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[Abstract] Objective: To explore the risk factors of pathological complete response (pCR) after neoadjuvant chemoradiotherapy in
locally advanced rectal cancer based on clinical and magnetic resonance imaging (MRD) data. Methods: A retrospective analysis was
conducted on 175 patients diagnosed with locally advanced rectal cancer through biopsy and clinical diagnosis from December 2014 to
November 2022, who underwent total mesorectal excision (TME) after neoadjuvant chemoradiotherapy. These patients were randomly
divided into a training set and a validation set in a 7:3 ratio. The training set included 122 patients, with 30 in the pCR group and 92 in
the non-pCR group; the remaining 53 patients served as the validation set(10 in the pCR group and 43 in the non-pCR group). Clinical
data, imaging examination and pathological data of patients before and after treatment were collected. Univariate and multivariate
logistic regression analyses were used to evaluate the efficacy of neoadjuvant treatment in locally advanced rectal cancer. The
diagnostic efficacy of predictive factors was evaluated by receiver operating characteristic (ROC) curve. The diagnostic efficacy of

predictive factors was assessed using the receiver operating characteristic (ROC) curve, calculating the area under the curve (AUC), cut
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- off value, sensitivity, and specificity. Differences in AUC values were compared using the Delong test. Results: Statistically
significant differences were observed in the maximum tumor diameter before and after treatment, the depth of tumor infiltration before
and after treatment, the CEA value after treatment, the number of lymph nodes around the tumor after treatment, extramural vascular
invasion before and after treatment, imaging T and N stages after treatment, and the mesorectal fascia between the pCR and non-pCR
groups. The univariate and multivariate logistic regression analysis identified extramural depth after treatment was an independent risk
factor for evaluating the efficacy of neoadjuvant chemoradiotherapy. Extramural depth after treatment demonstrated good diagnostic
efficacy in predicting the efficacy of neoadjuvant chemoradiotherapy in both the training and validation sets. The AUC values for the
training and the validation sets were 0.783 and 0.765, respectively, with cutoff values of 0.555 and 0.627, sensitivity of 0.870 and
0.852, and the specificity of 0.733 and 0.773. There was no statistically difference after Hosmer - Lemeshow goodness of fit test.
Conclusion: Evaluating the extramural depth is helpful to evaluate the pCR rate of locally advanced rectal cancer after neoadjuvant

chemoradiotherapy in locally advanced rectal cancer, providing a convenient and non-invasive diagnostic tool for clinic practice and

guiding individualized treatment.
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A 62-year-old female with locally advanced rectal cancer underwent surgery. Pathology showed mucosal defects with granulation tissue , fibrous
tissue growth, and infiltration of acute and chronic inflammatory cells, but no tumor cells were found. TRG score: Grade 0. MR images before nCRT
(sagittal T2WI, transverse T2WI, DWI, ADC, and DCE-MRD) are shown in A~E. MR images after nCRT are shown in F-J. In figure A, the thin white

line measures tumor length and the thick white line measures the distance from the tumor to the anal margin. Figure D shows the ADC value of the

tumor, measured using T2WI, DWI, and DCE-MRI. The thin white line in figure F shows the tumor length after treatment.
E1 pCR&E#E nCRTHI/Z MR E %
Figure 1 MR images of the pCR patient before and after nCRT

D] S -
A 49-year-old male patient with locally advanced rectal cancer. After operation, under the pathological microscope, multifocal mucus lakes were
formed in the fibrous connective tissue outside the mucosal layer to the muscularis propria, and only a few adenocarcinoma tissues were seen in it. Stage
after neoadjuvant chemotherapy (YPTNM) : YP T3NOMx, TRG score: Grade 1. Figures A—E show the pre-treatment MR images (sagittal T2WT, trans-
verse T2WI, axial TIWI, and DCE-MRD , and figures F~J show the post-treatment MR images. Brief arrows in figures A, C, D, F, H, and [ indicate
lymph nodes around the tumor before and after treatment. In figures B and G, the long arrow shows tumor invasion of the mesorectal fascia (MF posi-
tive), and the yellow line measures the depth of tumor invasion, from the outer edge of the muscularis propria to the outermost edge of the tumor.
2 non-pCR 2% nCRT B /E MR E1&
Figure 2 MR images of the non-pCR patient before and after nCRT
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Table 1 Clinical and pathological data of training and validation sets
Variable Training set(n=122) Validation set(n=53) A P
Age(years,x £5) 56.34 + 12.15 58.26 + 11.26 0.982 0.328
Sex[n(%)] 0.457 0.499
Male 84(68.9) 33(62.3)
Female 38(31.1) 20037.7)
nCRT effect[ n(%) ] 0.686 0.407
pCR set 30(24.6) 10(18.9)
non-pCR set 92(75.4) 43(81.1)
Tumor location[n(%) ] 0.054 0.157
Upper 18(14.8) 11(20.8)
Middle 86(70.5) 30(56.6)
Lower 18(14.8) 12(22.6)
Tumor lengthl cm, M(Pss, Pr5) ]
Pre 4.80(1.80,10.80) 4.80(2.70,10.20) -1.420 0.157
Post 3.30€0, 10.30) 3.10€0, 8.40) -0.401 0.689
CEALng/mL, M(Pss, Ps) ]
Pre 7.24(0.87,357.30) 5.60(1.39,75.36) -1.819 0.071
Post 2.36(0.41, 149.50) 2.49(0.81,23.15) -0.741 0.460
Fz2 NZBFNIIEA R R G FE R
Table 2 Imaging data of training and validation sets
Variable Training set(n=122) Validation set(n=53) A P
Pre-T[n(%) ] 0.437 0.804
T2 1€0.8) 00
T3 89(73.0) 39(73.6)
T4 32(26.2) 14(26.4)
Post-T[n(%) ] 5.271 0.153
T1 1€0.8) 3(5.7)
T2 33(27.0) 12(22.6)
T3 80(65.6) 32(60.4)
T4 8(6.6) 6(11.3)
Pre-N[n(%)] 1.642 0.440
NO 13(10.7) 4(7.5)
N1 68(55.7) 35(66.0)
N2 41(33.6) 14(26.4)
Post-N[n(%) ] 0.860 0.651
NO 59(48.4) 26(49.1)
N1 51(41.8) 24(45.3)
N2 12(9.8) 3(5.7)
EMD[cm, M(Ps, Prs) ]
pre 0.60€0,4.90) 0.40€0.10,3.30) -1.182 0.239
post 0.33(0,1.80) 0.40€0,2.10) -1.286 0.200
Pre-MF[1n(%) ] 3.595 0.058
+ 65(53.3) 14(26.4)
- 57(46.7) 39(73.6)
Pre-EMVI[n(%) ] 0.006 0.939
+ 43(35.2) 19(35.8)
- 79(64.83) 34(64.2)
LN count around tumor[ M(Pas, Ps5) ]
Pre 2.0(1.0,5.00 2.0(1.0,4.00 0.772 0.379
Post 1.0€0,2.00 000,1.00 8.953 0.069
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Table 3 Comparison of characteristics between pCR and non-pCR groups in the training set after nCRT

Training set(n=122)

Variable pCR group(n=30) non-pCR group(n=92) e P
Age(years,x 5) 55.53 + 10.66 56.61 + 12.64 -0.420 0.676
Sex[n(%)] 0.958 0.328
Male 18(60.0) 66(71.7)
Female 12(40.0) 26(28.3)
Tumor location[n(%) ] 0.931 0.628
Upper 3(10.0) 15(16.3)
Middle 23(76.7) 63(68.5)
Lower 4(13.3) 14(15.2)
Tumor length[ cm, M(Pas, Pss) ]
Pre 4.60(4.30,5.60) 4.90(4.30,5.50) -1.923 0.057
Post 2.70(2.00,3.15) 3.30(2.30,3.90) -2.607 0.010
Pre-T[n(%) ] 2.666 0.264
T2 00 1(1.1D
T3 25(83.3) 64(69.6)
T4 5(16.7) 27(29.3)
Post-T[n(%) ] 41.991 <0.001
T1 1(3.3) 000)
T2 21(70.0) 12(13.00
T3 8(26.7) 72(78.3)
T4 00 8(8.7)
Pre-NLn(%) ] 0.001 0.969
NO 3(10.0) 10€10.9)
N1 17(56.7) 51(55.4)
N2 10(33.3) 31(33.7)
Post-N[n(%) ] 2.995 0.084
NO 18(60.0) 41(44.6)
N1 11(21.6) 40(43.5)
N2 1(3.3) 11(12.00
EMD[ cm, M(Pas, P35) ]
Pre 0.59(0.23,0.55) 0.60(0.33,0.86) -2.182 0.031
Post 0€0,0.40) 0.40€0.20,0.60) -4.271 <0.001
Pre-MF[n(%) ] 2.155 0.142
+ 12(40.0) 39(42.4)
- 18(60.0) 53(57.6)
Pre-EMVI[1n(%) ] 12.625 <0.001
+ 2(6.7) 41(44.6)
- 28(93.3) 51(55.4)
LN count around tumor[ M (Pas, P+s) ]
Pre 2.0(1.0,5.00 2.0(1.0,5.00 0.250 0.617
Post 000, 1.00 1.0€0,2.0) 4.839 0.028
CEA[ng/mL, M(Pss, P+ ]
Pre 7.40(2.68,14.88) 6.76(2.86,19.90) 1.005 0.323
Post 2.06(1.36,2.99) 2.62(1.86,4.12) -1.111 0.269
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Table 4 Comparison of characteristics between pCR and non-pCR groups in the validation set after nCRT
Validation set(n=53)

Variable pCR group(n=10) non-pCR group(n=43) e r
Age(years, % + 5) 60.10 + 12.22 57.84+11.13 0.569 0.572
Sex[n(%) ] 0.027 0.870
Male 6(60.0) 27(26.8)
Female 4(40.0) 16(16.2)
Tumor location[ n(%) ] 1.114 0.572
Upper 2(20.0) 9(20.9)
Middle 7(70.0) 23(53.5)
Lower 1(10.0) 11(25.6)
Tumor length[ cm, M(Pss, Pss) ]
Pre 4.50(3.45,5.10) 4.50(4.05,5.20) -1.184 0.855
Post 3.05(2.35,4.15) 3.50(2.70,4.45) -1.708 0.094
Pre-T[n(%) ] 1.097 0.295
T2 00 0(0)
T3 6(60.0) 33(76.7)
T4 4(40.0) 10(23.3)
Post-T[n(%) ] 7.425 0.032
Tl 2(20.0) 1(2.3)
T2 4(40.0) 8(18.6)
T3 3(30.0) 29(67.4)
T4 1(10.0) 5(11.6)
Pre-N[n(%)] 2.431 0.300
NO 00 4(9.3)
N1 9(90.0) 26(60.5)
N2 1(10.0) 13(30.2)
Post-N[n(%) ] 4.137 0.130
NO 8(80.0) 18(41.9)
N1 2(20.0) 22(51.2)
N2 00 3(7.0)
EMD[cm, M(Pas, Pr5) ]
Pre 0.40€0.25,0.60) 0.50€0.34,0.80) -1.204 0.234
Post 0€0,0.40) 0.40€0.25,0.60) -0.798 0.429
Pre-MF[n(%)] 0.467 0.494
+ 4(40.0) 10(23.3)
- 6(60.0) 33(76.7)
Pre-EMVI[n(%) ] 0.631 0.427
+ 2(20.0) 17(39.5)
- 8(80.0) 26(60.5)
LN count around tumor[ M(Pss, P+s) ]
Pre 1.5(1.0,3.0) 2.0(1.0,4.0) 0.996 0.318
Post 0€0,0) 1.0€0,2.0) 5.523 0.019
CEA[ng/mL, M(Pss, Ps5)]
Pre 9.34(1.90,19.79) 5.00(2.80,11.03) 0.914 0.365
Post 2.24(1.50,3.50) 2.54(1.60,3.65) -0.807 0.424

nCRT J7 %0H 8 I B2 Wi R« Il 2k 2 F0 56 F 20 SE 80733 /10773 3) . 4 Hosmer-Leme-
1) AUC 18 %3 3 v 0.783 11 0.765, & Wi {8 2 71 A show L& 0 BEAL 56 J5 Y L G 1 52 22 7 QR4
0.555 F10.627, R 43 7124 0.870 F10.852 LA % U UF 2L P A 23 931 4 0.659..0.350) , 7 1l 28 K fh
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Table 5 Univariate logistic regression analysis of factors

influencing the prediction of nCRT efficacy

F6 nCRTIFTMNEMMEZEA % F 2 Logistic [ )3 547
Table 6 Multivariate logistic regression analysis of factors

influencing the prediction of nCRT efficacy

Univariate logistic regression analysis

Variable OR(95%CD) P

Age 1.007(0.974-1.042) 0.673
Sex 1.692(0.716-3.999) 0.231
Tumor location 0.861(0.403-1.841) 0.699
Tumor length(em)

Pre 1.374(0.984-1.917) 0.062

Post 1.743(1.139-2.666) 0.010
T

Pre 1.836(0.683-4.936) 0.229

Post 16.315(6.017-44.239)  <0.001
N

Pre 0.987(0.510-1.910) 0.969

Post 1.831(0.917-3.658) 0.086
EMD(cm)

Pre 1.792(0.758-4.236) 0.184

Post 57.010(7.115-456.780)  <0.001
Pre-MF 5.225(1.688-16.178) 0.004
Pre-EMVI 11.255(2.531-50.054) 0.001
LN count around tumor

Pre 1.069(0.925-1.237) 0.365

Post 1.546(1.086-2.200) 0.016
CEA (ng/mL)

Pre 0.993(0.983-1.003) 0.170

Post 1.449(1.033-2.033) 0.032
BiA
3 4% i

T i PR FE 8 T LARC B Bl iR /7 &%
ST A7 5 N RAFAE 2R b B AN S

A 1.0

Sensitivity

0 T T T T T T
0 02 04 06 08 1.0

1-Specificity

Multivariate logistic

Variable regression analysis
OR(95%CD P
Post-tumor length(cm) 1.425(0.962-2.111>  0.077
Post-T NA NA

Post-EMD (em) 9.885(2.136-45.734)  0.003
Pre-MF 0.535(0.226-1.267) 0.155
Pre-EMVI NA NA

1.400€0.969-2.023) 0.073

Post-LN count around tumor

OR: odds ratio; NA: not included in the variable.
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[ 37 25 & 9 A ) 2% (National Comprehensive Cancer
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Figure 3 ROC curves for predicting the effectiveness of nCRT based on extramural depth after treatment in the training group

(A) and validation group(B)
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