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5-Fluorouracil and Mitomycin-C: Effective, Low-Cost
Chemotherapy for Colorectal Cancer
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Objective: To evaluate the regimen of 5-fluorouracil (5-FU) and mitomycin-C (MMC) in terms of response rate
and overall survival in advanced colorectal cancer.
Material and Method: Between January 1993 and December 2000, 121 from 559 patients with advanced
colorectal cancer were treated with chemotherapy. Bolus MMC (10 mg/m2) on first day, 5-FU (600 mg/m2/day)
was given as a continuous infusion for 5 days, repeated every 4 weeks for 6 cycles. Toxicity and response were
analyzed according to WHO criteria, and survival was analyzed according to Kaplan-Meier methodology.
Results: In the chemotherapy group (121 patients), 70 were males and 51 were females, the mean age was 52
years. The ratio of colon and rectal cancer was 0.57. Nearly all patients (88.89%) had tumors with moderate
differentiation. Forty patients with liver metastasis showed an overall response rate of 45% (95% CI 35.4-
54.6) with a CR in 3 (7.5%) and PR in 15 (37.5%). The median survival was 13.1 months. The regimen was well
tolerated with 11.64% of patients experiencing WHO grade 3-4 toxicity.
Conclusion: The present study has indicated a highly active, acceptable toxic, inexpensive regimen of old
drugs to be used as an alternative to the more expensive combination including CPT-11 or oxaliplatin.
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5-Fluorouracil (5-FU) has established single-
agent activity in advanced colorectal cancer. Its main
intracellular target is thymidine synthase, which is
inhibited by the active metabolite of 5-FU, 5-fluoro-
deoxyuridine monophosphate (FdUMP). The lack of
alternative agents until recent years has fuelled exten-
sive research into the biomedical modulation of 5-FU
and alternative methods of delivery, primarily based on
continuous infusion of the drug(1).

Mitomycin-C (MMC) has been in use for the
treatment of metastatic colorectal cancer for many
years with a response rate of 0-30%. In a multicenter
randomized trial including 200 patients with chemo-
therapy-na�ve disease, the addition of MMC to a pro-
tracted venous infusion of 5-FU improved the response
rate (54% vs 38%, p = 0.024), and median failure-free

survival (7.9 vs 5.4 months, p = 0.033) compared to
protracted venous infusion 5-FU alone(2).

Since 1993, the authors have used 5-FU and
MMC as a standard regimen for all patients with
colorectal cancer. During the recent years, many clini-
cal studies demonstrated the advantages of two new
drugs (CPT-11 and oxaliplatin) over the old regimen.
However, there were also some limitations, particularly
the cost of treatment. Because of Thailand’s economi-
cal status, the search for alternative regimens of low
cost and toxicity must be encouraged.

Material and Method
Between January 1993 and December 2000,

1083 patients with colorectal cancer were treated at
Department of Surgery, Srinagarind Hospital. All
patients got radical colorectal resection. Among these,
559 patients with advanced colorectal cancer were
reviewed and divided into 2 groups: 121 patients with
chemotherapy (chemotherapy group, CG) and 438
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patients without chemotherapy (non-chemotherapy
group, NCG). The chemotherapeutic regimen consisted
of bolus MMC (10 mg/m2) on first day, 5-FU (600 mg/
m2/day) was given as a continuous infusion for 5 days,
repeated every 4 weeks, 6 cycles.

Toxicity was classified according to World
Health Organization (WHO) criteria into grades 1-4(3).
At the 3rd and 6th cycles, ultrasonography of the liver
and abdomen and X-rays of the lungs was performed
to check for metastasis. At each cycle, serum plasma
levels of the liver enzymes, bilirubin, electrolytes, CBC
and tumor markers carcinoembryonic antigen (CEA)
were determined. In 40 patients with liver metastasis,
computed tomography (CT) scan with and without
intravenous contrast medium was performed to deter-
mine hepatic response, instead of ultrasonography.

Hepatic response was determined according
to WHO criteria(3). The sum of the products from
the two maximal perpendicular dimensions of each
reference lesion was calculated, and the results were
compared with the initial CT scan performed preopera-
tively. A complete remission (CR) had occurred, if all
signs of hepatic metastases had resolved. If the sum of
the products was decreased by greater than or equal
to 50% compared with the initial CT scan, this was
counted as partial remission (PR). The intrahepatic

disease status was evaluated by not greater than 24%.
If the increase was greater than or equal to 25% or
in case new liver metastases were detected, a disease
progression (PD) would have occurred. The response,
calculated for each patient, was the best achieved
response in comparison to the status prior to treat-
ment.

Statistical analysis was performed with Win-
STATA� version 6.0 software. The median survival
time and the survival rates were analyzed according to
Kaplan-Meier methodology. Wilcoxon Sign-Rank test
was used to evaluate the treatment arms. A p-value of
less than 0.05 was considered statistically significant.

Results
Among 559 patients, 346 patients were males

and 213 patients were females. The mean age was 52
years. The ratio of colon and rectal cancer was 1.02
(Table 1). Nearly all patients (88.89%) in CG had tumors
with moderate differentiation, while half of the NCG
had the histology as shown in Table 2.

The median survival was significantly in-
creased (p < 0.001) for patients in CG (13.17 months,
95%CI 9.46-16.88) compared to NCG (4.43 months,
95%CI 4.32-4.54). Overall survival was demonstrated
as Kaplan-Meier survival curves (Fig. 1). In such

Table 1. Patient characteristics

Patients (n = 559)
Characteristic

Chemotherapy group Non-chemotherapy group

Number            121               438
Mean age (years)              50                 55
Sex (M:F)*              70:51               276:162
Site (C:R)**              44:77               238:200

* M = male, F = female
** C = colon, R = rectum

Table 2. Histological differentiation

Patients (%)

Histology Chemotherapy group Non-chemotherapy group

Well               5.56                 42.01
Moderate             88.89                 50.91
Poor               5.56                   5.94
Unknown               6.94                   0
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Table 3. Toxicities

Toxicity Grade 1-2 Grade 3-4

Mucositis       21         1
Nausea / Vomiting       65         1
Leucopenia       68       14
Thrombocytopenia       28       11
Anemia       70         8
Infection       30         1

cases, the patients’ death was checked from popula-
tion registry database at Ministry of Internal Affairs.

Among all the 40 patients with liver metasta-
sis evaluated by radiological response, they induced
an overall (best) response rate of 45% (95%CI 35.4-
54.6) with a CR in 3 (7.5%) and PR in 15 (37.5%). No
change was noted in 9 (22.5%) and intrahepatic PD
in 13 (32.5%).

The most frequent side effects were hemato-
logic, followed by gastrointestinal toxicities (Table 3).
No treatment-related death was reported. When toxicity
grade 3-4 occurred, the chemotherapy would be

postponed for 1-2 cycles until the toxicity resolved to
normal.

The cost of 6 cycles of this chemotherapy
in the Srinagarind Hospital setting was calculated
assuming that no complication occurred. The treatment
was done on an inpatient basis. Such cost could be
estimated to be 90-110 US$/cycle. This might be com-
pared to the new regimen of 5-FU and CPT-11 where
the cost for the same length of treatment was 12 times
higher(4).

Discussion
The authors’ department, all patients with

colorectal cancer had usually been offered chemo-
therapy after radical resection of the primary site. Un-
fortunately, only one-fourth of advanced cases received
it, because patients or their relatives had refused any
treatment after radical resection. Some patients believed
that a colostomy always indicated poor prognosis and
there was no need to treat anymore. Malnutrition, which
was one of the most common problems in this area,
affected many patients to develop toxicity easily or
recover slowly. Long distances from the hospital, diffi-

Fig. 1 Kaplan-Meier survival curve for all 559 patients
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cult transportation, poor economic status, and insuffi-
cient family support might have contributed to the high
rate of loss to follow-up.

Regimen of 5-FU and MMC was proven su-
perior to regimens of 5-FU and leucovorin or cisplatin
or methotrexate in advanced colorectal cancer(2,5,6).
Because of higher toxicity, this regimen was less popu-
lar than 5-FU and leucovorin. Leucovorin was avail-
able at Khon Kaen University Hospital in 1998, but the
authors did not change the regimen because of accept-
able toxicity of MMC and higher cost of leucovorin.
Sobrero A et al(7) reported regimen of 5-FU modulated
by leucovorin, methotrexate, and mitomycin which
resulted in longer median survival time (18.8 months)
than the present study (13.1 months), but higher grade
3-4 toxicity (14.56% vs 11.64%).

With the aim to reduce toxicity, UFT� and
MMC were used to replace the standard 5-FU and
MMC. Many clinical studies have been conducted to
evaluate their efficacy(8,9). However, the results have
been controversial in proving a significant improve-
ment in the disease-free interval and/or patient survival
rate after surgery. Moreover, carcinoma recurrence and
metachronous metastasis occasionally occurred even
during adjuvant chemotherapy, particularly liver meta-
stasis, and pelvic recurrence(10,11). In a study measur-
ing the serum level of 5-FU in patients with oral tegafur
or UFT�, minimal serum levels were maintained in about
75% of the patients, even though regular administra-
tion was in accordance with the prescription(12).

Limitation of the present study was retrospec-
tive non-randomized design, which might not conclude
the result. Even with a very highly significant value,
some biases could affect these differences. A prospec-
tive randomized trial should be performed to confirm
the present result.

References
1. Waters J, Cunninghan D. The changing face of

chemotherapy in colorectal cancer. Br J Cancer
2001; 84: 1-7.

2. Ross P, Norman A, Cunningham D, Webb A, Iveson
T, Padhani A, et al. A prospective randomized trial
of protracted venous infusion 5-fluorouracil with
or without mitomycin C in advanced colorectal

cancer. Ann Oncol 1997; 8: 995-1001.
3. Miller AB, Hoogstraten B, Staquet M, Winkler A.

Reporting results of cancer treatment. Cancer 1981;
47: 207-14.

4. Andr� T, Louvet C, Maindrault-Goebel F, Couteau
C, Mabro M, Lotz JP, et al. CPT-11 (Irinotecan)
addition to bimonthly, high-dose leucovorin and
bolus and continuous-infusion 5-fluorouracil
(FOLFIRI) for pretreated metastatic colorectal
cancer. Eur J Cancer 1999; 35: 1343-7.

5. Hansen RM, Ryan L, Anderson T, Krzywda B,
Quebbeman E, Benson A III, et al. Phase III study
of bolus versus infusion fluorouracil with or
without cisplatin in advanced colorectal cancer. J
Natl Cancer Inst 1996; 88: 668-74.

6. Mackintosh J, Coates A, Swanson C, Raghavan
D, Tattersall MHN. Chemotherapy of advanced
colorectal cancer: a randomized trial of sequential
methotrexate and 5-fluorouracil. Am J Clin Oncol
1987; 10: 210-2.

7. Sobrero A, Guglielmi A, Cirillo M, Recaldin E,
Frassineti GL, Aschele C, et al. 5-fluorouracil mo-
dulated by leucovorin, methotrexate and mitomy-
cin: highly effective, low-cost chemotherapy for
advanced colorectal cancer. Br J Cancer 2001; 84:
1023-8.

8. Kikuchi K, Kunii Y, Kunitomo K. Treatment with
UFT as surgical adjuvant chemotherapy in carci-
noma of large intestine. Jpn J Cancer Chemotherapy
1990; 17: 663-70.

9. Kodaira S, Kikuchi K, Inokuchi K, Komi N, Hattori
T, Taguchi T, et al. Cooperative study of surgical
adjuvant chemotherapy of colorectal carcinoma: a
preliminary report. Jpn J Cancer Chemotherapy
1989; 16: 3399-408.

10. Toge T. Progress of adjuvant chemotherapy in
colon cancer. Jpn J Cancer Chemotherapy 1996;
23: 554-9.

11. Hojyo K, Kajitani K. Adjuvant chemotherapy
for colorectal cancer. Results of prospective ran-
domized trials. Jpn J Cancer Chemotherapy 1986;
13: 3063-73.

12. Watanabe H, Sakakibara N. Evaluation of long-
term administration of oral anticancer agent. Jpn
J Cancer Chemotherapy 1993; 20: 637-42.



J Med Assoc Thai Vol. 89 No. 11  2006 1889

5-fluorouracil และ mitomycin-C: สูตรยาเคมีบำบัดท่ีมีประสิทธิภาพและราคาถูก สำหรับผู้ป่วยมะเร็ง
ลำไส้ใหญ่และทวารหนัก

พจนช์วิทย ์ อภนิเิวศ, วัชรพงศ ์ พุทธสิวัสด์ิ, โอวตอื  แซเ่ซียว, ทองอวบ  อตุรวิเชียร

วัตถุประสงค์: เพื่อประเมินประสิทธิภาพของสูตรยาเคมีบำบัด 5-fluorouracil (5-FU) และ mitomycin-C (MMC)
ในการรักษามะเร็งลำไส้ใหญ่และทวารหนักระยะแพร่กระจาย
วัสดุและวิธีการ: ผู้ป่วยมะเร็งลำไส้ใหญ่และทวารหนักระยะแพร่กระจายที่ได้รับการผ่าตัด ระหว่างเดือน มกราคม
พ.ศ. 2536 ถึง ธันวาคม พ.ศ. 2543 จำนวน 559 คน ไดรั้บยาเคมบีำบดัหลงัการผา่ตดัจำนวน 121 คน สูตรยาทีใ่ช้
คือ MMC 10 มก./ตร.ม. ในวนัแรก และ 5-FU 600 มก./ตร.ม./วัน ทางเสน้เลอืดดำ เป็นเวลา 5 วัน ใหท้ั้งหมด 6 ครัง้
ทุก 4 สัปดาห์ ประเมินผลข้างเคียงและประสิทธิภาพของยาตามเกณฑ์ขององค์การอนามัยโลก และประเมินอัตรา
รอดชีพตามวิธีการ Kaplan-Meier
ผลการศกึษา: ผู้ป่วยทีไ่ด้รับยาเคมบีำบดั หลังการผา่ตดัรกัษา จำนวน 121 คน ประกอบดว้ยผูช้าย 70 คน และผูห้ญงิ
51 คน อายุเฉลี่ย 52 ปี สัดส่วนระหว่างมะเร็งลำไส้ใหญ่และทวารหนักเท่ากับ 0.57 พบก้อนมะเร็งกระจายไปตับ
ในผู้ป่วยจำนวน 40 คน แสดงผลการตอบสนองต่อยาเคมีบำบัด ร้อยละ 45 แบ่งเป็นผู้ป่วยที่มีการตอบสนองอย่าง
สมบูรณ์ ร้อยละ 7.5 และมกีารตอบสนองบางสว่น ร้อยละ 37.5 อัตรารอดชพีเฉลีย่เทา่กบั 13.1 เดอืน ผู้ป่วยสามารถ
ทนต่อผลข้างเคียงของสูตรยานี้ได้ดี โดยพบผลข้างเคียงระดับ 3-4 เพียงร้อยละ 11.64
สรุป: การศึกษานี้แสดงว่าสูตรยาเคมีบำบัดนี้ที่ประกอบด้วยยารุ่นเก่า มีประสิทธิภาพดี ผลข้างเคียงยอมรับได้ และ
ราคาประหยัด สามารถใช้แทนสูตรยาเคมีบำบัดที่ประกอบด้วยยารุ่นใหม่ แต่มีราคาแพงได้


