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Abstract
Purpose Primary local excision (PLE) for early rectal cancers is associated with decreased surgical morbidity and mortality
compared with major resection (MR). However, it is thought to be associated with poorer oncological outcomes. There is a
paucity of data regarding PLE within the Australasian population. We present comparative post-operative and survival outcomes
for stage 1 rectal cancers treated with PLE or MR from three Western Australian hospitals.
Methods A retrospective analysis was performed on a prospectively maintained database of patients undergoing PLE or MR for
stage 1 rectal cancers between February 1996 and May 2019.
Results Of the 533 patients, 81 underwent PLE.Median post-operative admission was shorter for those undergoing PLE, with no
significant difference in post-operative complication rate. Five-year overall survival was greater following MR (89.6% CI 86.1–
92.3) compared with PLE (84.6% CI 73.8–91.2; p = 0.0003). There was no significant difference in 5-year cancer-specific
survival (MR, 94.4% CI 91.5–96.3; PLE, 95.3% CI 86.0–98.5; p = 0.98) or 5-year disease-free survival (MR, 92.3% CI 89.1–
94.7; PLE, 89.1% CI 78.5–94.7; p = 0.36). Local excision provided poorer local tumour control with an inferior 5-year local
recurrence rate (MR, 2.16% CI 1.08–4.28; PLE, 10.9% CI 5.30–21.6; p = 0.0002). After controlling for confounders, PLE was
significantly associated with worse local recurrence but did not significantly impact overall survival, cancer-specific survival,
overall recurrence, or metastatic recurrence.
Conclusion Local excision of early rectal cancer remains a viable alternative, in those unwilling or unable to undergo MR.
Patients should be informed that while PLE is associated with poorer local pelvic control, this does not translate to worse survival.
Trial Registration
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Introduction

Rectal cancer, one of the leading causes of cancer-related
mortality, has historically been treated with major surgical

resection. There is, however, a growing trend to utilise local
excision techniques. While surgical technique and peri-
operative management of patients have vastly improved over
time, many patients do not have the physiological reserve to
undergo major resection (MR). Furthermore, many patients
are reluctant to undergo these procedures due to the risk of
long-term sexual, urinary and bowel functional impairment as
well as the risk of temporary or permanent stoma [1]. In these
instances, local excision may facilitate resection. This surgical
approach does not allow for adequate resection of the
mesorectal tissue and as such is oncologically unsuitable for
advanced disease and risks failing to identify occult lymph
node involvement in early disease [2, 3]. Given likelihood of
nodal involvement is determined by depth of invasion, local
excision of rectal cancers is supported for tumours invading
the submucosa only [4–6]. The peri-operative benefits of local
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excision techniques compared with MR for rectal cancer are
well reported in the literature [7]. Recent large-scale studies
have demonstrated local excision to provide comparable sur-
vival to MR but poorer local tumour control [8]. However, to
date, these results have not been replicated within an
Australasian population.

The aim of this study is to compare peri-operative and
oncological outcomes of stage 1 rectal cancer treated with
primary local excision (PLE) and MR.

Methods

A retrospective analysis was performed on a prospectively
maintained database of all patients with colorectal cancer at-
tending three hospitals in Perth, Western Australia. The data-
base contains demographic, histopathological, peri-operative
and long-term survival data from colorectal cancer patients
diagnosed between February 1996 and May 2019. Patient
contribution to the database is voluntary, and their consent to
participate was obtained in the pre-operative setting.

Patients were considered for PLE if they had stage 1 rectal
cancer or advanced rectal cancer in a patient unsuitable or
unwilling to undergo MR. The decision to proceed to MR
versus PLE was collaboratively reached by patient and clini-
c ian , fo l lowing discuss ion a t mul t id i sc ip l inary
clinicopathology meeting. Patients were reviewed post-
operatively at 2 weeks and subsequently underwent endoscop-
ic and/or multiplanar imaging at six monthly intervals post-
procedure. Patients undergoing PLE underwent flexible sig-
moidoscopymore frequently than theMR cohort, at 6 months,
1 year and 2 years post-procedure.

Definitions

Date of diagnosis was defined as the date of histopathological
diagnosis of rectal adenocarcinoma. The American Society of
Anesthesia (ASA) score was used as a marker of overall health
at surgery. Neoplasia was staged and graded according to cur-
rent American Joint Committee on Cancer (AJCC) staging
guidelines [9]. Major resections included abdominoperineal
resection, anterior resection, Hartmann’s operation or other
procedures (total or subtotal colectomy and proctectomy).
Local excision procedures included transanal endoscopic mi-
crosurgery (TEM) or transanal excision (TAE). Patients were
considered part of the PLE cohort if they underwent a local
excision procedure without progression to a MR. Resection
without macroscopically detectable disease was considered
curative (R0 and R1). Tumour height was measured in
centimetres from the anal verge.

Peri-operative outcomes included (1) post-operative length
of admission in days, (2) unplanned return to theatre (reoper-
ation within 30 days of the initial procedure due to surgical

complications), (3) intra-abdominal infection (demonstrated
on imaging, visualised at re-operation, or on aspiration of
purulent or microbiologically positive material) and (4) inci-
dence of post-surgical procedural interventions (unplanned
intensive care unit admission, blood product transfusion, ra-
diological drainage of a collection).

Overall recurrencewas defined by the presence of either (1)
local pelvic recurrence or (2) distant recurrence of metastasis
not present at the time of initial diagnosis.

Inclusion and exclusion criteria

Patients were included in the study if they met the following
inclusion criteria: (1) tumour located in the rectum, (2) histo-
logically confirmed adenocarcinoma, (3) stage 1 disease and
(4) underwent either MR or PLE. Patients were excluded from
the study if they did not undergo resection with curative intent.

The database contains very few patients with stage 2 rectal
cancer that underwent PLE (n = 6). Within this cohort, there
was only one incident of recurrence (distant metastases) with
subsequent cancer-related mortality (at 2.4 years following
diagnosis). This cohort size does not provide sufficient power
to detect statistically significant differences betweenMRE and
PLE for stage 2 disease. Accordingly, this study was restricted
to patients with stage 1 rectal cancer.

Statistics

Data was prospectively entered into a database (Filemaker Pro
15; Filemaker, Santa Clara, CA, USA) and then exported to a
statistical package for analysis (Stata 15; Statacorp, College
Station, TX, USA). Median and interquartile range (IQR)
were used for descriptive statistics. Nominal data were com-
pared using Pearson’s chi-square test. Ordinal data and con-
tinuous non-parametric data were compared using Mann-
Whitney U test, while continuous parametric data were com-
pared using Student’s t test. Normal distribution of data was
assessed using the Shapiro-Wilk test. Survival data was
analysed using the Kaplan-Meier estimator with subsequent
log-rank test for equality of survival functions and the Cox
proportional hazard regression analysis. Recurrence rates
were analysed using cumulative incidence probability.
Survival analysis was truncated to the point when the number
at risk was one-third of the starting figure. Survival and recur-
rence data were obtained through clinician review and annual
review of the Western Australia Cancer Registry, which re-
ports survivorship, cause of death and recurrence. All survival
and recurrence times were calculated from the date of histo-
logical diagnosis until either an event occurred or they
remained alive at 09 October 2018. Statistical significance
was defined p < 0.05. Confidence intervals (CI) were set at
the 95% level.
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Results

There were 533 patients that fit the eligibility criteria for this
study. The median age was 65 years (IQR 57–75 years), and
the female to male ratio was 1:1.65. The MR cohort includes
43 patients that required salvage surgery following PLE
(TEM, n = 32; TAE, n = 11). The patients in this group that
underwent TEM did not have tissue-confirmed malignancy at
the time of initial procedure, and thus progressed to MR upon
histological recognition of malignancy. Twenty-four of these
patients underwent anterior resection (ultra-low anterior resec-
tion, n = 22; high anterior resection, n = 2), eight underwent
abdominoperineal resection, one underwent a Hartmann’s
procedure and ten patients had other major surgical resections.
Of these, four patients developed recurrence, only one of
which died due to cancer at 18.2 months following initial
surgery. The median time to recurrence in those requiring
salvage surgery was 17.6 months (IQR 8.04–34.1 months).

Clinicopathological characteristics

Characteristics of patient, tumour and treatments are described
in Table 1 and Fig. 1.

Of the patients undergoing PLE, 66 patients underwent
TEM, 13 patients underwent TAE and two underwent
colonoscopic polypectomy.

There were 199 patients that were downstage to stage 1
following neo-adjuvant radiotherapy (stage 2, n = 62; stage
3, n = 137). Only one of these patients, who was originally
stage 3, underwent PLE.

Peri-operative outcomes

The median length of admission for patients undergoing MR
was 10 days (IQR 8–13 days). This was significantly longer
than those undergoing PLE (2 days, IQR 1–3 days; p <
0.0001). There was a non-significant difference in the rates
of post-procedural intra-abdominal abscess (MR, 1.33% n =
6; PLE, 0.00% n = 0; p = 0.3). All incidences of unplanned
return to theatre and post-surgical interventional procedures
occurred in the MR group. There were 19 (4.40%) unplanned
returns to theatre and 20 (4.42%) interventional procedures
post-surgery. These differences were not statistically signifi-
cant between the cohorts (unplanned return to theatre, p =
0.06; post-procedural intervention, p = 0.054). Half of the pa-
tients returning to theatre (n = 10) had interventional proce-
dures following surgery.

Oncological outcomes

The median follow-up time after MR and PLE was 6.9 years
(IQR 3.0–10.7 years) and 5.7 years (IQR 4.0–10.6 years),
respectively. Follow-up was truncated at 10 years when the
number at risk was one-third of the starting cohort. Table 2
contains the cohort-specific 5-year survival and recurrence
rates. Figure 2 displays the overall survival and cancer-
specific survival curves. The cumulative incidence of local
recurrence and new metastases, as well as disease-free surviv-
al, are shown in Fig. 3. The multivariate regression models of
overall survival, cancer-specific survival, disease-free survival
and local and metastatic recurrence are displayed in Tables 3
and 4. There were no significant interactions between

Table 1 Patient demographics, tumour characteristics and adjunct therapies by cohort. Significant p values are shown in italic typeface. p values were
obtained from the Mann-Whitney U test (†) or Pearson’s Chi-squared test (‡)

Major resection
n (%)

Primary local excision
n (%)

p value

Patient demographics

Population 452 (84.8) 81 (15.2)

Age, median (IQR) 65 (56–72) 75 (65–83) < 0.0001†

ASA, median (IQR) 2 (2–2) 2 (2–3) 0.0001†

Tumour characteristics

Tumour height, median (IQR) 8.0 (5.0–10.0) 6.0 (4.0–8.0) 0.01†

R1 resection margin 4 (0.88) 13 (16.1) < 0.0001†

Lympho-vascular invasion 31 (6.86) 12 (14.8) 0.015‡

Extramural venous invasion 1 (0.22) 1 (1.23) 0.17‡

Perineural invasion 5 (1.11) 1 (1.23) 0.92‡

Adjunct therapy

Neo-adjuvant radiotherapy 199 (44.0) 2 (2.47) < 0.001‡

Adjuvant radiotherapy 208 (46.0) 12 (14.8) < 0.001‡

Adjuvant chemotherapy 208 (46.0) 6 (7.41) < 0.001‡
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variables for any regression endpoints. After adjusting for
confounding factors, PLE was not associated with a signifi-
cant difference in overall survival, cancer-specific survival,
disease-free survival or development of metastatic recurrence.
Once confounding factors were controlled for, PLE was sig-
nificantly associated with only increased rates of local recur-
rence. These confounding factors, displayed in Tables 3 and 4,
included age at diagnosis, ASA score, lymphovascular inva-
sion and the use of adjunct therapies.

Discussion

This study reviewed oncological and peri-operative outcomes
following treatment of stage 1 rectal cancer with either PLE or
MRwithin an Australasian population. Primary local excision

facilitated resection in an older and more comorbid popula-
tion, with tumours located lower in the rectum. Primary local
excision was associated with a significantly shorter post-
operative hospital admission, with a non-significant difference
in rates of peri-operative complications. The PLE cohort had
comparable cancer-specific and disease-free survival, but in-
ferior overall survival, compared with the MR cohort. When
confounding factors were controlled for, operative manage-
ment with either PLE or MR did not have a significant effect
on most long-term oncological outcomes but was associated
with higher rates of local recurrence.

Our findings regarding peri-operative outcomes conflict
with large-scale reviews demonstrating more frequent compli-
cations following MR [7, 10–12]. This is likely due to their
more inclusive definition of significant peri-operative compli-
cation [10–12]. The publications that found comparable rates

Fig. 1 Distribution of (1a) ASA score, (1b) height, in centimetres, of tumour from the anal verge, (1c) tumour T stage and (1d) tumour grade for major
resection and primary local excision. p values were obtained from Mann-Whitney U test

Table 2 Five-year overall survival, cancer-specific survival, disease-free survival and recurrence rates for stage 1 rectal cancer following major
resection and primary local excision. Significant p values are shown in italic typeface

Major resection
% (CI)

Primary local excision
% (CI)

p value

Overall survival 89.6 (86.1–92.3) 84.6 (73.8–91.2) 0.0003

Cancer-specific survival 94.4 (91.5–96.3) 95.3 (86.0–98.5) 0.98

Disease-free survival 92.3 (89.1–94.7) 89.1 (78.5–94.7) 0.36

Local recurrence 2.16 (1.08–4.28) 10.9 (5.30–21.6) 0.0002

Metastatic recurrence 6.42 (4.3–9.53) 3.61 (0.91–13.7) 0.48
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of peri-operative complications, including our own, have rel-
atively low incidence of complications and small sample
sizes, which are underpowered to demonstrate significant dif-
ferences [13]. The prolonged length of post-operative admis-
sion following MR compared with PLE is in keeping with the
literature [10–12, 14].

Recent analysis of the National Cancer Database (NCDB)
shows a contemporary increase in utilisation of local excision
techniques for stage 1 rectal cancer [15]. Comparatively, our
rate of T1 tumours treated with PLE is only two-thirds than
that of the NCDB and less than half their reported rate of T2
tumours treated with PLE. In keeping with our findings, this
large-scale review reported a higher rate of positive resection
margins following PLE compared with MR (24% vs 5%).
Several smaller scale studies have confirmed that PLE is as-
sociated with higher rates of positive resection margins [14,
16, 17]. The NCDB study, while not differentiating between
macroscopic or microscopic margins, found that a positive
resection margin was independently associated with worse
overall survival. In our study, R1 resection margin was not
associated with worse oncological outcomes. Despite this,
the authors of this paper agree that patients with positive re-
section margins, following local excision of early rectal

cancer, should undergo transabdominal resection or adjuvant
therapy if unsuitable for surgery [18, 19].

It is widely accepted that patients undergoing PLE have
poorer overall survival compared with those that undergo
MR [7, 8]. This likely reflects disparities in age, baseline co-
morbid disease and tumour invasion status as far greater pre-
dictors of overall survival than treatment modality [10, 15,
20]. Similarly, the difference in overall survival that we have
reported is best described by differences in patient frailty, rep-
resented by patient age and ASA. This reflects surgeon bias
toward PLE in older and more comorbid patients.

The increased uptake in local excision techniques has oc-
curred despite poorer local tumour control. The Swedish
Rectal Cancer Registry 5-year local recurrence rate for stage
1 rectal cancer treated with PLE was 11.2% and 2.2% follow-
ing MR [21]. This compares with NCDB figures of 12.5% for
T1 tumours and 22.1% for T2 tumours treated with PLE [10].
This large-scale publication reports a 5-year local recurrence
rate following MR of 2.2% for T1 tumours and 15.1% for T2
tumours. Our 5-year local recurrence rates of 10.9% (CI 5.30–
21.6%) for PLE and 2.16% (CI 1.08–4.28%) for MR are not
dissimilar to these reported figures. Despite poorer local tu-
mour control, paradoxically, we report a similar 5-year cancer-

Fig. 2 Overall survival with risk table (2a) and cancer-specific survival
(2b) for stage 1 rectal cancer following major resection (MR) or primary
local excision (PLE)

Fig. 3 Disease-free survival (3a), and cumulative incidence of local
recurrence (3b) and metastatic recurrence (3c) for stage 1 rectal cancer,
following major resection or primary local excision
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specific survival following PLE (95.3% CI 86.0–98.5) and
MR (94.4% CI 91.5–96.3), mirroring findings of recent pub-
lications [7, 10, 12, 22, 23]. In those suitable, salvage surgery
remains an oncologically viable option for patients with local
recurrence following PLE [18].

The presence of lymphovascular invasion significantly in-
fluenced all survival endpoints. Lymphovascular invasion is a
well-reported marker of adverse prognosis for rectal cancer.
Furthermore, several large-scale publications have found
lymphovascular invasion, along with perineural invasion,
and advanced tumour grade and invasion status to be associ-
ated with higher rates of disease recurrence following local
excision [10, 14, 24, 25]. Due to low incidence of perineural
invasion and lack of heterogeneity of tumour grade and inva-
sion status, the current dataset is underpowered to adequately
detect the influence of these factors within the PLE cohort.

While not reflected by our study’s findings, it is thought that
PLE alone provides inferior disease-free survival compared
with PLE combined with adjunct chemoradiation therapy for
T1 tumours with adverse prognostic features and T2 tumours
[26–28]. In these cohorts, suitable patients should be considered
for primary MR or salvage surgery. Alternatively, if they are
unwilling or unable to undergo MR, oncological outcomes are

improved through the addition of adjunct chemoradiation ther-
apy [26–28]. These patients need to be counselled regarding the
risks of chemoradiotherapy, as well as the challenging nature of
surgery following pelvic irradiation.

Our database is currently too small to perform meaningful
subset analysis in regard to the combined effect of tumour
invasion status, lymphovascular invasion and adjunct therapy
on survival in the PLE cohort. As such, the benefit of com-
bined PLE and chemoradiation therapy compared with PLE
alone was not detected in this study. As our database continues
to grow and local excision techniques continue to gain popu-
larity, it is likely that we will be able to report on these
variables.

The strengths of this retrospective review lie in the size of
the patient population and their prolonged follow-up period. A
strong partnership with the Western Australia Cancer Registry
and relatively minor migration patterns have allowed for
100% patient fol low-up and no patient dropout.
Additionally, this database contains patients from multiple
institutions and multiple surgeons, limiting the homogeneity
of the group.

Our study was limited by its retrospective nature and the
selection bias toward local excision for older and more

Table 4 Multivariate analysis of local recurrence and metastatic
recurrence in patients undergoing resection of stage 1 rectal cancer. Due
to low incidence, neoadjuvant and adjuvant chemo-radiotherapy were
analysed as a single cumulative variable referred to as adjunct therapy.

p values for factors with significant effect on survival have been displayed
in italic typeface. The hazard ratio for primary local excision has been
displayed for metastatic recurrence to demonstrate its non-significant ef-
fect on this outcome once confounding factors were controlled for

Local recurrence Metastatic recurrence

HR (95% CI) p value HR (95% CI) p value

Primary local excision 6.19 (2.11–18.2) 0.001 0.61 (0.18–2.12) 0.44

Lympho-vascular invasion 4.87 (1.59–14.9) 0.005 7.45 (3.11–17.9) < 0.001

Adjunct therapy 3.58 (1.25–10.3) 0.02 2.49 (1.11–5.61) 0.03

Table 3 Multivariate analysis of overall survival, cancer-specific sur-
vival and disease-free survival in patients undergoing resection of stage 1
rectal cancer. Due to low incidence, neoadjuvant and adjuvant chemora-
diotherapy were analysed as a single cumulative variable referred to as

adjunct therapy. p values for factors with significant effect on survival
have been displayed in italic typeface. The hazard ratio for primary local
excision has been included to demonstrate its non-significant effect on
survival following controlling for confounding factors

Overall survival Cancer-specific survival Disease-free survival

HR (CI) p value HR (CI) p value HR (CI) p value

Primary ocal excision 0.75 (0.46–1.22) 0.25 0.46 (0.18–1.15) 0.095 1.50 (0.65–3.44) 0.34

Age 1.09 (1.07–1.12) < 0.001 1.07 (1.03–1.10) < 0.001

ASA 1.66 (1.21–2.28) 0.002

Lympho-vascular invasion 1.92 (1.10–3.35) 0.02 4.61 (2.27–9.33) < 0.001 5.71 (2.65–12.3) < 0.001

Adjunct therapy 2.76 (1.37–5.55) 0.004
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comorbid patients. We utilised multivariate regression analy-
sis to mitigate this effect, as the current dataset is underpow-
ered to perform statistical matching techniques. This selection
bias reflects evidence-based practise and is in keeping with
global practise patterns of PLE for more frail and comorbid
patients. The cohort contains a relatively small population of
T2 tumours and T1 tumours with adverse prognostic features.
As such, it is underpowered to provide subgroup analysis. The
current database does not record specific factors influencing
decisions regarding adjunct therapies. These can only be in-
ferred, on a case-by-case basis, from recorded negative prog-
nostic features.

Conclusion

Primary local excision remains a viable oncological alterna-
tive in those with early stage rectal cancer that are unsuitable
or unwilling to undergoMR.While PLE provides poorer local
tumour control, this does not translate to worse overall surviv-
al, cancer-specific survival or disease-free survival, when con-
founding factors are accounted for.
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