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Abstract

Objective: To investigate the clinical value of maximum tumor thickness in magnetic resonance im-
aging (MRI) assessment of rectal cancer T staging. Methods: A retrospective study was conducted,
collecting MRI images and clinical data of 300 rectal cancer patients from the Second Affiliated Hos-
pital of Anhui Medical University between May 2022 and June 2025. Patients were grouped accord-
ing to pathological T stage to perform univariate correlation analysis, logistic regression analysis,
and predictive analysis between maximum tumor thickness and T stage. Results: The study found
that maximum tumor thickness, CEA, albumin levels, tumor length, and the number of positive
lymph nodes were correlated with rectal cancer T stage, with statistically significant differences (P
< 0.05). Age, gender, and BMI showed no statistically significant correlation with T stage (P > 0.05).
Multivariate analysis indicated that maximum tumor thickness was an independent risk factor for
predicting rectal cancer T stage (P < 0.01). The stepwise regression model (including thickness,
length, and lymph node number) had an AUC of 0.779, indicating moderate predictive efficacy. Con-
clusion: Maximum tumor thickness is an independent predictive factor for T staging of rectal cancer.
A thickness-only model based on maximum tumor thickness has good predictive performance (AUC
= 0.812). In diagnostically challenging cases, the thickness metric can assist radiologists in increas-
ing diagnostic accuracy from 0% to 57.4%, providing a simple and quantifiable tool for clinical T
staging assessment.
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1. 518

LW A2 T A R G0 0 et e [P M R 2 —, AR Globocan2022 s i i R [1], 45 Efm e 4
BRIRE RO AL T3 = A, SETCER A AL, R E S BRI KRR ST R AN A A Y
B, RIRNEFET NB R E a3 2] [3]. FIHE AR ATENE FIRYT, RATWHAEA T, T2 K
L TC Ik A AL AR AR, T3 I B s & T AT RVA YT, 1T R a2 e 0 S8 38 8 v A 26 AT R A BT 4
BRYT, FEMus G, FATFR[4]. PRICAR T HERA VPAl B s 70 1, G TT Pl L .

H A B i WA T B s B B NE. IR EHLEZ 14 (Computed To-
mography, CT)FIHE3EHE B4 (Magnetic Resonance Imaging, MRI) [5]. MRI 7] DL i o 5% R g 4 24
s R, TR A NS RS W AEK[6], (H RS BT AL ZE IR, N 88%~94% A%E[7],
AR S BRIEAZRKT. BFEfES. BBRESEAT . A8 RPERZM OR8] Fitl, #E
PO PTG T 20 BA40 2 H BT B 8 AR AT PPN I HE R

TE BRI, BAFAMIGIRSE, TREA R TR AR RARF V0 T 2 I E . £k
ZE[O)E AR TNM 3 2GR S . BAR . smfb Z SRR, RIAFES I EH 2 W Eid
BhRHAT B 22 5 o W 2R 05 S5 [LOTBF 70 b8 J52 52 K e s 6 40 46 DR 3 0 R B i 20 B2 T AL, R 3G
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OV S B P e PR P B K o AT e 3 [l A 0 A <22 B R R R 5 IR S s e B B 12 W L e 1) BB
IR TERE, R MRI B A 8 e K B T RE 5 B T 20 J0 AR RH Sk K Tl 4 Lo

2. ZINEH*E
2.1, — PSR

[ T P U T e BB ) K2 2 bR R B 2022 4F 6 H~2025 4F 6 H MR 12 1A B g 1) 300 1
BHFIGR TR SR PRI RHE: © 8 AJCC 5 8 M2 WiksdE[L1R EER M2 N E iR © 1)
ITARHT B & 7 P MRI 33 FLRAR PORL 285 B © W FARGIT . Hiktadt: © REZFARHR
J7; @ MRI ZERH R B I Ry 5Kk B AT @ ARG L [EIHR A B A J FA G B . A
ZHEBR 101 51, 199 1 Bl i S8 GORMN NS 78 . AR T 20 3HRE4T 4041, b T1, T2, T3, T4 &%
B 23 fil. 43451, 113 51, 20 il 44 FIY4FEES 63.43+10.22 %, Stk 129 7, &t 70 f5l. T1
2 T4 % H B E R . R4 F5 £ (Body Mass Index, BMI), 4H[R] FL#L 2 5 o4 it 2% 5 (P > 0.05).
Ji9RE i KSR L B R (carcinoembryonic antigen, CEA). R K42 B bk B2 45 5 H Bt g 20 B v &2
Wl THEEY, SR ZE A SR (P <0.01), W& 1.

Table 1. General information of rectal cancer patients at different T stages

# 1. EFERBEERET SRR ERIER

RHAIE T1 T2 T3 T4 P&
(%) 63.13 + 10.59 63.26 + 9.30 63.22 +9.92 65.3 + 13.57 0.864
P, 51(%) 0.745

5 16 (8.0%) 29 (14.6%) 72 (36.2%) 11 (5.5%)

gy 7 (3.5%) 14 (7.0%) 41 (20.6%) 9 (4.5%)
BMI/(kg/m?) 23.85 +3.30 23.94+3.10 23.43+3.10 22.15 +3.39 0.190
CEA/(ng/ml) 14.19 + 48.82 4.93+7.30 10.07 + 22.68 80.42 + 247.31 <0.01
KB/ (mm) 12.29 +3.93 17.73 £4.25 21.99 + 6.37 32.16 +9.87 <0.01
£4%/(cm) 2.78 +1.53 3.63+1.20 412 +1.94 5.14 +1.65 <0.01
HEH g/l 3831281 39.94 +3.82 38.88 + 3.45 37.15+4.43 0.030
FHMEMR R 2550 H 0.26 +0.54 0.93+2.03 1.85+3.12 2.95+5.08 0.010

22. Bk

221 WEANERESE

A BEESZVE] AR 3.0T MRI A2, SRAAMEMZEBET B LR + SRR i iz i
SR, AT 2 ANEHAT IR AR K E N, S A TE AT AV HE SR T T2 IIALUSAZ (T2 weighted imaging,
T2WI). T1 M4 (T1-weighted imaging, TIWI), AR T2WIL TIWI, REAHA T2WIL TIWIL 5RE0N
L Hf& (diffusion weighted imaging, DWI). b, RERAL I 7Y 2R BT B R A R R B . &Y
L T2WI 7512 408: TR4380ms, TE119ms, [A]FE 3mm, ZJ& 3mm, #E[F 276 x 351, FOV 199 mm
x 199 mm,

2.2.2. Elfgabe
WREERSE T2wi 1%, f#F] DICOM Viewer3.7.2 TAEI Fry 456 JORAL R RO BRI AL E , 7E5)
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b b R ERUIRE B R O Z I (A 1(A)), HPALEAT 2 HR B A e A BRI A R AL X (i 1(B)),
e TSR AR T o o PR i KB P BRI e PR A T T T EL M BE R BE 25 (W P 1(C)) B 22K (mm) o

Figure 1. Tumor maximum thickness delineation (A is the original image, B is the lesion delineation image, C is
the thickness delineation image)

E 1l MESAEEIEA ARE, BARLIEE, C AREIEHE)

2.3. G ESAE

NFH RStudio HEATEHE AT, IESDAAITFREERILL(X £s)Eow, AR BCRHRRE R 200 3E
B AR THE TR, M(P25, P75) %R, A LLECRH H &S0 THEB R AN ()], I LLEH 2 1
565 PR N H Spearman FRAHSC AT, 2R 2R R IR 2 5 £ R & Logistic [713, N 77 Z 1
JiK K1 ¥-(Variance Inflation Factor, VIF)X S & AT IR A% 7347, P<0.05 NZER B GG R L. WEAET
FHORAZ S T 2 TR AL, DASZ R TAERRIE it 28 (Receiver Operating Characteristic, ROC) &% ROC £k
T A (Area Under the Curve, AUC)YE B AL Tl 3 B I FE b, AR [H] LR FH Delong k. BAZ) S FE3L
iy 2 PR A K B 1 B AR 2 BT R, SR FH McNemar #6156 LU e g 5 K B 58 4 B0 TS0 S0 R 5 A2 12 W i I A
RIZER, P<0.05 HEFAFGRIFEE L.

3. &R
3.1. YEHE—H ML

VAT TBCSS Rk 5 A ST 00 6 e JE R, SR FH 4 A AH 9K R B (Intraclass Correlation Coefficient, 1CC)#Hl
Bland-Altman iE I W42 (8] — Btk . 45 R o, WA B A & BA 55 1 — B (1CC = 0.971, 95% Cl:
0.961~0.978), “F-¥JZ{H~-0.32 mm (95% — SR : —4.07 % 3.43mm). AIHLAL LI 20 Bk, AHET
TR RHEE A SR T 32 9 69.3%, VRIAFEFE WL 42 2.

Table 2. Comparison of pathological staging and radiologist diagnosis

= 2. RIES S S RES SRR

—
TRl R
T1 T2 T3 T4
T1 14 5 4 0
T2 1 33 8 1
T3 2 18 79 14
T4 0 2 6 12
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Figure 2. Inter-observer consistency analysis

B 2. MEFE—HMESHT

32 MEBSRXEESARGRE T SHANELE

N R R 208, MREaEKER NN, WET 2 NREF, SRIE3, T, T2, T3. T4
A B BEER, ZRERITFENEP <0.01); AT oMEHAFEEER, Kb, T1 5
T2, T35 T4 2N EKR, ZREEE, T25 T3 ZEATERNE.

Table 3. Comparison of maximum tumor thickness and pathological T stage in rectal cancer patients
=3 EREEMNERAEESRKRET 28R

# 1 5 2 | P48 2= Ak THE | (mm) |Cohen’s d| LA P

T1 T2 5.441 1.314 PN <0.001
T1 T3 9.707 1.728 PN <0.001
T1 T4 19.869 3.112 PN <0.001
T2 T3 4.266 0.726 H <0.001
T2 T4 14.427 2.087 X <0.001
T3 T4 10.162 1.419 K <0.001

3.3. MESRKERESMESHRIGK R Z B

3.3.1. BREREMEXMES

BRI R T Z W e SRR 4, AS[RD 3845 ) 28 3 10 iR )& % (F = 41.723, P < 0.001) . K42(F=7.518,P
<0.001). WEL%H (F=3.832, P =0.011). CEA /K~¥*(F = 4.706, P = 0.003) A [FH & H /K~¥*(F = 3.030, P =
0.031)J7 HIAFAE 2 % 2 57 . FIEHE(Tukey HSD)R WY, B FL o> HHSG N, g J5E BE ALK AR 1 35 08 K
CEA KFRZETHE, 1 HEAKFAE T4 WIEZFEC. R BMI 7E #4118 6 2. % % 7 (P > 0.05) . AN[F]
TR ) AR R R 2 I L 3.
Table 4. Spearman nonparametric correlation test (two-tailed) parameters for general information of rectal cancer patients
%= 4. EAREEE—MRZERAY Spearman IESHAE KT () S 8

AR F1d P {E
it IR B KR 41.723 <0.001
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i3k
e 0.247 0.864
BMI 1.601 0.191
CEA 4.706 0.003
AEA 3.030 0.031
FH Mk R 25 4 B 3.832 0.011
K2 7.518 <0.001

33.2. EfE T 7N R EREZER Logistic BV

DUREE T 70 o AR &, ¥ B Geih s U B 3R T7 Z 0 e 48N logistic [BIA A1, BEAT BN R 5
Z A& logistic 53 #7, 45 R W& 5. % 6. BLKE Logistic [543 7 Wkos, e )& 52 (OR = 1.251, 95%
Cl: 1.167~1.356, P < 0.001). K:4%(OR = 1.587, 95% ClI: 1.256~2.044, P < 0.001) A1k [ 45 % H (OR = 1.286,
95% CI: 1.096~1.578, P = 0.006) 2 i #2 73 JA T Kl 35 . 2 A & Logistic BIA5Hr&8H, F IE H A AR &
J&, AVJEE(OR = 1.216, 95% Cl: 1.132~1.321, P < 0.001) 44 7 FMVE A, 177 K A% (P = 0.153) Al itk (2 4%
H (P = 0.082) 1AM HI 55« XZ 0 AR op AR R AT VIF 2 B3RP, 58] VIF H 55
R B KR B (1.068) iR K1 (1.065) itk 454 H (1.010), —fHAE VIF EHI/NT 5, LHEZE
FLE M

S RRES IS B RRESHNST Kiz ZRESHNST

EN
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Figure 3. Box plots of various variables in different T stages, where I, II, IlI, and 1V
represent T1, T2, T3, and T4 stages, respectively
E 3 TR TSP RITSHEEE, 1. 10, 1, IVEISFIER T1, T2, T3, T4 HA
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Table 5. Univariate Logistic regression analysis parameters for rectal cancer T staging
F5 BT 2HNEER Logistic BIAZ 5%

FEbR OR 95% ClI P
v Jg i K B 1.251 1.167 1.356 <0.001
Kz 1.587 1.256 2.044 <0.001
MELEHH 1.286 1.096 1.578 0.006
HEH 0.943 0.866 1.024 0.168
CEA 1.006 0.999 1.025 0.377

Table 6. Multivariate Logistic regression analysis parameters for rectal cancer T staging
6. Hipfe T 2HANZER Logistic BIAZ 5%

FEbR OR 95% ClI P
v Jgd i K B 1.216 1.132 1.321 <0.001
Kz 1.226 0.950 1.638 0.153
L5 % H 1.191 0.997 1.481 0.082

3.4. MEEBE T S HImNEE

B e R L IR KA KSR E - AR RN TR R o, 43 AT B PR B KR
ZINR(EE . KEMMELEEE). £ EATEE, =T ROC kot Bon LK 4, =
ANFRIAE AL ) AUC 235118 0.812 (1N JEFEREAY) . 0.821 (GZ45 (A1 REAY) A1 0.831 (448 EA%7Y), Delong 1
U6 BN P 2 (8 )T 8 3 2 (P P > 0.05), W# 7.
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1 - $E53 1 (False Positive Rate)

Figure 4. Comparison of ROC curves of three prediction models
4. ZFTUNREE ROC fhzkbbis
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Table 7. AUC and Delong test of three models
7. =#iEEIE AUC 5 Delong #36

(e AUC (95% Cl) Delong 4% P &
AN JE P AR 0.812 (0.750~0.874) 0.474 (vs %35 [H] 15 AY)
1B [ Y 0.821 (0.762~0.881) 0.273 (vs A=A HLREAY)
AR e Y 0.831 (0.773~0.889) 0.201 (vs [ JEFEHRAY)

3.5. Ml & KB R BN IS BT RE AU ITAY

F T 298 T8 B0 1 IR B K B B Fe 12 W A 20.093 mm, L8 RE0N 1.480, REE N 64.7%,
KRN 83.3%, % T A MASHVEE LK 8. AW sti2 Wi R xEA %A 61, Hrh T2 5 T3 %5 I %t 4451
R 26, ZWTHER I 00 KR SO R FE A UL T 20 2 Wr, 15 31002 W IR 20 4 B J HERA 26l 57.4%,
T2, T3 %R e 2 55 Bh 5 HER RN 57.7%, R R B BIRT 4T .

Table 8. Reference range for maximum tumor thickness threshold

*8 MERAEERESEEE

T 4 IR R4 B2 %4 (mm)
T1 <121
T2 12.1~20.1
T3 20.1~28.1
T4 >28.1

4. Wi

b T B RO 2 SR AE TR B A L, RBTRSAE PP S R 3, ke it — 2D Ry7 7
FAAEEZ . MEEFIPBACIT . %% FRIREIT SRIT T RIS S [12] [13], R
S oy BRI 1) R RS T RGP IR T AR, AR T RE LK. RATEME T 2 B2 Ik KRR+
ST HRLERMWEERNRZ —. BIREE T 0SB EinitE, (B2 ARTTVHY B 2 9 E ZKE
FFPRAR FHAR[14]. MRI BN EA B S A SN, TERHAT /0 B2 W, Bl Bhscie s VRS . Tl i
PR 56 4 I N0 257 T AT RLAFPERE[15]. R MRI R CT. HAZH s BBy 2. A A4, e
SEAE, ARHERR AN AR 2 R 0 T VP A% e 23 S0 T R AR AT B R, RV T B E R EOK
(1 T2 A T3 Wi, AR TR BRI, I E TG A EERI[16].

iR foe K ELAT 5 45 B e 23 IR SR VR RIT SR 22 [17], IR s KB FEEAE 88 23 3007 T PR F 7 AR X 8
Ao AT RN, R B R R AN R AR ) R M B ARSS, W0 Yuen APW ZE[ 18145 1 E 98 DI BRAR A
MR BRI KN RS EO AT TN 8, 1 HTERTA MR K NS b, g 2 R 2 TRl
JREE K MBS BAAERME— BE R, MERGERM, DS RS T 78 T
VR, HLUMR )RR 1 mm. 2 mm. 4mm AU BEFIRE N TL 2 T4 BA[19]. M8 5K R 2 e A5 18
1% B BRI R AL O R R B, B SR, TN IR . AR A S T
B g s KRS T o SR G, 4Bl T 20 I el .

ARG LR AT MRI FIAR G B E R T 208, 4R ExR, Rl MRI L T 2 #HER% 69.3%, %
SERMHAL S E AL REA (7], WHEA RS ZRAFEAR. FIGRE. GRS C[20]
[21] ASHIF 5T VL EE 3 9 o7 = A= 05 e J52 P8 LA v 2 — BB (1ICC = 0.971), RN & 7 VA AEAN A WL 82 3%
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i EA R EE M. Bland-Altman 4341 Z7R, 95% I & ZEHAE-4.07 £ 3.43mm i N, X—%5F
TENG R T 3Z 0 Bl o DRI, 820 A w9 A7 2 2 1 00 St 45 SR TR S5 200

AR N, B MR T 2 I T e, KR B s B, 2R IEAG. S T 526,
iR 5 K5 P AT AE B S 22 5 o AHAD T A3 BRI LA, 22 ¥ 3, b T3 5 T4 [a134ME 2 SN ik,
P<0.001, HRAESGH¥2ER, RRMAE T 2006 T3 5 T4 6 i i KR 2 S ok H BT IRRE L, 45
A MRI LT 2B 45 58, sl B T3 T4 M2 IR 2R . ARBERER 3 22 @15 70 72 1))
RN B BF N CT & MRI EUGAFIE, 4 5 R 5 SN B 7 SRR 2 A v, 45 H B 20 SR
Wil JEE 2B K . Hasebe 45 [23 18 K 45 B e 0 v B A 5 2H, 15T 440 il MIB-1 AR ic 45 HURIY
FARNLAERE, 19 HILAE RN v B B3 AR DG, X 3R B 45 1 e %) i e J2 o o e g 240 P A
()5 240 Fe PR R E A FE T 38, B PR i A R e g 5 S I B kB, T yg 2 B 2 300 ) e
Fadh, SRR PR R R R 2 I HE e Tk AR (241585 BT AT 55 191 B s HR 0 LI A 1) A AR VR
KPP R EAE B T I B, S80I T 9 A EBAR T 7 4L MR 55 K fER BE R, 42
NEL B W EEMEIERES T 2K,

MM TR TR, MEERE., K12, MEBEHH. CEAKFEAEAKTES T UG EREE
R, EREAGEE L. Hao S[25]F AN 156 4 B 5 52 G E i R IEROR B, IWEfa
BH AN CEA #hrH T T 2 WIBL A2, SRGMHEALINTE CEA KT EETE T RIEH, HaligmARu
T o IS RRE . 2R OITRAE (2618 B 78 120 191 B Ve 23 ) L3S AR bn 6400, 159 38 B e s 273 Rk
J R bR KT o PR R A e R A B R S R R A, O T R AR R A R B [27], H RS
iR R e e, 5 e JE R B n B A R

ZRZRFENA LT 45 R BoR, MRSk EE 2 B T o s fai N E . R&E L HUE
FEFRIME R AUC v 0.812, BA RIFHITINIACAE . Delong K4 S = Mok 1 o 9 2 6] 1) G B 22 F ()
P>0.05), $usiR i R A G OB A R r TR se, 38 H ARG RAE br R fe S SR A A e R . HL
VIF £ BRI IS I A R AR A B B35 Rk, A RR AL T R AR . T B [28] M 1
MRI & B i A8 5 B 5 ok a5 R EAT R 40 A, 15 H B e o 738 J5 2 U EEL 65 A 1) S T
R o A H0K [29)0) FH E R 7o 2 2 (V0 TR T 2 SO R R, R IR e K JBE PR VA AR i e B v 7 %o e 5
ERRETE IR, 1983 R B R U M0 R N &

AW T ) 20 5 HR 504 1 L e P R e KR P S FEBREL Ay 20.093 mm,  J5E T b dk A7 iR
KIEFEHD T 2B, KRIAESWR LR T2, T3 LRl S, Witk R 853 — =T,
¥ 57.4%. 57.7%, RECZIBFRESBIBUHRIE A S W B s T 27 mAE — e E.

B MRl EME R KEESERE T 2R EMH, B EE 2 ERE T 2 s m
MF . iR KR E A GBS MR KA, ESEH . AEAKFE. CEAEMisW 7, Bn7E—
TEFEE AR S R R T R AT B AR T o IR Wi, 185 F— b8 &IaIT .
AT AOHET, IGRTORI MBS R, #% T AR ZER K, Hrph T, T4 IR AR
LR EZ 2. KEEART AN ARS8

i
ARSI 2 R AR 7 S IR R K2 58 R R e 2 0T H 32 HF
BA

KA FFAFE AL B R e (LS. YX2023-016).

>
)

=
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E&WE

TRBERLR A58 I o B2 B e AL B A ORI R B I H —— (G T AR RERT MRI SR AL 1 W 45

Bl T A N RSP (5 : 2022ZHYJ15).
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