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Fifty-two untreated patients with colorectal cancer were randomized to re- 
ceive 5-fluorouracil (5-FU) alternating either with methotrexate (MTX) or 
Baker's Antifol (BAF) with or without the immunostimulant, levamisole (Pro- 
gram I). Fifty-five patients who had received prior treatment were randomized 
to receive methyl-CCNU (Me) with MTX or BAF (Program 11). Fifteen of these 
patients had failed to respond to initial therapy with 5-FU plus MTX or BAF 
and subsequently received Me plus the alternate antifol. Overall response 
rate for each of programs I and I1 was 10%. The responses were 1/11 with 
5-FU-MTX plus levamisole, 2/12 with 5-FU-MTX, 1/8 with 5-FU-BAF plus 
levamisole, 0/8 with 5-FU-BAF, 2/20 with Me-MTX and 2/21 with Me-BAF. 
The median survival times (MST) for patients receiving Programs I and I1 
were 10 and 5 months, respectively. The MST for all patients receiving MTX 
was significantly longer than that of patients receiving BAF. Survival was not 
influenced by levamisole administration. Both chemotherapy programs were 
well tolerated. The sequential administration of 4 active agents failed to im- 
prove the results of treatment of colorectal cancer. 

Cancer 42:2169-2176, 1978. 

HE CHEMOTHERAPY OF gastrointestinal T cancer has made few significant ad- 
vances since the introduction of 5-Fluoroura- 
cil (5-FU) 2 decades ago. This antimetabolite 
has produced objective tumor regression in 
20% of  patient^.',^*"^^ When given in combina- 
tion with a nitrosourea or mitomycin C, the 
response rate increases up to 30% to 40%, but 
the duration of tumor response is short and 
the effect on survival is minima1.3~5~7~s~'5~17~1E~zo 
Consequently, investigation of newer chemo- 
therapeutic agents and treatment modalities 
is justified. Methotrexate (MTX) and Baker's 
Antifol (BAF) have shown activity against a 
variety of solid tumors. Each produces objec- 
tive tumor regression in about 15% of patients 
with colorectal ~ a n c e r . ' ~ , ' " ~ ~  BAF has the ad- 
vantage of not requiring an active transport 

system for intracellular incorporation and has 
shown antitumor activity in patients with prior 
exposure to MTX.'] However, comparative 
studies of their clinical efficacy have not yet 
been conducted. 

Based on the favorable results achieved with 
sequential chemotherapy in animal models,4-- 
l 3 a Z 3  this clinical study was designed to evaluate 
this approach in patients with advanced colo- 
rectal cancer. 5-FU was administered sequen- 
tially with either MTX or BAF, thus allowing 
for a comparison of the antitumor activity of 
MTX with BAF. To evaluate if cross-resist- 
ance exists between these antifols, after fail- 
ing on initial treatment, patients were offered 
the other antifol administered in combination 
with methyl-CCNU (Me). Also, encouraged 
from the initial results of nonspecific immuno- 
theram with levamisole in the treatment of 
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REGIMEN I 
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Levam isole 

PROGRAM I I 

PROGRAM I domized to receive BAF were given a dose of 
250 mg/m2/day iv for 3 days instead of MTX. 
Each dose of BAF was mixed in 100 ml of 
5% dextrose solution given over 1 hour. 
Three weeks after administration of either an- 
tifolate, the cycle beginning with 5-FU chemo- 
therapy was reDeated. Patients randomized to 

I ,  

5-FU i BL 

I 5 L  

and so forth 

receive levamisole were given a dose of 150 
mg/m2/day orally on days 7, 8, 14, 15, 21 and 
22 of treatment with each chemotherapeutic 
agent. 

Forty patients who had received prior treat- 
ment with 5-FU were randomized to receive 
Me in combination with MTX or BAF. An 
additional 15 patients who failed on primary 
therapy with Program I were assigned to re- 
ceive Me plus the alternate antifol (patients 
who had received MTX initially were assigned 
to BAF and vice versa). The dose of Me was 

If progression on Program I or If previous 5-FU therapy 

Methyl CCNU 
+ t 

MTX BAF 

FIG. 1. Represents the study design. Patients with colo- 
rectal cancer with no prior treatment were randomized 
to receive 5-FU alternating with M T X  or BAF. ?'hey 
were also iridependently randomized to receive or not 
to receive levamisole (Program 1). Patients with prior 
treatment were randomked to receive Me in combina- 
tion with M'TX or BAF (Program 11). Patients who failed 
on Program I were assigned to receive Me plus the al- 
ternate antifol (patients who failed on M T X  were 
assigned to BAF and vice versa). 

rectal cancer referred to the Department of 
Developmental Therapeutics of The Univer- 
sity of Texas M. D. Anderson Hospital and 
Tumor Institute between September 1975 
and June 1977. Fifty-two untreated patients 
were treated on Program I which included 
randomization of patients to receive 5-FU al- 
ternating with MTX or BAF. They were also 
independently randomized to receive or not 
to receive levamisole (Fig. 1). 5-FU was ad- 
ministered at the dose of 500 mg/m2/day intra- 
venously (iv) for 5 days (days 1-5) repeated 
every 6 to 7 weeks depending upon the pa- 
tient's recovery from toxicities. Each dose of 
5-FU was dissolved in 200 ml of 5% dextrose 
solution given iv over 1 hour. MTX was given 
at the dose of 15 mg/m2/day iv or intramus- 
cularly (im) daily for 3 days beginning 3 to 4 
weeks after a course of 5-FU. Patients ran- 

150 mg/m2/day orally after 4 hours of fasting 
on day 1 and was repeated every 6 to 7 weeks 
depending upon the patient's recovery from 
toxicities. BAF and MTX were administered 
at the doses mentioned earlier starting con- 
comitantly with Me and repeated 3 or 4 weeks 
later depending on recovery from toxicities. 

The initial doses of MTX and BAF were 
reduced in patients with impairment of renal 
and hepatic functions because of pharmaco- 
logic consideration. In patients with abnormal 
renal function (serum creatinine level of 
greater than 2.0 mg/100 ml and/or creatinine 
clearance of less than 50 ml/minute), the initial 
dose of MTX was reduced to 10 mg/m2/day. 
In patients with abnormal liver function, the 
initial dose of BAF was reduced to 150 mg/ 
m2/day. The subsequent doses of all agents 
were adjusted to maintain a tolerated degree 
of hematologic (absolute neutrophil count of 
750 to 1000/mm3 and platelet count of 75,000 
to 100,000/mm3) and nonhematologic tox- 
icities. 

The antitumor responses to treatment were 
assessed in patients with measurable disease 
according to the following criteria: complete 
remission, complete disappearance of all evi- 
dence of disease; partial remission, significant 
tumor shrinkage 250% of the sum of the prod- 
ucts of the 2 largest diameters of all measurable 
lesions. Disease stabilization, responses less 
than partial remission or no change in tumor, 
for a minimum of 8 weeks (patients with no 
measurable disease, such as those with ascites, 
diffuse intra-abdominal carcinomatosis and 
pelvic masses who achieved objective improve- 
ment, were included in this category) and dis- 
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TABLE 1.  Patient Characteristics 

5-FU + MTX 5-FU + BAF Cross-over Prior 5-FU 

N o  N o  ME- ME- ME- ME- 
LEV LEV LEV LEV MTX BAF MTX BAF 

No. patients entered 16 14 11 11 8 7 18 22 
No. early deaths 1 0 1 0 0 0 0 0 
KO. evaluable patients I5 14 1 0 11 8 7 18 22 
Sex: Male 9 7 6 6 6 0 8 13 

Female 6 7 4 5 2 7 10 9 
Age (years): 

Median 54 55 55 59 49 47 51 53 
Range 15-71 40-70 46-70 42-75 28-64 32-61 28-67 19-67 

ease progression, appearance of new lesions 
and any enlargement of preexisting lesions. 

Prior to treatment, all patients had complete 
evaluation with history and physical examina- 
tion, complete blood count (CBC), urinalysis, 
serum creatinine, alkaline phosphatase, bili- 
rubin, serum glutamic oxaloacetic transami- 
nase, plasma carcinoembryonic antigen (CEA), 
chest x-ray and liver scan. Ongoing analysis 
included twice weekly CBC, blood chemistry 
determinations and tumor measurements at 
3 week intervals and appropriate radiologic 
and isotopic examinations at 2 to 3 month 
intervals. All side effects associated with ad- 
ministration of the treatments were recorded 
and analyzed. Prior to initiation of the treat- 
ment, a signed consent was obtained from 
each patient according to institutional policies. 

The survival calculations were made from 
the day of initiation of chemotherapy by the 
method of Kaplan and Meier for censored 
and uncensored data.12 A two-tailed general- 
ized Wilcoxon testg was used to evaluate the 
statistical significance of the difference be- 
tween the survival curves. 

RESULTS 

Ninety-two consecutive adult patients with 
metastatic colorectal cancer were entered to 
the study; their characteristics are summa- 
rized in Table 1. There were two early deaths. 

The antitumor response could be evaluated 
in 39 patients on Program I. Eleven patients 
were not evaluable for treatment response be- 
cause of difficulty in adequately measuring 
the areas of tumor involvement. Their re- 
sponses to treatment were evaluated only in 
terms of stabilization of disease or tumor pro- 
gression. Four of 39 (10%) evaluable patients 
treated on Program I responded (Table 2). 
The response was slightly better for patients 

treated with 5-FU-MTX than 5-FU-BAF chem- 
otherapy (3/23 vs 1/16; p = 0.8). Disease sta- 
bilization occurred in 23 of 39 (60%) patients 
with measurable disease and in 11 of 17 (69%) 
patients whose lesions could not be measured. 
The administration of levamisole did not in- 
fluence the response rate to 5-FU-MTX and 
5-FU-BAF chemotherapy. The median time to 
response was 1.5 months. The median dura- 
tion of tumor regression was 3 months (range 
1 to 10+ months); it was longer in patients 
treated with MTX than BAF (4.5 vs 2.5 
months) and with chemotherapy alone than 
with chemoimmunotherapy (6 vs 2.5 months). 

Forty-one of the 55 patients on Program I1 
were evaluable for response. The remaining 
14 patients did not have measurable disease 
and their response was evaluated only in terms 
of stabilization of disease or tumor progres- 
sion. There was no remarkable difference in 
response rate between the patients treated 
with Me-MTX and those with Me-BAF (2/20 
v s  2/21). The response of patients who were 
entered to the program directly was better 
than those who crossed over after failing on 
Program I (4/27 vs 0/14; p = 0.3). None of 

TABLE 2. Responses in Patients with Measurable Lesions 
and N o  Prior Treatment in Relation to the Antifolate 

and Levamisole Administration 

5-FU 
5-FU 5-FU + MTX 

+ MTX + BAF or BAF 

N o  N o  N o  
Responses LEV LEV LEV LEV LEV LEV 

1 
2 1  Partial 1 1 1 -  

Stabilization 6 9 4 4 10 13 

TOTAL 11 12 8 8 19 20 

Complete - 1 - -  - 

Progression 4 1 3 4 7 5  
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FIG. 2. Chemoimmunotherapy of advanced colorectal 
cancer with 5FU-MTX or BAF ? Levamisole: Survival 
from onset of treatment related to the Antifol admin- 
istered. 
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FIG. 3. Chemoimmunotherapy of advanced colorectal 
cancer with 5FU-MTX or BAF % Levamisole: Effect of 
Levamisole on survival. 

the 7 patients who failed to 5-FU-MTX se- 
quential treatment responded to Me-BAF 
chemotherapy while 1 of 7 patients who failed 
on 5-FU-BAF responded to Me-MTX combi- 
nation chemotherapy. When the patients 
treated with both Programs I and I1 were 
combined, 5 out of 43 (12%) patients treated 
with 5-FU-MTX or Me-MTX responded com- 
pared with 3 out of 36 (8%) of patients treated 
with 5-FU-BAF or Me-BAF. The median time 
to response on Program I1 was 1.5 months. 
The median duration of tumor regression was 
4 months (range 2 to 6 months); it was longer 
with Me-MTX than Me-BAF (4 vs 2.5 
months). 

The survival rates for patients treated on 
these programs are shown in Figs. 2-5. Be- 
cause the survival rates for patients with dis- 
ease stabilization were similar to those for pa- 
tients who achieved tumor regression, the 
survival results for these patients were com- 
bined and represented as responses in the fig- 
ures. The median survival duration of pa- 
tients treated with Program I was 10 months. 
Survival of responding patients was longer 
than for patients who failed to respond to 
treatment (median, 13 vs 4 months; p 
= 0.001). Among patients treated on Program 
I, survival duration was not influenced by 
the sequential administration of 5-FU with 
either antifol (median, 10 vs. 9 months; 
p = 0.2) (Fig. 2), or by the administration of 
levamisole (median, 9 vs. 10.5 months; 
p = 0.2) (Fig. 3). The survival duration of pa- 
tients treated with Program I1 (excluding 
cross-over patients) was 5 months. The sur- 
vival of responding patients was longer than 
that of patients who failed to respond to 
treatment (median, 8 vs. 4 months; p = 0.001), 
and that of Me-MTX treated patients was 
significantly longer than that of patients 
treated with Me-BAF (median, 6 vs. 4 months; 
p = 0.01) (Fig. 4). Considering all patients 
receiving Programs I and 11, the survival of 
patients treated with MTX was significantly 
longer than that of patients treated with BAF 
(median, 9.3 vs. 6 months; p = 0.01) (Fig. 5). 

The toxicities of the chemotherapy regi- 
mens are summarized in Tables 4 and 5. The 
degree of leukopenia and thrombocytopenia 
was moderate, although it was more severe 
and cumulative in patients treated with the 
methyl CCNU-containing regimens. Hemato- 
logic toxicities were relatively milder with 
BAF-containing arms of both programs. The 
nonhematologic toxicities consisted mainly of 
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nausea and vomiting which were most com- 
mon with 5-FU and Me courses while skin 
rash, although infrequent, was more common 
during treatments with BAF. Mucositis was 
equally common with 5-FU and the antifo- 
lates. Other toxicities were less common. Tox- 
icities associated with the administration of 
levamisole were seen in 7 patients. These tox- 
icities included febrile reaction in 2, anxiety 
and nervousness in 2,  personality change in 2, 
blurring of vision in 1, bitter taste in mouth 
in 1 and malaise in 1 patient. In 3 patients, 
the toxicities were such that necessitated per- 
manent discontinuation of levamisole. Table 
6 summarizes the dose modifications intro- 
duced during the treatment. The doses of 
each of the chemotherapeutic agents were es- 
calated or de-escalated in about 20% of the 
courses. 

DISCUSSION 

Over the past 20 years, several antimetabo- 
lites have been investigated for antineoplas- 
tic activity against advanced gastrointestinal 
carcinoma. BAF is a new addition to this fam- 
ily of chemotherapeutic agents and is active 
in colorectal It has been shown to 
be active in patients with prior exposure to 
MTX.21 In Program I,  the efficacy of MTX 
was compared to that of BAF when given se- 
quentially with 5-FU. While in Program 11, 
the same comparison was done when these 
antimetabolites were combined with Me. Im- 
munotherapy with levamisole was used in 
combination with the sequential antimetabo- 
lite administration in view of the encouraging 
results obtained in patients with neoplasms 
of other 

'The overall rate of response to Programs 
I and I1 was very modest. Tumor regression 
250% was obtained in 10% of patients with 
each of the treatment programs. Although 
these results are less favorable when com- 
pared with those of other studies reported 
in the l i t e r a t ~ r e ~ ~ ~ ~ ' ~ ~ ' *  in which responses 
ranging from 19% to 45% have been attrib- 
uted to a variety of drug combinations that 
include 5-FU and Me, a comparison with those 
results shows that the absence of patient selec- 
tion and strict criteria for evaluation of re- 
sponse may account for the low response rate 
in our study. In fact, the survival duration 
for patients treated with our first treatment 
program appears improved compared with 
the median survival times, ranging from 6 to 
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FIG. 4. Chemotherapy of advanced colorectal cancer 
with Me-MTX or BAF: Survival from onset of treatment 
related to the Antifol administered. 
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FIG. 5 .  Chemoimmunotherapy of advanced colorectal 
cancer with 5-FU-MTX or BAF ? Levamisole and Me- 
MTX or BAF: Survival from onset of treatment related 
to the Antifol administered. 
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TABLE 3. Responses in Previously Treated Patients with Measurable Lesions 

Cross-over Prior 5-FU only Overall 

Responses ME-MTX ME-BAF ME-MTX ME-BAF ME-MTX ME-BAF 

- - - Complete - - - 

2 2 2 2 Partial - - 

Stabilization 2 3 5 2 7 5 
Progression 5 4 6 10 11 14 

TOTAL 7 7 13 14 20 21 

8 months obtained by the other treatment 
programs. The median survival duration of 
10 months for all patients on Program I re- 
flects the improvement of the survival of pa- 
tients who had tumor response or disease sta- 
bilization, which was significantly better than 
that of patients who had disease progression 
(13 vs. 4 months; p = 0.001). The same dif- 
ference was seen in patients treated on Pro- 
gram I1 (8 vs. 4 months; p = 0.001). In the 
group of patients treated on Program I,  the 
administration of levamisole immunotherapy 
did not appear to influence the response rate, 
response duration and survival obtained with 
chemotherapy alone. In both treatment pro- 
grams, there was slightly better responses to 
those regimens containing MTX compared 
with those containing BAF. In the small num- 
ber of patients who failed to 5-FU-MTX che- 
motherapy and crossed over to receive Me- 

BAF, no responses were seen, contrary to the 
expectations which were based on the theo- 
retical advantage of BAF over MTX. Also, 
the median duration of survival of patients 
treated with Me-MTX was significantly longer 
than that of patients treated with Me-BAF. 
A similar difference between MTX and BAF 
was seen when the survival of all patients on 
Programs I and I1 are considered. There was 
no disproportionate distribution of prognos- 
tic factors such as performance status, extent 
of malignant disease or impairment of liver 
function to account for the better response 
rate and survival obtained with MTX-contain- 
ing regimens. However, more frequent escala- 
tion of MTX dose to the maximum tolerable 
toxicity when such escalations were done to 
a lesser degree with BAF, in order to avoid 
severe hematologic and mucocutaneous tox- 
icities seen with this drug particularly in pa- 

 ABLE 4. Hematologic Toxicity 

5-FU* MTX BAF ME-MTX ME-BAF 

No. of courses given 134 62 44 71 50 
7% Patients with 

myelosuppressiont 53 24 10 56 38 
Lowest leukocytes x lo3 

Median 3.7 4.2 5.2 3.1 3.3 
Range 0.6-10.5 0.5-9.7 1.9-10.1 0.4-10 0.65-8.9 
Day 18 12 8 17 13 
7% Courses 5 1000 4 2 0 3 8 
% Courses 5500 0 2 0 2 0 

Median 1.8 2.5 2.6 1.6 2.1 
Lowest neutrophils x lo3 

Range 0-8.4 0.4-6.0 0.4-7.0 0-7.5 0.35-7.6 
Day 18 14 8 18 13 
% Courses 5 1000 30 17 6 24 14 
% Courses 5500 23 11 3 8 6 

Median 220 256 244 129 169 
Range 24-521 100-680 95-600 9-553 12-451 

Lowest platelets x lo3 

Day 15 10 10 16 21 
% Courses 5 100,000 5 2 3 15 4 
% Courses 550,000 2 0 0 8 2 

* 5-FU was administered sequentially with MTX or BAF. 
t Absolute neutropenia 5 1000/mm3 and thrombocytopenia 5 100,000/mm3. 
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TABLE 5. Nonhematologic Toxicities Related to Treatment Courses 
~ 

ME-BAF 5-FU* MTX BAF ME-MTX 

% Courses with toxicity 
% Nausea, vomiting or diarrhea 
% Mucositis 
% Infection 
% Skin rash 
% Bleeding 
% DrowsinesdAtaxia 
% Alopecia 

37 
22 
13 
9 
4 
0 
2 
2 

23 
9 

13 
2 
4 
0 
0 
0 

27 
1 1  
14 
0 

1 1  
0 
0 
0 

38 
23 
12 
5 
0 
5 
0 
1 

45 
28 
17 
10 
17 
2 
2 
0 

* 5-FU was administered sequentially with MTX or BAF 

tients with liver disease, could have been a 
major factor. 

The sequential administration of 5-FU with 
MTX or BAF to patients with metastatic colo- 
rectal cancer resulted in modest improvement 
in the duration of survival but failed to im- 
prove the response rate to above that with 
5-FU alone. Whether a higher response rate 
could have been obtained if 5-FU was given 
sequentially with a cycle nonspecific drug in- 
stead of BAF or MTX remains highly specu- 
lative. The response rate with such a com- 
bination in an earlier trial’$ was not any better. 
The addition of levamisole to the antimetabo- 
lites did not appear to improve the response 

‘I’ABLE 6. Percent Dose Modifications by Courses 

Changes 5-FU MTX BAF ME 

No change 65 56 61 68 
Decreased 15 23 20 18 
Increased 20 20 19 14 

rate or the survival of the patients. MTX was 
significantly more effective than BAF in pro- 
longing the duration of survival without sig- 
nificantly increasing the response rate when 
given in combination with Me to patients with 
prior exposure to 5-FU. 
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