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Abstract

Purpose The aim of this study was to build an appropriate diagnostic model for predicting pathological complete response
(pCR) after neoadjuvant chemoradiotherapy (nCRT) in patients with locally advanced rectal cancer (LARC), by combining
magnetic resonance imaging (MRI) parameters with clinical factors.

Methods Eighty-four patients with LARC who underwent MR examination before and after nCRT were enrolled in this
study. MRI parameters including cylindrical approximated tumor volume (CATV) and relative signal intensity of tumor
(rT2wSI) were measured; corresponding reduction rates (RR) were calculated; and MR tumor regression grade (mrTRG)
and other conventional MRI parameters were assessed. Logistic regression with lasso regularization was performed and
the appropriate prediction model for pCR was built up. An external cohort of thirty-six patients was used as the validation
group for testing the model. Receiver-operating characteristic (ROC) analysis was used to assess the diagnostic performance.
Results In the development and the validation group, 17 patients (20.2%) and 11 patients (30.6%), respectively, achieved
pCR. Two CATV-related parameters (CATVpost, which is the CATV measured after nCRT and CATVRR), one rT2wSI-
related parameter (rT2wSIRR), and mr'TRG were the most important parameters for predicting pCR and were retained in the
diagnostic model. In the development group, the area under the receiver-operating characteristic curve (AUC) for predicting
PCR is 0.88 [95% confidence interval (CI) 0.78-0.97, p < 0.001], with a sensitivity of 82.4% and a specificity of 83.6%. In
the validation group, the AUC is 0.84 (95% CI1 0.70-0.98, p = 0.001), with a sensitivity of 81.8% and a specificity of 76.0%.
Conclusion A diagnostic model including CATVpost, CATVRR, rT2wSIRR, and mrTRG was useful for predicting pCR
after nCRT in patients with LARC and may be used as an effective organ-preservation strategy.

Keywords Rectal neoplasms - Magnetic resonance imaging - Magnetic resonance tumor regression grading - Neoadjuvant
chemoradiotherapy - Pathological complete response
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Introduction

Neoadjuvant chemoradiotherapy (nCRT) followed by total
mesorectal excision (TME) is recommended for patients
with locally advanced rectal cancer (LARC) for reduc-
ing local recurrence rate [1]. Approximately, 15-27% of
patients achieved pathological complete response (pCR)
after nCRT [2]. These patients had excellent outcomes
even though they were not treated with extensive surgery
after nCRT [3, 4]. Therefore, an organ-preserving strategy
such as local excision or “watch-and-wait” policy has been
proposed for the patients with pCR to reduce the risk of
morbidity (postoperative complications, long-term bowel,
bladder and sexual dysfunction, or permanent stoma care)
and mortality associated with invasive surgery [4-6].

Precise selection of patients with pCR is the key ele-
ment to safely implement less invasive treatment strate-
gies. Magnetic resonance imaging (MRI), as a nonin-
vasive tool, is well accepted for the evaluation of rectal
cancer. MR parameters, such as tumor volume, T2 signal
intensity, apparent diffusion coefficient (ADC) value of
tumor, and MRI-based tumor regression grading (mrTRG),
were reported to be useful for the prediction of treatment
response after nCRT [7-11]. However, the effect of these
factors still remains controversial [12—14]. Moreover, most
recent studies were merely focused on one or two MRI fac-
tors which may be insufficient for pCR prediction and for
safe prescription of a patient-tailored treatment.

Therefore, the purpose of this study was to evaluate the
MRI parameters along with clinical factors for the predic-
tion of pCR. In addition, we tried to construct a diagnos-
tic model for predicting pCR after nCRT in patients with
LARC.

Materials and methods
Patients

This retrospective study was approved by our institutional
ethics committee and the need for informed consent was
waived. Cases with MRI-defined LARC were reviewed
between October 2012 and August 2014. The following
inclusion criteria were applied: (1) rectal adenocarci-
noma confirmed by proctoscopic biopsy; (2) no evidence
of distant metastases; (3) baseline MR examination in all
patients within two weeks before nCRT; (4) surgery under-
gone by all patients. A total of 158 consecutive patients
were enrolled. Patients were excluded if they met the fol-
lowing criteria: direct surgery without nCRT (n = 35),
incompletion of nCRT (n = 2), no post-treatment MR

examination during 4-6 weeks after nCRT (n = 14), and
time interval between nCRT and surgery more than 6-8
weeks (n = 6). In addition, patients with mucinous adeno-
carcinoma (MAC) were also excluded (n = 17) due to dis-
tinct MR features, requiring a different assessment system
for evaluating tumor treatment response to nCRT [15]. A
total of 84 patients were enrolled in the study (60 males,
24 females; median age, 58 years [range, 29-82 years])
as the development group. To test the study results, the
external 36 patients (21 males, 15 females; median age, 55
years [range, 30—81 years]) who met the inclusion crite-
ria were enrolled as the validation group between January
2011 and June 2012.

Treatment and histopathological examination

All patients received nCRT at a total dose of 50 Gy, admin-
istered in fractions of 2 Gy, five times a week. Twenty-five
fractions were delivered in 35 days. Capecitabine was orally
administered concurrently at a dose of 1650 mg/m? daily for
seven periods. The patients underwent surgery 6—8 weeks
after nCRT

Histopathological evaluation of each specimen was
performed by an experienced pathologist according to the
method described by Quirke et al. [16] and TNM staging
system as the gold standard. Patients with pCR were charac-
terized by an absence of residual tumor cells in each speci-
men (yTONO), and other patients were grouped to non-pCR.

MRI acquisition

MRI measurements were obtained at a 3.0T system (Signa
Excite HD, GE Healthcare, USA) using an eight-element
phased-array wrap-around surface coil. In our institute, all
patients were routinely examined in the supine position after
application of ultrasound transmission gel (60—100 ml) to
highlight the tumor borders within the lumen. The imaging
sequences were as follows: T2-weighted images (oblique
axial, sagittal, and coronal), T1-weighted images (pelvic
axial) and T2-weighted images with fat saturation (T2WI/
FS). The detailed protocols are summarized in Table 1.

Imaging analysis

All MRI images were reviewed on a picture-archiving and
communication system workstation (Carestream.GCRIS).
Two radiologists with 17 (reader 1) and 14 (reader 2) years’
experience in gastrointestinal imaging assessed the before
and after nCRT MR images of the development group,
blinded to the pathological and clinical details. T2-weighted
images were used as the key sequence for evaluation.
When the tumor could not be discerned clearly based only
on T2-weighted images, other sequences were used for
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Table 1 Protocols for the MR Parameter Oblique T2WI  Sagittal T2ZWI  Coronal T2WI  TIWI T2WIFS
imaging sequence
TR 4800 4800 4800 5600 5700
TE 115 115 115 Min 85
FOV 16 24 24 34 34
Matrix 256x320 256%320 256x320 288224 288%224
Bandwidth 41 41 41 41 31
NEX 4 4 4 2 2
Frequency direction R/L A/P S/ R/L R/L
ETL 21 21 21 4 21
Slice thickness 4 4 5 5
Intersection gap 0 0.4 0.4 0.5 0.5

assistance. Tumor was defined as areas with intermediate
signal intensity that is different from that of the normal rec-
tal wall on T2-weighted images. In the development group,
after all parameters were assessed independently by the two
radiologists, the average of quantitative parameters was
applied and the difference in qualitative parameters between
reader 1 and reader 2 was unified through discussion. The
third radiologist with 10 (reader 3) years’ experience in gas-
trointestinal imaging independently assessed these param-
eters in the validation group. Radiologists (reader 1-3) were
trained regarding the assessment criteria for all parameters
before imaging evaluation. The fourth radiologist with 12
(reader 4) years’ experience in gastrointestinal imaging ret-
rospectively reviewed the before and after nCRT MR images
of validation group and evaluated pCR based on his own
clinical experience.

Tumor position (TP) and circumferential percentage
(CP)

TP and CP were evaluated at the slice with the largest tumor
dimension on oblique axial T2-weighted images before
nCRT. The rectal wall was divided into four parts along two
orthogonal lines that passed through the perceived center
of the lumen, i.e. anterior, posterior, left lateral, and right
lateral wall. Based on the location of the tumor main body
revealed by TP, the specimens were divided into four groups
(group 1, anterior; 2, posterior; 3, left lateral; 4, right lateral
wall). According to the percentage of tumor invasion in the
rectal wall revealed by CP, the specimens were divided into
four groups (group 1, less than 25%; 2, 25-50%; 3, 50-75%
and 4, more than 75%).

Mesorectal fascia (MRF) and extramural venous
invasion (EMVI)

MREF involvement was defined as main tumor extension,
tumor deposits, or suspicious lymph nodes lying within 1
mm of the mesorectal fascia and the outer border of the
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internal sphincter. EMVI was evaluated according to the
5-scale scoring system suggested by Smith et al. [17]. A
score of 3 or 4 was considered as EMVI-positive.

Distance from tumor to anal verge (DTA)

DTA was obtained from the layer of sagittal T2-weighted
images showing the maximum longitudinal length of the
tumor. The distance from the inferior part of the tumor to
the anal verge was defined as DTA.

Cylindrical approximated tumor volume (CATV)

The maximum tumor area (MTA) was estimated at the same
slice that was used for the evaluation of TP (Fig. 1a). The
region of interest (ROI) was manually drawn along the mar-
gin of the tumor, avoiding the obscure composition area,
while the corresponding area was automatically calculated
as MTA. The maximum tumor length (MTL) was acquired
on the same section that was used for the measurement of
DTA (Fig. 1b). MTA and MTL were obtained on before- and
after-nCRT MR images and labeled as MTApre, MTApost,
MTLpre and MTLpost, respectively.

CATYV was calculated roughly as MTAXMTL, which
might be more clinically practical. The CATV obtained
before and after nCRT were recorded as CATVpre and
CATVpost, respectively. The reduction rate of cylindrical
approximated tumor volume (CATVRR) was determined
correspondingly using the following equation: (CAT-
Vpre — CATVpost) X 100%/CAT Vpre.

Relative signal intensity of tumor (rT2wSl)

The ROI that was used for the measurement of MTA was also
applied for estimating the absolute signal intensity of the tumor
(Fig. 2a, b). Meanwhile, the signal intensity of the obturator
internus was also obtained on the same section (Fig. 2a, b).
The boundaries of tumor and obturator internus were avoided
when measuring. rT2wSI was obtained using the absolute
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Fig. 1 a-d: Pre- and post-nCRT
T2-weighed image sets from

a 71-year-old woman with
rectal cancer (yT3N2). a The
maximum tumor area (MTA)
was traced at the slice with the
largest tumor dimension on the
high-spatial-resolution oblique
axial T2-weighted images (red
curve). b The maximum tumor
length (MTL) on the layer of
sagittal T2-weighted images
showing the maximum longitu-
dinal length of the tumor (red
line). ¢, d MTA and MTL of the
same patient after nCRT

Post-nCRT

Fig.2 a, b Pre- and post-nCRT
T2-weighted image sets from

a 63-year-old man with rectal
cancer (yT2NO). a The slice
with largest tumor dimension
on the high-spatial-resolution
oblique axial T2-weighted
images was selected, the ROIs
of the tumor (red curve) and the
obturator muscle (yellow curve)
were traced to obtain the rela-
tive signal intensity of tumor
(T2wSI). b rT2wSI of the same
patient after nCRT

signal intensity of the tumor divided by the signal intensity of
the obturator internus. Similarly, rT2wSI was measured before
and after nCRT (rT2wSlIpre and rT2wSIpost). The reduction
rate of rT2wSI (rT2wSIRR) equals (rT2wSIpre — rT2wSIpost)
X 100%/ rT2wSIpre.

M‘\c;—:-{;- A4 _--_ A .

Post-nCR

Magnetic resonance tumor regression grade
(mrTRG)

mrTRG was stratified into five grades as suggested by Patel
et al. [18]: grade 1 = complete regression, the absence of

@ Springer



2982

Abdominal Radiology (2019) 44:2978-2987

visible tumor signal; 2 = rare tumor signal in the context
of low-signal intensity fibrosis; 3 = predominant fibrosis
but obvious area of intermediate- signal-intensity tumor; 4
= residual tumor outgrowing fibrosis; 5 = no regression,
absence of changes from baseline.

Statistical analysis

Univariate analysis was used to test whether a single variable
has a statistically significant difference between the pCR and
the non-pCR group. Q-Q plot was performed for normal-
ity test. The ¢ test and the Mann—Whitney U test were per-
formed for continuous variables, and the chi-square test and
Fisher exact test for binary and ordinal categorical variables.
Logistic regression with lasso regularization was applied for
selecting the most useful parameters to build a diagnostic
model from different combinations of MRI-related param-
eters and clinical factors using the development group data.
A ten-fold cross-validation strategy was used for internal
validation of the model on unseen data. The diagnostic per-
formance of the model was expressed by the area under the
ROC curve (AUC), sensitivity, and specificity. The diag-
nostic performance of the others’ model, which was built
with mr'TRG, CAT V-related parameters, and rT2wSI-related
parameters alone, was also calculated. We tested the model
on an external validation group and the AUC, sensitivity,
and specificity of the validation group were calculated. The
diagnostic performance of the radiologist based on experi-
ence was also calculated in the validation group. The Delong
method was used to compare the AUC of the model and the
others’ model in the development group, and the AUC of the
model and the radiologist in validation group. The intraclass
correlation coefficient (ICC) was employed to estimate the
interreader reproducibility of all quantitative parameters
in the development group: ICC < 0.20, poor agreement;
0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substan-
tial; and > 0.80, excellent. The statistical language R version
3.5.1 (http://www.Rproject.org) was used for all statistical
analyses. P < 0.05 was considered statistically significant.

Results
Patients

The clinical factors of the enrolled patients are presented
in Table 2. Of the 84 patients in the development group,
43 patients underwent an abdominal perineal resection,
37 patients underwent a low-anterior resection, and four
patients underwent a Hartman’s procedure. At histopathol-
ogy, 17 (20.2%) patients had a pCR (yTONO), while 67
(79.8%) patients did not (non-pCR).
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Table2 The clinical factors of the enrolled patients in development
group

Development group

pCR non-pCR )4
Age(years) 55+14 58+12 0.349
Gender 0.552
Male 11 49
Female 6 18
CEA 0.041
Normal (< 5 ng/ml) 14 37
Abnormal (> 5 ng/ml) 3 30
Type of surgery NA
Abdominal perineal resection 10 33
Low-anterior resection 6 31
Hartman’s procedure 1 3

pCR Pathological complete response; non-pCR no pathological com-
plete response

Univariate analysis

Regarding clinical factors, the CEA level showed a sig-
nificant difference between pCR and non-pCR (p = 0.041)
groups, while the parameters of age and gender showed no
differences (Table 2).

Table 3 shows the results of univariate analysis for pCR
prediction using MRI-related parameters. DTA, mrTRG,
CATVpost, CATVRR, rT2wSIpost, and rT2wSIRR were
proven to be statistically significant between pCR and non-
PCR on univariate analysis. Other parameters (CP, TP, MRF,
EMVI, CATVpre, and rT2wSIpre) showed no significant
relation to pCR prediction.

The ICC values of CP, TP, MRF and all quantitative
parameters were more than 0.80 and demonstrated excel-
lent agreement between the two readers. The ICC value of
EMVI and mrTRG showed a substantial or a fair agreement
between the readers.

Multivariate analysis

A total of 15 variables were included in the multivariate
analysis. Candidates with nonzero coefficient were screened
using a lasso logistic regression model. Four parameters
were retained in the diagnostic model for pCR prediction
after nCRT, namely CAT Vpost, CATVRR, rT2wSIRR, and
mrTRG. The prediction model is shown in Table 4.

Diagnostic performance
The diagnostic performance of the model for predict-

ing pCR showed an AUC of 0.88 (95% CI 0.78-0.97,
p < 0.001) and achieved a sensitivity of 82.4% and a
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Table 3 Univariate analysis of demographics and MRI-related
parameters for pCR prediction

Characteristic pCR non-pCR Pvalue ICC
n=17) (n=167)
CP (1/2/3/4) 0/7/5/5 3/19/18/27 0.683¢ 0.917
TP (1/2/3/4) 8/1/4/4 24/9/18/16 0.860¢  0.964
MRF (+/-) 15/2 52/15 0.503¢  0.860
EMVI (+/-) 14/3 43/24 0.152°  0.669
DTA (cm) 4.77+2.47  6.44+2.58 0.019* 0.988
CATV
CATVpre (cm®)  12.82(7.93) 14.54(17.40)  0.258" 0.965
CATVpost (cm?)  1.55(2.20)  4.60 (5.12) <0.001°  0.956
CATVRR (%) 0.88 (0.19)  0.73 (0.24) <0.001° 0915
rT2wSI
rT2wSI pre 2.61 £0.46 2.45+043 0.178* 0.871
rT2wSI post 143 +£0.24 1.72+0.42 0.007* 0.893
rT2wSIRR (%) 0.44 £0.13  0.29+0.16 0.001* 0.815
mrTRG (1-2/3-5) 2/15 32/35 0.007°  0.330

pCR pathological complete response; non-pCR no pathological
complete response; CP circumferential percentage of rectal involve-
ment; 7P the tumor position; MRF mesorectal fascia; EMVI extra-
mural venous invasion; DTA distance to anal verge; CATV cylindri-
cal approximated tumor volume; CAT Vpre cylindrical approximated
tumor volume measured before nCRT; CAT Vpost cylindrical approxi-
mated tumor volume measured after nCRT; CATVRR cylindrical
approximated tumor volume reduction rate; r72wSI relative signal
intensity of tumor to muscle; rT2wSIpre relative signal intensity of
tumor to muscle measured before nCRT; rT2wSlIpost relative signal
intensity of tumor to muscle measured after nCRT; rT2wSIRR relative
signal intensity of tumor to muscle reduction rate; mrTRG MR tumor
regression grade

“The ¢ test

®The Mann-Whitney U test
“Chi-square test

4The Fisher exact test

Table 4 Parameters were

. . ; . Variable 5} OR
retained in the diagnostic model
for predicting pCR CATVpost —0.051 0.950
CATVRR 1.733  5.659
rT2wSIRR 1.220 3.388
mrTRG 0.018 1.019
Intercept —-2875 -

CATVpost cylindrical approxi-
mated tumor volume measured
after nCRT; CATVRR cylindri-
cal approximated tumor volume
reduction rate; rT2wSIRR rela-
tive signal intensity of tumor to
muscle reduction rate; mrTRG
MR tumor regression grade; f
Regression coefficient; OR odds
ratio
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Fig.3 a-c The diagnostic performance for pCR in the development
group: receiver operating characteristic curve (ROC) of complete
model for predicting pathological complete tumor response in locally
advanced rectal cancer, AUC = 0.88 (black line); a ROC of mrTRG
alone model, AUC = 0.68 (red line); b ROC of the model combin-
ing CAT V-related parameters, AUC = 0.83 (blue line); ¢ ROC of the
model combining rT2wSI-related parameters, AUC = 0.77 (green
line)

@ Springer



2984

Abdominal Radiology (2019) 44:2978-2987

specificity of 83.6% (Fig. 3a—c). When predicting pCR
using mrTRG, CATV-related parameters (CAT Vpre,
CATVpost and CATVRR), or rT2wSI-related parameters
(rT2wSIpre, rT2wSIpost and rT2wSIRR) alone, the AUC
of the model including mrTRG is 0.68 (sensitivity 88.2%
and specificity 47.8%) (Fig. 3a), the model combining
CATV-related parameters is 0.83 (sensitivity 70.6% and
specificity 80.6%) (Fig. 3b) and the model combining
rT2wSI-related parameters is 0.77 (sensitivity 70.6% and
specificity 80.6%) (Fig. 3c). Moreover, the AUC of the
complete model was significantly greater than that using
mrTRG (p = 0.006) and similar to the model combining
CATV-related parameters (p = 0.513) and the model com-
bining rT2wSI-related parameters (p = 0.186) (Fig. 3a—c).

Validation group

The validation group comprised 11 (30.6%) patients with
pCR and 25 (69.4%) patients with non-pCR. The AUC of
the validation group calculated using the model for pre-
dicting pCR is 0.84 (95% CI 0.70-0.98, p = 0.001), which
is similar to that of the development group, with a sensi-
tivity of 81.8% and a specificity of 76.0%, respectively.
The AUC of the validation group evaluated by radiologist
based on experience for predicting pCR is 0.61 (sensitiv-
ity 45.5% and specificity 76.0%). The AUC of the model
was significantly greater than that of radiologist based on
experience for predicting pCR (p = 0.047) (Fig. 4).

Statistical comparison
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=
=
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Fig.4 The diagnostic performance for pCR in the validation group:
receiver operating characteristic curve (ROC) in the validation group
of a complete model for predicting pathological complete tumor
response in locally advanced rectal cancer; AUC = 0.84 (orange line);
ROC in validation group of radiologist experience, AUC = 0.61 (sky
blue line)
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Discussion

In the present study, we developed a model, which include
the parameters of CATVpost, CATVRR, rT2wSIRR, and
mrTRG, to predict pCR for patients with LARC. The
model was validated in an external validation group yield-
ing a good diagnostic performance for assessing pCR
(AUCO0.84), and showing a better diagnostic performance
than radiologist based on experience as well.

For construction of a diagnostic model to predict pCR,
we extracted potential parameters including MRI-related
parameters and clinical factors and selected them using
the lasso method to address overfitting. Our study showed
that the complete model including CATVpost, CATVRR,
rT2wSIRR and mrTRG, was better than assessing pCR
with mr'TRG alone. Moreover, although the AUCs of the
model built with CATV-related parameters (CAT Vpre,
CATVpost and CATVRR) or with rT2wSI-related param-
eters (rT2wSIpre, rT2wSIpost and rT2wSIRR), had no sig-
nificant difference with the complete model, the complete
one tended to have better sensitivity and specificity.

The estimation of tumor size before and after nCRT is
an important criterion to quantify the treatment response.
In contrast to one- or two-dimensional diameter meas-
urements, tumor volume measurement easily reflects the
irregular tumor shape and can identify more information
of tumor size changes induced by nCRT. Many studies
have reported that the post-nCRT tumor volume and tumor
volumetric reduction rate, in which volume measurement
was obtained by multiplying cross-sectional area by the
section thickness, are valuable parameters to assess treat-
ment response to nCRT [19-21]; however, the volume
measurement method required more labor and time. In our
study, we multiplied MTA by MTL to obtain a cylindrical
approximated tumor volume and demonstrated that CATV-
post and CATVRR also are useful in assessing pCR. Both
CATVpost and CATVR were retained in the diagnostic
model. Therefore, we hypothesized that CATV may be
used as a surrogate for real tumor volume in busy clinical
practice.

Chemoradiotherapy induces fibrosis of tumor tissue,
which will lead to changes in T2-weighted signal inten-
sity from intermediate to hypointensity. In current radio-
logical practice, visual image evaluation of signal inten-
sity changes is dominant, but clearly distinguishing rare
residual tumor from fibrotic background is difficult. In our
study, we quantified the changes in signal intensity of the
lesion and used the absolute signal intensity of the tumor
divided by the signal intensity of the obturator internus to
remove the difference arising from MRI units. The results
showed that rT2wSIRR can be used for predicting pCR
and a higher rT2wSIRR meant a greater likelihood of pCR,
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which was concordant with the findings of Kluza E et al
[8]. In addition, rT2wSIpost showed a significant decrease
in the pCR group; however, the diagnostic model failed
to identify rT2wSIpost as a member for predicting pCR.
This is likely because rT2wSIpost contained the partial
information of rT2wSIpre while rT2wSIRR effectively
excluded this information.

Assessment of mrTRG was done based on the relative
proportion of residual tumor to treatment-induced fibrosis,
which could be used as an imaging parameter to select
patients with complete treatment response after nCRT.
However, according to the aforementioned disadvantage
of the visible image evaluation, one study reported the
agreement between mrTRG and pathological TRG (pTRG)
to be low (k = 0.25) [14] and another study reported that
mrTRG had a wide range Kappa agreement (0.14-0.82)
[22]. Siddiqui MR et al [22] suggested that enough test-
ing and retesting were necessary before assessing mrTRG.
We trained radiologists before the evaluation and divided
the specimens based on mrTRG response into two groups
to try to improve interreader agreement: good treatment
response (mrTRG (1-2)) and poor treatment response
(mrTRG (3-5)). Strong correlation was observed between
mrTRG (1-2) and pCR, which was concordant with pre-
vious findings of Fayza MS et al. [23]. However, a fair
agreement between the readers of mrTRG still appeared
in this study. Fortunately, from the results of this study,
we revealed that adding quantitative parameters, which
had excellent agreement, to mrTRG can obtain a better
diagnostic performance for pCR.

The parameters of CP, TP, MRF and EMVI measured
before nCRT did not show enough strength for predicting
pCR in our study. Interestingly, we found that DTA was sig-
nificantly associated statistically with pCR and the closer
distances to anal verge tend to make pCR determination
easier. A hypothesis proposed that the closer the tumor was
to anal verge, the less likely it was to take a geographic miss
and the more likely to receive radiation therapy volumes
and prescription doses [24]. Nevertheless, the explanation
for DTA remains unconfirmed and other studies reported
no statistical association between DTA and pCR [25, 26].

CEA is a complex glycoprotein with different glycosyla-
tions on the surface of the cell. CEA level was extracted as a
laboratory test factor for the model development. This study
found that lower initial CEA level showed significant sta-
tistical association with pCR on univariate analysis, which
was concordant with the previous reports [26-28]. However,
there were different lower initial CEA level definitions (i.e.
<3, <5, or < 6ng/ml); moreover, Yang et al. [29] proposed
that initial CEA level may not be used for predicting pCR.
Since their diagnostic performance in predicting pCR remain
controversial, both DTA and CEA level were not retained in
the diagnostic model in this study.

In the study, we chose the development and validation
group from two different periods of time. However, there
were similar sequences and protocols for rectal MR exami-
nation between 2011 and 2014, and no major changes in
the treatment regimen in patients with LARC during that
period. In addition, recently, several studies have applied
an external data set from different period of time for vali-
dating the model, which is more similar to the real-world
clinical practice [30]. Radiomics analysis and machine
learning has emerged in the field of cancer research in
recent years, and radiomics analysis showed good diagnos-
tic performance in predicting pCR after nCRT for LARC
patients [31]. Nevertheless, the value of radiomics analysis
and machine learning for predicting pCR needs to be fur-
ther explored and verified.

This study has some certain limitations. The first limi-
tation was the relatively small size of the development
group. Therefore, we performed cross-validation for
internal validation and used a new data set to evaluate the
performance of the model for external validation, and a
high-diagnostic performance was obtained in the valida-
tion group. However, the diagnostic value of the model
should be further evaluated in a larger study. Second, dif-
fusion-weighted imaging (DWI) and ADC values are rec-
ommended for assessing treatment response after nCRT,
however, they were not included in our study because of
partially limited image quality. Third, the histological dif-
ferentiation was not included, due to which, about 26%
of patients missed the parameters in our study. Finally,
CEA level measured after nCRT (post-nCRT CEA) was
not evaluated in the study because of the incomplete retro-
spective data. Post-CRT CEA and CEA ratio were reported
to be useful for prediction of pCR in some studies [29, 32].

In conclusion, the diagnostic model including CAT Vpost,
CATVRR, rT2wSIRR and mrTRG shows a high-predictive
performance for pCR after nCRT in patients with LARC
and can increase confidence in the organ-preserving strategy.
Further larger studies are required to investigate the clinical
applications value of the model. Moreover, future automated
segmentation tools should be used for parameter assessment.
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