ETO 60 days 1-3, g3wk + 61
G-CSF 50g/m?/day on days 4-17

Not specified IRI 60 days 1, 8 and 15, and CIS80 52
day 1, g4 wk

None IRI 160 day 1, and CIS 20/day on 41
day 1-5 by continuous infusion,
g4wk, + G-CSF

None IRI 60 gqlwk x 6wk and concurrent 24
thoracic XRT 60 Gy/30 fractions/6wk

No IRI 60 days 1, 8,15 and CIS 60 LD: 40
day 1, g4wk ED: 35

Not specified IRI 50-60 days 1, 8 and 15, and 11
CIS 50-60 day 1, g4wk

Yes/no IR1 140 and MIT-C IP 7 days 1, 15 20

and 29, g4wk

IRI 70 days 1 and 15, and CIS 80 44
day 1, g4wk

< One regimen

18/70 (26)

4/19 (21)

13/61 (21.3)

16/52 (31)

22141 (54)

19/24 (79)

LD: 33/40 (83%)

ED: 30/35 (86%)

6/11 (54.5)

12/20 (60)

Overall: 21/44 (48)
Previously
untreated patients:
17/29 (59)

7.1

4.6

3.4

LD: 8.0
ED: 6.6

10.0

8.4

LD: 14.3
ED: 13.0

10.2

IRI: 15.7
FU and
CF: 4.6

16

17

25

19

7% of all
courses

Grade 3/4
neutropenia
IRI: 5.7

FU and

CF: 15

23

23

13

45

Grade 3/4
neutropenia
>50%

Grade 4
neutropenia
in 22% of all
courses

a Clear cell adenocarcinoma of ovary.

Abbreviations: CF = calcium folinate (leucovorin); CIS = cisplatin; ED = extensive disease; ETO = etoposide; FU = fluorouracil; G-CSF = granulocyte colony-stimulating factor;

IP = intraperitoneal injection; LD = limited disease; MIT-C = mitomycin C; XRT = radiation.
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ever, complete responses were not noted. One Shinkai et al88! reported 2 successive phase |
study®? tested this drug combination in 4 evalu- trials evaluating the feasibility of combining ir-
able patients with SCLC and reported a partial reinotecan, cisplatin and vindesine in the treatment
sponse rate of 100%. of NSCLC, without growth factor support. Ir-
Using a different treatment schedule, Masuda etnotecan and vindesine were given on days 1 and
al[80.81,84] conducted 2 dose-escalation combina-8, While cisplatin was given only on day 1, in 3- to
tion studies of irinotecan and cisplatin in patients4-Week cycles. The recommended phase Il dose of
with advanced lung cancBfl and a further ifinotecan was 37.5 mgkwn days 1 and 8 when
study of this combination with the addition of G- combined with vindesine (3 mgArand high-dose
CSFB4 In all 3 studies, irinotecan was given on (100 mg/nd) cisplatin, while the recommended

: : : hase Il dose of irinotecan was 80 m@btn days
days 1,8 and 15, and cisplatin was given on day 51) and 8 when co:nlbined wit\rl1vvindesin€]e 3 m%/m
of every 4-week cycle. In the regimen where G-

. . nd low-dose cisplatin (60 mg#n Diarrhoea and
CSF was added, it was given from days 4 to 21 Oﬁeutropenia were dose-limiting in both trials. No
each treatment cycle, except on the days of irino

dmini ; he 2 studi ; q ,hbulmonary toxicity related to drug administration
tecan administration. Inthe 2 studies performed withy, - < \ecorded. Three of 46 patients had a grade 3

out G-CSF, the recommended phase Il doses Qfjeyation of transaminase levels. Partial responses
irinotecan/cisplatin were: 60/80 and 80/60 My/m \yare seen in 15 of 33 (45%) assessable patients.

respectively. Diarrhoea was dose-limiting in both again, no complete responses were observed.
trials, while neutropenia was also dose-limiting in  ghjrao et alt” conducted a phase I-11 study of
one of these trials but moderate in the other. Therinotecan combined with fixed-dose cisplatin in
addition of G-CSF allowed escalated doses of 8®4 patients with advanced gastric cancer. Ir-
mg/n¥ to be safely administered together for bothinotecan was administered as a 90-minute infusion
agents, and the dose-limiting toxicity seen was di-on day 1, followed 2 hours later by a 120-minute
arrhoea. No pulmonary toxicity was observed ininfusion of cisplatin 80 mg/fi Irinotecan alone at
any of these trials. Overall response rates were ithe same dose was administered again on day 15,
the range of 33 to 54% among patients withand the treatment was repeated every 4 weeks. The
NSCLC and 100% in 2 patients with SCLC in 1 dose-limiting toxicity observed was neutropenia.
study!82l A complete response was observed in oné>rade 3 or 4 diarrhoea occurred in 3 of 24 patients
of the studies that was conducted without G-(13%). The recommended doses and schedule were
CSFI#1 but the responder’s histological type of Ifinotecan 70 mg/fon days 1 and 15, and cis-
lung cancer was not specified. platin 80 mg_/n% on day 1. There were no compllete
Mori et all5] performed a phase | study in pa- respondgrs in this stu.dy, although 10 of 24 patients
tients with NSCLC to establish the optimum doses(_42%) did show partial responses. Amongo4 pa-
for combination therapy with cisplatin given as antIents who were chemotherapy-naive, 3 (75%) re-
. . . . sponded to therapy.
infusion continuously from days 1 to 5 and ir-
inotecan given as a 90-minute infusion on day 1,
repeated every 4 weeks. Neutropenia was dose-

limiting in this regimen and 1 patient developed  The results of phase Il trials of irinotecan given
severe pneumonia and sepsis associated with grag¢ combination with other cytotoxic agents are
4 neutropenia. The recommended phase |l dosesummarised in table V. Most of these studies are
were 20 mg/rf{day for cisplatin and 80 mgAon  ongoing and so only preliminary data are currently
day 1 for irinotecan. Although no patients had aavailable.

complete response, partial responses were In 2 trials involving patients with metastatic
achieved in 9 of 19 assessable patients (47%). colorectal cancer, combination therapy with irino-

4.2 Phase |l Trials
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tecan and fluorouracil/calcium folinate was admin-entered on these 3 trials, grade 3 to 4 diarrhoea
istered on alternating cycles to previously un-occurred in 16 to 25% and grade 3 to 4 leucopenia
treated patients. In the study by Rothenberg ein 13 to 23%. In the study by Oshita et!&ll,con-
al.[88] irinotecan was given on the commonly current administration of irinotecan and etoposide
utilised US schedule of weekly for 4 weeks over afor 3 consecutive days every 3 weeks with G-CSF
6-week cycle, but at a slightly lowered dose of 100support resulted in interstitial pneumonitis in 3 of
mg/n?. In the study by Barone et &9 irinotecan 61 patients (5%). These episodes of pneumonitis
was administered at the standard European dosageere associated with hypoxemia and a diffuse re-
and schedule of 350 mgfravery 3 weeks. In both ticular shadow on chest x-ray, all of which im-
studies, after the initial treatment cycle of ir- proved with corticosteroid treatment.
inotecan, fluorouracil 425 mgfnand calcium In a phase Il study conducted in Jafghir-
folinate 20 mg/rm were given on days 1 to 5 in a inotecan was administered concurrently with tho-
4-week cycle, followed by alternate administrationracic irradiation to 24 patients with previously un-
of the 2 regimens. treated, unresectable stage IlIA/B NSCLC. 17
Response rates of 26 and 21% were reported byatients (71%) completed all 6 courses of irino-
the US and European studies, respectively. Thestecan and 21 patients (88%) completed 60Gy radi-
results are somewhat disappointing since they aration treatment as planned. Although no complete
not superior to those achieved with either ir-responses were obtained, partial responses were
inotecan or fluorouracil/calcium folinate alone in seen in 19 patients (79%), suggesting that this reg-
this patient populatioft850-51.98l|n the US study, imen is highly active in locally advanced NSCLC.
grade 3 and 4 diarrhoea were observed in 15.7% dfhree patients developed grade 3 hypoxemia
patients receiving irinotecan and in 4.6% of pa-caused by pneumonitis, which may have been re-
tients receiving 5 fluorouracil/calcium folinate. lated to irinotecan, radiation or an interaction of the
Other toxicities, including myelosuppression, were2 therapies. Pulmonary toxicity was the most
mild and were similar to those observed with eithermprominent toxicity associated with this regimen so
therapy given alone. In the European study, neufar. Other toxicities reported were neutropenia,
tropenia and diarrhoea were the most common adesophagitis and fever.
verse effects noted on preliminary analysis. Longer A phase Il study combining irinotecan and cis-
term follow-up and details on cumulative toxicity platin in previously untreated SCLC was recently
would be useful to determine if there are therapeureported?¥ Among 40 patients with limited dis-
tic advantages to these protocols. ease, there were 12 complete and 21 partial re-
Three phase Il trial¥-92] of irinotecan given in  sponders for an overall response rate of 83%. The
combination with either cisplatin or etoposide to overall response rate among 35 patients with exten-
patients with NSCLC have been performed bysive disease was 86%, with complete and partial
adopting the recommended doses from prior phaseesponses achieved in 10 and 20 patients, respec:
| trials. In one of these studi®d G-CSF was tively. Haematological toxicity especially in the
added to permit a higher than previously recomform of neutropenia and leukopenia were com-
mended dose of irinotecan to be co-administerednonly observed. Grade 3 and 4 diarrhoea occurred
with infusional cisplatin. The overall response in 19% of patients, and 2 patients died with con-
rates in these 3 studies ranged from 21 to 54%comitant diarrhoea and myelosuppression. No pul-
which are comparable to those obtained with othemonary toxicity was noted during chemotherapy.
conventional combination regimens in NSCLC. In Thoracic irradiation was delivered to responders
one of these studié¥] complete response was re- with limited disease after 4 cycles of chemotherapy
ported in 2 of the 52 evaluable patients treated wittand prophylactic cranial irradiation was offered to
irinotecan plus cisplatin. Among the 154 patientsthose who attained a complete response. Interest-
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ingly, 4 patients whose disease did not respond t@13 patients who received irinotecan at 350 ndg/m
irinotecan plus cisplatin subsequently received cyevery 3 weeks as a 30-minute infusion, up to 85%
clophosphamide, doxorubicin and etoposide, bubf patients developed symptoms of varying de-
the SCLC did not respond to this second line treatgreed50:100]
ment in any of the patients. Ten patients whose These adverse events usually subside spontane-
cancer relapsed after initial response to irinotecamusly within 1 to 2 hours, but prompt resolution
plus cisplatin, were offered the same salvage regiean be obtained with atropine (e.g. 0.5 to 1mg sub-
men, 1 patient achieved a complete response andcuitaneously or intravenously), especially when the
achieved partial responses. predominant adverse effect is painful abdominal

In ovarian cancer, both the adenocarcinoma andramps. Treatment with diphenhydramine has also
clear cell histological subtypes have shown goodbeen effective in providing symptomatic relief.
responses to irinotecan-based regim@nh¥!  Prolongation of the infusion duration may be help-
Overall response rates of 55 to 60% have been olful, but extension beyond 90 minutes is not recom-
served using irinotecan either in combination withmended. A premedication regimen consisting of
intravenous cisplatif??! or with intraperitoneal ondansetron and diphenhydramine can also reduce
mitomycin C[! Complete response rates of 18% or prevent these acute toxiciti€.
(2 of 11 patients) and 40% (8 of 20 patients), re- This cholinergic-like syndrome may be related
spectively, were obtained with these regimens. to the piperidino side chain of irinotecan, which

Promising phase Il results were also noted usingias structural similarities to dimethylphenyl-
an irinotecan and cisplatin combination therapy inpiperaziniumi°2 a highly selective and potent
patients with gastric canclf] with an overall re-  stimulator of nicotinic receptors in the autonomic
sponse rate of 48%, including 1 complete responsegyanglion. The inhibition of cholinesterases by ir-
and a median survival of 10.2 months among dnotecan is not a likely mechanism for these ef-
mixture of previously treated and untreated pa-fects, since serum cholinesterase activity did not
tients. A response rate of 59% was obtained in thghow any significant differences when measured
subgroup of 29 chemotherapy-naive patients.  pre- and post-treatment with irinoteda#i.

In light of these encouraging results, compari-
son of irinotecan-based regimens with conven- 5.1.2 Delayed-Onset Diarrhoea
tional therapy are warranted in these types of ma- A second pathophysiologically distinct type of

lignancy. diarrhoea has been identified as being associated
with irinotecan therapy. In contrast to the early-on-
5. Risks of Irinotecan Therapy set diarrhoea which is seen as part of the acute cho-

linergic-like syndrome, the onset is delayed. On
the once every 3 weeks schedule, the median time
to onset of the first delayed diarrhoeal episode is 5
5.1.1 Cholinergic-Like Syndrome to 6 days after drug administrati®f:.1931 On the
Irinotecan can produce an early cholinergic-like weekly for 4 weeks over a 6-week cycle schedule, the
syndrome that typically occurs acutely during ormedian time to onset is 10 days (i.e. 3 days follow-
immediately after its infusio#9.99-101 At lower  ing the second weekly dose of irinotec&#).
doses (100 to 260 mghn the most common signs Delayed-onset diarrhoea tends to be more se-
and symptoms of this syndrome are abdominakere and protracted compared with the early-onset
cramps, early diarrhoea and diaphoresis. At highetype, and generally requires pharmacological
doses (300 to 750 mgAn patients may, in addi- and supportive measures in its management. An
tion, experience visual accommodation distur-effective antidiarrhoeal regimen developed by
bances, lacrimation and salivation. The incidenceAbigerges et at%! to abrogate this toxicity has
of this reaction is variable, but in a French study ofbeen widely adopted, with occasional minor mod-

5.1 Gastrointestinal Toxicity
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ifications. Loperamide 2 to 4mg orally is to be microflora to regenerate SN-88] and accumula-
taken at the first sign of diarrhoea, followed by 2mgtion of SN-38 in the intestine has been linked to
orally every 2 hours (4mg orally every 4 hours atirinotecan-induced diarrhoea in nude mi¢él The
night) until there is complete resolution of diar- biliary index estimates the exposure of SN-38 in
rhoea for at least 12 hours. If, at the end of 3 conthe bile, and is defined as the product of the AUC
secutive days of continuous loperamide therapyvalues of irinotecan and SN-38 divided by that of
the diarrhoea is not controlled and/or the patienfSN-38G. Patients with grade 3 and 4 diarrhoea
becomes dehydrated, hospitalisation for intrave-have been shown to produce higher index values as
nous fluid replacement is recommended. The earlgompared with those with grade 0 to 2 diar-
initiation and vigilant compliance with this inten- rhoeal*l Abnormalities in glucuronidation may
sive loperamide therapy have reduced the incibe associated with an increased risk of gastrointes-

dence of delayed-onset diarrhoea to acceptable leyinal toxicity from irinotecan therapy. Patients who
els. have decreased glucuronidation, such as those with

The prophylactic use of acetorphan, an Ora||y.GiIbert’s sy.ndrome, appear to have enhanced bil-
administered enkephalinase inhibitor, is being in-&ry excretion of unconjugated SN-38 and may
vestigated as a potential preventive treatment fofUS bi{ﬂ‘s‘])re susceptible to irinotecan-induced di-
delayed-onset diarrhoea induced by irinoteéet, ~ arrhoea:

However, preliminary results have been disap- 5.1.3 Other Gastrointestinal Effects

pointing: acetorphan given as a preventive measure  gier gastrointestinal adverse effects associated
did not decrease the incidence or the duration ofith irinotecan administration include nausea and
delayed-onset o_harrhoé_@i?’] vomiting, which are generally manageable with
The mechanism of irinotecan-related delayed-anti-emetic therapy. Grade 3 and 4 toxicity occurs
onset diarrhoea is not well understood, but appearg, apout 15 to 20% of patients.
to stem from a secretory process, with an exudative Rothenberg et &2 described the development
component:®® lkuno et al!%’l examined the mu- o akathisia in 2 patients who received prochlor-
cosal changes in the intestines of mice 6 days aftgferazine as an anti-emetic before administration of
the first dose of intraperitoneal irinotecan adminis-jrinotecan. The absence of this symptom complex
tration, which included epithelial vacuolation and with either drug administered alone in these pa-

apoptosis in the ileum, and goblet-cell hyperplasiaients suggests a possible drug interaction.
with excessive amount of mucin in the caecum.

Correlations between irinotecan pharmacoki-
netic parameters and the severity of diarrhoea have
been inconsistent. Some investigators reported a sig- Besides diarrhoea, myelosuppression in the
nificant linear correlation between diarrhoea gradgorm of leucopenia/neutropenia, has been identi-
and the AUC of irinotecan and/or SN-B8}'1%  fieq a5 the other principal dose-limiting toxicity of
while no relationship was detected by otHé¥s. jrinotecan therapy. On the once every 3 weeks

Gupta et al**¥] calculated a biliary index to as- schedule, neutrophil nadir occurs early at around
sess the relationship between gastrointestinal toxdays 6 to 93950 whereas on the weekly for 4
icity and the pharmacokinetics of irinotecan and itsweeks over a 6-week cycle, neutrophil nadir occurs
metabolites. The active primary metabolite of ir- |ater at around day 1% The duration of neu-
inotecan, SN-38, has been shown to undergo glucuropenia is usually short-lived (<5 days), asymp-
ronic acid conjugation to form the correspondingtomatic and noncumulative on both schedules.
glucuronide (SN-38G), which is present in signifi- However, sepsis and fatal infectious complications
cant concentrations in plasma, bile and uktet¥  have been reportdef] especially when severe di-
SN-38G is then deconjugated by the intestinalarrhoea and neutropenia occur concomitantly.

5.2 Hoaematological Toxicity
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Other haematological toxicities, thrombocyto- These findings were compatible with drug-induced
penia and anaemia, are generally mild to moderatehanges.
and do not require therapeutic interventions.
6. Conclusions

5.3 Other Toxicities . . .
Irinotecan possesses an impressive spectrum of

Other toxicities of irinotecan therapy include antitumour activity against several tumour types,
asthenia, alopecia, pulmonary toxicity and elevaincluding colorectal, lung, ovarian, cervical and
tion of hepatic transaminase levels. gastric cancers and non-Hodgkin’s lymphoma. Itis

Fatigue or asthenia occurs in 76 to 80% of paihe first drug developed since fluorouracil to have
tients, and can be severe in 12 to 20%, although jgonsistent activity in patients with metastatic col-
many cases this symptom may be attributed to therectal cancer.

underlying disease rather than to the ditig Al- Phase I studies performed to date have provided
opecia, usually partial, occurs in about 60 to 819¢seful information on optimal administration and
of patients receiving irinotecaH.”! scheduling of irinotecan, as well as thorough eval-

Sporadic cases of interstitial pneumonitis haveuation of its adverse effects. Phase Il trials using
been reported, and appear to be more preva|e|ﬂither irinotecan alone or in innovative combina-
among patients with primary lung canc&fs8] tions with other cytotoxic agents are actively on-
The mechanism of this pulmonary toxicity is un- 9oing. Further development of this agent will pro-
known and may represent an idiosyncratic reacceed with trials to compare promising irinotecan-
tion. Among the 8 patients who developed intersti-Pased regimens with conventional therapies, and to
tial pneumonitis in 2 phase I lung cancer studieseXplore its efficacy when combined with cytostatic
of irinotecan6581 most had clinical manifesta- agents. Investigations of an oral formulation of
tions of dyspnea and fever. One stéélynoted that  irinotecan are being initiated.
the interval from the beginning of irinotecan ad-  As clinical experience with irinotecan accumu-
ministration to the onset of pulmonary symptoms|a'[eS, its toxicity profile will be more clearly elu-
ranged from 42 to 175 days, with a median of 61cidated and more effectively modified. This will
days. Seven of the patients had a diffuse reticutndoubtedly improve the therapeutic index and al-
lonodular pattern on chest x-ray and the remainindOW safer delivery of irinotecan in future studies.
patient showed an abnormality highly suggestive
of interstitial infiltrates found only by chest com-  Acknowledgements
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