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Background: Improvements in local control are required when using preoperative chemoradiation for cT4 or advanced
cT3 rectal cancer. There is therefore a need to explore more effective schedules.

Patients and methods: Patients with fixed ¢T3 or cT4 cancer were randomized either to 5x 5 Gy and three
cycles of FOLFOX4 (group A) or to 50.4 Gy in 28 fractions combined with two 5-day cycles of bolus 5-Fu 325 mg/
m?2/day and leucovorin 20 mg/m?/day during the first and fifth week of irradiation along with five infusions of oxali-
platin 50 mg/m? once weekly (group B). The protocol was amended in 2012 to allow oxaliplatin to be then foregone
in both groups.

Results: Of 541 entered patients, 515 were eligible for analysis; 261 in group A and 254 in group B. Preoperative treat-
ment acute toxicity was lower in group A than group B, P=0.006; any toxicity being, respectively, 75% versus 83%,
grade llI-IV 23% versus 21% and toxic deaths 1% versus 3%. RO resection rates (primary end point) and pathological
complete response rates in groups A and B were, respectively, 77% versus 71%, P=0.07, and 16% versus 12%,

*Correspondence to: Prof. Krzysztof Bujko, Department of Radiotherapy, Maria
Sklodowska-Curie Memorial Cancer Centre, W.K. Roentgena 5, 02 781 Warsaw, Poland.
Tel: +48-22-5462865; Fax: +48-226439287; E-mail: bujko@coi.waw.pl

© The Author 2016. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
Allrights reserved. For permissions, please email: journals.permissions@oup.com.

9107 ‘9 [1dy U0 ANSISATU() YI[BIMUOWWO)) BIUISIIA Je /310" s[euInolpIiojxo-ououue//:d)y woiy papeoumod]


http://annonc.oxfordjournals.org/

Annals of Oncology

P=0.17. The median follow-up was 35 months. At 3 years, the rates of overall survival and disease-free survival in
groups A and B were, respectively, 73% versus 65%, P =0.046, and 53% versus 52%, P = 0.85, together with the cu-
mulative incidence of local failure and distant metastases being, respectively, 22% versus 21%, P=0.82, and 30%
versus 27%, P=0.26. Postoperative and late complications rates in group A and group B were, respectively, 29%

versus 25%, P=0.18, and 20% versus 22%, P=0.54.

Conclusions: No differences were observed in local efficacy between 5 x 5 Gy with consolidation chemotherapy and
long-course chemoradiation. Nevertheless, an improved overall survival and lower acute toxicity favours the 5 x5 Gy

schedule with consolidation chemotherapy.

Clinical trial number: The trial is registered as ClinicalTrials.gov number NCT00833131.

Key words: rectal cancer, preoperative chemoradiation

introduction

Tumour excision may not always be possible in treating
advanced ¢T3 or cT4 rectal cancers and the likelihood of R1-2
resection is high. Preoperative long-course chemoradiation,
aimed at tumour shrinkage, is used to achieve RO resection.
Such treatments showed that there is room for local control im-
provement [1] and thus more effective schedules of preoperative
treatment need to be explored.

Polish and Australian randomized studies have compared pre-
operative short-course irradiation (5x5Gy) and immediate
surgery with long-course preoperative chemoradiation and delayed
surgery in resectable rectal cancer [2, 3]. Both trials showed no dif-
ference in long-term outcomes. A Stockholm III randomized study
compared preoperative 5 x 5 Gy and immediate surgery with 5 x 5
Gy and delayed surgery. An interim analysis showed tumour
downstaging in the delayed surgery group [4]. Based on these find-
ings and other literature data [5, 6], it was concluded that if surgery
is delayed after 5 x 5 Gy and consolidation chemotherapy is added
between 5 x 5 Gy and surgery, such a combination might thereby
be superior to long-course chemoradiation. In addition, when
5 x 5 Gy and consolidation chemotherapy is given, the chemother-
apy is delivered in higher doses compared with long-course che-
moradiation [5, 6]. This treatment was tested in a randomized trial
and results are hereby presented.

materials and methods

The trial received ethical committee approval and is registered as
ClinicalTrials.gov number NCT00833131. Eligibility criteria were as
follows: primary or locally recurrent rectal cancer involving or abutting ad-
jacent organs or structures (cT4) or a palpably fixed ¢T3 lesion, patho-
logically proven adencarcinoma, <75 years of age, WHO performance
status <2 in patients fit for major surgery and chemotherapy along with
informed written consent signed by patients. The involvement of mesorec-
tal fascia as diagnosed by MRI was not used as the entry criterion, because
of the long waiting time for pelvic MRI in Poland. Exclusion criteria were
as follows: distant metastases, active coronary artery disease, cardiac ar-
rhythmia, congestive heart failure, history of peripheral neuropathy and a
history of cerebral stroke. Work-up included colonoscopy or rectoscopy,
pelvic MRI or CT, CT of the abdomen, chest CT or radiography, blood
count and biochemistry.

treatment

Patients were randomly assigned to receive either preoperative 5 x 5 Gy ir-
radiation over 5 days with consolidation chemotherapy consisting three

cycles of FOLFOX4 (group A) or preoperative long-course chemoradiation
consisting 50.4 Gy in 28 fractions of 1.8 Gy concomitantly with oxaliplatin
and boluses of 5-fluorouracil and leucovorin (group B). Oxaliplatin was used
because at the time of protocol writing, a retrospective study suggested that
oxaliplatin increases efficacy in cT4 rectal cancer [7]. In group A, three
cycles of FOLFOX4 were chosen to keep the overall preoperative treatment
time similar in both groups. Boluses of 5-fluorouracil and leucovorin in the
group B were chosen because this schedule was routinely used in Poland;
capecitabine and continuous infusions of 5-fluorouracil not being eligible for
reimbursement. Details of the irradiation, surgical and pathological techni-
ques as well as chemotherapy have been previously described [8]. The first
cycle of FOLFOX4 in group A was planned a week after completing 5 x 5 Gy.
However, upon radiation toxicity, the onset of chemotherapy had to be post-
poned until recovery. Whenever the second or third FOLFOX4 cycle was
delayed, the interval between the first and last dose of chemotherapy was
limited to 7 weeks. Patients allocated to group B received two 5-day cycles of
5-fluorouracil 325 mg/m?/day and leucovorin 20 mg/m*/day via intravenous
bolus during the first and fifth week of irradiation. Additionally, five 1-day
infusions of oxaliplatin 50 mg/m2 were given once a week at 1, 8, 15, 22 and
29 days of irradiation. During the patients’ accrual, randomized trials had
been published that demonstrated no benefit of oxaliplatin addition to pre-
operative chemoradiation [9, 10]. However, one retrospective study demon-
strated a benefit of using oxaliplatin for ¢T4 tumours [7]. Therefore, from
2012, oxaliplatin use in the two groups was left to the discretion of the local
investigator. The schedules for delivering 5-fluorouracil and leucovorin
remained unchanged. The NCI CTCAE v. 3 scale was used for evaluating
acute toxicity.

Tumour resection should be attempted regardless of clinical response.
Resection was categorized as R1, when cancer cells were seen within 1 mm from
the surgical margin. Macroscopical non-radical surgery (R2) had to be con-
firmed by a pathologist because evaluation at surgery of whether gross cancer is
left behind might be misleading; after chemoradiation, part of the gross tumour
may contain only inflammatory/fibrous tissue. Postoperative complications were
defined as those occurring within 30 days after surgery. Evaluating the quality of
mesorectal excision and excision of the sphincters/levator region was carried out
according to guidelines [11]. Centralized quality control for radiotherapy,
chemotherapy, surgery, and pathology was not carried out.

follow-up

Delivering postoperative chemotherapy and its schedule was left to the
discretion of treating physicians. Patients were followed at 3-month
intervals for 2 years and then at 6-month intervals. Evaluations con-
sisted of physical examination and measuring blood CEA levels.
Abdominal, pelvic and chest CT (or chest radiography) was recom-
mended at 1 and 2 years after treatment. Late complications, defined as
those occurring later than 1 month after surgery, were graded using the
RTOG/EORTC scale [12].
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statistics

A RO resection rate was chosen as the main end point, because in the ran-
domized study, this rate had been correlated with both the type of pre-
operative treatment and the disease-free survival (DFS) [1]. In calculating
sample size, it was assumed that an RO resection rate after conventional
chemoradiation is 75%. To detect at least a 10% benefit, 540 patients were
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needed, when using a two-sided test with a significance level of 0.05 and
80% power. The secondary end points were overall survival, DFS, acute
toxicity of preoperative treatment, incidence of postoperative complica-
tions, pathological complete response ( pCR) rate, locoregional and distant
failure rate and rate of late complications. Time intervals were calculated
from the date of randomization. Acute toxicity and compliance with

541 patients randomly assigned

271 allocated to 5 x 5 Gy + chemotherapy

10 excluded
—» 8 protocol entry criteria violation
2 consent withdrawal

A4

261 eligible for 5 x 5 Gy + chemotherapy
253 received allocated treatment

8 received chemoradiation

A4

| 261 included into intention-to-treat analysis |

Figure 1. Trial profile.

}

270 allocated to long-course chemoradiation

16 excluded
11 protocol entry criteria violation
2 consent withdrawal
2 withdrawn by local investigators for
unknown reason
1 death before treatment

A 4

v

254 eligible for chemoradiation
251 received allocated treatment
3 received 5 x 5 Gy + chemotherapy

A4

254 included into intention-to-treat analysis

Table 1. Patients’ characteristics

5+ 5 Gy + chemotherapy (n =261)

Long-course chemoradiation (n = 254)

Type of tumour
Primary fixed ¢T3 (diagnosed on MRI)
Primary cT4 (diagnosed on MRI)

Gender
Female 78 (30)
Male 183 (70)
Age in years, median (IQR) 60 (54-66)
Pelvic MRI
Yes 172 (66)
No 88 (34)
No data 1

88 (34) [57 (33)]
165 (63) [112 (65)]

Recurrent (diagnosed on MRI) 8(3)[3(2)]
Who performance score

0 129 (49)

1 120 (46)

2 11 (4)

3 1(0.5)
Distance between tumour and anal verge (cm)

0-5 148 (57)

>5-10 106 (41)

>10-15 7(3)

No data

85 (33)
169 (67)
60 (56-65)

164 (65)
89 (35)
1

83 (33) [59 (36)]
163 (64) [101 (62)]
8(3) [4 (2)]

126 (50)
115 (45)
13 (5)

0

138 (55)
99 (39)
16 (6)

1

Numbers in the table denote number of patients (%) unless otherwise stated.
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preoperative management were measured as treated. All other analyses
were carried out according to the intention-to-treat principle. We com-
pared categorical data by the x* test or Fisher exact test and continuous
data by the Mann-Whitney U-test. The y” test stratified for oxaliplatin use
was applied to compare the RO resection rates. Survival was calculated by
the Kaplan-Meier method and compared with the log-rank test stratified
for oxaliplatin use. Local failure, distant failure or death, whichever oc-
curred first, was an event used for DFS calculation. The Cox’s proportional
hazards model was used to calculate the hazard ratios (HR) and 95% confi-
dence intervals (CI). Analysis of local or distant failure was reported as the
cumulative incidence accounting for death as a competing risk; differences
were compared by the Gray’s test. Relative risk of local or distant failure
was defined as the ratio of cumulative incidence function for group A to
group B at 3 years. For calculating DFS and cumulative incidence of local
failure, we assumed that in those patients having their pelvic tumour unre-

version 20 for Linux (IBM Inc., New York, NY, USA) and R software
(www.r-project.org).

Randomization was carried out by telephone to a datacentre independent
from investigators. Patients were stratified according to the institution and
the type of tumour (cT3, or ¢T4, or recurrent). Randomization was based on
the minimization method. The statistician who analysed the planned end
points was blinded to the preoperative treatment assignment.

results

patients’ characteristics

Between 2008 and 2014, 541 patients from 39 Polish institutions
were randomly assigned either to group A or group B. Twenty-
six patients were excluded for reasons given in Figure 1, leaving

sected, local failure occurred at the time of randomization. All tests were
two-sided. The data were analysed with IBM SPSS Statistics software

515 patients for analysis; 261 patients in group A and 254 in
group B. Patients in both groups were well balanced with respect

Table 2. Acute toxicity and adherence to the preoperative treatment; analysed as treated

5 x5 Gy + chemotherapy, Long-course chemoradiation, P-value
n =256 (%) n =259 (%)
Oxaliplatin use 0.062
Yes 183 (72) 166 (64)
No 72 (28) 93 (36)
Preoperative chemotherapy not given 1
Grade of toxicity 0.006
0 65 (25) 45 (17)
1 72 (28) 59 (23)
2 57 (22) 94 (36)
3 49 (19) 42 (16)
4 10 (4) 12 (5)
Toxic deaths® 3(1) 7 (3)
Radiotherapy dose reduction (<5 x 5 or <50 Gy) 0 20 (8)° <0.001
Radiotherapy time prolongation >1 week due to toxicity 0 12 (5) <0.001
Chemotherapy dose reduction
Yes, because of toxicity 51 (20) 66 (26) 0.15¢
Yes, because of organizational or unknown reasons 5(2) 5(2)
Yes, because cancer progression 1(0.5) 0
No 197 (77.5) 188 (73)
Chemotherapy not given 1 0
No data 1 0
Chemotherapy cycle delay without dose reduction Not applicable?
Yes, because of radiotherapy or chemotherapy toxicity 43 (17)
Yes, because of organizational or unknown reasons 13 (5)
No 198 (78)
Chemotherapy not given 1
No data 1
Radiotherapy and/or chemotherapy dose reduction and/or 0.40
delays because of toxicity
Yes 95 (37) 87 (34)
No 161 (63) 172 (66)
“In the short-course irradiation group, two patients died probably due to myocardiac infarction, and in the third patient, the cause of death was unknown.
In the long-course irradiation group, two patients died probably due to a thromboembolic event, one due to myocardiac infarction, one due to the
pneumonia, one due to the gastrointestinal complications, one due to deterioration of general condition and in the seventh patient, the cause of death was
unknown.
®In the patients having radiotherapy dose reduction, the dose ranged from 18.6 to 46.8 Gy, median 43.6 Gy.
“This P-value compares the rates of patients in whom chemotherapy dose was reduced because of toxicity.
4According to the protocol, chemotherapy not given during irradiation should be missed.
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to the pre-treatment characteristics (Table 1). The majority had
cT4 and low-lying tumours; locally recurrent cancers were
recorded in only 3% of patients. Pelvic MRI was carried out in
66% of patients.

The median interval between the start of irradiation and
surgery was 12.4 [inter-quartile range (IQR) 11.6-13.4] weeks in
group A and 12.4 (IQR 11.3-13.6) weeks in group B. The corre-
sponding results for the median overall time of preoperative
treatment were, respectively, 6.6 weeks (IQR 6.3-7.5) versus 5.5
weeks (IQR 5.4-5.7), P<0.001. The median interval between
completion of 5x5 Gy and the start of consolidation chemo-
therapy was 9 days (IQR 8-11). One patient did not receive
chemotherapy because of a deteriorating general condition after
5x5 Gy. Of the remaining patients, in the intention-to-treat
analysis, oxaliplatin was given to 70% of patients in group A and
to 66% of patients in group B, P = 0.40; in the per-protocol ana-
lysis, the corresponding figures were 72% and 64%, P = 0.062.

patients’ compliance and toxicity

The acute toxicity was lower in group A than in group B,
P =0.006; any grade being, respectively, 75% versus 83%, grade
II-IV 23% versus 21% and toxic deaths 1% versus 3%
(Table 2). Diarrhoea was less common in group A than in group
B, P<0.001 (supplementary Table S1, available at Annals of
Oncology online). Neutropenia was more common in group A
than in group B, P =0.032. Neutropenic fever was observed in
2% group A patients and in 3% in group B. In group A, most of
the toxicity occurred during consolidation chemotherapy

Annals of Oncology

(supplementary Table S2, available at Annals of Oncology
online). The toxic effect of short-course radiation appeared
more often during the interval between irradiation and chemo-
therapy than during irradiation. In 8% of patients, consolidation
chemotherapy was delayed for a few days until acute postradia-
tion symptoms resolved. Adherence to the radiotherapy sched-
ule was better in group A (Table 2). Radiotherapy and/or
chemotherapy dose reduction and/or delays because of toxicity
were required in 37% of patients in group A and 34% in group
B, P=0.40.

Late complications did not differ between group A and group
B, P=0.54 (Table 3). The rate of all toxic deaths (because of pre-
operative treatment, 30-day surgery or late complications) was
2% in group A and 5% in group B, P =0.09 (Tables 2-4).

surgery and pathology

Pelvic tumours were not resected in 16% of group A and in 19%
of group B (Table 4). Intraoperative irradiation was not given to
either group. Of patients who underwent tumour excision, adja-
cent organs were resected in 21% of patients in group A and in
25% in group B, P=0.28. There were no differences in post-
operative complications (Table 4).

The median number of lymph nodes found in the post-
operative specimen was 9 (IQR 5-13). The distribution of ypT
and ypN categories did not differ between treatment-assigned
groups (Table 4). The pCR rate (ypTONO) in patients having
tumour resection was 16% in group A and 12% in group B,
P=0.17.

Table 3. Oncological outcomes and late complications; intention-to-treat analysis of events

Distant metastases
Yes (as first event)

No data, lost to follow-up
Late complications

5 x5 Gy + chemotherapy, Long-course hemoradiation, P-value
n=261 (%) n =254 (%)
Locoregional status
No tumour resection or R2 resection 42 (16) 54 (22)
Pelvic recurrences after RO-1 resection (as first event) 35(13) [17 (7)] 18 (7) [12 (5)]
Locoregional control 184 (70) 179 (71)
No data, lost to follow-up 3

75 (29) [60 (23)]
No 186 (71)

Death because of complication® 1(
Grade 3-4 complications 15 (
Grade 1-2 19 (
No complications 143 (
No data 5
N.a., no tumour resection, R2 resection, local recurrence 78
or 30-day postoperative death
Deaths 64 (25)

In patients with cancer 52
From treatment complications 6
From intercurrent disease 4
Unknown cause 2

62 (25) [58 (23)]
189 (75)
3
0.54
2(1)
10 (6)
25 (15)
135 (79)
7
75

84 (33)
67
13

n.a., not applicable

“Small bowel damage—1; late pelvic abscess—1; postoperative death after stoma closure—1.
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Table 4. Surgery and pathology; intention-to-treat analysis of events

5 x 5 Gy + chemotherapy, Long-course hemoradiation, P-value
n =261 (%) n =254 (%)
Surgery
Not carried out® 17 (7) 19 (8)
Exploratory laparotomy; pelvic tumour was still non-resectable 19 (7) 24 (10)
Exploratory laparotomy; distant metastases were found at surgery 5(2) 6(2)
R2 resection 1(0.5) 5(2)
R1 resection” 17(7) 20 (8)
RO resection 202 (77) 178 (71) 0.07°
No data about surgical margin in resected tumour 0 2
Type of surgery 0.76
Anterior resection 110 (50) 100 (49)
APR 82(37) 83 (41)
Hartmann’s procedure 22 (10) 19 (9)
Resection of locally recurrent tumour 6(3) 3(2)
N.a,, no tumour resection 41 49
Postoperative complications 0.18
Postoperative deaths 30 days (postoperative deaths 90 days) 01[6(3)] 4(2)[7 (4)]
Anastomotic dehiscence requiring re-operation 13 (6) 8(4)
Other complications requiring re-operation 18 (8) 14 (7)
Treated conservatively 31 (15) 23 (12)
No complications 152 (71) 149 (75)
No data 6 7
N.a,, no tumour resection 41 49
Quality of meserectal resection 0.61
The mesorectal plane 137 (79) 134 (83)
The intramesorectal plane 28 (16) 20 (12)
The muscularis propia plane 9 (5) 8 (5)
No data 40 40
N.a., no tumour resection or resection of recurrence 47 52
Quality of sphincters/levator region resection in the case of APR 0.93
The levator plane 41 (84) 30 (83)
The sphincteric plane 6 (12) 5(14)
The intersphincteric plane 2 (4) 1(3)
No data 33 47
N.a., no tumour resection or other than APR resections 179 171
ypT category 0.21
TO (complete response) 37 (17)¢ 24 (12)
T1 3(1) 5(3)
T2 47 (22) 53 (26)
T3 110 (51) 92 (46)
T4a (involvement of peritoneum) 4(2) 9 (5)
T4b (involvement of adjacent organs) 15 (7) 19 (9)
Residual cancer after resection of recurrence 4 3
N.a.,, no tumour resection 41 49
ypN category 0.86
NO 150 (69) 136 (68)
N1 43 (20) 37 (19)
N2 26 (12) 27 (14)
No data 1 5
N.a., no tumour resection 41 49
n.a., not applicable; APR, abdominoperineal resection, extralevator type was required by the protocol.
*Surgery was not carried out for the following reasons: 12—toxic death or complications after chemoradiation, 12—no patients’ consent, 7—metastases
found before surgery, 3—co-morbidity, 3—other reasons.
PCircumferential resection margin <1 mm in 35 patients and positive distal bowel margin in two patients.
“This P-value compares the rates of patients having RO resection.
dMetastases in mesorectal lymph nodes were found in one patient.
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5x5 Gy + chemotherapy

Chemoradiation

0 1

Number at risk

5x5 Gy +chemotherapy 261 218
Chemoradiation 254 217

Figure 2. Overall survival.

0.3

0.2 —

0.1 —

Cumulative incidence function

2 3 4 5
Follow-up (years)

154 103 56 21
148 93 46 23

5 x 5 Gy + chemotherapy

Chemoradiation

0.0 ,

Number at risk
5x5 Gy +chemotherapy 261 186
Chemoradiation 254 174

Figure 3. Cumulative incidence of local failure.

oncological outcomes

The RO resection rate was 77% (95% CI 72%-82%) in group A
and 71% (95% CI 65%-76%) in group B, P =0.07 with an odds

I I I I
2 3 4 5

Follow-up (years)

130 90 48 18
124 79 41 19

ratio of 1.42 (95% CI 0.96-2.12). In patients after RO-1 resec-
tion, the rate of those who received postoperative chemotherapy
was identical in the two treatment-assigned groups, namely
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39%; oxaliplatin-based chemotherapy was given to 15% in
group A and 11% to group B. The median follow-up for living
patients was 35 months (IQR 21-50). None of the patients were
lost to follow-up regarding vital status, but three patients were
lost to follow-up regarding locoregional status. The raw data are
given in Table 3. At 3 years, overall survival rates and DFS rates
in group A and in group B were, respectively, 73% versus 65%
(HR=0.73, 95% CI 0.53-1.01, P =0.046) (Figure 2) and 53%
versus 52% (HR =0.96, 95% CI 0.75-1.24, P=0.85) (supple-
mentary Figure S1, available at Annals of Oncology online). At
3 years, cumulative incidence of local failure (defined either as
no tumour resection, R2 resection or local recurrence after RO-1
resection) and cumulative incidence of distant metastases
were, respectively, 22% versus 21% (relative risk = 1.04, 95% CI
0.67-1.38, P=0.82) (Figure 3) and 30% versus 27% (relative
risk = 1.21, 95 CI 0.59-1.15, P = 0.25) (supplementary Figure S2,
available at Annals of Oncology online). The rate of patients who
underwent radical rescue surgery, either for local or distant
failure, was 6% in group A and 5% in group B.

We carried out separate analyses of primary and secondary
outcomes for 499 patients with primary tumours, i.e. after exclu-
sion of 16 patients with recurrent pelvic cancer (supplementary
Figure S3, available at Annals of Oncology online). The results
were not much different from that observed in the whole
patients’ material, although the difference in the overall survival
between the two treatment-assigned groups was statistically in-
significant (P = 0.078).

discussion

This trial showed no difference in the RO resection rate, DES, local
failure rate, distant metastases rate, postoperative complications
and late complications between the two treatment-assigned
groups. Better overall survival was observed in group A than in
group B. To evaluate overall survival further, we carried out the
competing risk analysis of cumulative incidence of death in
patients having local or distant failure and separately in patients
who died due to non-cancer reasons. At 3 years, the cumulative
incidence of death in patients having local or distant failure was
23% in group A and 31% in group B, P=0.049 (relative risk =
0.752, 95% CI 0.471-1.19) (supplementary Figure S4, available at
Annals of Oncology online). The corresponding rates for the cu-
mulative incidence of non-cancer death were 3% and 4%,
P =0.946. Reason for the difference between the two treatment-
assigned groups in death rates in patients having local or distant
failure is unclear bearing in mind that the rates of distant metasta-
ses and local failure were similar in the two groups. This shows
that more patients with recurrences were alive in group A when
compared with group B. An explanation could be that large ir-
radiation fractions activate antitumour immune responses during
the long interval to surgery [13]. Longer follow-ups are thus
needed for elucidating this issue. Higher rates of acute preopera-
tive treatment toxicity and a worse adherence to the radiotherapy
schedule were observed in group B than in group A. A reason for
this phenomenon could be that in group A, radiotherapy and
chemotherapy were given sequentially, so that overlapping toxici-
ties were avoided. Moreover, there was more flexibility in the
chemotherapy delivery to this group; the start of consolidation
chemotherapy and delivery of second or third cycle could be

delayed because of toxicity, providing that the overall chemother-
apy time was kept within 7 weeks. Whereas, in group B, all
chemotherapy had to be given simultaneously with irradiation.
Most of the acute toxicity of short-course irradiation was delayed
for a few days after its completion (supplementary Table S2,
available at Annals of Oncology online). Such toxicity is not
observed when surgery takes place immediately after 5x5 Gy
because the rectum (the organ at risk) is excised before damage
occurs.

Limitations of the study should be acknowledged. We deliv-
ered 5-fluorouracil in a bolus, whereas currently continuous in-
fusion or capecitabine are being used. Two large randomized
trials showed no difference in local efficacy between 5-fluoroura-
cil bolus and continuous infusion of 5-fluorouracil used in post-
operative chemoradiation [14, 15]. This suggests that results of
the present trial can be generalized for patients receiving con-
tinuous infusion of 5-fluorouracil. A threat to the surgical
margin status diagnosed on MRI would be an optimal entry cri-
terion for our study. However, pelvic MRI was not mandatory
for economic reasons. Tumour fixation was used as the entry
criterion. This not always reflected a high risk of R1-2 resection
because this sign may be caused by a tumour bulk without
threatening the surgical margin. Nevertheless, this drawback
equally affected the two treatment-assigned groups, so compari-
son of the methods remains unbiased. Another weakness is the
short follow-up, thus making an evaluation of long-term out-
comes uncertain. A further limitation of the study is due to the
imbalance in oxaliplatin use in the two treatment-assigned
groups. This imbalance was however rather small (4% differ-
ence). Moreover, four of five randomized studies did not show
any benefit of adding oxaliplatin to neoadjuvant chemoradiation
in advanced rectal cancer [9, 10, 16-18]. Other weaknesses were
the delivery of oxaliplatin as mono-chemotherapy without 5-
fluorouracil in weeks 2-4 of radiotherapy and evaluation of
postoperative complications without using formal tools for their
classification and grading.

A PubMed searching was carried out using the terms ‘rectal
cancer’, and ‘short-course radiotherapy’, or ‘5x5 Gy’. The
results of 5x5 Gy and consolidation chemotherapy found in
the present trial are consisted with results of three small pro-
spective phase II trials [19-22] and three small retrospective
studies [5, 6, 23] conducted in patients with stage II-III or IV
rectal cancer. Prospective trials reported 25% and 26% rates of
pCR [16, 17]. Using match pair analysis, one trial demonstrated
improved DFS and distant metastases-free survival compared
with long-course chemoradiation [22]. An ongoing RAPIDO
trial [24] has a similar design to our study, but the main differ-
ence is that the RAPIDO trial explores whether, in the short-
course arm, neoadjuvant therapy improves DFS by eradicating
occult distant disease. For this reason, longer chemotherapy (17
weeks) after 5x 5 Gy was used in this trial compared with our
study (5 weeks).

The present trial is negative regarding primary end point.
Nevertheless, better short-term overall survival and lower acute
toxicity (including numerically lower toxic death rate—1%
versus 3%) favours 5 x5 Gy with consolidation chemotherapy.
In addition, delivery of five radiotherapy fractions instead of
28 fractions makes short-course irradiation with consolidation
chemotherapy cheaper and more convenient than long-course
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chemoradiation. There were no differences in postoperative
complications. Therefore, short-course radiotherapy with con-
solidation chemotherapy can be considered as an effective
option for preoperative management in very advanced rectal
cancer, especially in countries with low health-care budgets or
long waiting lists for radiotherapy.
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