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Assessment of the effectiveness of neoadjuvant chemotherapy 
for rectal cancer by MRI and PETCT: a meta-analysis 

INTRODUCTION 

Rectal cancer (RC) is one of the most common  
gastrointestinal malignancies worldwide (1). Most 
patients are at a locally advanced stage at the time of 
initial diagnosis. Progressive RC is usually treated 
with neoadjuvant chemotherapy (nCRT) in                 
combination with total rectal mesenteric resection (2, 

3). After nCRT, approximately 50-60% of patients            
descend and 15-27% experience pathological         
complete remission (pCR) (4-7). In addition, patients 
who achieve a complete clinical response after nCRT 
may receive a reserved treatment called a watch-and-
wait strategy as an alternative to surgery (8-10).             
Therefore, accurate preoperative evaluation of nCRT 
and correct prognosis can ensure more individualized 
as well as more effective treatment. 

Magnetic Resonance Imaging (MRI) is now widely 
used for the diagnosis, preoperative staging, and            
outcome evaluation of RC (11, 12). Conventional MRI 
sequences can detect morphological changes, but 
there are limitations in their ability to differentiate 
between residual tumor and post-treatment fibrosis 
in the assessment of treatment response after nCRT. 

While various other parameters of MRI, such as MRI-
based tumor regression grading, tumor perfusion 
index from dynamic enhancement MRI, and apparent 
diffusion coefficient (ADC) based on diffusion-
weighted images (DWI), have been investigated to 
assess the response of RC patients after nCRT (13).  

Currently, rectal Positron Emission Tomography 
Computed Tomography (PETCT) imaging is               
increasingly used in the assessment of treatment  
response after nCRT for RC (14-16). Since metabolic 
changes in tumor cells may precede morphological 
anatomical changes, PETCT, as a functional metabolic 
imaging modality, can detect the metabolic changes 
of tumor cells after nCRT as early as possible.  

Currently, there is no accurate protocol for              
determining the effectiveness of nCRT in the clinic, so 
there is no way to accurately know the recovery of RC 
patients in the clinic. Although both CT and MRI have 
been shown to have significant effects in the                 
assessment of RC, the progress of their application 
after nCRT is still controversial. Therefore, by                
analyzing the role of MRI versus PETCT in assessing 
the efficacy of RC chemotherapy, this study can            
provide more help for the future treatment of RC. 
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ABSTRACT 

Background: A meta-analysis of the effectiveness of Magnetic Resonance Imaging 
(MRI) and Positron Emission Tomography Computed Tomography (PETCT) in assessing 
the effects of neoadjuvant chemotherapy (nCRT) for Rectal cancer (RC) was performed 
to provide a reference for better clinical assessment in the future. Materials and 
Methods: Relevant literature on the assessment of the effects of MRI and PETCT on RC 
nCRT was screened through PubMed, Cochrane, EMBAS and other literature 
databases, and the final literature for analysis was determined after cross-screening by 
two study team members. Review Manager 5.3 software was used to assess the 
quality of the literature and extract relevant information such as authors, year of 
publication, and results, and meta-analysis was performed using Stata 15.1 software. 
Results: Through screening, six references were finally included, totaling 396 cases of 
study subjects, and the results of literature quality evaluation showed that the 
selected literature was of high quality and had some reference value. Meta-analysis 
revealed a sensitivity of 0.76 and a specificity of 0.74 for the final combination of MRI; 
the sensitivity and specificity of the final combined PETCT were 0.78 and 0.71, 
respectively.  Deek’s test showed P>0.05 for both MRI and PETCT, with no publication 
bias. Conclusion: MRI and PETCT are similarly effective in predicting the effect of RC 
nCRT.  
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MATERIALS AND METHODS  
 

Inclusion and exclusion criteria 
Inclusion criteria: (1) patients diagnosed with 

locally progressive RC; (2) monitoring the imaging 
response before and after nCRT with MRI and PETCT; 
(3) using postoperative pathology as the gold            
standard; (4) study results describing the pCR or  
tumor regression grade (TRG); (5) the ability to            
obtain true positive (TP), false positive (FP), false 
negative (FN) and true negative (TN) data; (6)            
published in English; (7) the type of publication is a 
treatise. 

Exclusion criteria: (1) case reports, reviews,           
conference abstracts and correspondence; (2) studies 
with animal models; (3) documents that cannot be 
extracted directly or indirectly from the four-
compartment table; (4) duplicate publication. 

 

Article search strategy  
PubMed, Cochrane, EMBASE, and CNKI literature 

databases were searched from the earliest searchable 
date to June 1, 2023. Languages are limited to English 
and Chinese. A secondary search for references in the 
literature was conducted by combining subject and 
free word search methods. English search terms: MRI, 
PETCT, rectal neoplasms, rectal cancer, rectal              
carcinoma, neoadjuvant chemotherapy, and                   
preoperative. 

 

Literature screening and data extraction 
Literature screening and data extraction were 

performed independently by two researchers, and 
any disagreements were resolved through discussion. 
First, the titles and abstracts of the articles were            
reviewed to exclude irrelevant articles, and then the 
full articles were read to determine if they were              
included in the study. Relevant information needed to 
be extracted for each study, the first author, region, 
year of publication, study method, four-grid table 
data (TP, FP, FN, TN), sample size, patient gender, 
mean age, age range, examination method and               
pathological assessment criteria were extracted for 
this study. If data from the four-cell table were             
incomplete, the original authors were contacted to 
obtain as complete data as possible, and if still                
unavailable, they were excluded from the study.  

 

Literature quality evaluation 
To assess the methodological quality and                

applicability of the included literature, the QUADAS-2 
(17) diagnostic test accuracy quality assessment tool 
and Review Manager 5.3 software were used to             

generate a literature quality assessment form for 
quality assessment. Each eligible study was evaluated 
independently by two investigators and                       
discrepancies were resolved through discussion. 

 

Imaging Methods for MRI and PETCT 
MRI: Uses specific magnetic resonance techniques 

to display vascular and blood flow signals, including 
T1-weighted images (T1WI), T2-weighted images 
(T2WI), proton density-weighted images (PDWI), and 
diffusion-weighted images (DWI), etc. PETCT: Utilizes 
positron-ribonucleotide labeling of glucose and other 
metabolites of the human body, and is injected              
intravenously by an The instrument detects               
metabolic changes in a localized tissue of the body. 

 

Data statistics and analysis 
All original studies were statistically analyzed 

using Stata 15.1 software, and forest plots of                  
sensitivity and specificity were plotted separately for 
MRI and PETCT. The Receiver operating                        
characteristic (ROC) curves for MRI and PETCT were 
then plotted, where sensitivity was the vertical         
coordinate of the ROC curve and specificity was the 
horizontal coordinate, with each data point                
representing a study and the area under the curve 
(AUC) serving as the final comparator. Heterogeneity 
was tested for each included original study using a 
chi-square test. When the final I2 value is greater than 
50%, the random effects model is chosen; when it is 
less than 50%, the fixed effects model is used. Deek 
tests were performed on all included original studies 
using Stata 12.0 software to determine whether             
publication bias existed in each included original  
trial, with P<0.05 indicating publication bias. 

 

 

RESULTS 
 

Literature search results 
Initially, 2226 relevant literatures were screened, 

which eventually included 6 literatures (18-23) (figure 
1). A total of 396 patients (277 men and 119 women), 
aged from 28 to 82 years, were included in the study. 
The basic characteristics of the included literature 
are shown in Table 1 and 2. 

 

Quality evaluation 
The quality of the literature is evaluated in detail 

in Figure 2, where two papers were prospectively 
designed (22, 23) and four were retrospective (18-21). 
Overall, the quality of the included literature is          
generally high and has some reference value. 
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Author Years Country Types of Research n Male / Female Age Radiotherapy Chemotherapy 

Giannini (19) 2019 Italy Retrospective 52 35/17 68(60-74) not have 
Standard CRT treatment with           

RectumSIB program 

Aiba (20) 2014 Japan Retrospective 40 32/8 56(28–76) not have 

XELOX (oxaliplatin plus cilostat), SOX 
(oxaliplatin plus S-1), or FOLFOX 

(oxaliplatin, formyltetrahydrofolate, 
and fluorouracil); 2-4 months 

Huh (21) 2015 Korea Retrospective 
18
1 

128/53 66(28-82) 

180 cGy/day, 25 
doses over 5 

weeks; total dose 
4,500 cGy 

5-Fluorouracil (5-FU; 425 mg/m2/
day), Calcium folinate (20 mg/m2/

day) 

Herrmann 
(22) 

2011 Germany Retrospective 28 20/8 61±10 
Total dose 45.0 

Gy 
5-FU-based chemotherapy (250 mg/

m2 body surface/day) 

Uslu-Beşli 
(23) 

2021 Turkey Forward-looking 20 12/8 58(35-79) 
1.8 Gy/day, 28 

doses, total dose 
50.4 Gy 

Fluoropyrimidine; capecitabine 850 
mg/m2 twice daily for 5 days 

Petrillo (24) 2017 Italy Forward-looking 75 50/25 62(44-77) 
1.8Gy/day, 5 

times per week, 
total dose 45Gy 

Capecitabine 825 mg/m2 twice 
daily, 5 days a week for 5 weeks 

Figure 1. Flow chart of literature screening. 

Table 1. Basic Characteristics of Literature. 

Figure 2. Risk of bias map for the included studies, the quality of 
the included literature is generally high and has some reference 

value. 

author 
MRI 

Model 
MRI 

parameters 
PETCT Model 

PETCT 
parameters 

Pathological 
assessment 

criteria 
Giannini 
et al. (19) 

GE 1.5T ADC 
Philips, PET-
CT Gemini TF 

SUV 
parameters 

pCR 

Aiba et 
al. (20) 

1.5T/ 
3.0T 

MRI-TV 
Siemens, 

Biography 16 
SUV max pCR 

Huh et 
al. (21) 

Siemens 
3.0T 

MRI TNM 
staging 

GE, Discovery 
LS FDG-PETCT 

SUVmax pCR 

Herrman
n et al. 

(22) 
GE 1.5T 

MRI 
volume 

Siemens, a 
hybrid TOF 

PETCT 

SUV 
volume 

parameters 
TRG 

Uslu-
Beşli 

et al. (23) 
GE 1.5T ADC 

Siemens, a 
hybrid TOF 

PETCT 
SUV max TRG 

Petrillo 
et al. (24) 

Siemens 
1.5T 

SIS 
GE, DST 600 

PETCT 
SUVmax TRG/pCR 

Table 2. Instrument details. 

Note: Magnetic Resonance Imaging (MRI), Positron Emission Tomography 
Computed Tomography (PETCT), Television (TV), Tumor Node Metastasis 
(TNM), Apparent diffusion confficient (ADC), Signal intensities (SIS), Standard-
ized uptake value (SUV), pathological complete remission (pCR), Tumor re-
gression grade (TRG). 
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Meta-analysis results 
The final six original studies included had MRI 

sensitivities ranging from 0.38 to 0.93 and                    
specificities ranging from 0.58 to 0.83, and the final 
combined sensitivity of MRI was 0.76 (95% CI, 0.58-
0.88) and specificity was 0.74 (95% CI, 0.63-0.83). 
The sensitivity of PETCT ranged from 0.73 to 0.85 
and the specificity from 0.64 to 0.82. The sensitivity 
and specificity of the final combined PETCT were 
0.78 (95% CI, 0.71-0.84) and 0.71 (95% CI: 0.60-
0.79), respectively. The forest map is shown in figure 
6. The heterogeneity of diagnostic sensitivity and 
specificity was lower for MRI (I2 =91.65%, and I2 
=83.83%) than for PETCT (I2 =0% and I2 =13.90%) 
(figures 3 and 4). Subsequently, the SROC curves of 
MRI and PETCT were plotted according to the results 
of each study, and it was seen that the AUC of MRI 
was 0.80, whereas the AUC of PETCT was 0.81, and 
both modalities had high AUCs, which indicated a 
high assessment accuracy (figures 5 and 6). Finally, 
the imaging images of a typical case are shown in 
figure 7, MRI T2WI axial image after RC nCRT show 
that the rectal mass is clearly regressed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Publication bias 
The Deek’s funnel plot for publication bias is 

shown in Figures 8 and 9. After Deek’s test, the P         
values for MRI and PETCT were 0.21 and 0.27,          
respectively, which were both greater than 0.05,        
indicating that there was no publication bias in this 
study. 
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Figure 3. MRI forest plot of merge sensitivity and merge          
specificity for RC nCRT effect assessment, the combined MRI 

had a sensitivity of 0.76 and a specificity of 0.74. 

Figure 4. Forest plot of merge sensitivity and merge specificity 
of PETCT for RC nCRT effect assessment, the combined PETCT 

had a sensitivity of 0.78 and a specificity of 0.71. 

Figure 5. SROC curve of MRI on RC nCRT effect evaluation, 
with a sensitivity of 0.76, a specificity of 0.74, and an AUC of 

0.80. 

Figure 6. SROC curve of PETCT on RC nCRT effect evaluation, 
with a sensitivity of 0.78, a specificity of 0.71, and an AUC of 

0.81. 

Figure 7. MRI images of a typical case. A: MRI T2WI axial im-
age before RC nCRT; B: MRI T2WI axial image after RC nCRT: 

the rectal mass is clearly regressed. Areas of interest are 
shown in red. 
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DISCUSSION 
 

Non-surgical treatment (watch and wait strategy) 
for patients with cCR response was first proposed by 
Prof. Habr-Gama in 2004 (24). Early prediction of         
outcomes after neoadjuvant therapy for RC can help 
clinicians provide personalized treatment, avoid 
overtreatment, and reduce recurrence and metastasis 
rates while preserving organ function. 

CT and MRI are currently important examinations 
for RC nCRT effect assessment, but CT can only          
determine the tumor changes after nCRT by density 
and morphology. Conventional MRI can visualize  
tumor changes in multiple sequences, whereas             
functional MRI can further provide microscopic 
changes in tissue and quantitatively identify residual 
tumor and fibrosis (25). MRI-based AI models can           
accurately predict treatment outcomes by reflecting 
the heterogeneity of many microscopic tissues,             
making MRI an important imaging tool for RC nCRT 
efficacy assessment (26).      

PETCT determines tissue metabolic activity by 
high uptake of 18F-FDG in tumor tissue, which is  
usually highly correlated with tumor proliferation 

rate and malignant behavior, while providing local 
anatomical details with the help of CT imaging, a  
novel examination combining anatomical and               
functional imaging. It is currently used for               
preoperative staging by many institutions both          
nationally and internationally (27).  

This study included 6 references, and finally            
concluded that the pooled sensitivity of MRI (78%) 
was slightly lower than that of PETCT (76%), the 
pooled specificity of PETCT (71%) was slightly lower 
than that of PETCT (74%), and the SROC of PETCT 
area under the curve was 0.81 for PETCT and 0.80 for 
MRI, suggesting that MRI and PETCT are similarly 
effective in predicting the effect of RC nCRT and that 
the two may play complementary roles in prediction. 
In previous studies, we can also see that both MRI 
and PETCT also have important clinical guidance for 
the clinical evaluation of tumors such as gastric             
cancer and esophageal cancer [28, 29, 30], which is 
similar to our viewpoint, indicating that both MRI 
and PETCT have important potential for application 
in malignant diseases. 

The present study also has some limitations: (1) 
significant heterogeneity in the diagnostic sensitivity 
and specificity of MRI included in the study, different 
intervals between nCRT to MRI examinations,               
different follow-up times, and inconsistent scan            
device parameters, which may account for the high 
heterogeneity. However, further subgroup analysis 
was discarded due to the small sample size of each 
subgroup. (2) Fewer studies were included and more 
are needed for validation. (3) Unlike experimental 
studies, Meta-analysis is an observational study and 
quality control standards cannot be fully standard-
ized.  

 
 

CONCLUSION 
 

MRI and PETCT are similar in predicting the effect 
of RC nCRT, and both can provide an objective basis 
for more accurate clinical assessment of pathological 
remission of RC after nCRT, thus providing a more 
reliable prognosis for the rehabilitation of RC            
patients. 
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Figure 8. Deek's  funnel plot for MRI assessment of the effect 
of neoadjuvant chemotherapy in rectal cancer, less bias. 

Figure 9. Deek's funnel plot for PETCT assessment of the effect 
of neoadjuvant chemotherapy in rectal cancer, less bias. 
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