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Background: The feasibility of additional dissection of the lateral pelvic lymph nodes (LPLNs) in patients undergoing total
mesorectal excision (TME) combined with neoadjuvant chemotherapy (NAC) for locally advanced rectal cancer
(LARC) is controversial. The use of laparoscopic surgery is also debated. In the present study, we evaluated the
utility of laparoscopic dissection of LPLNs during TME for patients with LARC and metastatic LPLNs after NAC,
based on our experience with 19 cases.

Material/Methods: Twenty-five patients with LARC with swollen LPLNs who underwent laparoscopic TME and LPLN dissection
were enrolled in this pilot study. The patients were divided into 2 groups: those patients with NAC (n=19) and
without NAC (n=6). Our NAC regimen involved 4 to 6 courses of FOLFOX plus panitumumab, cetuximab, or
bevacizumab.

Results: The operative duration was significantly longer in the NAC group than in the non-NAC group (648 vs. 558 min-
utes, respectively; P=0.022). The rate of major complications, defined as grade >3 according to the Clavien-
Dindo classification, was similar between the 2 groups (15.8% vs. 33.3%, respectively; P=0.4016). No conversion
to conventional laparotomy occurred in either group. In the NAC group, a histopathological complete response
was obtained in 2 patients (10.5%), and a nearly complete response (Tis NO MO) was observed in one patient
(5.3%). Although the operation time was prolonged in the NAC group, the other perioperative factors showed
no differences between the 2 groups.

Conclusions: Laparoscopic LPLN dissection is feasible in patients with LARC and clinically swollen LPLNs, even after NAC.
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Background

Rectal cancer often invades the bladder, uterus, sacrococcyx,
and lateral pelvic lymph nodes (LPLNs). Locally-advanced rec-
tal cancer (LARC) with LPLN metastasis is well known to have
a poor prognosis. The LPLNs are an important metastatic site.
However, the most effective therapeutic strategy for LARC has
not been established. Local recurrence after total mesorec-
tal excision (TME) without LPLN dissection may have untreat-
ed LPLN metastasis [1]. Surgical dissection for LPLN metasta-
sis remains controversial. Some researchers have suggested
that intentional LPLN dissection is associated with intracta-
ble complications [2,3], although some treatment guidelines
suggest that intentional dissection of LPLNs surely has ther-
apeutic potential for patients with LARC [4-7]. Combination
therapy of preoperative chemoradiotherapy and TME with-
out LPLN dissection was previously performed worldwide.
However, this simple therapy only improved local control af-
ter TME [8], though it did not prolong survival [9,10]. Hence,
a high rate of distant metastasis after TME remains a critical
problem. Reinforced and/or stronger systemic chemothera-
py in the preoperative period (i.e., systemic neoadjuvant che-
motherapy [NAC]), has therapeutic potential in carcinogen-
ic control for patients with LARC [11-14]. Surgical innovation
by LPLN dissection for patients with LARC has been discussed
since the early 1960s [15]; since then, this surgical therapy
has been developed mainly in Japan [16-20]. However, ad-
vanced techniques and highly skilled procedures are required
for LPLN dissection. We herein discuss the key points and pit-
falls of laparoscopic LPLN dissection.

Overall, both systemic NAC for carcinogenic control and surgi-
cal dissection of LPLNs for local curability surely have therapeu-
tic potential for patients with LARC. We believe that the com-
bination of systemic NAC and intentional dissection of LPLNs
results in adequate local curability, a reduction of distant me-
tastasis, and a favorable long-term outcome. In our institu-
tion, 19 consecutive patients with LARC and LPLN metastasis
underwent laparoscopic TME and LPLN dissection after NAC.
Here, we report on our investigation of the therapeutic impact
of this combined therapy, and also discussed the usefulness
of laparoscopic surgery for LPLN dissection, even after NAC.

Material and Methods

Treatment strategy

Patients with LARC who develop postoperative local recur-
rence after TME without LPLN dissection may have untreated
LPLN metastasis [1]. Surgical dissection for LPLN metastasis
remains controversial. Aggressive and/or curative dissection
of LPLNs is often associated with intractable complications
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(i.e., urinary and sexual dysfunction) [2,3]. However, accord-
ing to the 2016 Japanese guidelines for colorectal cancer [4,5],
TME with LPLN dissection is recommended to improve both lo-
cal curability and survival in patients with LARC in whom the
lower border of the tumor is located distal to the peritoneal
reflection and the tumor has invaded beyond the muscularis
propria. Such tumors are categorized as advanced Rb cancer
according to the 2013 Japanese classification of colorectal can-
cer [6]. If LPLN dissection is indicated based on the Japanese
criterion, the percentage of intrapelvic recurrence is expect-
ed to decrease to 50% and the 5-year survival is expected to
improve to 8% to 9% [7]. Hence, LPLN surely has therapeutic
potential for patients with LARC.

A combination of TME accompanied not by LPLN dissection but
by preoperative chemoradiotherapy was previously performed
worldwide; LPLN dissection was not performed because it re-
quires advanced surgical techniques even in conventional open
surgical procedures. Some physicians expected that preoperative
chemoradiotherapy targeting the pelvic region may effectively
reduce intrapelvic recurrence [8]. However, this simple therapy
only improved local control after TME; it did not prolong sur-
vival [9,10]. Reinforced and/or stronger systemic chemothera-
py in the preoperative period is expected to effectively control
existing micro-metastasis and improve survival [11]. Many phy-
sicians have suggested that systemic NAC has therapeutic po-
tential in carcinogenic control for patients with LARC [12-14].

Twenty-seven patients with LARC who had clinical LPLN metas-
tasis underwent laparoscopic LPLN dissection in our institution
from 2011 to 2016. Two patients with preoperative para-aortic
LN metastases were excluded from the present study. Nineteen
patients underwent laparoscopic TME and LPLN dissection with
NAG, and 6 patients underwent laparoscopic TME and LPLN dis-
section without NAC. The median follow-up term was 27.5 months
(range, 8.6—71.0 months). The oncologic findings were assessed
according to the 2013 Japanese classification of colorectal can-
cer and the 2016 Japanese guidelines for colorectal cancer [4,6].

NAC is indicated for patients with cT3-4 and/or N+ rectal can-
cer in our institution, and laparoscopic LPLN dissection is indi-
cated in patients with LPLN with a short-axis diameter of >5
mm on pretreatment computed tomography and/or magnetic
resonance imaging, regardless of the LN size after NAC. Fifty-
five patients were treated with 4 to 6 courses of oxaliplatin-
based NAC including a molecule-targeting drug; 19 of these
patients then underwent laparoscopic TME and LPLN dissec-
tion with curative intent.

Patient classification and statistical analysis

The short- and mid-term oncological outcomes were com-
pared between the 19 patients who underwent laparoscopic
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TME and LPLN dissection with NAC (NAC group) and the 6 pa-
tients who underwent laparoscopic TME and LPLN dissection
only (non-NAC group). Quantitative data are expressed as me-
dian (range). Statistical analyses were performed using statis-
tical software (Stat View-J 5.0; SAS Institute, Cary, NC, USA).
Differences between the 2 groups were evaluated using Fisher’s
exact test, the chi-square test, and the Mann-Whitney U test,
as appropriate. Overall survival (OS) and relapse-free surviv-
al (RFS) were defined as the time from surgery to death from
any cause and any recurrences, respectively.

Surgical procedures of LPLN dissection

Surgical innovation by LPLN dissection for patients with LARC
has been documented [16-20]. However, the technical difficul-
ty of LPLN dissection requires selection of skillful surgeons; ad-
vanced techniques and highly skilled procedures are required
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for LPLN dissection, even under conventional laparotomy. In
our institution, we employ laparoscopic surgery for LPLN dis-
section. We performed curative LPLN dissection (LNs 263P,
263D, and 283 according to the 2013 Japanese classification
of colorectal cancer) [6] only for the metastatic side based on
the findings of the imaging studies before NAC. Preventive
LPLN dissection for the unaffected side was not conducted.

The patients were placed in the lithotomy position. Five ports
were placed, including a 12-mm camera port at the umbili-
cus and 5- or 12-mm ports in the bilateral abdomen. LPLN
dissection was performed after resection of the rectum and
before anastomosis during low anterior resection. The surgi-
cal procedures performed during LPLN dissection are shown
in Figures 1-3. The ureter was isolated and pulled with vessel
tape. Once the external iliac artery and vein were exposed, dis-
section was performed along the surface of the iliopsoas and

Figure 1. (A) Once the external iliac artery and vein were exposed, dissection was performed along the surface of the iliopsoas
and internal obturator muscles. (B) LN #283 was dissected. (C, D) The obturator nerve was identified and preserved, but
the obturator vessels were divided. EIV — external iliac vein; IOM — internal obturator muscle; LAM — levator ani muscle;
LN — lymph node; LUL — lateral umbilical ligament; ON — obturator nerve.
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Figure 2. (A—C) The internal iliac artery was preserved, and its branches (i.e., the superior and inferior vesical arteries) were clipped
and divided. (D) When bilateral dissection of the LPLNs was required, one of the bilateral superior and inferior vesical
arteries was preserved to maintain blood flow into the bladder. HGNF — hypogastric nerve fascia; IIA — internal iliac artery;
IIV —internal iliac vein; IPA — internal pudendal artery; IPV —internal pudendal vein; LAM — levator ani muscle; LN — lymph
node; LPLN — lateral pelvic lymph node; LUL — lateral umbilical ligament; NVB — neurovascular bundle; UR — ureter.

internal obturator muscles. The obturator nerve was identified
and preserved, but the obturator vessels were divided. The in-
ternal iliac artery was preserved, and its branches (i.e., the su-
perior and inferior vesical arteries) were clipped and divided.
If metastatic LPLNs had adhered or were close to the internal
iliac artery, this artery was resected together. When bilateral
dissection of the LPLNs was required, one or more of the bi-
lateral superior and inferior vesical arteries was preserved to
ensure blood flow into the bladder. The roots of the umbilical
artery were clipped and divided. The surface of the internal il-
iac vein was exposed, and the confluence of the inferior ves-
ical vein was divided. The sacral plexus was exposed as the
dorsal landmark of the LPLN dissection, and the distal side of
the internal iliac artery (internal pudendal artery) was divid-
ed at the level of the pudendal canal. The inferior vesical ar-
tery and vein were divided at their entrance into the bladder.

If the metastatic LPLNs had adhered to the pelvic plexus, this
plexus was resected en bloc.

Results

Patient characteristics

The patient characteristics are summarized in Table 1. There
were no significant differences between the 2 groups in terms
of sex (P=0.813), age (P=0.260), distance from the anal verge
(P=0.2598), pretreatment serum levels of carcinoembryonic an-
tigen (P=0.3481), carbohydrate antigen 19-9 (P=0.6154), and
tumor size (P=0.8954). The cT stage was significantly higher in
the NAC than non-NAC group (P=0.0278). The cN stage and c
stage were N3 and stage Illb in all patients. In the NAC group,
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Figure 3. (A—C) Aggressive dissection of LPLNs was laparoscopically completed. (D) A drain was placed at the pelvic floor.
CM — coccygeal muscle; EIA — external iliac artery; EIV — external iliac vein; HGNF — hypogastric nerve fascia; IIA — internal iliac
artery; IV —internal iliac vein; IPA — internal pudendal artery; IPM — iliopsoas muscle; IOM — internal obturator muscle;
LPLN - lateral pelvic lymph node; OA — ovarian artery; OV — ovarian vein; PM — piriform muscle; UR — ureter.

the numbers of patients who underwent induction chemother-
apy with the FOLFOX regimen (leucovorin, 5-fluorouracil, and
oxaliplatin) accompanied by bevacizumab, panitumumab, or
cetuximab were 13 (68.4%), 5 (26.3%), and 1 (5.2%), respec-
tively. In the NAC group, details of the therapeutic effects of
NAC were as follows: (i) the number of patients with ycT2, ycT3,
and ycT4 cancer were 5 (26.3%), 8 (42.1%), and 6 (31.6%), re-
spectively. (ii) The number of patients with ycNO, ycN1, ycN2,
and ycN3 cancer were 6 (31.6%), 1 (5.0%), 1 (5.0%), and 11
(57.9%), respectively. (i) The number of yc stage |, Il, llla, and
llIb were 3 (15.8%), 3 (15.8%), 1 (5.0%), and 12 (63.2%), re-
spectively. Overall, after NAC, the numbers of patients who
achieved any downregulations of their T factor, N factor, and
clinical stage were 5 (26.3%), 8 (42.1%), and 7 (36.8%), respec-
tively. On the other hand, adjuvant chemotherapy after sur-
gery was used in 14 patients (73.7%) in the NAC group and 2

Operative profiles

The operative courses are summarized in Table 2. Bilateral LPLN
dissection was performed not in the non-NAC group (none,
0.0%) but in the NAC group (6 patients, 31.6%). In contrast,
13 patients in the NAC group (68.4%) and all patients in the
non-NAC group (100.0%) underwent unilateral LPLN dissection.
Temporary stoma construction, colostomy, or diverting ileos-
tomy, was performed in all cases. The operative duration was
significantly longer in the NAC than non-NAC group (648 vs.
558 minutes, respectively; P=0.022). There were no significant
differences in the blood loss or postoperative hospital stay be-
tween the 2 groups. Neither conversion to conventional open
surgery nor postoperative mortality occurred in either group.
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Table 1. Patient characterisrtics.

NAC group (n=19) Non-NAC group (n=6) The p value
Sex 0.8130
"""" Male a3
"""" Female g3
CAge 66 (47-79) 715 (59-81) 02600
 Distance from AV [mm] (range) 3 (0-1200 55 (30-150) 02598
 Pretreatment serum level of CEA [ng/ml] (range) 45 (14-198) 31 (08-69) 03481
 Pretreatment serum level of CA19-9 [ng/ml] (range) 106 (0.6-622) 119 (89-332) 06154
 Tumorsize [mm] (range) 40 (0-60) 39 (20-55) 08954
 Pretreatment LPLN metastases
"""" Unilateral 15 &
"""" Bilateral & 0
CcTstage 00278
"""" 2 s
"""" c TS0 e S
e 7 o
CoNstage
"""" s e e
CcStage
"""" w19 e
CycTstage
"""" 2 s nNA
"""" s s NA
e & NnNA
CyeNstage
"""" o s NA
"""" T a1 NA
"""" 2 NA
"""" s NA
CycStage
"""" 3 nNA
"""" T
"""" wa 1 NA
"""" w1 NA
CNACregimen
"""" FOLFOX + Bevacizumab 12 NA
"""" FOLFOX + Panitumumab 6 NA
"""" FOLFOX + Cetuximab 1 NA
* Adjuvant chemotherapy
"""" osliplatin-based 31
"""" s-FUbased o1

AV — anal verge; CA19-9 — carbohydrate antigen 19-9; CEA — carcinoembryonic antigen; LPLN — lateral pelvic lymph node; N/A — not
available; NAC — neoadjuvant chemotherapy; 5-FU — 5-fluorouracil.
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Table 2. Important factors during and after surgery.

Variables

Operative procedure

Postoperative mortality
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NAC group (n=19) Non-NAC group (n=6) The p value
,,,,,,,,,,,,,,,, 50
,,,,,,,,,,,,,,,, 01
T 3
,,,,,,,,,,,,,,,, 12
S 0.1468
s 6
,,,,,,,,,,,,,,,, 60
e s
,,,,,,,,,,,,,,,, 51
S 03938
o &
,,,,,,,,,,,,,,,, 20
"""""" 648 (550-892) 558 (537-654) 0022
100 (5890 105 (30-240) 03537
"""""""" o 0
16 (o8 18 (948 08528
"""""""" o9

LPLN - lateral pelvic lymph node; NAC — neoadjuvant chemotherapy.

Postoperative outcomes

The postoperative complications are summarized in Table 3.
Ten patients in the NAC group (52.6%) and 3 patients in the
non-NAC group (50.0%) developed postoperative complica-
tions. Major complications, defined as grade >3 according to
the Clavien-Dindo classification [21], occurred in 3 patients in
the NAC group (reoperation for anastomotic leakage, resuture
for perineum wound disruption, and percutaneous drainage
for infectious lymphocele) and in 2 patients in the non-NAC
group (reoperation for colon perforation and percutaneous
drainage for pelvic abscess).

Pathological findings

The pathological findings are summarized in Table 4. There
were no significant differences between the 2 groups in yp(p)T
stage (P=0.663), yp(p) N stage (P=0.661), yp(p) stage (P=0.500),
or the number of LNs harvested (P=0.120).

LPLN metastases were identified in 4 patients in the NAC group
(21.1%) and in 2 patients in the non-NAC group (33.3%). A path-
ological complete response (CR) was achieved in 2 patients of

NAC group (10.5%). The circumferential resection margin was
negative in all patients.

RFS and 0OS

The clinical course of all the study patients was followed for 27.5
months (range, 8.6-71.0 months) after surgery. Recurrence at the
opposite side of the LPLN dissection was observed in 1 patient
(5.3%) in the NAC group 13 months after surgery. There were
no significant differences in RFS or OS between the 2 groups.

Discussion

LN dissection has a large impact on the prognosis and out-
come in patients with rectocolon cancers [22-26]. Surprisingly,
the number of investigated LNs is a predictive factor for prog-
nosis even in patients with the same number of positive LNs,
and patients with larger numbers of investigated LNs have
a better prognosis [22-24]. Staging error is a critical prob-
lem [24]. Twelve or more LNs should be harvested and inves-
tigated [27-32]. Prognostic relevance of occult tumor cells in
LNs has been suggested [33,34]. The number of positive LNs is
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Table 3. Postoperative complications.

Variables

CLINICAL RESEARCH

NAC group (n=19)

Non-NAC group (n=6) The p value

All postoperative complications

Percutaneous drainage for pelvic abscess

2 0
s — o
s
s
s — p——
e — o
,,,,,,,,,,,,,, s
s — e
s — o
e — S ———
""""""""""""""""""""""""""""""""""""""""""" 04016
e — ————
,,,,,,,,,,,,,, s
e — p——
e — o
,,,,,,,,,,,,,, s

* Postoperative complications >Grade 3 according to the Clavien-Dindo classification. NAC — neoadjuvant cemotherapy.

considered as the most reliable prognostic factor [25,35-41].
However, aggressive dissection of LPLNs is accompanied by
high rates of pelvic nerve injury, urination disturbance, sexual
impairment, and defecation disorders [42,43]. Hence, a high-
er rate of postoperative complications is observed despite the
fact that this surgery is performed with advanced surgical tech-
niques supported by full knowledge of the pelvic anatomy [44].

Aggressive dissection of LPLNs is debated among rectocolon
surgeons [45-48]. Based on the concept of the importance of
extended dissection of regional LNs, aggressive dissection of
LPLNs was established in Japan in 1982 [15] and in the United
States in 1986 [49]. This surgical approach was thereafter de-
veloped mainly in Japan [50,51]; many important reports by
Japanese surgeons have been published [17-19,52-55]. Some
researchers have reported that aggressive dissection of LPLNs
never improves the prognosis of patients with positive metas-
tases of LPLNs [7,56,57], postoperative survival [58,59], or the
local recurrence rate after surgery [60-62]. In Japan, however,
this approach is generally considered the golden standard for
lower rectal cancer. Notably, laparoscopic surgery for rectoco-
lon cancer also has some advantages, such as less pain, fast-
er recovery, shorter hospital stay, and earlier return to normal
life [63-68]; therefore, many skillful surgeons currently focus
on the laparoscopic approach for LPLN dissection [55,63,69,70].

Generally, NAC has an advantage over adjuvant chemothera-
py with respect to the dose given. Briefly, a higher dosage is
available for NAC because adjuvant therapy requires a period
of recovery from perioperative damage. This reinforced and
stronger chemotherapy will exterminate systemic micro-me-
tastases, suppress postoperative recurrence, and consequent-
ly achieve prolonged survival. The safety and feasibility of lap-
aroscopic TME with LPLN dissection has not been verified in
patients with LARC after NAC [71]; therefore, we assessed our
own results of laparoscopic TME combined with LPLN dissec-
tion after NAC. To the best of our knowledge, this pilot study
is the first to analyze the safety and feasibility of laparoscop-
ic LPLN dissection for patients with LARC after NAC.

As already described, downregulations were obtained by NAC
induction. In previous studies, the reported CR rates after NAC
for rectal cancer ranged from 3.8% to 25.0% [12-14,72]. In the
present study, 2 patients (10.5%) achieved CR, and 1 patient
(5.2%) was histopathologically categorized as having ypTis-
NOMO cancer. Although previous studies targeted cStage II-llI
rectal cancer, all of our patients were preoperatively catego-
rized as having more advanced stages because of their meta-
static LPLNs (i.e., cStage IlIb). Our CR rate of 10.5% is consid-
ered reasonable for patients with LARC.
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Table 4. Pathological findings.

Variables NAC group (n=19) Non-NAC group (n=6) The p value
yp(P)T 0.6633

o : o
s o o
""""""" e e
""""""" > s s
""""""" s s
e o o
""""" WON . oee0s
0 5
""""""" L s
""""""" > e
""""""" 3 e
""""" pEsage . osom
oo 3 o
o : o
o s :
Cowa s o
o s :
""""" Pathological R~~~ 2 nA o33
""""" Histoogical type
 Wemoderate/papitary 1 s
 Mucnousfpoorssignet o o
""""" Number of lymph nodes harvested 27 (1448 22 (1325 01202
""""" Number of metastatic ymphnodes o @7 1 ©3
""""" location of ymph node metastasis o
 onymesorectal s o
© Mesorectalandtn 2 o
C omywew : :
""""" Circumferential resection margin
""""""" Positve 0o o
""""""" Negatve 19 e

CR — complete response; LPLN — laterally pelvic lymph node; N/A — not available; NAC — neoadjuvant chemotherapy.
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No consensus has been reached for NAC regimens in patients
with LARC. We initially conducted NAC in 6 courses and per-
formed a mid-term assessment using imaging studies and colo-
noscopy after 3 courses. However, no remarkable differenc-
es in the therapeutic effects between 3 and 6 courses were
observed. We thereafter revised our NAC regimen to involve
4 courses without a mid-term assessment. Previous reports
have suggested that 2 to 6 courses during a 2- to 3-month pe-
riod are required for NAC and recommended surgery at 2 to
4 weeks after the last chemotherapy session [12-14,72]. The
estimated serum half-life of bevacizumab is approximately 3
weeks [73,74], and adverse effects on wound healing persist
for 6 weeks [75]. Bevacizumab was therefore omitted from the
last course in our current regimen. Although prediction of the
therapeutic effectiveness is ideal for selection of the chemo-
therapy regimen, accurate estimation of individual patients’ re-
sponses to NAC is impossible. Only 1 patient was determined
to have progressive disease after 3 courses because of meta-
static enlargement of LNs. Although NAC was suspended, and
surgery was performed in this patient, no recurrences were de-
tected 3.1 years after surgery. When NAC is considered ineffec-
tive, intentional conversion to surgery should be considered.

Whether intentional bilateral dissection of LPLNs is neces-
sary remains uncertain. Aggressive dissection of LPLNs may
be omitted on the side without metastasis based on preoper-
ative imaging studies because a national clinical trial in Japan
suggested that metastatic LPLNs were observed in only 7.4%
of patients on this side [76]. Hence, aggressive dissection of
LPLNs was applied only on the side showing image-detect-
ed metastases. In the present study, 1 patient (5.3%) devel-
oped lymphogenic recurrence at the LPLN site without image-
detected metastases before surgery. In fact, real metastases
can be proven by histopathological evaluation, not by imag-
ing study. Increasing dissection of lymph nodes may have a
positive effect on prognosis [77,78]. We speculate that inten-
tional or aggressive dissection of the bilateral LPLNs may be
required in patients with LARC.
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