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Phase II study of fluorouracil, leucovorin and interferon
alpha-2a in patients with advanced colon cancer
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Based on in vitro studies that have demonstrated synergy between fluorouracil (5-FU) and leucovorin (LV)
as well as between 5-FU and recombinant alpha-2a interferon (IFN) against colon cancer cell lines a phase
II study was carried out to evaluate the toxicity and clinical activity of 5-FU modulated with LV and IFN in
patients with metastatic colon cancer. Twenty-two chemotherapy naive patients with measurable metas-
tases of colon cancer have been treated with daily doses of 5-FU 600 mg/m? in 6-hr intravenous infusion,
and of LV 20 mg/m? intravenously and IFN 6 MU subcutaneously, for 5 days every 4 weeks. Median age
was 60 years, median PS (ECOG) was 1 (range 0-2). Liver, soft tissue and lung metastases were found in
12, 5 and 8 patients, respectively. Nineteen patients had a single metastatic site, two double, whereas one
had more than two metastatic sites. Patients had 2-9 (mean 5) cycles of treatment. Objective response was
observed in 7 patients (32%), and stable disease in 7 patients (32 %). Overall median survival was 12.5
months, and for responders 14.4 months. Responses were generally short and median time for progression
was 5.5 months. The most frequent adverse reactions were flu-like syndrome (50%), nausea/vomiting
(36%), diarrhoea (13%), stomatitis (27%) and leucopenia (13%).

This regimen of 5-FU with LV and IFN administration does not appear to be superior to previously pub-
lished schedules of 5-FU with IFN or 5-FU with LV.
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Introduction

Colon cancer is one of the most common
malignancies in Slovenia, with more than 400
new cases diagnosed each year. In 1995, the
incidence of colon cancer per 100,000 popu-
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lation in Slovenia was 22.2 for male and 21.7
for female.!

Despite better surgical treatment and adju-
vant chemotherapy, approximately 50%
patients develop metastases. Patients with
metastatic colon cancer have uniformly poor
prognosis, because there is no effective thera-
py-

For more than 40 years fluorouracil (5-FU)
has been the mainstay in the treatment of
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colorectal cancer. As a single agent or in com-
binations with other chemotherapeutic
agents, the overall response in advanced col-
orectal cancer is in the range of 17% to 24%,
with median survival time of approximately
11 months.? In an attempt to improve these
results several approaches have been adopt-
ed. The most promising is the adjunction of a
modulatory agent, leucovorin (LV), which
interferes with the mechanisms of 5-FU cyto-
toxicity. Experimental studies have demon-
strated that LV is metabolised to a compound
that stabilised the ternary complex formed
between the 5-FU metabolite fluo-
rodeoxyuridilate and enzyme thymidylate
synthase, a key enzyme in DNA synthesis
thereby inhibiting enzymatic function and
increasing cytotoxicity of 5-FU.>S In several
randomised trials in metastatic colorectal
cancer, 5-FU/LV combination produced sta-
tistically ~ significant improvements in
response rate compared with 5-FU alone, and
a modest improvement in survival.6

In preclinical models, combining the
recombinant interferon alpha-2a (IFN) and 5-
FU resulted in the augmentation of the cyto-
toxic effects of 5-FU. The principal mecha-
nism of IFN modulation of 5-FU is currently
uncertain. However, evidence exists that this
agent alters the 5-FU plasma pharmacokinet-
ics by increasing the area under the concen-
tration (AUC)? and the formation of fluoro-
deoxiuridine-monophosphate,!®  inhibiting
the 5-FU induced upregulation of thymidilate
synthase, as well as thymidine kinase,! and
enhancing incorporation of fluorodeoyiuri-
dine triphosphate into DNA.12

In 1989, Wadler published promising
results of the treatment of metastatic colorec-
tal carcinoma with a combination of 5-FU
and IFN. The reported response rate was 76%
in a subgroup of non-pre-treated patients.'®
In 1991, inspired by these results, we started
a clinical trial in patients with metastatic
colon cancer using double modulation of 5-
FU with LV and IFN. The aim of this study

was to evaluate the toxicity, response rate
and overall survival in the treatment with
this drug combination. However, as the
recent reports of studies on 5-FU double
modulation by LV and IFN are conflicting,
we reviewed and discussed available clinical
studies using double modulation of 5-FU
with LV and IEN.

Patients and methods

Between December 1991 and January 1994,
22 patients with measurable metastatic colon
cancer and Eastern Co-operative Oncology
Group (ECOG) performances status of 0 to 2
were entered into the study protocol
approved by Medical Ethics Committee at the
Ministry of Health of the Republic of Slove-
nia. The patients who had received no prior
chemotherapy for metastatic disease had to
meet the following additional criteria:
metastatic disease not amenable to surgery,
prior adjuvant therapy with 5-FU alone or
with levamisol had to be completed >8
months before study entry, no evidence of
cardiovascular disease, adequate organ func-
tion including normal bone marrow function
(leukocyte count >3,500/pL, platelet count
>100,000/uL), renal function (creatinin <1.5
mg/dL or creatinin clearance >60 ml/min),
and normal hepatic function (bilirubin < 38
mmol/L, liver transaminase level < 3 times
the normal values, an albumen value>36 g/L,
negative hepatitis B surface antigen).

Patients with active cardiac disease, infec-
tion, clinically significant pulmonary and
neurologic dysfunction, cerebral metastases,
any significant intercurrent illness, require-
ment of systemic steroids, psychiatric history,
or those who had undergone surgery, chemo-
immuno- or radiation therapy were not eligi-
ble.

In the 4 weeks before entering the trials,
the size of the metastatic lesions was deter-
mined by computed tomography and/or
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ultrasound and /or X-ray examinations and
the serum levels of the carcinoembryonic
antigen (CEA) was measured. The size of the
lesions was determined after every second
treatment cycle. The patients with disease
progression had the best supportive care
with no additional second line chemothera-

Py-

Treatment plan

Patients received LV (Leucovorin Ben Venue
Laboratories Bedford) 20 mg/m?/day intra-
venously (i.v.) and half-an hour later 5-FU
which was administered in 6-hr continuos
intravenous infusion at a dose of 600
mg/mz/day diluted in 1,000 ml of normal
saline. 5-FU was obtained commercially.
Recombinant human IFN o-2a (Roferon;
Hoffman La-Roche) was administered sub-
coutaneusly (s.c.) in a dose of 6 MIU consecu-
tively after each 5-FU administrations.
Patients received all three drugs for 5 consec-
utive days. Cycles were repeated at 28-day
intervals. The dose of 5-FU was modified for
myelosupression, diarrhoea and stomatitis.
In grade 3 or 4 toxicity the dose of 5-FU was
reduced for 20%. Subsequent courses were
delayed until haematological recovery to the
following values: granulocytes, 1,500 /UL or
higher and platelets 100,000 or higher, and
resolution of all nonhematologic toxicity to
Grade I or baseline. There was no reduction
of the doses of LV and IFN.

Response criteria

Treatment response was evaluated after each
27d cycle. The responders and those with sta-
ble disease were subjected to regular clinical
and radiological follow up every two months
until progression, and then after 3 months
until deaths. Tumor response was defined
according to World Health Organisation
(WHO) criteria.’> A complete response (CR)
was defined as the disappearance of all

known disease symptoms on two separate
measurements performed in at least 4 week
interval; partial response (PR) was defined as
a 2 50% decrease in the sum of products of
the largest perpendicular diameters of all
measurable lesions for a minimum of 4
weeks, without the appearance of new
lesions; stable disease (SD) was defined as a
decrease by <50% or increase by <25%, with
no new lesions; progressing disease (PD) was
defined as a 25% or greater increase in mea-
surable disease or appearance of new lesions.
The duration of response was measured for
patients with objective response from the
onset of objective response to the time of pro-
gression. The duration of survival was mea-
sured from the first day of treatment until the
date of death.

Statistical Analysis

The survival, duration of response and the
time to progression were calculated using
log-rank test, 1617 while the calculations of the
95% confidence interval for response rate
were made by Brookmeyer and Crowley's
method.’

Results

The characteristics of the 22 patients entered
into this study are listed in Table 1. Seven
patients received prior adjuvant therapy con-
sisting of 5-FU and levamisol. The majority of
patients had minimal cancer related symp-
toms. Their ECOG PS was 0-1 except in 1
patient. Patients received 2 to 9 cycles of
chemoimmunotherapy (mean 5 cycles). All
patients were eligible and evaluable.

Tumour response

The overall response rate was 32% (95% confi-
dence interval (CI) 14% to 52%) (Table 2). All
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Table 1. Patients” characteristic

Characteristic No. of patients
Age, years

Median 60

Range 31-78
Male/Female 11/11
ECOG performace status

0/1/2 13/8/1
Prior adjuvant therapy 7

Sites of disease:

- Liver 12
-Lung 8
- Peritoneum 2
- Lymph nodes

No. of metastatic sites

1 19
2 2
3 1

responses were partial. There was no com-
plete response. The median time to achieve
initial response was 2.5 months (range 1.5 to
4.0). Most responding patients showed con-

Table 2. Tumor response

site, in the lung of one patient and in the soft
tissue of the other. In one patient who had
liver, lung and soft tissue metastases CR was
observed in the lung and soft tissue whereas
in the liver only PR was noticed. The patient
who had experienced daily hectic fever to
38.5°C caused by liver metastases, complete-
ly resolved the fever within 2 weeks of the
initiation of therapy. In the group of seven
patients, treated with adjuvant chemothera-
py, we did not see any response to chemoim-
munotherapy.

Survival

Overall median survival time was 12.5
months and of responders 14.4 months (Fig-
ure 1). Median follow up was 12 months.
Among 22 patients, 20 patients died. Their
survival ranged from 4 to 30 months. Two
patients are still alive 26 and 36 months after
beginning the study. The median time to pro-
gression was 5.5 months in 20 patients. In
the patients with objective response the
median time to progression was 8.7 months.
The two survivors have been without any

Response No.

of patients

Response rate (%)

Objective response
CR
PR
Stable disease

X N NN o 3

Progressive disease

32 (95% C.1. 14-52%)

tinued improvement in their disease status,
and the median time to achieve best clinical
response was 4.0 months (range 1.5 to 5.0).
In addition, 32% of patients had stable dis-
ease (range 3 to 14 months). Two of twelve
patients with metastases involving liver only,
two of eight patients involving lung only and
two patients with the involvement of both,
lung and an extrahepatic site responded. In
two patients with lung and soft tissue metas-
tases, CR was observed in one metastatic
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Figure 1. Probability of survival of the treatment group.
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sign of progression in the last 22 and 30
months, respectively.

Toxicity

As shown in Table 3, the side effects of
chemotherapy were generally mild and not
exceeding the toxicity grade of 3 to 4, neither
causing toxicity related deaths nor requiring
discontinuation of chemotherapy due to toxi-
city. In one patient chemotherapy was post-
poned for 14 days due to grade 2 leucopenia.
One patient requested a dose reduction of 5-

thymidylate sinthase. The 5-FU/LV combina-
tion produced statistically  significant
improvements in response rates compared
with 5-FU alone in several randomised trials
in metastatic colorectal cancer,'%?! although
improved survival was noted in two trials
only.”8 Inhibition of thymidine incorporation
into DNA is likely to be enhanced by IFN as a
result of its inhibitory effect on thymidine
kinase.' Based on this biochemical rationale
of inhibiting two key enzymes of 5-FU metab-
olism, a number of trials have been per-
formed in order to investigate the possibility

Table 3. Toxicity: The worst grade per patient across all cycles

Toxcity grade per patient

3 4

Flu-like
Nausea/vomiting
Stomatitis
Diarrhoea
Anorexia

Leukopenia

N W W W a N

Plantar-palmar
Erythrodema

W W N NN N

FU due to anorexia and plantar-palmar ery-
troderma. The most common toxicity was flu-
like syndrome which occurred in 11 patients.
After the 3™ cycle, the majority of the
patients did not complain anymore of any of
these types of toxicity. Nausea and vomiting
grade 1 and 2, mild diarrhoea, leucopenia
and plantar-palmar erythroderma occured in
8,3,3, and 6 patients, respectively.

Discussion

In an effort to improve its antitumor activity,
a number of strategies to modulate the cyto-
toxicity of 5-FU have been investigated. One
approach has focused on the use of the LV in
combination with 5-FU to stabilise the bind-
ing of the active metabolite fluorodeoxyuri-
dine monophosphate to its target enzyme,

of biochemical double modulation and to
assess the feasibility of this combination
(Table 4).

We have demonstrated the feasibility of
administering 6 MIU IFN with 5-FU and low
dose LV. Our combination of 5-FU/LV/IFN
has activity in previously untreated patients
with colon cancer. We have observed a 32%
overall response rate. The reason for such a
response rate and low toxicity may lie in a
relatively high dose of 5-FU and the adminis-
tration of 5-FU in prolonged infusion. A dose
- response relationship has been suggested
for 5-FU in colon cancer. 5-FU is a drug with
very short plasma half-life of approximately
12-18 minutes. The drug has cytotoxic activi-
ty against cells in S phase. With bolus admin-
istration, a small proportion of cancer cells
would be susceptible.??23 Thus, there exists a
sound rationale for the preference of continu-
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Table 4. Results of trials of 5-fluorouracil (5-FU), leucovorin (LV) and interferon alpha (IFN) for treatment of

meatastatic colorectal cancer

Stabuc B et al.

Reference

5-FU/LV/ IFN regimen

No. of patients

Objective

response (%)

YalavarthiZ’

Seymour?®

Recchia??

Grem?3°

Labianca®

Kreuser?

Cascinu®

5-FU 370 mg/m2 i.v. d 2 - 6q 21 d
LV 500 mg/m2i.v.d 2- 6 q 21
5MIUINFs.c.d1-7q21d

5FU 400 mg/m?2 bolus, then 5FU 400 mg/m2
by i.v. infusion over 22 hours d 1.2 q 14 d

LV 200 mg/m2 i.v.

6 MIU IFN s.c. every 48 hours troughout

5-FU370mg/m2 i.v. d 2-6 q 21 d
LV 500 mg/m2i.v.d 2-6q21d
3MIUIFNx3s.c.dq 28d

5-FU 370 mg/m2 i.v. d 2-6q 21 d
LV 500 mg/m2i.v.d 2-6q 21 d
5MIUIFNs.c.d1-7q21d

5-FU 400 mg/m2 i.v.x5d q 28 d
LV 200 mg/m2iv.x5d q28d
3MIUIFN-02bs.c.x5dq21d

5-FU 500 mg/m2i.v.x7dq21d
LV 200 mg/m2iv.x7dq21d
S5MIUIFN - o2bs.c.x7dq21d

5-FU 370 mg/m2i.v.d 2-6 q21d
LV 200 mg/m2 i.v.d 2-6q 21 d
3MIUIFN s.c. d1-7 q 21 d

31

128

32

54

36

62

45

23

31

22

44

22

29

51

ous infusion 5-FU to

bolus injections. In

clinical

results

of the b5-

many trials, objective response rate was high-
er and toxicity much lower in the patients
who received continuous infusion of 5-FU
than in the patients treated by bolus injec-
tions. 2425

Numerous trials have been performed
with different doses of LV (15 to 500 mg/m?).
In general, in clinical trials no difference was
indicated in the activity between low (20
mg/m?) and higher doses of LV (250
mg/m?).19:26

FU/LV/IFN combination were published in
1990.%7 The treatment schedule consisted of
1-20 MIU IFN/day for 5 days and 370-425
mg/m?/day 5-FU, and 500 mg/m?/day LV,
given in 5 consecutive days. Only 7 of 31
patients (23%) demonstrated PR, which was
disappointing. In the next three years various
modes of drug administration were studied
in order to define an optimal therapeutic
approach (Table 4). Although the majority of
phase II studies with 5-FU, LV and IFN have
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demonstrated objective response in approxi-
mately 30% of patients with advanced col-
orectal cancer, their relevance seems ham-
pered by small numbers of patients.

Despite some clinical trials which showed
that 5-FU plus IFN is more effective than 5-
FU alone in terms of response rate and event
free survival, but not of overall survival,3* in
three recent randomised clinical trials using
double modulation of 5-FU, the investigators
found that no benefit could be achieved with
the addition of IFN. An Italian trial was
aimed to clarify whether IFN could further
enhance the therapeutic potential of 5-FU in
combination with LV. Eighty-three patients
were entered into this trial. The therapy in
the first treatment arm consisted of 200
mg/m?/day LV, followed by 370 mg/m?/day
5-FU on days 1-5. In the second treatment
arm, 3MIU IFN was administered three times
a week subcoutaneusly. The response rates in
the 5-FU/LV and IFN arms was 45% and 22%,
respectively.?? Pensel randomised 55 patients
between treatment with 5-FU/LV with or
without IFN administered at a daily dose of
SMIU. Preliminary results did not suggest
any statistically significant difference in
terms of treatment outcome between the two
arms.3® Disappointing results were also
reported by the Hellenic Co-operative Oncol-
ogy Group. Among 95 patients enrolled in
trial the response rates in the arm without
IEN and in the arm with IFN were 19% and
6%.%6

According to phase II studies and prelimi-
nary results of three randomised trials, the
concept of 5-FU double modulation using
IFN and LV does not seem to fulfil its
promise either. Therefore, for cost considera-
tions and because combined treatment with
5-FU, LV and IFN seems to result in
enhanced toxicity, currently used dose regi-
mens of this approach cannot be recom-
mended for routine use. As the modulatory
effects of IFN on chemotherapy in experi-
mental models are highly dependent on the

timing and the dose of IFN, alternative
schedules of 5-FU and IFN combination are
worth exploring in clinical trials.
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