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A Phase I-II Study of N-(Phosphonacetyl)-L-
Aspartic Acid (PALA) Added to 5-Fluorouracil and
Folinic Acid in Advanced Colorectal Cancer

D.I. Jodrell, W. Oster, D.J. Kerr, P.A. Canney, H. Yosef, W.P. Steward,
S.B. Kaye and J. Cassidy

N-(phosphonacetyl)-L-aspartic acid (PALA) inhibits the enzyme L-aspartic acid transcarbamoylase (AT Case)
which is important in de novo pyrimidine synthesis. Low dosages of PALA modulate the in vitro activity of 5-
fluorouracil (5-FU) and PALA (250 mg/m?) inhibits pyrimidine synthesis in patients. PALA (250 mg/m? day 1) was
combined with an established 5-FU/folinic acid (FA) regimen [FA (200 mg/m? over 2 h days 2+3) and bolus and
22 h infusional 5-FU (300-500 mg/m? days 2+3)] without the need for dose reduction of 5-FU or FA. 35 patients
were entered. Treatment was well tolerated; 4/27 patients experienced = ECOG grade 3 toxicity at full 5-FU
dosage (500 mg/m? bolus/infusion). However, the response rate in 33 evaluable patients was only 6.1% [95%
confidence intervals (C.I.) 0.2-21.8%]. Median response duration was short (4 months, 95% C.I. 3-6 months) and
overall median survival was 10 months (95% C.I. 7-16 months). Although PALA (250 mg/m?) can be combined
with full dosage 5-FU/FA, the combination has poor activity in colorectal cancer.
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INTRODUCTION
TO DATE, response rates achieved in patients with metastatic
colorectal cancer have been disappointing. The fluorinated
pyrimidine, 5-fluorouracil (5-FU) is the most extensively used
drug in metastatic colorectal cancer, although a meta-analy-
sis [1] has shown that the response rate achieved using conven-

tional bolus administration schedules is only 11%. Because of
this low response rate, interest has focused on the modulation of
5-FU activiry.

N-(phosphonacetyl)-L-aspartic acid (PALA) is an inhibitor of
the enzyme L-aspartic acid transcarbamoylase (ATCase) which
is important in de novo pyrimidine synthesis. At high concen-



PALA/5-FU/FA in Colorectal Cancer

trations (10~* M), PALA inhibits cell growth in vitro [2]. At
lower concentrations, PALA is not cytotoxic but does act as a
modulator of the antitumour activity of 5-FU [3]. A major locus
of action of 5-FU is the enzyme thymidylate synthase (TS). The
5-FU metabolite FdAUMP isa potent inhibitor of TS [4], forming
an irreversible ternary complex with TS and the cofactor 5,10-
CH,-FH,. In addition to TS inhibition, the incorporation of 5-
FU metabolites into RNA and DNA has been shown to be an
alternative mechanism of action [5]. The reduction in synthesis
of uridine nucleotides caused by the administration of PALA
allows increased anabolism of 5-FU to FAUMP, FUTP and
other metabolites, and also enhances the potential for binding of
FAUMP to TS as a result of reduction in the competing
natural substrate (dAUMP). Similarly, reduction of UTP reduces
competition for incorporation of FUTP into RNA [6].

In patients initially treated with PALA administered at high
dosage (2 g/m?/week) in combination with 5-FU (480 mg/m?/
week), it was necessary to reduce 5-FU dosage in 80% of patients
because of marked toxicity [7]. This reduction in the dosage of
5-FU may have been the cause for the lack of antitumour activity
seen in such patients. It has been shown that lower dosages of
PALA (250 mg/m®) are sufficient to inhibit de nove pyrimidine
synthesis in patients [8] and this dosage of PALA was success-
fully combined with full dose 5-FU (750 mg/m?/week).

The co-administration of folinic acid (FA, 5-CHO-FH,) rep-
resents an alternative approach to the modulation of 5-FU
activity. The TS inhibitory effects of the 5-FU metabolite F-
dUMP (see above) may be limited by reduced intracellular
concentrations of 5,10-CH,-FH,. The use of 5-FU in combi-
nation with FA, which is readiy converted to 5,10-CH,-FH,,
increases the formation of the ternary complex. There have
been a number of clinical studies which have shown that the
combination of 5-FU with FA enhances the actvity of 5-FU in
patients with metastatic colorectal cancer [1].

Although the addition of FA to bolus 5-FU has been shown to
improve response rates [1), this may occur at the expense
of increased toxicity. A widely used 5-FU/FA combination
administered to outpatients at weekly intervals [2 h infusion
of FA (500 mg/m?) with a bolus dose of 5-FU (600 mg/m?)
administered 1 h into the FA infusion] was associated with a
high incidence (40%) of dose-limiting diarrhoea [9]. However,
the combination of infusional FA with both bolus and infusional
5FU, administered over a 48-h period, has been shown to be as
active (response rate = 54%) as bolus alone schedules, and is
much better tolerated [10]. No WHO grade 3 toxicities were
experienced by the 37 patients reported. Therefore, a similar
regimen combining bolus and infusional 5-FU with FA was
chosen for this study. Because of experience with PALA at high
dosage and other modulators of 5-FU activity leading to an
increase in toxicity, in the first 8 patients treated, 5-FU dosages
were reduced for both the bolus and infusion (300 mg/m? in 4,
400 mg/m? in 4). Dosages were increased following the success-
ful treatment of each of these cohorts.

Therefore, this study investigated the feasibility of combining
low-dose PALA (250 mg/m?2) with FA (200 mg/m?), and increas-
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Table 1. Drug regimen used (repeated every 2 weeks)
Dosage Time
Drug (mg/m?) (h) Infusion duration
Day 1
PALA 250 0 15-20 min
Day 2
FA 200 24 2h
S-FU 300-500 26 Short infusion {10 min)
5-FU 300-500 26 22h
Day 3
FA 200 48 2h
S-FU 300-500 50 Short infusion (10 min)
5-FU 300-500 50 22h

ing dosages of bolus and infusional 5-FU. The aim of the study
was to administer PALA in combination with ‘full dosage’ 5-
FU/FA, and to assess the toxicity of such a regimen and to
collect preliminary response data.

PATIENTS AND METHODS

This was an open study in patients with histologically proven
colorectal cancer. All patients had evidence of metastatic disease.
No patient had received previous 5-FU chemotherapy or any
other anticancer therapy (including radiotherapy) in the 4 weeks
prior to treatment. All patients had measurable disease as
assessed unidimensionally or bidimensionally by clinical
examination, X-ray, ultrasonography, computed tomography
(CT) scanning or magnetic resonance imaging (MRI) scanning.
Patients with poor ECOG performance status (PS > 2) were
excluded, as were patients with a life expectancy of less than 3
months or patients who were unable to provide written informed
consent. Ethical commitiee approval for the study was granted
by Greater Glasgow Health Board-The West Ethical Committee.

Prior to entry into the study all patients underwent a compiete
physical examination and full blood count, plasma biochemical
profile and chest X-ray were obtained. All patients entered had
adequate peripheral blood counts (haemoglobin = 10.0 g/dl,
WBC = 3.0 x 10%1, platelets = 100 X 10%1) and adequate
renal and hepatic function (plasma creatinine < 150 pmol/l,
bilirubin =< 20 wmol/l). Previous malignancy, cerebral metast-
ases and severe concurrent illness were also considered to be
exclusion criteria.

PALA was synthesised by the National Cancer Institute of the
United States and was supplied by U.S. Bioscience in S-ml vials
containing 500 mg of PALA. 5-FU and FA are both available
commercially. PALA, FA and 5-FU were further diluted in
0.9% NaCl for administration purposes.

The treatment regimen is shown in Table 1 and Figure 1. Itis
known that 24 h are required for PALA to fully deplete uridine
nucleotides. In practice, PALA was administered in an out-
patient clinic on the day prior to a 48-h admission for 5-FU/
FA. Prophylactic antiemetics or antidiarrhoeal agents were not
routinely administered. Treatment was repeated every 2 weeks
provided that non-haematological toxicities (mucositis and

Drug

Time (h) 0 24 26262 48 50562 72

Figure 1. Drug regimen used (repeated every 2 weeks).
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diarrhoea) had resolved, WBC = 3.0 X 10%1 and platelets
= 100 x 10%1. The initial 5-FU dosage for both bolus and 22-h
infusion was 300 mg/m?, This was increased to 400 mg/m? in
the absence of dose-limiting toxicity (DLT) in the first 4 patients.
A final dose escalation to 500 mg/m? was allowed in the absence
of DLT in 4 patients treated at 400 mg/m2. There was no
intrapatient dose escalation.

5-FU dosage (bolus and infusion) was reduced by 20% in
patients with unacceptable (ECOG grade III) toxicity or ECOG
grade II toxicity which had not resolved within 14 days of
the planned treatment time. Any patients experiencing life-
threatening (ECOG grade 4) toxicity were only retreated if
clinically appropriate and then at 50% of the starting 5-FU
dosage. After four cycles of treatment (8 weeks) patients’
measurable disease was reassessed. Treatment was continued for
a further four cycles in patients who had either stable or
responsive disease. Treatment was continued beyond eight
cycles (16 weeks) in stable or responding patients at the discre-
tion of the individual clinicians participating in the study. In
patients with progressive disease at four cycles (or prior to this if
clinically apparent), treatment was discontinued and further
treatment was at the discretion of the individual clinicians.
Objective responses were assessed by standard WHO criteria,
i.e. complete response (CR), complete resolution of all known
disease determined by two observations at least 4 weeks apart;
partial response (PR), 50% reduction in dimensions (the product
of bidimensionally measurable disease where appropriate) of
indicator lesions without evidence of progression in other disease
sites or the appearance of new lesions; progressive disease (PD),
the appearance of new lesions or a 25% or greater increase in
existing lesions; stable disease (SD), disease status fulfilling none
of the above criteria.

In addition to progressive disease or unacceptable toxicity,
patients could be withdrawn if they elected to discontinue
therapy or the individual physician felt it was not in the patient’s
best interest to continue therapy.

Treatment-related toxicity was recorded at each clinic visit
and graded according to standard ECOG criteria.

RESULTS
Patient characteristics
35 patients with advanced colorectal cancer were entered
into the study. Patient characteristics are shown in Table 2.
Performance status was good (ECOG grade 0 or 1) in all patients.

Table 2. Patients’ characteristics

Sex
Male 16
Female 19
Age (years)
Median 60
Range 14-69
Primary site
Rectum 14
Colon 21
Number of metastatic sites
Median 2
Range 1-3
Performance status (by ECOG grade)
0 13
1 22
2 0
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Table 3. The incidence of toxicity during the dose escalation phase

Toxicity (worst
toxicity with any 5-FU 300 mg/m? 5-FU 400 mg/m?
course) (n=4) (n=4)
Mucositis
ECOG1 1 1
ECOG =2 0 1
Diarrhoea
ECOG 1 2
ECOG2 2 1
ECOG = 3 0
Nausea
ECOG1 3 2
ECOG2 1 1
ECOG =3 0 0
Vomiting
ECOG 1 0 1
ECOG2 0 1
ECOG = 3 0

The most common site of metastatic disease was the liver (15/35
patients) and 17/35 patients had a single site of metastatic
disease. One patient had previously received radiotherapy (not
to indicator lesion) and 1 patient had previously received chemo-
therapy (elsamitrucin in a phase II study).

Dosage escalation phase

4 patients were treated with 5-FU dosages of 300 and 400
mg/m?, in the absence of DLT (no ECOG grade = 3, see Table
3), 5-FU dosage for both the bolus and 22-h infusion was
escalated 10 500 mg/m? and used in the subsequent 27 patients.
However, in 1 patient treated at 400 mg/m?, 5-FU dosage was
reduced by 25% at the eighth cycle because of hand-foot
syndrome severe enough to interfere with function. This patient
achieved PR in liver metastases, and time to progression was 10
months, and survival 16 months from the start of treatment.
Infusion-related phlebitis was noted in 1 patient treated at the
starting dose, but this was not dose limiting. No haematological
toxicity was documented at either of these dose levels. 1 patient,
treated at 5-FU 300 mg/m?, was reassessed as stable disease after
four cycles but died suddenly at home prior to his fifth cycle of
treatment. Postmortem was not performed, but there was no
history to suggest an infective cause, and he had reported no
diarrhoea with that course of treatment. It is not possible to
comment on whether 5-FU-induced cardiotoxicity contributed
to his death. One patient (SD at cycle 10) refused further
treatment. He had experienced only ECOG grade 1 toxicity
associated with the study medication but was unable to tolerate
the 48-h admission period psychologically.

The antitumour activity of PALA/5-FUIFA

2 patients were considered to be non-evaluable; 1 patient
developed grade 3 diarrhoea and grade 4 leucopenia, and died
following her fourth cycle of treatment and before reassessment;
1 patient with subacute obstruction developed complete intesti-
nal obstruction following his second cycle of therapy. We felt
justified in not including him as progressive disease because
10 months following his laparotomy he developed symptoms
associated with liver metastases and local recurrence in the
pelvis, and was successfully treated (documented partial
remission) with 5-FU/FA alone. Of 25 evaluable patients treated
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Figure 2. Kaplan—-Meier plot of time to disease progression from
start of treatment (n = 33). Median = 4 months (95% C.I. 3-6
months).

at the proposed full dosage of 5-FU (500 mg/m?), only 1 patient
(4%) achieved a partial remission using standard WHO criteria.
In addition, 1 patient, receiving 400 mg/m? 5-FU, also achieved
a partial response and was treated at a maximally toleratd 5-FU
dosage (see above). Therefore the overall response rate for 33
evaluable patients was only 6.1% [95% confidence interval (C.1.)
0.2-21.8%]. In addition, at 5-FU 500 mg/m?, a further 13
patients (52%) were assessed as having SD following four cycles
(8 weeks), but of these, 4 had progressed when reassessed after
four further cycles leaving 9/25 (36%) stable at 16 weeks. The
median time to progression was 4 months (95% C.I. 3-6 months,
Figure 2) and the median overall survival was 10 months with
95% C.I. 7-16 months (Figure 3). In summary, of the 25 patients
treated with full dosage 5-FU (500 mg/m?), 60% had progressive
disease on therapy although 15/25 remain alive (follow-up 7-15
months, median 11 months).

The incidence of toxicity at full 5-F U dosage (500 mg/m?)
27 patients were treated at this dose level but only 26 were
evaluable. Toxicities encountered in the fixed-dose phase of the

100

80 -

Percentage alive
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Time (months)

Figure 3. Kaplan-Meier plot of survival duration from start of treat-
ment (n = 35). Median = 10 months (95% C.1. 7-16 months).
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study are shown in Table 4. Toxicity is recorded as the worst
toxicity experienced in individual patients in any course. The
incidence of ECOG = 3 toxicity was low (4/27 patients—
diarrhoea alone, 3 patients; diarrhoea, nausea and vomiting, 1
patient). However, 1 patient died following treatment having
developed grade 3 diarrhoea and grade 4 leucopenia. This
toxicity occurred following cycle four of treatment and preceding
cycles had been administered with minimal toxicity. In 2 patients
developing grade 3 diarrhoea following cycles four and five,
progressive disease was documented at reassessment and treat-
ment was discontinued. In one of these patients, diarrhoea
continued despite receiving no further chemotherapy and may
well have been disease related. Dosage reduction of 20% resulted
in 1 patient continuing therapy without further diarrhoea. In 1
patient, dose reduction of 25% was performed following two
successive courses in which treatment was delayed for 1 week
because of leucopenia. Hand-foot syndrome was noted in 1
further patient at the maximum 5-FU dosage. Alopecia was
noted in 3 patients (grade 1, 2 patients; grade 2, 1 patient).
Anaemia requiring transfusion occurred in 2 patients whilst on
study.

Two toxicities were noted during the study which had not
been anticipated prior to the study and were not assessed
prospectively. For this reason they are discussed here but the
true incidence has not been documented. A number of patients
noted marked superficial phlebitis following the intravenous
infusion. In some patients, this resulted in a painless brown
discolouration along the course of the vein, but in occasional
patients, marked erythema and pain was a feature. Patients were
also noted to frequently complain of blood-stained mucous
discharge from their nose. In no patient was this associated with
thrombocytopenia or clotting abnormalities.

DISCUSSION

This paper has described the coadministration of PALA
with a ‘full dose’ combination of S-FU and FA. PALA was
administered at a dosage (250 mg/m?) which has been shown to
inhibit de nove pyrimidine synthesis in man [7]. The combi-
nation of bolus and infusional 5-FU and short infusion FA used
in this study has been reported as being highly active (response
rate 54%) in patients with metastatic colorectal cancer [10].

The study regimen (Table 1) was generally well tolerated with
only 4/27 patients experiencing = ECOG grade 3 toxicity at the
maximum 5-FU dosage administered (500 mg/m?, Table 2). In
3/4 patients, this toxicity comprised diarrhoea alone. These
toxicity data are similar to those reported for the combination of
5-FU and FA in the absence of PALA [10], and although this
was not a randomised prospective study, there was no apparent
increase in toxicity as a result of the addition of PALA at
this dosage. In 1 patient severe toxicity, including grade 4
neutropenia, was encountered, and this patient probably died as

Table 4. The incidence of toxicity at full 5-FU dosage (500 mgim®)

Toxicity

(worst with

any course) ECOG 0 ECOG 1 ECOG 2 ECOG 3
Mucositis 16 (62%) 4(15%) 6 (23%) 0
Diarrhoea 13 (50%) 6 (23%) 3(12%) 4 (15%)
Nausea 10 (38%) 13 (50%) 2(8%) 1(4%)
Vomiting 19 (73%) 5(19%) 1 (4%) 1(4%)
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a result of drug-induced toxicity. Sporadic severe toxicity has
been previously reported in patients receiving 5-FU, and this
phenomenon has been associated with evidence of reduced
activity of the enzyme dihydropyrimidine dehydrogenase
(DPD) [11], but clinical material which might allow the diag-
nosis of such an enzyme deficiency was not available.

The most disappointing outcome of this study was the poor
response rate. Although this study comprised only 33 evaluable
patients leading to wide confidence intervals on the reported
response rate (6.1%, 95% C.I. 0.2-21.8%), the upper limit of
the confidence interval remains below 25%, and does not
approach the 54% initially reported for this particular 5-FU/FA
regimen [10]. In a separate study, a regimen using a reduced
dosage of 5-FU (400 mg/m?) but similar infusion schedule was
reported to give a response rate of 24% (95% C.1. 11-37%) [12].
It is not possible to identify reasons for this poor response rate.
Only 1 patient (in the dose escalation phase) had received
previous chemotherapy and WHO performance status was good
(ECOG grade 0 or 1) in all patients. In addition, 17/35 patients
had a single site of metastatic disease. The ages of patients
treated in this study (median 60 years, range 41-69) are also
similar to those previously reported (median 62 years, range
38-79). It is accepted that response rates may vary between
studies as a result of interpretation of response criteria and the
difficulty in obtaining reproducible bidimensional measurement
using present imaging techniques. However, in this study,
response duration was short (4 months, 95% C.I. 3-6 months)
and overall survival (10 months, 95% C.I. 7-16 months) was also
shorter than that previously reported for this regimen (18
months) [10]. Although it cannot be shown from the data
presented, it is unlikely that PALA has a negative impact on the
antitumour activity of S-FU/FA, and therefore it must be
concluded that a suboptimal 5-FU/FA regimen had been selected
for this study, despite the promising results from previous
publications [10, 12].

In addition, the chosen 5-FU/FA regimen is costly to adminis-
ter in terms of both drug costs and, in our experience in Glasgow,
inpatient care. Patients were admitted for 2 nights every 2 weeks,
and this is likely to have a negative impact upon quality of
life. In 1 patient, this was stated as the cause of significant
psychological morbidity and premature cessation of therapy.

The dose intensity of the S-FU/FA regimen used in the study
reported here is 5-FU 1000 mg/m?/week and FA 200 mg/m¥
week. In comparison, a regimen has been reported where the 5-
FU dose intensity (in combination with FA) has been escalated
to 2600 mg/m*week and FA dose intensity to 500 mg/m¥
week [13]. In combination with PALA (250 mg/m?week),
exciting preliminary response data have been reported [6/7
(86%) in evaluable untreated patients, 7/16 (44%) in evaluable
previously treated patients] using this dose-intense regi-
men [14], in which the 5-FU and FA were coadministered as a
24-h infusion, 24 h after the administration of PALA.

It is unlikely that dose intensity alone is the most important
factor in the administration of drugs with antimetabolic effects.
However, the relative lack of toxicity and poor response rate
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noted in this study demonstrate that further studies are required
to optimise the dosage and scheduling of 5-FU and FA. It will
be difficult to define the exact role of PALA in the modulation
of 5-FU anticancer activity until this has been achieved, and
carefully designed prospective randomised studies must be a
priority to answer these questions.
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