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Unraveling the routes to distant metastases in colorectal
cancer: Tumor deposits and lymph node metastases as the

gateway

Currently, lymph node metastases (LNM) are seen as the
gateway to distant metastases in CRC and play a crucial
role in the Tumor Node Metastasis (TNM) staging system
[1, 2]. Tumor deposits (TD) have been identified as another
histological feature with a strong prognostic impact but are
currently only deemed clinically relevant in the absence of
LNM [2, 3]. TD are clusters of tumor cells in the fat sur-
rounding the bowel and are often associated with nerves,
vessels and lymphatic tissue, giving the cancer cells access
to multiple routes of spread [4].

To study whether TD could indeed form an alterna-
tive gateway to distant metastases, we have used polyG-
based phylogenetics on formalin-fixed paraffin-embedded
(FFPE) tissue to investigate the role of histologically
defined TD and LNM in CRC evolution and distant
metastatic spread to the liver and peritoneum.

We collected data from patients who were diagnosed
with colorectal liver or peritoneal metastases between
January 2015 and January 2022 and not previously treated
with chemotherapy. DNA was isolated from the TD and
LNM (Figure 1A), normal tissue (which was sampled at
the edge of the resection specimen) and distant metastases.
Three distinct tissue parts of the primary tumor were sam-
pled to account for intra-tumor heterogeneity (Figure 1B),
yielding a total of 480 samples (Supplementary Table S1).
Polymerase chain reaction (PCR) was used to genotype
up to 24 polyG regions for every sample (Supplementary
Table S2). Sequentially, phylogenetic trees were con-
structed based on the peak distribution of all PCR results
from the polyG regions using an analysis pipeline previ-
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ously developed by Naxerova et al. in R software (version
4.3.1) [5]. Phylogenetic trees are graphical representations
of the evolutionary relationship between biological enti-
ties, in this case, the different tissue samples. After quality
control of PCR results (i.e., poor quality DNA), impurity
(i.e., contamination of samples with non-tumorous cells,
Supplementary Figure S1), and branching confidence (i.e.,
values < 50% were deemed unreliable), 47 CRC patients
with a total of 43 individual liver metastases and 30 individ-
ual peritoneal metastases were included in the final results
(Supplementary Table S3-S5). The distribution of origins
(TD, LNM, primary tumor or a mix of these) was compared
between the group of liver and the group of peritoneal
metastases using Fisher’s exact test. Potential confound-
ing clinicopathological factors were analyzed using the
Kruskal-Wallis of Fisher’s exact test. P values < 0.05 were
considered significant. Full descriptions of the materials
and methods are provided in the Supplementary Materials.

Phylogenetic analysis showed that the primary tumor,
TD, and LNM could be possible origins of liver metastases.
An exemplary phylogenetic tree is shown in Figure 1C,
where different subclones gave rise to different LNMs,
and several liver metastases with common ancestry were
related to the TD. Taken together, TD, LNM, primary tumor
or a mix of these were found to be the origin of liver metas-
tases in 23%, 23%, 23% and 30%, respectively (Figure 1D).
Several clinicopathological variables were tested for bias-
ing the results, of which only the number of included TDs
was significantly different between the liver metastases
related to TD and PT (P = 0.03), all other comparisons
showed no differences significantly with the number of
metastases related to TD (Supplementary Figures S2-S3).
Our data show that LNM can form a gateway to liver metas-
tases in 23% of cases, which is in line with an earlier smaller
study, where 0-35% of liver metastases were found to be
related to LNM [5]. These results are in contrast with the
idea that LNM is the main gateway to distant metastases,
which is the basis for the current TNM staging system.
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FIGURE 1 The phylogenetic analysis of tumor deposits (TD) and lymph node metastases (LNM) as gateways for distant metastatic
spread in colorectal cancer (CRC). (A) Histology of LNM (upper) and TD (lower) on hematoxylin & eosin stained slides. (B) For every
included case, DNA was isolated from all TD, all LNM, normal tissue, distant metastases (liver and/or peritoneum). From the primary tumor,
DNA was isolated from 3 different areas to account for intratumor heterogeneity. (C) Phylogenetic trees were constructed for all included
cases. This phylogenetic tree shows liver metastases that were related to a TD with a branching confidence of 71.3%. (D) Bar graph showing all
liver metastases and their potential origin in the form of TD, LNM, primary tumor or a combination of these. Also, there were some cases
where no evolutionary relation was found between distant metastases and TD, LNM or primary tumor. For these cases, the origin category is
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Importantly, TD were identified as an alternative gateway
in 23% of liver metastases, which confirms the prognostic
evidence that shows an increased risk of liver metastases
in patients with TD [3].

In contrast to liver metastases, peritoneal metastases
were most often related to TD with 40% of cases and second
most often to the primary tumor with 37%. LNMs or a mix
of the different structures formed the origin in 7% and 10%
of peritoneal metastases, respectively (Figure 1E). These
results provide phylogenetic evidence that supports previ-
ous studies showing that the presence of TDs is associated
with an increased risk of peritoneal metastases [6].

This study demonstrated a clear difference in the evolu-
tion of liver and peritoneal metastases, with a significantly
different distribution of origins (P < 0.05, Figure 1D-E) and
40% of peritoneal metastases versus 23% of liver metastases
being related to TD. This could be explained by biolog-
ically different pathways to metastases. Liver metastases
are thought to develop through the invasion-metastasis
cascade where tumor cells spread to distant organs via
the circulatory system [7]. Both LNMs and TDs formed
possible gateways to liver metastases in the phylogenetic
analyses and have their own way of accessing the systemic
circulation. For LNMs, mouse studies showed that tumor
cells could either invade small blood vessels surrounding
the lymph node or travel through the lymphatic system
and enter the systemic circulation at the thoracic duct [8].
Still, the exact mechanism is being widely debated, and in
humans, the mechanism remains unclear. For TDs, it is
more widely accepted that they have access to the blood cir-
culation as it is reflected in their histology [4]. In line with
literature, our study demonstrated a vascular component
in 69% of TD related to liver metastases (Supplementary
Figure S4). An alternative to the invasion-metastasis cas-
cade has been proposed for peritoneal metastases involving
more direct migration of tumor cells to the peritoneum
[7]. We previously showed that the molecular phenotype
needed for tumor cells to actively migrate to and invade the
peritoneum is overexpressed in TD compared with LNM
[9]. Therefore, it is likely that tumor cells with the ability
to form TD are also capable of further migration through
the serosal surface and invasion of the peritoneum, more
so than the tumor cells in LNM.

There are some limitations to this study. Firstly,
although all cases complied with the guideline quality of
more than 12 sampled lymph nodes per CRC, and TD
were scored by two pathologists and an expert researcher,
there is a small chance that some TD or LNM were
missed during the sampling of resection specimens. Sec-
ondly, it would be recommended that all phylogenetic
studies be validated using a different method, such as
whole genome or exome sequencing, to show whether
the results are generalizable and robust [10]. Thirdly, due
to time and financial restraints, this study only included
the most common metastatic sites in CRC, liver and peri-
toneum. Including other metastatic sites would provide a
more comprehensive overview of the process of metastatic
spread in CRC.

In conclusion, with the use of phylogenic analysis, this
study shows that both TDs and LNMs can be related to
liver or peritoneal metastases in CRC. Moreover, the origin
of metastases differs per metastatic site, with liver metas-
tases being equally related to TDs and LNMs and peri-
toneal metastases being significantly more often related to
TDs. Therefore, future research should focus on whether
patients with TDs are at increased risk of peritoneal
metastases, as this could impact follow-up and treatment
decisions. Also, since we showed that a significant num-
ber of liver and peritoneal metastases were related to TDs,
it should be questioned whether the current method of
including TDs as less important than LNMs in the staging
for CRC patients is justified. We propose that TDs should
merit more attention by including them as equally impor-
tant to LNMs in the nodal category and continuing to
register them for future research.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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