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Colorectal cancer is the second most common cancer in females and third most 
common cancer in males worldwide. Rectal cancer constitutes a significant clinical 
burden, with almost 40 000 new patients in the USA, in 2015. Rectal cancer consti-

tutes a distinct subset of colorectal carcinoma necessitating a dedicated multidisciplinary 
approach. In the past decades, treatment approach and diagnostic imaging of rectal cancer 
have improved considerably (1). Magnetic resonance imaging (MRI) has gained wide accep-
tance in the pretreatment evaluation of rectal cancer, especially in terms of local staging. 
The key sequences for T staging are high resolution T2-weighted turbo spin-echo (TSE) im-
ages acquired in different planes, planned according to the axis and orientation of the tu-
mor. MRI has overall high sensitivity for local staging of the primary tumor, especially when 
T staging is considered. MRI has the potential to evaluate and predict circumferential re-
section margin, extramural invasion and extramural venous invasion with high accuracy. In 
addition, studies have shown that it is a reproducible technique with high specificity (92%) 
for predicting a negative circumferential resection margin (CRM), depth of invasion beyond 
muscularis propria and relationship of the tumor with the CRM (1–3).

Currently, neoadjuvant treatment consisting of chemo- and radiotherapy (CRT) is applied 
for rectal carcinomas in locally advanced stage. The role of neoadjuvant treatment has been 
established, and is well known to reduce local recurrence and increase disease-free survival. 
Response to neoadjuvant treatment is also assessed by MRI. The sensitivity of MRI in evaluat-
ing response is less, when compared with the sensitivity value regarding primary local stag-
ing. Hence, for the last few years, there has been great effort to increase the capability of MRI 
in the evaluation of neoadjuvant treatment response. In addition to this, about 15%–27% of 
patients exhibit complete response to neoadjuvant therapy (4). It is very critical to identify 
patients with complete response, since less invasive surgery or no surgery termed as “watch-
and-wait” approach are the preferred methods of management. The presence of edema, 
inflammation, and even fibrosis due to treatment, sometimes hinder the identification of 
complete response to treatment, since their signal intensities on T2-weighted images resem-
ble that of tumoral tissue. The sensitivity and specificity values are mostly based on classi-
cal rectal MRI with conventional sequences based on morphologic evaluation. Due to these 
limitations, a functional response assessment method with advanced sequences is needed, 
rather than relying only on morphologic data. Furthermore, there is great interest in predict-
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ing patients who may or may not respond to 
neoadjuvant treatment at the time of initial 
diagnosis or early during the treatment pe-
riod. CRT is not free of side effects such as 
incontinence and bowel dysfunction, so it is 
important to predict nonresponders at the 
time of initial diagnosis (1, 2, 5). 

Conventional rectal MRI mainly includes 
high-resolution T2-weighted sequences 
oriented according to the axis of the tu-
mor in the rectum; additionally, T1- and 
T2-weighted, pre- and post-contrast imag-
es are obtained including the pelvis. The 
term multiparametric MRI of the rectum 
refers to addition of diffusion- and perfu-
sion-weighted sequences to conventional 
rectal MRI. This technique, which is focused 
on tumor biology, is relatively new, there 
are only limited number of articles on this 
topic in the literature, some of which are in 
the form of feasibility studies (5–11). 

Diffusion-weighted imaging (DWI) relies 
on the thermally driven random motion 
of water molecules in tissues. In case of in-
creased cellularity and change in cellular 
membrane integrity, such as in the pres-
ence of cancerous tissue, diffusion restric-
tion ensues, which can be clearly shown 
with DWI sequences, in the form of hyperin-
tensity. The use of DWI technique, although 
not routine, has an incremental course in 
both primary and treatment response eval-
uation for rectal cancer imaging (5–7). 

There are several technical parameters 
as far as DWI acquisition is concerned. The 
detailed technical parameters is not the 
scope of this review, but it is noteworthy 
to mention small field-of-view (FOV) DWI 
sequence, which is one of the most recent 
advances in this area. It is well known that 
conventional DWI sequence has important 
limitations and artifacts that decrease the 
resolution. The combination of reduced 
FOV and single-shot echo-planar imaging 
(EPI) in the phase encoding direction spa-
tially selective pulses enable decreased 
acquisition steps and lower EPI echo train 
(11). This new technique enables to receive 
high signal from only the area of interest 
with better resolution without an increase 
in scan time. There are limited number of 
studies regarding the feasibility and utility 
of small FOV DWI technique in the litera-
ture. Small FOV DWI studies include the 
pancreas, testes, kidney, cervix and prostate 
in the field of abdominal radiology (12–16). 
As to our knowledge, feasibility or utility 
study regarding small FOV DWI about rec-
tum and rectal cancer does not exist in the 
literature. High-resolution T2 TSE and small 
FOV (Zoom it) DWI images of a patient with 
rectal cancer performed in our institution 

is given in Fig.1. Studies with large popu-
lations are needed to validate the utility of 
this new technique. However, we believe 
that, in future, small FOV DWI with less arti-
facts and better resolution, will be a routine 
part of rectal cancer MRI work-up. 

Perfusion MRI technique depends on 
the dynamic assessment of kinetics of 
contrast uptake. It enables measuring 
local microcirculation and vascular per-
meability in a given tissue. Although a 
number of perfusion parameters can 
be derived from intravoxel incoherent 
motion (IVIM) DWI, more accurately per-
fusion MRI is performed by measuring 
signal intensity changes over time after 
administration of a paramagnetic contrast 
agent. A T1-weighted sequence with high 
temporal resolution is used for perfusion 
imaging. Different names exist in different 
vendors, but the basic sequence used is a 
high-resolution time-resolved magnetic 
resonance angiography. The first image 
obtained before contrast administration 
is used as a mask for subtraction to im-
prove vascular conspicuity. This sequence 
enables the center of k-space to be sam-
pled much more frequently than the pe-
riphery, during passage of the contrast. 
The data from the different partial k-space 
samplings are united to obtain a series of 
time-resolved images with good spatial 
resolution. After acquisition, the data can 
be evaluated quantitatively or semiquan-
titatively with different pharmacokinetic 
models (e.g., Tofts model, Tofts and Ker-
mode model, Brix model) (2). At the end, a 
variety of parameters can be derived from 
perfusion data such as plasma flow (PF), 
plasma volume (PV), mean transit time 
(MTT), transfer constant (Ktrans), fractional 
extracellular leakage space (ve ), and rate 

Main points

•	 MRI has a pivotal role in both the primary local 
staging and neoadjuvant treatment response 
evaluation of rectal carcinoma.

•	 Accurate and optimal protocol is crucial and 
increases the sensitivity of local staging at the 
time of primary evaluation.

•	 The accuracy of MRI in primary local staging is 
better than its performance for neoadjuvant 
treatment response evaluation.

•	 Multiparametric MRI of the rectal cancer refers 
to addition of a number of functional tech-
niques (DWI and perfusion) to the routine 
morphologic sequences. 

•	 Further studies with larger patient groups 
needs to be performed with standardized 
techniques to validate the role of this tech-
nique on a clinical basis.

Figure 1. a–c. Axial T2-weighted image (a), axial diffusion-weighted image (b=800) (b) and ADC map (c) show rectal cancer in the form of circumferential 
wall thickening.

a b c



constant (kep). In our institution, we use the 
TWIST (time resolved MRA – echo-shared, 
high spatial and temporal resolution, 
time resolved sequences with interleaved 
stochastic trajectories) sequence with a 
temporal resolution of 2.9 s and Ktrans

 val-
ue is obtained with Tofts model. Ktrans

 is a 
measure of capillary permeability, which 
describes the trans-endothelial transport 
of the contrast medium. It changes ac-
cording to the plasma flow and vascular 
permeability (15). Perfusion images of a 
patient with rectal carcinoma, obtained in 
our institution, is shown in Fig. 2. 

Paper selection criteria
Initially, a brief review was performed 

separately for diffusion and perfusion MRI 
of rectal cancer. In the literature, although 
there are various studies dealing with the 
role of DWI or perfusion MRI for rectal can-
cer with promising results, currently nei-
ther of these techniques alone is capable 

in terms of sensitivity and specificity to be 
used routinely in clinical practice with guid-
ance of individualized therapy. 

Following the initial review, Pubmed was 
searched with the keywords “multipara-
metric rectum MRI”, “diffusion MRI + rec-
tum”, “perfusion MRI and dynamic contrast 
enhanced MRI + rectum. The publications 
with multiparametric MRI of the rectum and 
ones containing both diffusion and perfu-
sion techniques have been reviewed. Previ-
ous studies focusing on a single functional 
MRI technique have not been included in 
this part of the review process.

Small FOV diffusion is a new diffusion MRI 
technique that enables smaller FOV images 
within similar acquisition times. As far as we 
could review the literature, none of the pre-
vious studies has utilized this technique for 
multiparametric rectal MRI. 

IVIM theory is well known to suggest that 
DWI signal intensity is not only pure diffu-
sion signal, rather it is a combination of free 
water diffusion and perfusion of the blood 
capillary network depending on the b val-
ue. Thus, perfusion data can be extracted 
from IVIM with a bioexponential DWI mod-
el. Articles with this technique were also in-
cluded in the review. 

We identified a total of 14 published 
studies (Tables 1 and 2) dealing with mul-
tiparametric MRI of the rectum (including 
both diffusion and perfusion data); of these, 
4 included feasibility and reproducibility 
(Table 1), 3 were in the form of review, and 2 
were technical reports. 

Literature review
Diffusion-weighted MRI has been shown 

to help detection, characterization, staging, 
and evaluation of neoadjuvant treatment 

response for rectal cancer (17). As far as de-
tection is concerned, the addition of DWI 
to conventional T2-weighted imaging has 
been proven to provide better results (17, 
18). In a series of 45 rectal cancer patients 
the sensitivity of detection of the primary 
lesion increased from 82%–84% to 93%–
96% with the addition of DWI technique 
in addition to T2-weighted imaging (19). 
As far as characterization is concerned, the 
apparent diffusion coefficient (ADC) value 
of adenocarcinomas have been found to be 
significantly lower compared with the nor-
mal rectal wall (19, 20). For mucinous type 
adenocarcinomas with more aggressive be-
havior, the ADC values have been reported 
to be higher compared with classical tubu-
lar type adenocarcinomas (21). As to our 
knowledge there is no study comparing the 
diffusion characteristics of adenocarcino-
mas and other tumors such as gastrointesti-
nal stromal and carcinoid tumor (17). 

Local staging of the tumor still relies 
on conventional T2-weighted sequences 
where DWI has shown no significant advan-
tage for characterization, except for lymph 
node detection (22). The sensitivity and 
specificity of conventional MRI sequences is 
well known to be limited in the detection of 
response to neoadjuvant treatment. At this 
point, addition of DWI technique appears 
to be promising. DWI has been reported to 
perform better than conventional imaging 
in terms of detecting residual viable tumor 
after neoadjuvant treatment (17). In 2013 
Ha et al. (23) measured tumor volumes of 
100 rectal cancer patients on T2-weight-
ed imaging (T2 volumetry) and DWI (DWI 
volumetry) before and after neoadjuvant 
treatment for evaluation of complete remis-
sion. Interestingly, post chemoradiotherapy 
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Figure 2. Axial perfusion image of the tumoral 
segment showing ROI placement and Ktrans values. 

Table 1. Feasibility studies regarding multiparametric MRI of rectal adenocarcinoma

First author, date

No. of patients 
with rectal 
adenocarcinoma

Sequences for 
diffusion and 
perfusion

Diffusion 
parameters

Perfusion 
parameters

Volumetric 
analysis

Inter-reader correlation for tumoral 
tissue

Attenberger, 2014 54 ssEPI, TWIST ADC PF, MTT - “Good” for all parameters

Hötker, 2016 24 ssEPI, not 
indicated

ADC, DWI 
volumetry

Ktrans, DCE 
volumetry

+ Inter-reader measurements differ 
significantly

Attenberger, 2017 21 ssEPI, TWIST ADC PF, MTT - “Good” for ADC and PF

Sun, 2018 52 IVIM with single-
shot DWI

ADC, D f, D* + “Excellent” for ADC, D, D* and f

ssEPI, single shot echo-planar imaging; TWIST, time-resolved angiography with interleaved stochastic trajectories; ADC, apparent diffusion coefficient; PF, plasma flow; MTT, 
mean transit time; DWI, diffusion-weighted imaging; Ktrans, transfer constant; DCE, dynamic contrast-enhanced imaging; IVIM, intravoxel incoherent motion; D, diffusion 
coefficient; D*, pseudodiffusion coefficient; f, perfusion fraction.
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Table 2. Summary of methodology and results of all reviewed articles about multiparametric MRI of the rectal cancer

First author, 
year

MRI Tesla 
strength

Pt 
No

DWI sequence 
and b values

DWI 
parameters

Result 
of DWI analysis

Perfusion 
sequence

Perfusion 
parameters

Results of perfusion 
analysis Conclusion

Attenberger, 
2014

3 T 54 Routine, b: 50, 
400, 800, 1000

ADC TWIST, 
temp. 
resolution: 
4.9 s

PF, MTT, PV

Attenberger, 
2017

3 T 21 Routine, b: 50, 
400, 800, 1000

ADC Higher ADC 
initially is 
correlated 
with better 
treatment 
response

TWIST, 
temp. 
resolution: 
4.9 s

PF, MTT No significant 
correlation

A high initial ADC 
might predict 
better response 
to CRT

Sun, 2017 3 T 52 IVIM, b: 0, 25, 
50, 75, 150, 
400, 800, 1000

ADC, D Tumor grade 
positively 
correlated with 
ADC, tumor 
stage negatively 
correlated 
with D

IVIM D*, f Tumor grade 
positively correlated 
with D*, f Tumor 
stage negatively 
correlated with D*, 
patients with EMVI 
have decreased D*

IVIM parameters 
might have the 
potential to predict 
agressiveness of 
the tumor

Xu, 2018 3 T 51 IVIM, b: 0, 25, 
50, 75, 150, 
400, 800, 1000

ADC, D Negative 
correlation 
between KRAS 
positivity and 
ADC and D

IVIM D*, f Positive correlation 
between KRAS 
positivity and D* 

IVIM parameters 
might have the 
potential to predict 
KRAS status and 
therefore therapy 
resistance

Petrillo, 2017 1.5 T 35 Routine + IVIM
b: 0, 50, 100, 
150, 300, 600, 
800

ADC, f, Dt ∆ADC, ∆f, 
∆Dt, ∆D* has 
statistically 
significant 
difference 
among 
responders 
versus non-
responders. 

Flash 3D, 
temp. 
resolution: 
0.58 min

∆MSD, 
∆WOS, D*

Significant 
difference in SIS 
among responders 
and nonresponders 
(best diagnostic 
performance

SIS derived from 
perfusion MRI has 
the potential to 
assess treatment 
response as 
an angiogenic 
biomarker

Hötker, 2016 1.5 T 
and 
3 T

24 Routine, b: 0, 
750, 1000

ADC, DWI 
volumetry

DWI volumetry 
has significant 
correlation 
with tumor 
regression 
grade

Not 
indicated

Ktrans, DCE 
volumetry

DCE volumetry 
has significant 
correlation with 
tumor regression 
grade

Only DWI and 
DCE volumetry 
were detected to 
have significant 
correlation with 
tumor regression 

De Cecco, 
2016

3 T 12 Routine, b: 0, 
200, 800

ADC No significant 
correlation 
with complete 
response

3D FSPGR Ktrans, kep, ve, 
IAUGC90

ve significantly 
lower in patients 
with complete 
pathologic 
response

Texture analysis 
with kurtosis and 
ve derived from 
perfusion may have 
the potential to act 
as biomarkers for 
treatment response 

Nie, 2016 3 T 48 Routine,  
b: 0–800

ADC SGR (LAVA) MSD, WIS, 
WOS

With a systematic 
analysis of 
multiparametric 
MRI features, it is 
possible to build 
models with better 
predictive value 
over conventional 
imaging

MRI, magnetic resonance imaging; Pt, patient; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; TWIST, time-resolved angiography with interleaved 
stochastic trajectories; PF, plasma flow; MTT, mean transit time; PV, plasma volume; CRT, chemoradiotherapy; IVIM, intravoxel incoherent motion; D, diffusion coefficient; 
D*, pseudodiffusion coefficient; f, perfusion fraction; EMVI, extramural venous invasion; KRAS, Kirsten rat sarcoma viral oncogene homologue; Dt, tissue diffusion; SIS, 
standardized index of shape; MSD, maximum signal difference; WOS, washout slope; Ktrans, transfer constant; FSPGR, fast spoiled gradient echo; kep, rate constant between 
extravascular/extracellular space and blood plasma; ve, volume of extravascular/extracellular space per unit volume of tissue; IAUGC90, areas under the concentration curve of 
gadolinum contrast agent over 90 s; WIS, wash in slope.



(CRT) ADC showed a significant difference 
between complete and noncomplete re-
sponders. The accuracy of DWI tumor 
volumetry was found to be significantly 
superior compared with T2 volumetry in 
determining complete response (23). An-
other series of 40 patients with rectal cancer 
used different methodolgy to confirm that 
the addition of DWI yielded better diag-
nostic accuracy than conventional imaging 
in terms of complete response evaluation 
(24). The mean ADC of the group with com-
plete responders was detected to be signifi-
cantly higher than that of the noncomplete 
responders’ group. 

As far as grade of the primary tumor is 
considered, low ADC values were reported 
to be detected in more aggressive tumors. 
This is concluded by the fact that histologi-
cally less well differentiated tumors (accord-
ing to grades) were found to have signifi-
cantly lower ADC values. In addition to this, 
lower rectal tumors invading the mesorec-
tal fascia were found to have significantly 
lower pretreatment ADC values (17). 

There are conflicting results about the 
prediction of tumor response to treatment 
based on DWI technique. A group of au-
thors reported no significant difference be-
tween ADC values of responders and non-
responders (25, 26). Whereas some authors 
reported that initial ADC values may predict 
favorable or bad response to neoadjuvant 
treatment, about one or two weeks after 
initiation of therapy (27, 28). 

There are limited number of published 
studies regarding perfusion MRI of rectal 
cancer. Most of them have been focused on 
the role of perfusion MRI in the evaluation 
of neoadjuvant treatment response and 
detection of complete responders. Martens 
et al. (29) performed perfusion MRI at the 
time of initial diagnosis and 7–10 weeks 
later in a total of 30 patients with rectal 
carcinoma. The perfusion parameters they 
analyzed were initial slope, initial peak, late 
slope, and area under the curve (AUC). They 
found no significant difference except pre-
treatment late slope, which was detected 
to discriminate between good and poor 
responders. They concluded that the per-
fusion parameter “late slope” could poten-
tially be used before the onset of therapy 
to predict who will respond to therapy (29). 
This is an interesting finding showing that 
perfusion MRI may have the potential to 
discriminate between responders and non-
responders, which may cause avoidance of 

a therapy causing side-effects or change 
in treatment strategy. On the other hand, 
Kim et al. (30) performed perfusion MRI in 
a total of 50 patients with rectal carcinoma 
to determine the role of this technique in 
the evaluation of treatment response after 
completion of neoadjuvant therapy. The 
perfusion parameters used were different 
from the previous study, and included Ktrans, 
kep, and ve. Interestingly, they detected sig-
nificant decrease in mean Ktrans values in 
patients with a good response to therapy 
(30). This finding is very important since it 
shows that perfusion parameters may one 
day have the potential to detect complete 
responders, which is sometimes very hard 
to determine with conventional sequences. 
Another recent study about perfusion MRI 
of the rectum including 46 patients with 
rectal carcinoma investigated whether per-
fusion parameters were correlated with ag-
gressiveness of rectal cancer. They detected 
significant correlation between some of 
the perfusion parameters and microvessel 
density and T stage of tumor and conclud-
ed that a number of perfusion parameters 
might be used to predict aggressiveness of 
the tumor and hence prognosis (31).

The first published study using the term 
“multiparametric MRI of rectal cancer” is 
by Attenberger et al. (5) in 2014. This study 
included both feasibility and repeatability 
of the parameters derived from multipara-
metric MRI. A total of 54 patients with bi-
opsy-proven rectal adenocarcinoma were 
included retrospectively. The parameters 
evaluated were ADC derived from DWI and 
PF and MTT derived from perfusion data. 
For acquisition of perfusion sequence they 
used TWIST with a temporal resolution 
of 4.9 s. They performed measurements 
of both the tumor and the intramesorec-
tal lymph nodes. Two different readers 
analyzed the data. The regions-of-inter-
est (ROIs) in both diffusion and perfusion 
analyses were drawn at the discretion of 
each reader to fit the tumor size. They did 
not perform volumetric analysis. The in-
ter-reader correlations for ADC, PF, and MTT 
for lymph nodes ranged from good to very 
good, whereas the correlations of the same 
values for primary tumor were reported to 
be good (5). This study is the first to show 
that diffusion and perfusion parameters 
derived from multiparametric rectal MRI 
can be performed with acceptable interob-
server agreement, although they did not 

perform a volumetric analysis. In addition 
to interobserver agreement, Attenberger 
et al. (5) performed the first research study 
on multiparametric MRI of the rectum. ADC 
maps were calculated automatically by the 
software, and the parameters measured for 
perfusion were PF, MTT and PV. PF and MTT 
were significantly different between cT2 
and cT3 tumors, whereas no significant cor-
relation existed between the clinical stage 
and ADC values. They suggested that some 
of the MRI perfusion parameters might 
have the potential to allow prediction of 
tumor grade (5). This is the first study that 
shows functional MRI parameters may help 
to discriminate between T and N stages, 
which we believe is a very important end 
point, since the accuracy of conventional 
MRI is limited in this area.

Hötker et al. (32), investigated the role of 
multiparametric MRI for neoadjuvant treat-
ment response and performed inter-reader 
analysis. In a total of 24 patients with rec-
tal adenocarcinoma, two different readers 
evaluated the results independently. In 
contrast with the findings of other publi-
cations, inter-reader agreement differed 
significantly in their study. The agreement 
on pretreatment values was determined to 
be better when compared with the post-
treatment values. The best agreement was 
found to be for ADC (32). A major limitation 
of their study is the limited number of pa-
tients. In their study they have also inves-
tigated the role of multiparametric MRI in 
the assessment of response of rectal can-
cer to neoadjuvant treatment. All patients 
had undergone DWI and dynamic contrast 
enhanced (DCE) imaging sequences in ad-
dition to routine protocol. They performed 
volumetric analysis using T2, DWI and DCE 
sequences using a special software. We be-
lieve that volumetric analysis is the superior 
aspect of their study. They observed that 
the only parameters that have significant 
association with histopathologic tumor 
regression grades for all readers were DWI 
volumetry and DCE volumetry. Neither the 
morphologic nor the other functional (ADC, 
Ktrans) parameters were found to be associat-
ed with tumor regression. The results of this 
study provide a new concept to multipara-
metric MRI, namely volumetry, which might 
have the potential to perform better than 
two-dimensional functional parameter 
measurements (32). 

In 2017, Attenberger et al. (33) published 
another article regarding the role of multi-
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parametric MRI in rectal cancer as an eval-
uation tool of therapeutic response to neo-
adjuvant CRT in a group of 21 patients. They 
acquired DWI and perfusion using TWIST se-
quence. Two readers, blinded to the clinical 
data of the patients, performed the image 
analysis separately and inter-reader correla-
tion was assessed. The parameters derived 
from DCE and DWI MRI were PF, MTT and 
ADC, respectively. They did not perform a 
volumetric analysis, rather they drew ROIs of 
approximately 1 cm2 on the tumoral tissue. 
Inter-reader correlation was good for ADC 
and PF, but not good for MTT (33). Although 
once again a number of MRI parameters 
were shown to have good interobserver 
agreement, the major limitations of this 
study are limited number of patients and the 
lack of volumetric analysis. They have also 
evaluated the role of 3 T multiparametric 
MRI, namely ADC, PF, and MTT, in prediction 
of therapeutic response to neoadjuvant CRT 
in patients with advanced-stage rectal can-
cer. They observed that overall ADC values 
exhibited a significant increase after neoad-
juvant CRT when compared with the param-
eters obtained at initial imaging. The PF val-
ues were found to be decreased but this was 
not significant. Between tumor regression 
grades 1 and 2 the only significant difference 
was detected among ADC values. The ADC 
value was significantly higher in patients 
with better response to CRT. They concluded 
that a high initial ADC value might have the 
potential to predict response to CRT. On the 
other hand they have not observed statisti-
cally significant correlation, as far as perfu-
sion parameters are concerned (33). 

A recent work about diffusion and perfu-
sion MRI using IVIM was published in 2018, 
by Sun et al. (34). In their study, perfusion 
data were obtained from IVIM DWI per-
formed with a 3 T MRI equipment. They did 
not perform contrast-enhanced perfusion 
technique, which we believe is the major lim-
itation of this study. A total of 52 patients with 
rectal carcinoma were included. The parame-
ters were ADC, pure diffusion coefficient (D), 
perfusion fraction (f), and pseudodiffusion 
coefficient (D*). In the feasibility section of 
their study, they inserted ROIs to all sections 
containing tumoral tissue, excluding necrot-
ic areas. ROIs were inserted manually on all 
consecutive tumor slices, differently from 
the previously mentioned feasibility studies. 
They reported excellent interobserver agree-
ment between the two observers for ADC, D, 
D*, and f parameters (34). 

Multiparametric MRI of the rectum is a 
complex technique, where standardization 
is crucial in each step, including acquisition 
and data analysis. For the DWI technique, 
all the parameters including b value, ROI 
size, the level of tumor on which ROI will 
be inserted, needs to be standardized. Per-
fusion is a much more complicated tech-
nique compared with diffusion, as far as 
standardization is concerned. A number of 
perfusion parameters can be derived from 
IVIM DWI, or more accurately it can be per-
formed using intravenous contrast material. 
The sequence used for perfusion, temporal 
resolution of the technique, as well as data 
analysis need to be standardized. There are 
different models that can be used during 
perfusion data analysis which further com-
plicates the technique. In most of the previ-
ous work, different acquisition and analysis 
parameters have been used, and the num-
ber of studies including feasibility, inter and 
intra- observer variability is quite a few. Sun 
et al. (34) inserted ROIs on all consecutive 
slices including the tumor for measurement 
of IVIM parameters, in a volumetric fashion. 
Their level of interobserver agreement was 
excellent, whereas Attenberger et al. (33) 
did not perform such a volumetric analy-
sis and their interobserver agreement was 
inferior. Thus, we believe that volumetric 
analysis with dedicated software instead 
of single-slice or slice-by-slice analysis and 
ROI replacements that include the tumor as 
much as possible instead of smaller ROIs, 
may provide more accurate and standard-
ized data. However, more feasibility studies 
including interobserver correlation with 
standardized techniques need to be per-
formed to validate the repeatability of this 
technique, prior to sensitivity and specific-
ity analyses.

Among the nine studies on multipara-
metric MRI of rectal cancer, ADC was the 
main parameter that has been focused for 
DWI analysis, whereas for perfusion anal-
ysis, a large spectrum of parameters have 
been used. According to the sequence ob-
tained and post-processing technique, D* 
and f (obtained from IVIM), Ktrans, PF, PV and 
MTT, maximum signal difference, wash-out-
slope, wash-in-slope have been implicated 
by different authors (5, 8–11, 32–34). 

A total of three articles used the IVIM 
technique to investigate about multipara-
metric MRI of the rectum (10, 11, 29). As 
mentioned above, in the feasibility section 
Sun et al. (34) performed multiparametric 
MRI in a total of 52 patients with rectal can-

cer using IVIM technique. They compared 
different IVIM parameters with a variety of 
tumor prognostic markers. With better dif-
ferentiation of the tumor (low grade), they 
detected higher ADC, D* and f values. This 
finding is very important which may have 
the potential in the future to discriminate 
between potential responders and nonre-
sponders to neoadjuvant treatment. With 
increased tumor stage, significant decrease 
was observed as far as D and D* are con-
cerned. This proves that a number of IVIM 
DWI parameters have the potential to pre-
dict tumor aggressiveness and stage. Inter-
estingly, the patient group with extramural 
venous invasion (EMVI) showed lower D* 
when compared with the group without 
EMVI. Their results indicate that multipara-
metric MRI data may have the potential to 
predict aggressiveness of the tumor, and 
hence, prognosis (34). 

The second article using IVIM technique 
is focused on different parameters (11). 
They studied the possible correlation of 
IVIM data with KRAS (Kirsten rat sarcoma vi-
ral oncogene homologue) status in patients 
with rectal cancer. KRAS is an oncogene 
that is mutated in approximately 35%–40% 
of patients with colorectal cancer. Clinical-
ly, it is crucial to be aware of any mutations 
in this gene, since patients with KRAS mu-
tations are resistant to a specific type of 
therapy (anti-EGFR monoclonal antibody 
targeted therapy). In their study, IVIM pa-
rameters were measured in a total of 51 pa-
tients with rectal carcinoma and compared 
between patients with and without KRAS 
mutation. Interestingly, they found positive 
correlation between KRAS positivity and D* 
value, and negative correlation between 
KRAS positivity and ADC and D values. They 
concluded that rectal cancers with different 
KRAS mutation status exhibited distinctive 
diffusion and perfusion parameters (11). 
This is a very interesting finding that may 
help in the future for prediction of therapy 
resistance, but their results need to be vali-
dated by a higher number of patients. 

Another study about multiparametric 
MRI of rectal cancer included texture anal-
ysis, which is a measure of intratumoral 
heterogeneity, in addition to DWI and per-
fusion. They studied the possible role of 
these techniques in prediction of neoad-
juvant treatment response in a total of 12 
patients. The parameters obtained from 
functional sequences were kurtosis from 
T2-weighted images, ADC from DWI, and 
Ktrans, kep, ve and IAUGC90 (area under the 



curve) from perfusion. They observed that 
pretreatment kurtosis was significantly low-
er in the group with complete pathologic 
response. Among the other parameters, ve 
was the only one with significant negative 
correlation in complete response patients. 
They concluded that kurtosis derived from 
texture analysis and ve might have the po-
tential to act as a marker of neoadjuvant 
treatment response in rectal cancer (8). 
Their results are promising for the future of 
multiparametric MRI, although the number 
of patients is low, which is a major limitation 
of this study.

With the purpose of evaluation of multi-
parametric MRI in the prediction of patho-
logic response of rectal cancer to neoad-
juvant treatment, Nie et al. (9) published 
a research study in 2016. They included a 
total of 48 patients with rectal cancer. DWI 
and DCE were performed on each patient in 
addition to the routine protocol. ADC maps 
were created from DWI, while perfusion 
imaging was used to calculate maximum 
signal difference, wash-in-slope and wash-
out-slope parameters using a special soft-
ware for each voxel. They analyzed the role 
of these parameters to predict “good” and 
“complete” response to treatment and con-
cluded that through a systematic analysis 
of multiparametric MRI features, they were 
able to build models with improved pre-
dictive value, compared with conventional 
imaging metrics (9). A summary of all the 
above-mentioned studies about multipara-
metric MRI is given in Table 2. 

There are also several studies in the liter-
ature focusing of diffusion kurtosis imaging 
(DKI) of rectal adenocarcinoma. Different 
from classical diffusion, diffusion kurtosis, 
namely non-Gaussian diffusion takes into 
account multiple factors related to tissues 
such as the cell membrane, proportion, and 
change in the formation of the extracellular 
matrix. DKI provides a number of diffusivity 
parameters. Zhu et al. (35) performed DKI 
in a total of 56 patients with rectal adeno-
carcinoma, in order to correlate DKI param-
eters (kurtosis and diffusivity) with prog-
nostic factors of the rectal tumor. Kurtosis 
was detected to be significantly higher in 
high grade when compared with low grade 
tumors and diffusivity was significantly 
inversely related with the tumor grade. In-
terestingly, compared with ADC, kurtosis 
performed better in terms of correlation 
with tumor grades (35). Similarly, another 
study about DKI consisting of 76 patients 

with rectal adenocarcinoma has shown 
that kurtosis also positively correlated with 
tumor grade. Among all parameters (kur-
tosis, diffusivity, and ADC) kurtosis showed 
the best correlation with prognostic factors 
(36). Yet, new studies with larger patient 
groups are needed to validate the role of 
this technique. 

Conclusion
Multiparametric MRI is a new technique 

that is largely in the research phase. The 
studies published in this area are limited 
in number. The sequences, the MRI pa-
rameters that are used in statistical analy-
sis, and hence the results of the previous 
studies are extremely heterogeneous. 
This impedes comparison of studies and 
establishment of standardized protocols. 
Studies present conflicting results regard-
ing the role of the MRI parameters in the 
prediction of neoadjuvant treatment re-
sponse. Currently, there is no established 
cutoff value for any parameter to predict 
complete response. Moreover, the number 
of patients included in previous studies 
is limited. Multicenter studies with large 
patient populations, using standardized 
techniques in consensus are needed to 
validate the role of this new technique for 
the imaging of rectal cancer. Nevertheless, 
multiparametric MRI seems to emerge as a 
promising tool; we believe that in the fu-
ture this technique will be employed in a 
standard fashion and will act as an imaging 
biomarker to predict potential responders 
and nonresponders prior to neoadjuvant 
treatment, determine responders in early 
phases of treatment, and predict “good” 
and “complete” responders. 
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