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Colon cancer treatment is on the way to evolution over several decades. The minimally invasive surgery has improved
postoperative short-term outcomes. Adjuvant chemotherapy has prolonged the survival of advanced colon cancer pa-
tients. Hohenberger proposed the noble concept of complete mesocolic excision (CME) which consists of 3 components:
plane surgery, sufficient longitudinal bowel resection, and central vascular ligation (CVL). Mesocolic plane surgery shares
the same surgical principle of total mesorectal excision, which is maintaining the intact mesothelial envelope. However,
there remain debates about the extent of bowel resection and the level of CVL for maximizing lymph node dissection.
There is no solid clinical evidence for the oncological necessity and benefit of extended radical dissection in right hemico-
lectomy. CME with CVL based on open surgery has been adopted in laparoscopic surgery. So, it is also necessary to look
at how the CME could be transformed and successfully implanted in the laparoscopic era. Recent rapid advances in surgi-
cal technology and cancer biology are preparing for fundamental changes in cancer surgery. In this study, we reviewed the
history, oncological necessity, and compatibility of CME for the right hemicolectomy in the laparoscopic era and outline
the new perspectives on the evolution of cancer surgery.
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INTRODUCTION

As national cancer screening program is widely conducted, the
early diagnosis rate of colon cancer patients is increasing. In the
past, more than half of the patients with colon cancer had lymph
node metastasis; however recently, the proportion of stage I and I
colon cancer patients has increased with early detection [1].
Colon cancer treatment has undergone rapid development over
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the past several decades. The minimally invasive surgery has im-
proved postoperative short-term outcomes, such as pain, recovery
of bowel movement, and length of hospital stay [2]. Adjuvant che-
motherapy has prolonged the survival of stage III and stage II pa-
tients with high-risk factors [3].

In 1982, total mesorectal excision (TME) was presented by Bill
Heald of the United Kingdom as meticulous sharp dissection along
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the embryologic plane to remove micrometastatic foci that had
spread in the mesorectum. As a result, the local recurrence rate of
rectal cancer, which previously reached 40%, was reduced to less
than 10%. This has been accepted as the most important surgical
revolution of the modern century, showing that oncologic bene-
fits can be obtained through improvement of surgical quality in
the field of rectal cancer [4].

In 2009, Hohenberger et al. [5] of Erlangen University in Ger-
many proposed the noble concept of complete mesocolic excision
(CME) which consists of 3 components: plane surgery, sufficient
longitudinal bowel resection, and central vascular ligation (CVL).

Mesocolic plane surgery of CME shares the same surgical prin-
ciple of TME, which is maintaining the intact mesothelial enve-
lope surrounding the lymphatics to avoid the spread of cancer
cells [5]. However, there remain debates about the extent of bowel
resection and the level of CVL for maximizing lymph node dis-
section. There is no solid clinical evidence for the oncological ne-
cessity and benefit of extended radical dissection, including cen-
tral lymph node dissection, in right hemicolectomy.

Originally, CME was performed on the basis of open surgery,
which completely exposed the superior mesenteric vascular struc-
ture and removed the central lymph nodes. So, it is also necessary
to look at how the CME could be transformed and successfully
implanted in the laparoscopic era. Recently, cancer biology is on
way of evolution to help us deeper understand the mechanism of
cancer metastasis, which is gradually approaching as great wave
of fundamental change in cancer surgery.

In this article, we reviewed the history, oncological necessity, and
compatibility of CME for the right hemicolectomy in the laparo-
scopic era and outline the new perspectives on evolution of cancer
surgery that reflect the advances in surgical technology and can-
cer biology.

MESOCOLIC PLANE SURGERY

CME as mesocolic plane surgery has similar concept to TME as
maintaining the intact mesocolic plane using the sharp dissection
along Toldts fascia. In the pathologic study comparing the quality
of mesocolic plane surgery, West et al. [5] and Philip Quirke [6]
showed a statistically significant survival difference in the intact
mesocolon group compared to the incomplete mesocolon group
with exposure of the muscularis propria. Although high-quality
evidence is lacking due to the paucity of randomized controlled
trials (RCT) for CME, surgeons have strong beliefs about the im-
portance of mesocolic plane surgery and its potential oncological
benefits. In the meta-analysis, CME has continued to derive ex-
cellent oncological results (Table 1) [7-10].

In traditional colon cancer surgery, Turnbull’s no-touch tech-
nique had been widely accepted as a principle of surgical treat-
ment to prevent cancer cell spillage, even if there is no solid evi-
dence supporting this inspirational principle. In surgical training,
professor’s emphasis had been placed on the embryological surgi-
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Table 1. Short-term and long-term outcomes of CME and non-CME for colon cancer surgery comparing by meta-analysis

DFS? 0s*

Local
recurrence?
0.66 (0.52-0.83)

) Bowel
b
Lymph node yield length®

Complication®

non-CME

CME vs.
14,431 (56.2)

No. of
patients
25,886

Year

Study

1.16 (0.89-1.66)

0.82 (0.77-0.87)

NA 0.29 (-0.24-0.82)

3 (1.56-5.76)

2021

Kong et al. [7]

0.335

P
0.78 (0.64-0.95)

P<0.001
0.67 (0.52-0.86)

0.283

P
0.16 (0.01-0.30)

0.006

P
1.06 (0.97-1.14)

11,455 (43.8)

NA

6.82 (6.4-7.25)

13,830 (61.9)

26,640

2021

Crane et al. [8]

0.011

P
1.05 (1.02-1.08)

P<0.001
1.10 (1.04-1.17)

P=0.52

P <0.001
SMD, 0.76 (0.66-0.85)

0.189

P
1.13 (1.04-1.22)

12,810 (48.1)

0.32 (0.24-0.51)

NA

9,883 (52.0)

18,989

2021

Diaz-Vico et al. [9]

9,106 (48.0)

1.41 (10.6-1.89)

1,99 (1.29-3.07)

9.17(4.67-13.68) NA

1.13 (0.88-1.47)

649 (34.7)
1,222 (65.3)

1,871

2021

De Simoni et al. [10]

0.02

P—

0.002

P—

0.0001

P—

P=0.31

Values are presented as number only, number (%), “odds ratio (95% confidence interval [CI]), or "weighted mean difference (95% Cl).

CME, complete mesocolic excision; DFS, disease-free survival rate; OS, overall survival; NA, not applicable.
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cal plan, Toldt’s fascia, acting as a landmark for hemicolectomy.
Born in Austria in 1840, Carl Florian Toldt was appointed profes-
sor of anatomy at the University of Vienna and later professor at
the German University in Prague, Hungary. Over 100 years ago,
Toldt asserted that the mesocolon could be separated from the
retroperitoneum with a thin fascia [11]. However, Frederick Treves
of the United Kingdom, a great leader in surgical anatomy at that
time, argued that cadaveric research demonstrated that the meso-
colon was merged into the retroperitoneum and could not be an-
atomically separated. The argument continued for a long time
until the end of the 20th century. However, with the surgeon’s rec-
ognition of the existence of the mesocolon, Toldt’s fascia has main-
tained its reputation as a landmark of dissection for colectomy in
the real surgical field. Recently, electron microscopy has proven
that Toldt’s fascia is composed of multiple mesothelial cell layers.
Intensive studies by Cullingan et al. [12, 13] in Dublin, Ireland, on
the structure of the mesocolon ended the 100-year debate be-
tween Toldt and Treves. Therefore, as Hogan and Winter [14] ar-
gued, CME had been built on the basis of a long history of colon
surgery with careful mesocolic dissection along Toldt’s fascia.
However, it was only in the 21st century that the surgical society
coined the term CME as a novel and attractive nomenclature to
describe the long tradition of mesocolic plane surgery.

The conceptualization of CME could provide standardized sur-
gical quality and enable objective analysis through quantification
of surgical treatment. Mesocolic plane surgery enables the quanti-
tative evaluation of surgical quality through pathological evalua-
tion. The mesorectal dissection quality of TME can be evaluated
by pathologists as an analysis index for surgical quality and as an
indicator of the oncological prognosis [15]. Therefore, CME could
be accepted as a pathologic assessment tool for the evaluation of
oncologic dissection quality, and it is already serving as an oppor-
tunity to standardize and improve surgical quality. This can be
said to be an inevitable developmental stage necessary for the im-
provement and standardization of surgery in the era of evidence-
based medicine.

LONGITUDINAL EXTENT OF COLON
RESECTION

Hohenberger’s CME could secure a proximal resection margin of
approximately 10 cm from the ileocecal valve and a distal resec-
tion margin of 10 cm or more on the distal side of the tumor to
excise sufficient longitudinal length of colon [14].

Radical resection was based on the long-standing surgeon’s belief
of the curative surgery with sufficient longitudinal margin. Grin-
nell [16], a surgeon and pathologist working at Columbia Univer-
sity in New York in the 1940s, proved the existence of tumor em-
boli in the lymphatic channels as a pathological tissue and con-
firmed the spread of cancer cells along the lymphatic chains. Further-
more, when the lymph nodes around the cancer were occupied by
cancer cells and the lymphatic flow was blocked, retrograde lym-
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phatic backflow occurred through the paracolic lymph node, and
metastasis could reach the distant paracolic lymph node from pri-
mary tumors more than 10 cm. Therefore, vertical lymphatic flow
toward the apical lymph node as well as retrograde horizontal
lymphatic flow along the longitudinal axis of the colon was sug-
gested as important pathways for lymph node metastasis [17].

Due to the observation of these lymph node metastasis patterns,
it was argued that it was crucial to secure sufficient proximal and
distal resection margins for radical resection and to perform high
ligation along the feeding vessel as much as possible. This ana-
tomical and pathological study of colorectal cancer metastasis
pattern raised great expectations that curative surgery could be
possible with extended radical resection for cancer patients suf-
fering from a very low survival rate in the early 20th century. The
expectation and hope for such a curative cancer operation led to
enthusiasm for extended radical resection among brave and pas-
sionate surgeons. However, in the 1960s, the long-term survival
results of extended radical resection were reported as comparable
to those of segmental resection for colon cancer [18].

Disappointingly, there was no survival benefit of extended radi-
cal resection. In particular, most patients who had radical resec-
tion for the apical lymph node metastasis did not survive by criti-
cal cancer recurrence [19]. Based on these disappointing long-term
survival results, central lymph node involvement was considered
as the gate of systemic metastasis in which surgical salvage was
impossible. As a result, when extended radical resection failed to
salvage colon cancer patients, surgeons enthusiasm for extended
radical resection began to diminish in the Western surgical society.

CME with CVL and the Japanese D3 lymph node dissection are
very similar concepts, but there is a difference of longitudinal length
in the proximal and distal resection margins between the 2 surgi-
cal methods. In Japan, most metastatic foci were distributed within
5 cm of the tumor in the pathologic study of metastatic lymph node
location, so it has been considered sufficient to secure a resection
margin of 5 cm on both sides. Therefore, in pathologic specimens
from Erlangen and Tokyo resected bowel length, mesenteric area,
and harvested lymph nodes were higher in the German CME group
than Japanese D3 group. However, there was no difference in the
long-term oncologic outcomes of colorectal cancer between the 2
study groups [20, 21]. In addition, there are many studies that showed
that there was no significant difference in the therapeutic effect of
conventional radical resection and extended radical resection for
colon cancer surgery [22-25].

Therefore, maintaining the intact mesocolic plane in CME is ac-
cepted as an important factor, but long resection margin greater
than 10 cm from the primary tumor can be considered selectively
depending on the location of the tumor, its relationship to the feed-
ing vessel, and the spread of lymph node metastasis (Fig. 1).

CENTRAL VASCULAR LIGATION

CVL is performed for completion of mesocolon resection extend-
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Fig. 1. Grouping of the retrieved lymph nodes (LN). Adapted from
Yang et al. [31], according to the Creative Commons License of open
access.

ing to mesenteric vascular root on the superior mesenteric artery
(SMA) and superior mesenteric vein (SMV). For radical lymph
node dissection, vascular ligation should be performed at the ori-
gin of the feeding arteries, the ileocolic, right colic, and middle
colic arteries in right-sided colon cancer. This CVL is similar to
the concept of D3 dissection in the Japanese Society of Cancer of
the Colon and Rectum (JSCCR) guidelines [26].

The lymphatic pathway of the colon was published in detail by
Jamieson and Dobson [27-29] at Leeds University in the United
Kingdom in the early 20th century. They injected Prussian blue
into the colon wall of cadavers and observed the dye flowing along
the lymphatics and staining the lymph nodes. In these studies, they
showed that colon cancer cells could spread out of the colon wall to
regional lymph nodes, highlighting the need for radical lymph
node dissection [27-29]. In a recent study using cadavers, Spaso-
jevic et al. [30] divided the right, anterior, and posterior sections of
D3 area around the SMV and SMA trunk to collect and count the
associated lymph nodes. They found that 3 to 5 lymph nodes were
present anterior and posterior to the SMV and SMA trunk, respec-
tively. Therefore, as posterior dissection of the SMV and ileocolic
artery retraction is required to remove all the main lymph nodes
around the ileocolic artery root, the argument is that a more en-
larged SMV dissection is necessary for true D3 dissection.

Unlike the manifest anatomical concept of CVL, the clinical def-
inition of CVL is ambiguous and the surgical standard has not
been established. The various surgical techniques used the differ-
ent surgical landmarks to determine the boundary of main lymph
node dissection depending on surgeon’s expertise and preference.
The level of CVL could be classified as the right side of the SMV;
the interface between the SMV and SMA, or the left border of the
SMA [31]. However, disagreements about the optimal CVL level
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to achieve patient safety and oncological radicality remain unre-
solved.

Interestingly, it has been reported that even if CME was described
in the operation report, there were many cases in which true liga-
tion was not achieved at the feeding artery root depending on the
variation in the mesenteric vasculature. Kaye et al. [32] analyzed
postoperative computed tomography (CT) scan to examine the
remaining ileocolic artery stumps in patients who underwent
right hemicolectomy. The arterial stump on CT angiography
might be assumed that the apical lymph node dissection might be
insufficient in some patients. Therefore, since true D3 dissection
is sometimes really difficult to perform, most surgeons consider
D3 dissection to be complete even if performing arterial ligation
on the right side of the SMV, especially in laparoscopic CME.

In real surgical practice, the most common procedure implement-
ing CVL is based on Gillot’s concept of a surgical trunk of SMV.
In 1964, Gillot [33] in France had named the area on the right side
of the SMV between the gastrocolic trunk and the ileocolic vein
as the surgical trunk as an anatomical landmark. Since lymphatics
from the right colon collect in the surgical trunk and drain into
the central lymphatic system, radical lymph node dissection for
locoregional control that included the surgical trunk area was ac-
cepted. In 1995, Toyota et al. [34] explained that lymphatic flow in
the right-sided colon forms a lymphatic chain on the right lateral
side of the SMV that runs along the periportal lymphatics, with
some lymphatic connections extending to the SMA lymph node
at the root of the middle colic artery. Therefore, they said that D3
dissection can be sufficiently achieved by dissecting the central
lymph node from the right lateral and anterior sides of the SMV.

Here, we can recognize that there is a practical gap between the
anatomical concept of CVL and the clinically accepted scope of
D3 dissection. It remains unclear whether it is sufficient to dissect
the lymph nodes around the surgical trunk, or whether the ex-
tended dissection of both the anterior and posterior SMA is nec-
essary for true D3 dissection. Until now, there is no solid clinical
evidence for the oncological necessity and benefit of extended
radical dissection, including central lymph node dissection, in
right hemicolectomy (Fig. 2).

In the current ongoing RCTS, the definitions of D2 and D3 are
almost the same as those in the JSCCR guidelines. In the COLD
study, D3 node dissection is performed to expose the anterior sur-
face of the SMV. In addition, vascular ligation should be performed
at the arterial root by exposing the space between the SMA and
SMYV and performing SMA visualization. In the RELARC study,
D3 dissection exposes the SMV anterior surface, but the bound-
ary between the SMA and SMV is the delamination line. There-
fore, anterior dissection of the SMA is not included in the D3 dis-
section. Even in this prospective study, the clear anatomical extent
of D3 dissection is somewhat different. Nevertheless, surgeons
expect that the long-term outcome of ongoing RCTs will provide
a definite guideline for reasonable application of CVL in the near
future (Table 2).
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deepened and D3 dissection was actively attempted in the daily
surgical practice field, it was found that various anomalies of the
feeding artery and draining vein were quite common in the right
colon region. The ileocolic artery is present in almost all patients;
in 40%, it passes anteriorly to the SMV and travels to the right and
in 60%, it branches from the SMA and proceeds posteriorly to the
SMV [41, 52-54].

According to the definition of manifest D3 dissection in the
JSCCR guidelines and the concept of CME with CVL, vascular li-
gation should be performed at the root of the feeding artery. If the
ileocolic artery proceeds posteriorly to the SMV, the ileocolic root
could be found after drastic retraction of fully mobilized SMV.
Since laparoscopic surgery approaches the anterior chamber of
the mesentery, dissection of the central lymph node anterior to
the SMV and SMA can be performed relatively easily. Ligation of
the ileocolic arterial root can be performed where the artery crosses
the anterior chamber of SMV. However, dissecting the posterior
SMYV, retracting it to the left, and removing the central lymph node
posterior to the SMV is a quite difficult operation. Dissection to
the posterior surface of the SMV must be a dangerous operation
that can cause crucial vascular injury [55, 56]. In a recent study,
the risk of vascular injury was 3-fold higher in the CME surgical
group with full exposure to SMV [57]. Furthermore, the excessive
SMA denuding can also cause damage to the autonomic nerve
plexus supplying the small intestine, resulting in postoperative se-
quelae, such as diarrhea [34].

Because lymphatic flow in the right colon gathers from the sur-
gical trunk on the right side of the SMV, and the lymph nodes an-
terior to the SMA are mainly connected with the lymphatics in
the jejunum, SMA dissection beyond the anterior surface of the
SMYV is not required for lymph node dissection for right colon
cancer [34]. Therefore, complete SMV dissection is usually be-
yond the scope of D3 lymph node dissection.

Literally, strict CVL can be detrimental overtreatment in patients
without suspected metastatic lymph node on D3 area. That just in-
creases the risk of vascular and neural damage to variant branch
complex of the SMV. Furthermore, there is no clear oncologic bene-
fit for strict CVL as an essential procedure. Therefore, complete
CVL should be performed selectively by experienced surgeons in
patients with suspected metastasis on the central lymph node [58,
59].

ONCOLOGICAL NECESSITY OF COMPLETE
MESOCOLIC EXCISION WITH CENTRAL
VASCULAR LIGATION

The number and location of involved lymph nodes and the meta-
static lymph node ratio are known to be significant prognostic
factors. In Japan, after colon resection, a surgeon extracts the lymph
nodes from the specimen and marks the location of the resection.
In a study on the metastatic lymph node distributions, D3 lymph
node involvement showed a poorer prognosis than D1 lymph
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nodes [60]. In contrast, in some studies, the number of lymph
nodes involved reflected more important clinical prognosis than
the location of lymph node metastasis. Most patients with central
lymph node involvement already have paracolic lymph node me-
tastasis, and in these cases, apical lymph node metastasis tends to
be considered clinically distant metastasis [61]. Therefore, in the
presence of multiple lymph node metastases, lymph node involve-
ment number and location are considered as definite poor prog-
nostic factor. Interestingly, single lymph node metastasis has a
very good prognosis. Even if a single lymph node metastasis is
skip metastasis in the main lymph node area, a good prognosis
can be expected regardless of location. This is homogenous to
surgical resection, which has a curative therapeutic effect in single
distant metastasis [62].

Surgeons need to determine whether to expand lymph node
dissection with preoperative imaging. The diagnostic accuracy of
preoperative CT is limited in predicting lymph node metastasis.
Although the size, round shape, and heterogeneous texture of the
lymph nodes increase the likelihood of metastatic lymph nodes,
CT scans are not reliable for preoperative lymph node staging be-
cause metastatic nodes smaller than 3 to 5 mm are also commonly
found. As the depth of the tumor invasion increases, the risk of
lymph node metastasis increases [63]. Preoperative CT has negli-
gible accuracy in diagnosing T1-2; however, the diagnosis rate of
T3-4 is quite reliable. Therefore, the preoperative T stage plays an
important role in determining the extent of lymph node dissec-
tion. Since the probability of D3 lymph node metastasis in T3-4
is high as 10%, the JSCCR guidelines recommend D3 dissection
in T3-4 patients [27].

Although surgeons are currently performing radical lymph node
resections, scientific evidence for the therapeutic benefit of extended
radical lymph node dissection is lacking. The radicality of lymph
node dissection can be assessed by the number of harvested lymph
nodes along with the location of lymph node dissection. In pa-
tients with nonmetastatic colon cancer, the higher the number of
harvested lymph nodes, the better the oncological prognosis. The
ratio of the involved lymph nodes to the harvested lymph nodes
was identified as a strong prognostic indicator in stage III patients
[64, 65]. Although it is true that the removal of more lymph nodes
by extended radical lymph node dissection is reflecting favorable
prognosis, it requires considerable caution in interpreting this cor-
relation as a cause-and-effect relationship. The number of harvested
lymph nodes is not only related to resection radicality but also to
tumor factors such as tumor size, T status, lymphocyte infiltra-
tion, and poorly differentiated microsatellite instability. The size
of the hospital, surgeon’s expertise, and pathological evaluation
protocol are also related. The patients age, body mass index, and
the presence of a chronic bowel infection or inflammatory condi-
tion also affect the harvested lymph nodes [66, 67]. It is interest-
ing to note that the number of harvested lymph nodes is related
to these various factors, and since these factors are also affecting
prognosis, it is difficult to conclude that a large number of har-
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vested lymph nodes is the cause of the positive prognosis.

The scientific mechanism remains unclear to prove that a better
oncological prognosis with an increase in the number of harvested
lymph nodes. Until now, several possible reasons are being inves-
tigated.

First, the most notable reason was the effect of adjuvant chemo-
therapy on staging migration. The prognosis was better in the pa-
tient group with 20 or more resected lymph nodes than in patients
with fewer than 5 harvested lymph nodes [68, 69]. The pathologi-
cal diagnosis of metastatic lymph nodes may not have been possi-
ble due to insufficient lymph node dissection, and thus the treat-
ment opportunity for adjuvant chemotherapy may have been missed.
Appropriate chemotherapy with sufficient lymph node dissection
may lead to improved survival rates resulting from more accurate
nodal staging. The effect of staging migration, which has been con-
sidered the most important cause to date, has been minimized in
several studies [70]. A population-based colon cancer registry study
in Canada reported that the number of harvested lymph nodes has
increased in recent years, but the proportion of metastatic lymph
nodes has not changed [68]. Therefore, the therapeutic effect of
harvested lymph node numbers may be achieved by different mech-
anisms.

Second, radical resection may have a therapeutic effect by re-
moving occult metastatic lymph nodes. In pathological evalua-
tions of lymph nodes, metastasis of cancer cells is usually evalu-
ated by hematoxylin and eosin staining in 1 to 2 sections. In this
conventional pathological lymph node evaluation protocol, occult
metastasis could not be detected. Nodes that appear negative for
metastases in hematoxylin and eosin staining revealed isolated
tumor cells or micrometastases in 30% of cases when immuno-
histochemical staining using pan-cytokeratin was performed. Real-
time polymerase chain reaction (RT-PCR) can increase occult met-
astatic lymph node detection by up to 40%. However, the patho-
logical methodology for occult metastatic lymph nodes detection
is still diverse and not standardized. Additional analyses, such as
immunofluorescence staining and RT-PCR, require a large amount
of medical resources. Some studies show contradictory results about
patient’s prognoses with isolated tumor cells [71]. This is likely to
be the result of a change in the level of oncological threat posed by
the isolated tumor cells according to the patient’s immune response,
rather than the therapeutic effect of micrometastasis resection it-
self [72].

Third, harvested lymph node number can be interpreted as an
indicator of the patient’s immune response to colon cancer. The
greater the lymphocyte infiltration in the tumor and the more tu-
mor antigen expression relating to microsatellite instability, the
greater the immune response and the immunological defense
against cancer. A strong immune response may be manifested by
an increase in the number of harvested lymph nodes after surgery
[73]. Since various questions about the therapeutic effect of har-
vested lymph nodes remain, contemporary surgeons are still per-
forming radical D3 dissection, and the oncological necessity of
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CME with CVL remains valid to date.

NOVEL TECHNOLOGY OF LYMPH NODE
MAPPING

Recently, fluorescence-guided lymph node mapping (FLNM) has
been developed as a promising surgical approach for image-guided
surgery and has been approved the effect of increasing the num-
ber of harvested lymph nodes. When fluorescence dye, indocya-
nine green (ICG), is injected into the colonic wall, it enters the
lymphatic drainage system from the distal perivascular space [74].
In colon cancer surgery, FLNM helps the surgeon visualize the
lymphatic pathway to perform a more accurate dissection of the
lymph nodes, especially around the main surgical trunk. Interest-
ingly, the FLNM technique can increase the total number of har-
vested lymph nodes [75, 76]. When visualizing the lymph nodes
and lymphatic drainage pathway directly, the surgeon can dissect
lymph nodes much more radically. When a fluorescent lymph node
is found in the extraterritorial area outside the conventional radi-
cal dissection plane, a surgeon can extend the dissecting plane se-
lectively for complete fluorescent lymph node removal. From an
oncological point of view, at least 12 lymph nodes should be re-
trieved to evaluate the pathological stage of cancer so that patients
can receive appropriate chemotherapy after surgery. The FLNM
procedure is beneficial in harvesting more than 12 lymph nodes,
and it can function as a surgical safety tool for the retrieval of an
adequate number of lymph nodes for proper pathological staging
(77].

Sentinel lymph node (SLN) mapping is a preliminary procedure
for determining radical or selective lymph node dissection. It is an
established technique in breast cancer and malignant melanoma
to reduce postoperative complications due to radical resection. The
concept of the SLN is the initial drainage of hypothetical lymph
nodes from primary cancer. In many fields of cancer treatment,
radioisotopes, blue dyes, and fluorescence dyes are used. The suc-
cess rate of lymph node mapping using blue dye or radioisotopes
is not satisfactory [78]. With the development of near-infrared
camera systems, FLNM has been adopted for the detection of SLN.
The success rate of FLNM through colonoscopic submucosal ICG
injection was over 90% [77].

In breast cancer and malignant melanoma, lymphatic drainage
has a conduit or funnel-shaped pattern passing through 1 or 2 sen-
tinel nodes as the first echelon lymph nodes, and metastatic can-
cer cells can spread into the second and third echelon lymph nodes.
However, in colon cancer, lymphatic flow can be spread through
various routes through the complex lymphatic network rather than
through a linear connection, SLN mapping has many limitations
in assessing the overall condition of lymph node metastasis [79].

There are still many questions to be answered, but further ad-
vances in fluorescence image-guided surgery could establish the
basis for SLN mapping and enable the determination of expan-
sion of radical lymphadenectomy, especially in early colon cancer.
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EVOLUTION OF CANCER METASTASIS
THEORY

The concept of cancer metastasis has rapidly evolved in recent
years. According to the linear progression theory proposed by
William Stewart Halsted more than 100 years ago, cancer cells of
primary tumors reach the apical lymph node along the adjacent
lymph node pathway, which leads to distant metastasis [80, 81].
This linear metastasis pathway has been established as a funda-
mental concept in the current TNM staging. It is also a prognostic
factor that accurately reflects the prognosis of most patients. How-
ever, skip metastasis, which occurs in 4% to 5% of patients, is an
exception to the linear progression model. It is difficult to explain
why distant metastasis still occurs in 20% to 30% of patients un-
dergoing successful radical resection in the early stage [82]. Al-
though the linear metastasis model is a concept that supports the
therapeutic effect of curative radical resection, the oncologic re-
sults that radical resection itself does not achieve superior onco-
logical outcomes compared to segmental resection raises doubts
about the drawback of the radical resection.

In recent studies on metastasis, a parallel progression theory has
been proposed whereby cancer cell metastasis already occurs at
an early stage [83]. In colon cancer, micrometastasis of lymph nodes,
circulating cancer cells in the peripheral blood, and micrometas-
tasis of bone marrow are also found in the early stage, and such
early micrometastasis causes poor prognosis. In addition, by ana-
lyzing cancer cell lines of metastatic foci as well as primary tumors,
it was found that they consist of polyclonal cancer cells, not mono-
clonal cell line. This means that the polyclonal cancer cells of the
primary tumor undergo seeding in multiple, continuous waves of
metastasis [84]. The fact that cancer cells constituting primary tu-
mors and metastatic lesions are heterogenous, polyclonal popula-
tions with genetically variable mutations explains why surviving
cancer cells cause recurrence even after chemotherapy.

This polyclonal cancer cell population is a phenomenon that re-
sults from parallel progression. The recent understanding of this
mechanism of cancer metastasis has heralded a change in the fu-
ture of cancer treatment. The role of extended radical resection,
which is currently being applied for locoregional cancer control,
could be changed to improve the accuracy of the molecular patho-
logic diagnosis. In addition, the evaluation of circulating tumor
cells in peripheral blood, circulating cell-free DNA, and micro-
metastasis of the bone marrow can be used to predict cancer me-
tastasis and prognosis, as well as characterizing heterogeneous
cancer cells through single-cell DNA sequencing [85]. Further-
more, by analyzing various gene mutations in the polyclonal can-
cer cell population, strategies for patient-tailored treatment can be
established.

CONCLUSION

In conclusion, CME as mesocolic plane surgery is considered as
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one of oncologic surgical principles. The anatomical landmark for
CVL is ambiguous and the oncological benefit is not yet clear.
The ongoing RCTs will provide the answer for the necessity and
radicality of CVL. The advances in surgical technology and can-
cer biology will come to the surgical society as a great wave de-
manding fundamental reformation of radical cancer surgery in
the near future.
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