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D3 Lymph Node Dissection in Right Hemicolectomy
with a No-touch Isolation Technique in Patients

With Colon Cancer
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BACKGROUND: The role of lymph node dissection in
the management of right-sided colon cancer remains
controversial.

OBJECTIVE: The aim of this study was to investigate the
surgical treatment of curable right-sided colon cancer by
using D3 lymphadenectomy with a no-touch isolation
technique and to determine the extent of lymph node
dissection optimal for the prognosis of right-sided colon
cancer.

DESIGN: This research is a retrospective cohort study
from a prospectively collected database.

SETTING: The investigation took place in a specialized
colorectal surgery department.

PATIENTS: Data on 370 consecutive patients who
underwent D3 lymph node dissection for right-sided

colon cancer with a no-touch isolation technique were
identified.

MAIN OUTCOME MEASURES: The survival of patients
with involvement of main nodes at the roots of colonic
arterial trunks along superior mesenteric vessels
through intermediate nodes in the right mesocolon was
determined.

RESULTS: The 5-year overall survival of patients with
stage I (n =73,19.7%), II (n = 155, 41.9%), and III
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(n = 142, 38.4%) cancer were 94.5%, 87.6%, and 79.2%.
The 5-year disease-specific survival of patients with stages
L, I1, and III cancer were 100.0%, 94.5%, and 85.0%.
Eleven patients (3.0%) had metastatic involvement of
main lymph nodes, whereas 49 (13.2%) had metastases
to intermediate lymph nodes. The 5-year overall survival
and disease-specific survival of patients with metastases
to main lymph nodes were 36.4% for both, and 5-year
overall survival and disease-specific survival of patients
with metastases to intermediate lymph nodes were 77.6%
and 83.5%.

LIMITATIONS: This study was limited by its
nonrandomized retrospective design.

CONCLUSIONS: D3 lymphadenectomy with a no-touch
isolation technique allows curative resection and long-

term survival in a cohort of patients with cancer of the

right colon.

KEY WORDS: Colon cancer; Right hemicolectomy;
Lymphadenectomy; No-touch isolation technique;
D3; Prognosis. '

olorectal cancer is the third most common can-

cer and the second leading cause of cancer-related

mortality in the United States.! In Japan, colorec-
tal cancer is the third most common cancer and the third
leading cause of cancer death? and is anticipated to be-
come the leading cause of cancer death by 2015. Patients
with localized colorectal cancer are deemed potentially
curable and can undergo curative resection.?

The most important prognostic factor in colorectal
cancer is nodal status, where the presence of lymph node
metastasis is a determinant for adjuvant chemotherapy
and a predictor of disease-free and overall survival.*
Retrieval of small numbers of lymph nodes may cause the
extent of cancer to be underestimated, and recent reports
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suggest that survival improves when more lymph nodes
are harvested, regardless of node status.>~'° Adequate
lymphadenectomy, including pericolic, intermediate,

and main node dissection (D3 lymphadenectomy),

is important for accurate staging and therapy.!! This
approach is “standard” protocol for Japanese colorectal
surgeons.!!

Lesions of the cecum, asceniding colon, and right seg-
ment of the transverse colon are usually treated with a right
hemicolectomy. Performing both a D3 lymphadenectomy
and right hemicolectomy is challenging because of the
complicated vasculature. We present a safe procedure for
right hemicolectomy with a medial approach to dissection
of regional lymph nodes along the superior mesenteric
vein and artery. This method has the advantages of early
vessel division and “no-touch” dissection!® and is conve-
nient and safe. This procedure does not remove the root
of the vessel, although ligation of the vascular pedicles and
division of the bowel before handling the cancer-bearing
segment are advocated."

The aim of this study was to determine whether radi-
cal D3 lymphadenectomy and our standardized medial to
lateral no-touch right hemicolectomy approach improved
survival probability in patients with surgically curable
right-sided colon cancer.

MATERIALS AND METHODS

Patients »

Between April 1990 and December 2003, 381 consecutive
patients with stages I to III right-sided colon cancer un-
derwent right or extended right hemicolectomies with D3
lymphadenectomy via the no-touch isolation technique.
Inclusion criteria for right-sided colon cancer included
cancers located at the cecum, ascending colon, hepatic
flexure, or transverse colon. Eleven patients with cancer of
the appendix, previous malignancies, familial adenoma-
tous polyposis, hereditary nonpolyposis colorectal cancer,
metachronous cancer, or histology other than adenocar-
cinoma, or those receiving preoperative chemotherapy or

undergoing partial colectomy were excluded. Laparoscop-

ic resection was not used in any patients. The Aichi Cancer
Center Hospital Institutional Review Board approved the
study protocol.

D3 lymphadenectomy involves complete dissection
of regional lymph nodes, including pericolic nodes (N1
region, stations 201,211,and 221), intermediate nodes (N2
region, stations 202, 212, and 222), and main nodes along
superior mesenteric vessels (N3 region, stations 203, 213,
and 223) as defined by the Japanese Society for Cancer of
the Colon and Rectum (JSCCR) (Fig. 1)." The radicality
of the lymph node dissection is determined by the clinical
preoperative staging. Although the JSCCR advocates that
stage I1 and IIT tumors will undergo D3 resection clinically,
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FIGURE 1. Definition of lymph node mapping for right-sided
colon cancer by the Japanese Society for Cancer of the Colon and
Rectum. Figure shows lymph node groups and station numbers in
a right colon classified as illustrated in the schematic drawing just
for the lymph node mapping system. Lymph nodes are grouped
according to independent lymphatic spread: pericolic nodes (red
circles, stations 201, 211, and 221) are classified as N7, intermediate
nodes (blue circles, stations 202, 212, and 222) are classified as N2,
and main nodes along superior mesenteric vessels (yellow circles,
stations 203, 213, and 223) are classified as N3. White circles denote
lymph nodes proximal to the main lymph nodes. D3 dissection was
defined as excision of N1, N2, and N3 lymph nodes.

high ligation of the feeding artery for D3 resection in
all patients with any stages who will undergo a curative-
intent surgery has been adopted as a standard procedure
in the Aichi Cancer Center Hospital, because there is
no method of accurately assessing pathological stage
preoperatively. Surgical time, estimated blood loss, and
intraoperative adverse events were recorded along with
tumor size, tumor location, tumor extent (T stage), lymph
node involvement (N stage), and number of harvested
lymph nodes. Patient demographics, surgical factors, and
postoperative complications were also analyzed.
Postoperative follow-up consisted of serum tumor
marker measurements every 3 months for the first 2 years,
then every 6 months for 3 years; hepatic imaging (ultra-
sonography or CT) and chest x-rays every 3 to 6 months;
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and a colonoscopy every 2 to 3 years. Adjuvant chemo-
therapy with the use of fluorouracil/leucovorin or oral
compounds was administered to patients with stage III
disease. Follow-up data were documented prospectively
until an event or the study cutoff date of March 2011. The
entire cohort of 370 patients was followed-up completely,
with a median follow-up time for live patients of 123.6
months (range, 60.2-193.1).

Hemicolectomy with D3 Lymphadenectomy by

Using the No-touch Isolation Technique Based

on an Original Medial to Lateral Approach
Tumor presence was confirmed by visual and tactile exam-
ination. First, the small intestine was moved to the right,
out of an abdominal incision. The root of the mesentery
was exposed, and an incision was made in the peritoneum
(arrow, Fig. 2A). The horizontal portion of the duodenum
was exposed, and the fusion fascia was separated from the
prepancreatic arcade. The right ureter and gonadal vessels
were protected by a thin membrane, near the back.

The length of bowel to be resected included a 10-cm
tumor margin. The ileum was temporarily transected,
and the mesentery was then transected in the direction
of the ileal veins peripheral to the superior mesenteric
vein (SMV). Upon reaching the ileal veins, the ventral,
dorsal, and right sides of the mesentery were separated,
continuing up to the left side of the superior mesenteric
artery (SMA) and toward the central sides while simulta-
neously removing fat. The SMV was also separated, and
the ileocolic artery and vein were cut at their respective
roots (Fig. 2B). The greater omentum was separated from
the transverse colon, and the omental bursa was opened.
The inferior border of the pancreas was exposed, and the
transverse colon, duodenum, and fusion fascia of the pan-
creatic head were separated. Toward the descending limb
of the duodenum, fascia layers were continuously sepa-
rated from the peripheral vessels, and the transverse colon
was temporarily transected to cut between the right colic
and middle colic arteries (Fig. 2C).

The mesocolon was opened toward the lower border
of the pancreas on the central side, which exposed the an-
terior surface of the SMV. The mesocolon was transected
while exposing the preserved middle colic arteries and
veins. If the right colic artery branch of the middle colic
artery was present, it was transected (Fig.2D). The right
colic artery can also include an artery referred to either
as the right branch of the right colic flexure artery or the
right branch of the middle colic artery. If neither artery
was present, transection continued along the middle colic
artery to the ventral side of the SMV and SMA (Fig. 2E).
With the gastrocolic trunk exposed, all vascular divisions
were complete when the right colic vein, which drains
from the resected side, was cut at the inflow area. There-
fore, it is actually routine to dissect nodes situated anterior
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to the surgical trunk in D3, ie, the SMV between the Henle
gastrocolic trunk and the ileocolic vein running along the
ventral side of the SMA. D3 resection was classified as high
tie in which the primary feeding artery is ligated at its ori-
gin, and the surgical resection encompassed the pericolic,
middle, and apical groups of mesenteric lymph nodes. In
contrast, the border clearly defined for D2 as running on
the right-hand side of the SMV. This involves division of
the right colic vessels at their origin from the SMV instead
of the artery. D2 resections were those cases in which only
the pericolic and middle groups of lymph nodes were re-
moved with the primary cancer (Fig. 2D, E). After the right
colon was resected and removed from the surgical field
along with the layers of fusion fascia, anastomosis was per-
formed with either a linear stapler or interrupted sutures;
interrupted sutures were preferred by the surgeons.

Pathological Examination

Regional lymph nodes were dissected from the adipose
connective tissue by the surgeons immediately following
resection. The fat-clearing method was not used to collect
lymph nodes. Node numbers and locations were recorded
by using a lymph node map and assigned to the appropri-
ate station according to the Japanese General Rules crite-
ria." As many nodes as possible were collected from the
resected tissue. Specimens were fixed in 10% formalin and
embedded in paraffin, sectioned 4 pm wide, and stained
with hematoxylin and eosin for histological analysis. A
single section of each lymph node was examined.

Statistical Analysis

Statistical analyses were performed using S-plus software
(Version 2000, Seattle, WA). Descriptive statistics were
reported for relevant variables. Disease-specific survival
(DSS) was defined as the time from the date of surgery to
the date of death from primary colorectal cancer. Overall
survival (OS) was defined as the time from primary sur-
gery to death from any cause. Censoring with the Kaplan-
Meier method'® was performed for patients who did not
experience the defined outcome. Special attention was
paid to intermediate or main lymph node metastasis in
relation to the tumor site, depth of invasion, and patient
survival data. To provide a more relevant comparison,
survival by American Joint Committee on Cancer (AJCC)
staging'® and the JSCCR nodal staging'* was compared. All
p values were 2-sided, with o = 0.05.

To evaluate the therapeutic value of lymph node
dissection, we used the same method to determine the actual
benefit of node dissection as described previously.’*? In
brief, the frequency of metastasis to each region (N2 or N3)
was determined in this series by dividing the number of
patients with metastasis at the lymph node region by the
number of patients whom the region was dissected. The
cumulative 5-year survival rate of patients with metastasis
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SMV SMA

FIGURE 2. Right hemicolectomy with D3 lymphadenectomy using the no-touch isolation technique. A, The root of the mesentery is exposed
and an incision is made in the peritoneum (arrow). B, Separation is continued up to the left side of the SMA toward the central sides while
removing fat. C, The transverse colon is temporarily transected to cut between the vessels. D, The right colic artery that bifurcates from the
middle colic artery is present. E, Right colic artery as it originates directly from the SMA. F, Situs after lymph node dissection for right-sided
colon cancer. SMA = superior mesenteric artery; SMV = superior mesenteric vein; MCA = middle colic artery; RCA = right colic artery. Dashed
line (*) shows the level at which the vessels are tied in D2 dissection; while dotted line (**) shows the level at which the vessels are tied in D3

dissection.

at each nodal region was calculated irrespective of the
presence/absence of metastasis at other nodal regions.
Theoretically, the ideal lymph node dissection includes
stations with a higher predicted incidence of metastasis.
Moreover, lymph node dissection of positive nodes should
improve the patient’s long-term survival. Therefore, a
therapeutic index of the benefit gained by dissection of
each region can be calculated by multiplication of the
frequency of metastasis at the nodal region and the 5-year
survival rate of patients with metastasis at the nodal region.
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RESULTS

Characteristics of the 370 patients who underwent
potentially curative resection with D3 lymphadenectomy
with the use of a no-touch isolation technique are shown in
Table 1. There were 192 women (51.9%) and 178 (48.1%)
men (mean age, 62.7 years; range, 27-88). The tumor was
located in the cecum in 89 (24.1%), ascending colon in
173 (46.7%), and the right segment of the transverse colon
in 108 patients (29.2%). Thirty-four patients (9.2%) had
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TABLE 1. Characteristic of 370 patients who underwent right

hemicolectomy with curative intent

Characteristics No. of patients
Age,y* 62.7 (63.0) (27-88)
Sex ratio (F:M) 192:178
Primary site
Cecum 89 (24.1)
Ascending 173 (46.7) .
Transverse 108 (29.2)

Operative time, min®

Blood loss, mL2

Multivisceral resection

No. of lymph nodes examined per patient®
No. of metastatic lymph nodes per patient?

164.8 (154.5) (88-650)
84.2 (50.0) (0-1210)
29(7.8)
31.0(29.0) (3-115)
1.2(0.0) (0-12)

T-stage
1 34(9.2)
2 52(14.1)
3 199 (53.8)
4 85(22.9)
N-stage (TNM staging)®
0 228(61.6)
1 106 (28.6)
2 36 (9.8)
n-stage (Japanese staging)®
0 228 (61.6)
1 82(22.2)
2 49(13.2)
3 11(3.0)
TNM stage
| . 73(19.7)
il 155 (41.9)
1] 142 (38.4)
Postoperative mortality 0(0.0)
Postoperative morbidity 104 (28.1)
lleus 29(7.8)
Wound infection . 21(5.7)
Intra-abdominal infection or abscess 6(1.6)
Anastomotic leakage 6(1.6)
Urinary tract infection 3(0.8)
Urinary dysfunction . 1(0.3)
Bleeding 1(0.3)
Nonsurgical (cardiac, respiratory, 17 (4.6)
renal, cerebral)
Others 15(4.1)
Postoperative chemotherapy
Yes 113(30.5)
No 257 (69.5)

Values in parentheses are percentages unless otherwise indicated.

*Values are mean (median) (range).

bAccording to the sixth edition of the American Joint Committee on Cancer TNM
staging system: N1, metastasis in 1 to 3 regional lymph nodes; N2, metastasis in >4
or more regional lymph nodes.

“According to the second English edition of the Japanese Classification of
Colorectal Carcinoma: n1, metastasis to pericolic nodes; n2, metastasis to interme-
diate nodes; n3, metastasis to main nodes.

T1 tumors, 52 (14.1%) had T2 tumors, 199 (53.8%) had
T3 tumors, and 85 (22.9%) had T4 tumors. Seventy-three
patients (19.7%) had stage I tumors, 155 (41.9%) had
stage 11 tumors, and 142 (38.4%) had stage III tumors.
Twenty-nine patients underwent multivisceral resections
(7.8%), and specimens for 15 (51.7%) demonstrated
tumor invasion. No patients died immediately
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postoperatively, although 104 (28.1%) had one or more
surgical complications: ileus (29 patients, 7.8%), wound
infection (21 patients, 5.7%), intra-abdominal infection
or abscess (6 patients, 1.6%), and anastomotic leakage (6
patients, 1.6%). One hundred thirteen patients (30.5%)
received adjuvant chemotherapy after surgery. Twenty-
nine elderly patients with stage 111 disease did not receive
adjuvant chemotherapy. Patients with stage 1II disease
were recommended to undergo adjuvant chemotherapy,
with approximately 80% receiving it, and adjuvant
chemotherapy was not offered for stage II disease in
this cohort.

The mean number of nodes examined per patient was
31.0. Mean node yields of 13.6 from the pericolic node lev-
el, 8.4 from the intermediate node level, and 6.1 from the
main node level were obtained per patient. The incidence
of metastasis to intermediate nodes was 13.2% (49/370),
more frequent in patients with pT3 and pT4 cancer
(Table 2). The incidence of metastasis to main nodes was
3.0% (11/370). This value also represented the frequency
of residual nodes typically left behind in D2 dissection. Of
these 11 patients, 6 had no cancer deposits in the interme-
diate nodes (skipped metastases). There was also a steady
increase in the proportion of positivity in the main nodes
with increasing depth of invasion, regardless of the tumor
location; however, no metastases occurred in patients with
pT1 or pT2 cancer (Table 3). Mean positive node yields
were 1.3 to 1.7 from the intermediate nodes and 1.3 to 1.5
from the main nodes.

Cancer staging correlated strongly with survival
rates. The 5-year actuarial OS of patients with stages 1,
11, and 1IT cancer were 94.5% (95% CI, 89.3%-99.7%),
87.6% (95% ClI, 82.4%-92.8%), and 79.2% (95% ClI,
72.5%—-85.8%) (p < 0.0001). The 5-year actuarial DSS of
patients with stages I, I1, and I1I cancer were 100.0% (95%
CI, 100.0%), 94.5% (95% CI, 90.8%-98.2%), and 85.0%
(95% CI, 79.0%-90.9%) (p < 0.0001). The 5-year OS of
patients with metastases to the intermediate nodes (N2+,
n = 49) was 77.6% (95% CI, 65.9%-89.2%) and 36.4%
(95% Cl, 7.9%—64.8%) for patients with metastases to the
main nodes (N3+, n = 11) (Fig. 3A). Overall survival by
Japanese N-stage was stratified according to AJCC staging,
ie, the 5-year OS rates for N2+ were 84.9% in stage I1IB
(n = 33) and 62.5% in stage I1IC (n = 16), whereas those
for N3+ were 60.0% in stage [1IB (n = 5) and 16.7% in
stage 1IIC (n = 6) (Fig. 3B). The 5-year DSS of patients
with N2+ was 83.5% (95% ClI, 73.0%-93.9%) and 36.4%
(95% CI, 7.9%~64.8%) for patients with N3+ (Fig. 3C).
Disease-specific survival by Japanese N-stage was also
stratified according to AJCC staging, ie, the 5-year DSS
rates for N2+ were 87.7% in stage 11IB and 75.0% in stage
HIC, whereas those for N3+ were 60.0% in stage I1IB
and 16.7% in stage 11IC (Fig. 3d). Although the index of
estimated benefit from intermediate nodal dissection was
11 (incidence rate of metastasis 13.2%, times survival
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TABLE 2. Nodal metastases to the intermediate nodes (stations 202, 212, and 222)

Metastatic incidence (# of metastatic patients/total # of patients)

Site pT1 pr2 pT3 pT4 Total
Cecum 0.0 (0/6) 0.0 (0/19) 11.9 (5/42) 13.6 (3/22) 9.0 (8/89)
Ascending colon 0.0 (0/22) 4.3 (1/23) 20.0(17/85) 14.0 (6/43) 13.9(24/173)
Transverse colon 0.0 (0/6) 10.0 (1/10) 15.8 (9/57) 20.0(7/35) 15.7 (17/108)
Total 0.0 (0/34) 3.8 (2/52) 16.8 (31/184) 16.0 (16/100) 13.2 (49/370)

rate 83.5%), the index of estimated benefit from main
nodal dissection was 1.1 (incidence rate of metastasis 3%,
times survival rate 36.4%). The index was high for the
intermediate nodes by D3 lymphadenectomy. By contrast,
modest value was gained by dissection of the main nodes.

There were no changes in preoperative staging
throughout the study nor were there temporal changes
with main node involvement. Preoperative investigations
included barium enema, colonoscopy, chest x-ray, CT, and
CEA blood testing. Among the 11 patients with main nod-
al disease, 6 patients had palpable main nodes intraopera-
tively. Of all 370 patients who underwent D3 lymph node
dissection, 56 patients had a recurrence: liver (18 patients),
lung (15), peritoneum (11), para-aortic lymph nodes (8),
locoregional sites (2), ovary (1), and bone (1). It is wor-
thy of note that 10 patients (22.7%) had hematogenous
recurrence (6 liver, 3 lung, 1 bone), none had para-aortic
nodal recurrence, and one had peritoneal recurrence as
the initial site of recurrence in 44 patients with interme-
diate nodal metastases and no main nodal metastases. In
contrast, 9 of 11 patients (81.8%) with main nodal me-
tastases had a recurrence of cancer. Five of these patients
had para-aortic nodal recurrence, 2 had recurrent disease
confined to the lung, 1 had disease in both the para-aortic
nodes and lung, 1 had disease in both the liver and lung,
and none had peritoneal recurrence as the initial site of
recurrence.

DISCUSSION

The no-touch isolation technique for cancer surgery was
first proposed in 1967.12 No-touch isolation involves clo-
sure of the mesocolic main vessels and bowel lumen before
mobilization of the tumor to reduce the risk of metastatic
induction. Conventional D3 dissection involves dividing

the vessels after mobilizing the tumor. The benefits of the
no-touch procedure are controversial. The only reported
clinical trial claimed no significant benefits.”® However,
the reported data reflected both the right and left colon.
Moreover, the no-touch group was consistently superior
to the control group with respect to the disease-free curve
for liver metastasis, suggesting that significant differenc-
es were not found because the number of patients was
insufficient.

An advantage of a radical hemicolectomy is its
inclusion of the entire regional arterial supply regardless
of variations in the branching seen in colic vessels. This
branching necessitates rational radical resection.”** The
ventral side of the SMV and SMA is a difficult area to
dissect, not only because the fat is thick, but also because
the greatest vessel variation occurs here. If separation
of the right mesocolon is completed proximal and
distal to this area by the use of our medial to lateral
approach with no-touch isolation, transections can be
performed safely. The no-touch approach fits smoothly
with laparoscopic procedures and has attracted more
interest than laparotomy procedures.*»** The no-touch
procedure also gives priority to vascular treatment,
does not increase surgical invasiveness, and can be
performed quickly; these advantages make the method
worth considering. Although no hard research evidence
is currently available, a Japanese randomized trial
(JCOG1006 trial, UMIN000004957) comparing no-
touch isolation with the conventional lateral approach
is underway.

The principal objective of colon cancer resection is to
remove the primary tumor and its lymphovascular supply.
Because the lymphatics of the colon accompany its main
arterial supply, the regional arterial vasculature should be
removed at its origin to ensure adequate resection. Patients
demonstrating an invasion depth of T3 or more should

TABLE 3. Nodal metastases to the main nodes (stations 203, 213, and 223)

Metastatic incidence (# of metastatic patients/total # of patients)

Site pT1 pT2 pT3 pT4 Total Skip metastasis®
Cecum 0.0 (0/6) 0.0 (0/19) 4 (1/42) 9.1 (2/22) 3.4(3/89) 2.2(2/89)
Ascending colon 0.0 (0/22) 0 0(0/23) 5.9 (5/85) 4.7 (2/43) 4.0(7/173) 2.3(4/173)
Transverse colon 0.0 (0/6) .0 (0/10) 0 (0/57) 2.9(1/35) 0.9(1/108) 0.0 (0/108)
Total 0.0 (0/34) 0 0(0/52) 3.3(6/184) 5.0 (5/100) 3.0(11/370) 1.6 (6/370)

aNode-positive in the main nodes without nodal involvement in the intermediate nodes.
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FIGURE 3. A, Overall survival curves for patients with right-sided colon cancer who underwent D3 lymphadenectomy, by mesenteric lymph

node status. B, Overall survival stratified by mesenteric lymph node status

and AJCC staging. C, Disease-specific survival curves for patients

with right-sided colon cancer who underwent D3 lymphadenectomy, by mesenteric lymph node status. D, Disease-specific survival stratified
by mesenteric lymph node status and AJCC staging. AJCC = American Joint Committee on Cancer; N2+ = metastatic intermediate nodal

disease present; N3+ = metastatic main nodal disease present.

undergo a D3 lymphadenectomy and an adequate colonic
resection.? In this study, positivity rates for the intermedi-
ate and main lymph nodes increased steadily as the depth
of invasion increased, regardless of the tumor location.
For stage T3 or greater, our results support D3 resection
to avoid residual metastatic main nodes that are typically
left behind after D2 dissection (only pericolic and inter-
mediate nodes removed). Curative resection by D3 dissec-
tion was performed in 60 patients with intermediate and/
or main nodal involvement. Because some of these nodes
would not have been removed with D2 or D1 (pericolic
lymph nodes only) dissection, the curative rate increased
by 16.2% (60/370) at worst (assuming D2 would include
ligation of the feeding arteries distal to the right side of
the SMV).
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The effectiveness of lymphadenectomy remains
controversial. Previous studies have reported that
increasing the number of retrieved nodes corresponds to
increased survival.* This relationship may be due to stage
migration® or a decrease in local recurrence and distant
metastasis from resection of affected lymph nodes. To
evaluate survival benefit without any concept of staging of
lymph node metastasis, we modified a previously published
method."~'® Our hypothesis was that D3 dissection results
in a curative resection in some patients in whom D1 or D2
dissection is insufficient and is associated with remaining
disease in regional lymph nodes. The frequency of
metastasis was evaluated in lymph node stations typically
left behind after D1 or D2 dissection, and the therapeutic
effect of dissection was determined by examining the
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incidence of metastases and survival rates of patients with
nodal deposits at the overlooked stations, regardless of
nodal metastases to any other station, to prevent selection
bias. Therefore, an index of the benefit gained by dissection
of each region is calculated by multiplying the frequency
of metastasis at the nodal region by the 5-year survival rate
of patients with metastasis in that region. Results show
the therapeutic benefit of D3 dissection, because D1 or
D2 dissection would have likely produced no long-term
survivors.”” However, the benefit of routine D3 dissection
for patients undergoing resection was modest (3.0%,
11/370), and only 1.1% of patients with right-sided colon
cancer are likely to be cured by D3 dissection (incidence
rate of metastasis 3% times survival rate 36%). That is not
to say that this low incidence of metastasis in the lymph
nodes at the base of the feeding arteries undermines the
rationale behind D3 dissection. Patients with stage 1, II,
or 111 disease had high survival rates, suggesting indirectly
a positive effect of the D3 resection on survival. D3
dissection will remove the highest draining nodes that may
harbor occult metastases, because colonic lymph nodes
tend to follow the arterial supply. Indeed, the survival
of patients was stratified by Japanese N-stage and AJCC
staging in which patients with fewer metastatic lymph
nodes had more favorable prognosis according to the
regional lymph node spread level. It is compatible with the
notion of regional lymph node spread burden. Therefore,
by improved clearance of micrometastatic disease, D3
dissection may improve survival in patients with node-
negative disease (NO) or early node metastases (metastases
to pericolic or intermediate lymph nodes) in routine
histological examination where frequent occurrence of
microinvolvement is found?; however, these data are
inconclusive.

The need to secure and retain local and regional con-
trol of solid tumors will assume increasing importance as
systemic therapy improves and reduces death from distant
metastases. In some cancers, such as breast cancer or Lynch
syndrome, patients' low-volume distant tumor has been
controlled by systemic therapy. However, indolent local
and regional disease represents a threat to those patients,
because prevention of locoregional recurrence remains an
important goal in cancer treatment. Whether a survival
advantage is best pursued through lymphadenectomy or
through a combination of resection with systemic therapy
is as yet unknown, but the effect of regional metastases
on survival cannot be ignored. Still, demonstrating the
influence of surgical expertise on long-term survival after
colon cancer operations has been more difficult. Random-
ized clinical trials comparing D2 and D3 dissection are
needed to confirm our results.

Despite the relatively small benefit of D3
lymphadenectomy during colectomy to prevent SMA
lymph node recurrence and reduce mortality, the absence
of accurate SMA node status predictors may justify this
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procedure, because there is no reliable intraoperative
assessment of node metastases.”® Nearly half of the
patients with positive main nodal metastases in this study
had no intermediate nodal metastases. Involvement of the
main lymph nodes along the SMA indicates that further
proximal spread may have already taken place, because the
para-aortic nodes were the predominant site of recurrence
in patients with main nodal metastases in this study.
However, we found a survival rate of approximately 40%
in patients with metastases to the central lymph nodes
showing that metastatic nodes along the SMA are still
locoregional, and we believe that the removal of those
nodes could be curative. D3 dissection may have the greatest
effect on patients with involved intermediate nodes rather
than main nodes. Dissection of lymph node-bearing tissue
along the main trunk artery to the main nodes situated
anterior to the trunk has been accepted as the standard
for right-sided colon cancer since 1946 in Japan® and was
defined as D3 dissection in 1977 by the JSCCR.* Complete
mesocolic excision (CME) or mesocolic plane surgery also
involves central ligation of vessels at their roots, as with
D3 lymphadenectomy. Hohenberger et al** obtained a
surgical mortality of 2.9% by using CME and central
ligation in a study of Western patients, whereas mortality
in our study was 0%. This may be related to a lower BM1
in Japanese patients, given that studies have shown that
obesity may be associated with unfavorable surgical
outcomes including increased operative mortality.®
Complete mesocolic excision and D3 dissection both
remove the entire local tumor drainage system, and there
is indirect but significant evidence of excellent outcomes
despite a lack of randomized trials.***>*% The negligible
mortality and morbidity rates in our study prove that D3
dissection can be safely executed. At this stage of surgery,
the bowel to be resected is completely detached from its
central connection. As the bowel is mobilized medially, the
gonadal vessels, ureter, vena cava, duodenum, and head
of the pancreas are identified and protected by sweeping
them posteriorly until the already isolated segment of
intestine is completely removed. As Lavery et al* stated
before, this method, modified based on the principles
of the preliminary lymphovascular isolation technique
first described by Turnbull et al,'* seems to be convenient
and safe for performing a right colon resection for the
treatment of cancer. Note that the original procedure does
not mobilize the pancreas, expose the SMV, or remove the
root of the vessel. Because this measure has no increase
in morbidity or mortality and can be performed quickly,
there is an option to still support the no-touch isolation
technique in the West.”” Another study shows that a D3
lymphadenectomy using a medial to lateral approach is a
feasible and safe procedure for the treatment of curable
right-sided colon cancer in both the open and laparoscopic
surgery.® A move toward CME with central vascular
ligation has been proposed by other European centers,
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resulting in a marked improvement in the oncologic
quality of the specimen produced® that does not increase
the postoperative complication or mortality rates.*’

There are limitations to our study. First, this study
did not contain a control group. A randomized, con-
trolled trial is essential to evaluate the benefits of this
technique. However, D3 dissection is not technically de-
manding, is less time-consuming than presumed, and is
not associated with a higher operative risk or morbidity.
We also acknowledge that definitive conclusions about
a survival benefit with D3 dissection cannot be drawn
from this study and remain to be proven. Second, the
possibility of a reporting bias exists regarding the safety
of this technique.

Results show that radical resection with D3 lymphad-
enectomy provided satisfactory 5-year survival for patients
with colon cancer in stages I to III, that D3 dissection can
be safely performed with a no-touch isolation technique,
and that D3 dissection is therapeutic for patients with
right-sided colon cancer and node metastases in the right
mesocolon.
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BACKGROUND: The presence/absence of extracapsular
invasion in metastatic lymph nodes has been reported
as being significantly correlated with the prognosis in

a wide variety of cancers. However, the influence of
extracapsular invasion in the metastatic lymph nodes on
the prognosis in patients with stage II1 rectal cancer has
not yet been investigated.

OBJECTIVE: We investigated the presence/absence of
extracapsular invasion in the metastatic nodes of the
relevant main/lateral lymph node group in patients
with rectal cancer to determine the usefulness of this
parameter for stratifying the prognosis of patients with
stage III rectal cancer.

DESIGN: This was a single-institution study.

SETTINGS: This study was conducted at a single
institution.

PATIENTS: We enrolled 101 consecutive patients with
stage 111 rectal cancer who had undergone curative
surgery with extended lymph node dissection and
investigated the presence/absence of extracapsular
invasion in the regional metastatic lymph nodes to
determine the usefulness of such stratification for a more
precise prediction of the patient prognosis.

MAIN OUTCOME MEASURES: The main outcomes
measured were the disease-free and overall survival rates.
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RESULTS: Univariate analysis revealed a significantly
poorer prognosis, in terms of both the disease-free
survival rate (p = 0.003) and overall survival rate (p =
0.008), of the pN3-extracapsular invasion-positive
cases in comparison with the pN3-extracapsular
invasion-negative cases. Multivariate analysis revealed
the presence/absence of extracapsular invasion in the
metastatic lymph nodes as the only variable that was
statistically significantly associated with the disease-free
survival rate (p = 0.011).

LIMITATIONS: This was a retrospective study in a small
number of patients from a single institution. There were
no comparator groups.

CONCLUSIONS: Detailed stratification of pN3 cases
based on the presence/absence of extracapsular invasion
in metastatic lymph nodes has the potential to contribute
significantly to more available prediction of the prognosis
of patients with stage 1II colorectal cancer.

KEY WORDS: Extracapsular invasion; Stage I1I; Rectal
cancer.

most important factors influencing the prognosis in

patients with rectal carcinoma. For cases with TNM
stage 11 rectal cancer, systemic adjuvant chemotherapy
with regimens including oxaliplatin, such as folinic acid,
oxaliplatin, and fluorouracil, has been established as the
standard.! However, patients who have TNM stage 11l
rectal cancer have come to be recognized as a heteroge-
neous group, and not all patients require strong adjuvant
chemotherapy regimens, including folinic acid, oxalipla-
tin, and fluorouracil. Some of these patients have a good
prognosis, similar to that of patients with stage II disease,

I ymph node metastatic status is known as one of the
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whereas others have a poor prognosis. Among the factors
defining the lymph node metastatic status, the number of
metastatic lymph nodes has been reported as one of the
most important factors influencing the prognosis in pa-
tients with TNM stage I1I rectal cancer. Furthermore, both
the number of lymph nodes retrieved and the number of
positive nodes have been reported as important prognos-
tic factors, and it has been recommended that at least a
12-node threshold should be met to improve the predic-
tive accuracy.? However, in Japan, the regional lymph node
group involved has also long been included as an impor-
tant consideration for staging.”

Recently, the presence of extracapsular invasion (ECI)
of the metastatic lymph nodes has been reported as being
significantly related to the prognosis in a wide variety of
cancers.*” However, although most reports have indicated
the malignant potential of ECI in the metastatic lymph
nodes, there have been no reports on the significance of
the location of the metastatic lymph nodes showing ECl in
terms of the regional lymph node group involved.

We investigated the presence/absence of ECI in the
relevant main/lateral lymph node group in cases with
TNM stage 111 rectal cancer to determine the usefulness of
patient stratification based on this parameter for a more
accurate prediction of the prognosis.

PATIENTS AND METHODS

We enrolled 101 consecutive patients with TNM stage 111
rectal cancer who had undergone curative surgery with
extended lymph node dissection at the Department of
Gastroenterological Surgery, Aichi Cancer Center Hospi-
tal, Nagoya, Japan, between January 1979 and December
2001. Cases with the rectosigmoid as the primary cancer
site were excluded. None of the patients had received any
chemotherapy or radiation therapy before the surgery.
Complete dissection of all the regional lymph nodes with
mesorectal excision was performed in all cases. In Japan,
lateral lymph node dissection is generally indicated if the
lower margin of the primary cancer is located below the
peritoneal reflection or anal canal with invasion into the
muscularis propria or beyond.® There were no cancer cells
in the circumferential margin of resection in any of the
cases.

According to the location of the lymph nodes, we
classified the lymph node involvement into 3 groups, ie,
involvement of the perirectal lymph nodes, intermediate
lymph nodes, or the main/lateral lymph nodes, according
to the Japanese Classification of Colorectal Carcinoma,
Second English Edition: pN1 is defined as metastasis to 1
to 3 pericolic/perirectal or intermediate lymph nodes, pN2
as metastasis to 4 or more pericolic/perirectal or interme-
diate lymph nodes, and pN3 as metastasis to the main/lat-
eral lymph nodes. The main lymph nodes consist of the
ileocolic root nodes, right colic root nodes, middle colic
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FIGURE 1. Extracapsular invasion was defined as extracapsular
growth of the tumor cells, invasion of the perinodal fat, or
extranodal location of tumor cells continuously, not discontinuously
(red arrow).

root nodes, and the nodes along the inferior mesenteric
artery proximal to the origin of the left colic artery, and
the lateral lymph nodes refer to those along the internal
iliac artery, common iliac artery, obturator vessels and
nerves, and external iliac artery. In this study, there were
52 cases with pN3 and 49 cases with pN2 (with metastasis
to 4 or more pericolic/perirectal or intermediate lymph
nodes) disease. pN2 status in the TNM classification is
further subclassified as pN2a (metastasis to 4-6 regional
lymph nodes) and pN2b (metastasis to 7 or more regional
lymph nodes); there were 32 patients with pN2a disease
and 16 patients with pN2b disease in this study.

The resected lymph nodes were fixed in 10% forma-
lin for several days, and sections were prepared across
the maximum diameter of the nodes and stained with
hematoxylin and eosin (H & E), with no specific immu-
nostaining. The slides were then evaluated by simple light
microscopy.

The ECI status was classified according to the distri-
bution patterns of the cancer cells in the lymph nodes as
the presence of ECI or absence of ECL. Extracapsular inva-
sion was defined as extracapsular growth of tumor cells,
invasion of the perinodal fat, or extranodal location of the
tumor cells continuously. Although Ueno et al’ reported
extranodal cancer deposits as a prognostic factor, histologi-
cal evidence of the lymph node structure in their study was
based on routinely processed lymphadenectomy specimens,
namely, discontinuous tumor cells. We categorized cases
showing ECI in at least 1 node as “ECl-positive” (Fig. 1).

Then, patients showing ECI in at least one of the
metastatic lymph nodes in the main lymph node and
lateral lymph node groups were classified as pN3-ECI-
positive, and those without ECI in any of the nodes in
the main or lateral lymph node groups were classified
as pN3-ECI-negative. After the operation, all pN3 cases
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