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ABSTRACT

PURPOSE Total neoadjuvant therapy (TNT) is a newly established standard treatment for
rectal adenocarcinoma. Current methods to communicate magnitudes of re-
gression during TNT are subjective and imprecise. Magnetic resonance tumor
regression grade (MR-TRG) is an existing, but rarely used, regression grading
system. Prospective validation ofMR-TRG correlationwith pathologic response
in patients undergoing TNT is lacking. Utility of adding diffusion-weighted
imaging to MR-TRG is also unknown.

METHODS We conducted a multi-institutional prospective imaging substudy within
NRG-GI002 (ClinicalTrials.gov identifier: NCT02921256) examining the
ability of MR-based imaging to predict pathologic complete response (pCR)
and correlate MR-TRG with the pathologic neoadjuvant response score
(NAR). Serial MRIs were needed from 110 patients. Three radiologists inde-
pendently, then collectively, reviewed each MRI for complete response
(mriCR), which was tested for positive predictive value (PPV), negative
predictive value (NPV), sensitivity, and specificity with pCR. MR-TRG was
examined for association with the pathologic NAR score. All team members
were blinded to pathologic data.

RESULTS A total of 121 patients from 71 institutions met criteria: 28% were female
(n 5 34), 84% White (n 5 101), and median age was 55 (24-78 years). Kappa
scores for T- and N-stage after TNT were 0.38 and 0.88, reflecting fair
agreement and near-perfect agreement, respectively. Calling anmriCR resulted
in a kappa score of 0.82 after chemotherapy and 0.56 after TNT reflected near-
perfect agreement andmoderate agreement, respectively. MR-TRG scores were
associated with pCR (P < .01) and NAR (P < .0001), PPV for pCR was 40% (95%
CI, 26 to 53), and NPV was 84% (95% CI, 75 to 94).

CONCLUSION MRI alone is a poor tool to distinguish pCR in rectal adenocarcinoma undergoing
TNT. However, the MR-TRG score presents a now validated method, correlated
with pathologic NAR, which can objectively measure regression magnitude
during TNT.

INTRODUCTION

Contemporary management of locally advanced rectal
adenocarcinoma now includes total neoadjuvant therapy
(TNT).1-3 The TNT strategy includes both systemic che-
motherapy as well as various types of radiotherapy (RT),
all given before surgical resection.3,4 Optimal sequencing
and dosage of both chemotherapy and RT remains an area
of active investigation.5,6 There are multiple reasons
for the widespread adoption of TNT in rectal cancer

management, including improved preoperative chemo-
therapy tolerance, increased response rates, higher
probability of organ preservation, and the ability to assess
tumor response to therapy.6,7 Studies demonstrate that
30%-50% of patients can achieve nonoperative man-
agement when undergoing TNT.3 This creates a consid-
erable need for accurate clinical characterization of tumor
regression. Accurate and objective characterization of
regression would enable clear communication of response
magnitude across oncologic teams, allowing imaging to
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serve as an integral biomarker, used to personalize du-
rations of neoadjuvant therapy.

Over the past decade, MRI has emerged as the standard of
care for staging patients with rectal adenocarcinoma.8 When
patients undergo TNT, changes on rectal MRI are often used
to characterize response. Despite this, current strategies to
communicate magnitudes of response are vague or sub-
jective. Correlation between existing strategies and mag-
nitudes of pathologic response is unclear. Establishing a
reliable tumor response classification to TNT represents an
important area of research in rectal adenocarcinoma with
currently no prospectively validated and objective imaging
scores available.9

The magnetic resonance tumor regression grade (MR-TRG)
presents the magnitude of tumor regression as an ordinal
score, ranging from 1 to 5.10 MR-TRG has been studied in the
non-TNT setting with multiple retrospective, and small
prospective, series.11-16 Most of these studies report MRIs
acquired in single institutions, resulting in limitations to the
generalizability of conclusions.17 Additionally, the benefit
of more complex diffusion-weighted imaging (DWI) as part
of MR-based assessment is unknown. To our knowledge,
no studies examining MR-TRG have included multi-
institutional cohorts prospectively obtained from patients
undergoing TNT.

To comprehensively address these knowledge gaps in rectal
MRI, we conducted a prospective imaging study within the US
National Clinical TrialsNetwork (NCTN) via theNRG-GI002 trial
(ClinicalTrials.gov identifier: NCT02921256). GI002 is a National
Cancer Institute (NCI)–sponsored phase II platform study ex-
amining novel radiosensitizers for rectal adenocarcinoma using

TNT for all patients, with a primary end point of pathologic
regression, measured by the pathologic neoadjuvant response
(NAR) score.18,19 The NAR score is a validated pathologic grading
system that describes the magnitude of tumor regression seen
when comparing the initial clinical stage to the pathologic stage
after neoadjuvant therapy.18 For this imaging substudy, the
primary end point is to characterize the reliability of MRI to
assess pathologic complete response (pCR). Additionally,
we sought to investigate for a correlation between the
MR-TRG and pathologic NAR.18,20,21 We hypothesized the
MR-TRG score would objectively characterize a pCR and
correlate with NAR.

METHODS

Patients

Patients for this study were enrolled on the NRG-GI002
prospective clinical trial with previously reported eligibility
criteria and clinical end points.20,21 NRG-GI002 was approved
by local human investigations committees/institutional re-
view boards in accordance with assurances approved by the
Department of Health and Human Services. Written informed
consent was required. Briefly, patients had locally advanced
rectal cancer, defined as distal location (cT3-4 ≤ 5 cm from
anal verge, any N); bulky (any cT4 or tumor within 3 mm of
mesorectal fascia); high risk for metastatic disease (cN2); or
not a sphincter-sparing surgery candidate. GI002 included two
sequential experimental arms plus a concurrent control arm.
All patients received 4 months of FOLFOX systemic chemo-
therapy followed by long-course RT concurrent with capeci-
tabine, followed by surgical resection. The first experimental
arm included the addition of veliparib (a poly [ADP-ribose]
polymerase inhibitor), concurrent with RT.20 The second

CONTEXT

Key Objective
Characterization of rectal tumor regression during total neoadjuvant therapy (TNT) is a critically important task. Currently,
minimal data exist on how reliably rectal MRI can characterize regression during TNT. We prospectively validated the ability
of a numerical grading scale to predict pathologic complete response (pCR) and correlate with tumor regression.

Knowledge Generated
The magnetic resonance tumor regression grade (MR-TRG) is a poor tool to predict pCR to TNT. However, MR-TRG does
correlate with the magnitudes of pathologic regression during TNT. Finally, diffusion-weighted imaging improves the AUC
when compared with MR-TRG alone.

Relevance (A.H. Ko)
This study highlights both the usefulness and limitations of MRI in predicting pathologic tumor response during TNT for
rectal adenocarcinoma. While MR-TRG correlates with the magnitude of pathologic regression, it is not an accurate
predictor of complete pathologic response.*

*Relevance section written by JCO Associate Editor Andrew H. Ko, MD, FASCO.
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experimental arm tested addition of pembrolizumab (an anti-
body directed against the PD-1 receptor), concurrent with and
after RT.21 The primary end point of the parent study was
pathologic NAR score, which is calculated using the following
formula:NAR5 [5pN2 3(cT2pT)1 12]2/9.61.20 Patients staged
with MRI were eligible for the imaging biomarker substudy,
which was an a priori designed aspect of the parent trial.

Imaging Substudy Design and Inclusion Criteria

This imaging companion study was designed to characterize
the ability of MRI to serve as a surrogate for pCR, using the
MR-TRG scoring system. In other words, an MR-TRG of 1
was considered a radiologic description of pCR. We also
sought to understand the utility (if any) to using DWI, which
was also incorporated into response assessment and was
compared with MR-TRG. Three radiologists generated in-
dependent binary assessments of the presence of a possible
pCR and were blinded regarding pathologic surgical results.

Assuming a one-sided alpha 5 10%, with 80% power, and a
null hypothesis that the positive predictive value (PPV) of
radiologic MR-TRG for pCR is 80%, a total of n5 22 positive
calls (ie, 22 complete response events described on MRI)
were necessary to reject the null if the true PPV were 95%. If
approximately 20% of treated patients resulted in a pCR,
which was expected on the basis of the existing literature,
then 110 unique patients were necessary with both pre- and
post-TNT MRIs.

Scoring Criteria, MRI Acquisition, and Assessment

The MRI review process consisted of two different stan-
dardized forms (baseline and post-treatment) used by each
independent central radiologist. Diagnostic radiologists,
from different institutions, reviewed scans and completed
forms independently. Then they met in person and/or vir-
tually, to complete a consensus read. Radiology forms were
designed before study initiation and remained unchanged
(Data Supplement, online only). Specific MRI protocols were
recommended in the parent trial and are included in the trial
supplement. Main parameters included radiologic T- and
N-stage, along with nodal measurement grouping when
nodes were between 5-9 mm and ≥10 mm. Number of nodes
with heterogeneous signal, rounded shape, and irregular
margins were recorded. Presence of extramural vascular
invasion was also recorded.

Post-treatment MR-TRG was scored ranging from 1 to 5,
which was identical to the scoring criteria used in prior
publications of MR-TRG. MR-TRG 1 indicated no/minimal
fibrosis visible (tiny linear scar) and no tumor signal;
MR-TRG 2 indicated dense fibrotic scar (low-signal inten-
sity) but no macroscopic tumor signal (indicates no or mi-
croscopic tumor present); MR-TRG 3 indicated fibrosis
predominates, but obvious measurable areas of tumor signal
present; MR-TRG 4 indicated tumor signal predominates
with little or minimal fibrosis; and MR-TRG 5 indicated the

considered tumor-signal only, no fibrosis present, and in-
cluded tumor progression.10 When available, DWI data were
also examined for each MRI. High signal intensity on high
b-value images corresponded to low signal intensity on the
apparent diffusion coefficient map, aka restricted diffusion.
DWI scoring was considered either present (residual tumor
likely exists), absent (probable complete response), or
equivocal (poor quality or artifact). The final impression for
radiologic complete response (mriCR) was assessed as 1 (not
present), or alternatively, if the mriCR was present, it was
either score as a 2 (present on both the MR-TRG score and
DWI), 3 (MR-TRG only), or 4 (DWI only). Full details are
provided in the scoring forms (Data Supplement). Figure 1
displays examples of MR-TRG response.

Study Support and Image Review/Management

This imaging study was funded by the NCI through the
Biomarkers, Imaging, and Quality of Life Studies Funding
Program. Images were centrally stored by the Imaging and
Radiation Oncology Core in the Transmission of Imaging and
Data system, with standardized reports in Medidata Rave.
After independent readings, consensus adjudication was
performed for cases of read discordance (49%) during in-
person and/or virtual meetings (n 5 121 cases) with con-
sensus achieved on 117 on the basis of discussion and
agreement. Very rarely when consensus among radiologists
could not be achieved, mostly because of image quality, the
case was excluded from consensus reporting (n 5 4).

Exploratory Modifications in the MR-TRG

Additional permutations of the MR-based tumor regression
modeling were examined. First was a radiologic NAR (rNAR)
score, which was intended to serve as a surrogate for and
replacement of the pathologic NAR score for future clinical
trials, because pathologic NAR is not measurable in patients
for whom surgery is omitted (for any reason). Modeled after
the NAR score, the rNAR was calculated using only pre-
and post-treatment clinical stage. A second score was a
modification to the TRG score, which accounted for the
presence of DWI signal reflecting residual tumor, named the
modified MR-TRG (DWImodMR-TRG).22 If the DWI signal
was present (DWI 5 1, meaning residual signal was present,
indicating tumor), then the MR-TRG–reported score for that
patient was increased (DWImodMR-TRG) and was reported
asMR-TRG11. If DWI5 2 (absent), the DWImodMR-TRGwas
a reduction of the originally reported MR-TRG score,
MR-TRG-1. The modified score was equal to MR-TRG when
DWI 5 3 (equivocal or missing). This DWImodMR-TRG takes
integer values from 0 to 6, with 0 to 2 mapping to tumor
absent and 3 to 6 mapping to present, expanding the original
1-5 scale for MR-TRG.22

Statistical Analysis

Wilcoxon-Mann-Whitney test was used for association of
MR-TRG with pCR. Radiologists’ binary assessment of
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FIG 1. (A) MR-TRG grade 1 example, no tumor evidence after TNT. (B) MR-TRG grade 3 example, residual
tumor after TNT. (C) Absence of tumor signal on DWI. DWI, diffusion-weighted imaging; MR-TRG,
magnetic resonance tumor regression grade; TNT, total neoadjuvant therapy.
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complete response (mriCR) was tested for PPV, negative
predictive value (NPV), sensitivity, and specificity with the
presence of pCR. Chi-squared test was used for association of
mriCR and pCR. Spearman correlation coefficient was used
for association of MR-TRG with NAR scores as well as mriCR
with NAR. Each diagnostic radiologists’ (readers’) T-stage,
N-stage,MR-TRG score, and DWI assessment was evaluated
for inter-reader variability by a generalized linear mixed
model-based kappa statistics in the case of ordinal re-
sponses and multiple raters.23,24 Kappa values of agreement
were interpreted as follows: poor 5 <0.0; slight 5 0.0-0.2;
fair 5 0.2-0.4; moderate 5 0.4-0.6; substantial 5 0.6-0.8;
and almost perfect 5 0.8-1.0. Receiver operating charac-
teristics (ROC) curves were used to compare MR-TRG,
rNAR, and DWImodMR-TRG, with the gold standard, pCR.
MR-TRG, mriCR, and DWImodMR-TRG were dichotomized
as tumor either present or absent, to conduct comparisons
on PPV, NPV, specificity, and sensitivity. Specifically, if
DWImodMR-TRG was in 0-2, this was coded as 1 (tumor not
present). If it was 3-6, it was coded as 0 (tumor present).
Mann-Whitney U test was used to compare AUC values. All
analyses were performed using SAS 9.4 (SAS Institute, Cary,
NC). P values < .05 (two-sided) were considered significant.

RESULTS

A total of 121 patients with at least two MRIs centrally
available (baseline and post-TNT) accrued to the imaging
sub-study; 84 hadMRIs at three time points: baseline, post-
chemotherapy, and post-chemoRT (post-TNT). These 121
patients were enrolled from 71 different institutions, and
three diagnostic radiologists completed individual MRI in-
terpretations across this data set. Additionally, the radiol-
ogists completed a consensus read. Of 121 patients, 28%were
female (n5 34), 84%White (n5 101), andmedian agewas 55
(24-78 years). Table 1 lists detailed demographic and tumor
characteristics.

Correlation of Imaging With pCR and Magnitude of
Pathologic Response

Regarding the primary aim of the study, both the individual
and consensus radiologist MR-TRG scores were associated
with the presence of pCR (P < .01) and the pathologic NAR
score (P < .0001). The correlation between consensus
MR-TRG and NAR is 0.43. Dichotomized MR-TRG-alone,
mriCR, and DWImodMR-TRG were examined in comparison
with the presence of an actual pCR. Table 2 summarizes the
consensus of the three radiologists in terms of sensitivity,
specificity, PPV, and NPV for cases in which all three scores
are available. The highest value measured was NPV at 84%
(95% CI, 0.75 to 0.94). mriCR improved specificity over
MR-TRG-alone from 0.62 to 0.71 (P 5 .07). Table 3 sum-
marizes specifics of radiologists’ response criteria. The Data
Supplement includes detailed MR sequences recommended
to sites, and Appendix Table A1 (online only) includes the
MR-TRG consensus scores compared with pCR categories.

TABLE 1. Patient and Tumor Characteristics for All Randomly Assigned
Patients With Paired MRIs: NRG-GI002 Imaging Substudy

Patient or Tumor Characteristic

mriCR Not
Present

mriCR
Present Total

No. % No. % No. %

Sex

Female 22 30.1 12 25.0 34 28.1

Male 51 69.9 36 75.0 87 71.9

Age, years

<50 24 32.9 16 33.3 40 33.1

50-59 22 30.1 19 39.6 41 33.9

60-69 23 31.5 11 22.9 34 28.1

≥70 4 5.5 2 4.2 6 5.0

Race

American Indian or Alaska
Native

3 4.1 0 0.0 3 2.5

Asian 4 5.5 3 6.3 7 5.8

Black or African American 4 5.5 1 2.1 5 4.1

Not reported 2 2.7 0 0.0 2 1.7

Unknown 0 0.0 3 6.3 3 2.5

White 60 82.2 41 85.4 101 83.5

Ethnicity

Hispanic or Latino 1 1.4 1 2.1 2 1.7

Not Hispanic or Latino 72 98.6 45 93.8 117 96.7

Unknown 0 0.0 2 4.2 2 1.7

Distal location

No 30 41.1 14 29.2 44 36.4

Yes 43 58.9 34 70.8 77 63.6

Bulky

No 26 35.6 20 41.7 46 38.0

Yes 47 64.4 28 58.3 75 62.0

High risk for metastatic
disease

No 28 38.4 34 70.8 62 51.2

Yes 45 61.6 14 29.2 59 48.8

Not a candidate for SSS

No 38 52.1 26 54.2 64 52.9

Yes 35 47.9 22 45.8 57 47.1

N stage

N0 11 15.1 14 29.2 25 20.7

N1 17 23.3 20 41.7 37 30.6

N2 45 61.6 14 29.2 59 48.8

T stage

T1/T2 1 1.4 1 2.1 2 1.7

T3 45 61.6 39 81.3 84 69.4

T4 27 37.0 8 16.7 35 28.9

pCR

No 56 80.0 22 57.9 78 72.2

Yes 14 20.0 16 42.1 30 27.8

Total 73 100.0 48 100.0 121 100.0

Abbreviations: mriCR, MRI complete response; pCR, pathologic
complete response; SSS, sphincter-sparing surgery.
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Interobserver Variability Between Central-Central
Readers and Central-Local Readers

Interobserver variability was assessed across the reports for
the T-stage, N-stage, and MR-TRG scores, along with

binary impression of complete response after TNT for each
of the central readers. Kappa statistics for the central-
central comparison on T-stage was 0.38 (95% CI, 0.34 to
0.42) reflecting fair agreement; for the N-stage was 0.88
(95% CI, NA) reflecting near-perfect agreement; for the
interpretation of the MR-TRG was 0.18 (95% CI, 0.12 to
0.23) reflecting slight agreement; and was 0.29 (95% CI,
0.24 to 0.33) for the DWIfindings, reflecting fair agreement.
Regarding the final impression of complete response (ie,
mriCR), the kappa statistic was 0.82 (95%CI, NA), implying
the three central reviewers had almost perfect independent
agreement after chemotherapy; however, this decreased to
0.56 after TNT. This final agreement was present before the
consensus session took place and was not influenced by the
time period of the study over which the final impression was
made. When comparing the T- and N-stage between the
central and local readers, the kappa statistics were 0.34,
reflecting fair agreement on T-stage, and 0.59, reflecting
moderate agreement with reported N-stage. Interobserver
variability did not changewith the time of the reports over the
years duringwhich the studywas conducted for neither the T-
nor the N-stage, indicating that interdigitated consensus
meetings did not appear to influence the agreement.

Performance of Additional MR-TRG Variations

The rNAR correlated with the pathologic NAR (r 5 0.42,
P 5 .0001) and pCR (P 5 .03). DWImodMR-TRG was also
correlated with the NAR score (r 5 0.47, P < .0001) and pCR
(P5 .0001). Figure 2 displays the ROC curves associated with
these comparisons. The DWImodMR-TRG trended toward
outperformance of the MR-TRG alone, with AUC values of
0.75 (95%CI, 0.62 to 0.87) and 0.70 (95%CI, 0.57 to 0.83) for

TABLE 2. Characterization of Consensus Response Scoring Compared
With Pathologic Complete Response: NRG-GI002 Substudy

Imaging End Point Summary

MR-TRG alonea

Sensitivity 19/28 5 68% (95% CI, 0.51 to 0.85)

Specificity 48/77 5 62% (95% CI, 0.52 to 0.73)

Positive predictive value 19/48 5 40% (95% CI, 0.26 to 0.53)

Negative predictive value 48/57 5 84% (95% CI, 0.75 to 0.94)

mriCRa

Sensitivity 16/28 5 57% (95% CI, 0.39 to 0.75)

Specificity 55/77 5 71% (95% CI, 0.61 to 0.82)

Positive predictive value 16/38 5 42% (95% CI, 0.26 to 0.58)

Negative predictive value 55/67 5 82% (95% CI, 0.73 to 0.91)

DWImodMR-TRGa (when availableb)

Sensitivity 18/28 5 64% (95% CI, 0.47 to 0.82)

Specificity 49/77 5 64% (95% CI, 0.53 to 0.74)

Positive predictive value 18/46 5 39% (95% CI, 0.25 to 0.53)

Negative predictive value 49/59 5 83% (95% CI, 0.73 to 0.93)

Abbreviations: DWI, diffusion-weighted imaging; MR-TRG, magnetic
resonance tumor regression grade.
aMR-TRG, mriCR, and DWImodMR-TRG were dichotomized as tumor
present or absent to conduct further comparisons, and 105 patients
were included secondary to the elimination of mucinous tumors from
inclusion in these final metrics.
bDWI was available/interpretable in 59% of patients.

TABLE 3. MR-TRG Response Criteria and DWI Scoring Criteria: NRG-GI002 Substudy

Imaging End Point Definition Patients in Associated Categories

DWI Definition Missing pCR-0 pCR-1 Total

1—Present Residual tumor likely exists 3 38 5 46

2—Absent Probable clinical complete response 6 9 10 25

3—Equivocal Quality poor or artifact or signal is seen throughout bowel wall and
unclear if extra signal in tumor bed

2 14 11 27

Missing 2 17 4 23

Total 13 78 30 121

MR-TRG Definition Missing pCR-0 pCR-1 Total

1 No/minimal fibrosis visible (tiny linear scar) and no tumor signal 4 2 5 11

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

5 27 14 46

3 Fibrosis predominates but obvious measurable areas of tumor signal visible 2 35 8 45

4 Tumor signal predominates with little/minimal fibrosis 1 13 1 15

5 Tumor signal only: no fibrosis, includes progression of tumor 0 0 0 0

Missing 1 1 2 4

Total 13 78 30 121

NOTE. DWI—high signal intensity on high b-value image with corresponding low signal on ADC map 5 restricted diffusion.
Abbreviations: ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; MR-TRG, magnetic resonance tumor regression grade; pCR,
pathologic complete response.
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the DWImodMR-TRG andMR-TRG, respectively (P5 .12). Of
note, 23 patients (19%) had missing DWI data and 27 (22%)
had equivocal DWI images, which radiologists felt could not
be interpreted.

DISCUSSION

An understanding of rectal MRI’s ability to accurately de-
scribe pCR is of the utmost importance in the era of TNT and
rectal cancer organ preservation.25,26 We have presented a
prospective characterization of the MR-TRG ability to ac-
curately describe the presence of pCR across an NCTN trial.
The results clearly demonstrate that MRI alone has a poor
capability to describe the pCR event. Such results are es-
sential for oncologists to consider when managing patients
with rectal cancer treated with TNT.

The PPV of MRI in describing pCR in our study is approxi-
mately 40%, no better than a coin flip. This occurred despite
three highly specialized radiologists centrally reviewing and
agreeing on the findings. Such data clearly identify the
limitations of MR-based imaging alone to supplant patho-
logic assessment and demonstrates the paramount necessity
for incorporation of additional clinical metrics of response
beyondMRI alone. To our knowledge, this is thefirst study to
present such a characterization of MRIs across a prospective
multi-institutional patient cohort being managed with TNT
in a uniform manner with consistent treatment, imaging,
and pathology acquisition time points. Equally important to
consider is the NPV, which demonstrated that between 80%
and90%of the time,MRI correctly identified residual tumor.
Such data are imperative for counseling patients regarding
the need for surgery.

A second important outcome of this study is the pro-
spective validation of MR-TRG as a strategy to objectively
describe rectal tumor regression during TNT. This effort
was motivated by the absence of current methods to de-
scribe magnitudes of MRI response during TNT. Originally
developed nearly a decade ago from the MERCURY trial,10

the MR-TRG score presents an opportunity to characterize
the magnitude of tumor regression objectively. Although
follow-up studies have been published using the MR-TRG,
adoption of the scoring system within the oncologic
community has not taken place. This is likely arising from
the retrospective and single-institutional cohort data of
existing validation studies, along with the absence of
validation in a TNT population. Our data clearly demon-
strate that MR-TRG correlates with magnitudes of path-
ologic regression. Quantifying regression during TNT
represents an important objective, because the degree of
pathologic regression is well known to be correlated with
overall survival.18,27 With these data, MR-TRG offers a
strategy to serve as a quantifiable, objective, and succinct
clinical scoring system for use in adaptive prospective
TNT trials.

There are also several noteworthy secondary findings
from this study. One relates to the modifications of the
MR-TRG tested. Our results appear to demonstrate that
DWImodMR-TRG trended toward improved AUC values
compared with MR-TRG alone; however, this did not reach
statistical significance on comparison. Adding DWI data
into the MR-TRG score has been reported in a retrospective
cohort with an AUC at very impressive levels as high as
0.88.22 Our data raised the AUC to 0.75 from the consensus
MR-TRG alone AUC of 0.70. These findings likely reflect
values closer to true accuracy, given themulti-institutional
and blinded nature of this study. In previously reported
single-institution settings, radiologists’ familiarity with
the MRI acquisition techniques was high. Notably, DWI was
only available in approximately 50% of cases, highlighting
the need for the oncologic imaging community to focus on
accurate acquisition of such data. Another interesting
secondary finding was that after chemotherapy alone, the
three central reviewers had almost perfect agreement;
however, this decreased substantially after TNT. Etiology of
this is unclear and may be related to the difficulty of post-
RT interpretation of MR-TRG.

There are limitations to the design of our study. First, pCR is
perhaps the utmost conservative metric for nonoperative
management and it may be overly conservative. We did not
have central pathology review of pCR events. Moreover, our
study did not enable prediction of nonoperative manage-
ment, which is perhaps the most relevant question. Sub-
sequently, expansion of these data is planned for the next
NCTN trial, which is focused on organ preservation in rectal
cancer. Indeed, pCR is by far the most rigorous outcome we
could have attempted to predict usingMRI alone, whichmay
have contributed to the modest results. Finally, we are not
able to correlate MR-TRG with progression-free or overall
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FIG 2. ROC curve comparing MR-TRG with other scoring
systems. DWI, diffusion-weighted imaging; MR-TRG,
magnetic resonance tumor regression grade; rNAR, ra-
diologic neoadjuvant rectal score; ROC, receiver operating
characteristics.
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survival, because the data are immature. Continued follow-
up of these data is needed (and ongoing) to directly correlate
the MR-TRG with overall survival in this population.

In conclusion, our results clearly establish that MR-based
determinations of pCR are limited. Such information is criti-
cal in a TNT era in which exquisite focus is being placed on
selecting patients for nonoperative management. Physical
examination and endoscopy are clearly indispensable tools for
this task. These findings present compelling data that should
provide justification for using the MR-TRG to objectively
describe regression more uniformly in patients with rectal
adenocarcinoma undergoing TNT. Larger magnitudes of MR-
TRG regression correlate with largermagnitudes of pathologic
regression, and vice versa. Finally, the NPV of MRI in our

study agrees with prior literature and is a helpful, reproducible
strength of MRI. When patients do not have evidence of
complete response on imaging ˃80% of the time, this is
confirmed pathologically. Such data can be helpful in coun-
seling patients about the necessity of surgery under such
circumstances. This work is ongoing as part of the transla-
tional bioimaging correlates of the NRG-GI002 bioimaging
study portfolio. Future directions using MR-TRG are planned
by incorporation of novel clinical parameters of response
assessment, including patient characteristics, tumor charac-
teristics, circulating tumorDNA, endoscopic image evaluation,
and MR-based radiomic metrics of response. The generation
of a robust clinical/radiomic signature incorporating multiple
factors, including DWI, circulating tumor DNA, and clinical
regression assessment, is needed and underway.
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APPENDIX

TABLE A1. Table of Consensus MR-TRG by pCR

MR-TRG

pCR

Missing 0 1 Total

1 4 2 5 11

2 5 27 14 46

3 2 35 8 45

4 1 13 1 15

5 0 0 0 0

Missing 1 1 2 4

Total 13 78 30 121

Abbreviations: MR-TRG, magnetic resonance tumor regression grade;
pCR, pathologic complete response.
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