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  Purpose: For patients with D ukes' stage B and C  rectal
cancer, surgery followed by adjuvant chemoradiotherapy
is considered to be the standard treatment. H owever, the  
drugs used in combination with 5 -fluorouracil (5 -FU ), the
method of administration, duration of adjuvant therapy and
the  frequencies of administra tion presently remain 
controversia l topics. W e investigated (1) the efficacy and
safety of adjuvant radiotherapy and 5-FU /leucovorin (LV )
chemotherapy for patients who had undergone curative 
resection and (2) the effect of dose related factors of 5-FU
on surviva l. 
  M ateria ls and M ethods: 130 recta l cancer patients with
D ukes' B or C  stage disease who were treated with cura-
tive  resection were  evaluated. The adjuvant therapy con-
sisted of two cycles of 5 -FU /LV  chemotherapy followed
by pelvic radiotherapy with chemotherapy, and then 4~10
more  cycles of the  same chemotherapy regimen were 
de livered based on the  disease  stage . The  cumulative 
dose of 5 -FU  per body square  meter (BS A), actua l dose
intensity and re la tive  dose  intensity were  obta ined. The
patients were  divided into two groups according to the  
median va lue  of each factor, and the  patients' surviva l 

ra tes were  compared.
  R esults: W ith a median follow-up duration of 52 months,
the  5 -year disease-free  surviva l and overa ll surviva l ra tes
of 130  patients were  57%  and 73% , respective ly. Loco- 
regional fa ilure  occurred in 17  (13% ) of the  130  patients,
and the distant failure rate was 27%  (35/130). The chemo-
therapy re la ted morbidity was minimal, and there  was no 
morta lity for these patients. The cumulative dose of 5-FU /
BS A had a  significant effect on the 5-year overall survival
for D ukes' C  recta l cancer patients (p=0 .03). M ultivaria te
analysis demonstra ted that only the  performance sta tus 
a ffected the  5 -year overa ll surviva l (p=0 .003).
  C onclusion: An adjuvant therapy of radiotherapy and 
5-FU /LV chemotherapy is effective and tolerable for Dukes'
B and C  rectal cancer patients. A prospective, multicenter,
randomized study to evaluate the effects of the cumulative
dose of 5 -FU /BS A on surviva l is required. (C ancer R e-
search and Treatment 2004;36:228-234)
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INTRODUCTION

  The majority of rectal cancer patients will require surgical 
resection, but the cure rate has been less than 50% in these 
patients (1,2). Because of anatomic characteristics, almost half 
of the recurrences of rectal cancer after surgery are located in 
the pelvis (3). To reduce the local failure, the role of radiation 
therapy has been emphasized. However, adjuvant radiotherapy 
alone has decreased local recurrences without any increased 
survival benefit (4~6).

  Since the drug was first introduced in 1958, 5-fluorouracil 
(5-FU) has been a major component in chemotherapy for 
gastrointestinal tract cancer. 5-FU has been used for the trea-
tment of metastatic or recurrent colon cancer, but the response 
rate (RR) has been only about 15~20% (7). Also, as a 
radiation sensitizer, 5-FU is known to improve the effectiveness 
of radiation therapy (8). In the 1980s, the biochemical modu-
lation of 5-FU was actively studied, and leucovorin (LV) was 
shown to increase the activity of 5-FU by binding strongly to 
fluorodeoxyuridine monophosphate (FdUMP), which is a 
metabolite of 5-FU (9). The clinical phase I and II trials of 
combined therapy with 5-FU and LV demonstrated a 20~40% 
response rate as well as increasing the survival rate for 
colorectal cancer (10,11). The 5-FU/LV regimen has now been 
accepted as the standard adjuvant therapy after curative 
resection in colon cancer. The National Cancer Institute Con-
sensus Conference in 1990 stated that a combined modality 
therapy with 5-FU based chemotherapy was the standard 
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postoperative adjuvant treatment for Dukes' B and C patients 
12). However, the most effective combination of drugs, dosage, 
route and duration of therapy still needs to be decided.
  In this study, we investigated the efficacy and safety of 
adjuvant radiotherapy and 5-FU/LV chemotherapy for Dukes' 
B and C rectal cancer patients who had undergone curative 
resection. The following findings were also obtained: 1) the 
total dose of 5-FU/ body surface area (BSA); and 2) the actual 
and relative dose intensity (ADI, RDI) of 5-FU. Finally, 
comparisons of survival rates according to these variables were 
analyzed. 

MATERIALS AND METHODS

    1) Patients

  There were a total of 130 patients in our study that had 
histologically confirmed adenocarcinoma of the rectum. All 
these patients had undergone a potentially curative resection, 
and after which time, there was neither gross nor microscopical 
evidence of any residual disease. A tumor was considered as 
rectal cancer if a portion of the tumor was located below the 
peritoneal reflection or if the lower margin of the tumor was 
within 12 cm of the anal verge upon endoscopy examination. 
Patients were eligible for this study if a pathologic examination 
demonstrated that the tumor had penetrated the rectal wall and 
involved the perirectal fat or the adjacent organs by direct 
extension (Dukes' B), or if the tumor had metastasized to the 
regional lymph nodes (Dukes' C). Patients were excluded from 
the study if they had a history of malignancy within the 
previous 5 years (except for a curatively treated cervix carcino-
ma-in-situ or a basal cell carcinoma of the skin), if they had 
previously received chemotherapy or radiotherapy of the pelvis, 
or if they had a severe coexisting disease. Pregnant or lactating 
women were also excluded from the study. Patients in the study 
were required to have an adequate performance status (an 
ECOG performance status of not more than 2) and normal 
hepatic, renal and bone marrow functions. 

    2) Treatment schedule

  All the patients received two initial two cycles of chemo-
therapy that was followed by pelvic radiation therapy with 
concurrent chemotherapy. Four and ten more cycles of 
chemotherapy were then done for the patients with B and C 
disease, respectively. Adjuvant chemotherapy was initiated 2~3 
weeks after the curative resection. The drug regimen consisted 
of intravenous boluses of 5-FU 400 mg/m2/d and LV 20 
mg/m2/d on days 1 to 5, and again on days 29 to 33. During 
radiation therapy, boluses of 5-FU 400 mg/m

2/d and LV 20 
mg/m2/d were concurrently administered for 3 days during 
weeks 1 and 5. After the radiation therapy, boluses of 5-FU 
400 mg/m

2/d and LV 20 mg/m2/d for 5 consecutive days were 
administered for four or ten more cycles. The chemotherapy 
was administered if the white blood cell count was ≥ 
3.0×109/L and the platelet count was ≥ 100×109/L. In those 
cases of incomplete hematologic recovery, the chemotherapy 
was delayed until the patient exhibited a full recovery, and then 
the 5-FU was administrated at 25% reduced doses during the 
subsequent cycles. When WHO grade III diarrhea or stomatitis 
developed, the 5-FU was administrated at 25% reduced doses 

in the subsequent cycles.
  All the patients received pelvic radiation therapy with con-
current chemotherapy. Radiotherapy was delivered with a linear 
accelerator at a minimum energy of 4 MeV through three fields 
(posterior to anterior and two laterals) to the primary tumor 
bed, the surrounding soft tissue, the internal iliac nodes and the 
presacral nodes. The large fields were treated with 180 cGy per 
fraction for a total dose of 4,500 cGy in approximately a 5 
week period. A total boost dose of 900 cGy in three fractions 
was delivered to a reduced field that encompassed the tumor 
bed and the adjacent lymph nodes with a margin of 2 cm.

    3) Follow up

  During the treatment, toxicities were evaluated to allow for 
an appropriate dose modification of the chemotherapy. All the 
patients underwent a physical examination, complete blood cell 
count and liver function tests before every course of chemo-
therapy. After treatment, the patients were subsequently evalu-
ated every 6 months by physical examination, complete blood 
cell count, liver function tests, chest x-ray, serum CEA and 
abdomino-pelvic CT or MRI. The median follow-up duration 
was 52 months (the range was 27 to 95 months).

    4) Statistical analysis

  The overall survival duration was calculated from the date 
of surgery until the date of death. The disease free survival 
duration was calculated from the date of surgery until the date 
of recurrence or to the date of death from any cause. The 
Survival curves were calculated using the Kaplan-Meier method 
and comparisons of survival were done with the log-rank test. 
Chi-square tests and t-tests were used to compare the difference 
of variables between the two groups that had been divided by 
reference to the median cumulative dose of 5-FU/BSA. Multi-
variate regression analysis was employed to find the most 
significant prognostic factors. T tests were used to compare 
dose-related factors according to the primary failure site.

RESULTS

    1) Patient characteristics

  Demographic data and other characteristics of the patient 
population are summarized in Table 1. Overall, there was 
essentially equal distribution of gender, age, ECOG perfor-
mance status, differentiation, and preoperative CEA level 
distributions between the two groups based on the cumulative 
dose of 5-FU. There were 70 men and 60 women with a 
median age of 54 years (the range was 22 to 78 years). 124 
patients (95%) had an ECOG performance status of 0~1. 
Eight-one cases (62%) had nodal metastasis (stage C). The 
preoperative CEA level was more than 5 ng/ml in 46 cases 
(37%). Most of the patients had tumors that were either well 
or moderately differentiated. The median number of cycles of 
chemotherapy was 6 cycles for Dukes' B and 10 cycles for 
Dukes' C stage. The chemotherapy was stopped early in 9 
patients due to tumor recurrence. Of these patients, 2 had 
Dukes' B disease and 7 had Dukes' C disease.
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Table 1. Patient characteristics


Cumulative dose of 5-FU
 p value Total
Below the Above the 

median median

No. of patients  66  64 130

Sex (M : F) 36 : 30 34 : 30 0.871 70 : 60

Age 0 . 9 0 0

Median (range) 54 54  54 
(22~78) (30~74) (22~78)

Performance status 0.241
     0  2  3   5
     1 59 60 119
     2  5  1   6

Differentiation 0.198
     Well  7 13  20
     Moderately 47 46  93
     Poorly  5  2   7
     Mucinous  7  3  10

Preop. CEA (ng/ml) 0.530
     ＜5 38 39  77
     ≥5 23 23  46

Dukes' stage 0.964
     B 25 24  49
     C 41 40  81

Cycles in Dukes' B 0.009

Median (range)  6  6   6
(2~6) (6~11) (2~11)

Cycles in Dukes' C 0.000

Median (range)  7 12  10
(2~12) (8~13) (2~13)



Fig 1. Survival for all patients according to the Dukes' stage (A) disease free survival, (B) overall survival.

    2) Total administered dose of 5-FU/BSA, actual dose 
intensity (ADI) and relative dose intensity (RDI)

  For Dukes' B patients, the median total dose of 5-FU/BSA 
was 12.1 g/m2 (range, 2.0~23.5 g/m2), and it was 18.1 g/m2 
(range, 3.2~26.4 g/m

2) for Dukes' C. For Dukes' B patients, 
the median ADI was 462 mg/m2

/week (range, 334~500 mg/ 
m2/week), and it was 431 mg/m2/week (range, 247~500 mg/ 
m

2/week) for Dukes' C. The median RDI was 92 (range, 
60~100) for Dukes' B patients and it was 86 (range, 49~100) 
for Dukes' C patients.

    3) Survival

  The 5-year DFS and OS rate of all patients were 57% and 
73%, respectively. The 5-year DFS rate for Dukes' B patients 
was 64%, while it was 51% for Dukes' C patients (Fig. 1A). 
The 5-year OS rate was 78% for Dukes' B patients, while it 
was 70% for Dukes' C patients (Fig. 1B).
  A survival benefit for the 5-year OS and an increasing trend 
of survival in the 5-year DFS were found for the Dukes' C 
patients with an increased dose of 5-FU administered/BSA 
(p=0.03, p=0.07, respectively) (Fig. 2A, B). However, there was 
no significant difference found for Dukes' B patients based on 
the administered dosage. There was no significant difference in 
survival with reference to the ADI or RDI. 

    4) Recurrence

  Forty-nine of the 130 patients developed tumor recurrences 
with an overall recurrence rate of 38%. Fifteen patients (30%) 
with Dukes' B disease and 34 patients (42%) with Dukes' C 
disease developed tumor recurrences. The recurrence pattern 
according to the initial recurrence site demonstrated 6 cases of 
local recurrence (12%), 8 cases of abdominal recurrence (16%), 
32 cases of distant metastasis (65%) and 3 cases (6%) with both 
local and distant recurrence. In 18 cases, the initial site of 
distant metastasis was the liver, which was the most common 
site, and this was followed by the lung in 13 cases.
  There was no difference for the dose-related factors 
according to the primary failure site (Table 2).
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Fig. 2. Survival according to the cumulative dose of 5-FU in all Dukes' C patients (A) disease free survival, (B) overall survival.

Table 2. Comparison of dose-related factors according to the primary failure site


Loco-regional recurrence Distant metastasis p value


Dukes' B
No. of patients 4 11
Mean total dose of 5-FU 14.98±6.26 13.21±3.91 0.517
Mean actual dose intensity  0.49±0.14  0.42±0.06 0.193
Mean relative dose intensity  98.03±27.67  84.74±11.33 0.193
Dukes' C
No. of patients 10 24
Mean total dose of 5-FU 14.94±4.71 16.49±5.77 0.458
Mean actual dose intensity  0.43±0.10  0.44±0.08 0.770
Mean relative dose intensity  86.43±19.28  88.26±15.13 0.770



    5) Toxicity

  Among the total of 130 patients, grade 3 or 4 toxicities were 
observed in 55 patients (42.3%). Grade 3 or 4 leukopenia 
developed in 15 patients (11.5%). There was only one patient 
(0.8%) who developed a grade 3 anemia, while there was no 
grade 3 thrombocytopenia. Forty-one patients (31.5%) devel-
oped grade 3 or 4 diarrhea, and this was the most common 
non-hematologic toxicity. Seven patients (5.4%) experienced 
grade 3 vomiting. Other severe toxicities rarely occurred: 5 
patients (3.8%) experienced grade 3 stomatitis.

DISCUSSION

  Radical surgery has proven to be the most important 
treatment modality in rectal cancer. Although radical surgery 
is possible in locally advanced rectal cancer, the cure rate 
hasn't reach 50% due to high local recurrence rate, which is 
unlike colon cancer. 
  Even if the proximal and distal margins of the tumor are 
correctly excised, the risk of local recurrence is high as the 
lateral, posterior and anterior borders are minute. The local 

recurrence was reduced in many studies that focused on the 
effects of radiation therapy, but an improved survival rate was 
not achieved due to a high rate of systemic recurrence (13~16). 
In order to reduce the systemic failure, beginning the early 
1980's, a combined modality treatment of adjunctive chemo-
therapy and radiation therapy has been tried out. A randomized 
study was carried out by the NSABP in 1977 for comparing 
a control group that received surgery alone, a group that 
received radiation therapy after surgery and a group that 
received chemotherapy after surgery. For the group that 
received chemotherapy as compared to the group of surgery 
alone, the 5-year disease free survival rate (42% vs. 30%, 
respectively; p=0.006) and the overall survival rate (53% vs. 
43%, respectively; p=0.05) were improved (5). Based on these 
results, it was suggested at the NIH consensus conference in 
1990 that a combination of chemotherapy and radiation therapy 
after radical surgical resection be used as the standard treatment 
for Dukes' Stage B and C patients (12).  
  In our present study, the 5-year overall survival rate was 
73%. Although it is difficult to directly compare this result with 
those of existing studies, this is a much improved treatment 
result when comparing to the 53~59% of patients in the 
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Fig. 3. Survival according to the cumulative dose of 5-FU for Dukes' C patients, except for the early (within 1 year) relapse (A) disease 

free survival (B) overall survival.

literature who received a combined therapy (4,5,17). The 
disease free survival and overall survival rates were 57% and 
73%, respectively, which were results similar to the Mayo/ 
NCCTG continuous infusion group (63% and 70%, respec-
tively) (18). The researchers of Intergroup 0144 pointed out that 
there was no difference in the DFS and OS between the 
continuous infusion group and bolus injection group, and they 
stated that central venous access was not needed in the bolus 
injection group (19). Based on these data, 5-FU continuous 
infusion and 5-FU/LV bolus injection both seem to be appro-
priate chemotherapy regimens as adjuvant chemotherapy for 
rectal cancer.
  Combined chemoradiotherapy based on 5-FU after surgery is 
recognized as the standard therapy for rectal cancer. However 
there is no standard guideline for the combination and duration 
of the specific agents to be used. In many studies, 2 cycles of 
chemotherapy were administered before radiation therapy 
regardless of the Dukes' stage (20). In the present study, surviv-
al rates according to dose intensity and cumulative dose of 
5-FU were analyzed to find out the effects of the dose-related 
factors of 5-FU on survival. The survival according to the 
cumulative dose of 5-FU/BSA was analyzed at each stage. The 
median cumulative dose of 5-FU/BSA was 12.1 g/m2 for Dukes' 
B, while it was 18.1 g/m2

 for Dukes' C. For Dukes' B patients, 
there were no differences for the 5-year DFS and OS rates 
between the group that received more than the median dose 
(64% and 78%) and the group that received less than the 
median dose (61% and 77%) (p=0.67 for DFS, p=0.63 for OS). 
For Dukes' C patients, the 5-year DFS and OS rates were 
improved for the group that received more than the median 
dose (61% and 81%) than for the group that received less than 
the median dose (43% and 60%) (p=0.07 for DFS, p=0.03 for 
OS) (Fig. 2A, B). As those cases of treatment discontinuation 
during treatment due to relapse may have confounded the 
results of the dose-relationships, we reanalyzed our patients by 
excluding the patients whose disease recurred within 1 year 
after surgery. For the Dukes' B patients, once again, there was 
no difference noted in the 5-year DFS and OS between the 
group that received more than the median dose (66% and 80%) 

and the group that received less than the median dose (66% 
and 81%)  (p=0.44 for DFS, p=0.75 for OS) In contrast, for 
the Dukes' C patients, there was a tendency towards improved 
5-year DFS and OS rates in the group that received more than 
the median dose (63% and 81%) than for the group that 
received less than the median dose (49% and 68%) (p=0.23 for 
DFS, p=0.24 for OS). Unlike the Dukes' B patients, there was 
a gradual disparity of the survival curves with the follow up 
duration between the two Dukes' C groups (Fig. 3A, B). When 
the data was analyzed with reference to the dose intensity, there 
was no difference in the 5 year DFS and the OS between the 
two groups. These results indicate that the cumulative dose of 
5-FU as compared to the dose intensity was a more important 
prognostic factor. 
  Tumor recurrence occurred in 49 patients in the present 
study, with a recurrence rate of 38%. This was similar to the 
recurrence rate of 33~42% reported in studies in which chemor-
adiotherapy was administered, but it was superior to the 
recurrence rate of 55~63% in which only surgery was 
performed. As the first site of recurrence, 17 patients developed 
a local recurrence with a recurrence rate of 13%, and 35 
patients developed distant metastasis with a recurrence rate of 
27%. These results were similar to the previous studies in 
which chemoradiotherapy was administered, but our results 
were superior to those studies in which surgery alone was 
performed (4,5)
  The prognostic factors in rectal cancer include pathologic 
stage, preoperative CEA level, differentiation, venous invasion 
and performance status (21). In the present study, the com-
parison of the 5-year DFS and OS rates according to age, gen-
der, pre-treatment performance status, pathologic stage, type of 
surgery, pre-treatment CEA level, cumulative dose of 5-FU/ 
BSA, actual dose intensity and relative dose intensity of 5-FU 
were analyzed. The pre-treatment performance status was dem-
onstrated to be the most important factor affecting the survival 
of patients (Table 3). 
  The most common non-hematologic toxicity of the 5-FU/LV 
chemotherapy used in the present study was diarrhea. About 
31% of patients experienced diarrhea of more than grade 3, and 
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Table 3. Univariate and multivariate analysis of factors influencing disease-free survival and overall survival


5 yr DFS (%) p-value* p-value† 5 yr OS (%) p-value‡ p-value§


Sex                                               0.43                                     0.11

Male 55.4 80.0
Female 55.8 64.5

Age                                               0.22                                     0.36
＜54 63.7 74.8
≥55 46.6 70.4

EOCG                                            0.04 0.07 0.0001   0.003
≤1 57.4 74.9
≥2 33.3 25.0

Stage 0.18          0.44
B 64.1 77.6
C 51.3 69.7

Type of operation                                   0.40                                     0.29
Miles' operation                    53.1                                     68.8
Lower Ant. Resection               57.1                                     76.3

Differentiation                                       0.16                                     0.10
Well 82.5  82.4
Moderately 51.5  74.0
Poorly and mucinous                47.6                                     51.6

Preop CEA level (ng/ml)                             0.57                                     0.39
≤5 57.4   76.5
＞5 54.0   65.3

5-FU dose                                          0.10                                     0.15
Below the median                  50.1                                      66.3
Above the median                  61.8                                      80.0

Actual dose intensity                                0.56                                     0.80
Below the median                  54.2                                       72.8
Above the median                  58.2                                       71.8

Relative dose intensity                                0.56                                     0.80
Below the median                  54.2                                       72.8
Above the median                  58.2                                       71.8


*univariate analysis of 5-year DFS within each factor, †multivariate analysis of 5-year DFS among the factors, ‡univariate analysis of 
5-year OS within each factor, §multivariate analysis of 5-year OS among the factors.

this was controlled by supportive care. The major hematologic 
side effect was leukopenia of more than grade 3, which 
occurred in 1.4% of patients during the entire chemotherapy 
cycle. Other chemotherapy toxicities were mostly grade 1 and 
2, and there was no treatment-related death.

CONCLUSIONS

  The 5-year DFS and OS rates as a result of chemorad-
iotherapy with 5-FU/LV after curative resection for patients 
with Dukes' B and C rectal cancer were 57% and 73% respec-
tively, and the recurrence rate was 38%. It was also observed 
that for Dukes' C disease, the cumulative dose of 5-FU/BSA 
affected survival. Further prospective randomized studies are 
needed to find out the effect of the cumulative dose of 5-FU 
on patient survival.
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