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Abstract
Background and objectives This study is to evaluate the
safety and efficacy of preoperative radiotherapy (RT) combined
with bolus infusional 5-fluorouracil (5-FU) or oral capecitabine
in patients with locally advanced rectal cancer (LARC).
Materials and methods Seventy-four patients were retro-
spectively analyzed. Twenty-seven patients were treated
with 5-FU (350 mg/m2 IV bolus) and leucovorin (20 mg/
m2 IV bolus) for 5 days/week during week 1 and 5 of RT.
Forty-seven patients were treated with capecitabine

(850 mg/m2, twice daily for 5 days/week). Both groups
received the same RT course (45–50.4 Gy/25 fractions,
5 days/week, for 5 weeks). Patients underwent surgery in
6 weeks after completion of the chemoradiotherapy. Data of
the observational study were collected.
Results Grade 3 or 4 toxicities occurred in 40.7% (5-FU)
and 19.1% (capecitabine) of the patients (P00.044). Six
patients in the 5-FU group (22.2%) and six patients in the
capecitabine group (14%) achieved complete response. Pri-
mary tumor (T) downstaging were achieved in 51.9% (5-
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FU) and 69.8% (capecitabine) of the patients. The patholog-
ical ypT0-2 stage was 40.7% (5-FU) and 67.4% (capecita-
bine) (P00.028).
Conclusions In consideration of the better ypT0-2 down-
staging rate, less severe toxicities, and no need for indwell-
ing intravenous device on oral capecitabine regimen, the
administration of oral capecitabine with RT may be a more
favorable option in the neoadjuvant treatment for LARC.

Keywords Preoperative chemoradiation . Rectal cancer .

Capecitabine . 5-FU

Introduction

Since the randomized phase III study conducted by the
German Rectal Cancer Study Group showing the advan-
tages including lower acute toxicity, lower local recurrence
rate, and improved sphincter preservation in comparison
with postoperative chemoradiotherapy, preoperative concur-
rent chemoradiotherapy (CCRT) has been suggested for
patients with locally advanced rectal cancer (LARC) [1].
Since then, 5-fluorouracil (5-FU) and leucovorin (LV) has
been the standard chemotherapy in combination with radio-
therapy (RT) in the neoadjuvant treatment of LARC [2].
Because of the disadvantages of infusional 5-FU (either
continuous or bolus infusion) including the need for in-
dwelling catheters with potential complications (infection,
bleeding, thrombosis, etc.) [3], oral fluoropyrimidine has
been gradually used as an alternative in this situation.

Capecitabine is an oral fluoropyrimidine carbamate pro-
drug of 5-FU. It is converted to 5-FU via three steps,
including involvement of the thymidine phosphorylase
(TP) at the final step [4]. Capecitabine does not only provide
a convenient method of administration without the

complications of venous access indeed but also has the
characteristics of tumor-selective generation of 5-FU be-
cause of higher levels of TP in tumor tissue than in adjacent
normal tissue [5]. In addition, a synergistic effect has been
found between capecitabine and RT. Sawada et al. [6] con-
firmed that RT increases the TP level in tumor cells, thereby
upregulating the enzyme's activity. This leads to a more
effective conversion of capecitabine to 5-FU within tumor
cells, thus improving the drug's efficacy. Therefore, the aim
of this study was to retrospectively compare capecitabine
and 5-FU regarding the efficacy and safety of two different
chemotherapy regimens (bolus infusional 5-FU/LV vs. oral
capecitabine) combined RT in the preoperative treatment of
patients with LARC, with the additional analysis on low-
lying tumors (tumor located ≦5 cm from the anal verge).

Materials and methods

Patients

Between November 2006 and June 2011, 74 patients with
LARC (T3/T4 disease or any clinical positive N-stage)
located within 10 cm from the anal verge receiving preop-
erative concurrent chemoradiotherapy (CCRT) were en-
rolled in this study. The study was approved by the ethics
committee of the Kaohsiung Medical University Hospital.
Baseline assessment before initiation of CCRT included
complete medical history and physical examination, colono-
scopy, tumor biopsy, pelvic and abdominal computed to-
mography (CT), endorectal ultrasonography (ERUS) (if
clinically feasible), and/or pelvic magnetic resonance imag-
ing (MRI). Complete laboratory tests included a complete
blood cell count, liver function tests, electrolytes, creatinine,
albumin, and carcinoembryonic antigen (CEA). All patients
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had Eastern Cooperative Oncology Group (ECOG) perfor-
mance status e2, with ages between 18 and 85 years and
adequate hematological, liver, and renal function.

Chemotherapy

In this study, patients were divided into two groups accord-
ing to the use of different regimens of chemotherapy. Of the
74 patients, 27 patients were treated with 5-FU (350 mg/m2

IV bolus) and leucovorin (20 mg/m2 IV bolus) on days 1
through 5 and days 21 through 25 fractions of the radiother-
apy (RT). Forty-seven patients were treated with capecita-
bine (850 mg/m2, twice daily, 5 days per week, during the
days when RT was administered). The first daily dose of
capecitabine was given 2 h before radiotherapy and the
second dose was 8 to 10 h later.

Radiotherapy

Radiation was delivered via 6- and 10-MV photons by use
of a three-field technique (posterior and both laterals) in
most patients. Treatment was planned via computerized
dosimetry, and a dose of 1.8 Gy per fraction was prescribed
to cover the planning target volume. Radiotherapy was
delivered 5 days per week, once per day, at 1.8 Gy/day.
Pelvic radiotherapy consisted of 45 Gy in 25 fractions over a
period of 5 weeks, which was followed by a boost dose of
5.4 Gy administered in three fractions to the primary tumor
by two lateral fields. The clinical target volume contained
the primary tumor, the mesorectum, the presacral space, and
the lymph nodes, which included the perirectal, presacral,
internal iliac, and/or external iliac nodes as indicated. For
the whole-pelvis field, the superior border was located at the
L5–S1 interspace, and the inferior border was located 3 to
4 cm below the primary tumor. The lateral border was
located 1.5 cm outside of the true bony pelvis. For the lateral
fields, the posterior margin was 1.5 cm behind the anterior
bony sacral margin, and the anterior border generally com-
prised anterior acetabulum. The radiation therapy technique
administered to patients in the two groups was identical.

Patients were evaluated weekly during the course of
CCRT to assess the acute toxicity and compliance of
patients. Blood tests were taken each time and consisted of
complete blood cell count and differential count. The toxic-
ity was monitored by use of the National Cancer Institute
Common Toxicity Criteria, version 3.0 (http://ctep.cancer.
gov/reporting/ctc.html; accessed in December 2010). Che-
motherapy and/or radiotherapy were withheld if any
chemotherapy-related grade 3 or 4 toxicity was noted, and
appropriate dose adjustment was undertaken thereafter. Che-
motherapy was restarted at an 80% dose if toxicity levels
resolved and was stopped if grade 3 or 4 toxicity was noted

again after adjustment of the dosage. If grade 3 or 4 toxicity
was clearly related to radiotherapy, for example, radiation
dermatitis, local therapy was administered and chemothera-
py was not stopped.

Surgery

Patients underwent surgery 6 weeks after completion of the
CCRT. Total mesorectal excision technique was performed
in all patients, and extended visceral resection was per-
formed in clinically T4 patients. Anal sphincter-sparing
surgery was performed when possible, with primary anas-
tomosis and/or temporary diverting colostomies. The char-
acteristics of each patient, the adverse events and the
response after the chemoradiotherapy were recorded. Safety
was mainly assessed by the proportion of patients who
experienced grade 3 or 4 toxicity. Efficacy was assessed
by determining the pathological complete response (pCR)
rate and tumor downstaging rate. A pathologic complete
response was defined as the absence of any viable residual
tumor cell in the resected primary tumor and adjacent lymph
nodes. The determination for downstaging was based on the
comparison between the clinical TNM stage before the
initiation of CCRT and the postoperative histopathological
TNM stage. The primary endpoints were the pCR, tumor
downstaging, and sphincter preservation rate after the pre-
operative CCRT. The secondary endpoints were the acute
toxicities during CCRT.

Statistical analysis

All data were statistically analyzed using the Statistical
Package for the Social Sciences, version 17.0 (SPSS Inc.,
Chicago, IL). Independent t test was used for comparison of
continuous variables. Categorical data were analyzed by
Pearson Chi-Square test or Fisher's exact test (two-sided),
and either of these was used to compare the parameters
between the two regimens when appropriate. A P value less
than 0.05 was considered to be significant statistically.

Results

Seventy-four patients with LARC and receiving pre-
operative CCRT were analyzed retrospectively and their
characteristics are summarized in Table 1. All patients had
a good initial performance status (ECOG performance status
grading system 0–1) before initiation of the CCRT. Mean
age was 60.37 years (34–86) in the 5-FU group and
64.87 years (42–85) in the capecitabine group (P00.122).
More male patients in the 5-FU group (63.0%) in compar-
ison with those in the capecitabine group (53.2%) were
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noted, but this difference was not statistically significant
(P00.414). The two groups were well matched for clinical
T stage, node metastasis, distance of tumor to anal verge,
and underlying diabetes mellitus disease.

Toxicities

The acute toxicities encountered are listed in Table 2. All
patients in both groups were assessable for toxicities. The
most common overall adverse events encountered in this
study were diarrhea (5-FU vs. capecitabine, 77.8% vs.
53.2%, P00.036), followed by anemia (22.2% vs. 12.8%,
P00.288) and radiation dermatitis (11.1% vs. 31.9%, P0
0.053). Fortunately, most of these adverse events could be
abated by medications. In grade 3 or grade 4 (grade 3+),
acute toxicities developing during the CCRT was 40.7% in
the 5-FU group and 19.1% in the capecitabine group (P0
0.044). The main grade 3+ adverse events encountered in

these patients were diarrhea (5-FU vs. capecitabine, 25.9% vs.
17.0%, P00.359), leukopenia (7.4% vs. 0%, P00.130), ane-
mia (3.7% vs. 2.1%), and radiation dermatitis (7.4% vs. 0%,
P00.130). Among all the patients in the study, no patient
needed to stop the chemoradiotherapy because of any intoler-
able acute toxicity. Three patients suffered from grade 3+
acute toxicities and needed hospitalization, but they recovered
uneventfully after adequate conservative treatment.

Sphincter preservation

After completion of CCRT, all the 27 patients in the 5-FU
group and 43 of the 47 patients (91.5%) in the capecitabine
group underwent definitive surgery. Four patients in the
capecitabine group refused surgery after CCRT and were
excluded from the assessment of pathological response and
sphincter preservation. The types and numbers of surgical
resections performed in both 5-FU and capecitabine groups

Table 1 Characteristics of the
studied patients

5-FU 5-fluorouracil, LV leuco-
vorin, RT radiotherapy, AV anal
verge

5-FU+LV+RT(%)
N027

Capecitabine+RT(%)
N047

P value

Age, mean (years, range) 60.37 (34–86) 64.87 (42–85) 0.122

Gender

Male 17 (63.0) 25 (53.2) 0.414
Female 10 (37.0) 22 (46.8)

Performance status

0 27 (100) 44 (93.6) 0.295
1 0 3 (6.4)

Distance from anal verge

o5 cm 15 (55.6) 33 (70.2) 0.204
>5 cm 12 (44.4) 14 (29.8)

Clinical tumor stage (T)

T3 23 (85.2) 45 (95.7) 0.182
T4 (T4a+T4b) 4 (14.8) 2 (4.3)

Initial nodal category

Node-negative 8 (29.6) 12 (25.5) 0.702
Node-positive 19 (70.4) 35 (74.5)

UICC staging

Stage II 8 (29.6) 12 (25.5) 0.843
Stage III 18 (66.7) 34 (72.3)

Stage IV 1 (3.7) 1 (2.1)

Diabetes mellitus 6 (22.2) 6 (12.8) 0.288

Operation methods

LAR 15 (55.6) 16(34.0) 0.806
LAR with pull-through coloanal anastomosis 7 (25.9) 18 (38.3)

APR 4 (14.8) 7 (14.9)

Hartmann's procedure 0 1 (2.1)

Transanal excision 1 (3.7) 1 (2.1)

No definite surgery 0 4 (8.5)

Sphincter-preserving surgery
(tumor o5 cm from AV)

N015 N030

Yes 13 (86.7) 24 (80.0) 0.699
No 2 (13.3) 6 (20.0)
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were: low anterior resection (LAR), 22 vs. 34 (including pull
through coloanal anastomosis, 7 vs. 18); abdominoperineal
resection (APR), 4 vs. 7; Hartmann's procedure, 0 vs. 1, and
transanal full-thickness excision, 1 vs. 1. Fifteen of 27 patients
in the 5-FU group and 30 of 43 patients in the capecitabine
group had low-lying tumors (tumor located ≦5 cm from the
anal verge). Among these patients, 13 of the 15 patients
(86.7%) in the 5-FU group and 24 of the 30 patients (80%)
in the capecitabine group were able to undergo sphincter-
sparing procedure (P00.699).

Pathological response

The objective pathologic response is summarized in Tables 3
and 4. Twenty-seven patients in the 5-FU group and 43
patients in the capecitabine group were enrolled for evaluation
of the pathological response. The histopathologic stage of

resected specimens in both groups was as follows: stage I in
11.1% vs. 33.3%; stage II in 25.9% vs. 12.8%; stage III in
37.0% vs.35.9%; and stage IV in 3.7% vs. 2.6%. Pathological
complete response was achieved in 22.2% (5-FU group) and
14.0% (capecitabine group) (P00.372). By comparing clini-
cal and postoperative histopathologic stages, downstaging of
TNM stage was achieved in 19 of 27 patients (70.4%) in the 5-
FU group and 34 of 43 patients (79.1%) in the capecitabine
group (P00.409). Primary tumor (T) and node (N) down-
staging were achieved in 51.9% vs.55.6% (5-FU group) and
69.8% vs. 67.4% (capecitabine group) of the patients (T
downstaging, P00.131; N downstaging, P00.316).

Perioperative morbidity and mortality

Three of 27 patients (11.1%) in the 5-FU group in compar-
ison with one of the 43 patients (2.3%) in the capecitabine

Table 2 Acute toxicities during
preoperative chemoradiotherapy

5-FU 5-fluorouracil, LV leuco-
vorin, RT radiotherapy

5-FU+LV+RT (%) N027 Capecitabine+RT (%) N047 P value

Grade 3 or 4 toxicities 11 (40.7) 9 (19.1) 0.044

Nausea/vomiting 0.309

Grade 1 0 4 (8.5)

Grade 2 2 (7.4) 4 (8.5)

Diarrhea 0.036

Grade 1 1 (3.7) 8 (17.0)

Grade 2 13 (48.1) 9 (19.1)

Grade 3 7 (25.9) 8 (17.0) 0.359
Grade 4 0 0

Constipation 0.550

Grade 1 0 1 (2.1)

Grade 2 2 (7.4) 0

Leukopenia 0.550

Grade 2 0 1 (2.1)

Grade 3 2 (7.4) 0 0.130

Anemia 0.288

Grade 1 5 (18.5) 2 (4.3)

Grade 2 0 3 (6.4)

Grade 3 0 1 (2.1)

Grade 4 1 (3.7) 0

Thrombocytopenia

Grade 2 1 (3.7) 0

Frequency/urgency 0.411

Grade 1 0 4 (8.5)

Grade 2 1 (3.7) 2 (4.3)

Dermatitis 0.053

Grade 1 1 (3.7) 11 (23.4)

Grade 2 0 (0) 4 (8.5)

Grade 3 2 (7.4) 0 0.130

Hand-foot syndrome

Grade 2 0 1 (2.1)
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group suffered from anastomotic leakage after the definite
surgery (P00.291). Of the four patients with anastomotic
leakage, two have to receive computed tomography-guided
drainage of the pelvic abscess, another one received conser-
vative treatment with total parenteral nutrition and antibiot-
ics, and the last one underwent transverse colostomy for
fecal diversion. All four patients made an uneventful recov-
ery after the treatments. Besides, 25 patients underwent pull-
through coloanal anastomosis in the study. Among the 25
patients, neither anastomotic leakage nor fistula was ob-
served. Three patients (12%) encountered anastomotic ste-
nosis and required anal bougination in the follow-up time. In
consideration of the functional outcome, 20 of the 25
patients (80%) had bowel frequency at about 1–2 bowel
movement per day. Another three patients (12%) had 3–5
bowel movements per day. The last two patients (8%)

suffered from incontinence problems (incontinent of flatus
in one patient, incontinent of liquid stool and flatus in
another) after taking down the ileostomy and restoring the
bowel continuity. Neither life-threatening complications nor
any treatment-related death occurred postoperatively in the
study.

Comparison of efficacy and toxicities with previous studies

Table 5 summarizes the efficacy of previously published
studies using preoperative RT combined with either bolus
5-FU or capecitabine in the treatment of patients with
LARC. It shows pCR rates ranging from 10% to 13% in
bolus 5-FU regimen versus 7% to 30.2% in capecitabine
regimen [7–21]. Additionally, tumor downstaging rates
were 70.5% in bolus 5-FU regimens in comparison with

Table 3 Correlation between
the clinical T stage and patho-
logical T stage (%)

5-FU 5-fluorouracil, LV leuco-
vorin, RT radiotherapy

5-FU+LV+R/T N027

ypT0 ypT1 ypT2 ypT3 ypT4a ypT4b Total

cT1 0 0 0 0 0 0 0

cT2 0 0 0 0 0 0 0

cT3 7 (25.9) 0 4 (14.8) 11 (40.7) 0 1 (3.7) 23 (85.2)

cT4a 0 0 0 1 (3.7) 0 0 1 (3.7)

cT4b 0 0 0 2 (7.4) 0 1 (3.7) 3 (11.1)

Total 7 (25.9) 0 4 (14.8) 14 (51.9) 0 2 (7.4) 27

Capecitabine N043

ypT0 ypT1 ypT2 ypT3 ypT4a ypT4b Total

cT1 0 0 0 0 0 0 0

cT2 0 0 0 0 0 0 0

cT3 7 (16.3) 2 (4.7) 20 (42.6) 10 (23.3) 1 (2.3) 1 (2.3) 41 (95.3)

cT4a 0 0 0 0 0 0 0

cT4b 0 0 0 1 (2.3) 1 (2.3) 0 2 (4.7)

Total 7 (16.3) 2 (4.7) 20 (46.5) 11 (25.6) 2 (4.7) 1 (2.3) 43

Table 4 Response after preop-
erative chemoradiotherapy in
patients with LARC

LARC locally advanced rectal
cancer, 5-FU 5-fluorouracil, LV
leucovorin, RT radiotherapy

5-FU+LV+RT (%) N027 Capecitabine+RT (%) N043 P value

Pathological complete response 6 (22.2) 6 (14.0) 0.372

Pathological TNM stage 0.409

Downstaging 19 (70.4) 34 (79.1)
Stable 6 (22.2) 4 (9.3)

Progressive 2 (7.4) 5 (11.6)

Pathological T stage 0.131

Downstaging 14 (51.9) 30 (69.8)
Stable 12 (44.4) 11 (25.6)

Progressive 1 (3.7) 2 (4.7)

Pathological N stage 0.316

Downstaging 15 (55.6) 29 (67.4)
Stable 10 (37.0) 9 (20.9)

Progressive 2 (7.4) 5 (11.6)
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Table 5 Summary of efficacy of 5-FU or capecitabine based preoperative chemoradiotherapy in patients with LARC

Bolus infusional 5-FU+LV

Case number Dose of 5-FU
(mg/m2/day)

Dose of RT pCR (%) Sphincter
preservation
(%) for distal
rectal tumor

Tumor down-
staging (%)

Minsky et al. [7] 25 325+LV 20 mg/m2/day
× 5 days/week, on first
and fourth weekf of RT

46.8 Gy in 25 fractions
× 5 days/week × 5 week,
3.6 Gy boost

12 N

Mohiuddin et al. [8] 21 1,000 mg/m2 during
day1–4 and day
28–32 of RT

45 to 60 Gy in 25 fractions,
5 days/week × 5 week

10 N

Grann et al. [9] 72 325+LV 20 mg/m2/day
× 5 days/week, on first
and fifth week of RT

46.8 Gy in 25 fractions,
5 days/week × 5 week,
3.6 Gy boost

13 89 N

Bosset et al. [10]
(EORTC 22921)

506 350+LV 20 mg/m2/day
× 5 days/week, on first
and fifth week of RT

45 Gy in 25 fractions,
5 days/week × 5 week

N N N

Gerard et al. [11]
(FFCD 9203)

375 350+LV 20 mg/m2/day,
× 5 days/week, on first
and fifth week of RT

45 Gy in 25 fractions 5
days/week × 5 week

11.4 N

Kim et al. [12] 127 500+LV 20 mg/m2/day
× 5 days/week, on first
and fifth week of RT

45 Gy in 25 fractions, 5
days/week × 5 week,
5.4 Gy boost

11.4 42.1 70.5

Current study (2011) 27 350+LV 20 mg/m2/day
× 5 days/week, on first
and fifth week of RT

45–50.4 Gy in 25 fractions,
5 days/week × 5 week

22.2 86.7 70.4

Oral capecitabine

Case Number Dose of capecitabine Dose of RT pCR (%) Sphincter
Preservation
(%) for distal
rectal tumor

Tumor Down-
staging (%)

Kim et al. [12] 97 825 mg/m2 twice daily,
for 14 days followed
by a 7-day rest period

45 Gy in 25 fractions,
5 days/week × 5 week,
5.4 Gy boost

22.2 66.7 86.7

Yerushalmi
et al. [13]

43 825 mg/m2 twice daily,
5 days/week on RT day

45 Gy in 25 fractions,
5 days/week × 5 week,
5.4 Gy boost

30.2 N 76.7

Das et al. [14] 89 825 mg/m2 twice daily,
5 days/week (65.2%)
and 7 days/week (34.8%)
on RT day

45 Gy in 25 fractions,
5 days/week × 5 week,
0–7.5 Gy boost

21 N 52.0

De Paoli et al. [15] 53 825 mg/m2 twice daily,
7 days/week on RT day

45 Gy in 25 fractions,
5 days/week × 5 week,
5.4 Gy boost

24 59 57

Desai et al. [16] 30 665 mg/m2 twice daily,
7 days/week × 6 weeks

45 Gy in 25 fractions,
5 days/week × 5 week,
5.4 Gy boost

11 10.5 78.3

Craven et al. [17] 70 900 mg/m2 twice daily,
5 days/week on RT day

45 Gy in 25 fractions,
5 days/week × 5 week

9.2 N 41

Dunst et al. [18] 96 825 mg/m2 twice daily,
7 days/week for the
duration of RT

50.4 Gy,daily 1.8 Gy
× 5–6 week, 5.4 Gy
boost for T4 lesions

7 N 61.0

Elwanis et al. [19] 43 825 mg/m2 twice daily,
5 days/week on RT day

45 Gy in 25 fractions,
5 days/week × 5 week

9.3 31.3 74.4

Marsh et al. [20] 17 825 mg/m2 twice daily,
7 days/week on RT day

A total of 50.4/55.2 Gy
for T3/T4 lesions. Twice
daily fractions of 1.2 Gy,
5 days/week

18.8 63.6 81.3

Chan et al. [21] 34 825 mg/m2 twice daily,
5 days/week on RT day

44 Gy in 22 fractions,
5 days/week × 5 week,
6 Gy boost

20.5 23 59

Current study. (2011) 43 850 mg/m2 twice daily,
5 days/week on RT day

45–50.4 Gy in 25 fractions,
5 days/week × 5 week

14.0 80 79.1

5-FU 5-fluorouracil; LARC locally advanced rectal cancer, LV leucovorin, RT radiotherapy, pCR pathological complete response, N not reported,
AV anal verge
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the range of 41% to 86.7% in the capecitabine regimen [12–
21]. Despite the comparable results in the capecitabine
group, the pCR rate in the 5-FU group in our study seemed
to be slightly higher than that in other studies. Concerning
the incidence of grade 3+ diarrhea and the phenomenon
that severe leukopenia occurred more frequently in
patients receiving bolus 5-FU; both were similar to other
studies (Table 6, grade 3+ diarrhea, 9.5–22.8% in the 5-
FU group and 0–25% in the capecitabine group, grade 3+
leukopenia, 0–18% in the 5-FU group and 0–4% in the
capecitabine group) [7, 9–21], in spite of our 5-FU group
showing a slight increase in grade 3+ diarrhea compared
to others.

Discussion

In patients with distal rectal tumors, the goal of preoperative
radiotherapy alone or combined with chemotherapy is to
downstage the tumor and allow for a sphincter-sparing
surgical procedure, thereby improving quality of life and
possibly prognosis [1]. Both continous infusional and bolus
infusional 5-FU/LV are acceptable treatment regimen for
patients with LARC according to NCCN (National Com-
prehensive Cancer Network) guideline (http://www.nccn.

org/professionals/physician_gls/f_guidelines.asp). However,
continuous infusion at a scheduled dose per day, either in
week 1 and 5 or during the complete radiotherapy, required
an intravenous device for each patient. Therefore, bolus
infusional 5-FU/LV is used more common than continuous
infusion in Taiwan. In this study, we compared the efficacy
and acute toxicities during preoperative chemoradiother-
apy (bolus infusional 5-FU/LV or oral capecitabine com-
bined with concomitant RT) for patients with LARC. The
pCR rate was 22.2% in the bolus 5-FU group and 14.0% in
the capecitabine group, and TNM downstaging rate was
70.4% in the 5-FU group and 79.1% in the capecitabine
group. Therefore, the 5-FU group showed grossly compa-
rable efficacy with the capecitabine group in our study.
However, the pathological ypT0-2 stage was 40.7% (5-
FU) and 69.8% (capecitabine) (P00.028). The pathologi-
cal node-negative rate was 59.3% (5-FU) and 69.8% (cape-
citabine), respectively (P00.367). With matched clinical T
stage, more patients treated with the capecitabine group
achieved a higher pathological ypT0-2 stage after CCRT
than those with the 5-FU group. Additionally, Hofheinz et
al. [22] also showed that capecitabine group achieved
higher ypT0-2 stage after CCRT in their randomized trial
for patients with LARC, of which was comparable with our
results. Because the previous literature have mentioned

Table 6 Summary of grade 3 or 4 acute toxicities during preoperative 5-FU or capecitabine based chemoradiotherapy in patients with LARC (%)

Grade 3 or 4 toxicities Diarrhea Leukopenia Anemia Thrombocytopenia Radiation
dermatitis

Hand-foot
syndrome

Bolus infusional 5-FU+LV (%)

Mohiuddin et al. [8] N 9.5 0 0 0 0 0

Grann et al. [9] 24 11 18 0 1 0 0

Bosset et al. [10]
(EORTC 22921)

13.9 RGrade 2, 37.6 NC

Gerard et al. [11]
(FFCD 9203)

Non-hematologic 13.5, overall 14.9 N

Kim et al. [12] N 22.8 7.9 0 1.6 11.8 0

Current study. (2011) 40.7 25.9 7.4 3.7 0 7.4 0

Oral capecitabine (%)

Kim et al. [12] N 11.3 0 0 0 3.1 6.2

Yerushalmi et al. [13] 14.0 2 0 N 0 5 2

Das et al. [14] 5.6 4.5 1.1 0 0 0 0

De Paoli et al. [15] 11.3 2 4 4 2 4 4

Desai et al. [16] 26.7 20 0 0 0 3.3 3.3

Craven et al. [17] N 4.3 N

Dunst et al. [18] N 7 N 1.1 0

Elwanis et al. [19] 0 0 0 0 0 0 0

Marsh et al. [20] 25.0 25 0 0 0 0 0

Chan et al. [21] 8.8 8.8 0 0 0 0 0

Current study. (2011) 19.1 17.0 0 2.1 0 0 0

5-FU 5-fluorouracil, LARC locally advanced rectal cancer, LV leucovorin, N not reported
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that downstaging towards a ypT0-2 stage after neoadjuvant
CCRT in patients with rectal cancer correlates well with a
favorable prognosis [23, 24], the findings may also help us
to predict a possibility of better outcome in the capecita-
bine group in the study.

All grade 3 or 4 toxicities during the preoperative CCRT
was 40.7% in the 5-FU group and 19.1% in the capecitabine
group (P00.044). Thus, our result showed the capecitabine
group with less grade 3+ toxicities in comparison with the 5-
FU group. Moreover, diarrhea was the most common non-
hematologic grade 3+ toxicities encountered in both groups
(5-FU vs. capecitabine, 25.9% vs. 17.0%). Among the grade 3
+ hematologic toxicities, leukopenia was noted only in the 5-
FU group in our study. Both Hoff et al. and Scheithauer et al.
[25, 26] had mentioned that capecitabine was less toxic than
infusional 5-FU when administered to patients with advanced
colorectal cancer. Kim et al. [12] conducted a retrospective
study comparing the efficacy and toxicity of bolus 5-FU
(500mg/m2/day) versus capecitabine (825mg/m2 twice daily)
in combination with preoperative RT in patients with rectal
cancer, a higher incidence of grade 3+ diarrhea and leukopenia
was also noted in their 5-FU group (5-FU vs. capecitabine,
diarrhea 22.8% vs. 11.3%, leukopenia 7.9% vs. 0%), of which
was in consistence with our results. Besides, no grade 3 hand
foot syndrome was noted in our study compared with 0–6.2%
in the literature [12–16, 18–21], and only one patient in the
capecitabine group encountered grade 2 toxicity. Fortunately,
this could be easily managed without interruption of the
CCRT. Both patients with grade 3 radiation dermatitis in our
study were low-lying rectal tumors (tumor located ≦5 cm from
the anal verge). Because more patients with low-lying rectal
tumors were in the capecitabine group (5-FU vs. capecitabine,
55.6% vs. 70.2%), this could explain that more radiation
dermatitis adverse events occurred in the capecitabine group
(11.1% vs. 31.9%).

In our study, 91.5% patients in the capecitabine group
and all in the 5-FU group underwent definite surgery after
CCRT. Of the 15 patients (5-FU) and 30 patients (capecita-
bine) who were clinically judged on initial survey to require
an APR (tumor located ≦5 cm from the anal verge) and one
major goal of CCRT treatment was sphincter preservation,
86.7% (13/15) and 80.0% (24/30) of patients were able to
undergo sphincter-sparing operations, respectively. No sig-
nificant difference was found in the rates of sphincter pres-
ervation between the two groups. Tumor downstaging and
pCR after neoadjuvant CCRT is closely related to sphincter
preservation in patients with low-lying rectal cancer. In our
study, all six patients with low-lying rectal cancer achieving
pCR after CCRT (three in the 5-FU group, three in the
capecitabine group) could receive sphincter-sparing opera-
tion, whereas the previous studies showed sphincter preser-
vation rates of 42.1–89% in patients receiving bolus 5-FU
regimen and 10.5–66.7% in those receiving capecitabine

regimen [9, 10, 12, 15, 16, 19–21], of which was in consis-
tence with our results.

Of the 25 patients who received preoperative CCRT and
underwent pull-through coloanal anastomosis for restoring
bowel continuity, the median bowel movements were two
times per day in the postoperative follow-up time, and this is
similar to results of the study conducted by Nathanson et al.
[27]. In contrast with one patient in the capecitabine group,
three patients with anastomotic leakage were noted in the 5-
FU group (P00.291) and all of them received LAR without
a diverting colostomy. Of the 36 patients who had low-lying
rectal cancer and underwent sphincter-sparing operation,
19 had a temporary diverting colostomy. None of the 19
patients with a temporary diverting colostomy in com-
parison with three of the remaining 17 patients (17.6%)
without a temporary diverting colostomy suffered from
anastomotic leakage (P00.095). By reviewing the litera-
ture, Huh et al. [28] also reported their experience about
6.1% anastomotic leakage rate in patients with low rectal
cancer treated by preoperative concurrent chemoradiation and
subsequent LAR (no diverting stoma) in comparison with 0%
in those without receiving preoperative chemoradiation, there-
fore suggesting diverting stoma should be made in patients
with low rectal cancer who are preoperatively radiated. We
believe that more evidence from other studies is still needed
for surgeons to determine whether routine diverting colosto-
my is necessary in surgical management of low-lying rectal
cancer after chemoradiation.

There are some limitations in this retrospective study.
First, the sample size in the study was relatively smaller,
and this factor may make the study unable to detect small,
but clinically important differences between the two groups.
Second, there are only response rates but no survival rates in
the limited follow-up period; we still need a longer follow-
up time of patients in both groups to analyze the survival
difference between the two groups.

In summary, our results showed that both 5-FU/LV and
capecitabine, combined with concomitant RT, are well
acceptable preoperative treatment in patients with LARC.
Both regimens showed a comparable efficacy, as mea-
sured by pathologic complete response, TNM downstag-
ing, and sphincter preservation rate. However, the possible
complications related to the intravenous device, the less
pathological ypT0-2 downstaging rate and the higher
grade 3+ toxicities on bolus 5-FU/LV regimen, we suggest
that the use of oral capecitabine combined with RT may
be a more favorable choice in the neoadjuvant treatment
for LARC.
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