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Introduction: The addition of induction chemotherapy (ICT) to neoadjuvant chemoradiotherapy (CRT)
has the potential to improve outcomes in patients with locally advanced rectal cancer (LARC). However,
patient selection is essential to prevent overtreatment. This study compared the complete response (CR)
rate after treatment with and without ICT of LARC patients with prognostically poor characteristics.
Methods: All LARC patients who were treated with neoadjuvant CRT, whether or not preceded by ICT,
and who underwent surgery or were considered for a wait-and-see strategy between January 2016 and
March 2020 in the Catharina Hospital Eindhoven, were retrospectively selected. LARC was defined as any
T4 tumour, or a T2/T3 tumour with extramural venous invasion and/or tumour deposits and/or N2 lymph
node status, and/or mesorectal fascia involvement (T3 tumours only). Case-control matching was per-
formed based on the aforementioned characteristics.
Results: Of 242 patients, 178 (74%) received CRT (CRT-group) and 64 patients (26%) received ICT followed
by CRT (ICT-group). In the ICT-group, 3 patients (5%) did not receive the minimum of three cycles. In
addition, in this selected cohort, compliance with radiotherapy was 100% in the ICT-group and 97% in the
CRT-group. The CR rate was 30% in the ICT-group and 15% in the CRT-group (p ¼ 0.011). After case-control
matching, the CR rate was 28% and 9%, respectively (p ¼ 0.013).
Conclusion: Treatment including ICT seemed well tolerated and resulted in a high CR rate. Hence, this
treatment strategy may facilitate organ preservation and improve survival in LARC patients with prog-
nostically poor characteristics.
© 2021 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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Introduction

Patients with locally advanced rectal cancer (LARC), typically
defined as a tumour involving or extending beyond the mesorectal
fascia (MRF), have a particularly high risk of an incomplete resec-
tion resulting in higher rates of local recurrence and distant me-
tastases and a decreased survival [1e3]. In addition to an involved
or threatened MRF, the occurrence of mesorectal lymph node
opean Society of Surgical Oncology. All rights reserved.
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metastases is another important predictive and prognostic factor
for overall survival (OS) and disease-free survival (DFS). Further-
more, the number of lymph node metastases has been shown to be
positively correlated with a worse OS and DFS [4,5]. Moreover, over
the past few years, several other poor prognostic factors have been
identified. The role of histological and magnetic resonance imaging
(MRI) based extramural venous invasion (mrEMVI) as a prognostic
factor has become a growing area of interest [6,7]. A meta-analysis
including 1262 rectal cancer patients demonstrated that the
occurrence of mrEMVI resulted in an increased risk for the devel-
opment of synchronous and metachronous distant metastases and
decreased survival rates [8,9]. Along with EMVI, tumour deposits
(TD) have been demonstrated to be associated with EMVI and have
also shown to be a predictor for poor oncological outcome [10]. A
recent study by Lord et al. showed that the presence of mrEMVI
and/or TD independently resulted in a higher risk for distant me-
tastases (hazard ratio [HR]: 6.53, 95% confidence interval [CI]:
2.52e16.91; p < 0.001) and decreased DFS (HR: 2.20, 95% CI:
1.39e3.59; p ¼ 0.002) [11]. In patients with these unfavourable
tumour characteristics, neoadjuvant chemoradiotherapy (CRT) is
the standard of care [12e14]. Nevertheless, in these patients, local
and distant recurrence rates remain high ranging between 5-10%
and 25e40% respectively [15]. In recent years, several studies have
investigated the role of adding induction chemotherapy (ICT) to the
treatment regimen to improve these results [16e23]. It was
demonstrated that ICT was feasible, safe and well tolerated. How-
ever, considerable variations have been reported regarding the ef-
fect of ICT on the R0 resection rate and long-term outcomes.
Various studies also reported on the clinical and pathological
complete response (cCR and pCR, respectively) rate, because both
can serve as surrogate endpoints for DFS and OS [12,24]. Never-
theless, these rates also varied. We hypothesised that, to improve
outcomes while preventing overtreatment, an intensified neo-
adjuvant treatment might be especially beneficial for patients with
the abovementioned prognostically poor tumour characteristics.
Therefore, the aim of this study was to explore whether the addi-
tion of induction chemotherapy to chemoradiotherapy in patients
with prognostically poor LARC improved the complete response
(CR) rate when compared with treatment with chemoradiotherapy
alone.

Methods

Patients

The Catharina Hospital Eindhoven (CZE), a tertiary referral
centre for LARC, organises a weekly regional, multidisciplinary,
multicentre team (MDT) meeting in which all patients with
advanced rectal cancer are discussed to determine the optimal
treatment strategy. All consecutive LARC patients discussed at the
MDT, who completed neoadjuvant CRT treatment, whether or not
preceded by ICT, and who underwent surgery at CZE or were
considered for a wait-and-see (W&S) strategy between January
2016 and March 2020 were retrospectively selected for the present
study. LARC was defined as any T4 tumour, a T3 tumour with EMVI
and/or TD and/or MRF involvement and/or N2 lymph node status,
or a T2 tumour with EMVI and/or TD and/or N2 lymph node status.
This study was approved by the local medical ethics board (regis-
tration number W19.031).

Radiological assessment

At baseline, i.e. pre-treatment, a pelvic MRI was performed,
consisting of T2-weighted axial, coronal and sagittal planes and
axial diffusion-weighted imaging (DWI). All radiological reports
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were retrospectively reviewed. If the presence or absence of EMVI,
TD, MRF involvement, or lymph node involvement was not spe-
cifically noted in the radiological report, the scan was re-evaluated
with regard to these tumour characteristics by an experienced
radiologist with specific expertise in advanced rectal cancer (J.N.).

Neoadjuvant treatment

From 2016 onwards, ICT was gradually introduced as a part of
our treatment strategy for patients presentingwith poor prognostic
tumour characteristics. However, most patients were discussed in
our MDT meeting by the time CRT was already completed. Hence,
these patients could serve as a control group for those who were
treated with ICT followed by CRT. ICT generally consisted of 3 cycles
of CAPOX (capecitabine, oxaliplatin) or 4 cycles of FOLFOX (leuco-
vorin, 5-fluorouracil, oxaliplatin). In case of stable or responsive
disease, assessed according to RECIST 1.1, and acceptable toxicity,
one additional cycle of CAPOX or two additional cycles of FOLFOX
were administered before or after the neoadjuvant CRT [25]. Neo-
adjuvant CRT was delivered with a cumulative dose of 50e50.4 Gy
in fractions of 1.8e2 Gy with concomitant capecitabine twice daily
orally on radiotherapy days with a dose of 825 mg/m2.

Final treatment

Four to eight weeks after finishing chemoradiotherapy, an MRI
was performed to evaluate local tumour response. Response was
assessed according to the 5-point MRI based tumour regression
(mrTRG) scale [26]. In case of a radiological complete response, a
W&S strategy was proposed in the MDT meeting and discussed
with the patient. In case patients were interested in an organ pre-
serving approach, they were scheduled for a sigmoidoscopy. If
there were no signs of vital tumour tissue, patients entered the
W&S strategy. All other patients were scheduled for surgery. The
technique and extent of the surgical procedure was at the discre-
tion of the surgeon. Intraoperative radiotherapy was delivered via
electron beam radiotherapy with a linear accelerator in case of an
involved or threatened surgical resection margin.

Follow-up

All patients who underwent surgery were monitored using
routine CEA measurements (4 times a year during years 1e3, twice
a year during years 4e5) and thoracoabdominal CT-scans or ul-
trasonography of the liver and chest radiography (twice a year
during year 1, yearly during years 2e5) for a period of 5 years. The
follow-up protocol for patients in the W&S strategy was intensified
by the addition of endoscopy (4 times a year during year 1, twice a
year during years 2e5) and MRI (4 times a year during year 1, twice
a year during years 2e5).

Complete response

The endpoint of this study was the complete response rate. In
patients undergoing surgery, the pathological response was
assessed using the Mandard classification [27]. A pCR was defined
as Mandard 1: absence of viable tumour cells in the resection
specimen. A cCR was defined as sustained absence of disease for a
minimum of 12 months under active surveillance, calculated from
the date of MRI after finishing chemoradiotherapy. The term CRwas
used to define patients who had either a pCR or a sustained cCR.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
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version 25.0 (IBM, Armonk, New York, USA). Continuous data are
reported as median (interquartile range) and categorical as count
(percentage). Group comparisons were made using the Chi-square
test or Fisher's exact test, as appropriate. For continuous variables,
the Mann-Whitney U test was used. All tests were performed two-
sided, and a p value < 0.05 was considered significant. Follow-up in
the W&S strategy was calculated from the date of MRI after
completing CRT until the date of last follow-up. Case-control
matching without replacement using SPSS was performed to cor-
rect for confounding variables. An exact control was randomly
selected for each patient who received ICT. Control cases were
matched on cT stage (2/3/4), cN stage (N0/Nþ), MRF involvement,
and the presence of EMVI and TD.

Results

Patients

A total of 242 patients were included, of whom 178 (74%) were
treated with neoadjuvant chemoradiotherapy (CRT-group) and 64
(26%) with induction chemotherapy followed by chemo-
radiotherapy (ICT-group). All patients treated with ICT were dis-
cussed during our MDT before the start of the neoadjuvant
treatment, whereas 67% of the patients in the CRT-group were
referred to our MDT only after completing neoadjuvant therapy.
Patient and tumour characteristics are shown in Table 1. At baseline,
i.e. before start of the neoadjuvant treatment, EMVI and TD were
significantly more observed in the ICT-group than in the CRT-group
(84% versus 56%, and 56% versus 24%, respectively, p < 0.001).

Neoadjuvant treatment

Details on the neoadjuvant treatment are shown in Table 2. ICT
Table 1
Patient and tumour characteristicsa.

C

Gender Female 7
Male 1

Age <70 1
�70 5

ASA* I-II 1
III 3
IV 0

WHO perfomance status** 0-1 1
2 1
3 4

Previous chemotherapy treatment No 1
MRI baseline Yes 1

Only CT 2
Tumour stage T2 5

T3 8
T4 8

Nodal stage N0 2
N1 6
N2 8

MRF involvement Yes 1
No 2

EMVI Yes 9
No 7

Tumour deposits Yes 4
No 1

Synchronous metastases Yes 1
No 1

ASA: American Society of Aneasthesiologist classification, CRT: chemoradiotherapy, EMVI
MRI: magnetic resonance imaging, NA: not applicable, WHO: World Health Organisation
*: Not applicable for patients not scheduled for surgery (n ¼ 16).
**: Missing values n ¼ 17 in CRT group and n ¼ 1 in ICTþCRT group p values pertain to

a Tumour characteristics were assessed on baseline MRI, i.e., pre neoadjuvant treatme
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consisted of CAPOX (88%), CAPOX-bevacizumab (5%), or FOLFOX
(8%). Most patients were administered 3 or 4 cycles (42% and 27%,
respectively). Three patients did not complete the minimum of 3
scheduled cycles because of toxicity. Overall, 30% of the patients
(n ¼ 19) had some dose reduction of the chemotherapy and 11% of
the patients (n¼ 7) were admitted to the hospital due to any kind of
adverse event. All patients were administered long-course CRT; in
the CRT-group 5 patients (3%) had an early discontinuation of the
radiotherapy, whereas none of the patients in the ICT-group had an
early discontinuation (p ¼ 0.329). Concomitant chemotherapy was
capecitabine, except for 2 patients (3%) in the ICT-group in whom
concomitant tegafur/gimeracil/oteracil was administered due to
toxicity of capecitabine during the ICT (p ¼ 0.069). Admission
during CRT was required in 8 patients (4.5%) in the CRT-group and
in 1 patient (1.6%) in the ICT-group (p ¼ 0.452).

Final treatment

In the CRT-group, 9 patients (5%) entered a W&S strategy and
169 patients (95%) were directly scheduled for surgery. In the ICT-
group, 14 patients (22%) entered a W&S strategy and 50 patients
(78%) underwent surgery directly. The surgical characteristics are
shown in Supplementary Table 1. The median time between CRT
and MRI was significantly shorter in the ICT-group than in the CRT-
group (4 versus 6 weeks, respectively, p < 0.001). The interval be-
tween CRTand surgerywas longer in the CRT-group than in the ICT-
group (14 versus 13 weeks, p ¼ 0.038). In the ICT-group, more
patients underwent an extended resection or low anterior resec-
tion, whereas in the CRT-group, more patients underwent an
abdominoperineal resection. The rate of major postoperative
complications (Clavien-Dindo 3-5) were comparable between the
two groups (13% versus 22%, p ¼ 0.145). For patients entering the
W&S strategy, the median follow-up time was 27 months (IQR:
RT (N ¼ 178) ICTþCRT (N ¼ 64) p-value

0 (39.3) 23 (35.9) 0.633
08 (60.7) 41 (64.1)
28 (71.9) 49 (76.6) 0.471
0 (28.1) 15 (23.4)
42 (82.6) 43 (79.6) 0.277
0 (17.4) 10 (18.5)
(0) 1 (1.9)
47 (91.3) 61 (96.8) 0.411
0 (6.2) 2 (3.2)
(2.5) 0 (0)
78 (100) 64 (100) NA
76 (98.9) 63 (98.4) 1.000
(1.1) 1 (1.6)
(2.8) 0 (0) 0.457
8 (49.4) 35 (54.7)
5 (47.8) 29 (45.3)
8 (15.7) 5 (7.8) 0.211
2 (34.8) 21 (32.8)
8 (49.4) 38 (59.4)
52 (85.4) 46 (71.9) 0.016
6 (14.6) 18 (28.1)
9 (55.6) 54 (84.4) <0.001
9 (44.4) 10 (15.6)
2 (23.6) 36 (56.3) <0.001
36 (76.4) 28 (43.8)
4 (7.9) 5 (7.8) 0.989
64 (92.1) 59 (92.2)

: extramural venous invasion, ICT: induction chemotherapy, MRF: mesorectal fascia,
.

all outcomes of the variable.
nt.



Table 2
Neoadjuvant treatment e original cohort.

CRT (N ¼ 178) ICTþCRT (N ¼ 64) p-value

Type induction chemotherapy CAPOX e 56 (87.5) NA
CAPOX-bevacizumab e 3 (4.7)
FOLFOX e 5 (7.8)

Number of cycles administered 1 e 1 (1.6) NA
2 e 2 (3.1)
3 e 27 (42.2)
4 e 17 (26.6)
5 e 7 (10.9)
6 e 8 (12.5)
7 e 2 (3.1)

Dose reduction induction chemotherapy Yes e 19 (29.7) NA
No e 45 (70.3)

Admission during induction chemotherapy Yes e 7 (10.9) NA
No e 57 (89.1)

Dose reduction radiotherapy during CRT Yes 5 (2.8) 0 (0) 0.329
No 173 (97.2) 64 (100)

Type chemotherapy during CRT Capecitabine 178 (100) 62 (96.9) 0.069
Tegafur/gimeracil/oteracil 0 (0) 2 (3.1)

Dose reduction chemotherapy during CRT Yes; planned 2 (1.1) 2 (3.1) 0.408
Yes; unplanned 6 (3.4) 1 (1.6)
No 170 (95.5) 61 (95.3)

Admission during CRT Yes 8 (4.5) 1 (1.6) 0.452
No 170 (95.5) 63 (98.4)

CAPOX: capecitabine, oxaliplatin, CRT: chemoradiotherapy, FOLFOX: 5-fluorouracil, leucovorin, oxaliplatin, ICT: induction chemotherapy, NA: not applicable.
p values pertain to all outcomes of the variable.
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14e29 months) in the CRT-group and 16 months (IQR: 12e21
months) in the ICT-group (p ¼ 0.025).

Response

In the CRT-group, 8 patients (4%) had a sustained cCR; 1 had
regrowth after 6 months of follow-up. In the ICT-group, 10 patients
(16%) had a sustained cCR; 4 had regrowth within 5e12 months of
follow-up. A pCR was observed in 20 patients (11%) in the CRT-
Table 3
Treatment and response.

Original cohort

Final treatment Wait-and-see strategy (Success)
Wait-and-see strategy (Failed)
Surgery
R0 resection^
R1/2 resection

Response pCR
sustained cCR
no pCR/sustained cCR

Overall response CR
no CR

Matched cohort

Final treatment Wait-and-see strategy (Success)
Wait-and-see strategy (Failed)
Surgery
R0 resection^
R1/2 resection

Response pCR
sustained cCR
no pCR/sustained cCR

Overall response CR
no CR

cCR: clinical complete response, CR: complete response (pCR plus cCR), CRT: chemorad
resection: resection with clear resection margins, R1/2 resection: resection without clea
surgery.
p values pertain to all outcomes of the variable.
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group and in 9 (14%) in the ICT -group (p ¼ 0.550), resulting in a
CR of 16% versus 30%, respectively (p ¼ 0.015, Table 3).

Case control matching

In the selected group of 242 patients, there were several tumour
characteristics at baseline which differed between the two treat-
ment groups. To diminish the influence of these confounders, exact
case-control matching was performed, resulting in 53 patients in
CRT (N ¼ 178) ICTþCRT (N ¼ 64) p value

8 (3.9) 10 (15.6) 0.001
1 (1.1) 4 (6.3)
169 (94.9) 50 (78.1)
147 (87.5) 45 (90.0) 0.632
21(12.5) 5 (10.0)
20 (11.2) 9 (14.1) 0.010
8 (4.5) 10 (15.6)
150 (84.3) 45 (70.3)
28 (15.7) 19 (29.7) 0.015
150 (84.3) 45 (70.3)

CRT (N ¼ 53) ICTþCRT (N ¼ 53) p value

1 (1.9) 8 (15.1) 0.009
0 (0) 2 (3.8)
52 (98.1) 43 (81.1)
41 (80.4) 38 (88.4) 0.293
10 (19.6) 5 (11.6)
4 (7.5) 7 (13.2) 0.022
1 (1.9) 8 (15.1)
48 (90.6) 38 (71.7)
5 (9.4) 15 (28.3) 0.013
48 (90.6) 38 (71.7)

iotherapy, ICT: induction chemotherapy, pCR: pathological complete response, R0
r resection margins^: resection margin was only calculated for patients undergoing



Table 4
Patient and tumour characteristics e matched cohort.

CRT (N ¼ 53) ICTþCRT (N ¼ 53) p-value

Gender Female 25 (47.2) 19 (35.8) 0.237
Male 28 (52.9) 34 (64.2)

Age <70 40 (75.5) 40 (75.5) 1.000
�70 13 (24.5) 13 (24.5)

Tumour stage T3 23 (43.3) 24 (45.3) 0.845
T4 30 (56.6) 29 (54.7)

Nodal stage N0 4 (7.5) 4 (7.5) 1.000
N1 19 (35.8) 20 (37.7)
N2 30 (56.6) 29 (54.7)

MRF involvement Yes 46 (86.8) 45 (84.9) 0.780
No 7 (13.2) 8 (15.1)

EMVI Yes 45 (84.9) 45 (84.9) 1.000
No 8 (15.1) 8 (15.1)

Tumour deposits Yes 26 (49.1) 26 (49.1) 1.000
No 27 (50.9) 27 (50.9)

Synchronous metastases Yes 10 (18.9) 5 (9.4) 0.164
No 43 (81.1) 48 (90.6)

CRT: chemoradiotherapy, EMVI: extramural venous invasion, ICT: induction chemotherapy, MRF: mesorectal fascia.
p values pertain to all outcomes of the variable.
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both treatment groups each. Baseline and tumour characteristics
are shown in Table 4; tumour stage, MRF involvement, EMVI and TD
were equally present in both groups. Surgical characteristics in the
matched cohort are shown in Supplementary Table 2. The interval
between CRT and MRI was significantly shorter in the ICT-group
than in the CRT-group (4 versus 6.5 weeks, respectively,
p < 0.001). The interval between CRT and surgery did not differ
significantly between the CRT-group and the ICT-group (14 versus
13 weeks, respectively, p ¼ 0.068). In the matched cohort, one
patient (2%) in the CRT-group entered a W&S strategy and 52 pa-
tients (98%) underwent surgery after neoadjuvant treatment,
whereas in the ICT-group 10 patients (19%) entered a W&S strategy
and 43 (81%) underwent surgery (Table 3). The pCR rate was not
significantly different between both groups (p ¼ 0.339); however,
the CR rate was significantly higher in the ICT-group (28%) than in
the CRT-group (9%; p ¼ 0.013).
Discussion

The results of this study suggest that the addition of induction
chemotherapy to neoadjuvant chemoradiotherapy in patients with
prognostically poor LARC results in a higher CR rate than neo-
adjuvant chemoradiotherapy alone.

The addition of ICT to the neoadjuvant treatment regimen in
patients with LARC has previously been studied. However, com-
parisonwas hampered because of the different treatment regimens
that have been used. Studies that were concerned with CAPOX or
FOLFOX administered prior to CRT, reported pCR/CR rates that
varied between 15 and 33% [16e19]. One of the explanations for
this variation could be the different inclusion criteria, since tumour
diameter and T stage are predictors for response to neoadjuvant
treatment [28e30]. Patients included in these studies had more
favourable tumour characteristics than those in the present study,
since only 5e20% of the included patients in these studies were
diagnosed with a cT4 tumour and the proportion of patients with a
cT3 MRF positive tumour was small or even absent. Nevertheless,
even when comparing our results to those in studies that included
patients with comparable tumour characteristics, the results vary.
In the study by Dewdney et al., MRF involvement was present in
56% of the patients and EMVI positivity was observed in 74% of
patients [21]. The observed CR rate of 16% was inferior to that in the
present study. In contrast, Schou et al., who also included a com-
parable population with 65% cT3 MRFþ tumours and 43% cT4
2433
tumours, reported a pCR rate of 25%, which was comparable to the
CR rate in the present study [22]. The largest study to date reporting
on the outcomes of ICT in LARC is the study from Cercek et al. [20]
They reported a superior CR rate of 36% in the ICT-group. However,
only 12% of the patients in that study had a cT4 tumour and the
proportion of cT3 tumour with MRF involvement was not reported.
Overall, definitions of LARC were different between the above-
mentioned studies, making an accurate comparison difficult, and
no meaningful conclusions can be drawn. The present study,
however, represents a cohort of truly advanced rectal cancer tu-
mours, especially in the matched cohort.

Induction chemotherapy was well tolerated in our study, which
is in accordance with the literature [16e19]. Only 3 patients (5%)
did not complete the minimum scheduled 3 cycles and although
30% of the patients had a dose reduction, only 11% of all patients
required hospitalisation during the ICT. Moreover, compliance with
subsequent radiotherapy was excellent in both treatment groups.
Notably, only patients undergoing final treatment (surgery or W&S
strategy) were selected in this study, which may have positively
biased these compliance rates. Postoperative complications be-
tween the two treatment groups were comparable, indicating that
intensified treatment with ICT did not negatively influence subse-
quent treatment. Moreover, the rate of postoperative complications
was comparable to that reported in the literature [22,23,31].

The median interval between the end date of CRT and surgery
was 13 and 14 weeks in the ICT-group and CRT-group, respectively.
A long interval between CRT and surgery is supported by several
retrospective studies which demonstrated that higher pCR rates
were achievedwith an interval exceeding 8 weeks [32,33]. This was
confirmed in a meta-analysis and several randomised trials
[34e37]. Nevertheless, Sloothaak et al. also showed that an interval
longer than 11 weeks was not beneficial with regard to the pCR rate
[33]. The interval between CRT and restaging MRI was significantly
shorter in the ICT-group than in the CRT-group. The optimal timing
of reassessment is still controversial, and there are no clear
guidelines, resulting in considerable variability [38]. However, it is
known that the tumoricidal effect of CRT increases over time and
there is evidence supporting that a longer interval may increase
response rates [39]. Recent reports that routinely included MRI to
select patients for a W&S strategy used an interval of 8 weeks [40].
In comparison, the interval in the ICT-group in this study was
relatively short with an interval of 4 weeks. However, in the present
study, a W&S strategy was not the primary goal. Nevertheless,
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given the high rate of cCR, such a strategy seems feasible even in
patients with prognostically poor LARC. Hence, a longer interval
may be beneficial in identifying more cCR. Notably, despite the
shorter interval in the ICT-group, a higher cCR rate was already
observed in this group than in the CRT-group.

The retrospective study design has inherent limitations. How-
ever, there were only few missing data. More importantly, an
attempt was made to limit the effect of possible confounders by
conducting a case-control matching. Nevertheless, since CZE is a
tertiary referral centre for LARC requiring multivisceral surgery and
IORT, a substantial proportion of our LARC patients are referred
once evaluation after neoadjuvant therapy shows insufficient
response, thus preventing routine TME surgery. All these patients
were treated with CRT alone. It is likely that patients with a good
response to CRT, in whom routine TME surgery or a W&S strategy
was possible, were not referred to our hospital. This may have
introduced a selection bias adversely affecting the CR rate in the
CRT-group and may have influenced compliance rates to CRT.
Furthermore, data on patients with progressive disease under
neoadjuvant treatment were incomplete and we could therefore
not include these patients.

In order to adequately assess a sustained cCR, a minimum
follow-up time of 12 months is common as most local regrowth
after apparent cCR occurs within this period and cCR is thus most
likely to persist beyond this period [41e44]. In this study the me-
dian follow-upwas 27months (min.13months, max. 40months) in
the CRT-group and 16 months (min. 12 months, max. 23 months) in
the ICT-group. The shorter median follow-up in the ICT-group may
have resulted in a lower regrowth rate in these patients.

Both cCR and pCR are surrogate endpoints for overall survival,
because they proved to be of prognostic value in previous studies
[12,24]. Nevertheless, not all studies support this finding [45]. In
the present study, follow-up was too short to report long-term
survival outcomes.

In conclusion, the CR rate after treatment with induction
chemotherapy followed by chemoradiotherapy in patients with
prognostically poor LARC was high. Furthermore, induction
chemotherapy was well tolerated in our cohort, and no additional
peri-operative complications were observed. However, a prospec-
tive study is warranted to draw any definitive conclusions. In the
Netherlands, we are currently setting up the MEND-IT trial: a
single-arm prospective trial including only patients with prog-
nostically poor LARC.
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