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Objective: The aim of the study was to determine the efficacy of laparoscopic

rectal resection (Lap) versus open laparotomy and rectal resection (Open) for

rectal cancer on locoregional recurrence (LRR) and disease-free survival (DFS)

at 2 years.

Summary background data: Although a Lap approach to colon cancer

surgery may offer similar oncological outcomes to Open with potentially less

morbidity, this remains to be clearly established for the treatment of rectal

cancer.

Methods: A randomized, multicenter noninferiority phase 3 trial of 475 patients

with T1 to T3 rectal adenocarcinoma<15 cm from anal verge, given Lap or Open

andfollowedforaminimum2years toassessLRR,DFS,andoverall survival (OS).

Results: Secondary endpoint analyses included 450 patients (95%) without

metastases at baseline (mean age 64; 34% women) who received Lap (n¼ 225)

or Open (n¼ 225). Median follow-up was 3.2 years (range: 0.1–5.4 yrs). LRR

cumulative incidence at 2 years: Lap 5.4%; Open 3.1% [difference, 2.3%; 95%

confidence interval (CI),�1.5% to 6.1%; hazard ratio (HR) 1.7; 95% CI, 0.74–

3.9]. DFS at 2 years: Lap 80%; Open 82% (difference, 2.0%; 95% CI,�9.3% to

5.4%; HR for recurrence or death, 1.17; 95% CI, 0.81–1.68; P ¼ 0.41). After

adjustment for baseline factors HR¼ 1.07 (95% CI, 0.7–1.6). OS at 2 years: Lap

94%; Open 93% (difference 0.9%; 95% CI, �3.6% to 5.4%).

Conclusions: Laparoscopic surgery for rectal cancer did not differ signifi-

cantly from open surgery in effects on 2-year recurrence or DFS and OS.

Confidence intervals included potentially clinically important differences
 Copyright © 2019 Wolters Kluw

favoring open resection, so that the combination of primary and secondary
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study endpoints may not support laparoscopic resection of rectal cancer as a

routine standard of care and further follow-up is required.
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R ectal cancer surgery remains one of the most technically demand-
ing colorectal procedures. Wide lymphovascular clearance within

the narrow confines of the pelvis requires precise dissection. The
quality of the dissection affects oncological outcomes.1–4 These
complicated procedures of total mesorectal excision are more chal-
lenging to accomplish compared with colon cancer. A laparoscopic
approach to colon cancer surgery has been shown to offer similar
oncological outcomes to open with potentially less morbidity.5–8

However, this remains to be clearly established for the treatment of
rectal cancer, leading to interest in a laparoscopic approach for
obtaining similar oncological outcomes.

The initial results of the Australasian Laparoscopic Cancer of
the Rectum Trial (ALaCaRT)9 and the American College of Sur-
geons Oncology Group (ACOSOG) Z6051 trial10 comparing open
with laparoscopic pelvic dissection for rectal cancer were unable to
establish noninferiority of laparoscopic compared with open surgery
on pathological outcomes.11 In ALaCaRT, the pathological criterion
for successful resection was a composite score comprising complete
total mesorectal excision, clear circumferential margins (�1 mm),
and clear distal margins (�1 mm). In the cohort of 473 patients,
successful resection was achieved in 82% of the laparoscopic group
versus 89% of the open group [difference 7.0%; 95% confidence
interval (CI), �12.4% to 1]. Complete or near-complete total
mesorectal excision was achieved in 97% versus 99% (P ¼ 0.06);
an involved circumferential margin was found in 7% versus 3% (P¼
0.06), and an involved distal margin (<1 mm) in<1% of both groups.
Findings from the Z6051 trial were similar.10

These results have raised questions as to the precision of
dissection in laparoscopic surgery and the use of surrogate endpoints
in surgical oncology trials, in the setting of previous trials reporting
noninferiority of laparoscopic surgery in terms of locoregional
recurrence (LRR) and disease-free survival (DFS).12,13 This article
reports the trial results for DFS, overall survival (OS), and LRR after
a minimum of 2 years of follow-up.

METHODS

Study Design and Oversight
The trial was designed as a multicenter, randomized, open
er Health, Inc. All rights reserved.

phase 3 noninferiority trial evaluating the efficacy of laparoscopic
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resection for adenocarcinoma of the rectum within 15 cm of the anal
verge on pathological outcomes.9 The trial involved 26 surgeons
from 24 sites in Australia and New Zealand. The study was designed
by members of the trial management committee but with a priori
planned similarity to ACOSOG protocol Z6051 (NCT00726622). In
summary, patients aged 18 years or older with a histologic diagnosis
of adenocarcinoma of the rectum were eligible for inclusion. Patients
with T4 tumors, concurrent or previous invasive pelvic malignant
tumors (cervical, uterine, or rectal, but not including prostate), within
5 years before registration were excluded.

Evidence of distant metastases was not an exclusion criterion
for the primary outcome,9 but for analysis of DFS and recurrence,
patients with distant metastases were excluded. Neoadjuvant treat-
ment reflected current indications and surgeon and patient prefer-
ences. Postoperative adjuvant chemotherapy was recommended to
patients with advanced disease on the basis of preoperative or
postoperative pathological staging.

Safety Monitoring, Quality Assurance, Pathology,
and Radiological Assessment

Strict qualification criteria were followed for inclusion of
surgeons and centers. Before surgeons entered the trial, a minimum
of 30 rectal TME resections and 100 laparoscopic colorectal resec-
tions were required, as well as video and pathology proof of TME
expertise, evaluated independently by 2 assessors. An independent
data and safety monitoring committee reviewed patient safety and
data integrity and also reviewed an interim analysis for futility.
Pathology assessments of the total mesorectal excision specimen
were standardized, and both local and trial pathologists were blinded
as to the mode of surgery. A modified rectal MRI template report
prepared by the Magnetic Resonance Imaging and Rectal Cancer
European Equivalence Study (MERCURY),14 including questions
about the experience of the radiologist, was utilized by site radiol-
ogists.9

Outcomes
The primary outcome of the trial, as previously reported, was a

composite of pathological factors: complete total mesorectal exci-
sion, clear circumferential margins (�1 mm), and clear distal mar-
gins (�1 mm). Secondary outcomes reported here are LRR rate,
DFS, and OS. DFS was based on time from randomization to the first
of either recurrence or death. LRR was defined as recurrence within
the pelvis and distant recurrence as recurrence outside the pelvis.

Assessments 3, 6, 9, 12, 18, and 24 months after surgery
included physical examination and carcinoembryonic antigen (CEA)
and yearly computed tomography (CT) of the abdomen and pelvis,
with either chest x-ray or chest CT. Suspected recurrence was
assessed by positron emission tomography or histological confirma-
tion on biopsy.

Data were analyzed after patients had completed their 2-year
assessments. OS was censored at the date last known alive if the date of
death was unknown. DFS was censored at the date of last assessment.

Statistical Analysis
The trial was powered to assess noninferiority for pathological

outcomes but not powered to assess noninferiority or superiority for
secondary outcomes such as DFS and LRR. Consequently, analyses
of these secondary outcomes are exploratory and use descriptive
statistics with 2-sided tests. All analyses were based on the intention-
to-treat principle and included only patients with nonmetastatic
disease at randomization. Baseline characteristics were compared
by x2 test. DFS proportions were estimated by Kaplan–Meier plots.
Fine and Gray models were used to estimate differences in LRR,
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taking into account distant recurrence and death as competing risks.

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
Proportions and their standard errors at specific time points for time-
to-event outcomes are estimated from the actuarial rates.

Hazard ratio (HR) for DFS and LRR was estimated using
proportional hazard models. In subgroup comparisons, appropriate
tests for interaction were also performed. Post hoc univariable and
multivariable models for DFS included randomized treatment and
the following baseline factors: age (<65 or �65), sex, body mass
index (BMI) (<30 or �30, calculated as kg/m2), disease location
(high, middle, or low rectum), performance status (0 or 1–2,
measured by the Eastern Cooperative Oncology Group scale),
planned procedure [low anterior resection (sphincter preserving)
or abdominoperineal resection (sphincter removal)], preoperative
radiotherapy (yes or no), clinical N stage, clinical T stage, and
participant enrollments by surgeons (1–10, 11–30, 30þ). In addi-
tion, the association of pathological outcomes (total mesorectal
excision, and circumferential and distal margins: <1 mm, 1–
10 mm, or>10 mm) with DFS was assessed in these models. Similar
post hoc models examined these same variables for time to LRR.
Two-sided P values at 0.05 were considered statistically significant,
without adjustment for multiple comparisons. Analyses used SAS
V9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Between March 2010 and November 2014, 475 patients were
enrolled and 450 are included in these analyses of secondary out-
comes: (225 randomized to laparoscopic and 225 to open resection)
(Fig. 1). Clinical characteristics at baseline are shown in Table 1.
Both groups were reasonably well matched according to baseline
variables, with no significant imbalances. A slightly higher propor-
tion of patients assigned laparoscopic surgery had clinical nodal
involvement at baseline (N1 or N2, 53% vs 46%; P ¼ 0.14) and had
more positive nodes found at surgery (N1 or N2, 37% vs 28%, P ¼
0.03).

At the 2-year follow-up, data for DFS were available for 98%
of the 450 patients. During the follow-up period, 28 (6%) died, 58
(13%) had recurrence, 294 (65%) had no recurrence on the basis of
scans, and 59 (13%) had no recurrence on the basis of clinical
assessment only. For 11 (2%) patients, the last known follow-up was
before 2 years (median follow-up 10 mo).

Pathologic Outcomes
Pathological outcomes have been reported.9 Complete or near-

complete mesorectal excision was achieved in 97% of laparoscopic
cases and 99% of open-excision cases (P ¼ 0.06). A positive
circumferential resection margin (CRM) (<1 mm) was found in
7% of the laparoscopic group compared with 3% of the open-
excision group (P ¼ 0.06). The distal margin was clear (�1 mm)
in>99% of both groups. Rectal perforation at the time of surgery was
a rare occurrence (1/475). Successful resection—combining com-
plete TME, clear CRM, and clear distal margin—was achieved in
194 (82%) in the laparoscopy group and 208 (89%) in the open
group, a difference of 7% (90% CI for difference, 1.6%–12.4%). As
such, the noninferior margin of 8% was not excluded (noninferiority
P ¼ 0.38). In the surgery-received analysis, the difference in
proportions of successful resections was smaller at 4%; that is,
83% laparoscopic and 87% open procedures were successful
(90% CI for difference, �1.5% to 9.4%, P ¼ 0.11).

Locoregional Recurrence
At 2 years, with competing risks accounted for, the rate of

LRR was 5.4% in the laparoscopic group and 3.1% in the open
surgery group, a difference of 2.3% (95% CI, �1.5% to 6.1%)
er Health, Inc. All rights reserved.

(Table 2). The HR for laparoscopic compared with open surgery
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475 randomized

237 randomized to open laparotomy 
and rectal resection
231 open laparotomy and rectal 
resection

5 laparoscopic surgery

238 randomized to laparoscopic rectal 
resection
238 laparoscopic rectal resection 

21 converted to open 
surgery

15 hybrid surgery
6 open surgery

12 ineligible, excluded from 
analysis 
10 metastatic disease
1 ineligible surgery type
1 ineligible tumor location

13 ineligible, excluded from 
analysis 
13 metastatic disease

225 included in survival analysis 225 included in survival analysis

FIGURE 1. Flow of patients in the ALaCaRT trial.

TABLE 1. Baseline Characteristics�

Characteristic
Laparoscopic Surgery

(n ¼ 225)
Open Surgery

(n ¼ 225)

Age (Q1, Q3)y, yrs 65 (56–74) 65 (56–73)
Sex, male 150 (67) 145 (64)
Body mass index �30 55 (24) 53 (24)
Performance status 0z 177 (79) 184 (82)
Preoperative radiotherapy 112 (50) 108 (48)
Planned operative procedure

Low anterior resection 207 (92) 210 (93)
Abdominoperineal resection 18 (8) 15 (7)

Primary location
High rectum 50 (22) 48 (21)
Middle rectum 95 (42) 99 (44)
Low rectum 80 (36) 78 (35)

Clinical T stage
T1 19 (8) 11 (5)
T2 67 (29) 67 (30)
T3 138 (62) 146 (65)

Clinical N stage
N0 105 (47) 122 (54)
N1 86 (38) 77 (34)
N2 32 (14) 26 (12)

�Excludes 23 patients with distant metastases at randomization.
yData are shown as median (Q1, Q3).
zMeasured by the Eastern Cooperative Oncology Group Scale from 0 (fully active)

to 5 (dead). A score 0 indicates ability to carry on all predisease performance without
restriction.

TABLE 2. Summary Outcomes: Events During Follow-up
and Difference in Disease-free Survival and Overall Survival
Actuarial Rates at 2 years

Characteristic

Laparoscopic
Surgery

(n ¼ 225)

Open
Surgery

(n ¼ 225)
Difference

at 2 yrs

95%
CI for

Difference

Follow-up (IQR), yrs 3.2 (3.0–4.1) 3.3 (3.0–4.2)
Recurrences 53 (24) 42 (19) �2.0%� �9.3% to 5.4%

Locoregional 15 9
Distant 44 39

Deaths 27 (12) 26 (12) 0.9% �3.6% to 5.4%
Rectal cancer 18 14
Treatment 1 0
Other 8 12

Data are shown as median (interquartile range) or n (%).
�For disease-free survival.
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FIGURE 2. Cumulative incidence of locoregional recurrence by
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was 1.70 (95% CI, 0.74–3.9) (Fig. 2). No baseline factors were
statistically associated with a higher local recurrence rate. Among
pathological outcomes, an involved circumferential margin only was
associated with a higher risk of LRR at 2 years (15.8% vs 3.8%, P ¼
0.04) (Supplemental Table 1, http://links.lww.com/SLA/B500).

Disease-Free and Overall Survival
At 2 years, 80% of patients in the laparoscopic arm and 82% in
 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

the open surgery group were disease-free, a difference of �2.0% surgical group.
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(95% CI, �9.3% to 5.4%) (Fig. 3). Subgroup analyses revealed no
significant differences in DFS between laparoscopic and open sur-
gery for any subgroup, and all tests for interaction were not signifi-
cant (each P > 0.08) (Supplemental Table 2, http://links.lww.com/
SLA/B500). Estimates for the proportion disease-free after 3 years
were also not significantly different in the 2 groups: 73% in the
laparoscopic arm and 77% in the open arm (95% CI for difference,
�12.3 to 4.3). OS was also similar in the 2 treatment groups, with 28
deaths within 2 years and a 2-year survival estimate 94% for
laparoscopic surgery and 93% for open surgery (difference, 0.9%,
95% CI, �3.6% to �5.4%) (Fig. 3). These results should be
interpreted in the context of relatively few deaths (53/450) during
the follow-up period.

Post hoc Analyses: Baseline Factors, Pathological
Outcomes, and Disease-free Survival

The associations between baseline characteristics, surgical
 Copyright © 2019 Wolters Kluw

treatment, postoperative pathological outcomes, and 2-year DFS
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FIGURE 3. (A) Cumulative incidence of recurrence or death;
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are shown in Tables 3 and 4. A worse DFS was associated with
age 65 years or older, ECOG performance status 1 or 2, higher
clinical nodal stage, and higher clinical tumor stage (Table 3). ECOG
performance status (P ¼ 0.01) and nodal stage (P ¼ 0.03) remained
significant in a multivariable model (Table 4).

Lack of postoperative pathological composite success was
significantly associated with poorer DFS (HR 1.69, P ¼ 0.02) and
was driven principally by involved circumferential margins (HR
4.77, P < 0.001). This factor remained statistically significant after
adjustment for baseline variables (P < 0.001). The relative effect of
laparoscopic compared with open surgery on DFS was less after
adjustment for significant baseline factors (HR 1.07) (Table 4).
Furthermore, any apparent effect of laparoscopic surgery on a higher
rate of recurrence or death disappeared after adjustment for involved
circumferential margins (Table 4). This is consistent with these
margins being a reasonable surrogate for higher recurrence rates,
irrespective of randomized treatment (Supplemental Table 3, http://
links.lww.com/SLA/B500).

Surgical Experience
On average, there were 1.2 surgeons participating per site and

17.3 cases per surgeon during the trial. Each surgeon had undertaken
�100 laparoscopic colonic and 30 laparoscopic rectal procedures before
participating in the trial. Rates for DFS or patients free of LRR were no
higher among surgeons with high trial enrollment than those with low
enrollment (Table 3; Supplemental Table 1, http://links.lww.com/SLA/
B500). Involvement of circumferential margins did not differ signifi-
cantly by a surgeon’s enrollment (low: 4.4%; medium 4.6%; high 3.9%).

DISCUSSION

The initial results of the ALaCaRT trial failed to demonstrate
noninferiority of laparoscopic surgery with open surgery for rectal
cancer in terms of pathological success, raising concerns about its
effect on clinical outcomes. Our planned analysis of secondary out-
comes after a minimum follow-up of 2 years has not found significant
differences in DFS nor LRR, although estimates of treatment effect
favored open resection. The number of events was not high, so the
confidence intervals are wide. The findings do not exclude a potentially
important detriment from laparoscopic surgery.

In post hoc analyses, examination of the 3 postoperative
pathological factors that comprise the primary endpoint of the trial
showed that, together, these were a significant predictor of subse-
quent DFS, driven principally by the criterion of involved circum-
ferential margin. Laparoscopic surgery was associated with a
positive CRM rate of 7%, compared with 3% for open surgery,9

which would roughly translate to a 2% to 3% difference in LRR. This
raises questions as to the utility of a composite pathology score,
especially as a primary endpoint for future studies. However, the
composite gives a clear indication of the overall quality and efficacy
of the surgery and may still be useful monitor of surgical perfor-
mance. Although we await further follow-up and additional events,
this pathological outcome is still probably the best indication of
surgical success. Small variations in survival and recurrence out-
comes have the potential for significant harm in a common cancer
such as rectal cancer and are beyond the power of a single trial such
as this to detect. In addition to longer follow-up from our trial,
combined analyses with other major trials will provide more reliable
evidence of the effect of laparoscopic surgery on clinical outcomes.
A meta-analysis of other randomized trials with clinical follow-up of
3 to 5 years did not show significant disease-free or OS differences,
albeit still based on limited trial and patient numbers.16 The almost
exactly similar and somewhat concerning findings of ALaCaRT9 in
Australasia and ACOSOG Z605110 in the United States that non-
er Health, Inc. All rights reserved.

inferiority could not be established in what are accepted pathological
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TABLE 3. Disease-Free Survival by Baseline Characteristics, and Surgical Outcomes in Univariable Analysis

Level Events/N 2-yr Disease-Free Survival (95% CI) Hazard Ratio� (95% CI) Py

Age, yrs
<65 38/227 83 (78–88) 1 0.05
�65 48/223 78 (73–84) 1.44 (1.00–2.08)

Sex
Male 59/295 82 (76–88) 1 0.41
Female 27/155 82 (76–84) 0.85 (0.57–1.26)

Body mass index, m/kg2

<30 69/342 80 (75–84) 1 0.60
�30 17/108 84 (77–91) 0.89 (0.58–1.38)

Site of tumor
High rectum 24/98 75 (66–84) 1 0.76
Middle rectum 31/194 84 (79–89) 0.78 (0.49–1.25)
Low rectum 31/158 80 (74–87) 0.89 (0.55–1.44)

Performance statusz

0 62/361 83 (79–87) 1 0.01
1–2 24/89 72 (63–82) 1.7 (1.13–2.56)

Planned operative procedure
Low anterior resection 80/417 82 (77–84) 1 0.10
Abdominoperineal resection 6/33 82 (69–95) 1.61 (0.9–2.87)

Preoperative radiotherapy
No 37/230 84 (79–88) 1 0.27
Yes 49/220 78 (72–83) 1.23 (0.85–1.77)

N stage§

N0 35/227 84 (80–89) 1 0.02
N1 33/163 80 (74–86) 1.12 (0.74–1.68)
N2 17/58 70 (58–82) 2.07 (1.25–3.41)

T stage
T1 2/30 93 (84–100) 1 0.03
T2 18/134 86 (80–92) 1.81 (0.63–5.12)
T3 66/284 77 (72–82) 2.40 (0.88–6.56)

Surgeon’s trial enrollment
Low (1–10) 7/46 85 (74–95) 1 0.47
Medium (11–30) 39/196 80 (74–85) 1.61 (0.77–3.40)
High (31þ) 40/208 81 (75–86) 1.54 (0.74–3.24)

Total mesorectal excision
Incomplete 2/10 80 (55–105) 1 0.66
Nearly complete 7/40 83 (71–94) 0.68 (0.22–2.12)
Complete 77/400 80 (77–84) 0.70 (0.26–1.89)

Distal margin
�10 mm 78/386 80 (75–84) 1 0.29
1–10 mm 8/50 84 (74–94) 0.88 (0.49–1.56)
<1 mm 0/6 100 (100–100) 1�

Circumferential margin
Clear (�1 mm) 73/431 83 (79–86) 1 <0.001
Involved (<1 mm) 13/19 32 (11–53) 4.77 (2.72–8.36)

Composite successjj

No 20/66 70 (59–81) 1 0.02
Success 66/384 83 (79–86) 0.59 (0.38–0.91)

�Hazard ratio for recurrence or death.
yTest for trend used for variables with 3 categories.
zMeasured by the Eastern Cooperative Oncology Group Scale from 0 (fully active) to 5 (dead). A score of 0 indicates ability to carry on all predisease activities without restriction.
§N9 group excluded from table.
�Not calculable.
jjComplete total mesorectal excision, clear circumferential margins (�1 mm), and clear distal margins (�1 mm).
ECOG, Eastern Cooperative Oncology Group.
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outcomes has raised some concern about the role of laparoscopic
rectal cancer surgery.

The COLOR II trial, with 1044 patients, showed no significant
differences in intention-to-treat comparisons of pathology outcomes
or 3-year DFS, but the point estimates were in favor of laparoscopy,
and the observed difference of 4% would be clinically important.12

The 3-year LRR rate was 5% in both groups and the prespecified
 Copyright © 2019 Wolters Kluw

upper 90% confidence limit was less than the noninferiority margin

600 | www.annalsofsurgery.com
of 5%. However, there was an unusually high rate of involved CRM
in the open group with low tumors in the COLOR II trial, especially
with nonrestorative abdominoperineal resection (22%) which clearly
influenced the outcomes. The overall locoregional rates are similar to
the results for ALaCaRT at 2 years (but which had wider confidence
intervals not excluding a detriment for laparoscopic surgery).

The COREAN trial also found no differences in pathology or
er Health, Inc. All rights reserved.

survival outcomes in favor of either technique, with a smaller sample

� 2018 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Disease-Free Survival by Treatment, Baseline Characteristics, and Surgical Outcomes in Multivariable Analyses

Model 1 Model 2

Variable and Level Hazard Ratio (95% CI)� P Hazard Ratio (95% CI)� P

Surgery group
Open — 0.72 1 0.87
Laparoscopic 1.07 (0.7–1.6) 0.97 (0.7–1.4)y

Performance status�

0 0.01 1 0.005
1–2 1.72 (1.14–2.62) 1.80 (1.2–2.7)

N stage
N0 — 0.03 1 0.36
N1 1.16 (0.77–1.75) 1.18 (0.79–1.8)
N2 2.14 (1.29–3.55) 1.63 (0.95–2.8)

Circumferential marginy

Clear (�1 mm) — — 1 <0.001
Involved (�1 mm) — 4.25 (2.3–7.9)

�Hazard ratio for recurrence or death.
yAny apparent effect of treatment on recurrence or death is removed after adjustment for circumferential margin.
zMeasured by the Eastern Cooperative Oncology Group Scale from 0 (fully active) to 5 (dead).
§Circumferential margin positivity not included in Model 1.
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size of 340 patients and a primary endpoint based on DFS with the
noninferiority margin set at 15%.13 The 3-year DFS was significantly
noninferior: 79.2% for laparoscopic surgery and 72.5% for open
surgery, a difference of 6.7% (95% CI,�15.8% to 2.4%; P< 0.001).
All patients in the COREAN trial had neoadjuvant therapy. In the
present study, in which only half the patients had neoadjuvant
therapy, 2-year DFS was 80% in the laparoscopic group and 82%
in the open surgery group, a difference of 2 percentage points (95%
CI, �9.3% to 5.4%).

The current trial was not planned nor powered to be able to
demonstrate noninferiority or superiority of laparoscopic surgery for
recurrence or DFS: meta-analyses including all these trials will be
needed for statistically significant comparisons of disease-free and
OS. In interpreting apparent discrepancies across the trials it will also
be important to correlate any differences with the pathological
differences, especially circumferential margin positivity, in each
study. The differing rates of neoadjuvant therapy used in the various
trials (100% in Z6051 and COREAN, 60% in COLOR II, and 50% in
the present study) may also influence the differences in LRR and
survival. In ALaCaRT, pathological and DFS outcomes appeared to
be poorer after laparoscopic surgery in those receiving neoadjuvant
therapy than those not receiving it.

In contrast to the results of previous published studies of rectal
cancer,12,13 in the present study the site of the tumor did not
significantly influence LRR or DFS. Similarly, the expected higher
recurrence after abdominoperineal resection than restorative low
anterior resection did not occur.12 Other factors often considered
to potentially increase the risk of recurrence, such as male sex, high
BMI, and lack of neoadjuvant therapy, were also found not to
contribute significantly to LRR, although the finding was limited
by the small number of events. Rectal perforation is another potential
factor in recurrence. This was documented (on both surgeon and
pathology forms used in the trial) for only 1 patient in this trial.

Among thevarious components of the composite surgical success
endpoint only an involved CRM predicted a higher risk of LRR and
shorter DFS. This factor remained significant after adjustment for other
baseline factors and appeared the most appropriate surrogate of suc-
cessful surgery for longer term clinical outcomes. This raises questions
as to the utility of a composite pathology score, especially as a primary
 Copyright © 2019 Wolters Kluw

endpoint for future studies. However, the composite gives a clear

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
indication of the overall quality and efficacy of the surgery and may
still be a useful monitor of surgical performance.

There are some potential limitations of our study. Patients
identified with a T4 tumor or a threatened or involved margin on MRI
were not intended to be included in the trial because of the difficulty
of dissection and the possibility of not achieving a R0 resection.
Although the radiologists were all trained in the assessment of rectal
cancer and followed a modified rectal MRI template report prepared
by the MERCURY,14 16 patients were subsequently found to have a
T4 tumor. Most were in the laparoscopic group, with a higher
proportion of these patients having involved CRM (Lap 5/11 vs 1/
5 in the Open group). Similarly, the higher rate of node positivity in
the laparoscopic group may have influenced the higher rate of LRR
with lower DFS. We have shown here that node positivity is an
independent predictor of both.

The early survival and recurrence data in this trial demon-
strated no difference in open or laparoscopic techniques. The results
are consistent in direction with our initial primary outcome results of
lack of proof of noninferiority on pathology criteria, but reassuringly,
there is no large difference between groups in recurrence or survival.

CONCLUSION

Although there was no significant difference in LRR, disease-
free or OS in this trial of open versus laparoscopic surgery for rectal
cancer, the 2-year findings for recurrence and survival are consistent
with the direction of pathology differences in favor of the open
technique. These early results neither confirm nor refute the argu-
ment that laparoscopic rectal cancer surgery is inferior to an open
approach. However, caution is still needed in recommending laparo-
scopic procedures and, from the ALaCaRT results alone, laparo-
scopic resection could not be advocated as routine standard
treatment. Longer term follow-up on our trial and planned combined
analysis with other trials on long-term recurrence rates and survival
will be important.
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