
Abstract. Aim: To assess whether multiparametric MRI
(mMRI) can serve as a tool for evaluating response to
chemoradiation therapy (CRT) in advanced-stage rectal
cancer. Patients and Methods: Twenty-one patients
underwent a mMRI protocol at 3T before and after CRT. Two
experienced radiologists evaluated the MRI measurements
and inter-reader correlation was assessed. Changes in
functional parameters in relation to regression, as well as pT
stage were analyzed. The perfusion parameters plasma flow
(PF) and mean transit time (MTT) were calculated offline
using the established UMM Perfusion tool. Results: Apparent
diffusion coefficient values were significantly different among
the different tumor RGs before CRT (p=0.041). Changes of
dynamic contrast enhanced (DCE) MRI values did not reflect
treatment response (PF: p=0.5; MTT: p=0.74). Conclusion:
The results of our study population indicate that a high
initial apparent diffusion coefficient value may be predictive
of response to therapy following CRT.

Rectal cancer is the second most common cancer in women
and the third in men (1). Neoadjuvant chemoradiation (CRT)
has become the gold standard for patients with locally

advanced rectal tumors because it can reduce the risk of local
recurrence (2, 3), may induce tumor down-staging and
consequently allows sphincter preservation (4). Tumor
response varies from complete response to resistance (5), that
critically influences further treatment algorithms, including
organ-sparing procedures or even a watch-and-wait approach
for patients with complete pathological response (6).
However, CRT is also associated with adverse effects, e.g.
incontinence and bowel dysfunction (7, 8). Especially for
non-responders, an early assessment of therapy response is
therefore preferable. This supports the fact that prognostic
factors, which accurately assess therapy response, are needed.

Multiparametric magnetic resonance imaging (mMRI),
including functional sequences such as dynamic contrast-
enhanced (DCE) and diffusion-weighted (DW) MRI, has
been an emerging technique over the past years (9). The
value of mMRI was recently studied by Attenberger et al.
They assessed whether functional rectal MRI techniques are
reproducible and whether different clinical and pathologic T
and N stages can be differentiated (10). Their study results
suggested that ADC and MR-perfusion parameters show a
good reproducibility and may allow for accurate
differentiation of tumor stage, as well as discrimination of T
and N stages for clinical decision-making. Further studies
have shown that MRI serves as a reliable tool in determining
the extent of infiltration of lipomatous tissue, as well as
infiltration of the mesorectal fascia (11-13). The infiltration
of these structures is an important reference for the
probability of tumor recurrence. For an exact assessment of
the aforementioned structures, the American Joint Committee
on Cancer guidelines recommend the inclusion of a high-
resolution axial T2 TSE sequence. 

To our knowledge, there has been no study to have
evaluated if and to what extent the current state-of-the-art
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mMRI at 3T, including DW and DCE parameters, can
predict therapy response in the assessment of advanced rectal
cancer. Thus, the purpose of this study was to assess whether
mMRI can serve as a tool for evaluating therapeutic response
after CRT in consecutive patients included in a clinical trial
with advanced stages of rectal cancer. 

Patients and Methods

Study cohort. Patients included in the PETACC 6 (Pan European Trial
Adjuvant Colon Cancer) trial at our center were considered for the
current analysis. Main inclusion criteria were: histologically proven
adenocarcinoma of the rectum: T3/4 or any node-positive disease; no
evidence of metastatic disease (as evidenced by a negative computed
tomographic scan of the chest and abdomen); disease considered
either resectable at the time of entry or expected to become resectable
after preoperative CRT; no prior cytotoxic chemotherapy or
radiotherapy for rectal cancer; no prior radiotherapy of the pelvis. A
total of 54 patients met the inclusion criteria during the course of the
imaging study, of whom 39 patients received neoadjuvant CRT within
the PETACC 6 trial. Data of the first examination of these patients
was already published to assess interobserver agreement on functional
parameters and to evaluate if MR perfusion parameters can accurately
differentiate tumor stages (10).

A total of 18 patients were excluded due to an inconsistent study
protocol either before or after CRT with a time difference of 3
months. Accordingly, 21 consecutive patients (5 male, 16 female;
age 60.2±12.9 years) were included in this retrospective,
institutional-review-board-approved (2008-338N-MA) study
between 2009 and 2011. All patients underwent two complete
mMRI studies prior to (TP1) and post (TP2) CRT. Clinical staging
and inclusion was based on the results of the initial MRI. Response
to treatment was rated histopathologically as a regression grade
(RG) according to the Japanese Society for Cancer of the Colon and
Rectum criteria of 1997 (Table I).

Treatment regimen. According to the randomized PETACC 6 trial,
patients received either capecitabine (2×825 mg/m2 p.o., days 1-33)
plus CRT (total dose 45 Gy/administered single dose 1.8 Gy, days
1-33) before surgery and six cycles of capecitabine (2000 mg/m2,
days 1-14) after surgery, or capecitabine (2×825 mg/m2 p.o., days
1-33) in combination with oxaliplatin (50 mg/m2 i.v. days 1, 8, 15,
22 and 29) plus CRT (45 Gy/1.8 Gy, days 1-33) before surgery and
six cycles of capecitabine (2,000 mg/m2, days 1-14) plus oxaliplatin
(130 mg/m2 i.v., day 1) after surgery. Disease-free survival was the
primary endpoint; secondary endpoints comprised of locoregional

failure, distant failure, pathological down-staging (ypT0-2N0) rate,
pathological complete remission (ypT0N0) rate, tumor RG,
histopathological R0 resection rate and sphincter-preservation rate.

mMRI protocol. The mMRIs were performed on a 3T scanner
(TimTrio; Siemens Healthcare, Erlangen, Germany), as published
elsewhere (10). Standard 6-elements body-matrix coils were used and
centered over the pelvis in combination with a built-in 32-element
spine-matrix coil. Prior to the MRI scan 50 ml of ultrasound gel was
rectally inserted. The MRI protocol included the following sequences:
localizers; sagittal, axial and coronal T2w turbo spin echo (TSE); an
axial high-resolution T2 TSE (repetition time/echo time/flip angle
(TR/TE/FA) 4,000 ms/101 ms/150˚, Field of View (FoV) 200×200
mm2, matrix 320×310), parallel imaging (GRAPPA) factor 2; DW
(TR/TE/FA 5000 ms/73 ms/90˚, FoV 284×379 mm2, matrix 115×192,
b=50/400/800/1,000, parallel imaging (GRAPPA) factor 2). In
addition, an echo-shared, high spatial and temporal resolution, time-
resolved MR-examination with interleaved stochastic trajectories
(TWIST-MR) in an axial oblique slice orientation was acquired for
analysis of perfusion (TR/TE/FA 3.6 ms/1.4 ms/15˚, FoV 350×187
mm2, matrix size 192×144, slice thickness 3.6 mm, temporal
resolution 4.9 s). Injection of 0.1 mmol/kg body weight Gd-based 0.5
M macrocyclic contrast agent (Dotarem; Guerbet, Villepinte, France)
was followed by 40 ml of saline flush, both at a rate of 2.5 ml/s.

Post processing. Perfusion parameters were calculated offline using
the in-house built software plug-in UMM Perfusion tool for OsiriX
(14). Firstly, a region-of-interest (ROI) for the arterial input function
was defined. Secondly, a deconvolution model was applied, and
finally parametric maps of plasma flow (PF; ml/100 ml/min), mean
transit time (MTT; s) and plasma volume (ml) were calculated by
the plug-in. ROI analysis included placement of tumor-sized ROIs
(approx. 1 cm2) in both the apparent diffusion coefficient (ADC)
and perfusion maps by each reader. 

Image analysis. Two experienced radiologists (both with 6 years of
experience) who were blinded to the clinical data of the patients
analyzed the MRIs. They independently evaluated functional
parameters within the tumor, including PF, MTT and ADC of the
MRI measurements.

Statistical analysis. Inter-reader correlation was assessed using
Pearson’s correlation coefficient. Rho (ρ) values scaled from 0 (little
or no correlation) to 1 (very good or excellent correlation). Bland–
Altman plots were used to evaluate levels of agreement between the
two readers. The bands of agreement are defined by values ±1.96×
standard deviations from the mean.
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Table I. Grades of regression (RG) according to the Japanese Society for Cancer of the Colon and Rectum (JSCCR) criteria of 1997 (28).

RG        Description

0            No necrosis or cellular/structural changes
1            Low regression
1a          Necrosis or disappearance of tumor in less than one-third of the lesion or solely cellular or structural changes
1b          Necrosis or disappearance of tumor in less than two-thirds of the lesion but remaining vital tumor tissue
2            Moderate regression: Necrosis or disappearance of tumor in more than two-thirds of the lesion but remaining vital tumor tissue
3            High regression: Necrosis of complete lesion and or replaced by fibrosis with or without granulomatous reaction, no vital tumor cells



Descriptive statistical analysis was performed including median
of ADC, PF and MTT values at TP1 and TP2. The median is
defined as mean of the two values by reader 1 and 2. A Wilcoxon
rank-sum test was used for comparisons of groups of tumor stages
and regression status. For tumor regression status, the group
building was as follows: RG 1a+b (n=5) versus 2+3 (n=15); for
tumor stage, groups 0, 1 and 2 were re-classified as group stage 0
(n=11) and group stage 3 (n=9) remained as it was.

Additionally, measurements of ADC and PF at TP1 and TP2
were stratified by response and compared using a Wilxocon rank-
sum test.

Data were collected in an MS Excel data file and descriptive
statistics were produced with Stat-Exact 9.0 (Cytel Software
Corporation, Cambridge, MA, USA). Tests and all other statistical
analysis were carried out in SAS 9.4 (SAS Institute Inc., Cary, NC,
USA). The level of acceptable significance was set to α=0.05.

Results
Inter-reader correlation. Overall, there was a good
correlation between the measurements of the two readers (ρ
ranging from 0.61 to 0.96, p<0.003), except for the
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Figure 1. Bland–Altman plot of agreement between ratings of two readers for apparent diffusion coefficient (ADC) (A), plasma flow (PF) (B) and
mean transit time (MTT) (C) before (TP1) and after chemoradiotherapy (TP2) (n=21 patients).



assessment of MTT at TP2, where the estimation of ρ was
0.31 (p=0.17). See Table II for a summary of values and
Bland–Altman plots for level of agreement (Figure 1).

Wilcoxon rank-sum test for groups of tumor stage and
regression grade. Tumors in three patients were staged T1,
six as T2 and nine as T3. In two patients, no tumor was
found. Group RG1a included one patient, RG1b four
patients, RG2 13 patients and RG3 two patients. Tumor in
one patient was graded pTis for which no RG could be
determined. 

Stratification of ADC and PF measurements at TP1 and TP2
in RG1 and RG2. The overall ADC values showed a
significant increase from TP1 to TP2, whereas PF values
non-significantly decreased (Figure 2). However, comparing
RG1 and RG2, the only difference close to the level of
acceptable significance was found between the ADC value
at TP1 (0.72×10−3 mm2/s vs. 0.83×10−3 mm2/s, respectively;
p=0.06). In all other comparisons, the p-values were above
0.1. Moreover, PF values were higher in RG1 vs. RG2 at
both TPs (p>0.05). Image examples of patients with stage
T3 and T2 rectal cancer who showed histopathological
response to neoadjuvant chemoradiotherapy can be found in
Figure 3 and 4, respectively.

When stratified by the stage of tumor, the status of
regression, and the circumferential resection margin (CRM),
no statistically significant differences in ADC and PF (taken
as the difference between pre- and post-measurement
assessment) were found. 

Discussion

The current study investigated a mMRI protocol at 3T in
patients with advanced rectal cancer who underwent
neoadjuvant CRT regarding two aspects: firstly, interobserver
agreement in the evaluation of the mMRI images was
assessed. Secondly, whether quantitative mMRI parameters

allow discrimination of responders from non-responders with
a histopathological gold standard as a reference was
determined. The results showed a good correlation between
the two experienced radiologists. However, we observed that
only the ADC measured at TP1, prior to CRT, potentially
allows differentiation between different RGs.
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Figure 2. Boxplots of plasma flow (PF), mean transit time (MTT) and
apparent diffusion coefficient (ADC).

Table II. Inter-reader correlation.

Parameter           Time           Pairs             p-Value          Estimation of ρ

ADC                    TP1              21              <0.0001                  0.765
                            TP2              21              <0.0001                  0.885
PF                        TP1              21              <0.0001                  0.881
                            TP2              21                0.0031                  0.613
MTT                    TP1              21                0.0002                  0.732
                            TP2              21                0.1715                  0.310

ADC: Apparent diffusion coefficient; PF: plasma flow; MTT: mean
transit time; TP1: first examination (pre-chemoradiation); TP2: second
examination (post-chemoradiation).



There have been several studies to have investigated the
use of mMRI, primarily focusing on DW-MRI, as a tool for
prediction of therapy response. Investigators report a
correlation between low pre-treatment ADC values and a

good response to therapy (15-19). Intven et al. investigated
the predictive potential of pre-treatment DW-MRI for the
selection of pathological responders (pathological complete
response and good response) after CRT for locally advanced
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Figure 3. Images of a 53-year-old female patient with T3 rectal cancer that showed histopathological response to neoadjuvant chemoradiotherapy
(grade 2 according Japanese Society for Cancer of the Colon and Rectum). Similar sized regions of interest (green circles) were placed in the tumor
region of the perfusion and apparent diffusion coefficient maps. PF: Plasma flow; MTT: mean transit time.

Figure 4. Apparent diffusion coefficient (ADC) maps of a 65-year-old male patient with T2 rectal cancer that showed histopathological response to
neoadjuvant chemoradiotherapy (grade 2 according to Japanese Society for Cancer of the Colon and Rectum). Similar sized regions of interest
were placed in the tumor region of the ADC maps. 



rectal cancer in 59 patients. Both the pre-CRT ADC values
and relative change in ADC (ΔADC) were predictive for
pathological response (cut-off value of 0.97×10−3 mm2/s)
suggesting that DW-MRI may be used as a tool for selecting
good treatment responders to CRT. 

Another study by Jung et al. (20) evaluated the
relationship between the ADC parameters and the percentage
reduction of tumor volume or histopathological response to
predict tumor response to neoadjuvant CRT therapy in 35
patients. The authors showed that there was a significant
correlation between reduction in tumor volume and pre-CRT
ADC and change in ADC, respectively (ρ=−0.352, ρ=0.615).
Pre-CRT ADC of the histopathological responders was
significantly lower than that of the histopathological non-
responders (p=0.034). ΔADC of the histopathological
responders was significantly greater than that of the
histopathological non-responders (p<0.005). Contrary to our
study, MRI was performed only before CRT and surgery. In
addition, ADC values of good responders (RG2+3) in our
population were significantly higher than those of poor
responders.

A study by Sun et al. (21) considered DW-MRI as a
promising technique for predicting and monitoring early
therapeutic response in patients with rectal carcinoma. ADC
values were obtained 1 week after the beginning of CRT and
correlated with tumor histopathological down-staging in 37
patients. This study was performed on a 1.5T scanner before
the beginning of therapy, at the end of the first and second
week of therapy, and before surgery. Their results showed that
before CRT, the mean tumor ADC in the down-staged group
was lower than that in the non-down-staged group
(1.07±0.13×10−3 mm2/s vs. 1.19±0.15×10−3 mm2/s, F=6.91,
p=0.013). At the end of the first week of CRT, the mean
tumor ADC increased significantly to 1.32±0.16×10−3 mm2/s
(F=37.63, p<0.001) in the down-staged group but there was
no significant ADC increase in the non-down-staged group
(F=1.18, p=0.291). The authors also showed that the mean
percentage tumor ADC change in the down-staged group was
significantly higher than that in the non-down-staged group
at each time point (p<0.001). The results suggest that an early
increase of mean tumor ADC and low pre-therapy mean ADC
in rectal carcinoma correlate with a good response to CRT.

Although the above-mentioned studies suggest an evident
impact of ADC in the response assessment of patients with
rectal cancer, there are other studies which propose that ADC
measurements fail to accurately differentiate complete
responders from partial responders and that ROI size and
positioning have a significant influence on tumor ADC
values (22-24). Manual ROI placement may be challenging
as tumor delineation after therapy can be difficult. 

In addition, choice of time-points for re-examining
patients undergoing therapy is critical considering biological
processes in therapy-induced tumor ADC changes. In the

early treatment phase, tumor cells can either exhibit a
decrease of ADC values due to cell swelling or an increase
due to cell shrinking, membrane blebbing, vascular
shutdown, and necrosis followed by phagocytosis (25).
These factors may have influenced and could explain our
opposing study results and should be critically considered
when using the ADC as a biomarker.

Apart from ADC, DCE parameters were assessed as a tool
for predicting therapy response to CRT in patients with
advanced rectal carcinoma. In our study, we assessed PF and
MTT, which are regarded as markers for neovascularization.
Other studies report the use of Kep (rate transfer constant
between extracellular extravascular space and plasma) and
Ktrans (modelling parameter which describes transendothelial
transport of contrast agent into extravascular extracellular
space) (26), which serve as markers for membrane stability
and capillary leakage. 

A study by Oberholzer et al., which included 95 patients
with rectal carcinoma who underwent DCE before and after
CRT, suggested that ADC and DCE could serve as
biomarkers in the evaluation of therapy response in patients
with rectal cancer (27). 

Contrary to our study, DeVries et al. proposed the mean
perfusion index as a prognostic biomarker before
neoadjuvant CRT. They suggest that this could facilitate
therapeutic stratification to distinguish responders from non-
responders (28).

Another study by Intven et al. investigated the value of
DCE-MRI for rectal cancer pathological response prediction
in 51 patients with advanced tumor stages by measuring
tumor volume and Ktrans, with the relative Ktrans being the
most predictive parameter. Based on this observation, the
authors valued DCE as having a predictive potential (29).
Moreover, MRI perfusion parameters may allow accurate
differentiation of tumor stages as seen in the above-
mentioned study by Attenberger et al. (10).

Despite the promising results of these studies, we were
unable to show a significant difference between PF values at
TP1 and TP2 in responders vs. non-responders. However,
mean PF values were higher at both TP1 and TP2 in patients
with RG1. Differences in positioning the arterial input
function and timing between contrast injection and image
acquisition need to be considered as causes for the wide
range of PF values and these may impede an accurate
comparison at TP1 and TP2.

General limiting factors of DCE include no real cut-off
values and a broad variety of post-processing techniques, as
well as non-linearity of signal-intensity compared to
computed tomography. In addition, planning perfusion can
be challenging as orthogonal tilting to the tumor can be
difficult in rectal cancer close to the rectosigmoid junction.
Furthermore, these types of rectal cancer are more prone to
bowel movement. With newer techniques, e.g. golden-angle
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radial stack-of-stars T1-weighted 3D spoiled gradient-echo
examination (GRASP), images are acquired during free-
breathing and retrospective reconstruction motion-suppressed
sets of images can be retrospectively reconstructed with high
temporal resolution for quantitative perfusion analysis.

Limitations. There are certain study limitations that warrant
further discussion. Firstly, the study cohort consisted of a
relatively small number of patients, thus the results cannot
be automatically transferred to a generalized patient cohort.
Secondly, measurement of PF revealed a wide range of
values, which seemed to be dependent on how the
examination was executed. This might be due to a lack of
standardization and technical failure (see above). In order to
fully assess the clinical impact of mMRI in the evaluation of
advanced rectal cancer after CRT, larger prospective,
preferably multi-center (and multi-manufacturer) studies
would be necessary. 

Conclusion

The results of our study population indicate that a high initial
ADC value may be predictive for response to neoadjuvant
CRT. Results were obtained with generally good inter-reader
correspondence. These results underline the discrepancies
found in the literature regarding the clinical impact of ADC
measurements for response assessment in rectal cancer and
should be critically considered when using ADC as a
biomarker. In addition, our study results suggest that with
technical challenges DCE seems to be of a rather limited
value. In order to fully assess the clinical impact of mMRI in
the evaluation of advanced rectal cancer after CRT, larger
prospective, preferably multi-center studies will be necessary. 
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