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Abstract

Background: Pre-operative assessment with high-resolution magnetic resonance imaging (MRI) is useful for assessing the ris&
local recurrence (LR) and survival in rectal cancer. However, few studies have explored the clinical importance of the morphology
of the anterior mesorectum, especially in patients with anterior cancer. Hence, the study aimed to investigate the impact of the
morphology of the anterior mesorectum on LR in patients with primary rectal cancer.

Methods: A retrospective study was performed on 176 patients who underwent neoadjuvant treatment and curative-intent surgery.
Patients were divided into two groups according to the morphology of the anterior mesorectum on sagittal MRI: (1) linear type: the
anterior mesorectum was thin and linear; and (2) triangular type: the anterior mesorectum was thick and had a unique triangular
shape. Clinicopathological and LR data were compared between patients with linear type anterior mesorectal morphology and
patients with triangular type anterior mesorectal morphology.

Results: Morphometric analysis showed that 90 (51.1%) patients had linear type anterior mesorectal morphology, while 86
(48.9%) had triangular type anterior mesorectal morphology. Compared to triangular type anterior mesorectal morphology, linear
type anterior mesorectal morphology was more common in females and was associated with a higher risk of circumferential
resection margin involvement measured by MRI (35.6 % [32/90] vs. 16.3% [14/86], P = 0.004) and a higher 5-year LR rate (12.2%
vs. 3.5%, P=0.030). In addition, the combination of linear type anterior mesorectal morphology and anterior tumors was
confirmed as an independent risk factor for LR (odds ratio=4.283, P =0.014).

Conclusions: The classification established in this study was a simple way to describe morphological characteristics of the anterior
mesorectum. The combination of linear type anterior mesorectal morphology and anterior tumors was an independent risk factor
for LR and may act as a tool to assist with LR risk stratification and treatment selection.
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Introduction

Colorectal cancer is a substantial burden on healthcare
systems and consumes considerable medical resources;
much higher incidence and mortality were observed in
countries with higher human development index.'!! In
China, rectal cancer accounts for the largest proportion of
colorectal cancer,and its treatment regimens are complex.

Local control, defined as an absence of tumor recurrence
within the pelvic or perineal area,** has been considerably
improved after the introduction of total mesorectal excision
(TME) and neoadjuvant radiotherapy in the treatment of
rectal cancer.!>®! However, local recurrence (LR), with a
range of 10% to 20% after surgery, remains a major
problem.”8! It is well known that a tumor-involved
circumferential resection margin (CRM) is a strong
predictor of LR.””! A previous study demonstrated that

Access this article online

Quick Response Code: Website:

WWW.Cmj.org

DOI:
10.1097/CM9.0000000000002024

patients with an involved CRM, either from preoperative
magnetic resonance imaging (MRI) or a pathological report,
had a significantly higher risk of recurrence and cancer-
related death."®™ Exploring other predictors of LR of
rectal cancer, especially preoperative factors that can be
evaluated by MRI, may be valuable for decisions regarding
surgical strategies and intensive adjuvant therapies.

Preoperative assessment with high-resolution MRI is
useful for assessing the risk of LR and survival.'?! For
instance, CRM involvement on MRI is_significantly
associated with distant metastatic disease.l'*! In addition
to the application of MRI in tumor staging, the tumor

Xiaojie Wang, Zhifang Zheng, and Min Chen contributed equally to this work.

Correspondence to: Prof. Pan Chi, Department of Colorectal Surgery, Union
Hospital, Fujian Medical University, 29 Xin-Quan Road, Fuzhou, Fujian 350001,
China

E-Mail: chipan363@163.com;

Prof. Ying Huang, Department of Colorectal Surgery, Union Hospital, Fujian Medical
University, 29 Xin-Quan Road, Fuzhou, Fujian 350001, China

E-Mail: hy9033sy@sina.com

Copyright © 2022 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under
the CC-BY-NC-ND license. This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially without permission from the journal.
Chinese Medical Journal 2022;135(20)

Received: 22-02-2022; Online: 22-07-2022 Edited by: Yanjie Yin and
Xiuyuan Hao

2453


mailto:chipan363@163.com
mailto:hy9033sy@sina.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0

Chinese Medical Journal 2022;135(20)

volume measured based on pre-operative pelv1c MRI may
be considered an important predictor of LR.1"3 Moreover,
the amount of mesorectal fat, whether quantltatlvely
measured by computed tomography (CT) or MRI, is an
independent biomarker for predicting LR in patients
undergomg curative-intent surgery for mid/lower rectal
cancer."*! Since the anterior portion of the mesorectum is
smaller and thinner than the non-anterior portion, the risk
of a positive CRM and LR may be hi gher for anterior
cancers than for non-anterior cancers.'">! However, few
studies have explored the clinical importance of the
morphology of the anterior mesorectum, especially in
patients with anterior cancer. We found that there are two
types of anterior mesorectal morphology, one with
trigonal fat and one that is thin; these two types could
easily be distinguished with saglttal MRI in our prelimi-
nary observation. Hence, the study aimed to investigate
the impact of morphology of the anterior mesorectum on
LR in patients with primary rectal cancer. Furthermore,
the relationships between the morphology of the anterior
mesorectum and patient features were investigated.

Methods

Ethical approval

This study was approved by the Ethics Committee of
Union Hospital, Fujian Medical University (No. 2021-
KY134). All participants provided written informed
consent.

Patients

By searching the electronic medical records from the Deepaint
Colorectal Cancer Clinical Data Intelligent Processing and
Analysis System at Union Hospital, Fujian Medical Universi-
ty, a total of 503 patients diagnosed with rectal cancer who
underwent curative-intent surgery between January 2013 and
December 2015 were identified. Among them, patients who
met the following criteria were excluded: (1) patients
diagnosed with stage IV of the disease (7 = 34); (2) patients
who did not receive neoadjuvant treatment (7= 124); (3) a
lack of data regarding LR after a minimum of 3 years of
follow-up (n=21); and (4) a lack of preoperative MRI or
MRI images available for download (7 =41). Pelvic recur-
rence that was ev1dent was a regrowth of cancer in or around
the tumor bed.!"® It is known that lateral pelvic lymph node
metastases are not a major cause of LR''”!and are mainly due
to the om15510n of dissection of the involved lateral pelvic
nodes."®! Since we aimed to examine the association between
anterior mesorectal morphology and LR, patients with lateral
lymph node metastasis (7 =2) and metachronous distant
metastasis (7= 105) were also excluded.

As previously reported, all patients were evaluated by
preoperative staging workups, both before and after
neoadjuvant treatment, including digital rectal examina-
tions, colonoscopy, chest radiography, endorectal ultra-
sound examination, abdominopelvic CT, and pelvic
MRIL?2% Al patients received 5- fluorouracil-based pre-
operative chemoradiotherapy (CRT). More specifically,
preoperative radiotherapy was delivered to the whole pelvis
at a dose of 45 Gy in 25 fractions (1.8 Gy per fraction),
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followed by a primary tumor boost of 5.4 Gy. Concurrent
chemotherapy was administered with radiation using 2 to 5
cycles of XELOX (Capecitabine and Oxaliplatin) or
FOLFOX (5-FU/Folinic acid/Oxaliplatin) regimens, depend-
ing on the tumor responses, toxic effects, and the availability
of MRImachines. Standard TME was performed for patients
with mid and low rectal cancers, and partial mesorectal
excision with a distal margin of at least 5 cm was performed
for high rectal cancers. Briefly, dissection anterior to
Denonvilliers’ fascia was our surgical strategy.

Tumor regression gradmg (TRG) was evaluated using the
following 4-point scale!*!: TRG 0 (pathologic complete
response [pCR]) indicated that there were no cancer cells;
TRG 1 denoted cancer cells in <10% of the tumor mass;
TRG 2 indicated that there were cancer cells in 10% to
50% of the tumor mass; and TRG 3 denoted that the
cancer cells were in >50% of the tumor mass.

CRM involvement measured by MRI was defined when the
minimum distance between the tumor and mesorectal fascia
was <1mm. The mesorectal fascia was regarded as a
structure with good linearity enveloping the mesorectum
that appeared hypointense on T2-weighted images./**!
Pathologic CRM involvement was defined when the
minimum_distance between the tumor and CRM was
<1 mm."”!

The anterior mesorectum morphology was evaluated
using high-resolution MRI before CRT in the present
study. The relation between MRI and mesorectal anatomy
has been well defined in previous studies. As reported by
Torkzad et al,'**' the morphological variations of the
mesorectum were assessed by MRI, and a formula
describing mesorectum morphology based on two simple
measurements of the anteroposterior and left-to-right
dimensions was established. Mesorectal morphometric
assessment between the genders using MRI was reported
by Boyle et al,"*! in which the most representative single
slice was chosen and measurements of mesorectal
morphology were performed on this image. In our current
analysis, patients were divided into two groups according
to the morphology of the anterior mesorectum on sagittal
MRI: (1) linear type: the anterior mesorectum was thin
and linear; and (2) triangular type: the anterior meso-
rectum was thick and had a unique triangular shape. The
pubic symphysis was chosen as the bony landmark that
could be readily identified on sagittal sequences, and then
the section through the pubic symphysis was used for
further analysis. The position of the peritoneal reflection
was first located, then the type of anterior mesorectal
morphology was evaluated [Figure 1A and 1B]. Impor-
tantly, the key feature of typical triangular shape was used
to identify the triangular type.

As the purpose of this study was to examine the effect of
anterior mesorectal morphology on LR, a circumferential
tumor location may affect the results. Theoretically,
patients with anterior cancer and linear type anterior
mesorectal morphology were at higher risk of suffering from
LR. Therefore, patients were then compared between those
with both anterior cancer and linear type anterior
mesorectal morphology [Group A, Figure 1C] and others
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Figure 1: Patients were divided into two groups according to the morphology of the anterior mesorectum on sagittal MRI: (A) linear type: the anterior mesorectum was thin and linear
(shown in yellow dotted box); and (B) triangular type: the anterior mesorectum was thick and had a unique triangular shape (shown in yellow dotted box). The pubic symphysis was chosen
as the bony landmark (shown in white arrow) that could be readily identified on sagittal sequences, and then the section through the pubic symphysis was used to evaluate the types of
anterior mesorectal morphology. The yellow arrow shows the position of the peritoneal reflection. (C) Representative picture of patient in Group A with linear type anterior mesorectal
morphology and anterior tumor, defined as tumors in the anterior or circumferential quadrant. (D) Representative picture of patient with triangular type anterior mesorectal morphology and

anterior tumor. MRI: Magnetic resonance imaging.

[Group B, one sample shown in Figure 1D]. The tumors
were reclassified as anterior or non-anterior: tumors in the
anterior or circumferential quadrant were classified as
anterior tumors, and tumors in the lateral or posterior
quadrant were classified as non-anterior tumors. The effect
of the combination of anterior tumors and linear type
anterior mesorectal morphology on LR was also evaluated.

Post-operative follow-up visits were scheduled every three
months during the first two years and annually thereafter.
At each visit, imaging assessments, including chest CT and
abdominopelvic MRI, were performed. Colonoscopy was
performed three months to one year after the initial
surgery and then once every year thereafter. In addition,
clinical follow-up was also obtained for each patient
through outpatient visits or by telephone.

Statistical analysis

All statistical analyses were performed using SPSS software
(ver. 17; SPSS Inc., Chicago, IL, USA). Categorical variables
were compared using chi-squared and Fisher’s exact tests.
Continuous outcomes were compared using parametric
(Student’s t tests) and non-parametric (Mann—Whitney U,
Kruskal-Wallis) tests, as appropriate. Intra- and inter-
observer variations were evaluated using 50 randomly
selected patients and Kappa values were calculated. In
addition, the morphology of the anterior mesorectum was
evaluated both before and after CRT for these 50 randomly
selected patients to assess the effect of CRT on the
morphology of the anterior mesorectum. LR rates were
compared using the Kaplan—-Meier method with a log-rank
test. Univariate and multivariate analyses for LR were
verified using a Cox proportional hazards model. The
variable inflation factor (VIF) was utilized to assess
collinearity. When the VIF was within the range from one
to ten, there was no collinearity among the variables. All
variables with significance (P < 0.010) by univariate analysis
were included into a multivariate model to identify
independent LR risk factors. The significance level was set
at 5% for each analysis.

Results

Demographic data

Data from 176 patients (The mean age is 55.2 +11.1
years; the number of male and female is 112 and 64,

respectively) were analyzed. The average tumor distance
to the anal verge was 5.8 cm (standard deviation: 1.7 cm).
There were 39 (22.2%) patients who achieved pCR; 63
(35.8%) were at stage I, 38 (21.6%) at stage II, and 36
(20.5%) at stage III. Regarding the circumferential tumor
location, 125 (71.0%) were with anterior tumors, and 51
(29.0%) were with non-anterior tumors. In the morpho-
metric analysis, 90 (51.1%) patients had linear type
anterior mesorectal morphology, while 86 (48.9%) had
triangular type anterior mesorectal morphology. Intra-
and inter-observer variations were evaluated using 50
randomly selected patients and acceptable results were
obtained (Kappa values: 0.827 and 0.786, respectively). In
addition, no difference was observed in anterior meso-
rectum morphology type between patients before and
after CRT (Kappa value: 0.955).

Factors related to anterior mesorectal morphology

The clinical and pathological characteristics of the
patients with linear type or triangular type anterior
mesorectal morphology are shown in Tables 1 and 2.
Interestingly, females had a statistically higher rate of
linear type anterior mesorectal morphology than males
(P=0.023). Linear type anterior mesorectal morphology
was associated with a higher risk of CRM involvement
measured by MRI compared to triangular type anterior
mesorectal morphology (35.6% [32/90] vs. 16.3% [14/
86], P=0.004). The surgeons more often tended to use
open approaches and abdominoperineal resection proce-
dures for patients with linear type anterior meso-rectal
morphology, but the difference did not reach statistical
significance (P=0.086 and P=0.072). Regarding the
pathological data, patients with linear type anterior
mesorectal morphology had a more advanced N stage
than patients with triangular type anterior mesorectal
morphology (P =0.041).

Recurrence analysis

The median duration of follow-up was 60 (interquartile
range, 51-70) months. In 14 patients with LR, isolated LR
developed in five patients and synchronously distant
metastasis and LR developed in nine patients during the 5-
year follow-up. For the anterior mesorectal morphology
types of these 14 patients, 11 patients had a linear type and
three patients had a triangular type. Of the 11 LR patients
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Table 1: Clinical factors related to anterior mesorectum morphology.

Clinical factors Linear type (n=90) Triangular type (n=86) P value
Gender 0.023
Male 50 (55.6) 62 (72.1)
Female 40 (44.4) 24 (27.9)
Age (years) 55.2+10.9 55.1+11.2 0.966
Circumferential location of tumor 0.102
Anterior 59 (65.6) 66 (76.7)
Non-anterior 31 (34.4) 20 (23.3)
Diabetes 15 (16.7) 7 (8.1) 0.087
Hypertension 18 (20.0) 23 (26.7) 0.290
Clinical T stage prior to CRT 0.083
cT2-3 47 (52.2) 56 (65.1)
cT4 43 (47.8) 30 (34.9)
Clinical N stage prior to CRT" 0.958
cNO 7(9.2) 6 (9.0)
cN+ 69 (90.8) 61 (91.0)
Circumferential margin involvement measured by MRI 32 (35.6) 14 (16.3) 0.004
Tumor distance to anal verge (cm) S5+1.7 59+1.6 0.155
Pre-CRT serum CEA (ng/mL) 3.45 (0.60-90.50) 3.15 (0.60-261.10) 0.831
Pre-CRT serum CA199 (U/mL) 15.08 (2.00-933.00) 11.30 (1.00-415.00) 0.226
Post-CRT serum CEA (ng/mL) 2.05 (0.40-50.50) 2.25 (0.20-24.50) 0.521
Post-CRT serum CA199 (U/mL) 10.96 (3.00-306.00) 10.80 (1.00-50.00) 0.811
Surgical access 0.086
Laparoscopy 67 (74.4) 73 (84.9)
Open 23 (25.6) 13 (15.1)
Surgical procedure 0.072
AR 79 (87.8) 82 (95.3)
APR 11 (12.2) 4 (4.7)

Data are presented as 7 (%), mean =+ standard deviation or median (interquartile range). “With data missing for 33 cases (18.8%). APR:
Abdominoperineal resection; AR: Anterior resection; CA199: Carbohydrate antigen 199; CEA: Carcino-embryonic antigen; ¢N: Clinical Node stage;

CRT: Chemoradiotherapy; cT: Clinical Tumor stage; MRI: Magnetic resonance imaging.

Table 2: Pathological factors related to anterior mesorectum morphology.

Clinical factors Linear type (n=90) Triangular type (n=86) P value
pT stage 0.582
pTO 19 (21.1) 21 (24.4)
pT1 8 (8.9) 6 (7.0)
pT2 28 (31.1) 32 (37.2)
pT3 29 (32.2) 25(29.1)
pT4 6 (6.7) 2 (2.3)
pN stage 0.041
pNO 65 (72.2) 75 (87.2
pN1 18 (20.0) 9 (10.5)
pN2 7 (7.8) 2 (2.3)
Tumor differentiation 0.924
Well moderately differentiated 82 (91.1) 78 (90.7)
Poorly differentiated 8 (8.9) 8 (9.3)
Histopathology 0.265
Adenocarcinoma 82 (91.1) 82 (95.3)
Mucinous or signet ring adenocarcinoma 8 (8.9) 4 (4.7
Pathologic circumferential margin involvement 1(1.1) 1(1.2) 1.000
Tumor regression grade 0.340
0-1 48 (53.3) 52 (60.5)
2-3 42 (46.7) 34 (39.5)

Data are presented as 7 (%). pN: Pathologic Node stage; pT: Pathologic Tumor stage.
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Figure 2: LR according to the morphology of the anterior mesorectum. The 5-year LR rate
was statistically significantly higher in patients with linear type anterior mesorectal
morphology than in patients with triangular type anterior mesorectal morphology (12.2%
vs. 3.5%, P=10.030). The 95% Cl range is represented by the dotted line. Cl: Confidence
interval; LR: Local recurrence.

with linear type, only one patient had non-anterior cancer,
whereas the remaining ten patients had anterior cancers.

One in three LR patients with triangular type had anterior
tumors. The 5-year LR rate was significantly higher in
patients with linear type anterior mesorectal morphology
than in patients with triangular type anterior mesorectal
morphology (12.2% vs. 3.5%, P=0.030) [Figure 2]. To
evaluate the prognostic value of the combined effect of
anterior tumors and linear type anterior mesorectal
morphology on LR, LR was then compared between
patients with both anterior cancer and linear type anterior
mesorectal morphology (Group A) and others (Group B).
The results showed that the S-year LR rate statistically
significantly increased in patients in Group A compared
with patients in Group B (16.9% wvs. 3.4%, P=0.002)
[Figure 3].

Univariate analysis was performed for the clinicopatho-
logical variables possibly affecting LR [Table 3]. The
cohort was grouped as pT3-4 vs. pT0-2 and pN1-2 vs.
pNO according to the definition of locally advanced rectal
cancer of either T3 or node positivity.**! The results
showed that age, anterior mesenteric morphology, a
combination of linear type anterior mesorectal morphol-
ogy and anterior tumors, post-CRT serum Carcino-
embryonic antigen (CEA) levels, clinical T stage prior to
CRT, pT stage, pN stage, and tumor regression grade were
associated with LR. Since there was no collinearity
between anterior mesenteric morphology and the combi-
nation of linear type anterior mesorectal morphology and
anterior tumors (VIF=1.000), these two variables were
then fitted into Cox proportional hazards models
simultaneously [Table 4]. The independent risk factors
for LR were the combination (odd ratio [OR]=4.283,
P=0.014) and a more advanced pN stage (OR =9.291,
P <0.001).
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Figure 3: LR according to groups. Group A: patients with both anterior cancer and linear
type anterior mesorectal morphology; Group B: patients without either anterior cancer or
linear type anterior mesorectal morphology. The 5-year LR rate statistically significantly
increased in patients in Group A compared with patients in Group B (16.9% vs. 3.4%,
P=10.002). The 95% CI range is represented by the dotted line. Cl: Confidence interval;
LR: Local recurrence.

Discussion

An anatomical study based on en bloc cadaveric specimens
showed that the risk of entering the anterolateral meso-
rectum is great and may result in an incomplete speci-
men.**! Chan ez al'™ clinically evaluated the oncological
influence of the anterior tumors by reporting that the 5-year
LR rate was 15.9% in patients with rectal cancer who had an
anterior component compared with 5.8% in patients with
rectal cancer without an anterior component. Prior to the
commencement of the present study, there were rare studies
available in the literature regarding anterior mesorectal
morphology in the context of rectal cancer treatment. In this
study, a novel approach for image classification regarding
the morphology of the anterior mesorectal morphology was
proposed based on sagittal MRI. In linear type cases, the
anterior mesorectum is thin and linear, while triangular type
anterior mesorectum is relatively thick and has a unique
triangular shape that is easy to distinguish. Triangular type
anterior mesorectal morphology has a larger amount of
mesorectal fat, which reflects the extra fat accumulation
around rectal cancers. A larger mesorectal volume has been
reported to increase the probability of negative surgical
resection margins after TME.?®! In line with this conceprt,
the present study found that linear type anterior mesorectal
morphology was associated with a higher risk of CRM
involvement measured by MRI than triangular type anterior
mesorectal morphology. Interestingly, our results suggested
that females had a higher rate of linear type anterior
mesorectal morphology than males. This result is in
accordance with a previous study reported by Boyle
et al™ on mesorectal morphology, which showed that
the anterior mesorectal fat buffer was statistically signifi-
cantly thinner in females than in males (2.9 vs. 7.8 mm).
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Table 3: Univariate analysis for the predictors of local recurrence.

Regression
Factors coefficient SE OR 95% Cl P value
Gender (female vs. male) 0.566 0.535 1.761 0.618-5.022 0.290
Age (years) —0.068 0.025 0.934 0.890-0.980 0.005
Anterior mesenteric morphology (triangular type vs. linear type) -1.315 0.651  0.269 0.075-0.963 0.044
Circumferential location of tumor (non-anterior vs. anterior) —0.421 0.651 0.656 0.183-2.353 0.518
Linear type anterior morphology and anterior tumor (yes vs. no) 1.681 0.592  5.371 1.684-17.130 0.004
Tumor distance to anal verge (cm) 0.087 0.161  1.091 0.795-1.498 0.588
Diabetes (yes vs. no) 0.160 0.764 1.173 0.263-5.242 0.834
Hypertension (yes vs. no) —0.142 0.651 0.868 0.242-3.112 0.828
Pre-CRT serum CEA (ng/mL) —0.002 0.016  0.998 0.968-1.030 0.921
Pre-CRT serum CA199 (U/mL) 0.002 0.002  1.002 0.999-36.675 0.209
Post-CRT serum CEA (ng/mL) 0.046 0.024  1.047 0.999-1.098 0.054
Post-CRT serum CA199 (U/mL) 0.006 0.005  1.006 0.997-1.016 0.200
Surgical access (Open vs. laparoscopy) 0.486 0.592 1.626 0.510-5.184 0.411
Surgical procedure (APR vs. AR) —0.233 1.038 0.792 0.104-6.058 0.823
Histopathology (mucinous or signet ring adenocarcinoma 0.091 1.038  1.095 0.143-8.373 0.930
vs. adenocarcinoma)
Tumor differentiation (poorly differentiated vs. -3.151 4.019 0.043 0-112.789 0.433
well moderately differentiated)
Clinical T stage prior to CRT (cT4 vs. ¢T2-3) 0.979 0.558 2.663 0.892-7.946 0.079
Clinical N stage prior to CRT (cN+ vs. cN—) —0.091 1.054 0913 0.116-7.209 0.931
Circumferential margin measured by MRI (positive vs. negative) 0.445 0.558 1.560 0.523-4.655 0.425
pT stage (pT3—4 vs. pT0-2) 0.944 0.540 2.570 0.892-7.409 0.081
pN stage (pN1-2 vs. pNO) 2.387 0.592 10.880 3.410-34.721 < 0.001
Pathologic circumferential margin (positive vs. negative) -3.018 11.039  0.049 0.000- 1.2E*"® 0.785
Tumor regression grade (per grade) 0.767 0.354 2.153 1.075-4.312 0.030

CA199: Carbohydrate antigen 199; CEA: Carcino-embryonic antigen; CI: Confidence interval; CRT: Neoadjuvant chemoradiotherapy; cN: Clinical
Node stage; ¢T: Clinical Tumor stage; MRI: Magnetic resonance imaging; OR: Odds ratio; pN: Pathologic Node stage; pT: Pathologic Tumor stage;

SE: Standard error.

Table 4: Multivariate analysis for the predictors of local recurrence.

Factors Regression coefficient  SE OR 95% Cl P value
Age (years) —0.026 0.028 0.975 0.922-1.030 0.364
Anterior mesenteric morphology (triangular type vs. linear type) 1.009 1.243 2.744 0.240-31.387  0.417
Clinical T stage prior to CRT (cT4 vs. ¢T2-3) 0.494 0.686 1.639 0.428-6.283 0.471
Post-CRT serum CEA (ng/mL) 0.038 0.027 1.038 0.984-1.096 0.170
pT stage (pT3-4 vs. pT0-2) —0.714 0.673 0.490 0.131-1.833 0.289
pN stage (pN1-2 vs. pNO) 2.229 0.595 9.291 2.895-29.815 <0.001
Tumor regression grade (per grade) 0.632 0.457 1.881 0.768-4.610 0.167
Linear type anterior mesenteric morphology and anterior 1.455 0.595 4.283 1.335-13.736  0.014

tumor (yes vs. no)

CI: Confidence interval; CRT: Neoadjuvant chemoradiotherapy; ¢T: Clinical Tumor stage; OR: Odds ratio; pT: Pathologic Tumor stage; pN:

Pathologic Node stage; SE: Standard error.

Dulk et al®”! found that an anterior location, specifically in
women, more often required downstaging and/or more
extended resection to obtain free margins.

It is known that recurrence is mostl[y due to inadequate
radical dissection of the mesorectum.*®! Previous research
revealed that 85.7% of recurrent tumors had evidence of
residual mesorectal fat.!'”! Thus, identifying novel LR
predictors that can be evaluated by MRI preoperatively
would be valuable for decisions regarding surgical strate-
gies. In the present study, the S5-year LR rate was
significantly higher in patients with linear type than in
patients with triangular type anterior mesorectal morphol-

ogy (12.2% vs. 3.5%). The present study only included
patients with LR in the tumor bed, since the tumor bed is
most often the origin of recurrence.”®! A larger mesorectal
fat area might result in a greater capacity for tumor cells
within the proper fascia, reducing the chance of CRM
involvement. However, the quantitative assessment of
mesorectal fat or volume, including mesorectal fat area
and visceral fat area, in a previous study was complex and
needed special software to measure, which is not convenient
for routine clinical use by surgeons.izg] Although mesorectal
fat area and visceral fat area were measured using axial
images in the previous study at the level of the umbilicus (for
the visceral fat area) and ischial spine (for the mesorectal fat
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area), the peritoneal reflection, which was located before
evaluation of anterior meso-rectum morphology in the
present study, was not a fixed landmark and rather variable
in axial images. Thus, the axial MRI images were not
employedin our analysis, and the quantitative measurement
of anterior mesorectal thickness was therefore not per-
formed. The Kappa values obtained indicated that the
evaluation was reproducible.

Thus, the classification established in this study was a
simple way to describe morphological characteristics of
the anterior mesorectum.

The patterns of lymph node spread were related to the
circumferential situation of the tumor in the rectal wall.[>!
Radical surgical excision should completely remove the
whole mesorectum, especially to avoid any damage to the
mesorectum on the tumor side.>! This is particularly
difficult when dissecting the anterior mesorectum for
anteriorly located tumors, since the contour of the proper
fascia is subject to impression by other nearby visceral
organs. Although anterior mesenteric morphology alone
was not confirmed to be an independent prognostic factor
for LR in our present study, the patients with both linear
type anterior mesorectal morphology and anterior tumors
had a high risk of LR of 16.9%. Moreover, the
combination of linear type anterior mesorectal morphol-
ogy and anterior tumors was confirmed as an independent
risk factor for LR (OR =4.283) in the present study. One
explanation is that mesorectal fat in triangular type
mesentum can act as a buffer against anterior local tumor
spreading [Figure 1D]. On the other hand, the breach of a
small-volume mesorectal fat envelope during dissection of
the anterior space may predispose patients to CRM
involvement, even in early anterior cancers, and this may
be of part1cular relevance in linear type morphology due to
the relatively thin mesorectum. In addition, for patients
with potential CRM involvement, tumor micrometastasis
may go beyond the scope of a smgle TME procedure.’ A
procedure beyond TME surgery or adjuvant therapy for
local control should be considered for this subgroup of
patients. Thus, this combination may act as a tool to assist
with risk stratification and treatment selection.

It is worth noting that the pathological CRM positive rate
was only 1.1%, which was lower than that measured by
MRI of 26.1% in the present study. One explanation is
that the MRI measurement of CRM involvement was
performed prior to CRT. It is well known that chemo-
radiation therapy was associated with a significantly
decreased risk of CRM involvement.!*!" Another expla-
nation is that pathological CRM status was not only an
indicator of tumor invasion but also an indicator of the
quality of surgery. A more extended resection might
achieve a negative pathological CRM for rectal cancer
breaching the mesorectal plane (CRM involvement
measured by MRI). A previous study by Birbeck ez al'®!
observed a variation between surgeons and over time
regarding pathological CRM positive rates. Survival
analysis in relation to gastrointestinal surgeons in that
study showed survival improvements that paralleled a
reduction in the rates of pathological CRM involvement
during the study period.

WWW.CImj.org

Several limitations of our study need to be mentioned. First,
although we used a prospectively maintained database,
some missing data regarding clinical N staging could not be
reconciled. Second, some MRIimages were not available for
download, which may have introduced selection bias.
However, the effects of important variables were controlled
via multivariate analysis. Third, the clinical significance for
the morphology of the anterior mesorectum on sagittal MRI
in rectal cancer without CRT was not evaluated, due to
rectal cancer patients without CRT not being included. For
mesorectum thickness, Kang et al'**! performed an analysis
that included 50 patients with rectal cancer who underwent
TME without CRT and found that mean mesorectum
thickness was only 4.3 mm in the anterior quadrant and
12.5 mm in the posterior quadrant, and a tumor-positive
CRM was observed more frequently in anterior tumors than
in non-anterior tumors (41.1% wvs. 10.3%). However, for
morphology, no studies have evaluated the clinical signifi-
cance of the anterior mesorectum morphology without
CRT, which warrants further study. Fourth, the results need
to be expanded with a larger population due to the small
sample size in the current cohort.

In conclusion, this study proposed a novel approach for
image classification regarding the morphology of the
anterior mesorectum based on sagittal MRI. Compared to
triangular type anterior mesorectal morphology, linear
type anterior mesorectal morphology was more common
in females and was associated with a higher risk of CRM
involvement measured by MRI and a higher LR rate,
especially for anterior tumors. In addition, the combina-
tion of linear type anterior mesorectal morphology and
anterior tumors was confirmed as an independent risk
factor for LR. This combination may act as a tool to assist
with LR risk stratification and treatment selection.
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