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CLINICAL INVESTIGATION Rectum

TUMOR MICROCIRCULATION AND DIFFUSION PREDICT THERAPY
OUTCOME FOR PRIMARY RECTAL CARCINOMA
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Purpose: The aim of our study was to correlate perfusion indices and apparent diffusion coefficients with therapy
outcome after chemoradiation.
Methods and Materials: In 34 patients with primary rectal carcinoma (cT3) undergoing preoperative chemo-
radiation, pretherapeutic perfusion indices and apparent diffusion coefficients were obtained by dynamic or
diffusion-weighted magnetic resonance imaging. Therapy response was defined if the pathologic observation
revealed no invasion into the perirectal fat after chemoradiation.
Results: In 18 patients, a response and in 16, no response was observed. Statistically significant differences were
found for the mean perfusion index (p < 0.001; 7.5 � 1.5 mL/min/100 g vs. 10.7 � 2.7 mL/min/100 g) and for
the intratumoral cumulative fraction of pixels with perfusion-indices > 12 mL/min/100 g (p < 0.001, 3.7 � 4.0%
vs. 24.7 � 17.9%). A three-way ANOVA resulted in significant effects for therapy responder/nonresponder (p <
0.001) and for apparent diffusion coefficient and the individual patients.
Conclusion: Perfusion indices and apparent diffusion coefficients inside the tumor region seem to be of predictive
value for therapy outcome of preoperative therapy in patients with primary rectal carcinoma. Higher parameter
levels in the nonresponding group could be explained by increased shunt flow or increased angiogenic activity in
aggressive tumor cell clusters resulting in reduced nutrients supply and higher fraction of intratumoral necrosis
respectively. © 2003 Elsevier Inc.

Dynamic MR imaging, Diffusion-weighted MR imaging, Microcirculation, Predictive value, Rectal carcinoma.

INTRODUCTION

Commonly used prognostic factors, such as clinical staging
and histology, do not always predict therapy outcome ef-
fectively. To optimize therapy outcome, clinical investiga-
tion of tumors should concentrate on individual differences
in tumor biology of patients with the same tumor entity and
stage. In combined therapy schemes, therapy outcome is
influenced by the presence of hypoxic areas inside the tumor
(1, 2) and by the uptake and retention of chemotherapeutic
agents within the tumor tissue (3). Both factors depend on
parameters such as tumor perfusion and the ability of agents
to extravasate through the vessel wall (4). Research increas-
ingly focuses on the impact of tumor vascularization on
therapy response and outcome, but results are not uniform

(5, 6). A limitation of, for example, microvessel counting, is
that it provides anatomic data only, whereas no functional
status of the vasculature can be assessed (7).

Because of their capability to characterize tumor micro-
circulation, contrast-enhanced dynamic magnetic resonance
imaging (dMRI) or dynamic computed tomography (dCT)
have been applied before and during therapy (8, 9), render-
ing predictive values for therapy response after chemora-
diation or radiation (9–13). The results indicate consider-
able clinical relevance, but also demonstrate that
inhomogeneity regarding tumor entity, stage, and treatment
schemes has to be a point of major concern in the design of
clinical studies. The perfusion index (PI), a microcirculatory
parameter estimated from dMRI examinations, is a measure

Reprint requests to: Alexander F. DeVries, M.D., Department of
Radiotherapy & Radiooncology, Ludwig-Franzens Universität
Innsbruck, Anichstrasse 35, 6020 Innsbruck, Austria. Tel: 011-43-
512-5045922; Fax: 011-43-512-5042812; E-mail: alexander.
devries@uibk.ac.at

Presented at the 44th Annual Meeting of the American Society
for Therapeutic Radiology and Oncology, New Orleans, LA, Oc-
tober 6–10, 2002.

Supported in part by grants from Schering–Austria and Ger-
many.
Acknowledgments—The authors would like to thank the techni-
cians of the Departments of Radiotherapy and Magnetic Reso-
nance for their support during the course of this study.

Received Sep 4, 2002, and in revised form Jan 7, 2003. Accept-
ed for publication Feb 12, 2003.

Int. J. Radiation Oncology Biol. Phys., Vol. 56, No. 4, pp. 958–965, 2003
Copyright © 2003 Elsevier Inc.

Printed in the USA. All rights reserved
0360-3016/03/$–see front matter

958



of tissue perfusion and permeability surface product and has
been previously used to determine tumor microcirculation
(8, 10).

A noninvasive method to obtain information about mi-
croscopic structures such as cell density or necrotic cell
clusters, and therefore indirectly about tumor aggressive-
ness (14, 15), is the detection of water proton mobility in
tumor tissue by diffusion-weighted MRI (DWI) (16–18).
DWI and its quantitative parameter, the apparent diffusion
coefficient (ADC), supply information about the mobility of
free water protons, which is influenced by restrictions re-
sulting from barriers such as membranes, fibers, or macro-
molecules (19, 20). Tissue with high cellular density, for
example, exerts low ADCs as a result of impeded mobility
of water protons by higher amount of cell membranes (16,
17), whereas necrotic tissue shows high ADCs resulting
from rapid diffusion of water protons as a result of loss of
membrane integrity (16, 21). During the last few years,
several studies observed ADCs of different types of tissue,
but to our knowledge no study was performed on primary
malignant solid tumor outside the brain comparing ADCs
with therapy outcome.

The aim of the present study was to combine both meth-
ods to receive information about microcirculatory parame-
ters and water proton mobility before therapy and to eval-
uate the predictive value of mean PI, mean ADC, and the
frequencies of their intratumoral levels for therapy response
within a homogenous group of patients regarding tumor
entity (rectal carcinoma), stage (cT3), and treatment scheme
(standardized preoperative combined chemoradiation).

METHODS AND MATERIALS

Patients
Between October 1997 and June 2002, 34 patients were

examined in this ongoing study. Included were patients
(median age 58; range 38–76 years) with primary, his-
topathologically proven adenocarcinoma Grade 2 of the
rectum without metastatic spread who were scheduled for
preoperative chemoradiation. In each patient, tumor staging,
assessed by intrarectal ultrasound examination, showed in-
filtration into the perirectal fat and confirmed the diagnosis
of a cT3 tumor (22). Excluded from the study were patients
with tumor invasion of the sphincter, previous surgical
intervention or radiation in the area of the abdomen, previ-
ous chemotherapy, patients with second malignancies, or
contraindications for the dMRI examination. The postoper-
ative histopathologic classification was performed by an
experienced pathologist in accordance with the T-classifi-
cation AJCC 1997 (22). For each tumor, therapy outcome
was classified either as “therapy response,” if the pathologic
observation revealed no invasion into the perirectal fat
(ypT0-2), or as “therapy nonresponse,” if the observation
yielded invasion (ypT3).

The trial was approved by the local Institutional Review
Board and was carried out in accordance with the Helsinki
declaration of 1975, as revised in 1983. Written informed

consent was obtained from all patients after the nature of the
procedure had been fully explained to them.

Treatment technique
Each patient received preoperative combined chemora-

diation and a total radiation dose between 38.3 Gy and 45
Gy at a single dose of 1.1 Gy administered twice per day.
Standardized radiation fields in a three-field technique (pos-
terior-anterior and two lateral fields) included the rectal
canal and adjacent lymph nodes. Parallel to this, 350 mg/m2

5-Fluorouracil (5-Fluorouracil “Ebewe,” EBEWE Ltd. Co.,
Unterach, Austria) was administered continuously through
an implanted central venous catheter (Port-A-Cath Deltec
CADD-1 System, SIMS Deltec, Inc., St. Paul, MN) on each
treatment day. Each combined chemoradiation started on
Monday and was interrupted on weekends. After 4 weeks of
treatment, all patients were allowed a therapy-free recovery
interval of 2 weeks and subsequently scheduled for surgery
in the following week.

MR imaging
DWI and PI examinations were performed with a 1.5-

Tesla whole-body imager (Magnetom Vision Plus, Siemens,
Erlangen, Germany), equipped with a phased-array body
coil before onset of chemoradiation. To minimize peristaltic
movement, all of the patients received an intravenous injec-
tion of 20 mg of Buscopan (Boehringer Ingelheim, In-
gelheim, Germany).

The imaging protocol included diffusion-weighted se-
quences, inversion recovery snapshot FLASH sequences, and
multiplanar T1-weighted sequences without and with gado-
pentetate dimeglumine (Gadolinium-DTPA, Magnevist,
Schering, Berlin, Germany) using a standard turbo spin-echo
sequence (repetition time/echo time 800 ms/12 ms, turbo factor
3, acquisition matrix 256, field of view 300–350 mm, slice
thickness 5 mm, slice gap 1.5 mm, and number of slices 15).
One set of multiplanar T1-weighted sequences and the diffu-
sion-weighted sequences were performed before dMRI, which
was based on inversion recovery snapshot FLASH sequences.
After dMRI, another set of multiplanar T1-weighted sequences
was acquired. The total time required for an examination was
approximately 60 min.

Diffusion-weighted MRI
For DWI, a spin-echo type of echo-planar sequence was

used that provided diffusion weighting in the direction of slice
selection. The sequence was provided by the manufacturer
with three different diffusion-sensitizing gradients correspond-
ing to b � 30, 300, 1100 s/mm2. Sequential sampling of
k-space was used with an effective echo time of 123 ms, a
bandwidth of 1250 Hz/pixel, and an acquisition matrix of 128
� 128, which was interpolated to 256 � 256 during image
calculation. A total of 20 consecutive slices were acquired to
cover the whole tumor with a field of view of 300 mm, a slice
thickness of 5 mm, and a slice gap of 1 mm. The acquisition
time for each individual b-value and a stack of 20 slices was
4 s. Based on the following equation, ADCs were generated on
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a pixel-by-pixel basis from the signal intensity of the DWI
images and the corresponding b-values:

S(b) � S(0) � e�b � ADC (1)

S(b) represents the signal intensity with diffusion gradient,
S(0) the signal intensity without diffusion gradient, and b
the gradient factor (in s/mm2) of the used pulse sequence as
a measure of strength of the diffusion gradient (20).

Estimation of the perfusion index
Before, during, and after contrast media application, T1

maps were dynamically acquired by use of an inversion
recovery snapshot FLASH sequence (23). Gadolinium-
DTPA was infused at a constant rate into the right brachial
vein by syringe pump over a period of 4 min (flow rate
90–105 mL/h). The imaging protocol has been described
elsewhere in detail (8). In short, after an initial 180° inver-
sion pulse, a train of 16 T1-weighted snapshot FLASH
images (repetition time/echo time 3.9/2.0 ms, flip angle �a
5°, field of view 30 cm, section thickness 5 mm, matrix size
64 � 128 interpolated to 128 � 128) was obtained within
4 s. T1 maps (spatial resolution 2 � 2 � 5 mm3) (24) were
calculated from the acquired image data sets using a three-
parameter least-square fitting routine taking both T1 relax-
ation and progressive saturation effects into account.

From the series of computed T1 maps, concentration time
curves for arterial blood and tumor tissue were obtained
under the assumption that the change in bulk relaxation rate,
R1 � 1/T1, is a linear function of contrast medium concen-
tration in arterial blood and tissue. By calculating the
change in relaxation rate at time t, �R1�t� � R1�t�
� R�0�, where R1(t) and R1(0) denote relaxation rates
before and after onset of Gadolinium-DTPA application,
relative concentration time curves were determined from the
dynamically acquired T1 maps in tumor tissue and arterial
blood (25).

To quantify tumor microcirculation, the perfusion index,
PI, was calculated for each pixel inside the defined tumor
region according to

PI �
1

�tumor
�dCtumor/dt�max

Cart�max
� (2)

where dCtumor/dt�max is the maximum slope of the concen-
tration-time curve as measured in the tumor and Cart �max is
the maximum of the arterial input curve. In line with Peters
(26) and Miles (27), the ratio in the brackets of Eq. 2 equals
the unit of perfusion (i.e., mL/min/mL). To obtain the more
commonly used unit of mL/min/100 g, this quantity is
multiplied by 100 and divided by the tissue density, �tumor

� 1.05 g/mL (28).

Image analysis
For image analysis, data were transferred to a stand-alone

workstation. Regions of interest (ROI) were drawn manually

on the ADC and PI maps, using the corresponding contrast
medium–enhanced T1-weighted images in transverse orienta-
tion to identify the tumor regions by two of the authors (PAH,
ADC; ADV, PI), both blinded to therapy outcome.

Statistical analysis
Statistical analyses were performed using the program

package SPSS 10.0 (SPSS, Chicago, IL). Differences in the
mean ADCs or PIs in the PI or ADC frequencies between
therapy responder and nonresponder were evaluated using
the nonparametric Mann-Whitney U test at a significance
level of p � 0.05.

The absolute frequencies of ADCs have been compared
with regard to the patients, the intervals, and the response
yes/no simultaneously by a three-way analysis of variance
(ANOVA) (29).

To investigate the relevance of heterogeneities of PIs or
ADCs within the examined tumors, relative frequency histo-
grams of the PIs and ADCs within the tumors were calculated
for therapy responder and nonresponder after grouping the data
into equal PI intervals of 2 mL/min/100 g or equal ADC
intervals of 0.1 mm2/s. In the next step, cumulative frequencies
of the PIs were calculated by summing up all relative interval
frequencies to the specified PI interval. This data presentation
facilitates the evaluation of the fraction of pixels with PIs lower
than or equal to the specified PI.

RESULTS

Data of 34 patients with primary rectal carcinoma were
obtained by dMRI and DWI. Comparing pretherapeutic T-
stage with the histopathologically proven posttherapeutic T-
stage, 18 patients (53%) showed a therapy response (ypT0-2,
therapy responder), whereas the others (47%) showed no
change in T-stage (ypT3, therapy nonresponder). Patients char-
acteristics and MRI findings are summarized in Table 1.

Apparent diffusion coefficient
Mean ADCs of patients that responded well to therapy were

almost identical to nonresponders (therapy responder: mean
ADC 0.648 � 0.20 � 10�3 � mm2/s, 95% confidence interval
[CI] 0.547–0.749 � 10�3 � mm2/s; therapy nonresponder:
mean ADC, 0.657 � 0.17 � 10�3 � mm2/s; 95% CI 0.565–
0.748 � 10�3 � mm2/s). The difference of mean values
between both groups was not significant (p � 0.825).

Because the mean ADC did not reveal any difference, we
investigated the distribution of any single voxel ADC value
in the tumor region in a histogram-like fashion. Statistics
were done using a three-way ANOVA, considering the
factors therapy outcome, single-voxel ADC value distribu-
tion, and the individual patient without interactions. It re-
sulted in significant effects for therapy responder/nonre-
sponder (p � 0.001) and for the ADC (p � 0.001) and the
individual patient (p � 0.001). Calculated ADC histogram
showed a higher relative fraction of high ADCs in the
therapy nonresponder group compared with the therapy
responder group (Fig. 1). Whereas single ADC intervals
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were not significantly different, the global distributions
showed a statistical significant difference (p � 0.001).

Perfusion index
Classifying the patients in two groups according to treat-

ment outcome, therapy responders showed a lower mean PI
of 7.5 � 1.5 mL/min/100 g (95% CI 6.8–8.3 mL/min/100
g), whereas therapy nonresponders showed a higher mean
PI of 10.7 � 2.7 mL/min/100 g (95% CI 9.3–12.1 mL/min/
100 g). The difference between both groups was significant
(p � 0.001).

Relative frequency histograms of PIs are presented in Fig.
2. Significant differences between therapy responder and
nonresponder were found for PI intervals between 4 mL/
min/100 g and 8 mL/min/100 g (all p � 0.02) and 12
mL/min/100 g and 20 mL/min/100 g (all p � 0.02).

The best discrimination of cumulative frequencies between
both groups was found for a PI of 12 mL/min/100 g. For this

value, a mean fraction of 3.7 � 4.0% (95% CI 1.8–5.7%) of
the tumor pixels showed PIs greater than 12 mL/min/100 g in
the therapy responder group, as compared with a mean fraction
of 24.7 � 17.9% (95% CI, 15.2–34.3%) in the nonresponder
group. Again, the difference between both groups was signif-
icantly different (p � 0.001).

Using the cumulative fraction of tumor pixels with PIs
greater than 12 mL/min/100 g and defining 12% as a critical
threshold level, therapy responder and therapy nonre-
sponder could be separated exactly except for one case.

DISCUSSION

In this study, tumor microcirculatory parameter and free
water mobility were evaluated before onset of a fractionated
chemoradiation. In contrast to previous reports, a homoge-
nous patient group was examined with respect to tumor
entity, stage, and treatment schedule to minimize the influ-

Table 1. Summary of clinical and MRI findings

Patient
No.

Age at time of
diagnosis

(years)
Total dose

(Gy)
Staging;

postoperative
Mean ADC

(� 10�3 � mm2/s)
Mean PI

(mL/min/100g)

Group 1 (therapy responder)
3 61 45 ypT2 0.860 7.6
4 71 45 ypT2 0.501 8.3
6 74 44 ypT0 0.327 7.7
7 40 39.4 ypT2 0.568 10.0

10 40 44 ypT2 0.865 5.0
13 67 39.4 ypT2 1.016 9.8
15 56 43.8 ypT2 0.446 5.8
16 65 39.9 ypT2 0.712 9.6
17 51 45 ypT2 0.521 7.5
18 63 45 ypT0 0.512 7.2
19 57 45 ypT0 0.671 6.0
21 52 44 ypT2 0.476 6.8
22 47 38.3 ypT0 0.953 7.7
24 52 45 ypT2 0.451 8.1
26 71 45 ypT0 0.464 5.1
29 51 45 ypT2 0.779 6.3
30 65 45 ypT2 0.670 7.9
34 41 45 ypT2 0.870 8.9

Group 2 (therapy nonresponder)
1 65 44 ypT3 0.491 9.5
2 40 45 ypT3 0.486 11.0
5 66 45 ypT3 0.696 11.2
8 59 43.6 ypT3 0.734 10.7
9 76 45 ypT3 0.609 8.8

11 59 45 ypT3 0.476 9.3
12 55 44 ypT3 0.626 10.6
14 72 45 ypT3 0.679 19.6
20 55 39.4 ypT3 0.867 11.7
23 61 43.8 ypT3 0.862 10.0
25 71 45 ypT3 0.723 10.6
27 38 43.8 ypT3 0.660 11.4
28 48 45 ypT3 0.386 9.2
31 57 39.6 ypT3 0.661 9.7
32 75 45 ypT3 0.502 11.5
33 48 45 ypT3 1.049 6.8

* The clinical, pathologic classification and stage grouping were in accordance with the TNM classification (22).
Abbreviations: ADC � apparent diffusion coefficient; PI � perfusion index.
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ence of these factors on therapy outcome. Subsequent re-
section of the tumors allowed a comparison of the prethera-
peutic finding with the histopathologic classification after

chemoradiation. Posttherapeutic T-stage was used as clini-
cal endpoint because it is proven to be an independent
prognostic factor on therapy outcome in rectal carcinoma,

Fig. 1. Apparent diffusion coefficient (ADC) histogram generated from the ADC map obtained from a plane through the
tumor (therapy responder, black bars; therapy nonresponder, white bars).

Fig. 2. Relative perfusion index (PI) value histogram generated from the PI map obtained from a plane through the tumor
(therapy responder, hatched bars; therapy nonresponder, white bars).
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whereas the relevance of other factors such as tumor volume
or tumor downsizing are currently unknown (22).

One image slice of each imaging study was selected for
calculation and analysis of the parameters within the tumor.
This is certainly a limitation, because it necessitates the
assumption that the tumor region evaluated is a representa-
tive sample of the total tumor. But the same limitation exists
with other measurement techniques such as tumor biopsies.
Another point of consideration is the interpretation of the
microcirculatory parameter PI. Because of the prolonged
bolus of Gadolinium-DTPA injection used for our perfusion
imaging technique, PI is a measurement of both perfusion
and capillary permeability-surface area (PS). Both parame-
ters together control the accumulation of nutrients and ther-
apeutic agents in the interstitial environment of the tumor
cells (29). However, similar ambiguities are inevitably con-
nected to all commonly used approaches—even when stan-
dardized quantities and techniques are applied (30).

A problem of earlier studies using descriptive curve pa-
rameters has been the lack of data concerning the arterial
input function (9, 12). The advantage of our approach is,
that the individual arterial input function is taken into ac-
count in Eq. 1.

A limitation of the present DWI study seems to be that
only measurements with diffusion weighting in slice selec-
tion were done. In normal anatomy, the plane of orientation
of the sensitizing gradient appears to be of importance.
Measurements with sensitizing gradients parallel to the rel-
ative orientation of fiber bundles lead to higher ADCs. But
tumor tissue represents a mainly chaotic cellular structure;
therefore, intratumoral ADC is not influenced by tissue
anisotropy, as recently shown by Lyng and coworkers (16).

Few studies compared contrast enhancement detected by
either dMRI or dCT with tumor response to therapy, but
none of them demonstrated a significant influence of the
acquired microcirculatory parameter before therapy on ther-
apy outcome (9, 11–13). Two studies showed changes of
their microcirculatory parameter under or after radiotherapy
affecting local control (9, 11). The question arises, however,
whether the findings reported in the discussed publications
may—at least in part—be biased because of different tumor
stages (which itself is a main prognostic factor (31)), tumor
entities, treatment schemes, and different analysis methods.
In dynamic imaging studies using gadopentetate dimeglu-
mine as intravascular tracer, T1-weighted relative signal
intensity changes are widely used in the calculation of
concentration and time curves. However, relative changes in
signal intensity are not ideally suitable for use in quantita-
tive assessment of contrast media concentration and, thus,
of tumor perfusion resulting from a variety of factors (32,
33). To avoid this source of error, we used dynamic T1
mapping with snapshot FLASH sequences as a direct ap-
proach to quantification (34).

In the present study, a significant difference of prethera-
peutic single-voxel ADC value distribution and a higher
relative fraction of high ADCs between therapy responder
and therapy nonresponder were found. ADC values reflect-

ing tissue structure depend on the ratio of intracellular and
extracellular volume (ICV/ECV) whereby increased ICV
leads to decreased ADC because of higher intracellular
restriction of protons. Interstitial edema and necrosis have
been described as mechanisms decreasing the ratio by in-
creased extracellular fluid accumulation or loss of mem-
brane integrity respectively (16, 35, 36). Considering the
reported high interstitial pressure (37) in tumors, the likeli-
hood of pretherapeutic, interstitial edema in tumor tissue is
relatively small. Therefore it can be speculated that in-
creased water mobility indicating necrotic tissue with dis-
rupted cell membranes (16) could be an explanation for the
higher relative frequency of high single-voxel ADC values
in the therapy-nonresponding group compared with the ther-
apy-responding group. However, necrosis is not only asso-
ciated with an acidic microenvironment and a low oxygen
concentration (39), which influence the response to radio-
therapy and chemotherapy (1, 40), but also could be inter-
preted as a hint for more aggressive tumors, as Leek and
coworkers suggested (41).

Another significant difference was found in the distribution
of PI values before therapy (p � 0.001) between both groups.
The nonresponding tumors were characterized by a higher
mean PI and a high fraction of pixels with PI values greater
than 12 mL/min/100 g, whereas responding tumors typically
showed a significantly lower fraction. This means that in all
tumors in which the fraction of pixels with PI values greater
than 12 mL/min/100 g was greater than 12%, preoperative
combined chemoradiation resulted in a therapy nonresponse.

Because PI values combined information about perfusion
and PS product, high PIs and higher fraction of pixels with
greater PI values could be explained either by histopatho-
logically established AV shunts with a high perfusion rate
with no or only low exchange of nutrients (40) or by high
PS products based on increased angiogenic activity in tumor
tissue (41). Both parameters are a hint for more aggressive
cells clusters (42) resulting from either primarily existing
high angiogenic activity or secondarily developing high
angiogenic activity because of hypoxic cell stimulation.

The findings that higher levels of necrotic cell clusters
were present in tumors with higher PIs and a higher fraction
of pixels with PI values greater than 12 mL/min/100 g may
appear at first counterintuitive. However, a contributing
factor to tumor progression is angiogenesis, and increased
angiogenesis leads to rapid growth of the tumor cells at
those sites. This will lead to the development of focal areas
of ischemia and therefore necrosis within such fast growing
tumor as neoplastic cell proliferation follows and then out-
strips angiogenetic induction. However, our findings at the
time of diagnosis could indicate that the fraction of more
aggressive cell clusters exists in the group of therapy non-
responders, and the behavior of these cell clusters seems to
have more impact on therapy outcome than mean values
over the whole tumor. This hypothesis is supported by our
finding that the heterogeneity and variability of microcircu-
lation or diffusion within the tumor rather than the average
value over the tumor are the main factor influencing thera-
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peutic outcome. Consequently, the prognostic power of the
PI or ADC can be considerably increased by a histogram
evaluation instead of computing only mean values.

In summary, our findings allow the formulation of three
hypotheses for advanced primary rectal carcinoma:

1. Aside from known factors (e.g., TNM stage), the re-
sponse to chemoradiation is determined by tumor micro-
circulation or diffusion before therapy.

2. A high mean PI is not necessarily associated with highly
effective delivery of nutrients or therapeutic agents to the
tumor cells.

3. Obtained microcirculatory and microscopic parameter
received by MRI could be used as a hint for cell cluster
different aggressiveness, which seems to have more im-
pact on therapy outcome than do mean values over the
whole tumor.
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