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Report

Overcoming resistance to chronomodulated
5-fluorouracil and folinic acid by the addition of
chronomodulated oxaliplatin in advanced colorectal

cancer patients
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The addition of oxaliplatin (L-OHP) to a 5-fluorouracil (5-FU)/
leucovorin (FA) regimen was retrospectively evaluated in 35
consecutive advanced colorectal cancer patients after
progression of disease. L-OHP, 25 mg/m?/day, was infused
from 10.00-22.00 with a peak flow at 16.00 while 5-FU,
700 mg/m?/day and FA, 150 mg/m?/day of the I-form or
300 mg/m?/day of the racemic form, from 22.00 to 10.00 with
a nocturnal peak at 4.00, for 5 days every 3 weeks in 24
patients and for 4 days every 2 weeks in the other 11.
Diarrhea and sensitive neuropathy were the most relevant
types of toxicity (17% of patients). An objective response was
achieved in 8/35 patients (23%) [95% CL 9-37], stabilization in
15 patients (43%) which included five minor responses, and
progression in 12. There was no relevant difference in quality
of life assessed with the EORTC QLQ C30+3 questionnaire
before and after treatment. Median duration of response and
median progression-free survival were 6 months; median
overall survival was 11 months. This retrospective study
showed that it is possible to reverse resistance to chrono-
modulated 5-FU by adding chronomodulated L-OHP to the
previous regimen; comparison with different schedules of
this combination should be performed in order to identify the
best tolerated and active regimen as second-line treatment of
advanced colorectal cancer. [© 2000 Lippincott Williams &
Wilkins.]
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Introduction

Management of metastatic colorectal cancer has
recently benefited from the availability of new agents
such as oxaliplatin (I-OHP) and CPT-11, and from the
improved tolerability and efficacy of chronomodulated
infusions. 1-OHP is a third-generation platinum com-
pound with low hematological toxicity and no renal
toxicity, yet does involve cumulative peripheral
sensory neurotoxi(:ity.1 It exerts antitumor activity iz
vitro against colorectal cancer cell lines and is
synergistic with 5-fluorouracil (5-FU) against L1210
leukemia transplanted into mice.* This drug achieved
10 and 24% of the objective responses in phase II trials
as a single agent in 5-FU pretreated and untreated
patients with metastatic colorectal cancer, respec-
tively.4’6

The possibility to simultaneously increase both
tolerability and efficacy of anti-cancer drugs adminis-
tered by chronomodulated infusions in phase I, II
and III trials was also demonstrated. Chronobiology
is a therapeutic strategy based on the recognition
that biological rhythms regulate most metabolic and
cellular functions.” As a result, both the toxicity and
the activity of fluoropyrimidines and platinum
compounds vary greatly as a function of time of
day with the administration of these drugs. More
specifically, the infusion of 5-FU, folinic acid (FA)
and 1-OHP (FFL), according to circadian rhythms,
resulted in a toxic effect up to 5 times less severe
and nearly twice as many objective responses than
flat infusion of the same drugs in two randomized
phase III trials.®’
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In patients treated with chronomodulated FFL
(chrono-FFL) as second-line therapy, response rate
ranged from 38 to 57%, although the degree of clinical
resistance to 5-FU had not been extensively defined.'”
'2 In analyzing the results of the studies with the FFL
combination, the benefits in terms of activity seem to
be due to two important factors: drug chronomodula-
tion and introduction of 1-OHP.

This paper presents the final report of the retro-
spectively assessed activity of the addition of chrono-
modulated 1-OHP to chronomodulated 5-FU-FA
(chrono-FF) in patients with colorectal cancer metas-
tasis and an adequate follow-up.'® The effect of L-OHP
addition on patient quality of life was also investigated
through the EORTC QLQ C30+3 questionnaire.'*

Patients and methods

Thirty-five patients with metastatic colorectal cancer
were included in this study. All patients had advanced
measurable disease and displayed clinical resistance to
chrono-FF. Clinical resistance was defined as a CT scan
documentation of disease progression while under
chrono-FF treatment. These patients were considered
to be resistant to chrono-FF. The rationale of the study
is described in Figure 1.

All patients had adequate bone marrow reserve,
hemoglobin > 10 g/dl, leukocytes >3000 mm?>, plate-
lets> 100 000 mm> , normal renal function with serum
creatinine <2 mg/dl, adequate liver function, serum
bilirubin <2 mg/dl and prothrombin activity >70%.

35 patients treated with
chronomodulated 5-FU + 1-FA

Progression

Addition of chronomodulated L-OHP
to the previous combination
Figure 1. Design of the study.
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Treatment regimen

Prior to inclusion, all patients received chrono-FF for 5
consecutive days every 3 weeks with a median dose of
5FU per course of 3500 mg/m> (range 2500-
5500 mg/mz). After inclusion, the three-drug chrono-
FFL was administered according to previous re-
ports.'>'! FFL was either administered for 5 consecu-
tive days following a 16 day interval (chrono-FFL 5-16)
in 24 patients or for 4 consecutive days followed by a
10 day rest period (chrono-FFL 4-10) in the other 11
patients. I-OHP (25 mg/m?/day) was given from 10.00
to 22.00 with a peak at 16.00. 5-FU (700 mg/m?/day)
and FA (150 mg/m°/day of the levogyral form or
300 mg/m*/day of the racemic form) were infused
from 22.00 to 10.00 with a nocturnal peak at 4.00.
Dose reduction and escalation of L-OHP and 5-FU were
performed according to toxicity criteria as previously
described.'® All three drugs were administered with a
programmable pump (ntelliject; Aguettant, Lyon,
France) via a doublellumen Port-a-Cath. Anti-HTj3
antiemetics were not routinely administered before
the first course but only after vomiting occurred.

Assessment criteria

The World Health Organization (WHO) criteria for
evaluating toxicity and response was used with the
exception of a specific scale for neurological toxicity.®
All computed tomography scans were examined by
the same radiologists (SG and MC) for progression
during FF and response confirmation during FFL.

Dose intensity (mg/mz/week) and cumulative dose
(mg/m?) for 5-FU and 1-OHP were calculated accord-
ing to Hryniuk.'> Dose intensity was calculated after
the third and sixth course and for the entire duration
of treatment. In an attempt to investigate whether
response to therapy was influenced by the extent of 5-
FU therapy before and during 1-OHP addition, the
following factors were analyzed: the number of 5-FU
courses given, the duration of 5-FU exposure (ex-
pressed in weeks), the cumulative 5-FU dose and the
cumulative 5-FU-DL

The Italian version of the EORTC QLQ-C30+3
questionnaire was used to evaluate -OHP addition
on quality of life in the 24 patients treated in Rome.
This questionnaire incorporates five functioning
scales, three global functioning scales, and eight
symptom scales and/or items. The questionnaire was
completed before starting FFL, and after the third and
sixth course of treatment.

Statistical analysis was performed by #test for the
comparison between the averages and the Wilcoxon
test was used for non-parametric analyses. Time to
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disease progression and survival were determined
from the date of inclusion and estimated by the
Kaplan-Meier method.' 6

Results

Patient characteristics

Patient data are shown in Table 1. Forty-nine percent
of the patients had an altered performance status,
twenty-three patients showed metastasis in two or
more organs and the liver was involved in 30 (86%).
Chrono-FFL was given as third-line chemotherapy in
16 patients.

Toxicity

Chrono-FFL was generally well tolerated. No patient
displayed grade 3 anemia or thrombocytopenia while a
single patient experienced grade 4 leukopenia. Six
patients (17%) had grade 3-4 vomiting or diarrhea.
Severe mucositis was encountered in two patients.
Clinically relevant neurological toxicity (WHO-modi-
fied Grade 2) affected six patients (17%). The
incidence of severe toxicity per course, including
modified neurological grade 2 toxicity, is 23 of 211
courses (11%). The incidence of severe toxicity per
patient and per course is shown in Table 2.

Table 1. Patient characteristics

Patients (%)
No. of patients 35
Sex (M/F) 22/13 (63/17)
Median age (years) 60
range 25-75
PS (WHO)
0 18 (51)
1 13 (37)
2 3 9)
3 1 (3)
Primary tumor
colon 22 (63)
rectum 13 (37)
No. of metastatic sites
1 12 (34)
2 12 (34)
3 11 (32)
Metastatic site
liver 30 (86)
lung 12 (34)
pelvis 7 (20)
Previous adjuvant treatment
chemotherapy 3 9
radiotherapy 4 (12)
Previous treatment for advanced disease:
chrono-FF 35 (100)
other 5-FU-based therapies 16 (48)
radiotherapy 8 (23)

Table 2. Incidence of WHO graded toxicity per patient (n=235) and per course (n=211)

Grade 0 (%) Grade 1 (%)

Grade 2 (%) Grade 3 (%) Grade 4 (%)

Hemoglobin

patient 29 (83) 2 (6)

course 195 (92) 13 (6)
Leukocytes

patient 27 (77) 5 (14)

course 173 (82) 26 (11)
Platelets

patient 29 (83) 5 (14)

course 193 (91) 16 (8)
Vomiting

patient 6 (17) 13 (37)

course 129 (61) 46 (22)
Mucositis

patient 17 (47) 13 (37)

course 174 (81) 28 (13)
Diarrhea

patient 12 (34) 7 (20)

course 146 (69) 35 (17)
Skin

patient 23 (66) 3 (8)

course 176 (83) 19 (9)
Neuropathy

patient 7 (20) 12 (34)

course 78 (37) 88 (42)
Neuropathy® Grade 0 Grade 1a

4 (11) 0 0
3 (2 0 0
2 (6) 0 1(3)
12 (6) 0 1 (0.5)
1 (3) 0 0
2 (1) 0 0
10 (28) 5 (14) 1(3)
30 (14) 5 (2.5) 1 (0.5)
3 (8) 0 2 (6)
7 (3.3) 0 2(1)
10 (28) 3 (8.5) 3(8.5)
24 (11) 3(1.5) 3(1.5)
8 (23) 1 (3) 0
10 (5) 1 (0.5) 0
7 (20) 3(8) 6 (17)
35 (17) 3(1.5) 7 (3)
Grade 1b Grade 1c Grade 2
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Dose and dose intensity

Two-hundred and twenty-one courses of chrono-FFL
were administered; the median number of courses was
6 and range 1-15. The median dose per course was
3500 mg/m? (range 3000-7500) for 5-FU and 125 mg/
m? (range 50-125) for I-OHP. There was no difference
between chrono-FF and chrono-FFL regarding the
number of 5-FU courses given, 5-FU exposure and 5-
FU cumulative dose. Median 5-FU-DI over the entire
duration of chrono-FF treatment was significantly
larger than that of the chrono-FFL; 1250 versus
1152 mg/mz/week (»=0.006) (Table 3). During
chrono-FFL, the median DIs at the third course (DIz)
for 5FU and L-OHP were 1166 mg/m°/week (range
700-1639) and 41 mg/m’/week (range 21-51), re-
spectively, and 1179 mg/rnz/week for 5-FU-DIg (range
900-1787) and 37 mg/mz/week for -OHP-DI (range
31-51) at the sixth course.

Antitumor activity

An objective response was achieved in eight of 35
patients (23%) [95% confidence limit (CL) 9-37].
Disease remained stable in 15 patients (43%) with five
of them achieving a reduction in tumor size ranging
from 36 to 46%. Disease progressed in 12 patients
(34%) including all eight patients previously pretreated
with radiotherapy. Objective responses were obtained
in four of 11 patients treated with FFL 4-10 (36%) and

in four of 24 patients (17%) receiving FFL 5-16. FFL-
responders received higher 5-FU and 1-OHP DIs than
non-responders but this reached statistical significance
only for 5FUDI;; 1292 versus 1098 mg/m’/week
(»=0.04). The median response duration was 6 months
(range 3-8 months). Median progression-free survival
was 6 months. Median overall survival was 11 months.

Quality of life

We did not find any significant difference between the
mean scores of the questionnaire on quality of life
before and after the addition of I-OHP at the third and
sixth course, with the exception of fatigue which
increased significantly at the third course (»=0.02) but
not at the sixth. See Figure 2.

Discussion

This retrospective study involved 35 patients with
clinical resistance to chronomodulated 5-FU-FA. An
analysis of these data demonstrated that addition of L-
OHP clearly contributed to the activity of the FFL
regimen as it achieved 23% of the objective responses
and 43% of the stabilizations. As a result, tumor
progression was stopped in 66% of the patients. These
results are clinically relevant considering that treat-
ment was delivered as a third line in 48% of patients. It
was further confirmed that schedule intensification

Table 3. Studies concerning addition of L-OHP to the same previous 5-FU plus FA regimens

Author 5-FU FA L-OHP Days/courses Grade 34  Response
(mg/m?) (mg/m?) (mg/m?) toxicity rate (%)
(% of patients)
Chronomodulated Studies
Bertheault-Cvitkovic et al."’ 800 300 20x4 dd 4 days q2wk notreported 11/27 (41)
Giacchetti et al.'? 700 300 25x5 dd 5days q3wk notreported 10/57 (17)
present study
FFL 5-16 700 150 25x5 dd 5 days q 3 wk 4/24 (17)
FFL 4-10 800 150 20x4 dd 4 days q 2 wk 4/11 (36)
17 8/35 (23)
Non-chronomodulated studies
de Gramont et al?’
FolFox2 1500-2000 500 100 dI 2 days q 2 wk 46 10/22 (45)
André et al??
FolFox3 1500-2000 500 85dl 2 days q 2 wk 27 6/30 (20)
André et al®®
FolFox3 1500 200 85dl 2 days q 2 wk 17.3 5/24 (18.4)
FolFox4 400 bolus
600 c.i. 500 85dl 2 days q 2 wk 36.9 7/20 (23.5)
Gamelin et al2® 1500 400 130 dI day 1 q 3 wk 21 14/38 (36)
Biichele et al®® 2600 500 wk 60 wk weekly x 6 g 8 wk 42 3/24 (13)
Van Cutsem et al.®* 320 bolus  20x5 dd 130 dl 5days q3wk notreported 15/115 (13)
2600 i.c. 500 wk 85dl weekly x 6 4/57 (7)
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Figure 2. Evaluation of functioning scales (A) and symptom
scales and/or items (B) before starting treatment (T0), after
the third course (T1) and after the sixth course (T2).

every 2 weeks yielded a higher response rate than the
3-weekly schedule. The present study confirmed the
excellent toxicity profile of the chronomodulated
infusion with severe toxicity being observed in 11%
of all courses and mostly consisting of vomiting or
diarrhea. It should be emphasized that 5-HT5 receptor
antagonists were used only after the first course of
patient discomfort. Diarrhea was the dose-limiting
toxicity, encountered in 17% of the patients. Periph-
eral sensory neuropathy with functional impairment
was observed in 17% of all patients. Leukopenia was
severe in only one patient and no severe anemia or
thrombocytopenia was encountered.

Although 1-OHP activity is no greater than 10% in 5-
FU-resistant patients, the combination of 5-FU, FA and
L-OHP allowed 5-FU resistance to be overcome by a
synergistic effect which has yet to be completely
explained. Different hypotheses, based on the in vitro
synergy between cisplatin and 5-FU, have recently
been summarized by Fischel et al'’ In particular,
platinum-induced reduction of methionine uptake by
tumor cells stimulates methionine synthesis and
reduces folate pool expansion, which in the presence
of 5FU leads to the stabilization of the ternary

complex (5-fluoro-dUMP-TS and 5-10 methylenetetra-
hydrofolate). However, Raymond et al. showed
synergy of platinum compounds with TS inhibitors
that do not always require folates for their action.'®
Gamelin suggested that 1-OHP could inhibit dihydro-
pyrimidine dehydrogenase activity since he observed
increased 5-FU plasma concentrations after repeated L-
OHP administrations."® 5-FU might increase platinum
cellular toxicity through an effect on DNA repair
systems.”’ Finally, an appropriate timing of 5-FU-FA
and L-OHP during the 24 h time scale may further
favor the synergistic activity of these agents in tumor
cells, while normal cells remain partly protected as a
result of their circadian rhythms in the susceptibility
for these drugs.

The results obtained in 5-FU refractory patients
point to a synergistic and specific activity of 1-OHP.
This original study model, i.e. the addition of I-OHP to
5-FU-refractory patients, first demonstrated in this
series of patients, was subsequently confirmed by
other regimens of 5-FU and FA very common in
Europe as the De Gramont schedules?! (Table 3).
Patients included in each study range from 20 to 115,
the response rate varies from 7 to 45% and the patient
rate with grade 3-4 toxicity from 17 to 42%. Because
of the limited sample numbers and data available, it is
difficult to reach a conclusion on the role of 5-FU and
L-OHP doses, schedule (weekly, bi- or tri-weekly) and
modality of infusion (bolus and/or continuous infusion
versus chronomodulated infusion).

André et al. found that reduction of 1-OHP from
100 mg/m> (FOLFOX2) to 85 mg/m® (FOLFOX3)
every 2 weeks was followed by a drop in response
rate from 45 to 20% in a similar set of patients.*® In a
recent prospective study with FOLFOX3, 40 patients,
and with FOLFOX4, 57 patients, response rates of
18.4 and 23.5%, respectively, were reported.”> The
largest experience with the Mayo Clinic schedule and
the German weekly regimen was recently reported
by van Cutsem et al:** an objective response,
externally reviewed, was observed in 19 of 172
patients (11%).

Treatment tolerability is even more important in this
setting of patients. Although FFL is generally a well-
tolerated combination, important differences exist
among proposed schedules. Thirty-nine percent of
patients receiving the FOLFOX2 regimen displayed
grade 3-4 neutropenia and 9% had neutropenic fever.
Overall, 21 patients (46%) experienced grade 3-4
toxicity with this regimen. In addition, the subsequent
FOLFOX3 and FOLFOX4 versions resulted in an
incidence of patients with grade 3-4 neutropenia in
15 and 36.9% of patients with 5% of febrile neutrope-
nia and one toxic death.*
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Forty-two percent of patients receiving 1-OHP with
the German regimen displayed grade 3-4 diarrhea.”
Diarrhea was the most relevant toxic effect reported
by Meyer with an overall grade III toxicity in eight of
38 patients (21%).%

Finally, this is the first experience on the impact of
L-OHP addition on patient quality of life. In spite of
an initial slight and brief decrease after the introduc-
tion of I-OHP, the final scores returned to baseline
values. This corresponds to what was observed in a
randomized trial comparing -OHP versus taxol in
resistant ovarian cancer patients.27 A significant
difference was found only in fatigue at the third
course; this was considered a transient effect since it
disappeared at the sixth course. Similar results were
observed during the evaluation of patients rando-
mized between bolus plus infusion 5-FU/leucovorin
with or without 1-OHP; in this trial quality of life was
not significantly affected by the addition of the
drug.?®

In conclusion, oxaliplatin plays an important role in
the antitumor activity of chrono-FFL. The addition of
chronomodulated 1-OHP infusion in patients pre-
viously treated with chrono-FF achieved 23% of all
objective responses in these patients and stopped
tumor progression in 66%. The simple and safe
addition of L-OHP to the previous 5-FU-containing
regimen can be proposed as an adequate second-line
chemotherapy for patients with advanced colorectal
cancer. Randomized clinical trials with adequate
designs are needed to identify those three-drug
schedules from which patients benefit the most in
terms of activity and tolerability in 5-FU-resistant
disease. We feel that chronomodulated infusions
should be an integral part of these studies, considering
the results obtained in all reported studies, including
the present one.
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