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In this phase IB study, 24 patients with advanced colorectal
cancer were treated with escalating doses of weekly
chronomodulated 48 h infusions of 5-fluorouracil (5-FU)
biochemically modulated by methotrexate 40 mg/m? and
(6S)-leucovorin 8 x 45 mg orally. Two daily peak delivery
periods (PDP), during which 65% of the daily dose was
administered, were investigated: from 18.00 to 0.30 h and
from 0.00 to 06.30 h. The maximal tolerated dose of 5-FU
was 2800 mg/m?/48 h, with a PDP from 18.00 to 0.30 h.
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Introduction

A steep dose relationship has been demonstrated for
the antitumor efficacy of S-fluorouracil (5-FU) in
colorectal cancer.' Infusional administration of 5-FU
allows a higher dose intensity compared with bolus
administration. Several clinical trials in patients with
colorectal cancer have shown the superiority of
infusional versus bolus delivery of 5-FU in terms of
response rate, quality of life and cost-effectiveness;
however, a survival benefit has never been demon-
strated. ™

Circadian mechanisms relevant to the treatment of
cancer have been identified in rodents and humans.
These include 24 h changes in the activities of
several enzymes involved in 5-FU metabolism, the
pharmacokinetics of 5-FU infusion, and the prolifera-
tive activity of bone marrow and intestinal
mucosa.” '’ Based on these data it has been
hypothesized that circadian timing of drug delivery
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may permit a further increase in dose intensity
compared with delivery at a flat rate and this has
been demonstrated in several clinical trials.'' ™" In a
randomized trial involving 92 colorectal cancer pa-
tients, the delivery of chronomodulated oxaliplatin,
5-FU and leucovorin (LV) was shown to be signifi-
cantly superior in terms of dose intensity of 5-FU,
toxicity, response rate and survival compared to the
same schedule but given at a flat infusion rate.'® In
this study a 5-FU peak delivery period (PDP) with a
maximum occurring at 03.00-04.00 h was used.
Others have shown that a PDP of 5-FU with a
maximum at 21.00-22.00 h may allow a further 20%
increase in the daily 5-FU dose."” We performed a
phase I study in patients with colorectal cancer with
a schedule of weekly chronomodulated 48 h infusion
of high-dose 5FU biochemically modulated by
methotrexate (MTX) and LV. The objectives of our
study were to determine the maximal tolerated dose
(MTD) and the optimal PDP of 5-FU at this schedule.

Patients and methods
Patients

Inclusion criteria were histologically proven adeno-
carcinoma of the colon or rectum, measurable
metastatic or advanced disease with a minimum
diameter of the largest lesion of 2 c¢cm, disease not
amenable to curative surgery, WHO performance
status < 2, age 18-75 years, normal values for serum
creatinine and bilirubin, WBC = 3.0 X 10%/1, plate-
lets = 100 X 10%/1, and written informed consent.
Exclusion criteria were previous radiotherapy on all
disease parameters, clinical signs of CNS involve-
ment, evidence of significant ascites or pleural fluid,
previous second malignancy with the exception of
adequately treated in situ carcinoma of the cervix or
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basal/squamous cell carcinoma of the skin, serious
active infections or other concomitant serious non-
malignant disease and pregnancy or lactation. Institu-
tional board review was obtained.

Treatment

Treatment was ambulatory, and consisted of MTX
40 mg/m? iv. bolus on day 1, followed 20-24h
later by LV (Isovorin™; Cyanamid, Hoofddorp, The
Netherlands) 45 mg/dose orally every 6 h for eight
doses and 5-FU infusion on day 2. 5-FU was admin-
istered as a continuous infusion for 48 h through a
s.c. implanted venous port system (Port-A-Cath;
Pharmacia, Woerden, The Netherlands) by a pro-
grammable in-time pump (Deltec Cadd-Plus; Pharma-
cia or Verifuse; NPBI, Amsterdam, The Netherlands).
Patients were evaluated every cycle for toxicity and
every 2 months for response. Toxicity and response
were evaluated according to WHO criteria. The dose
of 5-FU was increased in cohorts of three patients.
In case of grade = 3 toxicity, a total of six patients
were treated at that particular 5-FU dose level. Dose-
limiting toxicity was defined as grade = 3 toxicity in
two or more of six patients during the first four
evaluable weekly cycles. The MTD was defined as
the 5-FU dose at which one or less of six patients
experienced reversible, tolerable and manageable
grade 3 toxicity, which was immediately below a 5-
FU dose that produced grade = 3 toxicity in two or
more of six patients. The starting dose of 5-FU was
2400 mg/m?/48 h and this was increased in steps of
200 mg/m?/48 h in subsequent cohorts of patients.
The initial PDP of 5-FU was 0.00-06.30 h. During
this period 65% of the daily 5-FU dose was delivered.
After reaching the MTD of 5-FU, subsequent cohorts
of three to six patients were treated at MTD but
with a PDP from 18.00-0.30 h and 5-FU dose was
increased according to the abovementioned sche-
dule. Treatment cycles were administered every
week for four consecutive weeks and once every 2
weeks thereafter until the occurrence of disease
progression or unacceptable toxicity.

In case of grade = 3 toxicity treatment was with-
held until values had returned to the normal range
and/or symptoms had disappeared. In case of
recovery within this period, the dose of 5-FU was
reduced to 75%. Doses of MTX and LV were not
reduced. In case of 5-FU dose reduction due to
toxicity occurring during the first four weekly
cycles, and in the absence of grade = 2 toxicity
during subsequent two weekly cycles, it was recom-
mended to increase the 5-FU dose again to 100%.

Results

Twenty four patients entered the study, 14 male and
10 female. Median age was 61 years (range 43-71),
median WHO performance status was 1 (0-2),
median serum LDH value was 770U/l (range
161-2883, normal values <330 U/l) and median
WBC was 8.6 X 10°/1 (range 5.0-12.2). One patient
was excluded from the analysis because of
disease progression after one cycle. Ten patients
(43%) had failed on previous systemic chemo-
therapy; most of them had been treated with a 5-FU
bolus schedule.

Toxicity

The 5-FU dose levels with corresponding PDP
administered to 23 patients is shown in Table 1. At a
PDP of 0.00-6.30h the MTD of 5FU was
2600 mg/m?/48 h, since of the three patients trea-
ted at 2800 mg/m?/48 h, one patient experienced
grade 3 stomatitis and diarrhea, and one patient
grade 3 vomiting and grade 4 diarrhea. The PDP was
then changed to 18.00—-0.30 h and at this PDP dose-
limiting toxicity occurred at 3000 mg/m?/48 h with
all three patients experiencing grade 3/4 toxicities
(one patient grade 3 stomatitis and diarrhea, and
two patients grade 3 and grade 4 stomatitis, respec-
tively). A 5-FU dose of 2800 mg/m?/48 h with a PDP
of 18.00-0.30 h could safely be administered. In
order to assure feasibility, 10 patients were even-
tually treated at this 5-FU dose level and PDP, and
grade 3 vomiting and diarrhea occurred in only one
patient, and grade 2 stomatitis and diarrhea in nine
and one patients, respectively. After the fourth cycle,
when cycles were administered once every 2 weeks,
a further 5-FU dose escalation was performed in four
patients to 3500 mg/m?/48 h and this was possible
without an increase in toxicity.

Table 1. Patients and occurrence of toxicity at the differ-
ent 5-FU dose levels

5-FU dose PDP (h) Total no. of patients/
(mg/m?/48 h) patients with grade
3/4 toxicity

2400 0.00-6.30 3/0

2600 0.00-6.30 4/0

2800 0.00-6.30 3/2

2800 18.00-0.30 10/1

3000 18.00-0.30 3/3
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Tumor response

One patient was not evaluable for response due to
withdrawal from the study after three cycles because
of toxicity. Therefore, 22 patients were evaluable for
response. One previously untreated patient achieved
a partial response of 9 months duration, the remain-
ing 21 patients had stable disease for a median
duration of 8 (range 3—20+) months. With a median
follow-up of 10 months, the median overall survival
for all patients has not been reached.

Discussion

A schedule of weekly flat-rate 5-FU infusion at
60 mg/kg/48 h (equivalent to 2400 mg/m?/48 h)
has been described by Shah er al.*° Subsequently this
schedule has been used in several clinical stud-
ies.”’ "% The MTD of chronomodulated 5-FU bio-
chemically modulated by MTX and LV in our study
was 2800 mg/m?/48 h. The MTD of double modu-
lated flat-rate 5-FU infusion given over 48 h has never
been investigated. For comparison, the MTD of
weekly 48 h flat-rate 5-FU infusion without modula-
tion was 3500 mg/m?*® and of weekly 24 h 5-FU
infusion modulated by LV was 2600 mg/ m?.?” Based
on these data, it seems likely that a 5-FU dose of
2800 mg/m? /48 h given at a flat rate will be too toxic
in combination with both MTX and LYV, since double
modulation is likely to result in an increase in toxicity
compared with single or no modulation. Although
our study did not have the appropriate design to
allow a direct comparison with a flat-rate infusion
schedule, our results appear to confirm earlier obser-
vations that chronomodulated delivery of 5-FU allows
a high 5-FU dose intensity. These data also suggest
that a 5FU dose of 2400 mg/m?/48 h which has
been used in a recent randomized study was sub-
optimal, as was also evidenced by the ver; low inci-
dence of grade 3/4 toxicity in this study. ' Further-
more, in this last study the same schedule of four
weekly cycles followed by one cycle every 2 weeks
was used, and although this was not the primary
objective in our study, we could increase the 5-FU
dose of the two-weekly cycles in four patients up to
3500 mg/m?/48 h without any increase in toxicity.

We found that a PDP of 18.00-0.30 h allowed a
higher 5-FU dose intensity compared with a PDP
of 0.00-6.30h, but this difference was small
(200 mg/m?/cycle). Bjarnason et al"® also found in
a schedule of low-dose 14 day infusion of 5-FU that a
peak infusion around 21.00-22.00 h was superior to
a peak infusion around 03.00-04.00 h.
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LV and MTX are the only biochemical modulators
of 5-FU to date that have shown activity in rando-
mized clinical trials.®** Furthermore, MTX effec-
tively modulates 5-FU when given as a continuous
infusion.?! Very few data exist on clinical trials in
which MTX and LV are both administered as biochem-
ical modulators of 5-FU. Two small randomized trials
have failed to show a significant difference between
treatment with 5-Fu/MTX/LV and 5-FU/LV™' In
most trials in which 5-FU is combined with both MTX
and LV, the latter is used as a rescue for MTX
administration.”’ From this meta-analysis, the authors
could not exclude the possibility that the clinical
benefit of MTX modulation was due to the LV rescue.
In preclinical models the resuits of double modula-
tion of 5-FU by MTX and LV are conflicting, although
most studies failed to show an advantage for double
over single modulation.*?~* Trimetrexate, a dihydro-
folate reductase inhibitor which does not compete
with LV for cellular uptake and metabolism, might
therefore be a more suitable modulator of 5-FU in
combination with LV.** Early results of clinical trials
with this combination have been promising.3 536

We had one partial response in 12 patients
previously not treated with chemotherapy and no
response in 10 pretreated patients. Although this
result is disappointing, it should be noted that
patients remained stable for a substantial period of
time (median of 8 months). Graf et al. 37 have shown
that in metastatic colorectal cancer patients treated
with chemotherapy stabilization of disease is mean-
ingful to the patients, since they found only a small
difference (i.e. 2 months) in median survival be-
tween patients with disease stabilization and those
who achieved a partial remission. The median
survival in excess of 10 months in our patients of
whom 43% were pretreated with another 5-FU regi-
men may support this.

In conclusion, we showed that weekly chronomo-
dulated 48 h infusion of 5-FU biochemically modu-
lated by MTX and LV is feasible, and that the MTD of
5-FU in this schedule is 2800 mg/m2. With this
schedule a PDP of 18.00-0.30 h is modestly superior
to a PDP of 0.00-06.30 h. Based on our results as
well as the results of recent clinical trials, the use of
double modulation of 5-FU by LV and MTX cannot
be advocated.

References

1. Hryniuk W, Figueredo A, Goodyear M. Applications of
dose-intensity to problems in chemotherapy of breast
and colorectal cancer. Semin Oncol 1987; 14: 3—11.



10.

11.

12.

13.

14.

15.

16.

. Levi

Chronomodulated 5-FU infusion modulated by MTX and leucovorin

. Lokich JJ, Ahigren JD, Gullo JJ, Philips JA, Fryer JG. A

prospective randomized comparison of continuous
infusion fluorouracil with a conventional bolus sche-
dule in metastatic colorectal carcinoma: a Mid-Atlantic
Oncology Program study. J Clin Oncol 1989; 7: 425—
32.

. Anderson N, Lokich J. Controversial issues in 5-

fluorouracil infusion use. Dose intensity, treatment
duration, and cost comparisons. Cancer 1992; 70:
998-1002.

. Leichman CG, Fleming TR, Muggia FM, et al. Phase II

study of fluorouracil and its modulation in advanced
colorectal cancer: 2 Southwest Oncology Group study.
J Clin Oncol 1995; 13: 1303-11.

. Harris BE, Song R, Soong SJ, Diasio RB. Circadian

variation of 5-fluorouracil catabolism in isolated per-
fused rat liver. Cancer Res 1989; 49: 6610-4.

. Harris BE, Song R, Soong §J, Diasio RB. Relationship

between dihydropyrimidine dehydrogenase activity
and plasma 5-fluorouracil levels with evidence for
circadian variation of enzyme activity and plasma drug
levels in cancer patients receiving 5-fluorouracil by
protracted continuous infusion. Cancer Res 1990; 50:
197-201.

. Petit E, Milano G, Levi E Thyss A, Bailleul E Schneider

M. Circadian rhythm-varying plasma concentration of
5-fluorouracil during a five-day continuous venous
infusion at a constant rate in cancer patients. Cancer
Res 1988; 48: 1676-9.

F Blaszek I,
seasonal rhythms in murine bone marrow colony-
forming cells affect tolerance for the anticancer agent
4'-tetrahydropyranyladriamycin (THP). Exp Hematol
1988; 16: 696-701.

. Smaaland R, Laerum O, Lote K, Sletvold O, Sothern RB,

Bjerknes R. DNA synthesis in human bone marrow is
circadian stage dependent. Blood 1991; 12: 2603-11.
Buchi KN, Moore JG, Hrushesky WJM, Sothern RB,
Rubin NH. Circadian rhythm of cellular proliferation
in the human rectal mucosa. Gastroenterology 1991,
101: 410-5.

Levi E Benavides M, Chevelle C, et al. Chemotherapy
of advanced ovarian cancer with 4'-O-tetrahydro-
pyranyl doxorubicin and cisplatin: 2 randomized phase
II trial with an evaluation of circadian timing and dose-
intensity. J Clin Oncol 1990; 8: 705-14.

von Roemeling R, Hrushesky WJM. Circadian pattern-
ing of continuous floxuridine infusion reduces toxicity
and allows higher dose intensity in patients with
widespread cancer. J Clin Oncol 1989; 7: 1710-9.
Caussanel JP, Levi F, Brienza S, et al. Phase 1 trial of 5-
day continuous venous infusion of oxaliplatin at
circadian rhythm-modulated rate compared with con-
stant rate. J Natl Cancer Inst 1990; 82: 1046-50.
Depres-Brummer P, Levi F, Di Palma M, et al. A phase I
trial of 21-day continuous venous infusion alpha-
interferon at circadian rhythm modulated rate in
cancer patients. J Immunotber 1991; 10: 440-7.
Bertheault-Cvitkovic F, Levi F Soussan S, et al. Circa-
dian rhythm-modulated chemotherapy with high-dose
5-fluorouracil: a pilot study in patients with pancreatic
adenocarcinoma. Eur J Cancer 1995; 29A: 1851-4.
Levi E Misset JL, Brienza S, et al. A chronopharmaco-
logic phase II clinical trial with 5-fluorouracil, folinic

Ferle-Vidovic A. Circadian and .

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

acid, and oxaliplatin using an ambulatory muiti-chan-
nel programmable pump. High antitumor effectiveness
against metastatic colorectal cancer. Cancer 1992; 69:
893-900.

Hrushesky WJM, Bjarnason GA. Circadian cancer
therapy. J Clin Oncol 1993; 11: 1403-17.

Levi FA, Zidani R, Vannetzel JM, et al. Chronomodu-
lated versus fixed-infusion-rate delivery of ambulatory
chemotherapy with oxaliplatin, fluorouracil, and foli-
nic acid (leucovorin) in patients with colorectal
cancer metastases: a randomized multi-institutional
trial. J Natl Cancer Inst 1994; 86: 1608-17.

Bjarnason GA, Kerr IG, Doyle N, MacDonald M, Sone
M. Phase I study of 5-fluorouracil and leucovorin by a
14-day circadian infusion in metastatic adenocarcino-
ma patients. Cancer Chemother Pbarmacol 1993; 33:
221-8.

Shah A, MacDonald W, Goldie J, Gudauskas G, Brise-
bois B. 5-FU infusion in advanced colorectal cancer: a
comparison of three dose schedules. Cancer Treat
Rep 1985; 69: 739-42.

Blijham G, Wagener T, Wils ], et al. Modulation of
high-dose infusional fluorouracil by low-dose metho-
trexate in patients with advanced or metastatic color-
ectal cancer: final results of a randomized European
Organization for Research and Treatment of Cancer
Study. J Clin Oncol 1996; 14: 2266-73.

Blijham GH, Wagener DJT, van Oosterom AT, Kok TC,
Neijt PJ, Wils JA. Phase II study of high-dose 5-
fluorouracil with oral leucovorin in advanced colo-
rectal cancer. Ann Oncol 1990; 1(suppl): 45 (abstr).
Punt CJA, Burghouts JTM, Croles JJ, Vanliessum PA,
Demulder PHM, Kamm Y. Continuous infusion of
high-dose 5-fluorouracil in combination with leucovor-
in and recombinant interferon-alpha-2b in patients
with advanced colorectal cancer—a multicenter phase
II study. Cancer 1993; 72: 2107-11.

Punt CJA, Burghouts JThM, Kateman I, Croles JJ,
Kamm YL, Wagener DJT. Double alternate modulation
of high-dose 5-fluorouracil by interferon alpha-2b and
phosphonacetyl-L-aspartic acid in patients with ad-
vanced colorectal cancer. Oncol Rep 1994; 1: 755-7.
Blijham GH, Wagener Th, Wils J, et al Double
modulation of high-dose 5-flourouracil (FU) with low-
dose PALA and methotrexate (MTX): results of a
randomized EORTC study. J Clin Oncol 1997; 16: 267a
(abstr).

Diaz-Rubio E, Aranda E, Martin M, Gonzalez-Mancha R,
Gonzalez-Larriba J, Barneto 1. Weekly high-dose infu-
sion of 5-fluorouracil in advanced colorectal cancer.
Eur J Cancer 1990; 26: 727-9.

Ardalan B, Chua L, Tian E, et al. A phase II study of
weekly 24-hour infusion with high-dose fluorouracil
with leucovorin in colorectal carcinoma. J Clin Oncol
1991; 9; 625-30.

Piedbois P, Buyse M, Rustum Y, et al Modulation of
fluorouracil by leucovorin in patients with advanced
colorectal cancer: evidence in terms of response rate.
J Clin Oncol 1992; 10: 896-903.

Piedbois P, Buyse M, Blijham G, et al. Meta-analysis of
randomized trials testing the biochemical modulation
of fluorouracil by methotrexate in metastatic colo-
rectal cancer. J Clin Oncol 1994; 12: 960-9.

Abad A, Garcia P, Gravalos C, et al. Sequential

Anti-Cancer Drugs - Vol 8 - 1997 457



CJA Punt et al.

31.

32.

33.

458

methotrexate, 5-fluorouracil (5-FU), and high dose
leucovorin versus 5-FU and high dose leucovorin
versus 5-FU alone for advanced colorectal cancer: a
multi-institutional randomized trial. Cancer 1995; 75:
1238-44.

Polyzos A, Tsavaris N, Giannopoulos A, et al. Biochem-
ical modulation of fluorouracil: comparison of metho-
trexate, folinic acid, and fluorouracil versus folinic
acid and fluorouracil in advanced colorectal cancer: a
randomized trial. Cancer Chemotber Pharmacol
1996; 38: 292-7.

Heppner GH, Calabresi P Effect of sequence of
administration of methotrexate, leucovorin and 5-
fluorouracil on mammary tumor growth and survival
in syngeneic C3H mice. Cancer Res 1977; 37: 4580-
3.
Romanini A, Li WW, Colofiore JR, Bertino JR. Leuco-
vorin enhances cytotoxicity of trimetrexate/fluorour-
acil, but not methotrexate/fluorouracil, in CCRF/CEM
cells. J Natl Cancer Inst 1992; 84: 1033-8.

Anti-Cancer Drugs - Vol 8 - 1997

34.

35.

30.

37.

Vanderwilt CL, Braakhuis BJM, Pinedo HM, Dejong M,
Smid K, Peters GJ. Addition of leucovorin in modula-
tion of S-fluorouracil with methotrexate: potentiating
or reversing effect? Int J Cancer 1995; 61: 672-8.
Conti JA, Kemeny N, Seiter K, et al. Trial of sequential
trimetrexate, fluorouracil, and high-dose leucovorin in
previously treated patients with gastrointestinal
carcinoma. J Clin Oncol 1994; 12: 695-700.

Blanke C, Kasimis B, Kurman M, Capizzi R, Schein P
Trimetrexate (TMTX) modulation of 5-fluorouracil/
leucovorin (5-FU/LV) for advanced colorectal cancer.
Ann Oncol 1996; 7(suppl 1): 69 (abstr).

Graf W, Pahlman L, Bergstrom R, Glimelius B. The
relationship between an objective response to chemo-
therapy and survival in advanced colorectal cancer. Br
J Cancer 1994; 70: 559-063.

(Received 25 March 1997; accepted 10 April 1997)



