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Introduction

Recently several important clinical studies have reported 
high-quality evidence of the relationship between the 
overall survival and the number of harvested lymph nodes 
in colon cancers. It is reported that about 4% of right 
colon cancers metastasize to central mesocolic lymph 
nodes (1). Therefore, in efforts to improve the number of 
resected lymph nodes and the completeness of right colon 
cancer resection, numerous of surgical units implemented 
the complete mesocolic dissection with central vessel 
ligation (CME-CVL) or D3 lymphadenectomy in right 
hemicolectomy for right-sided colon cancer. In this 
review, we focus on the detailed description of the surgical 
technique for CME-CVL or D3 lymphadenectomy in the 
right-sided colon cancer patient as well as provide a critical 
appraisal of the quality of the available data in the current 

literature.

Biology of lymphatic spread in colon cancer

The classification by the Japanese Society for Cancer of the 
Colon and Rectum (JSCCR) categorizes in colon cancer 
the mesenteric lymph nodes into three groups: main lymph 
nodes, intermediate lymph nodes, and pericolic lymph 
nodes (2). The main lymph nodes are located at the origin 
of the main feeding artery. Intermediate lymph nodes are 
located between the first and the terminal branch of the 
main feeding artery, while the pericolic lymph nodes are 
located between the terminal branch of the main feeding 
artery and the colon. Grouping of involved lymph nodes 
according to their relationship with local vessel in right-
sided colon cancer proposed by JSCCR is presented in 
Figure 1 (3).
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Recently the metastatic pattern of lymphatic node spread 
in right-sided colon cancer has been analyzed in several 
studies. Cecum location of tumor was mostly linked with 
ileocolic nodes metastases. However metastases were also 
observed along right colic artery and right branch of the 
middle colic artery (4). 

In patients with ascending colon cancer and in similar 
pattern in patients with hepatic flexure tumors, lymph node 
metastases beside the artery, which supplies the right side of 
the colon were most common, nonetheless metastases at the 
origin of the middle colic artery were also present. In case 
of ascending colon tumors, similar number of metastases 
in the peripheral part of the right colic artery and in the 
peripheral part of the ileocolic artery was observed, whereas 
in patients with hepatic flexure tumors, there are observed 
a similar number of metastasis along the ascending and 
middle colic arteries. These metastatic patterns suggest 
that metastases may occur along lymph nodes having a 
marginal artery, therefore, progressing to the origin of the 
main supplying artery, with the relative extent of spreading 
to central and peripheral parts dependent on the colon 
localization of the cancer (5).

The mechanisms that drive lymphatic metastasis in 
colon cancer still remain not fully understood. Currently, 
the two biological models of the metastatic pathway are 
proposed. The first model involves lymphatic spread by the 
progressive and anatomical pathway, from the colon tumor 
to adjacent lymph nodes, henceforth to intermediate nodes, 

afterwards to central nodes, and finally to distant organs. 
This model suggests that progression of cancer cells along 
the metastatic pathway may only appear when the former 
lymphatic nodal barrier is breached and efforts to resect 
all lymph nodes involved by cancer cells. It may improve 
surgical outcomes related to improvement of overall 
survival (6).

The second one, supported by numerous preclinical 
and clinical studies, assumes that lymphatic spread in colon 
cancer may occur immediate and at random way (7). In this 
model, metastatic lymph nodes are seen as a marker of the 
biological behavior of cancer and malignant capability of 
the disease, therefore it is suggested that efforts to remove 
affected nodes will not affect overall survival. Firstly, 
circulating tumor cells (CTC) may have been found in the 
patients’ peripheral blood at every stage of the colorectal 
cancer (CRC), independently of the laboratory techniques 
and marker used (8). In study be Bork et al., the detection 
rate of CTC of 4.9%, 10.5%, and 8.3% in CRC patients 
with I, II, and III disease stages have been reported 
respectively (9). In the recent meta-analysis, it was found 
that the molecular detection of cancer cells in the regional 
lymph nodes allows prediction of disease recurrence rate 
and impaired survival rate in node-negative and in stage III 
CRC (10). 

The findings from postoperative pathology suggest that 
systemic spread of cancer cells may occur independently 
from involvement of locoregional lymph node. In the study 
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Figure 1 Structure of lymph nodes involved in right-sided colon cancer proposed by JSCCR based on Japanese classification of colorectal 
carcinoma.
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by Knijn et al. comparable incidence rate of liver and lung 
metastases between node-negative and node-positive patients 
were found, what suggested that dissemination to distant 
organs may occur independently of lymphatic spread (11).

When cancer progression through lymphatic system was 
stepwise, the patients with involvement of intermediate 
nodes would have more advanced disease stage related to 
worse prognosis in comparison to those with only pericolic 
nodes involvement. In fact, multiple studies from the Far 
East revealed any difference in term of overall survival 
between D1 and D2 nodes invaded in stage III colon cancer 
(12,13). Mentioned data implies that lymphatic spread of 
cancer cells in a stochastic manner is more plausible than in 
stepwise process and may proceed from the beginnings of 
cancerogenesis.

Definition of D3 lymphadenectomy for right 
colon cancer

During the latest years, the western concept of complete 
mesocolic excision with central vascular ligation (CME-
CVL) and the eastern D3 lymphadenectomy for right 
hemicolectomy for right-sided colon cancer are gaining 
popularity among surgeons. Proper understanding and 
adequate knowledge about the complex anatomy of main 
vessels (SMV and SMA) is necessary in terms of iatrogenic 
complications avoidance during mentioned right-sided 
colon cancer resections (14,15). 

The CME-CVL or D3 lymphadenectomy for right-
sided colon cancer require ligation of the ileocolic vein, 
right colic vein, Henle trunk, and middle colic vein on their 
appearance from the SMV, and of the ileocolic artery, right 
colic artery, and middle colic artery on their emergence 
from the SMA. In recent meta-analysis, a wide variation of 
anatomical structures of the major vessels was presented 
and the right hemicolectomy with CME-CVL is quite 
complicated and demanding procedure. It was proposed 
that the surgery should be done carefully, following the 
embryological planes. The area of D3 lymphadenectomy 
has the following anatomical borders: (I) cranially—5 mm 
proximal to the horizontal line through the Henle trunk and 
middle colic artery origins; (II) caudally—5 mm distal to the 
horizontal line through the origin of the ileocolic artery; (III) 
medially—the left edge of the SMA; (IV) laterally—10 mm 
from the right edge of the SMV (16).

The JSCCR defines D3 lymphadenectomy as dissection 
of the main lymph nodes, intermediate lymph nodes, and 
pericolic lymph nodes and D2 lymphadenectomy as the 

removal of the pericolic lymph nodes and intermediate 
lymph nodes. The D3 lymphadenectomy according to 
the JSCCR is comparable in conception to the Western 
CME-CVL in which all lymphatic, vascular, and neural 
tissue in the drainage area of the colon tumor is excised as a 
complete mesocolic tissue specimen. Right hemicolectomy 
with CME and D3 lymphadenectomy involves complete 
resection of regional lymph nodes, including pericolic 
nodes (N1 region), intermediate nodes (N2 region), and 
main nodes along superior mesenteric vessels (N3 region) 
as defined by the JSCCR (2).

Theory of central vessel ligation or D3 lymphadenectomy 
is based on a resection along the anterior aspect of superior 
mesenteric artery (SMA), superior mesenteric vein (SMV) 
and ligation of colonic vessel high. This may enhance the 
rate of complete removal of lymph nodes that may harbor 
the cancer cells. In general, Japanese D3 dissection is 
considered to be similar to CME-CVL. However, there are 
some discrepancies which involve variation in definitions 
D3 vascular ligation and length of bowel that are resected, 
which are lower in the D3 lymphadenectomy technique 
(2,17). 

The initial CME-CVL proposed by Hohenberger  
et al. involve kocherization the duodenum, and takedown 
of the mesenteric attachments to the duodenum, and en bloc 
resection of the affected colonic segment, excision of the 
corresponding mesocolon in a compact fascial layer and 
a high ligation of the tributary vessels along with all the 
perivascular lymph nodes developed on vertical direction. 
In procedure suggested by Hohenberger et al. the resection 
of lymph nodes along the gastroepiploic artery including 
the infrapyloric area is only done when cancer is located in 
the hepatic flexure or transverse colon, but not in coecal or 
ascending colon cancer (18). The JSCCR D3 dissection in 
definition omits duodenal kocherization, and removal of the 
gastroepiploic and infrapyloric lymph nodes (17).

The Guidelines by the JSCCR for the Treatment of 
CRC recommend D3 lymph node dissection for T3/4 
or N+ disease and D2 lymph node dissection for T1N0  
disease (17). Meanwhile, either D3 or D2 lymph node 
dissection can be performed for T2N0 disease. Thus, D3 
lymph node dissection is basically recommended for stage II 
or III colon cancer in tertiary surgical centers.

Right hemicolectomy with D3 extended mesenterectomy 
for right-sided colon cancer is probably the most radical 
lymphadenectomy removing all nodes that lie both anterior 
and posterior to the superior mesenteric vessels as well as 
dividing the colonic arteries and veins at their origin with 
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complete resection of these lymph nodes from the level of 
the middle colic artery to that of the ileocolic artery origin. 
All soft tissue in the area of the superior mesenteric vessels 
at this level should be resected (19,20).

Toyota et al. suggested the D3 resection technique for 
right-sided colon cancer should consist of harvesting the 
lymph node-bearing tissue along the main trunk feeding 
artery to the main nodes situated anterior to the surgical 
trunk with resection of the intestine 10 cm proximal 
and distal to the tumor. Authors also underline that the 
additional dissection of the suspected infrapyloric lymph 
node metastasis must be always performed (21).

Outcomes after D3 lymphadenectomy in right-
sided CRC

Nowadays, one of the most important predictive factors 
in CRC is involvement of lymph nodes. The presence 
of lymph node metastasis determines patients to receive 
adjuvant chemotherapy and predict outcomes related 
to disease-free and overall survival (22). The small 
amount of harvested lymph nodes may influence on the 
underestimation of cancer cells involvement. Findings 
from recent studies suggest that survival rate improves 
when more lymph nodes are gathered, regardless of current 
node status (23,24). Adequate lymphadenectomy, including 
pericolic, intermediate, and main node dissection (D3 
lymphadenectomy), is underline by surgeons as an important 
issue for accurate staging and therapy and implementation 
of accurate therapy with the best oncological outcomes. 
This approach is a “standard” surgical protocol for Japanese 
surgeons in right-sided colon cancer treatment (17).

Proponents of CME with D3 lymphadenectomy 
underline the currently solid clinical findings in oncological 
principles for the approach, which include positive 
correlation of greater amount of harvested lymph nodes, 
even cancer negative nodes, with better overall survival 
(25,26). On the other hand, another study stated that 
relationship between lymph nodes and survival is difficult 
to define due to several confounding variables and 
suggested that the beneficial role of extended dissection of 
mesenteric nodes may be not relevant (27). It is explained 
by the stochastic phenomenon of cancer lymph node 
spread, which is more likely than stepwise process as it 
was believed earlier. Therefore, lymph node metastases, 
according to their biological behavior, may occur early and 
simultaneously with distant metastases, thus resecting them 
seems to have minimal impact on overall survival (28).

In the large retrospective study by Hashiguchi et al. T2-
T4 colon cancer patients’ lymph nodes were anatomically 
mapped and classified into three groups (paracolic, 
mesocolic and main trunk nodes). Results revealed that 
extended dissection of the main arterial trunk nodes had no 
impact on overall survival or staging accuracy improvement 
compared to resection of mesocolic or pericolic nodes (29). 
In another study, where Ikeda et al. showed similar survival 
rate at stage II and III CRC regardless of whether the main 
arterial trunk (“apical”) nodes were dissected (30). 

In a study by Kanemitsu et  al . ,  concerning D3 
lymphadenectomy in right hemicolectomy, authors revealed 
that the mean number of harvested lymph nodes per patient 
was 31.0 (31). A mean number of lymph nodes obtained 
per patient yields of 13.6 from the pericolic node level,  
8.4 from the intermediate node level, and 6.1 from the main 
node level. They observed that metastases to main nodes 
occurred in 3% of patients, which, represents the frequency 
of residual nodes typically left behind in D2 dissection. Of 
these 3% of patients, 54.5% had no cancer deposits in the 
intermediate nodes (skipped metastases). In this study a 
steady increase in the proportion of positivity in the main 
nodes with increasing depth of invasion was observed, 
regardless of the tumor location. However, no metastases 
have been observed in patients with pT1 or pT2 cancer. 
Of all 370 patients enrolled in this study who underwent 
D3 lymphadenectomy 56 patients had a recurrence. 81.8% 
(9/11) of patients who had positive main nodal metastases 
developed a recurrence of cancer (31).

In multivariate survival analysis, by Kotake et al., of the 
10,098 patients with T3 and T4 colon cancer the estimated 
hazard ratio for overall survival of patient with D3 
lymphadenectomy versus D2 was 0.827 (95% confidence 
interval, 0.757 to 0.904) (25). This large study reported that 
D3 lymph node dissection for pT3 and pT4 colon cancer 
have been associated with a significant improvement of 
survival rate, even after adjusting potential confounders of 
lymphadenectomy, with a relative reduction in the risk of 
death by up to 18%.

In recent systematic review it has been reported that the 
frequency of detectable primary lymph node metastases 
for right-sided colon cancers varies between 1% and 22%, 
while it is below the 12% for left-sided colon cancers (32). 
These results indicate that lymphadenectomy in right-sided 
colon cancers need specific attention. 

The extended lymphadenectomy compared to traditional 
surgery is reasoned by several arguments. Firstly, more 
radical lymphadenectomy offers better chance to acquire 
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complete resection and control of the lymphatic metastases 
(33,34). Secondly, several studies have revealed that greater 
number of lymph nodes collected after colonic resection 
correlate with increased survival, while higher negative 
lymph node yields is beneficial to survival in more advanced 
colon cancer (35-38). The ratio of metastatic lymph nodes 
to the total number of resected lymph nodes could be used 
as prognostic factor, which several studies reported to be 
better than number of positive lymph nodes or pN status 
(39-41). The greater the ratio of negative to metastatic 
lymph node is, the better prognosis is expected. Moreover, 
metastases may occur as “skip lesions”, known as metastatic 
lymph nodes from central or apical nodes (D3), whereas 
those harvested from pericolic or intermediate (D1 and D2) 
nodes were free from metastases (1,42). Couple possible 
explanations have been suggested for the beneficial role of 
higher number of resected negative lymph nodes during 
extensive lymphadenectomy, such as increased likelihood 
of discovering occult metastatic lymph node and therefore 
acquiring proper staging. Another proposed argument is 
that the specimens from extended resection may involve 
undetected micrometastases or isolated tumor cells which 
would, if left in situ, significantly alter patients’ survival 
(33,34,43). 

However, for many authors the question of a survival 
benefit from a greater number of harvested lymph nodes 
is still a matter of debate. The association of the higher 
number of harvested lymph nodes with overall survival is 
not fully understood as there are a multitude of possible 
influential factors (27,44). Based on previous studies it is 
known that many other factors may significantly influence 
the number of harvested lymph node including patient age, 
immune status, tumor location, tumor characteristics and 
institutional factors (28,34,45,46). Several recent studies 
suggested that there is no or minimal survival benefit in 
a higher number of harvested lymph nodes greater than 
12, especially if good quality surgery and lymph node 
examination is achieved. Moreover there are difficulties 
in defining a threshold number for lymph node retrieval  
(47-50). Also, couple of non-CME studies have failed to 
show a relationship between greater lymph node yield, 
harvested during high vascular tie surgeries, and higher 
number of metastatic lymph nodes or improved survival 
(29,51,52). Some of the authors propose the CME-
CVL approach for all stages of colon cancer, whereas 
there is evidence that in early cancer (T1–T2) and more 
advanced (T3 and T4) cancers located at specified distances 

from the feeding artery, the incidence of D3 metastatic 
nodes is insignificant and therefore CME-CVL or D3 
lymphadenectomy may constitutes over-treatment (29,53).

Extended and more radical dissection may result in an 
increased number of surgical complications. In the study by 
Prevost et al. increased rate of vascular injuries was noted, 
compared to conventional right hemicolectomy (54). The 
urinary retention was observed in 1.8% of patients, which 
was self-limiting and may be related to the temporary 
disturbance of the autonomic nerve around the mesenteric 
root during the surgical procedure. Bertelsen et al. revealed 
an increased risk of postoperative morbidity in patients 
undergoing CME-CVL or lymphadenectomy D3, related 
to a higher rate of postoperative sepsis and a higher rate 
of intraoperative injury including splenic and superior 
mesenteric vein injuries (55). In the other studies regarding 
more radical dissection of lymph nodes the morbidity rates 
were acceptable and similar to the conventional approach 
(18,56,57).

Apart from surgical complications, extended D3 
lymphadenectomy may be related to non-surgical 
complications, like pneumonia with respiratory failure 
in connection with D2 resection for right-sided colonic 
cancer (58).

In case of proper approach to lymphadenectomy D3 in 
right-sided colon cancer, there is a trial which suggests that 
open surgery should be the primary selection, but also the 
laparoscopic one may be also acceptable (59). Another study 
underlines the beneficial role of laparoscopic approach 
on short-term wound complications, including incisional 
hernia and wound dehiscence (60). However, no differences 
were found in the latest complications. In terms of overall 
survival at stage II or III right-sided colon cancer the 
laparoscopy with D3 lymphadenectomy was on the same 
level as open surgery. Based on results of this study, overall 
survival in both groups was similar and better than expected, 
laparoscopic surgery with D3 lymphadenectomy according 
to Japanese definition seems to be an appropriate option in 
the treatment for patients with stage II or III right-sided 
colon cancer (60).

Currently, there are a couple of ongoing trials regarding 
proper surgical treatment of right-sided colon cancer. The 
Chinese Laparoscopic Right Colectomy for right-sided 
Colon Cancer trial (RELARC, NCT02619942) is set to 
compare 3 years disease-free survival between laparoscopic 
CME and standard (D2) resection. Similar randomized 
trials are being conducted in Egypt (NCT02526836) and 
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Ukraine (RICON trial, NCT03200834).

Conclusions

In conclusion, the conception of D3 lymphadenectomy for 
right-sided colon cancer was proposed to improve surgical 
and oncological outcomes. Recently, many surgeons 
have used the principles and conducted clinical studies to 
verify the effect of CME-CVL in right hemicolectomy. 
However, it still remains very controversial whether D3 
lymphadenectomy should be implemented as a standard 
surgical technique. Some of the recent studies indicated 
that the D3 lymphadenectomy for right colon cancer was 
associated with the higher risk of morbidity. The CME-
CVL in right hemicolectomy has shown the improvement 
in the survival rate, however, there are numerous limitations 
in regard to adjustment of the technique, histopathological 
reporting and complication rates. Although, there are 
reasonable anatomical and oncological basis for right 
hemicolectomy with CME-CVL and D3 lymphadenectomy, 
there is still lack of randomized controlled trials and there 
is no consistent high-quality evidence. Recently presented 
evidence was taken from studies with large amount of 
heterogeneity in research methodology, populations 
and outcomes. The latest systematic reviews on right 
hemicolectomy with CME-CVL with D3 lymphadenectomy 
summarized that the currently presented evidence has many 
significant limitations that enable the implementation. 
Moreover, the latest outcomes in improvement in long-
term survival have not been clearly proved. The current 
evidence of the advantages and associated morbidity of the 
right hemicolectomy with CME-CVL and D3 dissection 
have been insufficient and further studies are warranted to 
confirm or reject this approach as standard of care in the 
future.
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