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a b s t r a c t

Background: The completeness of the resected mesorectum is a quality metric in rectal cancer surgery
and has been related to oncological outcomes. Our aim was to identify variables associated with non-
complete mesorectal excision and determine any effect on overall survival.
Methods: Consecutive patients who underwent curative intent surgery for rectal adenocarcinoma (2009
e2016) were identified from a prospectively-maintained institutional database. Patients were grouped
according to their mesorectal grade: complete, near-complete and incomplete. Multivariate analysis was
performed to identify the association between various patient, disease and surgeon-related character-
istics and mesorectal grading. Log-rank tests were used to evaluate any difference in overall survival
between the groups.
Results: 689 patients met inclusion criteria. Demographics and perioperative variables were comparable
between the groups. On multivariate analysis, abdominoperineal resection, and involved circumferential
resection margin were significantly associated with non-complete mesorectum. Finally, patients with
non-complete mesorectal grading have approximately twice the hazard of death compared to those with
complete mesorectal grading.
Conclusions: Several factors are associated with a non-complete mesorectal excision. Non-complete
mesorectal grade is associated with decreased survival.

© 2018 Elsevier Inc. All rights reserved.
Introduction

The term and concept of total mesorectal excision (TME) have
become standard in rectal cancer surgery since the 1980s. Reports
have shown that TME has resulted in decreased local recurrence
rates and it has been well established as the standard operative
treatment for radical surgery for rectal cancer.1

The role of the pathological examination of the resected spec-
imen has gained increasing significance since its suggested use as
an important quality control parameter in rectal cancer surgery.2

Nagtegaal et al. stressed the importance of macroscopic evalua-
tion of the mesorectum based on the results of the Dutch TME
trial.2 This was followed by multiple studies and TME became
widely accepted and its macroscopic assessment was recognized as
an integral part of the surgical quality evaluation, requiring
A-30, Cleveland, OH, 44195,
multidisciplinary collaboration.3 Previous studies on mesorectal
gradingmostly focus on its effect on local recurrence rates with few
focusing on factors affecting the grading and survival.3e7

We hypothesized that a complete mesorectum was associated
with improved oncological outcomes. In addition, identifying the
potential risk factors that are associated with incomplete excision
may help surgeons improve patient outcomes. Therefore, the aim of
our study was to identify any potential risk factors that may be
associated with a non-complete mesorectum. The secondary aim
was to determine any effect of mesorectal grading on overall
survival.
Methods

We included all patients (clinical stages 1e4) who underwent
curative-intent TME for middle and distal third rectal adenocarci-
noma between 2009 and 2016. Patients were identified from a
prospectively maintained institutional database after obtaining
Institutional Review Board approval. Patients who had incomplete
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pathology reporting, synchronous tumors, who underwent surgery
for recurrent rectal cancer and patients who had histopathological
confirmation of other than adenocarcinoma were excluded from
the study. Tumors located in the upper rectum (>11 cm from anal
verge) were also excluded from the study group.

Patients were categorized into three previously defined groups
according to their mesorectal grading: complete, near-complete
and incomplete according to the parameters suggested by Nagte-
gaal et al.2. Complete mesorectum specimen was described as the
intact, smooth, regular outer surface of the mesorectum with no
defects deeper than 5mm. Specimens with moderate bulk and
irregular surfaces were grouped into near-complete and specimens
with little bulk and that show coning with defects reaching mus-
cularis propria were grouped as incomplete. All specimens were
evaluated and graded by gastrointestinal pathologists using a
standardized pathology synoptic report. Separate analyses were
also performed by combining near complete and incomplete
mesorectal grading as a “non-complete” mesorectum group.

Statistical analysis

Summary statistics are reported as mean± standard deviation
or median [25th percentile, 75th percentile] for continuous factors
and as frequency (column %) for categorical factors. Univariate
analyses were conducted to evaluate the association between pa-
tient factors and mesorectal grading completeness as well as
pathologic factors and mesorectal grading completeness. The uni-
variate analysis was done for the three groups (complete, near-
complete and incomplete) and two groups (complete, non-
complete) separately. A Pearson's chi-square test or Fisher's exact
test were used for categorical factor, and ANOVA or the Kruskall-
Wallis test was used for continuous factors.
Table 1
Analysis of variables associated with non-complete mesorectal excision.

Variable Complete n¼ 622 Non-complete n¼ 67

Age 58.7± 12.5 61.5± 11.3
Gender (Male) 414 (66.6) 40 (59.7)
BMI, kg/m2 28.2± 6 28.4± 8.1
Neoadjuvant therapy (yes) 380 (61.8) 47 (71.2)
Clinical Stage
I 84 (16.4) 7 (12.3)
II 123 (24) 17 (29.8)
III 259 (50.6) 28 (49.1)
IV 46 (9) 5 (8.8)
Operation time (minutes) 232.4± 90.2 250± 110.5
EBL (ml) 453± 846.6 475.3± 509.2
Distance from anal verge (cm) 6.3± 4 4.7± 3.8
Restorative procedure
Yes 463 (74.7) 24 (35.8)
No 157 (25.3) 43 (64.2)
Procedure Type
LAR 455 (73.2) 23 (34.3)
APR 148 (23.8) 42 (62.7)
Surgical approach

Open 383 (61.6) 41 (61.2)
Laparoscopic 157 (25.2) 16 (23.9)
Lap-converted 2 (0.32) 0 (0)
Robotic 80 (12.9) 10 (14.9)

Circumferential resection margin positivity 29 (4.7) 13 (19.4)
Pathological Stage
I 188 (30.6) 14 (21.9)
II 124 (20.2) 19 (29.7)
III 200 (32.6) 20 (31.3)
IV 45 (7.3) 6 (9.4)
pCR 57 (9.3) 5 (7.8)

Values are reported as mean ± SD or absolute values (%). BMI: Body Mass Index; EBL: est
pCR: pathologic complete response.
A multivariable logistic regression model was also used to
analyze the risk of non-complete grading. These variables included:
distance of the tumor from the anal verge, circumferential resection
margin (CRM), distal margin, restorative procedure, procedure type
(open, laparoscopic, robotic), pathological differentiation, and final
pathological stage were considered for selection into the model,
and a backwards selection procedure with alpha¼ 0.1 stay criteria
was used to determine the final model.

Median follow-up is reported in months. Kaplan-Meier curves
were plotted to compare overall survival across the various meso-
rectal grading groups. A multivariable Cox proportional hazard
model was created to compare overall survival between complete
and non-complete grading groups after adjusting for potential
confounders. All analyses were performed using SAS (version 9.4,
The SAS Institute, Cary, NC), and p-values< 0.05 were considered
statistically significant.

Results

The study group included 689 patients with a mean age of 58.7
(range, 28e93 years), 65.8% male. Median follow-up was 41
months. Overall, 90% (622/689) of mesorectum specimens were
complete, 6% (40/689) near-complete and 4% (27/689) incomplete.
Bodymass index (BMI), age, gender, estimated blood loss (EBL), and
length of surgery were not associated with non-complete meso-
rectal grade and were similar between the groups (all P]NS).
Additionally, clinical and pathologic TNM staging, the utilization of
neoadjuvant therapy or operative approach (open vs. laparoscopic
vs. robotic) were not associated with a non-complete mesorectal
grade (Table 1).

On multivariate analysis, distal tumors (0e5 cm from the anal
verge), non-restorative procedure, and positive circumferential
p-value Complete n¼ 622 Near Complete n¼ 40 Incomplete n¼ 27 p-value

0.077 58.7± 12.5 61.7± 9.8 61.2± 13.5 0.21
0.26 414 (66.6) 26 (65) 14 (51.9) 0.29
0.8 28.2± 6 29.4± 9 26.9± 6.3 0.25
0.13 380 (61.8) 29 (74.4) 18 (66.7) 0.26

0.74 84 (16.4) 5 (14.3) 2 (9.1) 0.81
123 (24.0) 11 (31.4) 6 (27.3)
259 (50.6) 15 (42.9) 13 (59.1)
46 (9.0) 4 (11.4) 1 (4.5)

0.15 232.4± 90.2 266.4± 122.3 225.0± 86 0.078
0.83 453± 846.6 450.8± 499.5 511.7± 530.8 0.94
0.004 6.3± 4 5.1± 4.4 4.3± 2.8 0.013
<0.001 <0.001

463 (74.7) 17 (42.5) 7 (25.9)
157 (25.3) 23 (57.5) 20 (74.1)

<0.001 <0.001
455 (73.2) 16 (40) 7 (25.9)
148 (23.8) 23 (57.5) 19 (70.4)

0.93 0.83

383 (61.6) 25 (62.5) 16 (59.3)
157 (25.2) 11 (28.2) 5 (18.5)
2 (0.32) 0 (0) 0 (0)
80 (12.9) 4 (10.3) 6 (22.2)

<0.001 29 (4.7) 6 (15) 7 (25.9) <0.001
0.35 0.79

188 (30.6) 8 (21.1) 6 (23.1)
124 (20.2) 11 (28.9) 8 (30.8)
200 (32.6) 12 (31.6) 8 (30.8)
45 (7.3) 4 (10.5) 2 (7.7)
57 (9.3) 3 (7.9) 2 (7.7)

imated blood loss; LAR: low anterior resection; APR: abdominal perineal resection;



Fig. 1. Kaplan-Meier curves for overall survival.
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resection margin (CRM) were significantly associated with non-
complete mesorectum. Patients undergoing an abdominoperineal
resection were five-fold more likely to have non-complete grading
compared to patients undergoing a low anterior resection [OR: 0.20
(CI: 0.11e0.38)]. Additionally, patients with a positive CRM had a
higher rate of non-complete mesorectal grade compared to those
patients with a negative CRM [OR: 2.5 (1.05, 6.1)]. Finally, patients
with non-complete mesorectal grading have approximately twice
the hazard of death compared to those with complete mesorectal
grading [HR: 2.0 (1.2, 3.3)] (Fig. 1).
Discussion

Our study reports that an overall complete mesorectal grade of
90% can be accomplished and reveals abdominoperineal resection
and lower third tumors to be significant risk factors that are asso-
ciated with a non-complete mesorectal grade. Circumferential
resection margin positivity was also associated with non-complete
mesorectal grading. Additionally, we found that a non-complete
mesorectal grade to be related to lower overall survival in this
patient population.

Abdominoperineal resections were five-fold more likely to have
non-complete mesorectal grading based on our results. In addition,
tumors closer to the anal verge were significantly more common in
the non-complete mesorectum group. The effect of APR has been
investigated and it has been related to worse mesorectal qual-
ity.3,5e7 In a study by Garcia-Granero et al., APR was identified as
the single variable associated with inadequate mesorectal excision.
Furthermore, they found that in lower third tumors, a non-
complete mesorectum rate of 36% was achieved was when APR
was employed.7

Maslekar et al. and Lino-Silva et al. also reported similar results
with APRs and found it to be associated with a worse mesorectal
grade.3,4 This correlation may be explained by greater difficulty of
surgery in themost distal part of the rectum and possibly due to the
narrow and complex confines of the pelvis.3

Nagtegaal et al. defined the completeness of the mesorectum as
a quality parameter based on the results of the Dutch TME trial and
found that patients with an incomplete mesorectum were more
likely to undergo APR and to have positive circumferential resection
margins.2 Similar to our study, they report higher rates of survival
in the completemesorectum group. It must be noted that Nagteggal
and colleagues combined the complete and the near-complete
group and analyzed it versus the incomplete group. However,
they stated that optimal surgery (complete mesorectum) must be
the goal; therefore, based on this statement and the number of
patients in each of our groups, we designed our study to compare
optimal vs. non-optimal specimens.

Other factors that were emphasized in previous studies are the
surgical approach and demographic factors.5,6,8e10 Factors that
affect the achievement of an adequate TME specimenwere listed as
female gender, BMI and low rectal cancer.5 Two meta-analyses also
concentrated on the effect of surgical approach on the mesorectal
grade and their results favored open surgery to achieve a complete
mesorectum.8,9 In our study, we did not find any statistical differ-
ence regarding BMI, gender, or the surgical approach relating to the
completeness of the mesorectum.

In line with previous studies, patients with positive circum-
ferential margin (CRM) had 2.5 times the risk of having non-
complete mesorectum, and in our study, patients with positive
CRM were more common in the non-complete group.5,6 CRM is
an established quality parameter in rectal cancer surgery, and it
is closely associated with recurrence rates and survival.11 Reports
also suggest that the mesorectum quality can be a predictor of
CRM involvement3 and it is thought that achieving a high-
quality complete mesorectum specimen makes it less likely to
have a positive CRM. We believe that this relation requires
mesorectal grade to be evaluated alongside CRM and more
widespread reporting of mesorectum quality should be
implemented.

The precision of the surgical technique is critically important for
overall patient survival.3 Association between non-complete mes-
orectum and worse overall survival was previously shown.2 In our
study patients with non-complete grading had twice the hazard of
death which highlights the importance of this parameter. However,
longer follow-up may be necessary to validate this finding.

Limitations of our study include the retrospective nature of the
data and the absence of individual surgeon data as a potential factor
in the analysis. In our study we included surgeries performed by 25
different surgeons over the time period, therefore, it was not
possible to relate possible differences in mesorectal grade to indi-
vidual surgeons. Yet collectively, we were able to achieve a
completion rate of 90%. In addition to these factors, complete
mesorectum rate is higher in our group compared to the known
literature,9 which might have confounded the comparison due to
the small patient numbers in the non-complete group. However,
the mesorectumwere graded by GI-specific pathologists blinded to
individual surgeon variability.
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In conclusion, having an abdominoperineal resection and hav-
ing a positive circumferential resection margin were independent
risk factors associated with a non-complete mesorectal excision.
Non-complete mesorectal excision is also related to a decrease in
overall survival. The goal of curative intent rectal cancer surgery
should be to achieve a complete mesorectal grade and this may be
used as a surrogate for quality surgery. Surgical technique should be
optimized to attain a complete mesorectum in patients with low
rectal cancer and patients who are undergoing abdominoperineal
resection. These factors should be considered when caring for pa-
tients with rectal adenocarcinoma.
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