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The value of modified MRI-based split scar sign score in evaluating tumor regression grade of locally advanced rectal cancer
YUAN Yuan,MA Xiao-lu, LU Jian-ping, et al. Department of Diagnostic Radiology, the First Affiliated Hospital of PLA
Naval Medical University,Shanghai 200433 ,China

[Abstract] Objective: To investigate the diagnostic performance of MRI split scar sign-based score (mrSSS score) in
evaluating pathological tumor regression grade (TRG) for locally advanced rectal cancer (LARC) after neoadjuvant chemo-
radiotherapy (nCRT),and compare it with endoscopy, mrTRG and mrSSS.Methods: A retrospective continuous collection of
patients with LARC who underwent high-resolution rectal MRI examination in the Department of Diagnostic Radiology of
our hospital from August 2017 to July 2022 was conducted. According to pathological TRG, we divided all cases into two
kinds of groups, one was grouped as pathological complete response (pCR) and non-pathological complete response, the
other was grouped as pathological good response (TRG 0~1) and pathological poor response (TRG 2~3).Two radiolo-
gists jointly reviewed mrSSS scores. The results of endoscopy were divided into two sets including flat scar set and non-flat
scar set. The consistency between mrSSS score and pathological TRG was calculated using Cohen's kappa test.Diagnostic pa-
rameters (for example, AUC) were calculated to assess the performance of mrTRG, endoscopy, mrSSS, mrSSS score in e-
valuating pCR and pathological good response.Delong tests were used to compare the ROCs.Results: A total of 201 patients
were included in this study.The agreement between mrSSS and pathological TRG was substantial, with a weighted kappa
value of 0.671 (95%CI1:0.592~0.750).The AUCs of mrTRG 1, endoscopy, mrSSS and mrSSS score 0 in evaluating pCR
were 0.572 (95%C1:0.501~0.642),0.634 (95%CI:0.563~0.700),0.794 (95%CI1:0.731~0.847) and 0.834 (95%CI:
0.776~0.883) ,respectively. The AUC of mrSSS score 0 in evaluating pCR was significantly higher than those of mrTRG 1,
endoscopy and mrSSS, with P values <<0.0001,0.0001 and 0.0096 , respectively. The AUCs of mrTRG 1,endoscopy, mrSSS
and mrSSS score 0~1 in evaluating pathological good response were 0.576 (95%CI:0.504~0.645),0.590 (95%CI:0.519~
0.659),0.701 (95%CI:0.632~0.763) and 0.866 (95%CI:0.811~0.910),respectively. The AUC of mrSSS score 0~1 in e-
valuating pathological good response was significantly higher than those of mrTRG 1,endoscopy and mrSSS, with all P val-
{E&E BA0:200433 b 75 78 B 24 5 — WU = B T 2 W
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ues <<0.0001.Conclusion: mrSSS score shows good consistency in evaluating pathological TRG,and provides better diagnos-

tic performance in evaluating pCR and pathological good response, superior to endoscopy, mrSSS and mrTRG.It is beneficial

for treatment decision in clinical practice.

[Key words] Rectal cancer; Magnetic resonance imagingmr; Split scar sign-based score; Neoadjuvant chemoradiother-

apy; Tumor regression grade; Treatment response
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& 4 Bt 18] /= ok B 18] (ms) 4/ Fos 1/ % 5.9/2.5 4.7/2.8
A 3% (kHz) 142.9 166.7 390/ pixel 400/ pixel
A O 12 12 9 10
Hdh @ DWI
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Z & (mm) 6 6 5 6
46 15 128128 130X 96 150 X 150 128128
+ 5 af M) /= gk 8 1 (ms) 2840/ & 4500/ & 6300/89 4000/75
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T.WI L 23RZA&EF . T.WIHSH 1 20 REAMBHREGH A T.WI E2REFE FEFEFTRA.T.WIFS % 25,

i B 52 4 52 fi# (pathological complete response, pCR)
JE48 TRG 0 9, 60 B 58 & ZZ ff 78 TRG 1~3 ¢, i
FEL S Z R T B2 W pCR RLRE. 75— Fh w4 2%
5 54 Ry g B R S R R B SR R R L o B R 4 I
MALHE TRG 0 2% F1 TRG 1 9% ; %5 P W A B AL 4%
TRG 2 ZF1 TRG 3 9, WF 58 205 0 2 R 7 2 Wi
P RLAE SR B RCRE . 9 PR AR 45 A AR MELN R . 0
G (BRI » TC AT UL 9 A s 1 2% O B R S X
AN BB RE AN AR B 5 2 S CRREE SN L A 0 AN iR 5
B AR AR R 53 G R AS B AT K /b i
o 240 J0 A R AEAT: ] 8 4B, K R A sk R

B3 RE DWI AT B aiF 5,

(F5),

1.8 Ao B

K H Medcale(v13.0, R B ) #F 47 48 1 2% 43 17
o3 RAR B IO | 4y e 3R os . it ] Kolmogorov-
Sminov K 5 73 Hr 1% 25 VA8 R AT IE S A % 2R
PR DL rp A K (Y 3o 8] D B8P 2 E B v 22 3R
/K. Cohen’s kappa (k) £ 5 I T A ] WL %% 5 1] — 5
PRI DT FSEAR 45 S 5 0 B A5 SR 1 — B K 5 (kappa
fH0~0.2 H—EtE2.0.2~0.4 N —5 bk — . 0.4~
0.6 H—F M 45,0.6~0.8 H—FMRE,0.8~1.0
R —BPE R . mrSSS P4 AU KER TS
P TRG MM kappa — E(
PRI BT, 152 W SRR I
TGt % % B X mrSSS ¥ 43
AT oy 2R, X T A 2
Jrk e i 2 1 TAEFRIE (re-
ceiver operating characteris-
tic, ROC) M £ 3+ 5 ih 4 i
F Carea under curve, AUC),

Delong # % F F A [ ROC i

DDWIF R L EH 0 5 REMIBIALE EF W LBy AUC B, s il 4 4y
BEARLCE A ST G DDWIFHER, #5048 1 5. ERAMBIREEZLSET

#fr (decision curve analysis,

DCA) A% 1E £k FH T 12 Wi &k i
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AW A 201 il LARC 8 F, 3% 80 8 3% X7
IR nCRT G E A T M0 R B MRI DLEAR G
7T R 201 15 135 (9 16 PR 95 B4R R DL 2% 2. vl B
2139 ] (69.2%) . Lt 62 ] (30.8%) , 4F # rh v %k
58.0 % (AEIRTE IR 22.0~78.0 ),
%2 201 % LARC B# W15 R &4

16 R 4% 42 B (n=201)
el
b ac 139(69.2%)
B3 62(30.8%)
FH(CH)
¥ 4% 4% 58.0
(IQR:49.0,67.0,38 B 22.0~78.0)
BMI(kg/m?)

P {A 24.094+2.85
(F& B 16.56~31.51)
d 5 F ARakE R fER)
8.0(IQR:4.0,16.0,3& B 0~54)
AT 4R L F KB A R (R
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VR N C N B )
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CEA (ng/mL)
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ypT
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ypT1 11(5.5%)
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ypN

ypNO 147(73.1%)
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5 TRG 0 39(19.4%)

% # TRG 1 47(23.4%)

%2 TRG 2 83(41.3%)

¥ TRG 3 32(15.9%)

2.mrSSS P4 5 TRG Ay — 20k

mrSSS W43 (MU 4r25) 5 9% # TRG (Y 4325) 1) —
M R 45, A kappa {4 0.671(95% CI:0.592 ~
0.750) ,mrSSS W4 5% # TRG —E A 3L 141 1] (&
4.5) A—F 3L 60 Il (£ 3). mrSSS #4312 Wik Bl
TRG M IE 8 % @Al R ARA R ISR 4, S A4 2
mrSSS PEAME T B TRG i, Wt & il ik & 3 5
P I A DTSR FH B A 98 199 3 97 O 2 B A i) 2
() B 5 AR A 38 B9 & mrSSS PEAMEAR T 3 TRG 18 .

] BE & R EURAE IR E . R EBURE B IEIRIBIT .
%3 mrSSSHEAH5HETRG 1 —%E o)

mrsSss 5% ¥ TRG

o 0 1 2 3

0 28 5 0

1 8 34 9 1

2 1 52 4

3 2 3 17 27
4 mSSSHAUHAFETRGHEHR HHE KEX

mrSSS iR & 1EF & AE &

T (%) %) %)

0% 77.78 (28/36) 0 (0/36) 22.22 (8/36)

19 65.38 (34/52) 15.38 (8/52) 19.23 (10/52)

2 81.25 (52/64) 12.50 (8/64)  6.25 (4/64)

3 4 55.10 (27/49) 44.90 (22/49) 0 (0/49)

EAR 70.15(141/201) 18.90(38/201) 10.95(22/201)

3N I) W 52 3 T 1 — Bk

BEIf 1 5B 2 9 T, WI PE4r . DWI $¥£4) . mrSSS
— Bk 2k S A kappa {H 43 1R 0.541 (95%
CI:0.449~0.634),0.584 (95% CI:0.473~0.695) .
0.558 (95%CI:0.484~0.631),

4.mrTRG ., 88 . mrSSS. mrSSS 43 U Ff )y %12
Wi pCR DA K 9 B KL 4 Js2 1o 1) 3%

mrSSS W43 0 43RV 0 435 1~3 4
Gy REEHL X R4y 2T SR O T A M R R X S T 4
1ZWr pCR &4 BE , #f — 48 3l K #4T NOM & 2
TME, i mrSSS #4r 0~1 & 480N 0~1 435
2~3 SR A3 A5 X R A3 ST R S T AT b g
NI AN VEST 2 W B R 4 5 N Y A%, B8 s B8 A A Rt
R H)E . mrTRG 1CH mrTRG 43 4 mrTRG 1
5 mrTRG 2~5 B =4 KI5 5N E 2 B pCR 1)
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FHL R I BB AUC 2R TG B X (P =
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SR Wi BRI RV A AUC B 5 T mrTRG 1.4
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k5 WA &) pCR B A A I
7w g5 ik mrTRG 1 R 4% mrSSS mrSSS 4 0 4
AUC 0.572 0.634 0.794 0.834
95%CI 0.501~0.642 0.563~0.700 0.731~0.847 0.776~0.883
BB (X)) 23.08 38.46 69.23 71.79
B (%) 91.36 88.27 89.51 95.06
SE A F(U) 78.11 78.61 85.57 90.55
PPV (%) 39.13 44.12 61.36 77.78
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P 14 <0.0001*! 0.0001%? 0.0096*°

E N ABRREERBEANG A ELLER, mrSSSHEL 0 HEI A O L 1~3 28 @rE£LR, PPV MEFNAL; NPV B M T ;
PLR: a2 2 ¥ (positive likelihood ratio, PLR) : NLR: P # 4 2 I (negative likelihood ratio, PLR) ; Delong # % %4 R . *! mrSSS # 4 0 5 mrTRG

1;%2 mrSSS #F5 0 5 W4E; ¥ mrSSS # 4% 0 45 mrSSS,

6 WA ED U RE R KA

7w I ik mrTRG 1 E 3 mrSSS mrSSS #4 0—1 4
AUC 0.576 0.590 0.701 0.866
95%CI 0.504~0.645 0.519~0.659 0.632~0.763 0.811~0.910
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NLR 0.84 0.80 0.58 0.15

P {i <C0.0001*! <0.0001*? <0.0001**
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Temporal evolution of obturator internus muscle area after pelvic radiotherapy for rectal cancer ZHANG Jing, LUO Yan,

XIONG ZI-MAN, et al.Department of Radiology, Tongji Hospital, Tongji Medical College, Huazhong University of Science

and Technology, Wuhan 430030, China

[Abstract] Objective: To investigate the temporal evolution of obturator internus (OI) muscle area after pelvic radio-

therapy for rectal cancer (RC).Methods: A total of 326 RC patients were retrospectively enrolled and stratified into palliative

radiotherapy, pre-radical surgery neoadjuvant radiotherapy,and post-radical adjuvant radiotherapy groups.OI areas were de-

lineated and measured on axial CT/MRI at the anterior margin of the pubic symphysis at baseline,2~8 weeks, 6 months,

and 1 year after radiotherapy.Linear mixed-effects models and repeated-measures analysis of variance (rm-ANOVA) were

used to evaluate temporal trends.Post-hoc comparisons were conducted after Bonferroni correction.Results: The adjuvant ra-

diotherapy group exhibited a significant time main effect:"

enlargement-regression-atrophy" temporal pattern. And post-hoc

comparisons were significant (P <(0.001). All three groups showed a significant enlargement in early OI area,and there

were no significant differences in the magnitude or direction of the area changes among the groups.Early Ol area changes

were weakly correlated with baseline OI area, but were not associated with age, tumor location, radiotherapy modality, or

follow-up time after radiotherapy.Conclusion: Ol area demonstrates a classic temporal evolution following pelvic adjuvant ra-

diotherapy for RC.The early-phase area changes show consistency across radiotherapy regimens,and can serve as a potential

objective indicator for the local imaging effects after radiotherapy.

[Key words] Rectal cancer; Pelvic radiotherapy; Obturator internus; Tomography,X-ray computed; Magnetic reso-

nance imaging; Temporal analysis
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MRI diagnosis and differential diagnosis of rare circumferential thickening-type tumors and tumor-like lesions of the rectum
LIU Wei-sen, XIONG Cheng-bo,ZHANG Yi,et al.Department of Radiology, The Sixth Affiliated Hospital,Sun Yat-sen U-
niversity ; Guangdong Provincial Key Laboratory of Colorectal and Pelvic Floor Diseases, The Sixth Affiliated Hospital,Sun
Yat-sen University; Biomedical Innovation Center, The Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou
510655, China

[Abstract] Objective: To explore the magnetic resonance imaging (MRI) diagnostic and differential diagnostic points
of rare circumferential thickening-type tumors and tumor-like lesions of the rectum.Methods: The patients presenting with
circumferential thickening of the rectal wall in MRI examinations from January 2013 to November 2025 were retrospectively
collected. The cohort consisted of 29 cases of rectal mucinous adenocarcinoma (MAC),25 cases of rectal signet ring cell car-
cinoma (SRCC),11 cases of rectal lymphoma, 13 cases of solitary rectal ulcer syndrome (SRUS),and 23 cases of rectal cav-
ernous hemangioma (CH).The MRI features of these diseases were analyzed and compared.Results: Compared with SRUS,
the presence of mucinous/water-like hyperintensity on T, WI and heterogeneous enhancement (96.6% vs. 0% ,89.7% vs.
7.7% ,respectively, P<(0.001) favored the diagnosis of rectal MAC.Both rectal MAC (96.6% ) and rectal CH (100%) ex-
hibited mucinous/water-like hyperintensity on T, WI. However, heterogeneous enhancement was more suggestive of rectal
MAC (89.7% wvs. 13.0% ,P<C0.001) ; honeycomb-like vascular proliferation in the mesorectum, calcifications in the rectal
wall or perirectal tissues,and a longer involved bowel segment (95.7% vs. 3.4% ,78.3% vs. 0% ,132.26 +43.50mm vs.
55.38422.09mm, respectively;all P<C0.001) were highly indicative of rectal CH.Layered enhancement and mild or absent
diffusion restriction on diffusion-weighted imaging (DWI) were common findings in rectal SRCC (72%,92%), SRUS
(92.3%,100%) ,and CH (87%,100% ).Nevertheless, mesorectal dirty appearance was highly suggestive of rectal SRCC
(64% ) ,whereas this finding was absent in both SRUS and CH,and the difference was statistically significant (P<20.001).
Compared with SRUS and CH, rectal lymphoma more frequently demonstrated marked diffusion restriction on DWI
(90.9%,0% ,and 0%, respectively) and homogeneous enhancement (63.6% ,0%,and 0%, respectively), with all these
differences being statistically significant (P <C0.001).Moreover, the bowel wall thickness of rectal lymphoma was signifi-
EBBAL:510655 ML il R MHE SRS BB SIS Wi RL . )T AR A G5 B AR I Y TR SR s L) M T B X oK AR
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cantly greater than that of SRUS (23.0948.32mm vs. 13.5442.60mm, P =0.003).Conclusion: MRI imaging features pro-

vide valuable information for the diagnosis and differential diagnosis of rare circumferential thickening-type tumors and

tumor-like lesions of the rectum.

[Key words] Rectal neoplasms; Rectal tumor-like lesions; Circumferential thickening; Magnetic resonance imaging;
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Preoperative prediction of tumor budding grade in colorectal cancer based on enhanced CT radiomics combined with machine
learning SUN Shi-chao, SUO Long-long, ZHANG Wu-jie, et al. Second Department of Hepatobiliary Surgery, Handan
First Hospital, Hebei 056000, China

[Abstract] Objective: To explore the predictive value of enhanced CT-based radiomics combined with machine learn-
ing for the grade of tumor budding (TB) in colorectal cancer.Methods:Retrospective collection of colorectal cancer patients
confirmed by postoperative pathology from two centers was conducted. A total of 467 patients were enrolled from Center 1,
who were randomly divided into a training cohort (n=327) and an internal validation cohort (n=140) in a 7:3 ratio.Center
2 contributed 209 patients,all of whom were assigned to the external validation cohort.Based on postoperative pathological
assessment, patients were categorized into either a low-to-moderate tumor budding (TB) group or a high TB group. The
tumor contours were outlined layer by layer on the three-phase contrast-enhanced CT images,and their radiomics features
were extracted.Prediction models were built using multi-layer perceptron, support vector machine (SVM), logistic regres-
sion,and naive Bayes. At the same time, univariate and multivariate logistic regression analyses were used to select inde-
pendent predictive factors from clinical imaging features,and these factors were input as additional features into the optimal
radiomics model to construct a nomogram model.Results: Robust predictive performance was observed with the SVM mod-
el,as evidenced by AUCs of 0.918 in the training cohort,0.863 in the internal validation cohort,and 0.835 in the external
validation cohort,respectively.In colorectal cancer,the differentiation degree,enhancement mode,and CT-N staging were i-
dentified as independent predictors of TB grade. When these variables were incorporated into a SVM-based nomogram, the
model demonstrated superior predictive accuracy. The model achieved AUC values of 0.951 in the training cohort,0.904 in
the internal validation cohort, and 0.858 in the external validation cohort, respectively. Conclusion: The predictive model
based on enhanced CT radiomics and machine learning can better predict the TB grade of colorectal cancer before surgery,
and the nomogram model established by incorporating clinical imaging features can further improve performance.

[Key words] Colorectal cancer; Tumor budding; Tomography,X-ray computer; Radiomics; Nomogram
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