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[ Abstract ] Background and purpose: Mesorectal fascia (MRF) involvement identified on MRI is a key imaging surrogate of high-
risk disease in patients with locally advanced rectal cancer (LARC). However, its prognostic significance in the era of modern
neoadjuvant chemoradiotherapy (nCRT) remains controversial. This study aimed to evaluate the prognostic impact of baseline MRF
positivity and its dynamic “conversion” pattern on clinical outcomes and survival. Methods: This study retrospectively reviewed 1
159 consecutive LARC patients treated with nCRT followed by curative resection at the Department of Colorectal Surgery, Fudan
University Shanghai Cancer Center between 2018 and 2024. Patients were categorized according to baseline MRF status (positive vs
negative), and 1:2 propensity score matching (PSM) was used to balance clinicopathological characteristics. Disease-free survival
(DFS) and overall survival (OS) were analyzed using the Kaplan-Meier method and Cox regression models. Multivariable analyses
were further performed within the MRF-positive subgroup to identify independent prognostic determinants. This study was approved
by the Ethics Committee of the Cancer Hospital affiliated with Fudan University (1807188-10-2001B) and acquired informed
consent. Results: Among the 1 159 included patients, 270 (23.3%) had MRF-positive disease. Before propensity score matching
(PSM), the 5-year DFS rate of MRF-positive patients in the cohort was 73.2%, and the OS rate was 78.9%, both significantly lower
than the 86.7% and 90.5% in the MRF-negative group (P<0.001). After 1:2 PSM matching, the 5-year DFS rate in the MRF-positive
group was 70.4%, and the OS rate was 76.5%, still significantly lower than the 84.1% and 88.7% in the MRF-negative group (P=
0.002, P=0.004). Within the MRF-positive subgroup, multivariable analysis identified mrT4 stage, mrN2 stage, and Miles/Hartmann
procedures as independent adverse prognostic factors. Notably, radiologic “conversion” from positive to negative MRF was not
independently associated with improved survival. Among patients with MRF-positive findings on preoperative MRI, only 7.2% had
pathologically confirmed circumferential resection margin (CRM) involvement, indicating limited specificity of MRI for MRF
assessment. Conclusions: MRI-defined MRF positivity remains a robust independent predictor of poor prognosis in LARC, even
after PSM adjustment. However, radiologic MRF “conversion” does not independently predict survival outcomes, and most MRI-
suspected MRF-positive cases ultimately achieve negative pathological margins. These findings highlight both the prognostic value
and inherent limitations of MRI, emphasizing the need for integrated radiologic-pathologic evaluation when tailoring individualized
treatment strategies for rectal cancer.

[Key words ] Locally advanced rectal cancer; Mesorectal fascia; Neoadjuvant chemoradiotherapy; Prognosis; Retrospective study;
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Tab.1 Patient demographics and baseline characteristics before and after PSM

[n (%) ]
Before matching After matching
Characteristics MR(I; :gggt)ive MR(E :pzo7s(i)t)ive Pvalie P value" MR(E1 :;izt)ive MR(E fzf)ls(i)t)ive value P value"
Gender 0.908 0.01 0.924
Female 303 (34) 91 (34) 122 (34) 73 (35)
Male 586 (66) 179 (66) 233 (66) 137 (65)
Agelyear 0.007 0.24 0.621
<60 471 (53) 168 (62) 214 (60) 131 (62)
>60 418 (47) 102 (38) 141 (40) 79 (38)
Surgery type 57.85 <0.001 2.93 0.231
Dixon 699 (79) 151 (56) 246 (69) 140 (67)
Miles 159 (18) 91 (34) 94 (26) 54 (26)
Hartmann 31(3) 28 (10) 15 (4) 16 (8)
EMVI 144.08 <0.001 2.33 0.127
Negative 718 (81) 117 (43) 211 (59) 111 (53)
Positive 171 (19) 153 (57) 144 (41) 99 (47)
mrT 150.53 <0.001 5.02 0.081
T2 178 (20) 10 (4) 21 (6) 10 (5)
T3 664 (75) 179 (66) 292 (82) 161 (77)
T4 47 (5) 81 (30) 42 (12) 39(19)
mrN 22.66 <0.001 0.36 0.834
NO 373 (42) 75 (28) 100 (28) 56 (27)
N1 250 (28) 77 (29) 105 (30) 67 (32)
N2 266 (30) 118 (44) 150 (42) 87 (41)
Distance from the anal verge/cm 0.021 0.02 0.879
<5 332 (37) 122 (45) 146 (41) 85 (40)
>5 557 (63) 148 (55) 209 (59) 125 (60)
CEA/(ng-mL™) 24.37 <0.001 0.80 0.371
<5 549 (62) 121 (45) 171 (48) 93 (44)
>5 340 (38) 149 (55) 184 (52) 117 (56)

" Pearson's Chi-squared test.
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From June 2018 to January 2024, patients with rectal cancer who underwent and completed
neoadjuvant chemoradiotherapy(nCRT) in Fudan University Shanghai Cancer Center(n=3 188)

|

Patients with complete magnetic resonance imaging (MRI) data (n=1 363) |

Excluded patients

-Patients with incomplete follow-up records (n=70)
-Patients with incomplete or unclear surgical records (n=27)
-Patients with distant metastasis (M1)(n=107)

Eligible patients (n=1159)

Patients with MRF" on the first MRI (n=270) |

| Patients with MRF™ on the first MRI (1=889) |

1 BEMNFHRIVENRIZEE

Fig.1 Flow chart of patient enrollment

2 MRI T2 &4 MRF Z &4

Fig. 2 MRI assessment of MRF involvement on axial T2-

weighted images

A: Rectal tumor located >1 mm from the mesorectal fascia (negative);
B: Rectal tumor (white arrow) located <1 mm from the mesorectal
fascia (positive).

2.2 Kaplan-Meier 725

TEARVCEL I BAFH, Kaplan-Meier 25 3 iR,
MRF FH M 0 1 25 25 T MRF B 3
MRF PHYE 219 5 4F DFS %8 73.2%, 1 MRF BA
PR ] 86.7%, ZRASIT#E L (P<0.001),
MREF P 584 09 5 4F OS %4y 78.9%, 1fif MRF [
PERRF N 90.5%, ZERALEI#E L (P<0.001),

2o 1 2 A 4553 DR ED, MRF PHAEZ AN
B 20 701 J 25 S MK ORAE 7 . MRF PHAYEZH 1Y 5 4F
DFS & F (X T B4 (70.4% vs 84.1%, P=
0.002), MRF [HM: £/ 545 OS 35 25 T B

®2 PSMILERIEELHTELE

Tab.2 Baseline covariates before and after matching

[n(%)]
Before matching After matching
Variables Level MI.{F MREF positive A MRF MREF positive A
negative (n (n=270) SMD negative (n (n=210) SMD
=889) =355)
Gender/% Female 303 (34.1) 91 (33.7) -0.008 122 (34.4) 73 (34.8) -0.015
Male 586 (65.9) 179 (66.3) 0.008 233 (65.6) 137 (65.2) 0.015
Age year/% <60 471 (53.0) 168 (62.2) 0.191 214 (60.3) 131 (62.4) -0.005
>60 418 (47.0) 102 (37.8) -0.191 141 (39.7) 79 (37.6) 0.005
Surgery type/% Dixon 699 (78.6) 151 (55.9) -0.457 246 (69.3) 140 (66.7) <0.001
Miles 159 (17.9) 91 (33.7) 0.335 94 (26.5) 54 (25.7) -0.030
Hartmann 31(3.5) 28 (10.4) 0.226 15(4.2) 16 (7.6) 0.047
EMVI1/% Negative 718 (80.8) 117 (43.3) -0.755 211 (59.4) 111 (52.9) 0.010
Positive 171 (19.2) 153 (56.7) 0.755 144 (40.6) 99 (47.1) -0.010
mrT/% T2 178 (20.0) 10 (3.7) -0.864 21(5.9) 10 (4.8) -0.013
T3 664 (74.7) 179 (66.3) -0.178 292 (82.3) 161 (76.7) -0.045
T4 47 (5.3) 81 (30.0) 0.539 42 (11.8) 39 (18.6) 0.052
mrN/% NO 373 (42.0) 75 (27.8) -0.317 100 (28.2) 56 (26.7) 0.037
N1 250 (28.1) 77 (28.5) 0.009 105 (29.6) 67 (31.9) 0.053
N2 266 (29.9) 118 (43.7) 0.278 150 (42.3) 87 (41.4) -0.082
Distance from the anal verge/cm <5 332(37.3) 122 (45.2) 0.158 146 (41.1) 85 (40.5) -0.024
>5 557 (62.7) 148 (54.8) -0.158 209 (58.9) 125 (59.5) 0.024
CEA/(ng-mL™) <5 549 (61.8) 121 (44.8) -0.341 171 (48.2) 93 (44.3) -0.024
>5 340 (38.2) 149 (55.2) 0.341 184 (51.8) 117 (55.7) 0.024

2. Standardized mean difference.
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B (76.5% vs 88.7%, P=0.004) . &5RFEM,
ToI A SRR R B i L J5 , #4h MRF
PR UG (B4),
2.3 MRFIAMEERILAESH

X 49) 1 MRT A A 245 5 & 7s MIRF -y P4 1) £
F AT Cox [MIAZ3HT,  LAFRIT 2 8 XU V. 2H ) 5
JFERZE, ZRESHER, MRF#4L (BHEB)
IF A 2 5 H# 3 DFS (HR=0.74, 95% CI:
0.45~1.23, P=0.242) % OS (HR=1.06, 95%
CI: 0.54~2.09, P=0.858) By~ H)5HE.,
JZ, mrT4. mrN2 il Miles/Hartmann TR 5 % 24
FIAUGAE (33, 4, KS5), XELLERERH,
& MRF A0 AT B S Wi o s R 2 22 i, BT

=24
5

MRI$2E/5 MRF FHPERY 3, 76 nCRT J5 4 7TH3G
PEF AR BE TG 0952 A R
24 nCRTIEMRF{IAMMEENRFREFKRE
GERMBENKPER

TEHT 5 BIG T 5 AR T4l MRF 454 BH 1 )
221 BB, ARG B A 25 R s e 1)
RIHRE 5 MRIZE R AR T2 —8 RighHs:
Ky 25 5 7R ypT3 Al ypT4 1 B 4 19 L i AH 24
(48.9% vs 46.2%), H.38.0% 1Y 5 K ypNO ] .
IR JE V) 25 95 L2402 W 45 5 0 BH M 1% e 1) 4 {1
(7.2%), FHRZHHRGIC RS 720 FARY)
B R E KRN 8.6%, iR KA RN
30.8% (5%5).

| Initial cohort (n=1 159 patients) |

Patients with MRF" on the first MRI (n=270) |

logit of the propensity score

Patients with MRF" on the first MRI after PSM (n=210) |

1:2 nearest-neighbor PSM; matching without replacement;
Matching criterion: 0.1 times the standard deviation of the

| Patients with MRF™ on the first MRI (n=889)

| Patients with MRF™ on the first MRI after PSM (n=355)

3 PSMEERHREE
Fig.3 Flow chart of PSM matching

Before PSM (DFS)

>

Probability of survival (DFS)
=

— MREF positive

o
0

0.6
.
0.4} HR=1.94(1.58-2.38) Wram-—
p<0gOl
0 12 24 36 48 60 72 84 96
t/month

MRF negative 889 725 574 420 326 239 131 76 41
MREF positive 270 190 128 87 70 55 32 20 8

— MREF negative

MREF negative 889 820 675 494 369 266 145 80
MREF positive 270 235 171 113

Before PSM (OS)

— MRF negative
— MREF positive

:’{:"*i:—:;—)

D HR=2.11(1.65-2.71) i

P<0.001

0 12 24 36 48 60 72 84
t/month

96

43

88 63 38 23 10

After PSM (DFS)

— MRF negative
— MRF positive

™

Probability of survival (DFS)
=

o
0

g
=N
T

HR=1.59(1.22-2.08) R B

'.P<0,(.)01 ) ) ) . . ! .

0 12 24 36 48 60 72 84 96
t/month

N
~

MREF negative 355 280 216 155 119 89 52 28 12
MREF positive 210 151 102 69 56 45 28 17 7

After PSM (OS)

— MREF negative
— MREF positive

| HR=1.58(1.15-2.19)

P=0.005

0 12 24 36 48 60 72 84 96
t/month

MREF negative 355 323 260 182 137 100 57 30 12

MREF positive 210 183 131

8 70 51 32 18 8

El4 PSMILECRERENEFHELE

Fig.4 Survival curves of patients before and after PSM
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Probability of survival (OS)

0.67
HR=0.68(0.39-1.18)
0.5k poa72 oSS
0 12 24 36 48 60 72 84 96
t/month

MREF transfer 209 180 133 93 73 54 34 21 10
MREF transfer 61 55 38 20 15 9 4 2 0

C Multivariable Cox regression of MRF transfer status for DFS and OS

Characteristics Total (N)  HR (95% CI) P value
MREF transfer (DFS) 270

Negative 61 Reference

Positive 209 0.74 (0.45, 1.23) 0.242
MREF transfer (OS) 270

Negative 61 Reference

Positive 209 1.06 (0.54, 2.09) ; f 0.858

Potential confounders adjusted in the model:

0.5 1.0 1.5 2.0

Gender, age, surgery type, CEA level, mrT, mrN, distance from the anal verge, EMVI status
5 MRFEULSHEETREMNXR

Fig. 5 Relationship between MRF conversion status and patient prognosis
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Tab.5 Baseline characteristics of patients with preoperative MRI-defined MRF positivity
Characteristic Case n(%) Characteristic Case n(%)

Gender Negative 86 (38.9)

Male 139 (62.9) Positive 135 (61.1)

Female 82 (37.1) ypT
Surgery type T2 11 (5.0)

Dixon 111 (50.2) T3 108 (48.9)

Miles 80 (36.2) T4 102 (46.2)

Hartmann 30 (13.6) ypN
CEA/(ng-mL™") NO 84 (38.0)

<5 104 (47.1) N1 83 (37.6)

>5 117 (52.9) N2 54 (24.4)
mrT pCRM

T2-T3 136 (61.5) Negative 204 (92.3)

T4 85 (38.5) Positive 16 (7.2)
mrN Unknown 1(0.5)

NO 48 (21.7) Local recurrence

N1 64 (29.0) No 200 (90.5)

N2 109 (49.3) Yes 19 (8.6)
Distance from the anal verge/cm Unknown 2(0.9)

>5 118 (53.4) Metastasis

<5 103 (46.6) No 153 (69.2)
EMVI Yes 68 (30.8)

%6 ABIMRFPEEEEDFSHMEFERLSFEEEIFSH
Tab. 6 Univariable and multivariable regression analysis of patients’ DFS with preoperative MRI-defined MRF positivity
Characteristic Univariable Multivariable
Casen  Eventn HR (95% CI) Pvalue Casen  Eventn HR (95% CI) P value

Gender

Male 139 75 1.00 (reference) 139 75 1.00 (reference)

Female 82 44 0.99 (0.68, 1.44) 0.969 82 44 1.00 (0.68, 1.46) 0.998
Surgery type

Dixon 111 51 1.00 (reference) 111 51 1.00 (reference)

Miles 80 45 1.28 (0.86, 1.91) 0.232 80 45 2.29 (1.34,3.92) 0.003

Hartmann 30 23 2.27(1.39,3.72) 0.001 30 23 2.06 (1.23, 3.46) 0.006
CEA/(ng-mL™)

<5 104 52 1.00 (reference) 104 52 1.00 (reference)

>5 117 67 1.27 (0.89, 1.83) 0.191 117 67 1.17(0.79, 1.74) 0.429
mrT

T2-T3 136 63 1.00 (reference) 136 63 1.00 (reference)

T4 85 56 1.62 (1.13,2.32) 0.009 85 56 1.45 (0.99, 2.13) 0.057
mrN

NO 48 21 1.00 (reference) 48 21 1.00 (reference)

N1 64 30 0.97 (0.56, 1.70) 0.917 64 30 1.13 (0.63, 2.05) 0.677

N2 109 68 1.40 (0.86, 2.28) 0.181 109 68 1.46 (0.86, 2.49) 0.165
Distance from the anal verge/cm

>5 118 70 1.00 (reference) 118 70 1.00 (reference)

<5 103 49 0.77 (0.53, 1.10) 0.154 103 49 0.54 (0.32, 0.89) 0.015
EMVI

Negative 86 41 1.00 (reference) 86 41 1.00 (reference)

Positive 135 78 1.48 (1.01, 2.16) 0.044 135 78 1.31 (0.86, 2.02) 0.213
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Tab.7 Univariable and multivariable regression analysis of patients’ OS with preoperative MRI-defined MRF positivity

Characteristic Univariable Multivariable
Casen  Eventn HR (95% CI) Pvalue Casen Eventn HR (95% CI) P value

Gender

Male 139 54 1.00 (reference) 139 54 1.00 (reference)

Female 82 36 1.14 (0.74, 1.73) 0.553 82 36 1.12 (0.73, 1.72) 0.609
Surgery type

Dixon 111 38 1.00 (reference) 111 38 1.00 (reference)

Miles 80 30 0.98 (0.60, 1.58) 0.925 80 30 1.48 (0.79, 2.76) 0.222

Hartmann 30 22 2.64 (1.56,4.47) <0.001 30 22 2.33(1.33,4.006) 0.003
CEA/(ng+mL™)

<5 104 37 1.00 (reference) 104 37 1.00 (reference)

>5 117 53 1.45 (0.95, 2.20) 0.087 117 53 1.33 (0.85, 2.09) 0.216
mrT

T2-T3 136 44 1.00 (reference) 136 44 1.00 (reference)

T4 85 46 1.92 (1.27, 2.90) 0.002 85 46 1.60 (1.02, 2.50) 0.042
mrN

NO 48 18 1.00 (reference) 48 18 1.00 (reference)

N1 64 22 0.75 (0.40, 1.40) 0.369 64 22 0.79 (0.40, 1.56) 0.501

N2 109 50 0.98 (0.57, 1.68) 0.936 109 50 0.88 (0.48, 1.61) 0.682
Distance from the anal verge/cm

>5 118 55 1.00 (reference) 118 55 1.00 (reference)

<5 103 35 0.74 (0.48, 1.12) 0.156 103 35 0.55(0.31,0.97) 0.039
EMVI

Negative 86 32 1.00 (reference) 86 32 1.00 (reference)

Positive 135 58 1.41 (0.92,2.18) 0.118 135 58 1.20 (0.73, 1.96) 0.478
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