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445 patients who actually received adjuvant fl uorouracil 
and leucovorin and oxaliplatin, as compared with 
100 (21%) of 470 patients who actually received adjuvant 
fl uorouracil alone. Grade 3 or worse diarrhoea was the 
most frequent chronic adverse eff ect in both groups 
(31 [7%] in the investigational group vs 42 [9%] in the 

control group). The incidence of grade 3–4 sensory 
neuropathy in the fl uorouracil and leucovorin and 
oxaliplatin group decreased from 41 (10%) patients during 
treatment to 13 patients (3%) at 1 year follow-up. Among 
the 326 patients in the fl uorouracil and leucovorin and 
oxaliplatin group having sphincter-sparing surgery, 

Figure 4: Disease-free survival in the intention-to-treat population by patient subgroups according to pretreatment and surgical or pathological factors after 
preoperative chemoradiotherapy
The size of the quadrats represents the proportion of patients. HR=hazard ratio. ECOG=Eastern Cooperative Oncology Group.
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Conclusion: Both treatment approaches yield similar outcomes. Given the lower acute toxicity and improved compli-
ance with induction CT compared with adjuvant CT, integrating effective systemic therapy before CRT and surgery is a
promising strategy and should be examined in phase III trials.
Key words: locally advanced rectal cancer, induction chemotherapy, phase II randomized trial, adjuvant chemotherapy

introduction
The role of adjuvant chemotherapy (CT) after preoperative che-
moradiation (CRT) has not been well established in published
randomized trials [1–4]. The low compliance with CT following
preoperative CRT and surgery as well as the lack of a reliable
method to select patients, might contribute to these negative
results. Furthermore, the British Chronicle and the Dutch
SCRIPT-PROCTOR trials were terminated early because poor
accrual and consequent insufficient statistical power.
More recently, the Korean ADORE multicenter, randomized,

phase II study included poor prognostic rectal cancer patients
who received preoperative CRT and had pathological stage II
(ypT3-4N0) or III (ypTanyN1-2) disease. Three-year disease-
free survival (DFS) was significantly improved in patients
treated with adjuvant FOLFOX compared with those receiving
adjuvant 5-fluorouracil (5-FU) and leucovorin (71.6% versus
62.9%, P = 0.047). Interestingly, 96% of patients completed the
planned number of adjuvant CT cycles [5].

An alternative approach to improving outcome is to deliver in-
duction CT before preoperative CRT. Induction CT may be asso-
ciated with better treatment compliance and may allow full
systemic doses of CT to be delivered. Our group completed a ran-
domized phase II trial (GCR-3) comparing this approach with
conventional preoperative CRT followed by surgery and post-
operative adjuvant CT. Primary results were reported in 2010.
Compared with postoperative adjuvant capecitabine oxaliplatin
(CAPOX), induction CAPOX before CRT had similar pathologic-
al complete response (pCR) and complete resection rates while at
the same time achieving more favorable compliance and toxicity
profiles [6]. Given these advantages, this induction strategy is
now considered a new treatment alternative for patients with
high-risk rectal cancer in some European institutions and the
United States [7]. We report long-term outcomes including local
recurrence, distant recurrence and survival results after a median
follow-up of 69 months.

108 patients randomized

49 (94%) patients commenced CRT

3 ineligible patients excluded

46 (89%) patients underwent surgery

45 R0 resections

1 R1 resection

37 (71%) patients commenced adjuvant CT

9 did not receive any cycle

7 received 1-2 cycles

2 received 3 cycles

28 received 4 cycles

54 (96%) patients commenced CRT

54 (96%) patients commenced induction CT

1 received 1 cycle

1 received 3 cycles

52 received 4 cycles

54 (96%) patients underwent surgery 

48 R0 resections

2 R1 resections

2 R 2 resections

2 ineligible patients excluded

Follow-up
07/2013

Life Status Know n = 55
Tumor status know = 55

Follow-up
07/2013

Life Status Know n = 50
Tumor status know = 50

Arm B: Induction CT
56 pts 100%

CT      CTRT      Surgery

Arm A: Adjuvant CT
52 pts 100%

CTRT      Surgery     CT

Figure 1. Consort diagram. CRT, chemoradiation; CT, chemotherapy.
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CT)—are listed in Table 1. The predominant clinical disease stage was
cT3N!. After random assignment, arm B included more patients
with T4 lesions than arm A (13% v 6%) and also more grade 3 tumors
(11% v 2%). Arm A included more patients with a threatened circum-
ferential resection margin than arm B (10% v 0%). Otherwise, patient
characteristics were well balanced between the two arms.

The number of eligible patients who commenced treatment was
49 (94%) of 52 in arm A and 54 (96%) of 56 in arm B. Overall, 46
patients (89%) in arm A and 54 (96%) in arm B underwent surgery.
When patients who had the appropriate dose reductions were in-
cluded, more patients in arm B than arm A completed the study as per
protocol (91% v 54%; P " .0001). A total of nine patients (17%) in
arm A and 1 patient (2%) in arm B discontinued study treatment
because of adverse events (P # .006). The percentages of patients who
discontinued treatment for other reasons were similar in the two
groups (Table 2).

Efficacy Parameters
A total of 46 patients in arm A, after preoperative CRT, and 54

patients in arm B, after induction CT and preoperative CRT, under-
went surgery. On the basis of an intent-to-treat analysis, a pCR
(ypT0N0M0) was achieved in seven patients in arm A (13%; CI 95%,
5.6% to 25.8%) and in eight patients in arm B (14%; CI 95%, 6.4% to

26.2%). Downstaging (defined as lower pathologic T stage compared
with the pretreatment clinical T stage) was observed in 30 patients
(58%) in arm A and in 24 patients (43%) in arm B. An R0 resection
was achieved in 45 patients (87%) in arm A and in 48 patients (86%) in
arm B. In arm A, the tumor regression grade (TRG) of the primary
tumor (ypT0) was TRG 4 in seven patients, and an additional 22
patients showed tumor regression of greater than 50% of the tumor
mass (TRG 3). In contrast, in arm B, eight patients had a TRG of 4, and
20 patients had a TRG of 3 (Table 3).

Table 1. Baseline Demographic and Clinical Characteristics for the
Total Patient Group

Characteristic

Arm A:
Post-

operative
Adjuvant

CT
(n # 52)

Arm B:
Induction

CT
(n # 56)

No. % No. %

Age, years
Median 62 60
Range 42-75 38-76

Sex
Male 34 65 39 70
Female 18 35 17 30

ECOG status
0 36 69 33 59
1 15 29 22 39
2 — 1 2
Unknown 1 2 —

Locally advanced rectal cancer definition
by MRI $ US

cT4 resectable 3 6 7 13
cT3 lower third (! 6 cm from anal

verge) tumors 12 23 18 32
CRM threatened or involved,

mid-rectal cancer 5 10 —
Any cT3N! 31 59 31 55
Missing 1 2 —

Pathologic grade
Not otherwise specified 12 23 11 20
1: well differentiated 12 23 11 20
2: moderately differentiated 27 52 28 50
3: poorly differentiated 1 2 6 11

Abbreviations: CT, chemotherapy; ECOG, Eastern Cooperative Oncology
Group; MRI, magnetic resonance imagine; US, ultrasound; CRM, circumfer-
ential resection margin.

Table 2. Treatment Received and Reasons for Discontinuation

Variable

Arm A:
Post-

operative
Adjuvant

CT
(n # 52)

Arm B:
Induction

CT
(n # 56)

PNo. % No. %

Completion of study treatment per
protocol 28 54 51 91 " .0001

Discontinuation of study treatment! 22 44 5 9 " .001
Reason for discontinuation

Progression of disease 1 2 0 .93
Adverse event 9 17 1 2 .006
Investigator decision/unfit for CT 4 6 0 .05
Death 3 6 3 6 1
Toxicity 2 4 2 4
Other† 1 2 1 2
Consent withdrawn 5 10 1 2 .1

Abbreviation: CT, chemotherapy.
!Two patients in arm A did not have data available.
†One patient in arm A committed suicide; one patient in arm B had

major depression.

Table 3. End Points for the Total Patient Group

End Point

Arm A:
Post-

operative
Adjuvant

CT
(n # 52)

Arm B:
Induction

CT
(n # 56)

P !No. % No. %

pCR 7 13 8 14 .94
95% CI, % 5.6 to 25.8 6.4 to 26.2

Downstaging 30 58 24 43 .13
95% CI, % 43.2 to 71.3 29.7 to 56.8

R0 resection rates 45 87 48 86 .40
TRG†

4: complete regression 7 15 8 15 .88
3: % 50% of tumor mass 22 48 20 37
2: " 25%-50% of tumor mass 11 24 13 24
1: " 25% of tumor mass 2 4 3 6
0: no regression 1 2 3 6
Not otherwise specified 3 7 7 13

Abbreviations: CT, chemotherapy; pCR, pathologic complete response; TRG,
tumor regression grade.

!Fisher’s exact test.
†The denominators were the patients who actually underwent resection.

Fernández-Martos et al
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RT	intensification



D50,TRG1= 92.0	Gy

D50,TRG1-2= 72.1	Gy

Appelt AL	et	al.	Int.	J	Radiat Oncol Biol Phys 2013

Reliability of RT for cure



Burbach et	al.	Radiother Oncol 2014

RT intensification: dose> 60Gy

Fig. 2. Meta-analysis forest plot of pCR-rates and pooled estimate in comparison to a reference line of control group (14.8%) [3] (pCR = pathological complete response).

6 Impact of radiotherapy boost on pathological complete response in rectal cancer

pCR 20%

since in some patients surgery was omitted for other reasons such
as a worsened condition, newly diagnosed metastasis or patient’s
refusal. Fourth, the pathologic assessment was different between
studies, and therefore prone to bias. Ten of 14 included studies
standardized assessment, of which 3 explicitly used Mandard’s
score [35]. Others only mentioned that one pathologist assessed
if there was ‘absence of viable tumor cells’ in the specimen. Fifth,
destruction of solitary tumor cells may continue long after termi-
nation of radiotherapy, indicating that timing of surgery impacts
response assessment. Three studies have shown increased pCR-
rates when surgery was postponed from 8 to 11 weeks post-radia-
tion (from 11.5 to 14.0%) [61], and when shorter surgical intervals
are compared to intervals of >6–8, or >7, weeks (from 13.7 to
19.5%, and 16 to 28.0% respectively) [62,63]. A relative risk of
1.42 (1.19–1.68) for pCR was reported for intervals longer than
6–8 weeks as compared to intervals shorter than 6–8 weeks. Nev-
ertheless, in our data we did not see an association between inter-
val-length and pCR-rate, presumably because pCR-rate varied
largely at each interval length with only a few studies available

per interval-length point in the analysis. Such variation is common,
and therefore often observed in systematic reviews on pCR-rates
following CRT [1,3,64]. To further investigate the impact of pro-
longed intervals on pCR-rate and sphincter preservation, several
randomized clinical trials are currently recruiting (GRECCAR6/
NCT01648894 [65] and NCT01037049). Nonetheless, if such pre-
sumed time-effects allow extrapolation to when doses are esca-
lated, pCR-rates and organ-preservation might even further
benefit when longer intervals prove to be safe. Sixth, only a single
study reported interval between radiotherapy and brachytherapy,
which did not allow further meta-analysis. Finally, accelerated
treatment (higher dose per fraction, i.e. simultaneous integrated
boost) increases the biological effective dose which may benefit
response [66,67], especially when tumor-regrowth time is short
[68,69]. Nevertheless, some of these accelerated schedules remain
challenging because of considerable toxicity [19,24,70–72] and
peri/post-operative complications [72,73]. It is likely that such tox-
icity originates from irradiation of surrounding tissues instead of
the tumor, as a result of a previously acquired treatment plan

Fig. 3. Forest plot of available acute grade P3 toxicity and resectability with pooled estimate.

J.P.M. Burbach et al. / Radiotherapy and Oncology 113 (2014) 1–9 7

G3-4	TOX	10%
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Procedures
The trial consisted of a series of four sequential phase 2 
study groups. In group 1, patients were treated with 
fl uorouracil-based chemoradiation and total mesorectal 
excision to establish the proportion of patients achieving 
a pathological complete response at baseline. In 
groups 2–4, patients received two, four, or six cycles of 
mFOLFOX6 between chemoradiation and total meso-
rectal excision (fi gure 1). Patients in all study groups were 
treated with fl uorouracil 225 mg/m² per day by continuous 
infusion, 7 days per week throughout radiation. 
Fluorouracil infusion was given for 5−6 weeks, depending 
on the number of radiation boosts given. Radiation 
treatment was given once a day at 1·8 Gy per day, 5 days 
per week for 5 weeks, for a total of 45 Gy in 25 fractions, 
followed by a minimum boost of 5·4 Gy. In patients in 
whom the entire small bowel could be excluded from the 
fi nal cone down, a second boost of 3·6 Gy (54 Gy total 
cumulative dose) was given. A linear accelerator using a 
minimum 6 MV energy in three to four fi elds was 
delivered. Intensity-modulated radiation treatment was 
permitted if approved by the supervising radiation 
oncologist.

Patients in group 1 had surgery 6–8 weeks after chemo-
radiation. Patients in groups 2–4 received cycles of 
mFOLFOX6 4−5 weeks after the completion of 
chemoradiation: patients in group 2 received two cycles, 
those in group 3 four cycles, and those in group 4 six 
cycles of mFOLFOX6. Each cycle consisted of racemic 
leucovorin 200 mg/m² or 400 mg/m², according to the 
discretion of the treating investigator, oxaliplatin 

85 mg/m² in a 2-h infusion, bolus fl uorouracil 400 mg/m² 
on day 1, and a 46-h infusion of fl uorouracil 2400 mg/m². 
Patients had surgery 3–5 weeks after the last cycle of 
mFOLFOX6. To ensure patients in groups 2–4 were not 
placed at risk of disease progression during the lengthened 
chemoradiation-to-surgery interval, tumour response was 
assessed by Response Evaluation Criteria in Solid Tumors 
guidelines16 during the neoadjuvant treatment course. 
Patients with progressive or stable disease at interim 
assessment did not receive additional mFOLFOX6 and 
had total mesorectal excision without delay.

Surgery was done according to the principles of sharp 
mesorectal excision. Specimens were assessed according 
to the recommendations of the Association of Directors 
of Anatomic and Surgical Pathology.17 Postoperative 
chemotherapy to complete a total of eight cycles of 
mFOLFOX6 was recommended, but not dictated by the 
trial, and was delivered at the discretion of the treating 
physician.

Outcomes
The primary endpoint of the study was the proportion of 
patients achieving a pathological complete response 
(defi ned as the absence of tumour cells in the surgical 
specimen, both at the primary tumour site and at 
regional lymph nodes) in each study group. We also 
collected information on the proportion of patients who 
achieved pathological partial response (defi ned as having 
at least a 30% decrease in tumour width, or length in 
circumferential tumours), stable disease (between a 30% 
decrease and a 20% increase), and progressive disease (at 

Figure 1: Trial protocol
Radiotherapy was given 5 days per week for 5 weeks (arrows) for a total of 45 Gy with a minimum boost of 5·4 Gy. Fluorouracil was given as a 225 mg/m² per day 
continuous infusion for 7 days per week during radiation therapy for 5−6 weeks, depending on the number of radiation boosts given. mFOLFOX6 was given in 
2-week cycles of leucovorin 200 mg/m² or 400 mg/m² and oxaliplatin 85 mg/m² in a 2-h infusion, bolus fl uorouracil 400 mg/m² on day 1, and a 46-h infusion of 
fl uorouracil 2400 mg/m². *Interim assessments were done by proctoscopic examination; total mesorectal excision was done if the patient had stable or 
progressive disease. 
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during chemoradiation did not diff er between study 
groups (data not shown).

The proportion of patients experiencing adverse 
events during mFOLFOX6 treatment increased from 
group 2 to group 4. In group 2, two (3%) of 67 patients 
had grade 3 adverse events and one (1%) had a grade 4 
adverse event; in group 3, 12 (18%) of 67 patients had 
grade 3 adverse events; in group 4, 18 (28%) of 
65 patients had grade 3 adverse events and fi ve (8%) 
had grade 4 adverse events. The most common grade 3 
or higher adverse events from mFOLFOX6 across study 
groups 2−4 were neutropenia in 11 patients (6%; fi ve in 
group 3 and six in group 4) and lymphopenia in seven 
patients (4%; three in group 3 and four in group 4). 
18 (9%) of patients experienced neuropathy during 
mFOLFOX6 treatment, all of which were either grade 1 
or 2. One patient had grade 1 neuropathy in group 2, 
six had grade 1 and one had grade 2 neuropathy in 
group 3, and nine had grade 1 and one had grade 2 
neuropathy in group 4.

Table 2 summarises surgical results. The proportion of 
patients who received a sphincter-saving surgery and 
resection with negative margins was not signifi cantly 
diff erent between study groups (p=0·68 and p=0·089, 
respectively). The number of nodes examined and 
estimated blood loss were similar across all study groups 
(p=0·20 and p=0·62, respectively). Pelvic fi brosis, as 
measured by surgeon scoring from 1 (none) to 
10 (maximum), increased in groups 2–4 (p=0·0001). 
However, the technical diffi  culty of the operation, as 

scored by the surgeon, was not signifi cantly diff erent 
across study groups (p=0·80).

No patient died during or after surgery in any study 
group. There was no signifi cant diff erence in the number 
of grade 3 or worse complications across study groups 
(all p>0·1; table 4). Grade 3 or worse complications were 
noted for nine (15%) patients in group 1, four (6%) 
patients in group 2, three (4%) patients in group 3, and 
six (9%) patients in group 4, when counting the 
maximum Clavien-Dindo grade complication for each 
patient. Of the 25 grade 3 or worse complications 
reported across all study groups, the most common were 
pelvic abscesses (seven patients: three in group 1, two in 
group 3, and two in group 4) and anastomotic leaks 
(seven patients: three in group 1, one in group 2, one in 
group 3, and two in group 4). 

Using univariable logistic regression, we assessed 
known clinically relevant variables and study groups and 
their association with pathological complete response. 
The comparison of group 4 (the most intense regimen) 
with group 1 (the standard neoadjuvant regimen) showed 
a signifi cant association with pathological complete 
response (p=0·028; table 5). We then used multivariable 
logistic regression to model the probability of pathological 
complete response, examining whether a treatment eff ect 
on pathological complete response was present after 
adjusting for other known clinically relevant variables. 
In an intention-to-treat analysis that included study group, 
radiation dose, tumour stage, size, and distance to anal 
verge as variables, we found study group to be the only 
signifi cant predictor of pathological complete response 
(p=0·048; table 5). Patients in group 4 were signifi cantly 
more likely to achieve a pathological complete response 
than were patients in group 1 (odds ratio 3·49, 
95% CI 1·39–8·75; p=0·011). In preplanned analyses, we 
tested two additional models in which we substituted 
study group for the treatment delivered as measured by 
cycles of mFOLFOX6 or the chemo radiation-to-surgery 
interval; both were signifi cant predictors of pathological 
complete response (p=0·028 and p=0·018, respectively).

Group 1 (n=60) Group 2 (n=67) Group 3 (n=67) Group 4 (n=65) p value

Time from start of chemoradiation to surgery (weeks) 14·2 (4·3) 17·1 (2·9) 21·0 (2·7) 25·2 (4·0) 0·0001

Time from end of chemoradiation to surgery (weeks) 8·5 (4·2) 11·1 (2·9) 15·4 (2·6) 19·3 (4·2) 0·0001

Sphincter-saving surgery 46 (77%) 50 (75%) 50 (75%) 44 (68%) 0·68

Ileostomy 38/46 (83%) 43/50 (86%) 47/50 (94%) 38/43 (88%)* 0·33

Resection with negative margins 59 (98%) 67 (100%) 64 (96%) 64 (100%)† 0·089

Number of nodes examined 12 (2–31) 14 (2–30) 13 (2–30) 11 (1–47) 0·20

Pelvic fi brosis‡ 2·4 (1·7) 3·9 (2·6) 4·4 (2·4) 3·9 (2·4) 0·0001

Technical diffi  culty§ 4·6 (2·7) 4·9 (2·8) 5·1 (2·5) 4·8 (2·4) 0·80

Estimated blood loss (mL) 200 (50–1200) 225 (25–1500) 200 (50–1000) 150 (0–1000) 0·62
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Table 2: Surgical results

Group 1 
(n=60)

Group 2 
(n=67)

Group 3 
(n=67)

Group 4 
(n=65)

p value

Pathological complete response 11 (18%) 17 (25%) 20 (30%) 25 (38%) 0·0036

Partial response 44 (73%) 50 (75%) 46 (69%) 39 (60%) ··

Stable disease 5 (8%) 0 1 (1%) 1 (2%) ··

Data are number (%). p value tests the null hypothesis of equal proportions across study groups.
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during chemoradiation did not diff er between study 
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Imaging modality for	GTV

(Pearson 0.24, p > 0.27) (Fig. 5). On T2, per ml volume increase the
CI increased by 0.001 (SE 0.000, R2 0.367, p < 0.002) with intercept
at 0.61. For Combi, per ml volume increase the CI increased by
0.002 (SE 0.000, R2 0.371, p < 0.002) with intercept at 0.61.

Mean dCOMs per modality are presented in Fig. 6. T2 showed to
have the largest mean dCOM (3.30 mm) and Combi the lowest
(2.57 mm), indicating T2 had most shape and location variability.
Mean dCOMs were not significantly different between modalities
(p > 0.70). dCOM variance was 2 times larger on T2 than on DWI
or Combi, although one outlier existed on DWI. In retrospect,
observers agreed the least experienced observer had delineated
an artifact which results in an unrealistically high dCOM value.

Contours were separated the widest on at least one point con-
sidering the largest mean HD on T2 (18.59 mm, max 31.41 mm,
min 9.16 mm) compared to DWI (mean HD 14.42 mm, min
4.03 mm, max 49.10 mm) (Fig. 6). DWI again showed the outlier
case (49.10 mm). On Combi, mean HD was between T2 and DWI
values (Fig. 6). Repeated measures ANOVA showed a significant
difference in HD between modalities (p < 0.006), with a significant
mean HD difference of 4.80 mm between T2 and DWI (p < 0.04) but
a non-significant difference between T2 and Combi (p > 0.06) or
DWI and Combi (p > 0.61). Separation over the whole contour-
border was also largest on T2 (MD = 1.80 mm) and smallest on
DWI (MD = 1.49 mm). Considering our voxel size of
P2.0 !P 2.0 mm on DWI, an average MD smaller than one voxel
exists between observers. Again, the outlier case showed an

increased MD on DWI (9.05 mm). There were no significant differ-
ences between modalities in MD (p > 0.19).

Discussion

In this study, two MRI sequences and their combination (T2 and
DWI) were used for GTV-delineation in locally advanced rectal can-
cer by three observers with the purpose of identifying GTV-
delineation consistency and separation between contours. This is
the first study to actually calculate distance parameters, providing
crucial information for development of MRI-guided GTV boost
strategies complementary to standard chemoradiation which is
directed to the entire CTV. Agreement between GTV delineations
performed by the different observers was good and was compara-
ble between different MRI sequences. Our results are in concor-
dance with results of a previous rectal cancer delineation study
[16]. Namely, the best consistency was reached on DWI images
[16]. New findings of our study are inter-observer agreement
improvement with larger volumes, and comparable agreement
after combined T2-DWI sequences compared to both sequences
alone. This last finding may be due to the fact that some observers
tend to rely mostly on T2-images while others prefer to trust the
DWI-images more. Combining both scans, however, can also
introduce a new inconsistency-factor since images have to be co-
registered and topography can be different between sequences.

Fig. 1. Representative example of delineations in one patient of three observers on T2w (A and C) and DWI (B and D) sequences in transverse (A and B) and sagittal (C and D)
direction.
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24	pts

3	observer

GTV	on:
• T2w

• DWI

• Combi T2-DWI

Bonnetain F et	al.	Eur J Cancer 2016
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of radical surgery. When watchful waiting is applied, the same MR
sequences may not only play a role in delineation of tumors, but
may also be used to select patients with a cCR. For this purpose
MR sequences are being optimized and new sequences are being
developed, such as functional (DWI, MR spectroscopy) and very
high-resolution 7Tesla. These modalities are currently also under
investigation in our institution [17,25] in order to provide a com-
prehensive (MR-based) watchful waiting strategy to patients in
the future.

MRI-based delineation in rectal cancer is relatively new.
Nowadays there is only one study available that investigated
inter-observer agreement [16]. Unfortunately, this study did not

calculate CIs or Fleiss’ kappa’s as measures of inter-observer agree-
ment, but only compared volumes between observers (as dis-
cussed above). In comparison with prostate cancer studies on
delineation agreement, we showed a considerably higher confor-
mity on multiparametric (0.61) [14], T2w (0.61) and DWI (0.51)
[15] imaging. This encourages to use MR for GTV delineation
instead of CT, which is the current standard for CTV delineation.
Delineation of GTV volumes on CT resulted in contradictory vol-
umes when compared to MRI GTV volumes [11,13], which is most
likely dependent on worse soft-tissue contrast on CT. Whereas CT
is primarily used to define CTVs, CT-based CTV delineation
showed comparable conformity indexes to what we obtained in
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this study for MR-based GTV delineation [26]. Although the
CT-based study by Nijkamp et al. was not aimed to identify
delineation-uncertainties for boost purposes, their presented

uncertainty-level indicates to what extent uncertainty is accepted
in current routine clinical practice. Nevertheless, there are some
studies that boost entire CTVs based on these uncertainties. They
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Radiomic in	rectal cancer:		

a	model	for	pCR prediction
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