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Abstract
Background and aims Colorectal cancer (CRC) is the third
most common cause of cancer-related death in Taiwan.
During the past 20 years, several advances have improved
the treatment outcome and quality of life of CRC patients.
The purpose of this study was to identify the changes in the
clinicopathological features and outcome of CRC over this
period.
Materials and methods Based on the computerized data-
base of the Taipei Veterans General Hospital, between
January 1981 and December 2000, 5,474 CRC patients
were identified and divided into 2 groups based on the date
of treatment (1981–1990 and 1991–2000). The clinico-
pathological features, outcome, and prognostic factors were
analyzed and compared.
Results/findings The age at onset of cancer was 61 years in
the 1980s group and 66 years in the 1990s group. The
frequency of rectal tumors decreased from 50% in the
1980s group to 44% in the 1990s group. Tumor, nodes,
metastasis (TNM) stage distribution, surgical mortality, and
anastomosis leakage were similar in the two groups.
However, the 5-year overall survival rate was better in the
1990s group (56%) than that in the 1980s group (50%, P=
0.001). For rectal cancer patients, the local recurrence rate

was lower in the 1990s group (6%) than that in the 1980s
group (10%, P<0.01). In stage III CRC, the 5-year overall
survival rate was significantly higher in the 1990s group
(54%) than that in the 1980s group (48%, P=0.011). TNM
stage was the most important independent prognostic factor
for overall and disease-free survivals, followed by differ-
entiation grade, CEA level, and treatment period.
Interpretation/conclusion Advances in surgical technique
and more standard use of chemotherapy have improved
CRC outcome.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
and the fourth most frequent cause of cancer deaths
worldwide [1]. In Taiwan, the incidence of CRC has
increased markedly in the past 30 years. It was 6/100,000
in 1970 and increased to 31/100,000 in 2000. There were
7,213 new cases of CRC resulting to 3,376 CRC-related
deaths in 2000 [2].

Over the past 30 years, several events have occurred that
have influenced the treatment outcome and quality of life of
CRC patients [1, 3]. More standard use of 5-FU-based
chemotherapy has decreased tumor recurrence in stage III
patients. Before the introduction of chemotherapy, 67% of
stage III CRC patients developed tumor recurrence within
5 years; with chemotherapy this decreased to 55% [4, 5]. In
patients with rectal cancer, total mesorectal excision (TME)
and preoperative chemoradiotherapy (CCRT) have im-
proved local tumor control. In patients who received TME
and CCRT, the recurrence rate was lower than 10%, which
was significantly lower than the 33% recurrence rate in
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patients who did not receive TME and CCRT [6, 7].
Improvements in surgical technique have increased the
possibility of sphincter-saving operations, thus improving
patients’ quality of life by avoiding the need for a
permanent colostomy [8–10].

The purpose of this study was to review the changes in
the clinicopathological features and to investigate the long-
term outcomes of CRC treated in a tertiary referring
medical center during the past 26 years.

Materials and methods

From January 1981 to December 2000, a total of 5,577
patients with colorectal cancer had surgery in the Taipei
Veterans General Hospital. The clinical data after 1995
were prospectively stored in a computer database while
data before 1995 were prospectively stored in a punch card
and then converted to computer storage. The data included:
(1) name, gender, age, family history of cancers, major
medical problems, tumor markers including carcinoem-
bryonic antigen (CEA) and cancer antigen (CA 19-9)
levels; (2) location, gross appearance, tumor, nodes,
metastasis (TNM) stage, differentiation, and the important
pathologic prognostic features of the tumor; and (3) types
of operations, complications, recurrences, and follow-up
status.

The location of the tumor includes the cecum, ascending
colon, hepatic flexure, transverse colon, splenic flexure,
descending colon, sigmoid colon, and rectum. Right colon
means location proximal to (including) the transverse
colon, while left colon means location from the splenic
flexure (included) to the sigmoid colon. Rectal tumor
means tumors located below 15 cm from the anal verge
and are classified as upper (11–15 cm), middle (6–10 cm)
and lower (≤5 cm from the anal verge). Tumors in the
colon were operated with a wide excision of the mesentery
and associated lymphovascular tissue extending one vessel
proximal and distal to the main feeding vessels. High
ligation of inferior mesenteric vessels has been the standard
procedure in the resection of sigmoid and rectal cancers.
For the mobilization of the rectum, sharp dissection with
preservation of the rectal fascia propria has been always
followed. However, lateral lymph node dissection is not a
routine procedure. Since 1990, two important changes have
been occurred in our hospital. The first was complete
mobilization of the rectum down to the pelvic floor with
transaction of the rectum at the anorectal junction has been
practiced for the middle and lower rectal cancers. The
second was a more aggressive attitude of chemotherapy for
the stage III and stage IV cancers. We therefore chose 1990
as a dividing point to analyze the data. When the tumor was
completely removed without gross or microscopic residual

tumor or metastatic lesions, the operation was classified as
curative otherwise it was classified as palliative.

Before discharge from the hospital, the patients were
informed about the follow-up protocol, which included
regular visits every 3 months for the first 2 years, every
6 months for the subsequent 3 years, and at least every year
thereafter. Routine follow-up examinations including a
precise physical examination, rectodigital examination,
CEA levels, chest X-rays, abdominal sonograms, and/or
abdominal computerized tomography (CT) scan. If there
was any suspicion of tumor recurrence, further study such
as chest CT scan, whole body bone scan, and even whole
body positron emission tomography (PET) scan (available
in our hospital since 1996) were done to identify the site of
recurrence. The definitions of local recurrence of the rectum
included recurrence over or around the anastomosis, in the
rectal fossa or pelvic cavity, which was proved by
pathological confirmation or progressively increasing size
in radio-image study. All pathological reports were
reviewed and the classification of the TNM system was
revised according to the fifth edition of the AJCC cancer
staging manual [11].

Statistical analysis

The endpoint measurements used in this study were the
percentages of overall survival from the date of surgery.
The distribution of each clinicopathological variable was
compared using the two-tailed Fisher’s exact procedure and
the chi-square test. The numerical values were compared
using Student’s t test. Data are expressed as the mean±
standard deviation (SD). Kaplan–Meier survival curves
were compared using the log rank test. Statistical signifi-
cance was defined as P<0.05. Multivariate analysis was
carried out using the Cox proportional hazards model.
Variables with P<0.1 in the univariate analysis were
entered into the multivariate analysis (SPSS for Windows
version 10.0).

Results

A total of 5,577 patients were enrolled in our database, but
103 patients were excluded due to insufficient or incorrect
data. There were 303 (5.5%) patients who had unresectable
tumors; they either had no surgical resection of the tumor or
only received diversion or bypass surgery. Based on the
date of treatment, the patients were divided into two groups
(1981 to 1990 and 1991 to 2000). As shown in Table 1, the
age at onset of cancer was 61 years in the 1980s group and
66 years in the 1990s group. The frequency of rectal tumors
decreased from 50% in the 1980s group to 44% in the
1990s group. There were more poorly differentiated tumors
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in the 1980s group. The distribution of TNM stage was
similar in the two groups. In younger patients (<50 years of
age), the frequency of proximal colon tumors (proximal to
the splenic flexure) was similar to that in older patients. In
the 1990s, the harvested lymph nodes were significantly
more than that in the 1980s. This may be caused by a more
aggressive attitude of surgical resection or more detailed
examination of the surgical specimen. Of the rectal cancer
patients, 37% (383/1,040) received an exstirpation (abdom-
inoperineal resection or Hartmann operation) and 63%
(657/1,040) received anterior resection with reconstruction
in the 1980s group compared to 21% (294/1,368) and 79%
(1,074/1,368) in the 1990s group (P<0.001). As shown in
Tables 2 and 3, the clinicopathological features were similar
when colon and rectal cancers were analyzed separately.

The surgical mortality and the rate of anastomosis
leakage were similar in the 1980s and 1990s groups. As
shown in Table 4, the 5-year overall survival rate was better
in the 1990s group (56%) than that in the 1980s group
(50%). In patients with stage I CRC, there was no
significant difference in the 5-year (1980s, 79%; 1990s,
85%) and 10-year (1980s, 68%; 1990s, 71%) survival rates
between the 2 groups. In patients with stage III CRC, the 5-
year survival rate was significantly better in the 1990s
group (54%) than that in the 1980s group (48%). In patients
with stage IV CRC, the 1-year and 3-year survival rates (1-
year, 51%; 3-year, 14%) in the 1990s group were also better
than that in the 1980s group (1-year, 39%; 3-year, 11%).
However, when analyzed separately, the better survival of
cases in the 1990s group were not significant in stage III
and IV rectal cancers as shown in Tables 5 and 6. In the
rectal cancers, the local recurrence rate was 6% in the

Table 1 The clinicopathological characteristics of colorectal cancers,
before and after 1990

Features 1980s group
(%)

1990s group
(%)

P value

No. of cases 2,244 3,230
Age (years) 61.6±11.5 66.3±11.8 <0.001a

Gender (male/
female)

1,618/626 2,318/912 0.784b

Location of tumor
Right colon 476 (21) 678 (21) <0.001c

Left colon 647 (29) 1,120 (35)
Rectum 1,121 (50) 1,432 (44)
Proximal tumor in different age
≤50 years old 58/313 (18.5) 70/380 (18.4) 0.322c

>50 years old 418/1,931
(21.6)

608/2,850
(21.3)

TNM stage
I 390 (18) 484 (15) 0.062c

II 680 (30) 1,059 (33)
III 680 (30) 981 (30)
IV 494 (22) 706 (22)
Grade
Well and moderately
differentiated

1,461 (88) 2,840 (93) <0.001c

Poorly
differentiated

199 (12) 196 (7)

CEA level
>6 ng/ml 919 (53) 1,282 (45) <0.001c

<6 ng/ml 803 (47) 1,558 (55)
Harvested LNS 7.3±5.9 12.4±8.4 <0.001a

Surgery
Curative 1,683 (80) 2,531 (82) 0.067c

Palliative 662 (20) 544 (18)
Chemotherapy
Stage III 338 (50) 623 (64) <0.001c

Stage IV 189 (38) 388 (55) <0.001c

a Student’s t test
b Fisher’s exact test
c Pearson’s chi-square test

Table 2 The clinicopathological characteristics of colon cancers,
before and after 1990

Features 1980s group
(%)

1990s group
(%)

P value

No. of cases 1,123 1,798
Age (years) 61.8±11.7 66.6±11.9 <0.001a

Gender (male/female) 804/319 1,282/516 0.865b

Location of tumor
Cecum 223 (11) 144 (8) 0.067c

A-colon 168 (15) 247 (14)
Hepatic flexure 93 (8) 156 (9)
T-colon 92 (8) 131 (7)
Splenic flexure 63 (6) 99 (5)
D-colon 108 (10) 207 (12)
S-colon 476 (42) 814 (45)
TNM stage
I 132 (11) 179 (10) 0.303c

II 389 (35) 635 (35)
III 334 (30) 517 (29)
IV 268 (24) 467 (26)
Grade
Well and moderately
differentiated

719 (87) 1,603 (93) <0.001c

Poorly differentiated 105 (13) 122 (7)
CEA level
>6 ng/ml 435 (53) 718 (46) 0.002c

<6 ng/ml 388 (48) 838 (54)
Harvested LNS 8.2±6.5 13.3±8.8 <0.001a

Surgery
Curative 807 (76) 1,339 (78) 0.215c

Palliative 249 (24) 368 (22)
Chemotherapy
Stage III 172 (51) 331 (64) <0.001c

Stage IV 104 (39) 261 (56) <0.001c

a Student’s t test
b Fisher’s exact test
c Pearson’s chi-square test
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1990s group, which was better than that in the 1980s group
(10%).

On univariate analysis, the clinicopathological factors
affecting the overall survival of the CRC were TNM stage,
differentiation grade, high CEA level, gender, and treatment
period (1980s vs 1990s) (Table 7). In the multivariate
analysis, the most important factor was TNM stage,
followed by high CEA level and treatment period (Table 8).
TNM stage, differentiation grade, high CEA level, and
treatment period were independent prognostic factors for
CRC disease-free survival.

In the 1980s group, 50% of stage III patients and 38% of
stage IV patients received chemotherapy. In the 1990s
group, the chemotherapy rates increased to 64% of stage III
patients and 55% of stage IV patients. The patients in the
1990s who received chemotherapy (either in stage III or in
stage IV tumors) were significantly more than those in the
1980s. However, there appeared to be no significant benefit

Table 3 The clinicopathological characteristics of rectal cancers,
before and after 1990

Features 1980s
group

1990s
group

P value

No. of cases 1,121 1,432
Age (years) 61.5±11.3 65.8±11.6 <0.001a

Gender (male/female) 814/307 1,036/396 0.881b

Location of tumor
Upper third (11–15 cm) 410 (37) 415 (29) <0.001c

Middle third (6–10 cm) 374 (33) 616 (43)
Lower third (≤5 cm) 337 (30) 401 (28)
TNM stage
I 258 (23) 305 (21) 0.037c

II 291 (26) 424 (30)
III 346 (31) 464 (32)
IV 226 (20) 239 (17)
Grade
Well and moderately
differentiated

742 (88) 1,237 (94) <0.001c

Poorly differentiated 94 (12) 74 (6)
CEA level
>6 ng/ml 484 (54) 564 (44) <0.001c

<6 ng/ml 415 (46) 720 (56)
Harvested LNS 6.4±5.3 11.6±7.6 <0.001a

Surgery
Curative 876 (84) 1,192 (87) 0.043c

Palliative 164 (16) 176 (13)
Exstirpation 383 (37) 294 (21) <0.001a

Anterior resection 657 (63) 1,074 (79)
Chemotherapy
Stage III 166 (48) 292 (63) <0.001c

Stage IV 85 (38) 127 (53) <0.001c

a Student’s t test
b Fisher’s exact test
c Pearson’s chi-square test

Table 4 Major outcome of colorectal cancers, before and after 1990

Features 1980s
group

1990s
group

P value

No. of cases 2,244 3,230
Surgical mortality (death within
30 days)

32 (1.3) 42 (1.3) 0.732a

Anastomosis leakage 27 (1.2) 58 (1.8) 0.254a

5-year and 10-year overall
survival rates (%)

50/39 56/42 0.001b

Stage I 79/68 85/71 0.066b

Stage II 68/52 74/56 0.015
Stage III 48/36 54/38 0.011
Stage IV (1-year and 3-year
survival rates)

39/11 51/14 0.002

Local recurrence rate
Rectal cancer (5 year, %) 10 6 <0.001a

a Fisher’s exact test
b Log rank test

Table 5 Major outcome of colon cancers, before and after 1990

Features 1980s
group

1990s
group

P
value

No. of cases 1,123 1,798
Surgical mortality (death within
30 days)

21 (1.9) 28 (1.6) 0.556a

Anastomosis leakage 13 (1.2) 18 (1.1) 0.679a

5-year and 10-year overall
survival rates (%)

51/41 53/42 0.08b

Stage I 82/70 85/77 0.176b

Stage II 73/58 74/58 0.54
Stage III 49/39 57/45 0.017
Stage IV (1-year and 3-year
survival rates)

36/11 51/12 0.007

a Fisher’s exact test
b Log rank test

Table 6 Major outcome of rectal cancers, before and after 1990

Features 1980s
group

1990s
group

P value

No. of cases 1,121 1,432
Surgical mortality (death within
30 days)

11 (1.0) 14 (1.0) 1.000a

Anastomosis leakage 14 (1.3) 40 (2.9) 0.012a

5-year and 10-year overall
survival rates (%)

51/39 60/42 <0.001b

Stage I 78/67 85/68 0.186b

Stage II 63/46 75/52 0.004
Stage III 48/33 53/33 0.297
Stage IV (1-year and 3-year
survival rates)

43/11 51/18 0.06

a Fisher’s exact test
b Log rank test
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of chemotherapy in the 1980s group. In stage III patients,
the 5-year overall survival rate was 45% with chemother-
apy and 48% without chemotherapy (Fig. 1), while in stage
IV patients, the 1-year overall survival rate was 45% with
chemotherapy and 42% without chemotherapy. However in
the 1990s group, the benefit of chemotherapy was
significant. In stage III patients, the 5-year overall survival
rate was 57% with chemotherapy and 45% without
chemotherapy, while in stage IV patients, the 1-year overall
survival rate was 65% with chemotherapy and only 32%
without chemotherapy.

Discussion

Our series consisted of CRC cases diagnosed from 1981 to
2000. The number of cases per year increased progressively
and was comparable to the trend of the incidence of CRC in
Taiwan [2]. In the 1990s group, the mean age at onset of
colorectal cancer was 66 years, which was older than that in
the 1980s group (61 years). The annual report of the
Taiwan cancer registry showed that the mean age at CRC
diagnosis was 64 years in 1995 and 67 years in 2000 [2]. It
is interesting to note that our series showed a significant
decrease of the tumor in the rectum. The frequency of rectal

tumors was 50% in the 1980s group, but this decreased to
44% in the 1990s group (P<0.001). Several epidemiologic
reports have shown a similar trend [12–14]. Several studies
have indicated that mass screening with sigmoidoscopy and
possible polypectomy could decrease the incidence of rectal
cancer [15–17].

The decreased rate of exstirpation from 37% in the
1980s to 21% in the 1990s reflected the trend of aggressive
preservation of the anus based on better realization of distal
cancer spread and improvement of surgical technique [18,
19]. The low leakage rate in colon cancer operation was not
particular. However, we were surprised by the low leakage
rate of rectal anastomosis. It might be caused by several
reasons. Only clinical leakage was recorded and analyzed,
which might underestimate the subclinical leakage. Fur-
thermore, the high anastomosis of the resection of upper
rectal cancer was included for analysis, which might dilute
the leakage rate of the low anastomosis of the resection of
middle and low rectal cancers. The leakage rate of the
resection of rectal cancer below 10 cm from the anal verge
was 1.6% and 3.4% in the 1980s and 1990s, respectively.
The significant increase of leakage rate in the 1990s (1990s,
2.9%; 1980s, 1.3%) might be caused by increased cases of
low anastomosis (1990s, 71%; 1980s, 63%).

Table 7 Factors affecting the overall survival rate in CRC patients

Features 5 year (%) 10 year (%) P valuea

TNM (no.)
I (874) 82 70 <0.001
II (1,739) 72 55
III (1,661) 52 39
IV (1,200) 7 3
Grade of differentiation
Well (685) 60 49 <0.001
Moderate (3,616) 58 45
Poor (395) 37 28
Gender
Male (3,936) 52 39 <0.001
Female (1,538) 59 50
Location
Right colon (1,154) 52 41 0.02
Left colon (1,767) 54 43
Rectum (2,553) 56 43
CEA level
>6 ng/ml (2,201) 40 30 <0.001
<6 ng/ml (2,361) 67 53
Harvested LN
>12 (2,259) 57 44 0.206
<12 (3,215) 57 44
Date of treatment
1980s (2,244) 51 40 0.001
1990s (3,230) 57 42

a Log rank test
Table 8 Multivariate analysis of the factors influencing long-term
overall and disease-free survival of CRC

Features Hazard
ratioa

95% CI P
value

Overall survival
TNM 2.56 2.40–

2.73
<0.001

Grade of differentiation 1.15 1.04–
1.28

0.006

Gender (female vs male) 0.83 0.74–
0.93

0.023

CEA level (>6 vs <6 ng/ml) 1.53 1.38–
1.70

<0.001

Date of treatment (1990s vs
1980s)

0.85 0.77–
0.93

0.006

Disease-free survival
TNM 3.51 3.26–

3.78
<0.001

Grade of differentiation 1.11 1.01–
1.24

0.041

Gender (female vs male) 0.94 0.83–
1.05

0.302

CEA level (>6 vs <6 ng/ml) 1.44 1.29–
1.62

<0.001

Date of treatment (1990s vs
1980s)

0.83 0.75–
0.93

0.001

CI: confidence interval
a Cox regression hazard model
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Several clinicopathological factors including TNM stage,
differentiation grade, gender, CEA level, and the treatment
period affected the overall survival. However, analysis of
our data showed that gender had no significant impact on
disease-free survival. The different influences of the female
gender between overall and disease-free survival may be
caused by the longer female life expectancy (female,
78 years vs male, 71 years in Taiwan) [2].

Our results showed that there was no change in the
distribution of proximal tumor in the young age group.
There was no difference of the percentage of the proximal
colon between the young and old age group. In contrast,
other studies have reported that younger CRC patients were
more likely to have proximal colon tumors [20–22].

Advances in surgical technique and chemotherapy have
improved the outcome of CRC patients [23–26]. High
ligation of the inferior mesenteric vessels, sharp dissection

to mobilize the rectum with removal of most mesorectal
tissue have been standard procedures used in the radical
resection of rectal cancer in our hospital for a long time.
However, since 1990, a complete mobilization of the
rectum down to the pelvic floor, resection of the rectum
near the anorectal junction for the middle and lower rectal
tumors have been used to resect the rectal tumors. This
procedure fulfills the technique of total mesorectal excision
(TME). The significant improvement of stage II and the
significant decrease of the local recurrence rate of all rectal
cancer may be related to this change of surgical technique.
The effect of neoadjuvant chemoradiotherapy (CCRT)
couldn’t be evaluated because the standard regimen of
CCRT has been introduced to our hospital since 2000.

To correctly assess the lymph node status of the tumor is
mandatory for accurate staging. Inadequate resection and
examination of the lymph node could downstage the tumor
and preclude the patient from necessary adjuvant therapy.
The agreement in determining a universal valid minimum
number of lymph nodes to establish an accurate stage has
not yet been reached [27, 28]. The College of American
Pathologists consensus meeting publications recommended
that at least 12 lymph nodes were sufficient for accurate
staging [3]. In our previous study, a shift of N2 to N1 was
noted when the number of harvested lymph nodes was
below 10 [29]. Although the number of harvested lymph
nodes didn’t influence the survival outcome in this study,
the harvested number in 1990s was significantly increased,
which reflected the more aggressive attitude of surgery and
more detailed pathological examination.

Since the introduction of standardized 5-FU-based
chemotherapies, including the Mayo and de Gramont
regimens, the outcome of stage III and IV CRC patients
have significantly improved [30–33]. Our series showed
similar results. The 5-year overall survival rate of stage III
patients was better in the 1990s (54%) than that in the
1980s (48%). In the 1990s, the 5-year overall survival rate
of stage III CRC patients receiving chemotherapy was 57%
with an approximately 20% decrease in tumor recurrence
compared to stage III patients not receiving chemotherapy
(45%). It is interesting to note that this improvement of
survival with chemotherapy could not be observed in the
1980s group. Before 1990, the effect of adjuvant chemo-
therapy was controversial. The policy and regimen of
adjuvant chemotherapy in our hospital were not standard-
ized. Which patients should receive chemotherapy were
dependent on the subjective judgement of the surgeon.
Many patients did not receive the complete course of
chemotherapy. All of these factors may influence the result
of chemotherapy. Although stage III patients who received
chemotherapy increased from 50% in the 1980s group to
67% in the 1990s group, this rate was relative low
compared to other series [34–37]. The factors that may

Fig. 1 Outcome of stage III CRC patients with or without adjuvant
chemotherapy
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have contributed to the low chemotherapy rate in advanced
cancer patients include transportation difficulties in getting
to the hospital and the old age of the patients. In the 1990s
group, of the 337 stage III disease patients who did not
receive chemotherapy, 117 cases (35%) had transportation
difficulties and 186 cases (55%) were old age with poor
general condition. Several studies have found that chemo-
therapy has the same benefit in younger and older patients,
but older patients are less frequently treated [38, 39]. Jessup
et al. have also noted that patients receiving adjuvant
therapy for stage III colon cancer, especially low-grade
cancer, had an increased survival benefit [40].

Recent advances in understanding tumor biology have
led to the development of novel drugs that target different
pathways, which are important in malignant phenotypes
[41–44]. Thus, in the future, individualized treatment based
on genetic tumor profiles may become possible. The current
challenge is to identify the risk factors, which may predict
the recurrence of CRC and increase the rate of treatment in
patients who may respond to chemotherapy.

Conclusion

The results of the treatment of CRC have improved during
the past 20 years. More accurate staging, improved surgical
technique in rectal surgery, and more aggressive attitude of
chemotherapy were the most important contributive factors.
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