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The objective of this paper was to evaluate whether delaying surgery following long-

course chemoradiotherapy for rectal cancer correlates with pathologic complete response.

Pre-operative chemoradiotherapy (CRT) is standard practice in the UK for the

management of locally advanced rectal cancer. Optimal timing of surgery following

CRT is still not clearly defined. All patients with a diagnosis of rectal cancer who had

undergone long-course CRT prior to surgery between January 2008 and December 2011

were included. Statistical analysis was performed using Stata 11. Fifty-nine patients

received long-course CRT prior to surgery in the selected period. Twenty-seven percent

(16/59) of patients showed a complete histopathologic response and 59.3% (35/59) of

patients had tumor down-staging from radiologically-assessed node positive to

histologically-proven node negative disease. There was no statistically significant delay

to surgery after completion of CRT in the 16 patients with complete response (CR)

compared with the rest of the group [IR: incomplete response; CR group median: 74.5

days (IQR: 70–87.5) and IR group median: 72 days (IQR: 57–83), P¼ 0.470]. Although no
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statistically significant predictors of either complete response or tumor nodal status

down-staging were identified in logistic regression analyses, a trend toward complete

response was seen with longer delay to surgery following completion of long-course

CRT.
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In the multimodal management of rectal cancer,
surgical resection remains the mainstay of treat-

ment. Total mesorectal excision (TME) has become
the standard operative technique resulting in re-
duced rates of local recurrence compared with
previous conventional surgery.1,2 Apart from sur-
gery, neoadjuvant radiotherapy is employed in
resectable rectal cancer to reduce the risk of local
recurrence, and in locally-advanced rectal cancer, to
downsize the tumor and facilitate subsequent suc-
cessful R0 resection or sphincter-preserving sur-
gery.3,4 Two meta-analyses have reported that
preoperative radiotherapy plus surgery when com-
pared with surgery alone significantly reduced the
5-year overall mortality rate, cancer-related mortal-
ity rate, and local recurrence rates in resectable
rectal cancer.5,6

Preoperative radiotherapy is usually given ei-
ther as a short- or long-course treatment schedule.
Short-course radiotherapy typically involves 25 Gy
in 5 fractions given in 1 week,7 whereas long-course
treatment consists of 45 Gy given in 25 fractions
over 5 weeks as standard8 with concomitant
chemotherapy as a radiosensitizer. The Swedish
Rectal Cancer Trial showed statistically significant
reduction in the local recurrence rates and increase
in the overall survival rates at a median follow-up of
13 years in the group receiving short-course
preoperative radiotherapy compared with surgery
alone.7 The Dutch trial also confirmed that short-
course radiotherapy reduced the risk of local
recurrence in patients who underwent a standard-
ized TME.9 Although no chemotherapy was consid-
ered in the above studies, the EORTC Radiotherapy
Group trial concluded that long-course preoperative
radiotherapy with chemotherapy given either pre-
operatively or postoperatively conferred significant
benefit in terms of local control, but did not improve
survival.8 Finally, the German Rectal Cancer Study
Group showed that preoperative chemoradiother-
apy (CRT) compared with postoperative CRT
improved local recurrence rates and was associated
with reduced toxicity.10

A 6 to 8 week interval to surgery from completion
of neoadjuvant CRT has become standard practice
since the results of the Lyons R90-01 study were
published.11 In this trial, a longer interval of 6 weeks
when compared to 2 weeks post-CRT was associated
with increased tumor down-staging.11 However, it is
not clear whether a yet longer delay before surgery
might result in further tumor down-staging or in
higher rates of pathologic complete response. The
aim of our retrospective study was to evaluate
whether a longer interval between completion of
long-course CRT and surgery for locally-advanced
rectal cancer might maximize the effectiveness of
CRT in achieving complete response.

Materials and Methods

Study population

A total of 219 consecutive patients, who were
diagnosed with rectal cancer between January 2008
and December 2011 at Peterborough City Hospital
(PCH), were identified from a prospectively assem-
bled colorectal cancer database. Fifty-nine out of 219
patients received long-course CRT prior to surgery.
In accordance with local guidelines, long-course
CRT was considered in patients that had a rectal
tumor ,3 mm from mesorectum on MRI, which
corresponds to a histologic distance of less than 1
mm. All cases were discussed at the colorectal
multidisciplinary team (MDT) meeting.

Treatment

Long-course preoperative CRT protocol

The chemotherapy regime consisted of oral capeci-
tabine 825 mg/m2 twice daily for the duration of the
radiotherapy including weekends.12 Radiotherapy
was administered at Cambridge University Hospi-
tals NHS Trust. Rectal radiotherapy was confor-
mally planned. The patients were positioned prone
with an anal marker in place for their CT planning
scan. Volumes were outlined on the Prosoma
contouring system and planned using the ARPS
system. The treated volume included the whole of
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the rectum, the associated rectal fascia and the
draining lymph nodes. The radiotherapy course was
45 Gy in 25 fractions over 35 days prescribed to the
ICRU reference point.

Any deviation from the standard protocol of
long-course CRT was accounted for. A boost dose of
radiotherapy was prescribed in 6 patients either
because they could not have chemotherapy due to
renal impairment (1 patient only) or could not
complete chemotherapy due to toxicity. Eleven
patients with high stage tumors also received
neoadjuvant chemotherapy with 4 cycles of oxali-
platin and capecitabine prior to commencing long
course CRT. This course was comprised of three
weekly cycles of oxaliplatin 130 mg/m2 dL and
capecitabine 1000 mg/m2 d1–15.

Surgery

All 59 patients underwent surgery after completion
of long-course CRT. The operations performed were
either anterior resection or abdominoperineal exci-
sion done laparoscopically or as open procedures.
Total mesorectal excision (TME) was performed in
all cases. Five different surgeons carried out the 59
operations. Surgery was performed within 5 to 14
weeks after completion of CRT. The timing of
surgery was not determined by any tumor features
or by possible tumor response to the long course
CRT. Each surgeon had a standard delay from CRT
to surgery. Four out of 5 surgeons tended to operate
at 6 to 8 weeks, whereas one surgeon used to
operate at around 10 weeks post completion of CRT.
However, further delays to surgery occurred in all
surgeons due to timetables and waiting lists
exigencies.

Pathology

A dedicated team of pathologists that attended the
colorectal MDT meeting reviewed the histology of
the resected specimens. Histopathologic complete
response was defined as the absence of residual
cancer and fibrosis extending through the rectal
wall.13

Data analyses and statistics

Data were extracted from the prospectively main-
tained colorectal cancer database, patient case notes
and the computer reporting systems at PCH.
Radiotherapy records were accessed from Cam-
bridge University Hospitals NHS Trust. All statisti-

cal analysis was performed using Excel and Stata 11.
Median values of group characteristics were com-
pared with v2 test. A P value of ,0.05 was
considered statistically significant. Logistic regres-
sion analyses were performed to predict the odds of
complete response or tumor down-staging to the
delay of surgery.

Study approval

This study was registered with the PCH Audit
Department.

Results

Fifty-nine patients (41 men, 18 women) received
long-course CRT after being diagnosed with locally
advanced rectal cancer between January 2008 and
December 2011 at PCH. After definitive surgery, 16
patients (27%) showed histopathologic complete
response. The study population was divided in
two groups; a group of 16 patients that showed
complete response (CR) and another group of 43
patients that had incomplete response (IR) after neo-
adjuvant CRT. The demographic characteristics,
preoperative staging and additional CRT treatment
to the long course are shown in Table 1 for the CR
and IR groups. Our results showed that there was
no statistically significant difference with regards to
timing of surgery following completion of long
course CRT between the CR and IR groups (CR
group median: 74.5 days [IQR, 70–87.5] and IR
group median: 72 days [IQR, 57–83], P ¼ 0.470 x2

test).
Subsequently, a logistic regression analysis was

performed in this patient cohort in order to identify
variables predicting complete response. The vari-
ables included in the regression model were: age,
gender, body mass index (BMI), anemia, duration of
radiotherapy, radiotherapy boost, completion of
chemotherapy, additional chemotherapy course
with oxaliplatin and capecitabine, and days from
completion of long-course CRT to surgery. There
was no statistically significant predictor of complete
response (Table 2). However, when the predictive
probability of complete response was plotted
against the timing of surgery in days postcomple-
tion of long-course CRT both in a univariate or
multivariate analysis, an upward trend was seen
(Fig. 1).

Finally, the outcome of tumor nodal status down-
staging from radiologically assessed node positive to
histologically proven node negative disease was
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studied. 35 out of 59 patients (59.3%) were down-
staged from radiologically-assessed node positive to
histologically node negative disease following chemo-
radiotherapy. A logistic regression analysis including
the same predictor variables used in the previous
regression model showed no significant predictors of
tumor nodal status down-staging (Table 3).

Discussion

Although the benefits of neoadjuvant CRT in local
disease control, patient survival, and sphincter-

preserving surgery have been reported,3,10 the

optimal timing of surgery following completion of

CRT while achieving pathologic complete response

remains uncertain. The Lyon R90-01 trial showed

that a longer interval of 6 to 8 weeks, compared with

2 weeks, between preoperative irradiation and

surgery increased tumor down-staging (26% versus

10%, respectively, P ¼ 0.005),11 but had no effect on

Table 1 Comparison of delay from completion of neo-adjuvant chemoradiotherapy to surgery between the CR and IR groups

Complete response (CR) Incomplete response (IR)

Demographics
Number of patients 16 43
Age at operation (median in years, IQR) 65.16 (56.44–74.12) 61.80 (56.87–74.68)
M:F ratio 9 male:7 female 32 male:11 female
BMI (median in kg/m2, IQR) 26.5 25.3

Distance of distal tumor from anal verge (median in cm, IQR) 6 (5.75–8.88) 7 (4–8.5)
TNM staging on preoperative MRI*

T2N1 2 1
T2N2 1
T3N0 4
T3N1 10 26
T3N2 4 8
T4N1 1
T4N2 1

Additional oxaliplatin and capecitabine to long course CRT
(number of patients, percentage within group) 3 (18.75) 8 (18.6)

Radiotherapy boost (number of patients, percentage within group) 3 (18.75) 3 (6.97)
Delay from CRT completion to surgery (median in days, IQR) 74.5 (70–87.5) 72 (57–83)

*1 patient in the IR group had contraindication to MRI.

IQR, interquartile range.

Table 2 Logistic regression analysis predicting the outcome of complete

response

Odds ratio 95% CI P value

Days 0.99 0.99, 1.09 0.109
Gender 0.41 0.57, 8.70 0.246
Age 0.99 0.94, 1.08 0.830
BMI 0.98 0.92, 1.20 0.495
Anemia 0.55 0.04, 2.15 0.222
Radiotherapy duration 1.12 0.93, 1.21 0.347
Radiotherapy boost 4.74 0.51, 222.21 0.126
Chemotherapy completed 0.40 0.23, 7.99 0.733
Additional chemotherapy 0.33 0.03, 3.92 0.383

The predictor variables included in the regression model
against either outcome of interest were days from completion of
long-course chemoradiotherapy (CRT) to surgery, age, gender,
body mass index (BMI), anemia, duration of radiotherapy,
radiotherapy boost, completion of chemotherapy, and additional
chemotherapy course with oxaliplatin and capecitabine.

CI, confidence interval.

Fig. 1 The predictive probability of complete response occurring

with the delay in surgery from completion of long-course

chemoradiotherapy (CRT). The probability of the outcome

occurring was adjusted against age, gender, body mass index

(BMI), anemia, duration of radiotherapy, radiotherapy boost,

completion of chemotherapy, and additional chemotherapy

course with oxaliplatin and capecitabine.
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5-year survival.14 A retrospective study by Tulchin-
sky et al showed a statistically significant increased
rate of complete response and near complete
response in patients operated after an interval of
.7 weeks from completion of neoadjuvant CRT
compared with those operated on at ,7 weeks.15

The same study also showed significantly better
disease-free survival rates in patients operated on
.7 weeks from completion of CRT.15 Contrary to the
above, a preliminary study of 33 patients, by Stein et
al,16 compared the outcome of complete response
between a 4- to 8-week interval group and a 10- to
14-week CRT-to-surgery interval group and report-
ed no statistically significant difference.

In our retrospective study, a 27% complete
response rate was seen among a cohort of 59
consecutive patients who received long course
CRT for locally advanced rectal cancer within a
period of 4 years. This is comparable with the 28%
complete response rate reported by Tulchinsky et
al.15 A preliminary analysis of our data involving
the first 33 patients from this cohort suggested a
correlation between a longer delay to surgery after
the completion of CRT and achieving complete
response.17 When our analysis was extended to
involve the larger cohort of patients spanning 4
consecutive years, no statistical significance with
regard to the timing of surgery and achieving
complete response was reached but still a trend
toward complete response with a longer delay to
surgery was seen. In a multivariate logistic regres-
sion analysis, no significant predictors of complete
response were identified. Our results are in agree-
ment with the findings by Stein et al who showed no

statistically significant difference with regard to
timing of surgery postcompletion of CRT and
achieving complete response.16

The second part of the analysis investigated
whether the timing of surgery following completion
of neoadjuvant CRT had any correlation with tumor
down-staging from pre-CRT node positive disease
(assessed pre-CRT MRI imaging) to post-CRT node
negative disease (reported on histology). A study by
Yeo et al showed that, even after total regression of
the primary rectal tumor, achieving node negative
disease after preoperative CRT had significantly
favorable long-term outcomes in terms of 5-year
disease free survival and overall survival (88.5% and
94.8%) compared with positive node status post
neoadjuvant CRT (45.2% and 73.8%).18 In our
multivariate logistic regression analysis, no signifi-
cant predictors of tumor down-staging from MRI
proven pre-CRT node positive disease to histology
reported post-CRT node negative disease were
identified.

We recognize that the limitations of this study
are its retrospective nature and the small number of
patients involved. However, robust statistical
methods were employed and multivariate regres-
sion analyses did not show any significant predic-
tors of complete response or tumor nodal status
down-staging. As the current study only showed a
trend toward complete response with delay in
surgery following long-course CRT, prospective
randomized trials are required to ascertain the
optimal timing to surgery after completion of long-
course CRT.
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