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Abstract

Magnetic resonance imaging (MRI) is routinely used for preoperative tumor staging

and to assess response to therapy in rectal cancer patients. The aim of our study was

to evaluate the accuracy of MRI based restaging after neoadjuvant chemoradiotherapy

(CRT) in predicting pathologic response. This multicenter cohort study included adult

patients with histologically confirmed locally advanced rectal adenocarcinoma treated

with neoadjuvant CRT followed by curative intent elective surgery between January

2014 and December 2019 at four academic high-volume institutions. Magnetic reso-

nance tumor regression grade (mrTRG) and pathologic tumor regression grade (pTRG)

were reviewed and compared for all the patients. The agreement between radiolo-

gist and pathologist was assessed with the weighted k test. Risk factors for poor

agreement were investigated using logistic regression. A total of 309 patients were

included. Modest agreement was found between mrTRG and pTRG when regres-

sion was classified according to standard five-tier systems (k = 0.386). When only

two categories were considered for each regression system, (pTRG 0-3 vs pTRG 4;

mrTRG 2-5 vs mrTRG 1) an accuracy of 78% (95% confidence interval

[CI] 0.73-0.83) was found between radiologic and pathologic assessment with a k

value of 0.185. The logistic regression model revealed that “T3 greater than 5 mm

extent” was the only variable significantly impacting on disagreement (OR 0.33,

95% CI 0.15-0.68, P = .0034). Modest agreement exists between mrTRG and

pTRG. The chances of appropriate assessment of the regression grade after

neoadjuvant CRT appear to be higher in case of a T3 tumor with at least 5 mm

extension in the mesorectal fat at the pretreatment MRI.

Abbreviations: ARJ, anorectal junction; CR, complete response; CRT, chemoradiotherapy; EMVI, extramural venous invasion; LASSO, least absolute shrinkage and selection operator; MRI,

magnetic resonance imaging; NCCN, National Comprehensive Cancer Network; TRG, tumor regression grade.
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What's new?

The watch-and-wait approach is a promising organ-preserving strategy for rectal cancer patients

with complete or near-complete response to neoadjuvant chemotherapy. The early clinical

success of this approach warrants reassessment of the current magnetic resonance imaging

(MRI)-based tumor regression grade (mrTRG) scoring system for detecting pathological

response. Here, the authors analyzed agreement between the mrTRG system and the classical

pathological tumor regression grade (pTRG) system. Analyses reveal modest agreement between

the two when regression is classified according to standard five-tier systems. The findings

indicate that mrTRG is not a reliable surrogate marker of complete pathologic response in locally

advanced rectal cancer.

1 | INTRODUCTION

Neoadjuvant chemoradiotherapy (CRT) followed by radical surgical

resection represents the standard of care for locally advanced rectal

cancer.1 Organ-preserving treatments such as the watch-and-wait

strategy are increasingly considered as an alternative to surgery in

patients showing a complete clinical response (cCR) or near-complete

response (nCR) to CRT.2 The most extensive study of 880 patients

published by the International Watch and Wait Data registry reported

a 5-year overall survival of 85% and 5-year disease-specific survival of

95%.3 The encouraging oncological results of the watch and wait

approach2-4 increase the need for an accurate clinical response evalu-

ation tool to reliably identify those patients with cCR or nCR.5

Magnetic resonance imaging (MRI) is routinely used for preopera-

tive tumor staging and to assess response to therapy in rectal cancer

patients.6 The size of the tumor and qualitative change in signal inten-

sity are the main criteria used for response evaluation through an

imaging-based tumor regression scoring system (mrTRG)6 developed

based on the principles of the pathological tumor regression grading

(pTRG).7 Nevertheless, few studies have analyzed the accuracy of

mrTRG scoring in predicting response to neoadjuvant therapy.8,9

Hence, there is a need to investigate the agreement between radio-

logic and pathological tumor regression to assess the safety of pursu-

ing a watch and wait strategy in a real-world practice setting.

The aim of our study was to evaluate the accuracy of MRI based

restaging after neoadjuvant CRT in predicting pathologic response in

four high-volume institutions with longstanding experience in rectal

cancer treatment.

2 | METHODS

2.1 | Patients

This observational study included adult (age > 18 years old) patients

with histologically confirmed locally advanced rectal adenocarcinoma

(clinical T3-T4N0M0 or T[any]N + M0) treated with neoadjuvant CRT

followed by curative intent elective surgery between January 2014

and December 2019 at four academic high-volume institutions: the

Division of Colon and Rectal Surgery, Mayo Clinic, Rochester, MN;

the Department of Visceral Surgery, Centre Hospitalier Universitaire

Vaudois (CHUV), Lausanne, Switzerland; the Division of Minimally-

Invasive Surgery, ASST Grande Ospedale Metropolitano Niguarda,

Milan, Italy and the Division of Colon and Rectal Surgery, IRCCS

Humanitas Research Hospital, Rozzano, Milan. Exclusion criteria com-

prised stage IV disease, inflammatory bowel disease-related cancer,

urgent surgery, short-course radiotherapy and lack of MRI synoptic

report data. Patients with high rectal tumors who were not treated

with neoadjuvant radiotherapy were not included in the present

study.

All included patients had a pelvic MRI at baseline and a second

pelvic MRI after neoadjuvant CRT. Interpretation and reporting of

MRI for baseline staging was performed through a structured report

adopted by each center involved in the present study.10,11 All MRI

reports were presented according to international standards and vali-

dated by board-certified specialized lower gastrointestinal radiolo-

gists. Threatened radiological margins were defined as the shortest

distance of ≤1 mm between the mesorectal fascia and the tumor mar-

gin. For T3 tumors, the presence of extramural extension equal to or

beyond 5 mm was recorded. Extramural venous invasion (EMVI) was

defined as presence of tumor cells in the vasculature beyond the

muscularis propria. Tumor height was defined on MRI as the shortest

distance in a straight line from the lower edge of the tumor to the top

of the anorectal junction, and divided into less than 1 cm, 1 to 5 cm

and greater than 5 cm. Time intervals between the end of neo-

adjuvant CRT and the second MRI and between the second MRI and

the date of surgery were reported.

According to the National Comprehensive Cancer Network

(NCCN) guidelines, neoadjuvant treatment was administered at each

center with different long-course CRT regimens.1 To simplify both

data collection and analysis, all the regimens were classified into two

different categories: standard CRT (capecitabine/long-course RT or
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infusional 5-FU/long-course RT or bolus 5-FU/leucovorin/long-

course RT) or a combined regimen of long course chemotherapy

(FOLFOX or CAPEOX or 5-FU/leucovorin or capecitabine) followed

by standard CRT.1

Data were collected separately in each center, and all the relevant

information was collectively stored in a dedicated anonymized data-

base (REDCAP platform) to facilitate data management and analysis.12

2.2 | Tumor regression grade (mrTRG and pTRG)

The assessment of response to neoadjuvant CRT was reported

according to the five tiers classification of the mrTRG. Initially devel-

oped by the MERCURY study group, the mrTRG score derived from

pTRG was defined by the proportion of presumed residual tumor and

fibrotic change on T2-weighted images6 (Table 1). On postneoadjuvant

CRT T2-weighted imaging, the fibrotic portion shows dark signal inten-

sity, while the amount of residual tumor demonstrating intermediate

signal intensity, similar to that of the initial tumor. Diffusion-weighted

imaging (DWI) and tumor volumetry were included in the rectal MRI

protocols.13 DWI analyses how water molecules are free to move in a

certain tissue. In highly cellular tissues, such as tumor tissue, the diffu-

sion capacity of water is restricted and the signal is retained. Con-

versely, free diffusion can be seen in hypocellular tissues, such as

fibrotic scar. Therefore, the addition DWI to standard T2-weighted

improves the ability MRI to differentiate between patients with a com-

plete tumor response and those with residual tumor.14

As already reported in the literature, treatment response in the

primary tumor and the lymph nodes may show discrepancies.15 In

case of remnant suspicious lymph nodes after CRT at the restaging

MRI, even in case of complete or near complete response of the pri-

mary tumor (cT0N+), patients were considered to be moderate

responders (mrTRG3). In general, any lymph node with an irregular

border, mixed signal intensity and/or size >8 mm in the short axis was

reported as suspicious.16

Rectal specimens were routinely sampled and analyzed by board-

certified pathologists and Dworak regression scale was used to esti-

mate the response to neoadjuvant chemotherapy7 (Table 1). All the

histological specimens were analyzed with similar methods across the

four institutions. Tumor or fibrotic area was identified and described

macroscopically. Five to ten blocks were obtained from formalin fixed

areas of macroscopic residual tumor or fibrotic tissue (in case of no

macroscopic residual tumor). Five micrometer thick slides from each

block were examined. If no tumor was found on the first slide, three

levels were cut on all blocks from the tumor site (or fibrotic area) fol-

lowing a step section technique. Histological typing and grading were

performed according to the WHO classification of tumors17 and stag-

ing to the UICC 7th edition.18

2.3 | Study objectives

The study's primary aim was to evaluate the accuracy of the radiologic

presurgery assessment by comparing the mrTRG to the pTRG score

(defined as gold standard), to detect pathological response after neo-

adjuvant CRT. The secondary aim was to define factors (patient-

related or tumor-related) that can impact the ability of the mrTRG

score to predict pathologic response.

2.4 | Statistical analysis

The calculated sample size required for our study, considering 90%

power and a 5% two-sided level of statistical significance, was

TABLE 1 Magnetic resonance and pathological tumor regression grade

Magnetic resonance tumor regression grade Pathological tumor regression grade

mrTRG 5 (no response) No regression (intermediate

signal intensity, same

appearances as original tumor)

pTRG 0 (no response) No regression

mrTRG 4 (slight response) Slight regression (little areas of

low signal intensity fibrosis or

mucin but mostly tumor)

pTRG 1 (minimal response) Dominant tumor mass with

obvious fibrosis and/or

vasculopathy

mrTRG 3 (moderate response) Moderate regression (low signal

intensity fibrosis predominates

but there are obvious areas of

intermediate signal intensity)

pTRG 2 (partial response) Dominantly fibrotic changes

with few tumor cells or

groups (easy to find)

mrTRG 2 (near complete response) Good regression (predominant

low signal intensity fibrosis

with no obvious residual

tumor signal)

pTRG 3 (near complete

response)

Very few (difficult to find

microscopically) tumor cells

in fibrotic tissue with or

without mucous substance

mrTRG 1 (complete response) Complete regression (absence of

tumor signal and barely visible

treatment related scar)

pTRG 4 (complete response) No tumor cells, only fibrotic

mass (total regression or

response)

Abbreviations: mr, magnetic resonance; p, pathologic; TRG, tumor regression grade.
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292 patients. This value was calculated for a weighted Cohen's k with

k0 = 0.7 and k1 = 0.8. In order to correctly estimate the sample size, a

preliminary analysis of 88 cases was conducted. Sample size calcula-

tion was performed with R (package “irr”). Continuous variables are

shown as mean ± SD and medians with range, while categorical vari-

ables as frequency (percentage). Interrater reliability between mrTRG

and pTRG was assessed using the weighted k test. This analysis

was conducted both with a five-tier regression scale and a two-tier

regression scale (ie, pTRG 0-3 vs pTRG 4; mrTRG 2-5 vs mrTRG

1 and pTRG 0-3 vs pTRG 4; mrTRG 3-5 vs mrTRG 1-2). Cohen's

kappa statistic, k, is a measure of agreement between categorical

variables X and Y. For example, Kappa statistic can be used to

assess the agreement between alternative methods of categorical

assessment when new techniques are under study. Kappa statistic

can also be used to compare the ability of different raters to clas-

sify subjects into one of several groups, as it was used in our

study.19 Perfect agreement is evident when Cohen's kappa equals

1; a value of Cohen's kappa equal to zero suggests that the agree-

ment is no better than that which would be obtained by chance

alone. Although there is no formal scale, the level of agreement is

considered moderate when k is greater than 0.4.20

Sensitivity, specificity, positive predictive value (PPV) and neg-

ative predictive value (NPV) were calculated using a dichotomous

classification to assess the ability of MRI to identify complete

pathological responders (ie, pTRG 0-3 vs pTRG 4; mrTRG 2-5 vs

mrTRG 1 and pTRG 0-3 vs pTRG 4; mrTRG 3-5 vs mrTRG 1-2). Pre-

dictive factors associated with a worse agreement between radio-

logical and pathological response to CRT using a two-tier

regression scale ((ie, pTRG 0-3 vs pTRG 4; mrTRG 3-5 vs mrTRG

1 and 2) were investigated through multivariate logistic regression

analysis. Factors related to poor agreement between mTRG and

pTRG for the multivariate regression model were determined using

the least absolute shrinkage and selection operator (LASSO) with

bootstrapping technique. A P-value <.05 was considered to be

statistically significant. All tests were two-sided. Statistical analysis

was performed using R (version 4.1.0).

3 | RESULTS

A total of 309 patients represented the study population. One

hundred and eight patients (34.9%) had a complete or near complete

radiologic response (mrTRG 1 or 2), 143 patients (46.4%) had a mod-

erate response (mrTRG 3) while in 58 patients (18.7%) a poor regres-

sion (mrTRG 4 or 5) was observed. Additional patient and tumor

characteristics are summarized in Table 2. The median time from the

end of CRT to the preoperative MRI scan was 48 days (IQR: 35-64).

The median time from the preoperative MRI scan to surgery was

29.5 days (IQR: 18-44).

Abdominoperineal resection was performed in 56 patients (18.1%),

while 253 subjects were submitted to low anterior resection and anas-

tomosis. Pathologic regression analysis on resected specimens revealed

112 patients (36.2%) with complete or good regression (pTRG 4 or 3),

139 patients (45%) with partial regression, while 58 patients (18.8%)

showed poor or no response to treatment (Table 3).

3.1 | Interrater agreement analysis (five-tier
regression scale)

The agreement plot with the five-tier regression scale is displayed in

Figure 1. In 127 out of 309 cases (41.1%) radiologic and pathological

quantitated tumor regression using specular regression categories and

weighted k analysis showed a k value of 0.386. Percentage of underes-

timation and overestimation of the pathological regression by the MRI

for each grade (pTRG 4-0) are displayed in Figure 2. Among 57 patients

who were found to be complete responders to neoadjuvant treatment

at pathological report (pTRG 4), 24 (42.1%) were considered to have

less pronounced regression according to MRI (mrTRG 3-4).

TABLE 2 Patients and tumor characteristics

Total
Variable n = 309 (%)

Age (years), mean (±SD) 66.1 (±13.7)

Gender (male) 182 (58.9%)

Body mass index (kg/m2), mean (±SD) 27.9 (±3.1)

BMI >30 61 (19.7%)

Height from ARJ in cm

<1 cm 77 (24.9%)

≥1 cm 232 (75.1%)

Clinical T-stage

cT1-2 48 (15.5%)

cT3 237 (76.7%)

cT4 24 (7.8%)

Clinical N-stage

N0 54 (17.4%)

N+ 255 (82.6%)

Clinical extramesorectal lymph nodes 71 (22.9%)

Threatened/involved mesorectal fascia 121 (39.1%)

Anterior location 159 (51.4%)

EMVI positive on baseline MRI 31 (10.3%)

T3 greater than 5 mm extent 128 (41.4%)

Longitudinal extent >40 mm 152 (49.3%)

mrTRG

1 40 (12.9%)

2 68 (22.0%)

3 143 (46.3%)

4 44 (14.2%)

5 14 (4.5%)

Abbreviations: ARJ, anorectal junction; EMVI, extramural venous invasion;

mr, magnetic resonance; MRI, magnetic resonance imaging; TRG, tumor

regression grade.
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Understaging occurred in 22 patients (40%) who were graded as

mrTRG 1 at the second MRI and turn out to be only near complete

responders (pTRG 3) at the pathologic examination.

3.2 | Interrater agreement analysis (two-tier
regression scale)

Table 4 summarizes the accuracy of mrTRG 1 and mrTRG 1 to 2 for

the diagnosis of pathologic CR (pTRG 4) within the entire cohort.

When only two categories were considered for each regression

system, (pTRG 0-3 vs pTRG 4; mrTRG 2-5 vs mrTRG 1) an accuracy of

78% (95% confidence interval [CI] 0.73-0.83) was found between

radiologic and pathologic assessment with a k value of 0.185 (95% CI

0.05-0.31). The sensitivity and specificity of mrTRG 1 for the diagno-

sis of pTRG 4 were 38% (95% CI 23-54%) and 84% (95% CI

0.79-0.88), respectively.

When considering both mrTRG 1 and 2 for the diagnosis of pTRG

4 the weight k analysis showed a k value of 0.209 (95% CI 0.10-0.31),

while the accuracy, sensitivity and specificity were 0.67 (95% CI

0.62-0.73), 0.57 (95% CI 0.44-0.70) and 0.70 (95% CI 0.64-0.75),

respectively.

40   68   143   44   14

12pTRG0

46pTRG1

pTRG2

139

55pTRG3

57pTRG4 

mrTRG1 mrTRG2 mrTRG3 mrTRG4 mrTRG5

F IGURE 1 Agreement chart: mrTRG and pTRG (five-tier
regression scale). Percent of agreement = 41.1%; k = 0.386; 95%
CI = 0.28 to 0.49. In case of perfect agreement, the rectangles
determined by the marginal totals are all perfect squares and the
shaded squares determined by the diagonal cell entries are exactly
equal to the rectangles. Lesser agreement is visualized by comparing
the area of the blackened squares to the area of the rectangles, while
observer bias is visualized by examining how rectangles deviate from
the 45� diagonal line

0% 20% 40% 60% 80% 100%

pTRG 4

pTRG 3

pTRG 2

pTRG 1-0

Underestimated by MRI Concordance  Overestimated by MRI

F IGURE 2 Accuracy of mrTRG for the
assessment of histopathologic regression
(five-tier regression scale)

TABLE 3 Operative details and pathological outcomes

Total
Variable n = 309 (%)

Procedure

APR 56 (18.1%)

LAR 253 (81.9%)

pTRG

0 12 (3.9%)

1 46 (14.9%)

2 139 (45%)

3 55 (17.8%)

4 57 (18.4%)

Tumor stage (p)

pT0-1 85 (27.5%)

pT2 83 (26.9%)

pT3 130 (42.1%)

pT4 11 (3.5%)

N-stage

N0 197 (63.7%)

N1 87 (28.2%)

N2-3 25 (8.1%)

Abbreviations: APR, abdominoperineal resection; LAR, low anterior

resection; p, pathologic; TRG, tumor regression grade.
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A series of variables, both patient-and tumor-related, were identi-

fied within the dataset in order to investigate which factors could

impact the ability of the mrTRG 1 to 2 to predict pathologic CR (“Clin-
ical T2,” “Clinical T3,” “preoperative MRI scan to surgery,” “end of

CRT to surgery,” “Clinical extramesorectal lymph nodes,” “anterior
location,” “threatened/involved mesorectal fascia,” “Clinical N+,”
“standard CRT,” “LCCT + standard CRT,” “height from ARJ <1 cm,”
“end of CRT to preoperative MRI,” “EMVI positive on baseline MR”
and “T3 greater than 5 mm extent”). A Lasso regression analysis was

then performed in order to enhance the resulting statistical model,

retaining eight variables with non-null coefficients (“pre-operative
MRI scan to surgery (days),” “anterior location,” “threatened/involved
mesorectal fascia,” “Clinical N+,” “height from ARJ < 1 cm,” “end of

CRT to preoperative MRI (days),” “EMVI positive on baseline MR” and
“T3 greater than 5 mm extent”). The logistic regression model on

those variables is shown in Table 5, with the only variable significantly

impacting on disagreement being “T3 greater than 5 mm extent”
(OR 0.31, 95% CI 0.14-0.65, P = .0024).

4 | DISCUSSION

Radiological presurgery assessment, using the mrTRG score, for

detecting pathological CR after neoadjuvant CRT in a real-world sce-

nario involving four high-volume institutions with longstanding experi-

ence in rectal cancer treatment is reported in this series. The

agreement between an MRI-based tumor regression grading system

and the classical pTRG system proposed by Dworak was analyzed.

The results suggest only modest agreement between radiologic and

pathologic assessment. Moreover, a T3 extent of greater than 5 mm

extent was the only factor impacting on interrater reliability between

mrTRG and pTRG in our study.

Monitoring treatment efficacy has a pivotal role in the manage-

ment of cancer patients. Assessing the effects of treatment is not only

essential to define treatment duration, but it also has the potential to

provide valuable prognostic information and guide subsequent thera-

peutic and follow-up strategies. When it comes to rectal cancer,

predicting the response to neoadjuvant treatment becomes crucial

when choosing an organ-preserving strategy. Indeed, nonoperative

management strategies are increasingly considered as an alternative

to surgery in patients showing complete response to CRT.2 Thus,

there is a need for a reliable noninvasive imaging tool to identify those

patients who are more likely to achieve a complete response to treat-

ment and, therefore, may be spared from surgery.21 In this scenario,

mTRG has recently emerged as a dynamic, noninvasive surrogate

method for assessing tumor regression after neoadjuvant treatment

prior to surgical resection.22 The evidence, however, is conflicting.

While many studies have shown its ability to predict pathological find-

ings on surgical specimens as well as long-term prognosis,23,8 some

others described rather poor overall accuracy. In a recent meta-

analysis published by Memon et al, the MRI treatment response was

significantly predictive of mesorectal fascia involvement but showed

poor accuracy for T stage prediction (52%).24 In a large cohort by

Maretto et al, complete responders could be detected only partially

on restaging MRI.25 Records from two phase II trials (EXPERT and

EXPERT-C) were used to compare mrTRG and pTRG in rectal cancer

patients by Sclafani et al, showing fair agreement between the two

grading modalities (33.5%) when regression was classified according

to standard five-tier systems (k = 0.24).9 The authors concluded that

TABLE 4 Diagnostic accuracy of mrTRG 1 and mrTRG1-2 for the
diagnosis of pathological complete response (pTRG4)

Accuracy of

mrTRG 1

Accuracy of

mrTRG 1-2

Number of patients 309 309

True positive 15 33

False positive 42 75

False negative 25 24

True negative 227 177

Diagnostic accuracy 0.78 (0.73-0.83) 0.67 (0.62-0.73)

Sensitivity (95% CI) 0.38 (0.23-0.54) 0.57 (0.44-0.70)

Specificity (95% CI) 0.84 (0.79-0.88) 0.70 (0.64-0.75)

Positive predictive

value (95% CI)

0.26 (0.15-0.39) 0.30 (0.22-0.40)

Negative predictive

value (95% CI)

0.90 (0.86-0.93) 0.88 (0.82-0.92)

Abbreviations: mr, magnetic resonance; p, pathologic; TRG, tumor

regression grade.

TABLE 5 Preoperative factors
influencing the disagreement between
mrTRG 1 to 2 and pTRG 4

Variable OR (95% CI) (95% CI) P value

Preoperative MRI scan to surgery (days) 1.01 (1.00-1.02) .1133

Anterior location 0.6 (0.21-1.24) .3951

Threatened/involved mesorectal fascia 1.7 (0.84-3.92) .1508

Height from ARJ <1 cm 0.97 (0.41-2.04) .9368

Clinical N+ 0.92 (0.50-1.69) .9837

End of CRT to preoperative MRI (days) 1 (1.00-1.01) .1121

Extramural venous invasion 0.635 (0.19-1.78) .6512

T3 >5 mm extent 0.31 (0.14-0.65) .0024

Abbreviations: ARJ, anorectal junction; CRT, chemoradiotherapy; mr, magnetic resonance; MRI, magnetic

resonance imaging; p, pathologic; TRG, tumor regression grade.
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the agreement between mrTRG and pTRG was low, questioning the

use of mrTRG as a surrogate of pTRG. Our findings are in line to the

aforementioned study, showing 41.1% agreement with a k value

of 0.386.

The limits of mrTRG as a surrogate of pTRG become more evi-

dent when it comes to complete or near complete radiologic response

evaluation. In our cohort, nearly 50% of the patients who were con-

sidered to be good responders to neoadjuvant CRT (mrTRG 1 or 2)

turned out to have only partial response to treatment at pathology

review (pTRG 3-0; Figure 1). The difficulty of post-CRT assessment of

rectal cancer might be explained by CRT-induced changes and their

overlapping appearances on MRI. Edema, inflammation, necrosis and

particularly fibrosis can be hard to distinguish from residual tumor.

Small islands of tumor cells within a large amount of reactive fibrotic

tissue might not be detected. On the other hand, spiculated fibrosis

may erroneously mimic a tumor. Some radiologists consider areas of

very low signal intensity as sterile fibrosis,6 whereas others consider

these to be areas of residual tumor,26 leading to either underestima-

tion or overestimation of tumor response (Figure 2). Even the rou-

tinely use of DWI in the rectal MRI protocols does not seem to

overcome the problem of differentiating fibrotic tissue from residual

vital tumor. This might be related to the shortcomings of DWI, such

as image distortion due to artifacts or interobserver variation. More-

over, fluids or mucinous cells can mimic restricted diffusion signal, fur-

ther hampering the correct interpretation of diffusion images.14 It is

likely that the problem of differentiating between residual microscopic

disease and sterile fibrosis will continue to limit the clinical value of

MRI response assessment and the predictive role of mTRG in the

assessment of complete response to CRT.27

Several regression scales are currently used by pathologists to assess

response to neoadjuvant CRT, revealing a lack of standardization and

potentially leading to confusion in interpreting data among different

institutions worldwide.23 Although the original reports utilized a five-tier

system, many authors have found no loss in accuracy when the system

is collapsed to a three-tier system.28 Moreover, the 7th edition of the

AJCC Cancer Staging Manual proposed a scale based on four tiers, which

was found to be more accurate in terms of prognostication.29

In the present study, even if many other scales were described and

available in the pathological reports, the mrTRG was compared to the

Dworak regression system.7 The Dworak system was preferred over

other scales because it classified regression into five grades from

0 (no regression) to 4 (total regression), reflecting the five points of the

mrTRG system. It can be argued that the choice of a particular scale

could impact the reliability of the agreement analysis. However, since

all the available pTRG scoring systems resulted to be comparable both

in terms of classification criteria and prognostication,30 it is unlikely that

classifying pathological tumor regression according to a different

method would change the outcome of the agreement analysis.

The secondary aim of our study was to identify factors (patient-

related or tumor-related) affecting the ability of the mrTRG score to

predict pathologic regression. Interestingly, the only factor positively

impacting the agreement between mTRG and pTRG on multivariate

analysis was the extramural invasion >5 mm of the tumor in the

mesorectal tissue (T3 extent >5 mm). It appears that the more tumor

invades the perirectal fat beyond the muscularis propria, the more

likely it is that radiological and pathological regression scores will be

concordant. In case of tumors with deeper extension into the mes-

orectal fat, the radiation-induced inflammation and regression after

neoadjuvant CRT might be easier to appreciate, reducing the misinter-

pretation of fibrotic reactive tissue as tumor remnant.

Our study has limitations related to but not limited to its retro-

spective design. First, the international, multicenter setting was cho-

sen to provide more representative and generalizable results.

However, this approach bears an inherent risk of heterogeneity of

data assessment and interpretation. Second, data collection was lim-

ited by the availability of standardized synoptic reporting, leading to a

risk of bias due to patient selection. Third, the assessment of mrTRG

and pTRG might be affected by subjective interpretation and depend

on experience and quality of imaging, despite standardized protocols

throughout the centers. Therefore, the results of our study should be

interpreted considering these inherent limitations.

5 | CONCLUSION

In conclusion, the present study revealed modest agreement between

mrTRG and pTRG. Hence, mrTRG cannot be considered as reliable

surrogate marker of complete pathologic response assessment in

locally advanced rectal cancer. The chances of appropriate assessment

of the regression grade after neoadjuvant CRT appear to be higher in

case of a T3 tumor with at least 5 mm extension in the mesorectal fat

at the pretreatment MRI.
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