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Abstract
Background: the survival of patients treated for CRC is showing a trend of increase and with it increasing
concern for the QOL of the operated patient. The aim of this study was to examine the relative in�uence
of distal and circumferential resection margin lenght on survival among a select group patients
(undergoing routine treatment) in our institution, with no metastases, and not operated on as an
emergency. We also hoped to provide a concise re�ection of newer clinical research on the topic.

Methods: records of 303 patients, that were operated on between January 2009 and January 2014, were
retrospectively reviewed for this study. Patients who underwent emergency surgery and those with
metastases were excluded, which left 128 patients suitable for statistical analysis.

Results: the number of survivors was noticeably higher than the number of deaths in all groups. Analysis
 with the Mann-Whitney-Wilcoxon test showed statistically signi�cant differences (p < 0.05) in survival
between the group with different CRM-s (p=0.01396), and could not be found between different DRM
groups (p=0.1132). The logistic regression model of survival analysis showed that the size CRM is an
independent predictor (p = 0.0202, AIC = 92.181) and the size of the DRM is not (p = 0.119, AIC = 109.89).

Conclusions: a distal resection margin smaller than 1 cm may be oncologically acceptable in a complete
R0 excision, which could theoretically help surgeons perform SSR operations with better oncological and
functional results.

Background
Colorectal cancer (CRC) is currently the third most common type of neoplasm in men and fourth most
common in women (cumulatively, it is the fourth most incident cancer in the world), according to
GLOBOCAN 2018 data (1, 2). The year 2018 itself has seen about 1.8 million new cases alone. Despite
that, its incidence is currently falling (at least in developed nations), and 5 year survival is showing a
trend of increase (about 60% in developed countries – comparable to statistics for our cuntry and
institution) (1, 3). This developement is due to progress in treatment, diagnosis, and adoption of national
screening programs. As such, the impact of treatment on a patients quality of life (QOL) is coming under
scrutiny. Thus, the continous evolution of techniques and technologies remains important, for
improvements in both oncological outcomes and QOL (4).

Most common standard resection techniques, are abdominoperineal resection (APR) and low anterior
resection (LAR). The �rst is more invasive, while the other is potentially sphincter sparing (SSR). The main
aims of modern CRC surgery is to establish a su�cient distal and circumferential resection margin (DRM
and CRM), as an incomplete resection (any positive resection margin) is the main risk factor for a lethal
local reccurance (5–7). The current gold standard is the principle of total mesorectal excision (TME),
which aims to reduce lymphatic spread (introduced by Heald and originated from the observations of
Moynihan) (8, 9). This is done by removing the rectal tumour with the pararectal lymph nodes. This
neccesitates surgery in the areolar plane between the visceral fascia enveloping the rectum and



Page 3/12

mesorectum (9, 10). This is done trough a APR or LAR (en-block removal of the entire mesorectum). APR
is indicated in cases where the tumour lies very distally (can be combined with pelvic evisceration). TME
generally allows the preservation of the autonomic nervous functioning of the region – reduces the
chance of post op. dysfunctions (impotence, retrograde ejaculation and urinary incontinence). TME
dissections have been associated with an increased rate of anastomotic leak (11).

The negative distal resection margin (DRM) is broadly de�ned as a distance from the distal border of the
tumour (12). As such, its effect on local reccurence and survival is still somewhat controversial, with
contradicting studies (9, 12, 13). Newer litarature contends, that even a safety margin of less than 1 cm is
enough to ensure su�cient radicality, especially in TNM stage 1 and stage 2 lesions – which are
commonly intercepted by screening programs. It is suggested that the DRM impacts survival more, than
the rate of reccurance (14).This, could offer greater freedom to plan the surgery and would be especially
important in cases of LAR, where a margin of only 1 cm is commonly required. APR is performed usually
when achieving su�cient DRM is challenging. This results in a permanent stoma, which may decrease
QOL (15).

The circumferential resection margin (CRM) is widely accepted to be the most important factor for local
recurrence (gained prominence after the report of P. Quirke) (4, 5). Currently a less than 2 mm boundary
between the tumour and mesothelial fascia is considered positive, and is associated with a high increase
in local recurrence (5, 10). In other words, it can be de�ned as a tumour extension, or presence of positive
lymph nodes less than 1 mm from the radial, non-peritonealised soft tissue border (this also increases the
risk of distant metastases). It can be said that, the completeness of the TME and the quality of surgical
tumour removal may be expressed as pCRM (10). However, an intact and complete pCRM may not
impact rates of distant metastases (16).

The aim of this retrospective study was to examine the relative in�uence of resection margin lenght on
the survival of a cohort of patients undergoing routine treatment in our institution (assumed to be
representative of the majority patient population, after the introduction of a national screening
programme), which did not have metastases, and were not operated on as an emergency. We also hope
to provide a concise re�ection of newer clinical research on the topic (especially QOL and oncological
outcome, with re�ection on the most commonly used surgical techniques), which could, in theory,
contribute to the well being of our patients.

Methods
Ethical approval for this study was obtained from the equivalent of the Institutional Review board of our
respective institution.

Records of 303 patients were retrospectively reviewed for this study – informed consent to use the
anonymized data that is collected by the Slovenian Cancer registry as standard (survival, and tumour
characteristics on samples sent to pathology), was obtained before the treatment itself (none of the
patients refused participation). Patients in the cohort were born between 1925 and 1971 (on avarage
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61 years old) and were operated on between January 2009 and January 2014, due to colorectal
carcinoma. Those who underwent surgery, as an emergency, and those with metastases were excluded
from the cohort (175 patients in total), which left 128 patients suitable for statistical analysis. The
patients in were processed and later treated in accordance with the standard ESMO guidelines for
colorectal cancer – due to cohort characteristics, they were all operated on with a procedure, that can be
classed as either a standard APR, or LAR.

The exclusions to the patient cohort were deemed necessary, as late TNM stage cancers, may confound
data – neccesitatting multivisceral surgery (17), so a R0 resection can rarely be performed, additionaly
late stage tumours have their own independant variables (18, 19). In hindsight, the decision also made
sense, due to the lower incidence of high stage cancers, because of earlier diagnostics (national
screening program – SVIT), which would further reduce sample sizes into irrelevance.

The bowel margins were measured in specimens that were pinned (with care, not to stretch the sample)
to a board and �xed with formaline for microscopy. The donut cutting edges were not included in those
measurements.

Survival data on patient survival was retrieved from the Cancer Registry of the Republic of Slovenia. It
was analyzed on R-3.4.4 for windows (32/64 bit) - CRAN 16 was used for data analysis. The data was
�rst keyed in MS Excel © before converting it into R-3.4.4 for analysis.

The data was based on 5-year of survival – patients who survived the entirety of 5 years, were counted in
the live group, those who died before that, were counted in the dead group - thus the e.g. Kaplan-Meier
method or Cox regression for survival analysis, could not be used to analyze the standard 'time-to-event'
data. Rather the Mann-Whitney-Wilcoxon test was used to determine statistically signi�cant differences
in the survival of groups of patients with a circumferential margin ≤ 2 mm and > 2 mm and groups of
patients with a distal margin ≤ 1 cm and > 1 cm. Logistic regression was used to determine the best
model corresponding to the mortality-to- circumferential or distal margin ratio.

Results
The study analyzed the CRM and DRM of 128 patients (43 women and 85 men) who underwent surgery
using the »Dixon« method (LAR − 94 patients) or »Miles« (APR − 34 patients). Patients were divided into
groups with a CRM of ≤ 2 mm (17 patients) and > 2 mm (111 patients), and into groups with a DRM of ≤ 
1 cm (23 patients) and > 1 cm (105 patients). Table 1 shows the number of survivors and deaths, as also
the mortality rate, in these groups by method of operation and in total.

There is a much larger number of patients in the sample with a CRM > 2 mm and a DRM > 1 cm, there
were also far more LAR-s performed than APR-s (evident from Fig. 1).

Survival of patients with DRM ≤ 1 cm and > 1 cm, and CRM ≤ 2 mm and > 2 mm was compared. The
number of survivors was noticeably higher than the number of deaths in all groups, regardless of
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operation method. Further analysis with the Mann-Whitney-Wilcoxon test showed statistically signi�cant
differences (p < 0.05) in survival between the group of patients with a CRM ≤ 2 mm and > 2 mm (p = 
0.01396). The survival in the group with CRM > 2 mm is 20% higher than those with ≤ 2 mm. If the
differences in survival between these groups are compared for individual methods of operation, a
statistically signi�cant difference can only be found the for LAR group (p = 0.00635), where the survival
of patients with CRM > 2 mm is 26% higher than those with CRM ≤ 2 mm. A statistically signi�cant
difference in survival could not be found (p = 0.1132) for patients with different DRM-s. Thus, a better
survival for patients with a smaller or larger DRM, cannot be shown within this sample of patients.

The logistic regression model of survival analysis showed that the size of the circumferential margin is
an independent predictor (p = 0.0202, AIC = 92.181) and the size of the DRM is not (p = 0.119, AIC = 
109.89). The probability of death decreases with the increase of the CRM in a model that uses margin as
an independent predictor. Estimated mortality decreased from 30% to about 10% for circumferential
margin of 2 mm and larger. Similar results were obtained when the patients operated by the APR method
were excluded – suggesting a similar effect in both types of operation. When the circumferential margin
and the method of operation were simultaneously included in the model (AIC = 93.886), the results show
that the size of the circumferential margin is an independent predictor (p = 0.0208) and the operative
method is not (p = 0.5821).

Discussion
The study showed that a tumor circumferential resection margin of less than 2 mm were associated with
signi�cantly poorer patient survival. This �nding was consistent with a great deal of other literature (6, 8)
and what is accepted in our current clinical practice. The distal resection margin was, not shown to be an
independent predictor of survival. Again, consistent with other literature (12, 14, 20). Thus, a distal magin
of less than 1 cm may be acceptable, if the tumour was completely removed. Unecesserily large distal
margins may mean unessecary sacri�ce of sphincters in low lying tumours.

Most studies (including the largest of its kind to date (21)), report that a LAR overall produces a higher
survival rate than an APR (paradoxically the disease-free survival rates were suggested to be very
similar). Though �ndings were commonly confounded by the fact, that the tumours of the patients were
relatively high from the anal verge, and that the subgroups had different PCRT rates (22, 23). Most
studies on the subject of local failure indicate greater rates with APR. This is most likely because of CRM
involvement, which is directly correlated with a more advanced disease stage and larger tumours. These
tumours also present lower and are more locally advanced (24), and have a worse response to
neoadjuvant therapy (4). Many surgeons still prefer APR in cases of very low tumors with sphincter
complex invasion or impaired preoperative state. As such, LAR could be considered an acceptable
alternative – especially in patients with a good response to neoadjuvant treatment and adequate margin
from the anal canal.



Page 6/12

Because of the aforementioned, the continuation of the intestinal passage is, in clinical practice, desired
in nearly every case (25). Despite the bene�ts offered by the LAR, low anterior resection syndrome (LARS)
is a major problem for long term QOL. It usually develops shortly after surgery, then decreases in a few
months (the stable state being reached after 2 years). It is more common in patients which have
preexisting anorectal dysfunction (especially in women who have given birth – previous trauma to the
site of resection (4). Another possible complication is anastomotic leak (may be as high as 10%). Current
data suggests, that the functional outcome in LAR is superior to APR when no long-term postoperative
complications arise – though some studies with objective measurements dispute this (4, 26, 27). In
addition, studies which had a longer follow up suggested, that patients experience a response shift over
time, being able to better cope with their condition, the more time passes after surgery. This suggest that
planning operations to maximize life expectancy, is linked with an overall higher long term QOL. Thus,
smaller DRM, could help the surgeon operate di�cult cases, with proper oncological principles, resulting
in more favorable long-term survival and functional prognosis. Though caution should still be exercised
and so surgeons should not attempt a preferred surgery at any price, but should instead seek to
individualize treatment for every case – as well as evaluate for complications both pre and
intraoperatively (25). This knowledge could potentially be used to counsel the patient, when conditions
for operation, are less than ideal (even when an APR is potentially required). Though, it may be prudent, to
view APR as more than a last line treatment in older patients, patients with low life expectancy or major
anorectal dysfunction (25).

In our study the APR group (DRM > 1 cm) had a smaller death rate, than the LAR group. This is usually not
the case, as studies which report a better prognosis with APR are fewer in number, than those who
reporting contrary (23). Despite this the reason for this is most likely neoadjuvant chemotherapy, or PCRT
– which may have been used more liberally in cases of patients which are targets for APR, in our sample.
The group of patients operated on by the LAR method with a DRM > 1 cm appears to stand out in the
number of deaths. Further analysis showed, however, that it was not an independent variable - it can be
assumed that the reason for this is similar (5, 28). The difference between mortality in the groups with
smaller and larger CRM was also much larger for the LAR method (26%) than for the APR (6%). This may,
simply be a consequence of neoadjuvant chemotherapy of PCRT (not excluded in this study). An
additional factor to consider here, would be the natural coning of the lower bowel which increases
chances of CRM involvement in low LAR operations. Apart from this natural coning, there is the issue of
coning into the tumor during surgery, due to the higher anastomotic leak rate after complete mesorectal
excision (5).

The limitations of the study were small sample size, with resulting small patient subgroups (which varied
signi�cantly in size). Despite being designed to minimize differences between its subgroups, they could
not be entirely excluded (some may have remained signi�cant). A potential source of bias could be the
unequal numbers of APR and LAR operations (the doctors in our institution prefer performing LAR-s) If
the patients were controlled for PCRT, the cohort would be so small, as to be beyond any analytical
relevance. The data on the effect of PCRT and neoadjuvant therapy on outcomes was inconclusive until
recently and was not in the authours scope of view in the time of study design. The FOxTROT trial was
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only published in 2019 and reported a response in the tumour, might make the resection easier, and
reduce the risk of incomplete surgical resection. It also reported histological regression in some positive
pCRMs. The trial also established, that no increase in perioperative morbidity was seen. This may offer
hope for functional outcomes of lower tumours, which are otherwise operable only with APR (29). Some
studies have, however reported an increase postoperative anorectal disfunction, when combined with
PCRT (30). Another confounding factor, could be the surgical donuts themselves, as a negative stapler
donut does not preclude involvement of the distal margin, as it contains only a part of a staple or suture
line. This is also true for circumferential margins (there is always a risk of residual malignant cells in the
rectal stump) (31).

The results have value in the context of sphincter-sparing resections (DRM-s smaller than 1 cm may be
neccesary in many cases), which may offer signi�cantly better oncological and functional prognosis in
select groups of patients. The question of LAR vs. APR in the context of QOL, remains inconclusive, as
research results (especially measured with objective questionaires, are scarce and contradictions are
common. It can, however be reasoned that a personalised treatment (the precise criteria for this, are still
unavailable and may be of interest for future research), less invasive treatment, which does not
compromise oncological principles may be optimal for both functional and oncological outcome,
especially when the surgeons evaluate for complications during entire treatment.

Conclusion
In conclusion, the analysis of showed that the CRM was an independent predictor of survival (had a
statistically signi�cant effect on survival), while the CRM was not (had no statistically signi�cant effect
on patient survival), in our sample. The differences between LAR and APR groups were not statistically
signi�cant enough for the operation type to be an independant predictor. As such, a distal resection
margin smaller than 1 cm may not necesserily predict a poor prognosis and may be oncologically
acceptable if the tumour was entirely excised. It also recon�rmed the �nding, that tumour circumferential
resvetion margins of less than 2 mm are associated with poorer patient survival. This result was noted in
many other clinical trials (despite ongoing controvery). This has value in the context for sphincter-sparing
resections (DRM-s smaller than 1 cm may be neccesary in many cases), which may offer signi�cantly
better oncological and functional prognosis in select groups of patients.
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Tables
Due to technical limitations, table 1 is only available as a download in the Supplemental Files section.
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Figure 1
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Number of lives and deaths (a) and their shares for circumferential (b) and distal (c) margins for LAR and
APR methods
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