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Abstract

Background Total mesorectal excision (TME) and pre-

operative chemoradiation therapy (PCRT) for rectal cancer

are used sequentially in our center. The aim of this study

was to evaluate survival of patients with stage II/III rectal

cancer chronologically and to determine whether thera-

peutic advances associated with TME and PCRT have

improved patient survival.

Methods A retrospective review of 2,197 patients from

July 1989 to December 2006 was conducted. The time

period (P) for this study was divided into three groups: P1

(1989–1995), P2 (1996–2001) for TME, P3 (2002–2006)

for PCRT. Cancer-specific survival (CSS), disease-free

survival (DFS), and recurrences among the three periods

were investigated.

Results A total of 293 patients in P1, 836 patients in P2,

and 1,068 patients in P3 were enrolled. The 5-year CSS in

stages II and III was statistically different between P1/P2

and P3 (stage II, p = 0.008; stage III, p \ 0.001). The

5-year DFS was significantly different between P1/P2 and

P3 for stage III (p = 0.001). The local recurrence and

systemic recurrence rates decreased during P3, but there

was no significant difference between the three periods for

stage II. For stage III, local recurrence was significantly

different between the three periods (P1 vs. P2, p = 0.002;

P1 vs. P3, p \ 0.001; P2 vs. P3, p = 0.008).

Conclusions We identified an improvement in survival

for stage II/III rectal cancer and a decrease in local

recurrence for stage III rectal cancer during P3, the most

recent period. This may be due to frequent application of

PCRT based on the TME.

Introduction

Advances in the treatment of rectal cancer have contributed

to marked improvements in patient outcomes over the past

two to three decades. In the United States, overall survival

has increased significantly from a 5-year relative survival

of 49 % between 1975 and 1977 to 69 % between 1999 and

2005 [1]. The 5-year relative survival also increased in

European countries over time between 1988–1990 and

2000–2002 [2]. Similarly, the 5-year relative survival for

colorectal cancer in Korea has increased from 54.8 %

between 1993 and 1995 to 71.3 % between 2001 and 2005

[3]. Although part of this improvement is attributable to

early detection of disease by screening, the widespread

adoption of optimal surgery techniques and increased uti-

lization of both radiotherapy and chemotherapy have likely

contributed to the improvement in patient outcomes [4, 5].

In the treatment of rectal cancer, adoption of total

mesorectal excision (TME) and preoperative chemoradia-

tion therapy (PCRT) were applicable to this improvement.

The use of TME has become a standard operation for rectal

cancer and has led to lower local recurrence rates and
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better survival [6–8]. The value of adding PCRT to surgery

for the treatment of patients with resectable rectal cancer

has been assessed in several trials [9–13]. Therefore, TME

and PCRT are considered an optimal part of the multidis-

ciplinary treatment of rectal cancer. TME and PCRT were

used sequentially in our center since the establishment of

TME during the mid-1990s and the beginning of PCRT

with TME during the early 2000s. The purpose of this

study was to evaluate the chronologic survival of patients

with stage II/III rectal cancer and to determine whether

therapeutic advances in the use of PCRT and TME have led

to improved survival.

Patients and methods

Patients

A retrospective review was conducted on patients who

underwent radical surgery for stage II or III rectal cancer at

the Asan Medical Center, Seoul, Korea between July 1989

and December 2006. Inclusion criteria included tumors

below the level of S1/S2 with an inferior tumor margin

being B15 cm from the anal verge based on operative or

endoscopic findings. Patients with hereditary nonpolyposis

colorectal cancer, familial adenomatous polyposis, or other

malignancy and patients with previous treatment of rectal

cancer were excluded from this study. Of 2,251 patients, 53

patients were also excluded because of their unknown

cause of death: six patients during period 1 (P1), 28

patients in P2, 19 patients in P3. Finally, 2,197 patients

were included in the study.

Local recurrence was defined as any detectable local

disease at follow-up, either alone or in conjunction with

systemic disease. We used the 7th American Joint Com-

mittee on Cancer (AJCC) staging manual for cancer stag-

ing. Patients were followed-up until April 1, 2012. Patients

with incomplete follow-up were censored at the date of

their last follow-up.

Periods

Patients were classified into three groups depending on

their year of operation: P1 (1989–1995), P2 (1996–2001),

P3 (2002–2006). Our standard surgical protocol for rectal

cancer was wide mesorectal excision. It was a tailored

mesorectal excision during P1 and TME during P2. The

change from postoperative to preoperative radiation ther-

apy occurred progressively since the early 2000s. PCRT

with TME was adopted gradually during P3 for rectal

cancer located in the mid to low rectum. Autonomic nerve

preservation was performed throughout the entire study

period.

Surgery

Three experienced colorectal surgeons performed all of the

operations uniformly. Two surgeons were involved

throughout the whole study period and a third surgeon

joined in the surgery during the early part of P2. We did not

perform lateral lymph node dissection routinely, but we did

perform limited lymph node sampling for enlarged lymph

nodes. Surgery was performed 5–8 weeks after completion

of the preoperative radiotherapy for patients who received

PCRT.

Radiotherapy

Radiotherapy was delivered at a total 50.4 Gy within

6 weeks: 45 Gy in 25 fractions to the pelvis and 5.4 Gy in

a three-fraction boost to the primary tumor. Preoperative

radiation therapy was performed on patients with locally

advanced (T3/T4 and/or node-positive on an imaging

study) mid- or low-rectal cancer. Postoperative radiation

therapy was performed on patients with biopsy-proven T3/

T4 and/or node-positive mid or low rectal cancer and who

underwent surgery with curative intent, agreed to this

therapy, and were deemed able to tolerate it.

Chemotherapy

In the PCRT setting, capecitabine or fluorouracil-based

chemotherapy started on day 1 of the first radiotherapy

round. Capecitabine was administered orally at a dose of

1,650 mg/m2/day, in two doses, during the whole period of

radiotherapy and without weekend breaks. Fluorouracil

(375 mg/m2/day) and leucovorin (20 mg/m2/day) were

administered by rapid intravenous injection for 3 days dur-

ing the first and fifth weeks of radiotherapy. Adjuvant che-

motherapy usually commenced 4 weeks after surgical

resection in all of the PCRT patients and started on day 1

of the first radiotherapy session in the postoperative

CRT group. For oral adjuvant chemotherapy, we used

doxifluridine (800–1,200 mg/day), tegafur/uracil (tegafur

300–600 mg/day ? uracil 672–1,344 mg/day), and cape-

citabine (1,650 mg/m2/day).

Patient follow-up

We regularly evaluated patients for disease recurrence over a

follow-up period of 5 years. History taking and physical

examination, complete blood counts, blood chemistry stud-

ies, carcinoembryonic antigen (CEA) testing, chest radiog-

raphy, and computed tomography of the abdomen and pelvis

were repeated every 6 months during the 5 years. Whenever

reasonably possible, we biopsied suspected lesions to con-

firm metastatic or recurrent disease. If histologic or cytologic
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evidence was not available, sequential enlargement of a mass

in radiology studies was accepted. Elevated CEA alone was

not considered evidence of recurrence.

Statistical analysis

Categorized variables were compared using the v2 test, and

continuous variables were compared using the unpaired

Student’s t test. Cancer-specific survival (CSS) and dis-

ease-free survival (DFS) curves over the three periods were

plotted using the Kaplan–Meier method and compared

using the log-rank test. The significance level was set at

5 % (p = 0.05) for all analyses. The analyses were per-

formed using a SPSS software program (version 19; SPSS,

Chicago, IL, USA)

Results

Characteristics of patients

A total of 2,197 patients (293 in P1, 836 in P2, 1,068 in P3)

were included in this study. A definite increase in the number

of cases and a slight rise in the average age of the patients

were observed from P1 to P3 (p = 0.01). The mean follow-up

period was longer toward P1 (p = 0.001). No statistical dif-

ferences in patient sex or histologic differentiation of tumors

were found between the three periods. Into the subgroups by

stage, the results showed low IIA (30.0 %) and high IIIC

(18.8 %) proportions during P1 and a high IIA (45.5 %) and

low IIIC (9.8 %) proportions during P3. However, when we

analyzed patients who undersent PCRT using clinical stage,

the results showed the same proportions in P1 and altered

proportions in P2 and P3 as follows: IIA (39.8 %), IIIB

(36.7 %), and IIIC (15.0 %) during P2; and IIA (38.1 %), IIIB

(40.5 %), and IIIC (14.1 %) during P3. The three periods

differed in the distribution of clinical cancer stage, but the

difference did not reach significance (p = 0.13). Also, there

was a significant difference between groups in terms of the

number of patients who underwent adjuvant radiation ther-

apy: 63.1 % in P1, 65.3 % in P2, and 45.0 % in P3

(p \ 0.001) (Table 1). Considering a combination of both

preoperative and postoperative radiotherapy, there was no

significant difference in the proportion of patients undergoing

radiotherapy over the three periods: 63.8 % in P1, 67.5 % in

P2, 63.5 % in P3 (p = 0.08). Table 2 shows other causes of

death for each period, regardless of the colorectal cancer,

during the 5-year follow-up.

Adjuvant chemotherapy

The proportion of patients who did not undergo adjuvant

chemotherapy was lower in P1 than in P2 or P3. There was

no significant difference in the proportion of patients who

did not undergo adjuvant chemotherapy for stage II and III

disease (p = 0.07 and p = 0.14, respectively). The pro-

portion of patients who underwent oral adjuvant chemo-

therapy (including doxifluridine or tegafur/uracil), except

capecitabine, was lower during P3 than during P1/P2. By

contrast, the use of capecitabine was markedly increased

during P3 than during P1/P2 (Table 3).

Survival

The 5-year CSS for all patients with stage II/III rectal cancer

increased from 70.0 % in P1 to 84.3 % in P3 (P1/P2 vs. P3:

p \ 0.001, irrespective of stage). The 5-year DFS also

increased, from 64.3 % in P1 to 69.8 % in P2 to 76.8 % in P3

(P1 vs. P2: p = 0.002; P1 vs. P3: p \ 0.001; P2 vs. P3:

p \ 0.001, irrespective of stage). When an analysis of rectal

cancer was performed according to tumor stage, the 5-year

CSS in both stage II and III was statistically different

between P1/P2 and P3 (stage II: P1 vs. P3, p = 0.008; P2 vs.

P3, p = 0.001; stage III: P1/P2 vs. P3, p = 0.001) (Fig. 1).

The 5-year DFS was slightly different between P1 and P3 for

stage II (p = 0.044). For stage III, the 5-year DFS was sig-

nificantly different between P1/P2 and P3 (P1 vs. P3:

p \ 0.001; P2 vs. P3: p = 0.001) (Fig. 1)

Recurrence

The number of local and systemic recurrences showed a

decreasing trend toward the later period, but the difference

was not significant for stage II rectal cancer. For stage III

rectal cancer, local recurrence—but not systemic recur-

rence—was significantly different for the three periods (P1

vs. P2: p = 0.002; P1 vs. P3: p \ 0.001; P2 vs. P3:

p = 0.008) (Table 4).

Discussion

This chronological study showed improvements in survival

and local control of rectal cancer in patients undergoing

surgery during the most recent period (2002–2006). Similar

survival results were found in The Netherlands [14, 15] and

by a Swedish group [16], but their data were based on

population registries, unlike our study with a uniform

treatment environment. Although pathologic stages for the

three periods showed significantly different proportions in

the subgroups, these differences might be attributed to

pathologic down-staging after PCRT. TME and PCRT

were applied sequentially at our center. Therefore, the

current study indirectly investigated the effects of TME

and PCRT separately under uniform patient and treatment

environments.
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In the current study, we aimed to determine the effect of

TME by comparing survival and recurrence between the P1

and P2 time periods. Although the 5-year DFS irrespective

of stage was statistically different between P1 and P2, the

5-year CSS and DFS for stage II and III patients were not

statistically different between the P1 and P2 time periods

when considered separately. Also, there was no statistical

difference between P1 and P2 regarding systemic recur-

rence, but there was a significant difference in terms of

local recurrence (with and/or without systemic recurrence)

for stage III disease (p = 0.002). These results imply that

the outcome for wide mesorectal excision performed

during P1 was similar to that for TME performed during

P2, except for the local recurrence rate in stage III patients.

Zaheer et al. [17] stated that ‘‘tumor-specific’’ meso-

rectal excision (TSME) when the tumor was high in the

rectum appeared to achieve a low rate of local recurrence

and good long-term survival, similar to those for TME.

Law and Chu et al. [18] also stated that partial mesorectal

excision (PME) for cancer in the upper rectum yielded

similar results when compared with TME for mid and

distal rectal cancer. Therefore, the outcomes from wide

mesorectal excision at our center during P1 may be similar

to those from TSME or PME. In terms of the prognostic

Table 1 Demographic and radiotherapy data for patients during the three periods

Parameter Period 1 (1989–1995) Period 2 (1996–2001) Period 3 (2002–2006) p*

No. of patients 293 836 1,068

Sex (F/M) 133/163 (44.4 %/55.6 %) 320/516 (38.3 %/61.7 %) 440/648 (40.9 %/59.1 %) 0.16

Age (years) 55 ± 12 57 ± 11 58 ± 11 0.001

Follow-up (months) 92 ± 72 80 ± 45 56 ± 24 0.001

Histologic differentiation 0.81

WD/MD 268 (91.5 %) 767 (91.7 %) 987 (92.4 %)

PD/SRC/MUC 25 (8.5 %) 69 (8.3 %) 81 (7.6 %)

Stage 0.001

IIA 88 (30.0 %) 333 (39.8 %) 486 (45.5 %)

IIB 13 (4.4 %) 18 (2.2 %) 8 (0.7 %)

IIC 0 (0) 4 (0.5 %) 11 (1.0 %)

IIIA 15 (5.1 %) 50 (6.0 %) 77 (7.2 %)

IIIB 122 (41.6 %) 309 (36.9 %) 381 (35.7 %)

IIIC 55 (18.8 %) 122 (14.6 %) 105 (9.8 %)

Treatment

PCRT 2 (0.7 %) 18 (2.2 %) 198 (18.5 %) 0.001

Adj-RT 185 (63.1 %) 546 (65.3 %) 487 (45.0 %) 0.001

Values as mean ± SD or no. of patients (%)

WD well differentiation, MD moderately differentiation, PD poorly differentiation, SRC signet ring cell, MUC mucinous carcinoma, PCRT

preoperative chemoradiation therapy, Adj-RT adjuvant radiotherapy

* Bold font: p \ 0.05

Table 2 Characteristics of other causes of death except the cause related to colorectal cancer for each period during the 5-year follow-up

Cause of death Period 1 (1989–1995) Period 2 (1996–2001) Period 3 (2002–2006)

Heart diseasea 2 (0.7 %) 1 (0.1 %) 2 (0.2 %)

Lung diseaseb 4 (1.4 %) 3 (0.4 %) 5 (0.5 %)

Liver diseasec 0 4 (0.5 %) 4 (0.4 %)

Renal diseased 1 (0.3 %) 1 (0.1 %) 1 (0.1 %)

Cerebral infarct 0 0 1 (0.1 %)

Otherse 1 (0.3 %) 3 (0.4 %) 2 (0.2 %)

a Myocardial infarction, heart failure
b Pneumonia, chronic obstructive pulmonary disease, embolism
c Hepatitis-related chronic liver disease
d Chronic renal failure
e Pelvic sepsis, SMA infarct
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impact of TME, concerns about inter-surgeon and inter-

institution variability have been described in several stud-

ies [19–21]. In our study, data were collected and analyzed

from a single center. Also, three experienced colorectal

surgeons performed all of the operations uniformly,

thereby minimizing potential inter-surgeon and inter-

institution variability.

The current study showed that the 5-year CSS for stage

II/III and the 5-year DFS for stage III rectal cancer during

P3 was statistically different from that during P1/P2. The

main difference in treatment between P2 and P3 in this

study was the introduction of PCRT during P3. Consider-

ing the change of treatment modality between P2 and P3

and the pathologic down-staging after PCRT, the survival

improvement in P3 may be due to the indirect effect of

PCRT. Also, there was a statistically significant difference

in the rate of local recurrence between P2 and P3 in stage

III patients and an insignificant but steady decrease in the

local recurrence rate from P1 to P3 for stage II patients.

These outcomes are in line with those of previous ran-

domized controlled studies. The Swedish Rectal Cancer

trial [22] and the NSABP R-03 (National Surgical Adju-

vant Breast and Bowel Project R-03) trial [13] showed that

preoperative radiotherapy reduced local recurrence rates

and improved survival. In addition, the German trial [23],

the European Organization for Research and Treatment of

Cancer (EORTC) [24], and the Dutch Colorectal Cancer

Group [12] reported that PCRT with TME contributed to

improved local control despite having no effect on survival.

Although this study was not a prospective randomized trial,

these data suggest that PCRT was indirectly involved in the

improvement of survival of patients with stage II or III

rectal cancer and in lowering local recurrence of stage III

rectal cancer. For this reason, the current standard of

treatment at our institution is PCRT for patients with

locally advanced (T3/T4 and/or node-positive on imaging

study) mid or low rectal cancer.

Another factor that influences survival and recurrence is

the use of chemotherapy. In this study, there was a sig-

nificant difference in the adjuvant chemotherapy regimen

for the three periods. Oral chemotherapy (except capecit-

abine) was usually used during P1, but its use gradually

decreased over the years between P1 and P3. Although

there is a lack of consensus on the utility of oral FU, a

meta-analysis suggested a statistically significant benefit in

terms of survival with the use of oral fluoropyrimidines

[25]. A recent randomized Phase III trial in Germany

confirmed noninferiority for overall survival when infu-

sional 5-FU was replaced by oral capecitabine during

radiotherapy and adjuvant chemotherapy [26]. Newer-

generation chemotherapeutics, such as oxaliplatin and iri-

notecan, were seldom used as the primary regimen of

adjuvant chemotherapy throughout the entire study period.

Although the proportion of patients who did not undergo

chemotherapy was the lowest in P1 and the highest in P2,

there was no significant difference for stage II cancer

(p = 0.128). There was, however, a significant difference

for stage III (p = 0.02) rectal cancer. Hence, in this study

there was a difference in the chemotherapy regimens, but it

did not appear to explain the different outcomes for the

three periods. Furthermore, there was no difference in

systemic recurrence among the three periods. Thus, the

results suggested that adjuvant chemotherapy was not

sufficient to achieve better long-term survival rates.

The present study has a number of limitations that

should be considered when interpreting the results. As in

all single-institution retrospective observational cohort

studies, there is potential for both referral and selection

bias. The clarifying division of each period was difficult,

and inter-stage analysis may not be obvious because of the

Table 3 Adjuvant chemotherapy in the three periods

Chemotherapy Period 1 (1989–1995) Period 2 (1996–2001) Period 3 (2002–2006) p

Stage II 0.001

None 10 (9.9 %) 59 (16.6 %) 60 (11.9 %) 0.07

Oral CTx 48 (47.5 %) 64 (17.3 %) 45 (8.8 %)

LF 42 (41.6 %) 239 (64.8 %) 190 (37.3 %)

Capecitabine 1 (1.0 %) 1 (0.3 %) 210 (41.2 %)

FOLFOX 0 0 2 (0.4 %)

Stage III 0.001

None 9 (4.7 %) 43 (8.9 %) 39 (6.9 %) 0.14

Oral CTx 43 (22.4 %) 36 (7.5 %) 18 (3.2 %)

LF 139 (72.4 %) 397 (82.6 %) 254 (45.1 %)

Capecitabine 1 (0.5) 5 (1.0 %) 243 (43.2 %)

FOLFOX 0 0 9 (1.6 %)

CTx doxifluridine or tegafur/uracil, LF leucovorin ? 5-fluorouracil, FOLFOX leukovorin ? 5-fluorouracil ? oxaliplatin
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P1 P2 p=0.15

P3 p=0.008
P2 P3 p=0.001

P1 P2 p=0.056

P3 p=0.044
P2 P3 p=0.091

Stage II

Stage III

P1 P2 p=0.56

P3 p<0.001
P2 P3 p<0.001

Stage III
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at
e

P1 P2 p=0.07

P3 p<0.001
P2 P3 p=0.001

Months after operation

P1 
P2 
P3

P1    101                  99                     98                    95                    91                     86
P2    355                 351                   341                  331                  322                   314 
P3    505                 502                   492                  484                  471                   461

Number of patients at risk                      

P1   192         177 161                  146             137 119
P2   481              466                423               375                  350                  325
P3   563              557                   530 497                  464                  439

Number of patients at risk                      

P1    101                  98                     90                    87                     82                    80
P2    355                 339                   320                309                   300                  293 
P3    505                483 459                  447                   438                  433

Number of patients at risk                      

P1   192                155 129                  117             107 103
P2   481                406                338                310                  287                  276
P3   563                502                   434 394                  376 362

Number of patients at risk                      

Fig. 1 Five-year cancer-specific survival for stage II a and stage III

b rectal cancer during the three study periods (P1, P2, P3). P1:

85.1 ± 3.5 % in stage II and 62.0 ± 3.5 % in stage III; P2:

88.2 ± 1.7 and 67.7 ± 2.1 %, respectively; P3: 91.3 ± 1.3 and

78.0 ± 1.7 %, respectively. Five-year disease-free survival for stage

II c and stage III d rectal cancer during the three periods. P1:

83.7 ± 3.7 % in stage II and 53.7 ± 3.6 % in stage III; P2:

84.4 ± 1.9 and 58.7 ± 2.3 %, respectively; P3: 87.5 ± 1.5 and

66.9 ± 2.0 %, respectively

Table 4 Cumulative 5-year recurrence rate and p values according to the recurrence pattern

Period 1 (1989–1995) p (P1 vs. P2) Period 2 (1996–2001) p (P2 vs. P3) Period 3 (2002–2006) p (P3 vs. P1)

Stage II

LR only 2 (2.0 ± 1.4) 0.83 5 (1.5 ± 0.7) 0.90 6 (1.3 ± 0.5) 0.75

LR ± SR 6 (6.4 ± 2.6) 0.64 16 (4.8 ± 1.2) 0.29 14 (3.0 ± 0.8) 0.16

SR only 10 (10.6 ± 3.2) 0.59 40 (11.6 ± 1.7) 0.37 46 (9.3 ± 1.3) 0.35

Stage III

LR only 11 (7.3 ± 2.2) 0.17 17 (4.2 ± 1.0) 0.12 11 (2.5 ± 0.7) 0.008

LR ± SR 36 (21.9 ± 3.3) 0.002 54 (13.5 ± 1.7) 0.008 38 (8.1 ± 1.3) \0.001

SR only 49 (29.6 ± 3.6) 0.86 134 (30.5 ± 2.2) 0.18 147 (27.6 ± 1.9) 0.65

P1, P2, P3: periods 1, 2, and 3, respectively; LR local recurrence, SR systemic recurrence
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stage change due to PCRT in 18.5 % of the patients in P3.

In addition, the bias due to the drastic increase in the

number of patients in P3 and the associated change toward

lower cancer stage (although without significance) would

have an impact on survival results. The analyses in this

study were not direct comparisons between the effect of the

TME and PCRT but, rather, indirect comparisons between

each of the periods that implemented TME and/or PCRT.

Despite these limitations, the study suggests that globally

used treatment, such as TME/PCRT, can be beneficial for

patients with rectal cancer.

Conclusions

We identified an improvement in survival for patients with

stage II/III rectal cancer and a reduction in local recurrence

for those with stage III rectal cancer during the most recent

period (P3: 2002–2006). These improved parameters may

be due to the introduction of routine PCRT, based on TME.

During P2, when TME became routine, the local recur-

rence rate for stage III rectal cancer decreased—although

there was no significant improvement in survival compared

with that for P1. The outcome of wide mesorectal excision

performed during P1 may be similar to that of TME and

TSME. We conclude that therapeutic advances have

improved the survival of patients, but new agents for

adjuvant chemotherapy and multidisciplinary treatment are

still needed to further improve survival rates in patients

with rectal cancer.
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