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Background. The aim of the study was to present an update concerning several imaging modalities in diagnosis, 
staging and pre-surgery treatment response assessment in locally advanced rectal cancer (LARC). Modalities include: 
traditional morphological magnetic resonance imaging (MRI), functional MRI such as dynamic contrast enhanced 
MRI (DCE-MRI) and diffusion weighted imaging (DWI). A systematic review about the diagnostic accuracy in neoad-
juvant therapy response assessment of MRI, DCE-MRI, DWI and Positron Emission Tomography/Computed Tomography 
(PET/CT) has been also reported.
Methods. Several electronic databases were searched including PubMed, Scopus, Web of Science, and Google 
Scholar. All the studies included in this review reported findings about therapy response assessment in LARC by means 
of MRI, DCE-MRI, DWI and PET/CT with details about diagnostic accuracy, true and false negatives, true and false 
positives. Forest plot and receiver operating characteristic (ROC) curves analysis were performed. Risk of bias and the 
applicability at study level were calculated.
Results. Twenty-five papers were identified. ROC curves analysis demonstrated that multimodal imaging integrating 
morphological and functional MRI features had the best accuracy both in term of sensitivity and specificity to evalu-
ate preoperative therapy response in LARC. DCE-MRI following to PET/CT showed high diagnostic accuracy and their 
results are also more reliable than conventional MRI and DWI alone.
Conclusions. Morphological MRI is the modality of choice for rectal cancer staging permitting a correct assessment 
of the disease extent, of the lymph node involvement, of the mesorectal fascia and of the sphincter complex for sur-
gical planning. Multimodal imaging and functional DCE-MRI may also help in the assessment of treatment response 
allowing to guide the surgeon versus conservative strategies and/or tailored approach such as “wait and see” policy.
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Introduction

In the USA 39,220 new cases of rectal cancer oc-
curred in 2016.1 Despite the introduction of the 
screening programs, several patients are diag-
nosed in a locally advanced stage. Mortality has 

decreased thanks to prevention and early diagno-
sis and to effective management of the disease2-12, 
such as the standardization of operative proce-
dures and the introduction of adjuvant and neoad-
juvant therapy13-23, which determines a reduction of 
recurrence risk and a decrease of tumour size.
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Preoperative chemo-radiotherapy (pCRT) com-
bined with following total mesorectal excision 
is the standard procedure of care for locally ad-
vanced rectal cancer (LARC).13-24 However, there 
is an increase of conservative treatment strategies 
application for patients with substantial tumour 
regression after pCRT and “wait and see” policy 
for patients with complete pathological response. 
The advantage of this strategy is the reduction of 
morbidity and the possibility to provide a “true” 
organ-sparing approach. In this scenario, it is nec-
essary to individualize the selection criteria for 
these strategies that accurately can assess neoad-
juvant treatment response. Functional approaches 
have been exploited by several authors because of 
their capability to assess the residual tissue “vi-
tality”.25-35 FDG positron emission tomography 
coupled with computed tomography (PET/CT) 
is widely used and it is considered the best tech-
nique for early response monitoring after pCRT in 
LARC.13-14 However, other functional approaches 
including dynamic contrast enhanced-MRI (DCE-
MRI) and diffusion weighted imaging (DWI) have 
been adopted to discriminate responder by non-
responder patients and complete vs. non complete 
pathological response after pCRT.13-14

The objective of this manuscript is to present 
an update about the imaging modalities used in 
LARC staging with a specific focus on morpho-
logical MRI. Furthermore, a systematic review 
about the performance of imaging in the tumour 
response assessment after neoadjuvant therapy has 
been performed. We report diagnostic accuracy 
findings in terms of false and true positives, false 
and true negatives number for morphological MRI, 
DCE-MRI, DWI and PET/CT.

Overview about staging and restaging in 
LARC 

The role of imaging is to provide a loco-regional 
staging as accurate as possible with the aim to as-
sess the degree of tumour infiltration and exten-
sion. Moreover, the features detected by radiologi-
cal imaging allow to evaluate pCRT response for 
guiding surgeon towards patient tailored strate-
gies.36-74 

In LARC, CT scan roughly show tumour size 
and its possible infiltration to internal organs: in 
fact, it can provide excellent contrast between tis-
sues with large difference in X-ray absorption 
(bone vs. soft tissues); however, it can poorly dis-
criminate between tissues with similar absorption 
such as different soft tissues, including tumours.47 

PET/CT provides functional tissue information 
concerning metabolic activity fused with the mor-
phological details of CT. The integration of tissue 
metabolic activity with anatomic information can 
improve its accuracy more that PET or CT when 
considered alone.48-49 

Morphological MRI (T2 weighted images) has 
shown superior potential because it can provide an 
accurate evaluation not only of the tumour extent, 
but also of the adjacent soft tissues. Morphological 
MRI allows for comprehensive evaluation of dis-
ease stage including tumour infiltration degree, 
a precise assessment of the neoplasia distance by 
mesorectal fascia (circumferential margin) and an 
effective assessment of lymph nodes involvement 
and mesorectal infiltration.26

Traditionally, tumour response assessments 
have been achieved measuring the percentage 
reduction of the tumour size according to the 
response evaluation criteria in solid tumours 
(RECIST), as the change in tumour size is gener-
ally thought to be correlated with treatment effica-
cy.17,50-53 However, this assessment approach is in-
sensitive to early treatment changes, and it makes 
difficult to distinguish between active tumour and 
post-treatment fibrosis. 

In fact, morphological MRI has been considered 
not to be conclusive in pCRT tumour response as-
sessment since pathological down-staging is not 
always accompanied with tumour size effective re-
duction.17,23-26,50-53 However, the high temporal reso-
lution obtainable using more powerful sequences 
has allowed to perform perfusion and dynamic 
studies after paramagnetic contrast agent adminis-
tration. The latter MRI techniques permit to obtain 
functional tissue information concerning the vital-
ity of the tissue essential to differentiate fibrosis 
from residual tumour after anti-angiogenetic treat-
ments. 

Dynamic contrast MRI

In scientific literature the potential of DCE-MRI 
has been reported as a promising evaluation tool 
to monitor and predict therapy response thanks to 
the relationship between tumour growth and angi-
ogenesis.5-7,19,24-25 It is well known that angiogenesis 
is a key factor in the growth and dissemination of 
cancer. The characterization of the tumour angio-
genic status on an individual patient basis could 
allow patient tailored treatments.24

Many clinical trials in rectal cancer have dem-
onstrated that angiogenesis inhibition can increase 
treatment effectiveness. Consequently, imaging 
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modalities able to assess tumour vascularization 
might improve the treatment management in pa-
tients affected by LARC.6-7,24-25

To assess tissue perfusion by means of DCE-MRI 
several approaches to analyse time intensity curve 
(TIC) have been proposed. The most commonly 
used in the clinical radiological practice is the 
TIC visual inspection approach.54 The main draw-
back of this qualitative approach is its depend-
ence upon the experience of the operator and the 
absence of reproducibility. Petrillo et al.52 utilized 
TIC visual inspection to assess pCRT response in 
LARC (Figure 1). According to52, when patients 
with a partial or complete response to pCRT were 
included, a sensitivity, specificity and an accuracy 
of 79%, 76% and 78% respectively have been ob-
tained. Instead, considering the performance of 
qualitative MRI evaluation in complete responders 
a sensitivity, a specificity and an accuracy of 94%, 
76% and 84% respectively could be reached. 

To overcome the limitations related to visual 
inspection alone, the quantitative or semi-quanti-
tative approach for DCE-MRI data analysis have 
been proposed and investigated. 

Quantitative model-based analysis involves 
compartmental tracer kinetic modelling20-21 and 

pixel-by-pixel or region of interest based estima-
tion of kinetic features, by means of a non-linear 
regression. The latter has been introduced to better 
correlate quantitative model-based features with 
physiological tissue properties. Kim et al.55 showed 
that average Ktrans (a parameter associated to con-
trast agent transfer constant between plasma to 
extracellular extravascular space) had a large de-
crease after pCRT; this decrease was linked with a 
good therapeutic response in LARC. However, be-
ing influenced by many variables and since many 
different models are present in the literature, the 
quantitative approach still suffers from high out-
put variability, poor clinical consistency and repro-
ducibility.20 Quantitative analysis findings in the 
therapy response assessment using 3T scanners 
are more encouraging as Intven et al. and Lim et al. 
have reported in their studies.56-57 

To overcome previous problems several au-
thors58-61 performed semi-quantitative analysis. 
Lavini et al.59, in order to discriminate benign and 
malignant pixels, used the following features: max-
imum signal difference, time to peak, maximum 
slope of increase, relative final slope and initial 
signal. Tuncbilek et al.60 demonstrated that time to 
peak, wash-in intercept and maximum enhance-
ment were strongly correlated to micro vessel den-
sity. Petrillo et al.53 investigated a semi-quantitative 
analysis with a piecewise linear fitting and they 
individuated a combination of two TIC descriptors 
named Standardized Index of Shape (SIS). This 
latter is a linear weighted combination of relative 
change of maximum signal difference (∆MSD) and 
relative change of wash-out slope (∆WOS).53 This 
index reached a sensitivity of 93.5% and a specific-
ity of 82.1% with relevant gains respect to ∆MSD 
(+20.1% in sensitivity and +11.7% in specificity) 
and ∆WOS (+13.1% in sensitivity and + 4.3% in 
specificity) alone. Moreover, the standardized in-
dex of shape improved negative predictive value to 
88.5% and positive predictive value to 89.6%. 

Because many of the conducted studies are 
relatively small and study design is very hetero-
geneous, the evidence on DCE-MRI is rather in-
consistent. Therefore, future research should aim 
at increasing sample sizes and standardization of 
imaging techniques and analyses.61

Diffusion weighted imaging

The use of DWI into a standard MR protocol is 
progressively increasing thanks to its capability in 
the tumour detection, characterization as well as 
its potentiality in the monitoring and in the pre-

FIGURE 1. T1 weighted post contrast scan obtained before (A)-(B) and after (C)-(D) 
chemo-radiotherapy (CRT). The analysis of time intensity curve (TIC) show areas 
with rapid contrast uptake and fast discharge (B). After CRT, on the same areas 
no pathological contrast uptake is present confirming that hypo-intense tissue are 
tumour nests but only residual inflammation due to CRT.

A B

C D
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diction of treatment response.8-12,62-65 By means of 
DWI data analysis is possible to estimate water 
molecules mobility that is related to cell density, 
vascularity, viscosity of extracellular fluid and cell 
membrane integrity.12 By measuring these proper-
ties with apparent diffusion coefficient (ADC) and 
other diffusion coefficients characteristics of intra-
voxel incoherent motion, the DWI could be used 
as an imaging biomarker to better select patients 
with reduced prognosis who will benefit from a 
more aggressive neoadjuvant treatment.8-12 It was 
demonstrated that ADC values in LARC correlate 
with prognostic factors including the mesorectal 
fascia status, the nodal stage and the histological 
differentiation grade.8,40,62 There are several ways 
to analyse DWI data including visual evaluation, 
volumetric assessment, and ADC measurements. 
Visual DWI evaluation has been shown to improve 
the MRI performance to differentiate between 
patients with and without residual tumour after 
pCRT. Another approach is to measure the vol-
ume before and after therapy. Ha et al. reported 
that DWI tumour volumetry offered the best re-
sults to predict the complete response to chemo-
radiation treatment.11 Furthermore, Sathyakumar 
et al.19 demonstrated that DWI visual assessment 
post therapy and DWI tumour volume reduction 
were the best predictors of complete pathological 
response. Sensitivity, specificity, positive predic-
tive value, negative predictive value and accuracy 
of DWI visual assessment to predict complete re-
sponse were 81.8%, 94.3%, 75%, 96.1% and 76% re-
spectively. Sensitivity, specificity and accuracy of 
tumour volume reduction (cut off value 95%) were 
80%, 84.1% and 64.1%, respectively. 

ADC measure (before, during, and after thera-
py) is the most widely studied approach to assess 
therapy response. Increases in ADC values after 
treatment are linked to decreases in tissue cel-
lularity and thus it provides indirect evaluation 
of chemotherapy induced cell death. Kim et al.62 
demonstrated that the addition of DWI to stand-
ard MRI protocol yields better diagnostic accuracy 
than use of conventional MRI alone in the evalua-
tion of pathological complete response. Marouf et 
al.63 reported for conventional MRI a sensitivity of 
60% and specificity of 33% with overall diagnos-
tic accuracy of 46.5% in the assessment of T stage. 
Overall diagnostic accuracy increased adding 
DWI to 83.5% with the 87% of sensitivity and 80% 
of specificity. N stage prediction by conventional 
MRI had 74% of sensitivity and 80% of specificity 
with an overall accuracy of 78%. Overall accuracy 
to predict N stage increased adding DWI to 83%. 

However, the evidence regarding the use of pre, 
during and post treatment ADC measurements 
to assess tumour response has so far been incon-
sistent, which is also related to the fact that ADC 
measurement are influenced by variations in MR 
scanner hardware, field strength, acquisition pro-
tocols and measurement methods. Lack of stand-
ardization hampers the implementation of ADC in 
clinical practice and should be the focus of future 
studies.61

PET/CT

PET/CT is constantly increasing in rectal cancer 
management for its ability to predict treatment 
response.50 Avallone et al.50 reported that early 
changes (12 days after the pCRT beginning) of the 
standardized uptake maximum value (∆SUVmax) 
were predictive of pathological response with an 
optimal threshold value of -42.0% and an accuracy 
of 93.0%. In this study, the authors also observed 
that the findings obtained from late pre surgical 
PET/CT scans showed lower accuracy in predict-
ing of pathologic response. Leccisotti et al.70 ana-
lysed the metabolic activity modifications by PET/
CT during and after pCRT in 124 patients with 
LARC demonstrating that the areas under ROC 
curve of the early response index to detect non-
complete pathological response was 0.74 (optimal 
cut-off of ∆SUVmax was 61.2%). On the contrary, 
the optimal cut-off for the late response index was 
not being found. Niccoli-Asabella et al.71 reported 
similar findings, with an area under ROC curve 
for ∆SUVmax of 0.67. Therefore, the literature data 
were discordant detecting in general the poor ac-
curacy of late metabolic response to predict patho-
logical response in LARC. 

Systematic review

The review is the result of autonomous studies 
without protocol and registration number.

Search criterion

Several electronic database were searched: PubMed 
(US National Library of Medicine, http://www.nc-
bi.nlm.nih.gov/pubmed), Scopus (Elsevier, http://
www.scopus.com/), Web of Science (Thomson 
Reuters, http://apps.webofknowledge.com/) and 
Google Scholar (https://scholar.google.it/). The fol-
lowing search criteria have been used: ‘‘rectal can-
cer’’ AND ‘‘diffusion magnetic resonance imaging’’ 
AND ‘‘response’’, ‘‘rectal cancer’’ AND ‘‘dynamic 
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contrast enhanced magnetic resonance imaging’’ 
AND ‘‘response’’, ‘‘rectal cancer’’ AND ‘‘positron 
emission tomography’’ AND ‘‘response’’, ‘‘rectal 
cancer’’ AND ‘‘multimodal imaging’’ AND ‘‘re-
sponse’’. In order to cover the last twelve years 
of the recent oncologic research literature, the re-
search covered the years from 2005 through 2016. 
Moreover, the reference lists of the found papers 
were analysed for papers not indexed in the elec-
tronic databases.

All titles and abstracts were analysed and exclu-
sively the studies reporting morphological MRI, 
DCE-MRI, DWI or PET/CT results in the preopera-
tive therapy response assessment for LARC were 
retained. 

If not otherwise stated, all the studies reviewed 
herein fulfil the following criteria: English lan-
guage; thorough clinical characterization of the 
patients with rectal cancer studied by means mor-
phological MRI, DCE-MRI, DWI and PET/CT to 
discriminate responders versus non responders 
to pCRT and exclusion of studies using other di-
agnostic techniques; articles, reviews and studies 
that did not present data about specificity, sensi-
bility, positive and negative predictive value of 
tests treated were excluded; articles, reviews and 
studies that did not present data about specificity, 
sensibility, positive and negative predictive value 
of tests treated were excluded; reviews, general 
overview articles and congress abstracts were ex-
cluded. There was not defining a minimum num-
ber of patients as inclusion criteria due to the small 
number of studies for each imaging modality. 
Information extracted from each study included 

title, authors, year of publication, sample size, di-
agnostic modality and approach, reference stand-
ard, true and false positives number, true and false 
negatives number.

Data analysis

Review Manager (version 5.2) was used to perform 
data analysis for systematic review. The PRISMA 
statement for reporting systematic review was 
used.75

True and false positives number, true and false 
negatives number for each paper were collected 
and used to obtain the forest plots reporting the 
sensitivity, specificity values and relative 95% con-
fidence intervals. ROC curves were also construct-
ed. Moreover, to assess the quality and bias risk of 
diagnostic accuracy studies included in the review 
was used QUADAS-2 tool.76 

Results

By using the search terms described earlier, we 
identified 309 studies from 2005 through 2016. One 
hundred eight studies used other diagnostic tech-
niques than morphological MRI, DCE-MRI, DWI 
and PET/CT; 98 had different topic respect to pre-
surgery therapy assessment; 78 were excluded for 
insufficient data (absence of sensibility and speci-
ficity value). Twenty-five studies remained for in-
clusion in our systematic review (Figure 2).

Table 1 shows the number of included studies 
and the overall number of participants grouped by 
diagnostic modality.

Details regarding the number of patients, imag-
ing modality, the accuracy values and examined 
parameters were recorded. Table 2 summarizes the 
main characteristics of the examined methodolo-
gies in LARC studies.

FIGURE 2. Included and excluded studies in systematic review.

DCE-MRI = dynamic contrast enhanced MRI; DWI = diffusion weighted imaging

TABLE 1. Number of studies and participants for each 
diagnostic modality

Diagnostic modality Studies Participants

MRI 6 329

DCE-MRI 6 340

DWI 4 133

PET/CT 7 366

MULTIMODAL IMAGING 2 70

DCE-MRI = dynamic contrast enhanced MRI; DWI = diffusion weighted 
imaging
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Figure 3 reports the values of true positive (TP), 
false positive (FP), false negative (FN), true nega-
tive (TN), sensitivity and specificity estimates and 
their confidence intervals (95%) for each study, 
subdivided according to the diagnostic modality 
used for therapy response assessment in LARC. 
Figure 4 shows ROC for each diagnostic modality. 

Table 3 reports the diagnostic performance for 
each imaging modality in terms of sensitivity, 
specificity, positive predictive value and negative 
predictive value. 

Figure 5 shows the bias risk and applicability 
analysis results. A very low risk of bias was present 
for the studies included in this systematic review. 

FIGURE 3. Forest plot subdivide for imaging modality including sensitivity and specificity estimates and their confidence intervals (95%).

CI = confidence interval; FN = false negative; FP = false positive; SIS = standardized index of shape; TN = true negative; TP = true positive

FIGURE 4. Estimated summary 
ROC curves and original 
data points for imaging 
techniques.

DCE-MRI = dynamic contrast 
enhanced MRI; DWI = diffusion 
weighted imaging
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Discussions

The objective of this systematic review was to eval-
uate the different imaging modalities (morphologi-
cal MRI, DWI, DCE-MRI, PET/CT and multimodal 
imaging) in LARC management after pCRT. We 
collected the current evidence of the role of func-
tional MRI and PET/CT in the assessment of patho-
logical response after pCRT in LARC. The objective 
was linked to the potentiality of imaging to guide 
surgeon choice. In fact, patients with substantial 
(partial response) tumour regression after pCRT 
could be candidate to conservative strategy while 
patients reporting a complete response could be 
subjected to a “wait and see” policy. The advantage 

is the reduction of morbidity and the possibility to 
provide a “true” organ-sparing approach. 

Our results, using a systematic review of lit-
erature and the ROC curves analysis, showed that 
multimodal imaging combining morphological 
and functional might achieve better results having 
the best accuracy in term of sensitivity and speci-
ficity (85% and 96%, respectively). However, it 
should be noted that only two studies have been 
retrieved from the literature for a total number of 
only 70 participants subjected to multimodal MRI 
examination.56,63 Intven et al.56 demonstrated on 51 
patients with LARC that both the post therapy tu-
mour volume and post therapy Ktrans values and 
their relative changes were predictive for patho-

TABLE 2. Main characteristics summary of included studies in the systematic review: for each study the table reports imaging modality used; number 
of patients examined; parameters examined

Imaging modality Authors Approach N. patients Gold standard

MRI

Barbaro et al.69 Score system 53 TNM

Denecke et al.46 Morphologic criteria 23 TNM

Dresen et al.45 Morphologic + volumetric criteria 67 TNM

Intven et al.56 Relative volume 51 TRG

Petrillo et al.52 Score system 106 TRG

Petrillo et al.64 Relative volume 29 TRG

DCE-MRI

Intven et al.56 Relative Ktrans 51 TRG

Kim et al.55 Relative Ktrans 50 TNM

Martens et al.67 TIC slope 30 TRG

Petrillo et al.52 TIC visual inspection 106 TRG

Petrillo et al.64 Relative volume 29 TRG

Petrillo et al.53 Standardized index of shape 74 TRG

DWI

Birlik et al.65 ADC 43 TRG

Ippolito et al.40 ADC 30 TRG

Monguzzi et al.68 ADC 31 TRG

Petrillo et al.64 Relative volume 29 TRG

MULTIMODAL IMAGING
Intven et al.56 Relative volume + relative Ktrans 51 TRG

Marouf et al.63 MRI + DWI Score system 19 TNM

PET/CT

Altini et al.36 SUV 68 TRG

Capirci et al.42 SUV 81 TRG

Ippolito et al.40 SUV 30 TRG

Murcia et al.43 SUV 41 TRG

Sun et al.41 Total lesion glycolysis 35 TRG

Yoon et al.66 Dual-point index 61 TRG

Palma et al.73 SUV 50 TRG

ADC = apparent diffusion coefficient; DWI = diffusion weighted imaging; SUV = standardized uptake value; TIC = time intensity curve; TRG = tumour regression grade
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logical response. For the relative Ktrans, Intven et 
al.56 reported a positive predictive value of 100% 
(with a Ktrans cut-off of 32%) to discriminate good 
responders. However, for pathological complete 
response, the best positive predictive value was 
80% obtained with a multiparameter model of 
relative volume and relative Ktrans. Marouf et al.63 
reported an increase of diagnostic accuracy for the 
combination of morphological MRI and DWI from 
84.2% to 94.7%. Although the number of patients is 
relatively small multimodal imaging seems to give 
promising results whose reliability is to be con-
firmed in future studies.

Moreover, DCE-MRI following to PET/CT 
showed a high diagnostic accuracy (sensitivity 87% 
and 80% respectively, specificity 84% and 83% re-
spectively) and their results are also more reliable 
than conventional MRI and DWI alone (Figure 3 
and 4). Instead, for morphological MRI alone, the 
sensitivity was of 76% and specificity of 78%. For 
DWI, the sensitivity was of 76% and specificity 
was of 79%. Our findings are comparable with re-
cent meta-analysis that indicated that addition of 
DWI to standard MRI in a multimodal approach 
improves the sensitivity for T-staging after pCRT 
from 50% to 84%.12 

Instead, Ippolito et al.40 reported that the best 
predictors cut-off values for tumour regression 
grade (TRG) response were for PET/CT SUVmax of 
4.4 and for ADC of 1.28×103 mm2s-1. ADC obtained 
sensitivity, specificity, accuracy, negative and 
positive predictive values of 77.3%, 88.9%, 80.7%, 
61.5%, and 94.4%, respectively. 

However, PET/CT showed an inferior diagnos-
tic accuracy in comparison of DCE-MRI in pre-sur-
gical assessment of therapy response in LARC but 
it had a high predict value in the early evaluation 
of therapy response. The early response assess-
ment by PET/CT was a predictor of non-complete 

pathological therapy response allowing practical 
modification of treatment. 

Kim et al.72 revealed that SUVmax post threapy 
had a sensitivity of 60.4%, a specificity of 65.0%, 
and an accuracy of 55.9% to discriminate patholog-
ical complete response. Palma et al.73 reported that 
maximum ∆SUVmax had a sensitivity of 45.0%, a 
specificity of 67.0%, and an accuracy of 89.0% while 
Altini et al.36 shown a sensitivity of 87.0%, a speci-
ficity of 70.0% and an accuracy of 60.0%. Similar 
results were also observed in others advanced can-
cers such as esophageal cancer.74 On the contrary, 
late response index was not sufficiently precise to 
guide the surgeon choice versus radical or local ex-
cision or versus a “wait and see” strategy.50,70-73  

As well as PET/CT, DWI technology can be effi-
cient for predicting pathological complete response 
in LARC77-80 but inefficient to assess late response 
in pre-surgical phase. Chen et al.79 reported DWI 
sensitivity, specificity, positive predictive value, 
negative predictive value, and accuracy of 60%, 
64%, 60%, 60%, and 60%, respectively, in patho-
logical complete response discrimination using a 
cut-off value of 0.866×10-3 mm2/s for pre-treatment 
ADC value. Using a cut-off value for ADC percent-
age change of 58% the sensitivity, specificity, posi-
tive predictive value, negative predictive value, 
and accuracy were 80%, 76%, 77%, 79% and 78%, 
respectively.79 Moreover, the mean pre-treatment 

TABLE 3. Performance pooled analysis for MRI, diffusion weighted imaging (DWI), dynamic contrast enhanced MRI (DCE-MRI), PET/CT and multimodal 
imaging

Performance 
Pooled Analysis Sensitivity Specificity Positive 

predictive value
Negative 

predictive value Accuracy

MRI 75,84 78,21 74,34 79,55 77,13

DCE-MRI 87,18 84,15 82,42 88,51 85,55

DWI 75,95 79,25 84,51 68,85 77,27

PET/CT 80,25 83,08 79,27 83,92 81,82

MULTIMODAL IMAGING 85,00 96,08 89,47 94,23 92,96

DCE-MRI = dynamic contrast enhanced MRI; DWI = diffusion weighted imaging

FIGURE 5. Assessment of bias risk and applicability analysis.
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tumour ADC correlates with the degree of tumour 
response after therapy and patients who respond 
to treatment seem to have a lower ADC at pres-
entation than do those who do not respond.5 The 
association between high tumour ADC and poor 
response is consistent with the known relation-
ship between necrosis and poor response to cancer 
treatment. However, both PET/CT and DWI had an 
important role in therapy prediction and in early 
therapy response assessment but showed a low ac-
curacy in pre-surgical therapy evaluation. 

Therefore, multimodal assessment combining 
different imaging modalities might be the best op-
tion for local restaging of locally advanced rectal 
cancer after CRT in pre-surgical phase.81 According 
to this theory, recently Ippolito et al.82 reported 
that the functional imaging combining ADC and 
SUVmax in a single analysis permits to detect 
changes in cellular tissue structures useful for the 
assessment of tumour response after the neoadju-
vant therapy in rectal cancer, increasing the sen-
sitivity in correct depiction of treatment response 
than either method alone. 

A number of limitations of this analysis must 
be recognized. Most papers report on a limited 
number of patients and heterogeneity within the 
included studies with respect to patient selection, 
neoadjuvant treatment and imaging protocols and 
analyses. This pooled analysis should be regarded 
as an indicator of the general performance of func-
tional MRI and PET/CT in the therapy response as-
sessment. Validation and implementation in a mul-
ticenter setting are still awaited. Standardization of 
MRI acquisition protocols and data post process-
ing approaches is mandatory to guarantee results 
reproducibility. Multicenter studies using large 
patient populations are needed to validate the role 
of functional imaging in order to identify those 
patients who may benefit from a less aggressive 
therapeutic approach after CRT. 

We can conclude that in local staging, morpho-
logical MRI is superior respect to CT and PET/CT 
permitting a correct assessment of the disease ex-
tent, of the lymph node involvement, of the meso-
rectal fascia and of the sphincter complex for sur-
gical planning. On the other side, in restaging for 
therapy response assessment, Multimodal MRI fol-
lowed by DCE-MRI seem to give more promising 
results respect to PET/CT, DWI and conventional 
MRI. Multimodal Imaging including morphologi-
cal and functional MRI and DCE-MRI alone could 
allow to better discriminate responder by non re-
sponders patients after neoadjuvant therapy with a 
high diagnostic accuracy.

In the future, the scientific research should be 
focused on the integration and combination of 
functional imaging modalities including also clini-
cal data and molecular biomarkers. A greater num-
ber of studies should be performed in the future 
for each modality to improve the reliability of any 
conclusion.
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