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Abstract

Aim A three-grade system for macroscopic evaluation
of the resection plane is used to describe the quality of
total mesorectal excision (TME). In several studies, two
of the three grades have been combined when analysing
the outcome. The aim of our study was to compare the
predictive value of the three-graded with that of a two-
graded TME score.

Method The quality of TME in 1382 patients who
underwent elective resection for mid or low rectal ade-
nocarcinoma was registered by 65 hospitals in PRO-
CARE, a Belgian multidisciplinary improvement project.
Prediction of outcome based on the classic three-grade
score was compared with a two-grade scoring system in
which intramesorectal resection (IMR) was combined
with mesorectal (MRR) or with muscularis propria
resection (MPR). End-points included the local recur-
rence rate, distant metastasis rate (DMR), disease-free
survival (DES) and overall survival (OS).

Results Among the 1382 resections, 63% were MRR,
27% IMR and 9% MPR. No significant differences were
found in local recurrence between the different grades
of TME. A two-grade score distinguishing MRR from
the others was found to predict DMR, DES and OS as
well as the three-grade score.

Conclusion The discriminatory and predictive value of a
two-grade score, differentiating MRR from the combined
IMR and MPR, was as good as the classic three-grade score.

Keywords Rectal cancer, TME quality, oncological
outcome

What does this paper add to the literature?

The study has shown that combining intramesorectal
and muscularis propria resections into one group is as
accurate as when analysed as two groups compared with
total mesorectal excision in the mesorectal plane in pre-
dicting cancer-specific end-points.

Introduction

The oncological outcome of resectable rectal cancer has
improved significantly over the last two decades. Total
mesorectal excision (TME) preceded by radiotherapy has
been associated with a fall in local recurrence and
improved disease-free (DES) and overall survival (OS)
[1,2]. Histopathological analysis of the resected TME
specimen has led to the concepts of circumferential
resection margin involvement (pCRM) and the quality
of the mesorectal excision relating this to the integrity of
the mesorectal plane. The latter is based on the patho-
logical assessment of the surgical specimen in which
three grades of resection have been defined including
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mesorectal resection (MRR) (smooth, complete, good
quality), intramesorectal resection (IMR) (moderately
irregular, nearly complete, moderate quality) and resec-
tion in the muscularis propria (MPR) (severely irregular,
poor quality) [3,4]. The quality of TME influences local
and overall recurrence rates [5]. Evidently, the mesorec-
tal grade extends beyond obtaining statistical significance
in individual trials. In the individual patient it can poten-
tially be used to explain the cause of CRM involvement.
It is also an excellent way of auditing surgical quality and
surgeons going through their TME learning curve can
use the feedback to improve the quality of their dissec-
tion. IMR has been combined with either MRR or MPR
in the analysis in several studies [4-7], but it is unclear
whether a two- or a three-scoring system is superior for
the prediction of cancer-specific outcome.

We asked the following questions. (i) Is the quality

of TME predictive of oncological outcome after
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correction for relevant confounders? (ii) Is the predic-
tive value of the three-grade scoring system better than
a two-grade system in which IMR is combined either
with MRR or MPR? In an attempt to answer these
questions, we conducted a study based on data
recorded in PROCARE, a Belgian multidisciplinary
improvement project of cancer of the rectum launched
in 2006. All hospitals were invited to participate, multi-
disciplinary guidelines and quality of care indicators
were developed [8,9] and multiple data were registered
in a specific database [10]. Pathologists were instructed
at national meetings and at dedicated workshops,
including live demonstrations of TME performance by
Heald and the assessment of the quality of TME speci-
mens by Quirke. A Pathology TME Cookbook for macro-
scopic and microscopic TME specimen handling was
made available and could be readily downloaded from
the PROCARE website at the Belgian Cancer Registry
(www.kankerregister.org).

Method

Between January 2006 and October 2011, 2297
patients with a primary adenocarcinoma of the rectum
between 0 and 10 cm from the anal verge underwent
TME. Patients (439) with disseminated disease or those
having an en bloc resection of other organs (322), emer-
gency management (5), patients with a synchronous
cancer (61) and patients for whom the quality of TME
was not registered (88) were excluded. This left 1382
patients who were included for further study.

Multiple patient, tumour and treatment-related data,
prospectively recorded in the PROCARE database by
65 of the 111 Belgian hospitals, were extracted for
analysis. The quality of TME was uniformly reported by
the pathologists according to the three-grade scoring
system [3,4]. The end-points included the local recur-
rence rate (LRR), the distant metastasis rate (DMR),
DES and OS. Time to local or distant recurrent disease
and death was computed from the date of surgery. DES
was defined as the time from surgery to local recur-
rence, metastasis or death from any cause, whichever
occurred first. The current status of all patients was
obtained from the Belgian Crossroads Bank for Social
Security on 23 November 2012. Patients who were
alive and disease free were censored at the time of last
follow-up.

Statistical analysis

Kaplan—Meier estimates were used to express survival
and were stratified for TME quality scores. A multivari-
able Cox model was used to test the influence of quality

of TME on outcome, adjusting for confounders, such
as variables that appeared to be associated with the
quality of TME and the oncological outcome. Only
records with observation of all model variables were
included. A Wald test was used to determine whether
TME quality scores differed with respect to the onco-
logical outcome. The robust sandwich estimate of Lin
and Wei for the covariance matrix was used to account
for clustering by hospital [11].

In order to compare the different TME scoring sys-
tems, three measures of goodness of fit or performance
were calculated including the Akaike information crite-
rion (AIC), the concordance probability estimate (CPE)
and a pseudo R? value for time-to-event data. A lower
AIC value indicates the model with minimal loss of
information, but it provides no information about how
well a model fits the data in an absolute sense. CPE is a
time-dependent extension of the area under the receiver
operating curve for binary responses and has a similar
interpretation to an index for the discriminatory power
of a model. It includes values between 0.5 (discrimina-
tion not better than random) and 1 (perfect discrimina-
tion). The pseudo R? value is a time-dependent
extension of the R? measure in linear regression
expressing the percentage of variance explained by the
model, or the predictive value of the model. It includes
values between 0 (no predictive value) and 1 (perfect
prediction).

All analyses were performed using sas software, ver-
sion 9.2, of the sas System for Windows (Copyright ©
2002 sas Institute Inc. sas and all other sas Institute
Inc. product or service names are registered trademarks
or trademarks of sas Institute Inc., Cary, North Caro-
lina, USA).

Results

There were 875 (63.3%) resections in the mesorectal
plane, 379 (27.4%) in the intramesorectal plane and
128 (9.3%) in the muscularis propria plane. Kaplan—Me-
ier estimates were quite different for most outcomes
when stratified for the quality of TME (Fig. 1), but sev-
eral patient, tumour and treatment-related characteris-
tics were unevenly distributed across the different TME
quality scores (Table 1). The following variables, not
mentioned in the table, were not significantly associated
with TME quality: American Society of Anesthesiolo-
gists score, body mass index, cN, pretreatment imaging-
based distance from the outer border of the tumour to
the mesorectal fascia, serum carcinoembryonic antigen,
year of surgery, peri-operative blood transfusion, anasto-
motic leakage after sphincter-saving operation, tumour
diameter (<5 cm or >5 cm), pT, pN, number of
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Figure | Kaplan—Meier curves for local recurrence-free survival (a), distant metastasis-free survival (b), disease-free survival (¢) and
overall survival (d), stratified according to quality of the TME resection plane using the three-grade scoring system: mesorectal

(MRR), intramesorectal (IMR) and muscularis propria (MPR).

positive lymph nodes, lymph node ratio, extramural
tumour deposits, and adjuvant chemotherapy.

The results of univariable analysis testing the influ-
ence of the same set of variables on oncological out-
comes are summarized in Table 2. Intra-operative
perforation and margin positivity were not considered
for adjustment because they were deemed to be inter-
vening factors, i.e. poor quality of TME may result in
worse outcome through these covariates.

The 5-year LRR was 4%. There were no significant
differences between the quality of TME and the risk of
local recurrence (Table 3). The three scoring methods
were comparable after adjustment for extramural vascular
invasion and age, but the degree of fit and the amount of
variation of LRR explained by each was low (Table 4).

The 5-year DMR was 21%. The adjusted hazard ratio
(HR) for DMR reached a level of statistical significance
when surgical specimens with a good quality TME were
compared with suboptimal resection planes (Table 3).

After adjustment for number of quadrants involved,
type of radical resection, histological grade, extramural
vascular invasion and age, goodness of fit and perfor-
mance of the two-grade system distinguishing MRR
from IMR combined with MPR was as good as the
three-grade system (Table 4, Fig. 2).

The 5-year DES was 64% and OS 77% in the whole
patient series. After adjustment for ¢ stage, ventral
tumour location, number of quadrants involved, type of
radical resection, histological grade, extramural vascular
invasion and age (quadratic), the HR for death during
follow-up was statistically significant when MRR was
compared with IMR combined with MPR (Table 3).
This two-grade scoring system could replace the classic
three-grade system without losing discriminatory or pre-
dictive power (Table 4, Fig. 3). Overall, goodness of
fit, discriminatory and predictive power of the models
were comparable, whatever TME quality scoring system
was used.
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Table | Patient characteristics according to the three-grade assessment of the quality of TME.

LLcm, lower limit of the tumour in centimetres from the anal verge; ¢ Stage, clinical TNM stage; ¢T, clinical tumour stage; RT,
radiotherapy; RCT, radiochemotherapy; TME, total mesorectal excision; Lap, laparoscopic; ¢T, clinical tumour stage; APER, abdo-
minoperineal resection; SSO, sphincter-saving operation; p Stage, pathological TNM stage.

Absolute numbers are given with percentages in parentheses, if not otherwise indicated. P values of univariable analysis are pre-
sented.

Colorectal Disease © 2015 The Association of Coloproctology of Great Britain and Ireland. 17, O115-O122
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Table 2 Overview of univariable analysis testing the independent variables against the quality of TME and oncological outcome.

TME, total mesorectal excision; LRR, local recurrence rate; DMR, distant metastasis; DFS, disease-free survival; OS, overall survival;
ASA, American Society of Anesthesiologists; BMI, body mass index; LLcm, distance from the inferior pole of the tumour to the
anal verge; ¢T, clinical tumour stage; cN, clinical nodal stage; ¢ Stage, clinical TNM stage; cCRM, pretreatment imaging-based dis-
tance from the outer border of the tumour to the mesorectal fascia; RT/RCT, radiotherapy/radiochemotherapy; type of radical
resection, sphincter-saving operation ps abdominoperineal resection; pT, pathological tumour stage; pN, pathological nodal stage; p
Stage, pathological TNM stage; SSO, sphincter-saving operation. Marked by a cross: variables considered as confounders, i.c. signif-

icantly associated with TME quality and oncological outcome.

Discussion

A two-grade system distinguishing MRR from the other
forms of surgery was found to predict distant metastasis,
DES and OS as well as the three-grade score. Neverthe-
less the performance of all models was relatively low
and little different. Some authors have combined IMR
with either MRR or MPR to analyse the effect of TME
quality on outcome. This is the first study to specifically
compare the predictive value of the classic three-grade
total mesorectal scoring method with that of two-grade
methods. The principal weakness of this study is the
participation of centres on a voluntary basis with regis-

tration bias [12], but biased reporting of the quality of
TME could not be assessed.

In contrast with other studies, no significant associa-
tions were observed between TME quality and local
recurrence [3,13]. Combining two grades increased the
chance of reaching a statistically significant difference.
Thus the aim of the study of whether IMR can be
merged with MPR without a reduction in the predic-
tion of cancer outcome showed a positive result.

When using a two-grade assessment of the quality of
TME with good quality (MRR) on the one hand and
IMR combined with MPR on the other, a significant
association was found with the risk for developing
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Table 3 The comparison of systems of the quality of TME including three grades, MRR with IMR and MRR combined and MRR
and IMR combined with MPR.

TME, total mesorectal excision; MRR, mesorectal resection; IMR, intramesorectal resection; MPR, mucularis propria resection.
P values and confidence limits are based on a robust Wald test performed between all possible couples of quality levels.

Table 4 Goodness of fit and performance statistics for models using three TME scoring methods.

AIC, Akaike information criterion; CPE, concordance probability estimate; MRR, mesorectal resection; IMR, intramesorectal resec-
tion; MPR, mucularis propria resection.

Colorectal Disease © 2015 The Association of Coloproctology of Great Britain and Ireland. 17, O115-O122
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Figure 3 Kaplan—Mecier curves showing overall survival accord-
ing to a two-grade score where outcome after resection in the
mesorectal plane (MRR) is compared with outcome after pool-
ing resections in the intramesorectal and the muscularis propria
plane (IMR/MPR).

distant metastasis, with OS, as well as a trend for DFS.
These associations did not reach a level of statistical sig-
nificance when using the alternative two-graded scoring
system. Therefore, resection in the IMR plane should
not be combined with good quality TME in the meso-
rectal plane. This is in line with the concept of TME
whereby dissection in the mesorectal plane is the most
appropriate means of avoiding a positive CRM.

It was unexpected to observe that the quality of
TME was not related to LRR while it was to the other
outcome measures. This may be due to the low num-
ber of events (31 local recurrences in 1178 patients
with complete case information). An effect of a three-

graded TME quality system on LRR was observed in
the MRC CRO7 study, although no statistical signifi-
cance for the 3-year DFS was reached [3]. Also an
independent effect of the grade of MRR on both local
and overall recurrences was reported in 130 patients
[13]. In contrast and similar to the observation in the
present study, the Leicester Colorectal Specialist Group
using the three-graded TME scoring system found no
effect of the quality of TME on LRR in 287 patients
[14]. Two studies merged data from patients with
MRR and IMR [4,7]. Nagtegaal et al. [4] observed an
effect on the overall recurrence rate but not on LRR in
180 patients from the Dutch TME trial. Leite et al.
[7] reported a significant effect on LRR and DES in
127 patients. Other authors combined IMR and MPR
and found an association with LRR but not with over-
all recurrence [6]. Overall survival was addressed in
two studies. Nagtegaal et al. reported survival rates of
86% and 76% (P < 0.05) for MRR combined with
IMR »s MPR, whereas Maslekar et a/. found no differ-
ence in survival in patients stratified according to the
three grades of the quality of TME [4,13]. The fact
that we did not observe an association between the
quality of TME and LRR is most probably due to the
low number of events. Indeed, 5-year LRR was only
4%. This may be related to the frequent use of neoad-
juvant radiochemotherapy in Belgium, a high percent-
age of MRR and negative resection margins. Similarly,
a 3-year LRR of 1% was observed in the MRC CRO7
trial after neoadjuvant radiotherapy and MRR with
negative CRM [2,3]. According to a recent meta-analy-
sis, preoperative RCT has a larger impact on local con-
trol in resectable Stage II and III rectal cancer than
preoperative radiotherapy [15]. The effect of subopti-
mal quality of TME on DMR, DFS and OS observed
in the present study could be related to the fact that
pelvic dissection in difficult circumstances (small pelvis,
large tumour burden, obesity etc.) frequently results in
more ‘tumour manipulation’, suboptimal resection
planes and worse outcome.

In conclusion a two-grade TME quality scoring sys-
tem with MRR on the one hand and combined IMR
and MPR on the other performed as well as the three-
grade score for prediction but was more significantly
associated with OS and the risk for DMR. IMR should
be regarded as suboptimal surgery increasing the risk
for an adverse outcome and should not be combined
with MRR for analysis.
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Spaas Ph.), the Belgian Society of Pathology and the
Digestive Pathology Club (Demetter P., Jouret-Mourin
A., Sempoux C.), the Belgian Society of Medical Oncol-
ogy (Demey W., Humblet Y., Van Cutsem E.), the Bel-
gian Group for Digestive Oncology (Laurent S., Van
Cutsem E., Van Laethem J. L.), the Royal Belgian Soci-
ety of Radiology (Op de Beeck B., Smeets P.), the
Société Royale Belge de Gastro-Entérologie (Melange
M., Rahier J.), the Vlaamse Vereniging voor Gastro-en-
terologie (Cabooter M., Pattyn P., Peeters M.), the Bel-
gian Society of Gastro-intestinal Endoscopy (Buset M.).
Also represented are the Belgian Professional Surgical
Association (Mansvelt B., Vindevoghel K.), the Founda-
tion Belgian Cancer Registry (Van Eycken E.) and the
RIZIV/INAMI (Daubie M., Thijs A.). Penninckx F.
chairs the PROCARE Steering Group.
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