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History
Metastatic disease is the main cause of death in colorectal
cancer (CRC) patients. Staging of CRC is essential to predict prognosis, provide optimal treatment, and ultimately
decrease mortality. Lymph-node metastases (LNM) are an
unfavorable hallmark in CRC, since they are generally considered to form the gateway to distant metastases. Lymphnode metastases have the highest impact on treatment decisions. Suspicion of LNM on imaging might indicate the need
for neoadjuvant therapy in rectal cancer, and when LNM are
found in the resected specimen, this is an indication for adjuvant therapy in colon cancer patients. The focus on LNM as
a hallmark in cancer spread has led to extensive efforts to
improve both clinical and pathological lymph-node staging
and quality standards that include a minimum of assessed
lymph nodes [1]. Furthermore, new surgical techniques have
been developed to optimize lymphadenectomy, such as the
technique of total mesorectal excision (TME) [2]. Hohenberger et al. proposed the counterpart of TME for colon cancer, and complete mesocolic excision (CME) with central
vascular ligation (CVL), in which the aim, especially with
CVL, is to improve survival by increasing the lymph-node
yield [3].
However, the emphasis on LNM for cancer spread has
been challenged in recent years with the discovery of other
forms of locoregional spread that may be stronger prognostic factors (e.g., vascular invasion, perineural growth, and
tumor deposits) [4, 5]. Moreover, clonal analyses have enabled further determination of the origin of metastases and
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their relation with LNM [6]. Although surgery forms the
cornerstone in curative CRC treatment, it is crucial to determine what we aim to achieve by more extensive surgical
techniques, and how far we are willing to go in harvesting
more lymph nodes at the cost of increased morbidity.

Lymph nodes: a gateway to distant
metastases or a biomarker?
Lymphadenectomy is thought to serve multiple purposes.
First, when following the paradigm of sequential progression, in which LNM would be the gateway to distant metastases, removal of the LNM may be therapeutic and may
improve the survival of patients. Indeed, removal of lymphnode tissue according standardized surgical techniques like
TME have led to improved survival rates [7]. It is, however,
unknown whether this is specifically caused by the removal
of LNM or other structures that are in close proximity to
lymph nodes. Furthermore, there is evidence, showing that
LNM are not the gateway to distant metastases per se in a
large proportion of CRC patients. Population-based studies
show that 40–60% of metachronous metastasis develop in
patients without LNM [8]. Also, Knijn et al. showed that
the distribution of metastases in the liver or lung is equal for
patients with and without LNM [9]. These studies support
the hypothesis that metastatic spread can also occur independently of lymphatic spread, particularly to the liver and lung.
In 2017, the study by Naxerova et al. led to a paradigm shift,
by studying the evolutionary relationship between primary
CRC tumors, LNM, and distant metastases. In 65% of the
cases, there was no evidence of distant metastases arising
from LNM [6]. Despite the fact that this was a study with
a small number of patients and mostly liver metastases, it
could mean that over two-thirds of distant metastases do not
originate from LNM.
Second, since LNM are a strong predictive and prognostic
factor, lymphadenectomy enables staging to optimize further
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treatment of patients. However, LNM are no longer the only
or the strongest prognostic factor for metastatic disease in
CRC. Several new prognostic factors have been discovered,
including extramural vascular invasion (EMVI) and tumor
deposits (TD). EMVI is associated with decreased survival
and adds prognostic value to stratification by LNM in the
prediction of liver and lung metastases. TD have significantly more prognostic power in predicting liver, lung, and
peritoneal metastases compared with LNM. [10] It is conceivable that both EMVI and TD form the actual gateways
to metastatic disease [10, 11].
Taking the current evidence into account, it can be questioned whether considering LNM as the only gateway to
distant metastases in CRC is justified. It is likely that LNM
are one of several gateways to distant metastatic spread, and
that they function in large part as one of several biomarkers
(i.e., as a sign of advanced disease).

Extramural vascular invasion and tumor
deposits: gateways to distant metastases
During the investigation of locoregional cancer spread,
EMVI and TD have emerged as promising additional gateways. Venous invasion in CRC beyond the muscularis
propria is called EMVI. EMVI creates access to an anatomic highway of the draining vasculature of the bowel,
and thereby increases the risk of hematogenous metastatic
spread. The increased risk of hepatic metastasis in the presence of EMVI supports the hypothesis that EMVI could
form a hemodynamic pathway to distant metastatic disease
[12]. Currently, vascular invasion is incorporated in guidelines as a histologic risk factor in colon cancer, for which
adjuvant therapy could be considered.
TD are aggregates of tumor cells in the fat surrounding the bowel (i.e., the mesocolon and mesorectum) which
are present in 20–25% of patients. They have been incorporated in TNM staging over the years, being considered
lymph nodes (or not) and stratified according to size, contour
or presence of other histological structures [10]. However,
grouping TD together with LNM is incorrect based on their
different prognostic value as well as distinct biology. TD
can develop from multiple origins, including perineural,
perivascular, intravascular, and lymphatic invasion, giving
them access to multiple anatomic highways, and therefore
possibly increasing their metastatic capacity.
Based on the prognostic evidence and their access to
anatomic highways, it has been hypothesized that EMVI
and TD could form additional gateways to LNM in causing
distant metastases. The removal of EMVI and TD forms an
alternative explanation for the survival advantage of patients
undergoing TME or CME. The vast majority of TD are
located in close proximity to lymph nodes, and are removed
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as a byproduct of the conventional lymphadenectomy [13].
However, it is important to note that there are currently no
studies that report on the proximity of EMVI or TD to the
additional lymph nodes removed with CVL as proposed by
Hohenberger et al.

The rationale behind extended
lymphadenectomy: is it still up to date?
As insights regarding the mechanisms of cancer spread have
developed over time, it is essential to evaluate whether the
rationale behind promoting surgical resection beyond CME
is valid.
The surgical technique proposed by Hohenberger et al.
consists of two aspects: the dissection along the mesocolic
plane (i.e., CME), and CVL. The rationale behind CME is
understandable, since LNM as well as other potential gateways (e.g., EMVI and TD) lie within the mesentery. Resection of these gateways interrupts metastatic spread and can
thereby improve survival. The idea that this type of resection
represents higher surgical quality is widely accepted and it
is nowadays standard of care for many CRC surgeons [14].
In contrast, there are several issues regarding CVL that
should be addressed. First, the definition of CVL is not
undisputed. CVL refers to the ligation at the root of the
supplying vessel to a given colonic segment. However, the
subsequent extent of lymph-node dissection at the root is
variable. Vascular ligation in combination with a lymphadenectomy at the root of the main feeding vessel is called a
D2 resection. For a right-sided hemicolectomy, the supplying vessels are ligated right of the superior mesenteric vein
and lymphoadipose tissue on the superior mesenteric vein
is left intact. It has been demonstrated that vascular ligation
at this level is associated with a high variability in residual
arterial length [15]. A D3 dissection represents an extended
lymphadenectomy that includes lymph nodes along the root
vessel. This means that the vessels are ligated at the root of
both the superior mesenteric vein and superior mesenteric
artery and lymphoadipose tissue along the anterior aspect of
the superior mesenteric vein/artery is dissected. The surgical
procedure as proposed by Hohenberger et al. is considered
more extensive than the D3 standard, mainly because of
an increased longitudinal resection margins [16]. Second,
the rationale behind CVL with a more extensive lymphadenectomy is less clear compared with CME. Promoting a
more extensive resection by performing CVL is based on
the belief that a more extensive lymphadenectomy has both
additional therapeutic and prognostic benefits compared
with CME alone. However, both of these arguments can be
debated. When looking at the therapeutic effect of CVL, the
evidence is conflicting. Some studies show improvement in
recurrences as well as disease-free survival (DFS), while a
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systematic review showed that DFS did not improve after
CME with CVL after exclusion of the results from Hohenberger’s study [3, 17, 18]. CME with CVL leads to higher
postoperative mortality, as well as more intraoperative and
postoperative complications [19]. Thus, the current evidence
is insufficient to prefer a CVL over the conventional CME.
Not only is the clinical evidence conflicting, the rationale
behind the therapeutic effect of CVL can be questioned.
CVL is focused on harvesting more lymph nodes, while
evidence suggests that LNM are not the only way to distant
metastases, with EMVI and TD as additional pathways. One
can argue that EMVI or TD might also be resected to a larger
extent when CVL is performed. However, EMVI as well as
TD provide the opportunity for hematogenous spread, and
once this has occurred, it cannot be stopped by resecting
lymphoid tissue (Fig. 1). Since it is currently impossible
to assess what pathway causes distant metastases in which
patient, it is unclear what proportion of patients will benefit
from resecting more lymphoid tissue with CVL in terms of
prevention of metastatic spread and improved survival.
The presence of LNM has the most impact on prognosis in the current TNM staging system. However, extending the lymphadenectomy would only give extra prognostic
information, and thus upstaging, if LNM would be found at

Fig. 1  Different pathways of colon cancer spread and the effect of
central vascular ligation (CVL). CVL is focused on resecting more
lymphoid tissue in the form of central lymph nodes along the mesenteric arteries. However, as indicated by the dotted line, the pathways
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the level of CVL and not closer to the primary tumor. This
type of skip metastases seems to occur in only 2% of CRC
patients, leading us to question the extra prognostic evidence
that harvesting more distant lymph nodes would yield [20].
Furthermore, the gap in our knowledge about the presence
of EMVI or TD at the level of CVL as well as their precise
role in metastatic spread has to be filled, before the presence
of these biomarkers could improve staging.

Conclusions
There is little debate about the rationale behind CME and it
is already widely used in daily practice. However, the implementation of CVL is still debated. The lack of a standardized
definition of CME with CVL makes it difficult to interpret
the results from studies reporting on the outcome of this
technique. Furthermore, the role of LNM as the only hallmark in CRC metastasis is no longer undisputed with the
finding of other possible gateways to distant metastases, such
as EMVI and TD. With these insights, the additional value
of a more extensive lymphadenectomy such as CVL proposed by Hohenberg et al. becomes a less attractive option
for staging. Instead of focusing on LNM, future research as

to distant metastases accessed by EMVI and TD are not increasingly
interrupted by CVL compared with conventional surgery with D2
lymphadenectomy
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well as advances in treatment or staging should try to provide a better understanding of CRC spread that goes beyond
the significance of LNM.
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