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Raltitrexed (‘ Tomudex’) monotherapy is a conveniently administered alternative to 5-fluorouracil
(5-FU) in thefirst-line treatment of advanced colorectal cancer (CRC), and has single-agent activity in
a variety of advanced solid tumours. Although both raltitrexed and 5-FU are thymidylate synthase
inhibitors, raltitrexed has a specific mode of action and a toxicity profile distinct from 5-FU. The
mechanism of action of raltitrexed is also completely different from that of oxaliplatin, irinotecan and
other drugs with which it has been combined. These properties, together with preclinical data, sug-
gested that combinations of raltitrexed with 5-FU, other chemotherapeutic agents, or radiotherapy
could result in improved therapiesfor avariety of advanced solid tumours, including advanced CRC.
Thisreview outlines the appropriate management of patients treated with raltitrexed, whether as mono-
therapy or in combination, and discussesthe preliminary results of combination studieswith raltitrexed
inarange of tumour typesincluding advanced CRC, malignant mesothelioma, gastric, pancreatic, head
and neck, and non-small-cell lung cancers. Of particular interest isthe combination of ratitrexed and
oxaliplatin, which has shown promising antitumour effects in first-line treatment of advanced CRC

and malignant mesothelioma, adisease that isrefractory to chemotherapy.
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I ntr oduction

Raltitrexed (‘ Tomudex’) is a specific inhibitor of thymidylate
synthase (TS). It predominantly entersthe cell viathe reduced
folate carrier and then undergoes polyglutamation. The poly-
glutamated form is more potent than the parent compound. It
isretained inthe cell and prevents T Sfrom binding toitsfolate
cofactor. 5-fluorouracil (5-FU) isaso an inhibitor of TS. How-
ever, it is metabolised into several active agents, including the
TSinhibitor fluorodeoxyuridine monophosphate, which binds
to the pyrimidine binding site of the enzyme [1]. Other 5-FU
metabolites have multiple effects such as nonspecific disrup-
tion of RNA and DNA synthesis[2].

Although 5-FU has been the basis of standard treatment
for advanced colorectal cancer (CRC), tumour responses are
often disappointing. In addition, the optimum treatment regi-
men remains unclear despite extensive investigation of i.v.-
and bolus-dosing schedules, and combination with avariety of
modul ating agents, particularly leucovorin (LV) [3]. Bolus and
infusional 5-FU-LV regimens are still used as standard in
many areas, but the current standard therapy for advanced
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CRC is generadly a combination of 5-FU-LV with either
oxdiplatin or irinotecan [4—7]. However, toxicity continuesto
be problematic in some 5-FU treatment schedules and alterna-
tive agents are needed for use in monotherapy and combina-
tion regimens.

Raltitrexed is an alternative to standard 5-FU-LV-based
regimens for the first-line treatment of advanced CRC. In
three out of four phaselll randomised studies, median survival
with raltitrexed (9.7-10.9 months) was comparable to that of
bolus or infusional 5-FU-LV (10.0-12.7 months) [8-11].
Response rates with raltitrexed were equivalent to those of
either bolus or infusiona 5-FU-based regimens in all four
studies. However, in two of thefour trialsthe additiona proto-
col end point, of timeto progression, was significantly shorter
in the group of patients receiving rdtitrexed than the group
treated with 5-FU-LV [9, 10]. The tolerability of raltitrexed
has & so been well defined in trialsin more than 1000 patients
with advanced CRC. While it has an acceptable and manage-
able toxicity profile if administered appropriately, like other
cytotoxic agents, such as 5-FU, it is associated with systemic,
gastrointestinal and haematological side effects [12]. How-
ever, there is a significantly lower incidence of both severe
leucopenia and mucositis with raltitrexed compared with
bolus 5-FU-LV regimens. Although raltitrexed is associated
with a dtatistically significant higher incidence of severe
increasesin liver transaminases than bolus 5-FU-LV regimens,
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such changes are usually asymptomatic and self-limiting
when not associated with disease progression. Also, reduced
incidences of diarrhoea have been recorded during treatment
with raltitrexed compared with 5-FU regimens [9, 10].

Combinations of raltitrexed with other active antitumour
agents, with different mechanisms of action and distinct toler-
ability profiles, may be expected to offer improved efficacy
whilst maintaining acceptabl e toxicity. Based on these proper-
ties, possible combinationswith raltitrexed include 5-FU, irino-
tecan, platinum-based agents (e.g. cisplatin and oxaliplatin)
and radiotherapy. This review summarises raltitrexed com-
bination therapy studies in advanced CRC and other solid
tumour types for which treatment prospects are emerging.
Furthermore, recommendations are provided for the appro-
priate management of patients receiving raltitrexed treatment,
whether as monotherapy or in combination, based on extens-
iveclinical experience.

Safety and patient management

As expected with cytotoxic therapy, life-threatening toxicity
has been reported with raltitrexed in all of the large phase I11
studies. M ost of the treatment-related deaths (3.8% raltitrexed
compared with 2.6% 5-FU-L V) appeared to be due to a com-
bination of gastrointestinal toxicity (mainly diarrhoea) and
myel osuppression, usually with infection or sepsis[12]. Many
occurred in the absence of appropriate dose reductions as
specified inthe* prescribing information’ . When patientswere
excluded who did not receive appropriate dose reductions or
delays, or who were not treated according to the ‘ prescribing
information’, the incidence of treatment-related deaths was
1.3% during treatment with raltitrexed, compared with 1.7%
during treatment with bolus 5-FU-LV [12]. Qualitatively simi-
lar events were observed in alarge multicentretrial, designed
to compareraltitrexed in the adjuvant setting with the standard
regimen of 5-FU plusfolinic acid. The trial was ended when
the number of drug-related deaths in the raltitrexed group
(1.9%) wasdoublethat in the control group (0.8%). However,

Table 1. Raltitrexed dose reduction criteria based on creatinine clearance

Creatinine clearance (ml/min) Dose (% of 3.0 mg/n?) Dosing interval

>65 100 3-weekly
55-65 75 4-weekly
25-54 50 4-weekly
<25 No therapy or stop
therapy

the mgjority of deathsin the raltitrexed group (65%) were due
to serious deviations from the trial protocol, including failure
to modify the dose of raltitrexed based on creatinine clearance
calculations[13].

Sincerenal excretion (extrapolated to infinity) accounts for
40-50% of the totd raltitrexed dose in patients with normal
rena function [14], impaired rend function (creatinine clear-
ance <65 ml/min) may result in plasma accumulation, leading
to increased toxicity [15]. Indeed, poor toxicity outcomes
have been associated with impaired rena function without
appropriate dose modification. To ensure that patientsreceive
a dose suitable for their renal status, serum creatinine meas-
urements must be made prior to the start of treatment and
before each subsequent treatment. If an abnormal serum
creatinine level is detected, creatinine clearance should be
calculated or measured and the rdtitrexed dose modified
accordingly (Table 1). In addition, serum creatinine may not
correlate well with creatinine clearance, for example, if the
patient is elderly or has undergone a sudden weight loss. In
this case, creatinine clearance should also be calculated or
measured and the dose of raltitrexed modified if appropriate.

Dose modifications or delays are also necessary following
the occurrence of gastrointestinal and/or haematologica toxic-
ities. Itisrecommended that treatment with raltitrexed is post-
poned until all signs of gastrointestinal or haematological
events have resolved, and then treatment resumed at areduced
dose or stopped as appropriate, depending on the severity of
toxicity (Table 2). Once the dose has been reduced, al sub-

Table 2. Raltitrexed dose reduction criteriabased on the worst grade of gastrointestinal and haematological toxicity in the

previous cycle

Haematological toxicity® Gastrointestinal toxicity®

Grade 0 (%)° Grade 1 (%)° Grade 2 (%)° Grade 3 (%)° Grade 4
Grade 0 100 100 75 50 Stop treatment
Grade 1 100 100 75 50 Stop treatment
Grade 2 100 100 75 50 Stop treatment
Grade 3 75 75 75 50 Stop treatment
Grade 4 50 50 50 Stop treatment Stop treatment

AWHO toxicity grades of leucopenia, neutropenia or thrombocytopenia.

PWHO toxicity grades of diarrhoeaor mucositis.
°Dose as percentage of 3.0 mg/n?.



sequent doses should be given at the reduced dose. Although
dose modifications may prevent the development of further
toxicities, it is paramount that any side effects are treated
promptly, particularly diarrhoea, vomiting, fever, infections
or stomatitis. Patients experiencing diarrhoea and vomiting
should be carefully monitored to ensure that the resulting
dehydration is managed promptly. Those with severe gastro-
intestinal and haematological toxicity should receive rehydra-
tion and appropriate antibiotic support and possibly cytokine
support if indicated. A recent preclinical study has suggested
that folate rescue with LV may be beneficial in the small
minority of patients who present with severe antiproliferative
toxicities [16]. Another option for patient management is to
use supportive drugs prophylacticaly, to reduce the incidence
of side effects following treatment with raltitrexed. 5-HT,
inhibitors, such as ondansetron, seem to reduce the severity of
nauseaand vomiting [17, 18]. Nystatin may reduce the sever-
ity of stomatitis, and dexamethasone may reduce fever in the
small number of patients who present with these effects [17].
Indeed, in astudy of 58 patients treated prophylactically with
acombination of ondansetron, dexamethasone, ranitidine and
nystatin, no patients reported grade 3 or 4 gastrointestinal
toxicity [17].

These recommendations for patient management have been
based on clinical experience with patients receiving ralti-
trexed monotherapy for advanced CRC. However, they are
equally applicableto combination studiesin arange of tumour
types. It could be expected that a combination of raltitrexed
with another cytotoxic agent would lead to additive toxicity.
However, results from the following, albeit relatively small,
phase | and Il studies do not suggest that this is the case.
Indeed, in many of these studiesraltitrexed could be combined
with another chemotherapeutic agent, often amost at its
recommended dose for single-agent use.

Raltitrexed combination studies
Advanced colorectal cancer

The recent introduction of new drugswith single-agent activ-
ity against advanced CRC but with distinct mechanisms of
action has enabled theinvestigation of combination regimens.
In two phase Il studies of oxaliplatin in combination with
infusional 5-FU and calcium folinate, the response rate and
progression-free survival were better than with just 5-FU
and calcium folinate [4, 5]. However, these studies did not
show survival benefits. Another phase 111 study, primarily
conducted in Europe, compared irinotecan combined with
5-FU-LV, and 5-FU-LV aone, asfirst-line therapy for meta-
static CRC [6]. The results showed that progression-free
survival (median 6.7 compared with 4.4 months, P <0.001) and
objective response rate (35% compared with 22%, P <0.005)
were significantly improved with the triple-drug therapy
compared with the two-drug therapy. These results were
complemented by an American phase |11 study, which com-
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pared the combination irinotecan-5-FU-LV with bolus doses
of 5-FU-LV [7]. The irinotecan-5-FU-LV combination
consistently provided significantly higher response rates (33%
compared with 18%, P <0.001) and median time to treatment
failure (5.0 compared with 3.8 months, P <0.05). Moreover,
irinotecan— 5-FU-LV isthe only treatment to show a survival
advantage in metastatic CRC over high-dose continuous infu-
son5-FU-LV.

The results of these studies into combination chemotherapy
as first-line treatment for CRC have clearly shown that it is
more active than monotherapy. However, there are still oppor-
tunities for improvement and this provides the rationale for
investigationsinto combination therapy with raltitrexed.

Raltitrexed—5-FU combination

Although raltitrexed and 5-FU are both inhibitors of TS, they
act via different mechanisms, occupy different binding sites
and have different specificities for the enzyme. A metabolite
of 5-FU, F-fluoro-2’-deoxyuri dine-5"-monophosphate (FAUMP),
bindsto the pyrimidinebinding site of TS, leadingto depletion
of dTTP and reducing the rate of DNA synthesis.

Preclinical observations using in vitro human carcinoma
cell lines consistently showed sequence-specific additive or
synergistic cytotoxicity [19]. In the case of the HCT-8 cell
line, raltitrexed leadsto anincrease of intracellular phosphori-
bosyl pyrophosphate (PRPD), which suggests that the cyto-
toxic effects of raltitrexed combined with 5-FU may be due to
theincreased formation of 5-FU nucleotides. Thisinturnleads
to enhanced incorporation of 5-FU nucleotides into RNA and
increased cell killing. Whether thisfactor isresponsiblefor the
synergistic activity in this cell line, or if this observation
extends to other cell lines, is unknown. Because of their
different cellular pharmacology, raltitrexed and 5-FU present
several different sites for interaction that may be very
complex.

A summary of phase | and Il trialsin which a combination
of raltitrexed and 5-FU (bolus, infusion or oral fluoropyrimi-
dines) has been used asfirst- or second-linetherapy isgivenin
Table 3. It was observed that the two agents can be combined
almost at their respective recommended doses as single
agents. Manageabl e tolerability and favourable response rates
have resulted from such combinations. Further promising
response rates have been obtained with triple combinations
that include these two agents [20].

Raltitrexed—oxaliplatin combination

Oxaliplatin isaplatinum derivative, which isactiveasasingle-
agent as afirst-line treatment for patients with advanced CRC
[21, 22] and in vitro studies have demonstrated an additive
effect with raltitrexed [23]. Platinum-based agents largely
act by forming intrastrand DNA—platinum adducts/crosslinks,
between two adjacent guanine:guanine or guanine:adenine
base pairs, leading to DNA strand breaks and p53-dependent
apoptosis. Excision- or mismatch-repair processes may repair
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Table 3. Raltitrexed combination studies with 5-FU in patients with advanced or metastatic CRC.

Study Schedule 1stor  No.of Phase ManDLT RD (mg/m? Response rate
2nd line patients (95% ClI)
Raltitrexed— Raltitrexed (15 min inf) on days8 and 22 + 1st 43 | Neutropenia, 2.6/2600 46% (28% to 65%)
infusional 5-FU [49] 5-FU (24 h inf) weekly x5 for 5 weeks, q 6 thrombocytopenia,
weeks diarrhoea
Raltitrexed-UFT Raltitrexed (15 mininf) on days 1 and 22 + 1st 32 111 Diarrhoea Not yet 39%
[50] UFT (tid orally) on days 1-28, q 6 weeks defined
Current dose:
3.5%300
Raltitrexed—bolus Raltitrexed (15 mininf)onday 1+5FU  1stand 63 | Neutropenia 5.5%1200 14%
5-FU [51] (bolus) on day 2, q 3weeks 2nd
Raltitrexed— HCFU  Raltitrexed (15 mininf)onday 1+ HCFU 1stand 28 111 Diarrhoes, fatigue 3.0/300 1st line: 50%
[52] (orally) on days 2-14, g 3 weeks 2nd (29% to 71%)
Raltitrexed— HCFU  Raltitrexed (15 mininf)onday 1+ HCFU 1stand 31 I na 3.0/300 1st line: 42%; 2nd
[18] (orally) on days 2-14, q 3 weeks 2nd line: 12.5%
Raltitrexed—bolus ~ Raltitrexed (15 mininf) onday 1+ LFA 250 2nd 41 | Neutropenia 3.0/1050 15% (6% to 30%)
5-FU + LFA [53] mg/m? fixed dose (2 hinf) + 5-FU (bolus)
onday 2, g 2weeks
Raltitrexed-5-FU—  Oxdliplatin (2 h inf) followed by raltitrexed 2nd 52 | Neutropenia 3.0/1050/130 26% (14% to 41%)

oxaliplatin [20] (15 min inf) on day 1 + LFA 250 mg/m?
fixed dose (2 hinf) + 5-FU (bolus) on day 2,

g 2 weeks

arecommended dose of 3.0 mg/n? once every 3 weeks for monotherapy.

Cl, confidenceinterval; DLT, dose-limiting toxicity; HCFU, carmofur; inf, infusion; LFA, levofolinic acid; na, not available; RD, recommended dose;

UFT, tegafur.

these breaks provided deoxyribonuclectides are available. It
has been hypothesised that the synergistic effects of com-
bination with raltitrexed are due to depletion of dTTP and
subsequent interference with the repair process. Thus, the
combination of ratitrexed and oxaliplatin is an attractive
proposition, with simple and concomitant administration of
both drugs, distinct mechanisms of action resulting in dif-
ferent toxicity profiles and the potential for at least additive
antitumour activity.

A phase | study first demonstrated promising activity for
this combination, with stable disease lasting for at least
3monthsin six out of 11 heavily pretreated patients, with pro-
gressive advanced CRC before inclusion [24]. The recom-
mended dose was determined as raltitrexed 3.0 mg/m? with
oxaliplatin 130 mg/m?, and dose-limiting toxicities (DLTS)
were asthenia, nausea and vomiting. The efficacy of this
combination as a first-line treatment for advanced CRC was
subsequently confirmed in two phase | studies (Table 4) with
objectiveresponserates of 46% [25] and 60% [ 26] and disease
progression in only 4% and 8% of patients, respectively
(Figure 1).

The response rates with raltitrexed—oxaiplatin are compar-
able to those with oxaiplatin-5-FU-LV and irinotecan—
5-FU-LV. In phase |11 trias, the combination of oxaliplatin—
5-FU-LV resulted in response rates of 53% [4] and 51% [5].
Similarly, the combination of irinotecan-5-FU—LV resultedin
confirmed responserates of 39-41%in phaselll studies[6, 7].
Median survival was 14.9 months with the raltitrexed—oxali-

platin combination (Table 4), which was comparable to that
obtained with oxaliplatin-5-FU-LV and irinotecan-5-FU—
LV combinations.

The promising phase | and preliminary phase Il data with
the raltitrexed—oxaliplatin combination as a first-line treat-
ment, prompted the initiation of a phase Il study of this com-
bination as a second-line therapy in patients with advanced
CRC. Thisshowed apromising activity; the reported response
rate was 16% [27].

Raltitrexed—irinotecan combination

IrinotecanisaDNA topoisomerase | inhibitor that inhibitscell
division. It is approved as a single agent for the treatment of
5-FU-refractory CRC. Furthermore, the addition of irinotecan
to 5-FU-LV, as first-line treatment for metastatic CRC,
significantly increased median survival compared with just
5-FU-LV [6, 7]. Invitro studies have demonstrated synergis-
tic cytotoxicity with ashort-term exposureto SN 38, the active
metabolite of irinotecan, followed by raltitrexed [28]. It was
observed, however, that the reverse sequence, longer exposure
or co-exposure had an antagonistic effect, which led to the
hypothesisthat raltitrexed reduces the rate of DNA synthesis.
This, in turn, reduces the rate at which the topoisomerase 1—
SN38 cleavable complex is converted into DNA strand
breaks.

A phase | study has demonstrated that the combination of
raltitrexed and irinotecan has activity, with manageabl e toxic-
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Table 4. Phase |1 results of raltitrexed—oxaliplatin combination studies in patients with advanced CRC.

Study Douillard et d. [26] Scheithauer et al. [25]

Treatment Raltitrexed 3 mg/m? (15-min inf) + oxaliplatin  Raltitrexed 3 mg/n? (15-mininf) + oxaliplatin
130 mg/m? (2-h inf)?, q 3 weeks 130 mg/m? (2-h inf)?, g 3 weeks

Phase I 11

Patients entered 71 patients with advanced CRC (all first-line) 69 patients with advanced CRC (dl first-line)

Response rate (95% ClI)
Complete response

60% (47% to 71%)
1in 63 patients (2%)

Partial response 37 patients (59%)

Stable disease 20 patients (32%)

Progressive disease 5 patients (8%)
Median survival (range) 14.9 months (0.4-21+)
Median response duration (range) 9.4 months (2.3-21+)
Median time to progression (range) 6.4 months (0.5-21+)
Grade 3 or 4 adverse events in >10% of patients

Neutropenia 28 patients

Elevated transaminases 23 patients

Diarrhoea 17 patients

L eucopenia 16 patients

Vomiting 14 patients

Nausea 13 patients

46% (31% to 61%)*
1in 48 patients (2%)
21 patients (44%)
24 patients (50%)

2 patients (4%)

Not yet reached after a median follow-up of
13 months

na

na

21 patients
12 patients
na
na
na

na

2At recommended dose.
Cl, confidence interval; inf, infusion; na, not available

ity, in 5-FU pretreated patients with advanced gastrointestinal
cancer [29]. Of 30 evaluable patients, six (20%) had a partial
response. The recommended dose was irinotecan 350 mg/m 2
(830 mininfusion), followed after 30 minwith raltitrexed 3 mg/m?
(15 min infusion), on a 3-weekly schedule. DLTs were
lethargy and diarrhoea. A further phase | study is ongoing to

80 - )
l M Douillard study (n=63) [27]*
L | @ Scheithauer study (n=48) [27]°
60 4 37
£ 504 . 24
E 40
2 20
5 30
20
10 4 5
U A -
Complete Partial Stable Disease
response response disease progression

2 RR 60.3% (95% CI: 46.6%-70.9%)
®RR 46.0% (95% CI: 31.3%-60.8%) at RD
Figure 1. Objective responses in raltitrexed—oxaliplatin combination

studiesin patients with advanced CRC. Cl, confidence interval; RD,
recommended dose; RR, response rate.

determine the recommended dose of a triple combination of
raltitrexed, irinotecan and 5-FU (Maroun, Canada).

Raltitrexed— adiotherapy combination

A number of studieshave demonstrated benefits of combining
preoperative or postoperative 5-FU with radiotherapy, com-
pared with radiotherapy alone, in patients with rectal cancer
[30]. Like 5-FU, raltitrexed has radiosensitising effects and
has been shown in preclinical studiesto be at least equivalent
to 5-FU in inhibiting tumour cell surviva and tumour
xenograft growth in irradiation studies [31]. Therefore, a
series of trials have been initiated to investigate combinations
of raltitrexed with radiotherapy.

Phase | studies have defined the recommended doses of
raltitrexed in combination with preoperative [32] and post-
operative [33] radiotherapy, and in patients with advanced
inoperable/recurrent rectal cancer [34] (Table 5). An encourag-
ing response rate of 73% (eight of 11 patients, including three
complete responses, assessed according to WHO criteria) was
observed in the preoperative study. An ongoing phase || study
will further evaluate this combination in the preoperative set-
ting and two ongoing phase || trials are assessing the efficacy
of raltitrexed and radiotherapy in patients with advanced in-
operable or recurrent rectal cancer.
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Table 5. Phase | rdtitrexed chemoradiation studiesin patients with rectal cancer.

Study Schedule Patients DLTs RD Response
(mg/m?) rate
Preoperative[32] 45 Gy radiotherapy in 1.8 Gy daily fractions5x per 14 patients with TNM stage  Leucopenia 3.0 73%o0f 11
week for 5 weeks followed by a5.4 Gy boost onday 11/111 resectable patients

38. Raltitrexed (15-min inf) 1 h prior to radiotherapy
ondays 1, 19 and 38. Surgery + intraoperative 10 Gy

radiotherapy following 6-8 weeks rest

Postoperative[33]  Surgery followed by 46 weeksrest. 50.4 Gy

radiotherapy in 1.8 Gy daily fractions 5x per week for

5—6 weeks. Ratitrexed (15-mininf) 1 h prior to
radiotherapy on days 1 and 22

Advanced 50 Gy radiotherapy in 2.0 Gy daily fractions 5x per

inoperable/recurrent week for 5weeks. Raltitrexed (15-mininf) 1 h prior to

[34] radiotherapy on days 1 and 22

adenocarcinoma of the
extraperitoneal rectum with
no distant metastases

22 patientswith Dukes' stage Diarrhoea, eevated 2.6 Not

B or C adenocarcinomaof  transaminase levels, eva uated
the rectum who had curative leucopenia,

resections neutropenia

19 patients with advanced Diarrhoea, 2.6 Not
inoperable/recurrent rectal neutropenia, eva uated
cancer anaemia, leucopenia

Other devel opments may include shorter dosing intervals of
raltitrexed to potentially increase radiosensitising effects, and
combination with other drugs such as oxaliplatin to further
enhance chemoradiation efficacy. Indeed, a phase | study
of raltitrexed—oxaliplatin and radiotherapy is ongoing [35].
Chemoradiotherapy with raltitrexed is also being investigated
in patients with pancreatic or head and neck cancer.

In general, results from trials in advanced CRC have been
encouraging and support the continued investigation of al the
combinations investigated to date. Preliminary dataalso indi-
cate that such combinationsmay be beneficial in patientswith
other solid tumours.

Malignant mesothelioma

Patients with malignant mesothelioma, atumour of the pleura
or peritoneum, have a poor prognosis, with median survival
generally ranging from 4 months for extensive malignant
disease to 18 months for malignant local pleurd disease[36].
Malignant mesothelioma is relatively refractory to chemo-
therapy and, as there is no standard therapy, patients with
malignant mesothelioma are routingly proposed for entry into
trials assessing new drugs and combinations.

Encouraging initia results using a combination of ralti-
trexed—oxadliplatin in patients with malignant mesothelioma
prompted the enrolment of such patients, with a range of
advanced solid tumours, into a phase I/11 trial. Ultimately,
interesting antitumour activity was observed, with six objec-
tive partial responses among 17 assessable patients (35%,
95% confidence interval 14% to 59%). These included four
patients who were considered to be cisplatin-refractory as
defined by disease progression (Table 6). This result sup-
ported the initiation of aphasell trial [37]. Preliminary results
are again promising, with a response rate of 25% among
56 evaluable patients (Figure 2), indicating that this combina-
tion warrants further investigation in phase Il studies in
patients with malignant mesothelioma.

Currently, the combination of raltitrexed and cisplatin, com-
pared with cisplatin alone, is being investigated in aphase 111

study in patients with malignant mesothelioma (European
Organisation for Research and Treatment of Cancer). The
recommended dose for this study was determined in aphase |
study in patients with non-small-cell lung cancer (NSCLC)
(see below). The results of this phase Il study are eagerly
awaited.

Non-small-cell lung cancer

NSCL C isthe most commonly occurring form of lung cancer.
Although no standard chemotherapy regimen exists for the
treatment of metastatic NSCL C, cisplatin-based combination
chemotherapy is commonly used [38]. A phase| trial of ralti-
trexed with cisplatin in metastatic NSCLC established the
maximum tolerated doses of the 3-weekly combination to be
raltitrexed 3.5 mg/m? and cisplatin 80 mg/m?, and determined
that the recommended dose for further study was raltitrexed
3.0 mg/m? and cisplatin 80 mg/m?. The toxicity was predict-
able and manageable, and was similar to that frequently
observed with cisplatin alone or in combination. Toxicity solely
related to raltitrexed included diarrhoea[39].

Advanced gastric cancer

The prognosis for patients with advanced gastric cancer is
poor. However, combination chemotherapy has resulted in
significant surviva advantages compared with best support-
ive care alone. At present, many of the active regimens in
advanced gastric cancer include 5-FU infusion in combination
with cisplatin, and often also a third agent, such as an anthra-
cycline. High response rates have been obtained, in particular
with the use of protracted venous infusional 5-FU, cisplatin
and epirubicin (ECF regimen) [40]. However, this regimen
uses an indwelling central venous catheter, with significant
morbidity. The option of replacing the infusional 5-FU with
raltitrexed has therefore been investigated.

Promising efficacy results were obtained in the phase | dose-
finding study, in patients with inoperable advanced gastro-
oesophogeal cancer who recelved a regimen including
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Table 6. Raltitrexed combination studies in patients with a range of advanced solid tumours

Tumour type ~ Study Schedule Patients Phase Results
Malignant Raltitrexed— Raltitrexed (15-mininf) 48 patients I RD: raltitrexed 3 mg/m?-oxaliplatin 130 mg/n?; DLT:
mesothelioma oxaliplatin ~ followed 45 min later by (9 chemonaive) with asthenia, vomiting, nausea, anorexia, visual
[24] oxaliplatin (2-hiinf),q3  advanced solid tumours, neurotoxicity, thrombocytopenia, diarrhoea, peripheral
weeks 17 of whom had neuropathy, pain; RR: 35% (95% CI 14% to 59%) of 17
malignant mesothelioma pati ents with malignant mesothelioma
Raltitrexed— Raltitrexed 3 mg/m? 72 patients Il RR: 25% (95% CI 15% to 37%) of 56 patients; Median
oxaiplatin  (15-min inf) followed (56 chemonaive) survival of chemonaive patients: 189 days (95%
[37] 45 min later by oxaliplatin Cl 147 to 222 days) from start of treatment, 309 days
130 mg/m? (2-hinf), q 3 (95% CI 259 to 439 days) from diagnosis; Grade 3 or 4
weeks adverse eventsin >10% of patients: asthenia (21%),
anorexia (13%), elevated transaminase levels (13%)
NSCLC Raltitrexed— Raltitrexed (15-mininf) 21 patientswith I RD: raltitrexed 3.0 mg/m?~cisplatin 80 mg/n?; DLT:
cisplatin followed by cisplatin metastatic NSCLC diarrhoea, asthenia, anaemia, neutropenia,
[39] (12 hiinf), g 3 weeks (all chemonaive) thrombocytopenia, elevated hilirubin levels; RR: 16%
(95% CI 8% to 33%) of 19 patients
Advanced Raltitrexed— Raltitrexed (15-mininf) 24 patients with I RD: raltitrexed 2.5 mg/m?~cisplatin 60 mg/n*—
gastric cancer  cisplatin—  followed by cisplatin 60  inoperable gastro- epirubicin 50 mg/m? DLT: neutropenia, diarrhoea,
epirubicin - mg/m? (4-hinf) + oesophagesal stomatitis; RR: 45% of 20 patients
[41] epirubicin 50 mg/m? adenocarcinoma
(bolus) (@l first-line)
Raltitrexed— Raltitrexed 2.5 mg/m? 21 patients with Il RR: 29% (95% CI 11% to 52%) of 21 patients entered;
cisplatin—  (15-mininf) followed by  inoperable gastro- Median survival: 18 weeks from the start of
epirubicin  cisplatin 60 mg/m? oesophageal chemotherapy; Grade 3 or 4 adverse events:
[42] (4-hinf) + epirubicin adenocarcinoma neutropenia (45%), leucopenia (35%), fatigue (20%),
50 mg/m? (bolus) (@l first-line) diarrhoea (15%), nausea and vomiting (10%); three
treatment-related deaths
Raltitrexed— Raltitrexed (15-mininf) 25 inoperable patients | RD: raltitrexed 3.5 mg/m?-doxorubicin 60 mg/m?;
doxorubicin followed by doxorubicin  with metastatic cancer, DLT: febrile neutropenia, granul ocytopenia; RR: 29%
[54] (20-min inf), q 3 weeks 20 of whom had gastric (95% CI 8% to 58%) of 20 patients
cancer (all first-line)
Pancreatic Raltitrexed— Raltitrexed (15-mininf) 31 patients I RD: raltitrexed 3.5 mg/m?-gemcitabine 800 mg/m?
gemcitabine on day 1 followed 15 min (20 chemonaive) with DLT: thrombocytopenia, granul ocytopenia, diarrhoesa,
[45] later by gemcitabine advanced incurable solid hyperglycaemia, shortness of breath; RR: 8% (1 CR
(30-min inf) on days 1 tumours unconfirmed) of 26 patients (14 patients had SD,
and 8, q 3 weeks including the two entered patients with pancreatic
cancer)
Head and neck Raltitrexed— Raltitrexed (15-mininf) on 58 patients I RD: raltitrexed 3.0 mg/m?-LFA 250 mg/m*—5-FU
cancer 5-FU-LFA day 1+ LFA 250 mg/in? (42 second-line) including 1050 mg/m?, DLT: neutropenia, renal toxicity;
[53] (2-hinf) and 5-FU (bolus) 17 with advanced head RR: 35% (95% CI 14% to 62%) of 17 patients with
on day 2, q 2 weeks and neck cancer head and neck cancer
Raltitrexed— Cisplatin (1-h inf) and 45 patientswith locally  I/11 RD: cisplatin 60 mg/m?—raltitrexed 2.5 mg/m—_FA
cisplatin-5- raltitrexed (15-mininf) on advanced/metastatic head 250 mg/m*—5-FU 900 mg/m?; DLT: neutropenia,
FU-LFA day 1, LFA 250 mg/m? and neck cancer fatigue; RR: 67% (95% Cl 51% to 80%) of 45 patients;
[47] (2-hiinf) and 5-FU (bolus) (all first-line) 100% of 15 patients treated at RD
on day 2, q 2 weeks
Raltitrexed— Raltitrexed (15-mininf) 14 patientswith locally /11 RD: raltitrexed 3.0 mg/m?~cisplatin 80 mg/n; DLT:
cisplatin followed by cisplatin advanced/metastatic head neutropenia, diarrhoea, thrombocytopenia, |ethargy,
[48] 100 mg/m? (4-hinf) onday and neck cancer eevated transaminases; RR: 69% of 13 evaluable
1, g 3weeks (all first-line) patients

a>recommended dose, of 3.0 mg/n¥ once every 3 weeks, for monotherapy.

Cl, confidence interval; CR, complete response; DL T, dose-limiting toxicity; LFA, levofolinic acid; NSCLC, non-small-cell lung c ancer; RD,

recommended dose; RR, response rate; SD, stable disease.

raltitrexed, cisplatin and epirubicin (Table 6). Of 20 evaluable
patients, nine (45%) responded to therapy [41], prompting a
phase Il study. Initial results showed a response rate of 29%.
However, concerns resulting from treatment-related deaths
during the tria due to neutropenic sepsis (one patient) and
cardiorespiratory complications of chemotherapy-induced

enteritis (one patient), and one death considered to be possibly
treatment-related due to myocardial infarction, led to pre-
mature termination of thistrial [42]. A phase| study hasalso
determined the recommended doses for a combination of
raltitrexed and the anthracycline doxorubicin as treatment for
advanced or metastatic gastric cancer (Table 6).



520

60 7_
30 23 B All (n=56)
50 RTET @ Chemonaive (n=44)
. O Pre-treated (n=12) |
= 404 .
2
%’ 30+
2 12 10
a 207 | 2
10
0l = i
Partial Stable Disease
response disease progression

Figure 2. Objective responses in raltitrexed—oxaliplatin combination
studiesin patients with malignant mesothelioma.

Pancreatic cancer

The prognosis is extremely poor for patients with pancreatic
cancer, due to difficultiesin diagnosis, the aggressiveness of
pancreatic cancers and the lack of effective systemic thera-
pies. Patients with locally advanced disease and a reasonable
performance status are commonly treated with 5-FU-based
chemoradiotherapy. However, the limited therapeutic options
and modest impact of such treatment on survival warrantsthe
investigation of new therapies in patients with locally ad-
vanced disease. A phasell tria of raltitrexed with radiotherapy
is ongoing in patients with locally advanced, inoperable but
non-metastatic pancreatic cancer (Price, UK).

Similarly, most studies of single-agent or combination
chemotherapy in patients with advanced pancreatic cancer
have resulted in low response rates and little reproducible
effect on surviva or quality of life. 5-FU remains the most
extensively studied agent for pancreatic cancer; however, ina
randomised comparison, gemcitabine treatment resulted in a
significantly higher clinical benefit response (24% compared
with 5%) and median survival, although this was still only
6 months [43]. Raltitrexed monotherapy also has modest
activity in patients with advanced pancreatic cancer: a
response rate of 5% was obtained in a phase Il study. How-
ever, the majority of these patients had been pretreated [44].

A combination of raltitrexed and gemcitabine is currently
being investigated in phase Il trials in patients with advanced
or metastatic pancreatic cancer (Sleeboom, Holland; Borner,
Switzerland) and advanced pancreatic and biliary tract cancer
(van Laethem, Belgium). The recommended dose for these
studies was determined in a phase | study in patients with a
range of tumour types in which two patients with pancreatic
cancer had disease stabilisation (Table 6) [45].

Head and neck cancer

The median survival for patients with locally advanced or
metastatic head and neck cancer is 6 months, afigurethat has
not been improved by chemotherapy. Therefore, such patients
are candidates for trias of new agents and combinations [46].
The most active single agents include methotrexate, cisplatin

and 5-FU. Standard treatment is acombination chemotherapy
regimen, most commonly cisplatin with infusional 5-FU.

A phase | study of raltitrexed-5-FU with levofolinic acid
(LFA) has demonstrated an encouraging response rate (35%)
in patients with locally advanced or metastatic head and neck
cancer [47]. However, rather than continue with this regimen
in phase Il studies, the investigators decided to add cisplatin,
the most active single-agent in head and neck cancer, to the
combination. Theensuing phasel/Il study demonstrated that it
is possible to combine cisplatin, raltitrexed and 5-FU at doses
closetotheir single-agent doses with an encouraging response
rate (67%) in patients receiving first-line therapy for the treat-
ment of locally advanced or metastatic squamous cell carci-
noma of the head and neck. Furthermore, al of the 15 patients
treated at the recommended dose achieved an objective
response. A randomised phase |l trial comparing cisplatin—
raltitrexed-5-FU-LFA with cisplatin-methotrexate-5-FU—
LFA isongoing. A phasel/Il trial has aso defined the recom-
mended dose for the combination of raltitrexed and cisplatin
[48].

Summary and futur e per spectives

Raltitrexed is established in the first-line treatment of
advanced CRC. It has a convenient administration schedule,
and an acceptable and manageable toxicity if given appropri-
ately. However, as with other cytotoxic agents, careful
management of patientsis required to avoid serious toxicity.
Combinations of raltitrexed with a broad range of cytotoxic
agents have been shown to be feasible in colorectd, lung,
gastric, and head and neck cancers. Schedules have been
established for combination with 5-FU, oxdiplatin, irinotecan,
cisplatin, doxorubicin, gemcitabine and radiotherapy. Promis-
ing results have been obtained with combination chemo-
therapy in patients with advanced CRC (with first-line
response rates ranging from 39 to 60%) and other advanced
solid tumours, especialy malignant mesothelioma. Ongoing
studies should further establish a role for raltitrexed as a
component of combination therapies in a variety of advanced
solid tumours.
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