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The utmost challenge in cancer therapy undoubtedly still is the
successful combat or even prevention of metastasis, which
still can arise even years after successful primary tumor ther-
apy or already during an ongoing, even personalized therapy
of a cancer patient. Still, metastases are by far the most fre-
quent causes for cancer deaths and we still are facing a situa-
tion of rather fragmented research at metastasis, a still incom-
plete understanding of metastasis evolution, and clinical pro-
tocols which often are not, or cannot, be specifically designed
to target the metastatically relevant tumor cell clones.

Different hypotheses have been put forward so far on the
genesis of metastasis (e.g., [1, 2]), reaching from a common
clonal origin between a primary tumor and metastatic lesions
(paralleling discussions around the cancer stem cell hypothe-
sis), over early- and late stage dissemination models, up to
hypotheses of a completely independent genesis and evolution
of a primary tumor and metastatic lesion.

In a recent study [3] on the Whole Genomes of colorectal
cancer metastases (the Bmetastasome^) which were compared
with the corresponding primary colorectal cancers of the same
patients, subtracting the corresponding normal background
tissues, we think we can suggest some answers to such ques-
tions on metastasis evolution and add, or support, particular
hypotheses:

In this study [3], we show evidence suggesting that the
primary tumor and the metastasis originate from a common
ancestor clone indeed, and then undergo truncal separation.
We hope that our findings in this context will be of interest not

only for the metastasis research but also the cancer stem cell
research community. An average of about 65% of somatic
mutations, for example, were shared between the primary tu-
mor and corresponding metastasis, and mutational processes
ongoing within particular mutational signatures clearly appear
more truncal, whereas others appear more private to primary
tumors or metastases after truncal separation. It remains up to
further investigations whether the genomic lesions found to be
common to both primary and metastasis would describe what
we assumed up to now to be a Bcancer stem cell^, or whether it
rather would be these together with the specific changes seen
additionally in the metastasis. We furthermore show that the
metastasis, as compared to the corresponding primary, has a
higher mutational rate and shows a specific initiation of ge-
netic programs important for site specific colonization. This of
course is interesting especially in the context of the highly
timely field of the lively crosstalk between tumor cells and
diverse microenvironments, a systemic priming of metastatic
niches, and diverse hypotheses on a molecular imprinting,
vice versa, of the microenvironment and the tumor cells. In
our publication which primarily studies metastases to the liver
of colorectal cancers, we found that mutations specific to the
metastasis are enriched in mutations concerning molecules
within the PI3K-Akt signaling network, cell adhesion pro-
grams, extracellular matrix remodeling, but especially also
hepatic stellate cell activation programs which would specu-
late a specific priming for metastasis formation in the liver.
This clearly supports the hypothesis that genetic programs
important for site-specific colonization to a particular organ
site are initiated in metastasizing cancer cells, either in the
process of a systemic or microenvironmental interaction of
the cancer cells, or during further clonal differentiation and
selection within the metastatic process.

Moreover, we confirm the Vogelstein sequence for colorec-
tal cancer progression [4] but at the same time add some novel
elements which, as we hope, support a deeper understanding
of metastasis evolution and the progression of colon cancer.
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Again, in the context of tumor cell/microenvironment interac-
tions, previously undescribed mutations, e.g., within CBL and
CBLB 3’UTR regions, might be interesting for getting deeper
insights into immunomodulatory actions of tumor cells during
cancer progression and metastasis. Furthermore, besides other
examples, we found mutations within the guanine nucleotide
exchange factors ARHGEF33 and ARHGEF7, and it remains
to be investigated whether, since we found them to be mutu-
ally exclusive with RASmutations, might have a similar func-
tion to activating K-RAS/N-RAS mutations within EGFR-
initiated signaling and EGFR-based therapy. This and further
findings might suggest specific clinical consequences. For ex-
ample, we show that metastases have specific genomic chang-
es (19% of all small somatic mutations detected), some of
which being novel mutations within already targetable mole-
cules. These were not detected in whole genome sequencing
of the corresponding primary tumors. This means that even in
current strategies of modern Comprehensive Cancer Centers
(CCCs) whichmatch primary and first line, even personalized,
therapy to the genome of the individual primary tumor, there
are still considerable chances to therapeutically miss the met-
astatically relevant tumor cell clones. This might be one high-
ly likely explanation for the unchanged situation that metasta-
ses still arise after concerted primary tumor therapy and still
lead to about 90% of cancer-related deaths.

Therefore, we sincerely hope that our data, besides stimu-
lating more detailed hypotheses about colon cancer progres-
sion, metastasis evolution, cancer stem cells and metastasis-
initiating cells, can invite clinical opinion leaders in oncology

and related fields to take our findings into ongoing interdisci-
plinary considerations of refining personalized therapy con-
cepts, so that they might open new chances to truly combat, or
in long-term even prevent, metastasis.
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