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Abstract

Relatively little is known about the oncologic safety
of laparoscopic surgery for advanced rectal cancer.
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Recently, large randomized clinical trials showed that
laparoscopic surgery was not inferior to open surgery,
as evidenced by survival and local control rates.
However, patients with T4 tumors were excluded from
these trials. Technological advances in the instrumen-
tation and techniques used by laparoscopic surgery
have increased the use of laparoscopic surgery for
advanced rectal cancer. High-definition, illuminated,
and magnified images obtained by laparoscopy may
enable more precise laparoscopic surgery than open
techniques, even during extended surgery for T4 or
locally recurrent rectal cancer. To date, the quality of
evidence regarding the usefulness of laparoscopy for
extended surgery beyond total mesorectal excision has
been low because most studies have been uncontrolled
series, with small sample sizes, and long-term data are
lacking. Nevertheless, laparoscopic extended surgery
for rectal cancer, when performed by specialized
laparoscopic colorectal surgeons, has been reported
safe in selected patients, with significant advantages,
including a clear visual field and less blood loss. This
review summarizes current knowledge on laparoscopic
extended surgery beyond total mesorectal excision for
primary or locally recurrent rectal cancer.
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Core tip: Relatively little is known about the efficacy
and safety of laparoscopic extended surgery beyond
total mesorectal excision for primary or locally recurrent
rectal cancer. However, some experienced surgeons
have reported the usefulness of laparoscopic surgery
for such challenging cases. This review summarizes
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current knowledge on laparoscopic extended surgery
beyond total mesorectal excision.
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INTRODUCTION

Since its initial description'!, laparoscopic colon
resection has become widely accepted as a minimally
invasive procedure, with oncologic outcomes equi-
valent to those of open surgery. Moreover, laparo-
scopic surgery was found to have several advantages
over open surgery, including reduced blood loss,
earlier recovery of bowel movement, and shorter
hospital stay!*®!. Despite its widespread acceptance
for colon cancer, laparoscopic rectal cancer surgery
is still considered investigational, primarily because
rectal cancer surgery is more technically demanding,
being confined to the narrow bony pelvis. Moreover,
the long-term oncologic outcomes after laparoscopic
rectal cancer surgery remain unclear due to the lack
of high-quality randomized controlled trials (RCTs).
However, high-definition, illuminated, and magnified
images of the pelvis obtained in patients undergoing
laparoscopy are often superior to the images
obtained in patients undergoing open surgery. The
technological advances in instrumentation, advances
in surgical techniques, and increased surgeon
experience with laparoscopic rectal cancer surgery
have made laparoscopy more precise and easier
to perform, not only for total mesorectal excision
(TME) but for more extended surgery beyond TME.
This review summarizes current evidence about
laparoscopic TME for advanced rectal cancer, as well
as evaluating developments in laparoscopic surgery
extended beyond TME.

LAPAROSCOPIC TME FOR ADVANCED
RECTAL CANCER

Although many studies have reported that laparoscopic
TME is feasible for advanced rectal cancer®'”, this
review focuses on three large multicenter RCTs: the
United Kingdom Medical Research Council conventional
vs laparoscopic assisted surgery in colorectal
cancer (MRC CLASICC), the comparison of open vs
laparoscopic surgery for mid and low rectal cancer
after neoadjuvant chemoradiotherapy (COREAN), and
the colorectal cancer laparoscopic or open resection
(COLOR 1I).
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Description of multicenter randomized controlled trials
The MRC CLASICC trial was the first multicenter large
RCT to test laparoscopic surgery in patients with
colorectal cancer®, Between 1996 and 2002, 794
patients were randomized 2:1 to laparoscopic or open
surgery, including 381 rectal cancer patients, 253 who
underwent laparoscopic and 128 who underwent open
surgery. Although the rate of positive circumferential
resection margin was higher in patients who underwent
laparoscopic than conventional anterior resection (12%
vs 6%), the 3- and 5-year overall survival (0S),
disease-free survival (DFS), and local recurrence (LR)
rates were similar in the two groups®™*'*!. Long-term
follow-up over 10 years confirmed that laparoscopic
surgery should be the treatment option for patients
with rectal cancer because these patients benefited
from earlier functional recovery with similar long-term
outcomes™?, Interestingly, early survival tended to
be improved in patients who underwent laparoscopic
surgery. One of the criticisms of the CLASICC trial
was that it involved surgeons who were first learning
the laparoscopic technique, as evidenced by the high
conversion rate to open surgery (34%)".

The next multicenter RCT was the COREAN trial,
in which 340 patients with cT3NO-2 mid or low rectal
cancer < 9 cm from the anal verge who received
neoadjuvant chemoradiotherapy were randomized
1:1 to laparoscopic or open surgery between 2006
and 20093, Laparoscopic surgery was associated
with reduced blood loss (200 mL vs 217.5 mL), earlier
recovery of bowel movement, and lower morphine
use, but also with longer operative time (245 min vs
197 min). Positive circumferential resection margin
(2.9% vs 4.1%), macroscopic quality of the TME
specimen, number of retrieved lymph nodes (17
vs 18), and postoperative complication (21.2% vs
23.5%) did not differ significantly in the two groups.
Notably, only two patients (1.2%) were converted to
open surgery, a much lower rate than in the CLASICC
trial. This low conversion rate may have been due
to the performance of surgery by seven specialized
surgeons at three hospitals. Later, laparoscopic surgery
was shown to be non-inferior oncologically to open
surgery, as determined by their 3-year OS (91.7% vs
90.4%), DFS (79.2% vs 72.5%), and LR (2.6% vs
4.9%) rates™,

The COLOR 1 trial is the largest such RCT
performed to date, in which 1103 patients with rectal
cancer < 15 cm from the anal verge who were treated
at 30 centers and hospitals in 8 countries, were
randomized 2:1 to laparoscopic or open surgery
between 2004 and 2010"%. Of the 1044 available
patients, 699 were randomized to laparoscopic and
345 to open surgery, with similar proportions of these
patients receiving preoperative radiotherapy (59%
vs 58%). Laparoscopic surgery was associated with
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Figure 1 T2-weighted axial image of lateral pelvic lymph nodes. A 71-year-
old male experienced lateral pelvic lymph nodes (LPLN) swelling in the left
internal iliac region before chemoradiotherapy (CRT). The LPLN responded to
CRT, but the patient underwent laparoscopic total mesorectal excision with left
LPLN dissection. Pathologic examination of LPLNs showed two left internal iliac
lymph node metastases.

significantly reduced blood loss (200 mL vs 400 mL),
earlier recovery of bowel movement (2.0 d vs 3.0 d)
and shorter hospital stay (8.0 d vs 9.0 d), although it
was also significantly associated with longer operative
time (240 min vs 188 min), than open surgery.
Positive circumferential resection margin (< 2 mm)
(10% vs 10%), mean tumor distance to the distal
resection margin (3.0 cm vs 3.0 cm), macroscopic
completeness of the TME specimen (88% vs 92%),
and perioperative morbidity (40% vs 37%) did not
differ significantly. The conversion rate was 16%,
lower than in the CLASICC trial but higher than in the
COREAN trial. Importantly, the percentage of patients
with lower rectal cancers < 5 cm from the anal verge
and positive circumferential resection margins was
significantly lower with laparoscopic than with open
surgery (9% vs 22%). This lower rate may have
been due to better visualization of the lower pelvic
cavity by the laparoscope, providing a well illuminated
and magnified image deep in the pelvis and making
it easier to perform precise dissection. Long-term
survival outcomes in this trial were recently reported,
with laparoscopic and open surgery resulting in similar
3-year OS (86.7% vs 83.6%), DFS (74.8% vs 70.8%),
and LR (5.0% vs 5.0%) rates'™.. Interestingly, the
lower rate of positive circumferential resection margin
after laparoscopic surgery for lower rectal cancer was
associated with a lower LR rate (4.4% vs 11.7%).
Analysis of the MRC CLASICC trial showed that
intraoperative conversions were more likely in rectal
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cancer patients and in patients having tumors with
greater local spread!'®. Patients with cT4 tumors were
excluded from the COREAN trial because laparoscopic
surgery may be oncologically unsafe for patients with
these lesions™. The COLOR 1I trial excluded not only
patients with cT4 tumors, but those with cT3 tumors
< 2 mm from the endopelvic fascia™. A large ongoing
RCT in the United States, the American College of
Surgeons Oncology Group (ACOSOG)-Z6051 trial,
comparing laparoscopic with open surgery for rectal
cancers < 12 cm from the anal verge following 5FU
based neoadjuvant chemotherapy/radiation therapy,
has also excluded patients with T4 tumors!*”.,

LAPAROSCOPIC EXTENDED SURGERY
BEYOND TME

Laparoscopic lateral pelvic lymph node dissection
Lateral pelvic lymph node (LPLN) metastasis has been
reported in approximately 15%-20% of Japanese
patients with advanced low rectal cancer below the
peritoneal reflection!’®*?°!, The Japanese Society
for Cancer of the Colon and Rectum guidelines for
the treatment of colorectal cancer recommend
LPLN dissection (LPLD) for T3/T4 low rectal cancers
below the peritoneal reflection®. Although LPLD
is frequently performed in Japan, it is regarded as
futile in western countries because LPLN metastasis
is considered not amenable to surgical cure, with
preoperative chemoradiotherapy considered the
treatment of choice®. A recent study, however,
showed that preoperative chemoradiotherapy alone
could not eradicate LPLN metastases'™!, and that
LPLN recurrence is common after TME without LPLD
following chemoradiotherapy™. Therefore, LPLD is
considered useful for selected patients with clinically
suspected LPLN metastasis, even after preoperative
chemoradiotherapy (Figure 1).

Several studies from Asian countries have reported
the short-term outcomes of patients undergoing
laparoscopic (including robotic) LPLD for rectal cancer
since 2011 (Table 1)*4, The first published retro-
spective study, involving 34 rectal cancer patients
who received neoadjuvant chemoradiotherapy,
found that laparoscopic LPLD was technically safe
and feasible, although 71% of patients were positive
for LPLN metastasis after laparoscopic LPLD™,
Two other studies reported that > 50% of patients
were positive for LPLN metastasis after laparoscopic
LPLD™**", although other studies have reported lower
percentages'®3?, These differences among studies
in the percentage of patients with metastatic LPLN
may have been due to differences in indications for
LPLD. In Japan, patients not treated with preoperative
chemoradiotherapy and without clinically swollen
LPLNs frequently receive prophylactic LPLD. Owing
to the limited number of patients who underwent
laparoscopic LPLD, there are limited objective data
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Table 1 Published series involving at least 10 patients with advanced low rectal cancer who underwent laparoscopic or robotic

lateral pelvic lymph node dissection

Study Year No. of Preoperative Median Median blood Median number of Percent with positive Percent Overall
patients chemoradio- operative time, loss, mL retrieved lateral lateral pelvic lymph converted to morbidity

therapy min (range) (range) lymph nodes (range) nodes open surgery rate

Liang et al®™ 2011 34 100% 58 (42-94) for 44 (20-240) 6 (2-14) 71% NR 21%
unilateral for unilateral
LPLD LPLD

Konishi et al™ 2011 14 100% 413 (277-596) 25 (5-1190) 23 (14-33)° 57% 0% 36%
Park et al®™ 2011 16 56% 310 (220-510)' 188 (50-370)" 9 (3-19) 56% 0% 31%
Liu et al™ 2011 68 NR 271 (SD31)' 150 (SD 50) 23" 7% NR 7%
Obara et al™ 2012 12 0% 678 (556-778) 155 (10-613) 17 8% NR NR
Bae et al™ 2014 21 86% 396 (170-581) 200 (50-700) 7 (2-23) 0% 0% 29%
Furuhataetal™ 2014 18 0% 604 (473-746)" 380 (10-930)" 17 (7-27)" 28% 0% 17%
Kagawa et al™ 2015 50° 12% 476 (320-683) 27 (5-690) 19 (5-47) 20% 0% 14%

"Mean; * Total retrieved lymph nodes; *Including two patients who underwent robotic surgery; ‘Including 11 patients who underwent robotic surgery; *All
via robotic surgery. LPLD: Lateral pelvic lymph node dissection; NR: Not reported.
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Figure 2 Surgical view after laparoscopic left lateral pelvic lymph node dissection preserving the superior and inferior vesical arteries. The most frequent
metastatic site of lateral pelvic lymph nodes was deep and around the inferior vesical vessels.

showing the superiority of laparoscopic compared with suggest that laparoscopic LPLD is a technically safe
open LPLD or on long-term outcomes after laparo- and feasible procedure, at least when performed by
scopic LPLD. However, median blood loss (25-380 mL) experienced laparoscopic surgeons specializing in
reported in the studies of laparoscopic LPLD"***?! was pelvic surgery.

considerably lower than that (576 mL) reported by To date, over 100 patients at our institution have
JCOG0212"* in which 351 patients with clinical stage undergone laparoscopic LPLD for primary rectal cancer.
II/II low rectal cancer without LPLN enlargement LPLN metastasis most frequently occurs around the
underwent open TME plus bilateral prophylactic LPLD. distal internal iliac vessels!'®. Because the operative
Together with the 0% conversion rates reported in field of LPLD, especially around these distal internal
studies of laparoscopic LPLD!**#?%3! these findings iliac vessels, is located very deep in the pelvic space,
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Figure 3 Surgical view after laparoscopic left lateral pelvic lymph node dissection with en bloc resection of the internal iliac artery. A: Distant view; B:

Close-up view.

the magnified and illuminated vision provided by
laparoscopy is clearer than that of open surgery
(Figures 2 and 3). Therefore, laparoscopic LPLD, when
performed by surgeons with sufficient knowledge of
the lateral pelvic anatomy and sufficient experience
with laparoscopic TME, might result in more meti-
culous dissection with less blood loss than open
surgery. Recent high-definition videos of laparoscopic
LPLD performed by experts have enhanced the
understanding by many Japanese surgeons of the
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anatomy of the lateral pelvic area.

Robotic LPLD has been reported feasible for rectal
cancer®*?2%, There are some technical advantages
to robotic surgery over conventional laparoscopy,
including increased operability of instruments, elimi-
nation of tremor;, and a 3-dimensional high definition
image. Although LPLD is rarely performed by colorectal
surgeons in the United States, LPLD is routinely
performed by urologists during robotic-assisted cysto-
prostatectomy®®!, Use of a robotic approach may
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Figure 4 Surgical view after exposure of the dorsal vein complex. This patient underwent laparoscopic total pelvic exenteration for locally recurrent rectal cancer.

therefore increase the number of LPLDs performed by
multidisciplinary teams in western countries®.

Laparoscopic surgery for rectal cancer invading
adjacent organs
Few studies to date have focused on laparoscopic
surgery for rectal cancer invading adjacent organs. One
analysis assessed 39 patients undergoing laparoscopic
surgery for colorectal cancer with suspected invol-
vement of another organ, including 12 patients
undergoing rectal cancer resection®®. The conversion
and RO resection rates in these 12 rectal cancer
patients were 16% and 75%, respectively. Another
study compared outcomes in 38 patients undergoing
laparoscopic and 16 undergoing open multivisceral
colorectal cancer resection™’. Of the 22 patients
undergoing multivisceral rectal cancer resection, 19
(86%) underwent laparoscopic surgery, with none
requiring conversion to open surgery, suggesting that
laparoscopic multivisceral resection may be more
feasible in patients with rectal than with colon cancer.
A study from our institution comparing 60 laparoscopic
and 66 open multivisceral colorectal cancer resections
found that the conversion and RO rates in the 21
patients undergoing laparoscopic multivisceral rectal
cancer resection were 4.8% and 90%, respectively”®®,
Although these studies regarding laparoscopic
multivisceral colorectal cancer resection®®?* did not
include patients requiring laparoscopic pelvic exen-
teration, en bloc partial resection of the vagina,
prostate, or pelvic floor muscle can be performed
relatively easily under direct vision during the perineal
phase of laparoscopic abdominoperineal resection.
Abdominosacral resection is necessary for patients
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with rectal cancer involving the presacral fascia and
sacral bone. Laparoscopic abdominosacral resection for
primary rectal cancer was first reported successful in
three patients®™, Sacrectomy was low (below the level
of S3/4) in all three patients and was performed after
patients were turned to the prone position. A finger
placed in the presacral space above the tumor was
used as a guide. RO resections were achieved in all
three patients. Laparoscopic abdominosacral resection
was also reported successful for primary rectal cancer
patients with negative circumferential resection
margins'“>*!, Laparoscopic methods may be suitable
for abdominosacral resection with low sacrectomy
because sacrectomy, which itself has excellent access,
can be performed through a posterior approach in
the prone position. Although it is necessary to assess
the long-term oncological outcomes of laparoscopic
multivisceral rectal cancer resection, laparoscopic
surgery may be suitable for selected patients with
rectal cancers invading adjacent organs.

Laparoscopic salvage surgery for locally recurrent
rectal cancer

Surgery for locally recurrent rectal cancer can vary
greatly, depending on the site of local recurrence and
its relationship to adjacent structures. Moreover, these
operations are often technically challenging owing to the
strong fibrosis and altered anatomy around the tumor.
Although few reports have assessed the usefulness of
laparoscopy for locally recurrent rectal cancer, a study of
seven patients undergoing laparoscopic salvage surgery
for locally recurrent rectal cancer included three patients
who underwent anterior resection and one each who
underwent abdominoperineal resection, posterior
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exenteration, and proctocolectomy!®. Their mean

blood loss was 200 mL, and all patients underwent
RO resection. Laparoscopic salvage abdominoperineal
resection with en bloc vaginal resection was reported
successful for recurrence at an anastomotic site after
laparoscopic low anterior resection™®!. A comparison
of laparoscopic and open surgery for recurrent or
metachronous colorectal cancer included three patients
with anastomotic site recurrence and two with LPLN
recurrence undergoing laparoscopic surgery*.
Although the two patients with LPLN recurrence were
converted to open surgery, mainly due to widespread
adhesions and ambiguous tissue planes around the
tumor, all patients undergoing laparoscopic surgery for
locally recurrent rectal cancer underwent RO resection,
indicating that laparoscopic surgery was feasible
in these patients. A study comparing 13 patients
undergoing laparoscopic surgery and 17 undergoing
open surgery for locally recurrent rectal cancer at the
anastomotic site or LPLNs found that operating time
was longer (381 mL vs 241 mL), but blood loss smaller
(110 mL vs 450 mL) for laparoscopic surgery!*®!. The
conversion and RO resection rates for laparoscopic
surgery were 7.7% and 100%, respectively. The
percentage of postoperative complications was similar
(30.8% vs 23.5%), and gastrointestinal recovery was
significantly faster following laparoscopic than open
surgery. Although these studies did not include more
extended surgery such as total pelvic exenteration (TPE),
they suggested that laparoscopic surgery for locally
recurrent rectal cancer could be safely performed in
selected patients, with significantly reduced blood loss
and faster gastrointestinal recovery.

Laparoscopic pelvic exenteration for primary or locally
recurrent rectal cancer

LPLD is considered indispensable for extended surgery
“beyond” TME, such as pelvic exenteration, regardless
of whether surgery is open or laparoscopic. However,
the introduction of laparoscopic LPLD has enabled
laparoscopic pelvic exenteration, involving dissection
of the lateral pelvic space beyond the layer of the TME.
Laparoscopy can be used to dissect the Retzius space
and paravesical space with good visualization (Figure
4), with the layer of retro-rectal dissection basically
the same as in TME. The first reported successful
laparoscopic TPE with en bloc LPLD for primary rectal
cancer involved division of the dorsal vein complex
under direct vision after changing the patient to a
prone position*®, This was followed by successful
laparoscopic TPE for locally recurrent rectal cancer™®’.
Laparoscopic pelvic exenteration has the advantages
of precise dissection and blood loss < 1000 mL, with
a very clear view of the operative field. A recent study
compared short-term outcomes of laparoscopic pelvic
exenteration (n = 9) with open pelvic exenteration
(n = 58) for pelvic malignancies, which included 13
patients with malignancies other than primary or locally

JBaishideng® W]G I WWW.ngnet.COm

724

recurrent rectal cancer®”. The dorsal vein complex was
clipped and divided using bipolar soft-coagulation of a
VIO system. Intraoperative blood loss was significantly
lower in patients who underwent laparoscopic than
open pelvic exenteration (830 mL vs 2769 mL),
although the operative time (935 min vs 883 min)
and RO resection rate (77.8% vs 75.9%) were
similar. Importantly, overall rates of any complication
(66.7% vs 89.7%) and major complications (0% vs
32.8%) were lower in the laparoscopic surgery group,
although differences were not significant. In another
case series, three patients underwent robotic pelvic
exenteration for primary rectal cancer, including one
who underwent en bloc resection of the prostate with
a coloanal anastomosis and robotically performed
vesico-urethral anastomosis'*®’. Because laparoscopic
vesico-urethral anastomosis is technically demanding,
a robotic system might be especially useful for pelvic
exenteration requiring vesico-urethral anastomosis.

CONCLUSION

Improvements in instrumentation have yielded high-
definition laparoscopic images of the pelvic cavity,
enhancing knowledge of the precise pelvic anatomy
beyond the TME. These advances have enabled
laparoscopic extended surgery for rectal cancer to be
performed safely by specialized laparoscopic surgeons
who can use the oncologically safe outer layer beyond
the TME. However, additional studies are necessary to
evaluate the long-term oncologic safety of laparoscopic
extended surgery beyond the TME.
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