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Abstract

In recent years, several key advances in the management of locally advanced rectal cancer have 

been made, including the implementation of total mesorectal excision as the standard surgical 

approach,; use of neoadjuvant chemoradiotherapy in selected patients with a high risk of local 

recurrence, and finally, adoption of organ preservation strategies, through either local excision 

or non-operative management in selected patients with clinical complete response following 

neoadjuvant chemoradiotherapy. This review aims to shed light on the role of rectal MRI in the 

assessment of treatment response after neoadjuvant therapy, which is especially important given 

the growing feasibility of non-operative management. First, an overview of current neoadjuvant 

therapies and response assessment based on digital rectal examination, endoscopy, and MRI will 

be provided. Second, the use of a high-quality restaging rectal MRI protocol will be presented. 

Third, a step-by-step approach to assessing treatment response on restaging rectal MRI following 

neoadjuvant treatment will be outlined, acknowledging challenges faced by radiologists during 

MRI interpretation. Finally, research related to response assessment will be discussed.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide and the second most 

deadly cancer (1). While there is an overall downward trend in CRC incidence and mortality, 

there is an alarming increase in the rate of early onset CRC among adults younger than 50 

years in several countries, including in the United States (2). In recent years, several key 

advances in the management of locally advanced rectal cancer (LARC) have been made, 

including the implementation of total mesorectal excision as the standard surgical approach 

(3), use of neoadjuvant chemoradiotherapy (CRT) in selected patients with a high risk of 

local recurrence (4), and finally, adoption of organ preservation strategies, through either 
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local excision or non-operative management in selected patients with clinical complete 

response following neoadjuvant CRT (5,6). More recently, a new neoadjuvant strategy 

termed total neoadjuvant therapy (TNT), has been implemented. A meta-analysis of 15 

studies concluded that the addition of TNT to the standard regimen of care improved rates 

of pathologic complete response (pCR), lymph node response, and resulted in more frequent 

tumor-free resection margins (7). Patients who received TNT had lower distal recurrence 

rates, improved 3-year disease-free survival, and improved overall survival. Compared with 

patients who undergo neoadjuvant CRT, who achieve a pCR rate of ~20% following total 

mesorectal excision (8), patients who undergo TNT can achieve a pCR rate of ~40% (9).

With increasing developments in neoadjuvant strategy, non-operative management will 

become even more relevant in years to come. Non-operative management represents a 

paradigm shift in the management of patients with LARC, offering the advantage of 

maintaining oncologic safety (wherein patients undergoing non-operative management have 

comparable overall survival to patients undergoing total mesorectal excision) without the 

risk of post-surgical adverse events which can significantly lower patients’ quality of life 

(e.g., acute mortality or surgical morbidity, including permanent colostomy and bowel, 

bladder, and sexual dysfunction) (6,10).

In this context, the accurate assessment of treatment response after neoadjuvant therapy is 

crucial, ultimately to predict clinical complete response and thereby allow patients to be 

selected for non-operative management. Digital rectal examination, endorectal ultrasound, 

and computed tomography (CT) were the first modalities used to assess treatment response 

after neoadjuvant therapy. However, due to their limited field of view (FOV), digital 

rectal examination and endorectal ultrasound cannot easily assess disease outside of the 

rectal lumen and cannot evaluate mesorectal fascia involvement. Another key limitation 

of these modalities is that they are highly subjective and operator-dependent (11,12). CT 

has low soft tissue contrast resolution and cannot adequately assess tumor invasion; thus, 

its main role is limited to the assessment of distant metastases (13,14). The strength of 

endoscopy lies in the assessment of the rectal mucosa; however, it has a limited role for 

the assessment of the mesorectum (15). In contradistinction, pelvic magnetic resonance 

imaging (MRI) of the rectum has high soft tissue contrast and high spatial resolution to 

assess rectal wall layers, fibrosis, and the surrounding mesorectum and extra-mesorectal 

structures, including the sphincter complex and lymph nodes. As a more standardized and 

less operator-dependent modality compared with endorectal ultrasound, MRI of the rectum 

allows for comparison across multiple imaging timepoints (16). Digital rectal examination, 

endoscopy, and MRI of the rectum are currently used as complementary tools to guide the 

colorectal multidisciplinary team in determining the best management strategy for patients 

with LARC after neoadjuvant therapy.

This review will familiarize the reader with the role of rectal MRI in the assessment 

of treatment response after neoadjuvant therapy, which is especially important given the 

increasing popularity and feasibility of non-operative management. First, an overview of 

current neoadjuvant therapies and response assessment based on digital rectal examination, 

endoscopy, and MRI will be provided. Second, the use of a high-quality restaging rectal 

MRI protocol will be presented. Third, a step-by-step approach to assessing treatment 
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response on restaging rectal MRI following neoadjuvant treatment will be outlined, 

acknowledging challenges faced by radiologists during the interpretation of the rectal MRIs. 

Finally, several research directions related to response assessment will be discussed.

2. Overview of Neoadjuvant Therapy

2.1 Types of neoadjuvant therapy

Neoadjuvant therapy refers to any therapy administered prior to definitive surgical resection. 

Neoadjuvant CRT is characterized by concurrent fluoropyrimidine-based chemotherapy 

(e.g., 5-fluorouracil) as a radiosensitizer, and pelvic external beam radiation therapy 

(17). The standard long-course radiotherapy delivers 45–50 Gy over 25–28 fractions 

(each “fraction” is a one-day visit to the hospital or outpatient site), while short-course 

radiotherapy provides 25 Gy over 5 fractions in one week (18).

Total neoadjuvant therapy (TNT) is a relatively novel approach used in the treatment of 

LARC. TNT delivers both systemic chemotherapy and CRT prior to surgery. The TNT 

approach has shown to result in non-surgical cure in over 50% of patients in the OPRA 

trial (19) and pCR in approximately 40% of patients in a meta-analysis (9).There are 

two main types of TNT, depending on whether systemic chemotherapy is added before 

or after neoadjuvant CRT: induction chemotherapy followed by CRT, and consolidation 

chemotherapy administered after CRT.

Recently, results from several large, prospective, randomized phase III trials assessing 

TNT strategies have been published, such as those from RAPIDO (Rectal cancer And 

Pre-operative Induction Therapy Followed by Dedicated Operation) [NCT01558921], 

OPRA (Organ Preservation of Rectal Adenocarcinoma) [NCT02008656], and PRODIGE 

23 (Partenariat de Recherche en Oncologie Digestive) [NCT01804790]:

• The RAPIDO trial compared standard CRT and TNT which involved short-

course radiotherapy followed by consolidation chemotherapy with CAPOX or 

FOLFOX before surgery. The TNT arm showed an increased pCR rate (28.4% vs 

14.3%, p < 0.001) as well as a decreased rate of disease-related treatment failure 

(23.7% vs 30.4%, p = 0.019), predominantly due to a lower proportion of distant 

metastases (20).

• The OPRA trial compared the 3-year disease-free survival rate between historical 

standard CRT, and induction and consolidation TNT strategies with FOLFOX or 

CAPEOX followed by surgery or organ preservation in cases of clinical complete 

response. The study did not reach its primary endpoint of a 10% improvement 

in 3-year disease-free survival (based on a 75% historical rate) in both arms 

but demonstrated that non-operative management was achievable in half of the 

patients with LARC treated with TNT, without adverse oncological outcomes 

(19). Additionally, the consolidation chemotherapy arm had a significantly 

higher rate of 3-year organ preservation than the induction arm (53% vs 41%, p = 

0.01), without adverse oncological outcomes (19).
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• The PRODIGE 23 trial compared standard CRT versus TNT (which involved 

induction mFOLFIRINOX followed by CRT before surgery and followed by 

adjuvant therapy with mFOLFOX or capecitabine [technically not “TNT”]). 

The results showed increased disease- and metastasis-free survival rates among 

patients in the TNT arm, as well as an increased pCR rate (12% vs 28%, p < 

0.001) (21).

The main advantages of TNT strategies are early treatment of micrometastases, increased 

patient compliance, reduced need for ileostomy, earlier closure of temporary ostomies, and 

increased rates of clinical complete response. However, some possible disadvantages are the 

potential risk of overtreatment, higher toxicity, and no definite data on optimal sequencing 

and type of chemotherapy and CRT regimens (9). Ongoing and future trials are needed to 

determine optimal patient selection and TNT strategies.

2.2 Response assessment

There is no consensus in the literature on the optimal timing of treatment response 

assessment, which varies depending on the trial/treatment design and treatment strategy 

(5). Usually, the first assessment is done at 8–12 weeks after the completion of CRT and 

is based on digital rectal examination, endoscopy, and MRI. The patients are classified into 

three groups (5), as follows:

• Clinical complete response:

– Digital rectal examination: no palpable tumor

– Endoscopy: no residual tumor with or without flat scar, and 

telangiectasia

– MRI: normal appearing rectal wall or only fibrosis, and no suspicious 

lymph nodes

• Near complete response:

– Digital rectal examination: smooth induration and/or minimal mucosal 

abnormalities

– Endoscopy: irregular mucosa, smooth mucosal irregularities, superficial 

ulcer, persistent erythema

– MRI: obvious decrease in size with predominant fibrosis and no or 

borderline lymph nodes

• Poor response (sometimes called incomplete response):

– Digital rectal examination: palpable tumor

– Endoscopy: visible tumor

– MRI: visible tumor and/or lack of nodal regression

Biopsy is not routinely recommended for patients with clinical complete or near 

complete clinical response due to the risk of false-negative results from sampling errors 

(5,22). Patients with clinical complete response may be offered surgery or non-operative 
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management, while patients with near complete response may be offered additional short-

term follow-up or local excision. Among patients with near complete response who undergo 

delayed follow-up 6–12 weeks after initial follow-up, a large proportion (90%) will evolve to 

have clinical complete response (23).

2.3 Organ preservation after neoadjuvant therapy

Although radical resection via total mesorectal excision is considered the standard treatment 

in rectal cancer, organ preservation though curative local excision and non-operative 

management has been increasingly accepted as an alternative option in selected patients with 

clinical complete or near complete response after neoadjuvant therapy. For patients selected 

to undergo the organ preservation pathway, carcinoembryonic antigen (CEA) testing, digital 

rectal examination, endoscopy, pelvic MRI, and chest and upper abdominal CT should be 

routinely performed for 5 years (Table 1) (5).

3. Restaging Rectal MRI Protocol

Overall, the restaging scan protocol is similar to the primary staging MRI protocol, with a 

few differences to allow for adequate comparison with the baseline scan. Of note, diffusion-

weighted imaging (DWI) after bowel preparation is being increasingly recommended.

3.1 Preparation

Spasmolytic agents such as glucagon (1 mg administered intravenously, intramuscularly, or 

subcutaneously) or hyoscine butylbromide (20 mg administered intravenously) are suggested 

to reduce artifacts caused by peristalsis particularly in upper rectal tumors (24).

A microenema 15 minutes before the scan is advised to help remove rectal air and reduce 

artifacts on DWI (25,26).

3.2 Protocol

An MRI scanner with a magnet strength of at least 1.5 T using a phased-array surface coil 

positioned such that the lower edge of the coil lies below the pubic bone is recommended. 

Patients should be positioned comfortably in the supine position. 2D fast spin echo 

(FSE) T2-weighted imaging (T2WI) without fat suppression and DWI are the two main 

recommended sequences. The following sequences have been proven necessary for accurate 

assessment (24):

• T2WI axial large FOV: entire pelvis, including the aortic bifurcation to the anal 

margin

• T2WI sagittal: from one side of the pelvic wall to the other

• Oblique axial of the tumor bed: perpendicular to the tumor bed using a slice 

thickness equal to or less than 3 mm

• Oblique coronal of the tumor bed: using a slice thickness equal to or less than 3 

mm

Horvat et al. Page 5

J Magn Reson Imaging. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



• Oblique coronal of the anal canal: for lower rectal tumors, also using a slice 

thickness equal to or less than 3 mm

• DWI: using a b value of 800 or higher and including apparent diffusion 

coefficient maps (Table 2)

Motion artifacts can impact the imaging quality of the rectal MRI. Strategies other 

than spasmolytics may help, such as adapting the frequency direction as well as using 

postprocessing motion correction procedures (27). Comparison with the baseline scan is 

helpful to determine the location of the tumor and to define the best angulation through the 

tumor bed.

Figure 1 summarizes the techniques that are recommended (“Do’s”), those that overall are 

not recommended (“Don’ts”), and some that are frequently used, with growing evidence of 

their added value in the restaging setting (“Maybe’s”).

Overall, the following preparation and sequences have proven unnecessary: endorectal 

coil, endorectal filling, and T2WI with fat suppression. There is growing evidence that 

a microenema immediately before imaging is helpful in reducing gas-related artifacts on 

DWI, particularly using 3T scanners (26). The use of a gadolinium-based contrast agent is 

variable; of note, while a strong consensus has not been established in the literature, some 

institutions perform post-contrast MRI as part of their restaging rectal MRI protocol and 

some studies have shown good results pertaining to the use of post-contrast MRI in response 

assessment (28,29).

4. Step-by-Step Approach to Restaging Rectal MRI Interpretation

Figure 2 illustrates the key steps in interpreting restaging rectal MRI of the rectum, as well 

as the key findings to be addressed in the report (demonstrated by the mnemonic RECTAL).

4.1 STEP 1: Review clinical information

Before reporting on restaging MRI of the rectum, it is crucial to check the patient’s clinical 

history, such as digital rectal examination and endoscopy if performed, the type of treatment 

received (CRT, TNT), and the length of time since the last treatment (30). When prior 

clinical history is not available, it may be challenging to provide a meaningful conclusion.

As mentioned above, there is no consensus in the literature regarding the optimal timing to 

perform response assessment, including restaging MRI, with the timing varying depending 

on the type of treatment (5,31). However, increased rates of pathologic and clinical complete 

response have been associated with longer time intervals between restaging MRI and the end 

of the NAT (32,33). Overall, the optimal timing to assess response to CRT varies from 8 to 

14 weeks after the completion of CRT, while the optimal timing to assess response to TNT 

tends to be longer, varying from 20 to 34 weeks after the completion of TNT. Notably, early 

response assessment is advocated by some to identify poor responders (5,31).
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4.2 STEP 2: Review baseline MRI

It is advantageous to evaluate the baseline MRI scan, when available, to assess tumor 

location, tumor characteristics, and the presence of any mucinous components prior to the 

interpretation of restaging rectal MRI. After neoadjuvant therapy, the normal rectal wall 

adjacent to or opposite the treated tumor may become edematous and thickened, which can 

be misinterpreted as residual tumor (pseudotumor) by some readers (34). Thus, correlation 

with baseline rectal MRI is very helpful to determine the exact location of the tumor bed 

(Figure 3) (35).

4.3 STEP 3: Evaluate primary tumor response

Overall assessment—Interpretation of the primary tumor response on restaging MRI 

may be challenging. After neoadjuvant CRT, tumors may decrease in size (36), may be 

replaced by fibrotic tissue, or may in a small percentage of cases completely disappear 

with normalization of the layered appearance of the rectal wall (37). The accuracy of 

post-treatment MRI is lower than that of the initial staging MRI (38), due to the difficulty 

in differentiating residual tumor from fibrosis or desmoplastic reaction and misinterpretation 

of radiation changes as residual disease. A meta-analysis by Van der Paardt et al. (39) 

demonstrated that using T2WI alone, restaging MRI has a low sensitivity of 50.4% albeit 

a good specificity of 91.2% for the detection of residual tumor. The addition of DWI 

significantly increases the sensitivity to 83.6%. While DWI yielded a lower specificity of 

84.8%, this did not represent a significant change.

T2WI—On T2WI, scar is visualized as low signal intensity at the site of the primary tumor, 

whereas residual tumor demonstrates intermediate signal intensity (35). Scar tissue should 

follow the same distribution and shape as the primary tumor (40). Rectal wall normalization 

can be seen in 5% of cases and is suggestive of complete response (37).

The MRI tumor regression grade (mrTRG) scale is an adaptation of the TRG used in 

pathology. It consists of a 1–5 scoring system based on the percentage of residual tumor and 

fibrosis post neoadjuvant therapy on T2WI (Table 3) (41). It is associated with disease-free 

and overall survival (42) and radiologists have demonstrated good agreement when using 

mrTRG (κ = 0.57) (Figure 4) (43). However, there is poor association between mrTRG 

and pathologic TRG (44–46). MrTRG has a modest sensitivity of 74% for the detection of 

complete response (44). Nonetheless, this system is widely used in the UK, Canada, and 

some parts of the United States. Its usefulness is currently being tested in the TRIGGER 

trial [NCT02704520]. Modifications to this system to include DWI have been tested with 

some success (47), including a recent study analyzing MRI scans from the TNT trial 

[NCT02921256] and presented at the American Society for Radiation Oncology (ASTRO) 

2021 annual meeting (48). In this study, the addition of DWI to mrTRG (add +1 to mrTRG 

score if DWI+, and subtract 1 if DWI−) resulted in a sensitivity of 53.5%, specificity of 

70.7%, positive predictive value (PPV) of 42.1%, and negative predictive value of 79.1%. 

The low sensitivity and PPV in this study show the need for stronger biomarkers.

DWI—DWI is a non-invasive technique that is sensitive to the structure of biological 

tissue at the microscopic level. DWI has proven to be a clinically useful, non-invasive 
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functional imaging technique used in tumor detection, staging, and for monitoring response 

to treatment in a variety of tumor types. The advantages of this technique include short 

acquisition times, no need for intravenous administration of contrast agent, and the ability 

to indirectly study tissue cellularity through non-invasive probing of the diffusion of water 

molecules in tissue.

The motion of free water molecules without any restriction, named Brownian motion, 

is related to thermal kinetic energy. In biological tissues, microscopic Brownian motion 

detected by DWI includes microcirculation of blood in the capillary network and diffusion 

of water molecules, which is related to the structural components of the tissue. The 

degree of water diffusion in is inversely correlated to the integrity of cell membranes and 

tissue cellularity. Consequently, tissues with high cellular density and numerous intact cell 

membranes, such as viable tumor, will present restriction of motion of water.

The monoexponential diffusion model requires at least two acquisitions with different b 
values, one with a b value of 0 and one with a higher b value, and then ADC maps are 

generated. In the simplest case, the diffusion coefficient is independent of b value and 

described by a single exponential:

S(b) = S(0) ⋅ exp( − b ⋅ ADC)

Where S(b) and S(0) are signal intensities of each voxel with and without diffusion 

weighting, and the quantity b, is the diffusion-sensitizing factor (commonly referred to 

as the b value). The apparent diffusion coefficient, ADC, is a single diffusion coefficient 

which describes a multitude of diffusion properties of tissue, including both diffusion and 

perfusion, and is assumed to be independent of the b value, i.e., D(b) = ADC = constant. The 

b value is a critical parameter in DWI which encodes different tissue properties into the DWI 

signals and controls the degree of diffusion-weighting in the image. The MR signals always 

decrease as b value increases. Higher b values correspond to stronger diffusion effects.

DWI has been shown to increase the diagnostic performance of tumor response assessment 

after neoadjuvant therapy over T2WI alone (39,49) and to improve the performance of 

MRI in predicting complete response (50,51). However, some factors need to be taken into 

account, such as DWI quality, slice thickness, and type of tumor.

Fibrosis has low cellularity and will show low signal intensity on DW images and on 

apparent diffusion coefficient (ADC) maps. On the other hand, residual tumor presents 

high cellularity and will show high signal intensity on DWI with corresponding low ADC 

(Figures 5 and 6). Residual tumor tends to show the same morphology as the tumor on 

baseline; for example, residual tumor of a prior partially circumferential or polypoid tumor 

will show focal restricted diffusion, and a circumferential tumor may show dispersed or 

circumferential foci of restricted diffusion. Keeping this in mind, a “pattern-based approach” 

when evaluating for residual disease increases the sensitivity to 94% and specificity to 77% 

in predicting complete response (40).
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Partial volume effects occur when the voxel intensity is dependent on multiple tissue 

properties within a voxel and occur more frequently when the voxel size (thickness, in-plane 

resolution) is large in comparison to the acquisition parameters. This is one of the limitations 

of DWI which tends to have lower spatial resolution compared to anatomical imaging.

The interpretation of DWI images requires training and expertise. Studies have shown 

moderate inter-reader agreement for DWI (κ = 0.402) (52), which mildly improves by 

adding T2WI (κ = 0.51–0.688) (50,52). In a recent study (6) by OPRA radiologists which 

involved 12 radiologists evaluating the T2WI and DWI features of 39 patients from a single 

surgeon’s practice, the combination of both was overall the best strategy, and yet the mean 

accuracy, sensitivity and specificity was only 64%, 65%, and 63%, respectively.

A study by Gollub et al. showed that most of the positive DWI findings on restaging MRI 

are concordant with endoscopy, with a positive predictive value (PPV) of 86%. Importantly, 

in 22% of discordant findings, endoscopy turned positive on subsequent follow-up within 

3 months, therefore demonstrating that DWI can detect early tumor regrowth (or lack of 

complete regression) prior to endoscopy (53).

When interpreting DWI, it is important to be aware of several pitfalls that may mimic 

residual tumor (54). The most important pitfalls are as follows:

• Artifacts: DWI is susceptible to various artifacts. Rectal MRI is particularly 

prone to susceptibility artifacts from hip prostheses and rectal air. Microenema 

before rectal MRI reduces rectal air, improving image quality. However, 

when DWI is suboptimal, this should be addressed in the report so that the 

multidisciplinary group can account for this in the treatment plan (55).

• T2 shine-through: T2 shine-through corresponds to high signal intensity on both 

DWI and the ADC map. This pitfall is mainly seen secondary to the long T2 

relaxation times of fluid or mucin. When it is within the lumen, a tri-radiate 

configuration is frequently seen (sometimes called the “Mercedes-Benz” sign) 

which is distinct from residual tumor which often demonstrates a nodular 

appearance or focal mural thickening (Figure 7). When mucin is present, MRI 

as of yet cannot differentiate between viable (cellular mucin) and non-viable 

(acellular mucin) disease, as both demonstrate high signal intensity on DWI and 

ADC map.

• T2 dark-through: T2 dark-through corresponds to low signal intensity on both 

DWI and the ADC map and is related to fibrosis. Importantly, if the reader relies 

only on the ADC map, erroneous interpretation of residual disease can be made 

(Figure 7).

Mucin—The presence of mucin can be seen in three different scenarios on restaging MRI 

post neoadjuvant therapy:

• Mucinous tumor with viable disease (cellular mucin): In general, the tumor bed 

will show a mixture of high and intermediate signal intensity on T2WI similar to 
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baseline MRI (35). These tumors are usually associated with poor prognosis and 

high risk for local recurrence (56).

• Mucinous tumor without viable disease (acellular mucin): Tumors with 

mucinous content at baseline may develop acellular mucin post neoadjuvant 

therapy, which is a type of tumor response (57) with no impact on progression-

free survival (58). So far, there is no reliable method for detecting acellular 

mucin short of complete resection.

• Mucin (colloid) degeneration: Mucin degeneration consists of new mucin 

production in non-mucinous tumors, which is seen as high signal intensity on 

T2WI (35) This has been considered as post-treatment response and a sign of 

better prognosis (59); however, residual tumor cells may still exist and avoid 

radiologic detection (Figure 8).

Although the above mucin scenarios can be observed on restaging MRI, there is no 

reliable imaging finding to date that can differentiate cellular from acellular mucin (Figure 

8). Park et al. (60) proposed an mrTRG system dedicated to patients with mucinous 

adenocarcinoma based on staging and restaging MRI rectum comparison, as follows: 

mrTRG 1, complete response and no identifiable residual lesion; mrTRG 2, no residual non-

mucinous component (intermediate signal intensity on T2WI) and only pure mucin (high 

signal intensity on T2WI) and/or dense fibrosis (low signal intensity on T2WI); mrTRG 3, 

decreased nonmucinous component and minimal on restaging MRI; mrTRG 4, moderately 

decreased nonmucinous component (do not meet other criteria); TRG 5, no response 

or increased nonmucinous tumor component. However, this was a hypothesis-generating, 

non-validated study with moderate inter-reader agreement on MRI interpretation and no 

difference in survival among the groups. Consequently, in the absence of radiologist’s ability 

to reliably differentiate between cellular and acellular mucin, such cases will remain in 

need of multidisciplinary input and discussion to determine the best individualized treatment 

options. Of note, MRI-based radiomics has also been investigated as tool to differentiate 

post-treatment residual cellular and acellular mucinous rectal neoplasms, but thus far early 

results show that the radiomics model has only a modest AUC (61).

4.4 STEP 4: Evaluate the relationship of the tumor with adjacent structures

The relationship between the tumor and fibrotic changes with adjacent structures is 

important to delineate to guide treatment planning and provide a roadmap for surgical 

resection. The most important structures to be assessed include: mesorectal fascia (MRF), 

genitourinary organs (bladder, ureters, urethra, prostate, seminal vesicles, uterus, vagina), 

pelvic side wall, vessels (common, internal and external iliac vessels), nerves (sciatic, 

sacral roots, lumbosacral trunk), the sphincter complex (levator ani, puborectalis, external 

sphincter, intersphincteric space, internal sphincter), and osseous structures.

After neoadjuvant therapy, it is challenging to differentiate purely fibrotic tissue from 

fibrosis with residual tumor cells. Circumferential resection margin (CRM) involvement is 

one predictor of local recurrence. On pathology, positive CRM due to MRF involvement 

is associated with local recurrence. MRI after neoadjuvant therapy has a low positive 

predictive value (around 50%) and high negative predictive value (higher than 90%) for 
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CRM involvement (62–64). In efforts to overcome the limitations of MRI, some studies have 

suggested specific morphologic patterns on MRI in addition to applying the distance from 

the MRF (1–2 mm, threatened; < 1 mm, involved). If MRF infiltration is associated with 

MRF thickening, there is a higher risk of positive CRM on pathology. Additionally, DWI 

may play a role in predicting CRM involvement (51).

However, ultimately, MRI tends to overestimate CRM, which was recently confirmed on a 

whole-mount study with 94 patients. The authors demonstrated that only 18% of the margins 

reported as involved on MRI were positive on pathology and that an anterior location 

and tumor proximity to the anal verge were independently associated with reduced MRI 

accuracy (65).

Therefore, it is important for radiologists to be cautious when assessing CRM involvement 

on restaging MRI. The most common challenging scenarios are differentiating pure fibrosis 

from fibrosis with foci of residual disease and cellular from acellular mucin within in 

patients with mucinous tumor. The proper plane of imaging may be helpful to minimize 

overestimation of CRM involvement and the use of a certainty lexicon on the MRI reports 

can be helpful to avoid unnecessary radical interventions (66).

4.5 STEP 5: Evaluate lymph node response

The performance of MRI in nodal restaging after neoadjuvant therapy is better than in the 

primary staging setting, where negative predictive values of up to 95% have been reported 

for the purpose of identifying ypN0 patients (67). After neoadjuvant therapy, most lymph 

nodes decrease in size or even completely disappear on MRI (68).

Mesorectal, obturator, and internal iliac nodes are considered locoregional lymph nodes. 

Common and external iliac nodes, as well as inguinal nodes, are considered non-regional 
lymph nodes (M1 disease). Of note, as an exception, if the lower rectal tumor extends below 

the dentate line (not visible at MRI, but at about the midpoint of the anal canal), inguinal 

nodes are considered regional lymph nodes (69). Additionally, external iliac, internal iliac, 

and obturator nodes are often referred to as lateral pelvic lymph nodes. The boundaries 

between the lateral pelvic lymph nodes are as follows:

• Internal iliac: On and medial to the main trunk of the internal iliac vessels and 

superior to the infrapiriformis foramen.

• Obturator: Lateral to the main trunk of the internal iliac vessels and posterior to 

the external iliac vessels.

• External iliac: Along the external iliac vessels.

Mesorectal lymph nodes—Unlike in the primary staging setting, morphological criteria 

are not recommended to be used in the restaging setting. For mesorectal lymph nodes, 

imaging features that have been most reliably associated with negative mesorectal lymph 

node status on pathology are the non-visualization of lymph nodes on DWI, decrease of 

at least 70% in node size, and lymph nodes measuring less than 0.5 cm in the short axis 

(70–72). In general, nodes measuring less than 0.5 cm should be considered negative. Since 
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no reliable nodal criteria exists, after neoadjuvant therapy, nodes equal to or larger than 

0.5 cm are considered metastatic, although there are false positive and false negative cases 

(Figure 5) (31).

Lateral pelvic lymph nodes—Lateral pelvic lymph nodes are not routinely boosted in 

radiation planning nor are they routinely resected in Western countries. However, patients 

with non-responding enlarged lateral pelvic nodal metastases have a higher risk of local, and 

distant recurrence (73). As such, when positive on imaging, a boost of radiotherapy and/or a 

lymph node dissection may be indicated to improve the clinical outcome (73).

For lateral pelvic lymph nodes, morphologic criteria have not been shown to be helpful 

at primary staging or restaging. As suggested by the Lateral Node Consortium, at primary 

staging, the cut-off is equal to or larger than 0.7 cm in the short axis (74), and at restaging 

MRI, although not widely accepted, the cutoff is 0.4 cm for internal iliac nodes and 0.6 

cm for the obturator (73). It should be emphasized that, similar to the scenario where size 

cut-offs are used for mesorectal nodes at baseline and after treatment, no one-size cut-off 

is perfect, and trade-offs exist between sensitivity and specificity. The sizes quoted here for 

lateral nodes are arbitrarily suggested based on “acceptable” local recurrence risks (15%), 

but these risks are not zero.

4.6 STEP 6: Evaluate extramural vascular invasion and tumor deposit

Both extramural vascular invasion (EMVI) and tumor deposits are associated with worse 

oncological prognosis (75). Regression of EMVI after neoadjuvant therapy is associated 

with improved survival when compared with persistent EMVI (76).

EMVI is defined on pathology as direct tumor invasion into extramural vessels. On MRI, 

EMVI is characterized by prominent tubular structures containing intermediate signal 

intensity on T2WI emanating from the tumor region, with or without irregular contour.

Tumor deposit is defined as a tumoral lesion in the mesorectum discontinuous from 

the tumor without lymphoid tissue on pathology (77). On imaging, it is challenging to 

differentiate a tumor deposit from a lymph node; usually, tumor deposits are irregular 

nodules that cannot be separated from the vessels. If a tumor deposit is present, it is 

considered N1c disease according to the American Joint Committee on Cancer 8th edition 

classification.

After neoadjuvant therapy, edema, desmoplastic reaction, and inflammatory changes may 

reduce the ability of MRI to detect viable tumor within EMVI or within a tumor deposit. 

DWI may be an additional tool to improve the detection of EMVI (78). MRI, however, is 

particularly valuable during non-operative management, when the patient may present with 

tumor regrowth in the form of EMVI or in a tumor deposit which cannot be detected on 

endoscopy but which is readily detectable on MRI (Figure 9).

4.7 STEP 7: Provide a clinically meaningful conclusion

After neoadjuvant therapy, it is important to provide a clear interpretation of the imaging 

findings and to classify the patient into (radiological) clinical complete response (Figure 
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10), near complete response, or poor/incomplete response (recently “incomplete response” 

has been preferred, albeit not well defined yet). In cases of viable tumor, highlighting the 

extra-mesorectal involved structures is relevant, since conventional total mesorectal excision 

will not remove them, increasing the risk of local recurrence in these cases.

For patients undergoing non-operative management after an initial diagnosis of clinical 

complete response, the following definitions are important:

• Locoregional regrowth: detection of tumor involving either the bowel well, 

mesorectum, and/or pelvic organs (Figure 8)

• Local regrowth: detection of tumor within the bowel only

For patients who have undergone local excision or total mesorectal excision, the following 

definitions are important:

• Locoregional recurrence: detection of tumor involving either the bowel well, 

mesorectum, and/or pelvic organs

• Local recurrence: detection of tumor within the bowel only (5)

5. Research Directions on Response Assessment

Over the last several years, several research initiatives have explored ways to improve 

the diagnostic performance of MRI in assessing tumor response after neoadjuvant therapy. 

Although promising, larger validation studies are awaited before the following methods can 

be recommended as the standard of care.

5.1. Tumor volumetry

Tumor volumetry is being evaluated as a potential tool for response assessment after 

neoadjuvant therapy. However, it may be difficult to differentiate residual tumor from other 

post-treatment changes using volumetric measures based on T2WI alone, due to fibrotic 

changes, inflammatory changes, and edema. Furthermore, unless automated, this tool would 

be cumbersome to incorporate into daily practice.

One study demonstrated that tumor volume on T2WI and its reduction correlated with 

the ypT stage, although MRI overestimated the volume of residual tumor (79). In another 

study, the authors evaluated tumor volume based on DWI (defining total lesion diffusion 

as the total DWI tumor volume multiplied by mean volumetric ADC), demonstrating that 

tumor volume based on DWI was correlated with pathological tumor regression and was 

comparable to DWI- and DCE-based volumetry (80).

Pooled analysis demonstrated the superiority of DWI over T2WI volumetry, wherein 

volumetric DWI measurements after neoadjuvant therapy were able to predict pCR with 

a sensitivity and an overall accuracy of 65% and 90%, respectively (81).

5.2. Functional imaging

DWI may provide functional information on the microstructure of the tumor environment 

through the assessment of differences in water proton mobility (82). Water diffusion 
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characteristics depend on several factors such as cell density, vascularity, viscosity of the 

extracellular fluid, and cell membrane integrity. By quantifying these properties using the 

ADC map, DWI can be used as an imaging biomarker to predict tumoral response (83).

With regard to the qualitative, visual assessment of images, studies have investigated the use 

of DWI with different FOV sizes and b values as a tool for treatment response prediction. 

Bates et al. demonstrated similar accuracy between b800 and b1500 mm/s2 sequences, 

albeit there was a trend towards increased sensitivity with the b1500 mm/s2 sequence 

(84). Hausmann et al. demonstrated that ultra-high b value DWI (b2000 mm/s2) could be 

beneficial in both primary and restaging MRI (85). With regard to FOV size, some studies 

demonstrated improved image quality with a smaller FOV (86), while others failed to show 

any difference in quality (87).

With regard to model-based, quantitative assessment, mean ADC values on pre-treatment 

images have been shown to be negatively correlated with post-treatment tumor size, 

suggesting the potential of ADC to predict treatment response (88). One study also evaluated 

the relationship between ADC parameters and tumor volume reduction or histopathological 

response to predict the therapeutic response to CRT, showing that the relative change 

in ADC among histopathological responders was significantly higher than that among 

non-responders (p < 0.005) (89). However, in other studies, ADC measurements failed 

to accurately distinguish complete responders from partial responders, probably related to 

region of interest size and positioning differences for tumor ADC value calculation (90,91).

A more granular assessment of the tumor microenvironment can be extracted from DWI 

when multiple b values are employed. Termed intravoxel incoherent motion (IVIM), this 

model-based analysis reveals water diffusion and microcirculation perfusion, reflecting 

microvascular perfusion and diffusion of water molecules in living tissues, ultimately 

allowing the separation of perfusion and diffusion contributions within the image (92), with 

the advantage of teasing out the individual components of overlapping tissues.

IVIM using bi-exponential modeling, first proposed by Le Bihan et al. to separate 

perfusion and diffusion characteristics in the brain (92), has garnished substantial interest 

in characterizing tissues in the body. To estimate diffusion parameters with this model, the 

diffusion signal is measured for a large number of b values, ranging from very low to high. 

The effect of perfusion on the total signal is modeled by taking into account the volume 

fraction f of the tissue water flowing through the microvessel. According to this model, the 

signal attenuation is given by:

S(b) = S(0) ⋅ [(1 − f)exp( − b ⋅ D) + f ⋅ exp(−b ⋅ D∗)]

where S(b) and S(0) are the signal amplitudes at b values b and zero, respectively, D is 

the diffusion coefficient, f is the volume fraction of water in perfused capillaries, and D* is 

defined as a pseudo-diffusion coefficient, which is dependent on the mean path length and 

blood velocity within the capillary network.
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IVIM has been applied to preoperatively assess rectal cancer treatment response (93,94), 

detect EMVI (95), and to serve as an early predictor of complete response a few days after 

the beginning of the treatment (96).

MRI spectroscopy is also being studied as a biomarker for monitoring treatment response. 

Some studies have suggested that a decreased choline peak is a potential biomarker of 

response. These results await further validation (97).

5.3. PET

Metabolic response as seen on 18F-fluorodeoxyglucose positron emission tomography/

computed tomography (18F-FDG PET/CT) can be detected earlier than a decrease in 

tumor volume (98). There are several FDG PET/CT predictive parameters of rectal 

cancer response to CRT, including visual response, maximum standardized uptake value 

(SUVmax), percentage SUVmax reduction, total lesion glycolysis (TLG), and metabolic 

tumor volume (MTV) (99).

Some studies in rectal cancer have reported that TLG and MTV are strong pre-treatment 

prognostic factors for cancer recurrence and cancer-related death. Patients with high TLG 

or MTV had a worse clinical outcome (100). Another study concluded that higher SUVmax 

is significantly associated with shorter survival, and that SUVmax is a useful preoperative 

prognostic factor (101). However, another study reported that high FDG uptake of primary 

mass in resectable colorectal cancer does not have a significant relationship with tumor 

recurrence and disease-free survival (102).

PET/MRI is a promising tool that may add anatomical resolution to the standard PET/CT. In 

the restaging setting after neoadjuvant therapy, the primary tumor’s metabolic characteristics 

can add value to deciding whether or not to pursue organ preservation (103). Concordance 

between PET and MRI findings in showing clinical complete response can increase the 

confidence of selecting a non-operative management approach. In addition, the combination 

of MRI with FDG-PET may improve response characterization. It has been demonstrated 

that the percent change in tumor SUVmax and changes in the ADC map post-CRT are 

predictors of outcome, although SUVmax may not reflect the heterogeneous nature of the 

tumor.

Volume-based PET parameters such as metabolic tumor volume (MTV) and total lesion 

glycolysis (TLG) have been developed to measure the metabolic activity in the entire 

tumor mass (104). One study indicated that a higher SUV-to-ADC ratio can predict a more 

aggressive tumor (105), although given the tight inverse correlation between SUV and ADC, 

it is unclear what the additive value is of DWI and SUV. Metabolism may correlate with 

cellular density, although frequently these factors move inversely, while DWI correlates 

more with changes in fibrosis and the extracellular space volume (106).

FDG PET/MRI is also valuable in identifying distant metastases and tumor recurrence (107). 

In the setting of recurrent tumor, suspicious lesions on PET/MRI had a sensitivity and 

specificity of 94% with histopathology as the standard of reference, although no comparison 

to MRI or PET imaging interpretations were reported (108).
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5.4. Radiomics

Radiomics is a bioinformatics tool that correlates the textural features obtained from a given 

region of interest or volume of interest with a specific clinical endpoint, including histology 

and treatment response (109,110). The textural features provide quantitative data of the 

image that may or may not be perceptible to human eyes (111).

With the ability to extract vast quantitative information from imaging, radiomics (110,112) 

is being increasingly investigated for its potential to non-invasively predict treatment 

response after neoadjuvant therapy in patients with LARC (113). Previous radiomic models 

have shown promising results based on pre- and/or post-neoadjuvant therapy MRI using 

either T2WI or multiparametric sequences (114,115). Radiomics has also been shown to 

effectively predict the status of lymph nodes as well as KRAS mutation (116) prior to 

neoadjuvant therapy in patients with LARC, providing a basis for clinical decision-making 

(117). Radiomics of the mesorectal fat has shown promising results as an important 

prognostic biomarker to predict pathological complete response, post-treatment T and N 

stages, as well as local and distant recurrence (118,119). Radiomics has also shown a 

potential tool to distinguishing cellular from acellular mucin (61). Although promising, 

the generalizability of radiomics-based results across multiple institutions using multiple 

different MRI vendors and sequences is still limited and further improvements are needed to 

implement any of the obtained data into clinical decision-making algorithms (120).

5.5. Adaptive risk trials

Considering the increasing number of neoadjuvant therapy strategies and the broad spectrum 

of possible toxicities, there is an urgent need for adaptive risk trials aiming at personalized 

treatment of LARC based on individual patient and tumor characteristics. Rectal MRI has 

demonstrated the potential to add value to such treatment algorithms.

6. Conclusion

Rectal MRI plays a key role in the assessment of treatment response after neoadjuvant 

therapy and its role will be even more important, in light of the increasing adoption of 

non-operative management as a viable alternative. Radiologists will continue to add value 

through their awareness of the types and rationale of the various neoadjuvant treatment 

approaches, current and best practices in the performance of a high-quality MRI protocol, 

and a stepwise systematic MRI rectum review, as well as through their critical input during 

multidisciplinary discussions. These fundamental steps will promote personalized treatment 

plans with the ultimate goal of improved outcomes.
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Figure 1. 
Rectal MRI techniques that are recommended (“Do’s”), those that overall are not 

recommended (“Don’ts”), and some that are frequently used, with growing evidence of 

their added value in the restaging setting (“Maybe’s”).
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Figure 2. 
Diagram showing a step-by-step approach to interpreting restaging MRI of the rectum. The 

mnemonic RECTAL summarizes the key findings to be addressed in the restaging report.
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Figure 3. 
MRI of the rectum at baseline (a–c) as well as at restaging (d–f) after chemoradiation 

therapy. Baseline comparison allows for the delineation of the tumor bed (c and f, red 

shading). The opposite rectal wall shows mild submucosal edema (arrow).
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Figure 4. 
MRI tumor regression grade (mrTRG) chart demonstrates the 5-point scoring system based 

on the proportion of residual tumor and fibrosis after neoadjuvant therapy on T2WI.
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Figure 5. 
Baseline rectal MRI (a–d) shows, on T2WI, a low rectal tumor (a–b), T3N1, with diffusion 

restriction (c–d) infiltrating the prostate gland (white arrows). Restaging rectal MRI (e–h) 

demonstrates decreased rectal tumor, with few areas of fibrosis and mostly viable tumor 

with intermediate signal intensity on T2WI (mrTRG 4) (e–f), with areas of diffusion 

restriction (high signal intensity on DWI (g) and low signal intensity on ADC map 

(h)), inseparable from the prostate gland and seminal vesicles, consistent with incomplete 

response. . The patient underwent abdominoperineal resection, which demonstrated residual 

tumor infiltrating the prostate gland and seminal vesicles (ypT4b).
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Figure 6. 
Baseline MRI (a–c) shows low rectal tumor with restriction on diffusion. Restaging MRI 

(d–f) demonstrates decreased size of primary tumor with thick scar and areas of intermediate 

signal intensity on T2 (mrTRG 3) (d) and diffusion restriction, high signal intensity on 

DWI (e) and low signal intensity on ADC map (f), consistent with incomplete response. 

(g) Restaging colonoscopy shows viable tumor. The patient underwent abdominoperineal 

resection and pT2N0 was confirmed.
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Figure 7. 
Two examples of negative DWI obtained as part of restaging rectal MRI. (a–b) T2 shine-

through effect, with high signal intensity within the rectal wall on DWI and the ADC map. 

(c–e) T2 dark-through shows the rectal wall scar with low signal intensity on T2 imaging, 

DWI, and ADC due to fibrosis. Viable tumor should be considered only in cases with 

high signal intensity on DWI and low signal intensity on ADC map within the tumor bed. 

Comparison with baseline scans may also be of value.
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Figure 8. 
Baseline rectal MRI showing (a) a non-mucinous tumor. After neoadjuvant therapy, the 

patient developed (b) mucinous degeneration (black arrow). The patient underwent surgical 

resection and the pathology demonstrated viable tumor. Currently, MRI cannot differentiate 

cellular from acellular mucin.
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Figure 9. 
A patient with T1-2N0 lower rectal tumor at baseline (a) underwent chemoradiotherapy 

with clinical complete response on nonoperative management. 12 months after 

chemoradiotherapy, there was no evidence of tumor regrowth on MRI (b), digital rectal 

examination (DRE), and endoscopy. 24 months after chemoradiotherapy (d), there was new 

isolated EMVI, without tumor regrowth within the tumor bed on MRI, DRE, or endoscopy, 

consistent with locoregional regrowth.
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Figure 10. 
Baseline rectal MRI (a) shows on T2WI a c-shaped tumor (black arrow). Restaging MRI 

(b–c) shows decreased tumor with thin scar (mrTRG 1) without diffusion restriction. 

Endoscopy (d) shows telangiectasia and no residual tumor. The patient was classified as 

clinical complete response and is under nonoperative management without evidence of 

tumor regrowth.
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Table 1.

International consensus recommendations on follow-up for patients with locally advanced rectal cancer 

undergoing organ preservation.

Year DRE CEA Endoscopy Pelvic MRI Chest/Abdominal CT

1 3-4 months 3 months 3-4 months 3-4 months 6-12 months

2 3-4 months 3 months 3-4 months 3-4 months Annually

3 6 months 3 months 6 months 6 months Annually

4 6 months 6 months 6 months 6 months Annually

5 6 months 6 months 6 months 6 months Annually

Abbreviations: CEA, carcinoembryonic antigen; CT, computed tomography; DRE, digital rectal examination; MRI, magnetic resonance imaging
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Table 2.

Suggested sequence parameters for DWI sequences (based on the authors’ GE magnets)

1.5T 3.0T

b value (s/mm2) 0, 800 0, 800

TR, ms 8000 8000

TE, ms min min

Slice thickness (mm) 8 5

Number of slices 46 46

Matrix 128×128 128×128

FOV (mm2) Fit to anatomy Fit to anatomy

Averages 16 14

Acceleration factor 2 2

Abbreviations: FOV, field of view; min, minimum; TE, echo time; TR, repetition time

J Magn Reson Imaging. Author manuscript; available in PMC 2024 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Horvat et al. Page 36

Table 3.

Summary of magnetic resonance imaging tumor regression grade (mrTRG) (43).

Scale mrTRG

1 No/minimal fibrosis visible (thin linear scar) and no tumor signal

2 Dense fibrotic scar (low signal intensity) but no macroscopic tumor signal

3 Fibrosis predominates but obvious measurable areas of tumor signal visible

4 Tumor signal predominates with little/minimal fibrosis

5 Tumor signal only: no fibrosis or increased tumor
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