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Summary

A model to predict response to chemoradiotherapy in patients with rectal cancer was developed by
integrating volumetric and DWI MRI parameters of 85 patients and was validated in an external
cohort of 55 patients. Based on this model, patients can be selected for organ preservation.
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Introduction

Multimodality treatment combining preoperative chemoradiotherapy and total mesorectal
excision (TME) improved local control of locally advanced rectal cancer [1-3].
Notwithstanding this reduction in local recurrences, significant morbidity (e.g. postoperative
complications, long-term bowel dysfunction, decreased bladder and sexual functioning,
permanent stoma care) is associated with such multimodality treatment [4—7]. For patients
achieving a pathologic complete response [8], individualised organ-preserving treatment
strategies such as local excision [9] or a watch-and-wait policy [10] could spare these
patients the morbidity and mortality associated with extensive surgery.

Well-considered selection of patients with favourable response is the key element to safely
implement less invasive treatment strategies. However, the gold standard of conventional
histopathological analysis [11] cannot be used for preoperative selection of these patients
[12]. Moreover, computed tomography (CT), endorectal ultrasound (EUS) and conventional
magnetic resonance imaging (MRI) all lack accuracy for restaging after chemoradiotherapy
[13-15].
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In contrast to the limited accuracy of imaging techniques using morphological tumour
changes, functional imaging techniques are appealing as accurate tools to predict response to
chemoradiotherapy. 18F-Fluorodeoxyglucose positron emission photography (F-FDG
PET) assesses tumour metabolism and a decrease in standardised uptake value (SUV) has
been shown to be associated with pathologic complete response [16,17]. In addition, tumour
microstructure and cellularity can be measured by the amount of water diffusion, quantified
as the apparent diffusion coefficient (ADC) on diffusion-weighted imaging (DWI) MRI.
Decreasing cellularity as expressed by an increase in ADC during and after
chemoradiotherapy has been associated with tumour response [18]. Furthermore, visual
assessment of DWI-MRI and DWI-MRI volumetry provide high diagnostic performance in
predicting tumour response [19,20]. Nevertheless, the major strength of DWI-MRI and 18F-
FDG PET lies in the identification of non-responders who are not candidates for organ
preservation [21].

Recently, a promising model allowing for prediction of pathological (near-)complete
response to chemoradiotherapy by fusion of 18F-FDG-PET parameters, DWI-MRI
parameters and volumetric MRI parameters has been developed [22]. To allow for patient
selection for an organ-preserving treatment, the model remains to be validated. Validation in
an external patient cohort however is cumbersome, as in most institutions patients do not
receive 18F-FDG-PET in addition to MRI in the preoperative setting. A clinical prediction
model with MRI features only would therefore be favourable.

In this study we have developed an MRI based model to predict response following
chemoradiation. We validated this model in an external cohort of locally advanced rectal
cancer patients.

Development cohort (Leuven)

Development of the MRI-based prediction model was performed on the same study
population as the recently published prediction model including data from 85 patients with
locally advanced rectal cancer, included in a prospective trial (NCT01171300) between
January 2012 and February 2015, under approval of the institutional ethical committee of the
University Hospitals Leuven [22]. Locally advanced rectal cancer was defined as primary
histologically proven adenocarcinoma of the rectum, clinical stage T3-4NO or T1-4N1-2.
Patients with distant metastases, prior chemotherapy or radiotherapy for rectal cancer,
previous or concurrent malignancies at other sites, and known allergies to intravenous
contrast agents or other contraindications for MRI acquisition were excluded.

Patients received chemoradiotherapy up to 45 Gy delivered in 1.8 Gy fractions, with a
continuous infusion of 5-fluorouracil (225mg/m?2/d). Six patients received capecitabine (825
mg/m? twice daily). TME was performed after an interval of eight weeks from completion
of chemoradiotherapy. MRI studies were acquired prior to chemoradiotherapy and prior to
surgery (6 weeks after chemoradiotherapy) at a 3 Tesla MRI scanner (Ingenia, Philips
Healthcare, Best, The Netherlands).
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Validation cohort (Utrecht)

Model validation was performed in a cohort of 55 patients with histologically proven locally
advanced rectal cancer treated at the Radiation Oncology Department of the University
Medical Center (UMC) Utrecht (the Netherlands) between November 2008 and December
2011. Locally advanced rectal cancer was defined as primary histologically proven
adenocarcinoma of the rectum, clinical stage T3-4N0-2. Exclusion criteria were
nonresectable and/or metastatic disease and insufficient MR image quality. All patients gave
written informed consent prior to study entry.

Patients received 50 Gy delivered in 25 fractions of 2 Gy, 5 times a week in supine position,
with concurrent capecitabine 825 mg/m2 bid. TME was performed seven to ten weeks after
chemoradiation. MRIs were obtained before start of chemoradiation and within one or two
weeks before surgery at a 3 Tesla MRI scanner (AchievaTX, Philips Medical System, Best,
the Netherlands).

Outcome definition

The primary outcome measure for our study was (near-)complete pathological tumour
response defined as ypT0-1NO. Histologic evaluation of the resection specimen was
performed by experienced pathologists according to the method described by Quirke et al.
[11]. In the development cohort, 2 patients had strong clinical evidence of a clinical
complete response (repeated digital rectal examination, endoscopic evaluation, and DWI)
with prolonged disease-free survival of at least 1 year when entered in a watch-and wait
protocol, which was considered a surrogate endpoint for pCR.

MRI parameters

Details on MRI acquisition are described in the supplementary material. Tumour volumetry
was assessed by manually delineating tumor boundaries on the axial T2-weighted images.
Besides the tumor volume in cm?3, a diameter of the equivalent sphere was calculated. DWI
images were acquired using different b-values. Additionally, absolute and relative changes in
T2-volumetry and relative changes in ADC between different time points were calculated.
The 17 candidate MRI parameters extracted for each MRI are summarised in supplementary
Table 1.

Statistical Analysis

Patients who had more than 30 % missing variables were excluded from the analysis.
Remaining missing data were estimated using a 15-Nearest Neighbour algorithm using the
data of the respective cohort [23]. Baseline characteristics and pathological response
outcomes of both cohorts, were summarised using descriptive statistics.

The predictive model was developed using only the Leuven cohort. First, models were built
using T2-volumetry and DWI data separately to identify the baseline performance of each
data mode. Secondly, we built models using different combinations of T2-volumetry and
DWI data applying linear regression with lasso regularization and the logistic transfer
function. We used a ten-fold cross validation strategy on this cohort to assess the models’
performance on unseen data. We repeated this process ten times to randomise the process to
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split the data in ten folds. The performance of this model was estimated using the area under
the receiver operating characteristic curve (AUC), sensitivity, specificity, and positive
predictive value (PPV). After acceptable performance of this step, we developed a model on
the complete development cohort (i.e. Leuven cohort), and tested it on the validation cohort
(i.e. Utrecht cohort). The performance in the external validation set was again evaluated
using AUC, sensitivity, specificity, and PPV. All statistical analyses were done in the
statistical language R [24].

Patient characteristics of both cohorts are presented in Table 1. In both cohorts, median age
at diagnosis was 64 years. All patients completed their planned chemoradiotherapy schedule.
Chemoradiotherapy was followed by surgery after a median interval of 54 days in the
development cohort and 55 days in the validation cohort. Most patients received sphincter-
saving surgery (91.8 % in the development cohort and 65.5 % in the validation cohort). At
histopathology, 11 patients of the development cohort had a pathologic complete response.
Furthermore, 2 patients presented with a clinical complete response persisting 30 and 26
months after the end of chemoradiotherapy. Since we consider this a surrogate endpoint for
pathologic complete response, this adds up to 13 patients (15.3 %) with pCR in the
development cohort. Additionally, 9 patients (10.6 %) had a near-complete response
(ypT1-0NO) at histopathology. In the validation cohort, 8 patients (14.5 %) achieved a
pathologic complete response and 5 patients (9.1 %) presented with a near-complete
response. In summary, a total of 22 patients (25.9 %) were considered to have a ypT0-1NO
response in the development cohort whereas 13 patients (23.6 %) achieved ypT0-1NO in the
validation cohort.

For the model building, 13 out of 85 patients were excluded from the development cohort
because of > 30 % missing data. Previously, using these data, Joye et al. reported on the
performance of individual features extracted from DWI-MRI and volumetric MRI
parameters for response prediction in the development cohort [22]. After variable selection
of these candidate MRI parameters, two T2-volumetric parameters (AVolume% and
Sphere_post) and two DWI parameters (ADC_avg_post and ADCratio_avg) were retained
(Figure 1A) in a model predicting (near-)complete response (ypT0-1NO) to
chemoradiotherapy for rectal cancer patients with a mean AUC of 0.81 + 0.03
(Supplementary Figure 1). At a positive predictive value of at least 80%, this model showed
a sensitivity of 68 % and specificity of 94 %. The final model was applied to the validation
set which showed a similar AUC of 0.80 (95 % CI 0.68-0.93) (Figure 1B).

Discussion

In the present study, we developed a model with conventional volumetric parameters and
DWI features of MRI scans before and 6 weeks after treatment to predict (near-)complete
response to chemoradiotherapy for patients with locally advanced rectal cancer. The model
was validated in an external validation cohort resulting in a good performance (AUC 0.80).
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The results presented in this study confirm earlier reports that T2-MRI and DWI
measurements before and 6 weeks after chemoradiotherapy can be used for response
assessment. The two T2-MRI parameters retained in the model are volume change over
treatment (AVolume%) and equivalent sphere diameter after chemoradiotherapy
(Sphere_post), which is concordant with previous findings of Lambregts et al. illustrating
the predictive power of tumour volumetry [25]. Furthermore, retention of the two DWI-MRI
parameters, average ADC after chemoradiotherapy (ADC_avg_post) and the ratio of average
ADC before and after chemoradiotherapy (ADCratio_avg), is concordant with previous
reports demonstrating changes in ADC value over treatment being useful for prediction of
pathological complete response [18,26]. Additionally to ADC measurements, other studies
have reported on the application of visual assessment and volumetry using DWI-MRI to
predict response after chemoradiotherapy. Visual assessment of DWI-MRI combined with
standard MRI led to a good predictive performance (AUC = 0.80) [19]. DWI-MRI
volumetry provided higher diagnostic performance in assessing complete response (AUC =
0.92) to chemoradiation and was more accurate than T2-volumetry [20].

Combining MRI and DWI data with clinical assessment including digital rectal examination
(DRE) and endoscopy proved to be the most accurate strategy to select patients who may
experience a complete remission with a high predictive value of 98% [30]. Unfortunately,
DRE and endoscopy are subjective measures that cannot be incorporated into a
mathematical prediction model. Furthermore, also high seated tumours not evaluable by
DRE were included in the current study. For all the above reasons clinical assessment with
DRE and endoscopy was not taken into account in the development of the prediction model.

Our previous report showed that integrating DWI-MRI, T2-volumetry parameters and 18F-
FDG-PET parameters in a prediction model looks promising (AUC 0.81 + 0.03) but lacks
external validation as in most institutions patients do not receive 18F-FDG-PET in addition
to MRI in preoperative setting [22]. The currently reported prediction model in which 18F-
FDG-PET data were excluded had a performance (AUC = 0.83 + 0.03) slightly worse than
the previously discussed DWI-MRI studies, but similar to the previously described model
integrating MRI and 18F-FDG-PET data.

The strength of this prediction model however lies in its validation, which was possible even
though MRI machines, image acquisition and ADC calculations differed between the
development and the validation cohort. This illustrates the robustness and applicability of the
presented model and resembles clinical practice in which different scanners and protocols
are used in different hospitals. Notwithstanding the use of an external patient cohort for
validation as a major strength, this external cohort is also a limitation for this study. Patients
from the development cohort and validation cohort slightly differed in patient and tumour
characteristics. However, these differences, hardly evitable in an external patient cohort, are
minimal and do not hamper the development and validation of the prediction model in this
study.

In our goal to offer patients an organ preserving treatment, we chose the outcome measure to
be (near-)complete response (ypT0-1NO) and not pCR. We believe that these patients are
eligible for organ preserving strategies such as watch & wait or local excision, given the low
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rate of positive lymph node involvement for ypT0 and ypT1 tumours [27,28]. In this study,
reassessment was performed at six weeks after the end of CRT, with surgery eight weeks
after the end of CRT, whereas increasing evidence suggests that a prolonged interval after
chemoradiation increases pCR rate [29]. Furthermore, the higher ypTO0-1NO rate as
compared to pCR rate (25.9 vs 15.3 %) allows for a more robust prediction model
development.

The use of MRI parameters that are clinically relevant and easily interpretable, makes this
prediction model a valuable tool for an organ preservation approach from a clinician’s point
of view. This differs from predictive modelling with novel techniques such as radiomics, for
which to our knowledge no externally-validated models yet exist for the prediction of
response outcome in patients with rectal cancer [31-33]. Extraction and analysis of the
required 4 parameters by an experienced radiologist or radiation oncologist require some
extra effort. However, MRI staging and restaging are standard practice for patients with
rectal cancer. Furthemore, future automated segmentation tools could be used for this
purpose. Therefore, for experienced readers, the presented prediction model could be a fairly
simple tool applicable in the clinical routine to select patients with a favourable response
that are good candidates for organ-preserving strategies.

Conclusion

An MRI-based prediction model on (near-)complete pathological response following
chemoradiotherapy in locally advanced rectal cancer patients, integrating volumetric and
diffusion-weighted MRI features, shows a high predictive performance in an external
validation cohort. The clinically relevant features in the model make it an interesting tool for
implementation of organ preserving strategies in rectal cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Predictive model and its performance on the development and validation cohort
(A) Receiver Operating Characteristic curve for the development cohort of the MRI- based

prediction model on pathological (near-)complete tumour response in rectal cancer; AUC =
0.892 with 95% confidence interval shown. (B) Receiver Operating Characteristic curve for
the validation cohort of the MRI-based prediction model on pathological (near-)complete
tumour response in rectal cancer; AUC = 0.885 with 95% confidence interval shown.
Abbreviations: MRI = Magnetic Resonance Imaging; AUC = Area Under the Curve.
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Table 1

Patient characteristics, Surgery and Response Outcome.

Leuven (n = 85) (development)

Utrecht (n = 55) (validation)

Age (y)
Gender
F
M
cT
2
3
4
cN
0
1
2
Interval to Surgery (d)
Type of surgery
Sphincter-sparing
APR
W&W
TEM
pCR
0
1
ypTO0-1NO
0
1

64 (38.3-85.7)

25 (29.4 %)
60 (70.6 %)

13 (15.3 %)
68 (80 %)
4 (4.7 %)

3(35%)
26 (30.6 %)
56 (65.9 %)
54 (25 - 83)

78 (91.8 %)
5 (5.9 %)

2 (2.4 %)

0 (0%)

72 (84.7 %)
13 (15.3 %)

63 (74.1 %)
22 (25.9 %)

64 (40.9 - 79.7)

13 (23.6 %)
42 (76.4 %)

0 (0 %)
46 (83.6 %)
9 (16.4 %)

5 (9.1 %)
15 (27.3 %)
35 (63.6 %)
55 (37 - 96)

36 (65.5 %)
18 (32.7 %)
0 (0 %)
1(1.8 %)

47 (85.5 %)
8 (14.5 %)

42 (76.4 %)
13 (23.6 %)
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Data are presented as n (%) or median (range). Abbreviations: APR = Abdominoperineal Resection; W&W = Watch and Wait; TEM = Transanal

Endoscopic Microsurgery; pCR = pathologic Complete Response.

Radiother Oncol. Author manuscript; available in PMC 2019 March 01.



	Summary
	Introduction
	Methods
	Development cohort (Leuven)
	Validation cohort (Utrecht)
	Outcome definition
	MRI parameters
	Statistical Analysis

	Results
	Discussion
	Conclusion
	References
	Figure 1
	Table 1

