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Colorectal cancer (CRC) is the third most frequently diagnosed cancer worldwide, where ~50% of patients develop

metastasis, despite current improved management. Genomic characterisation of metastatic CRC, and elucidating the

effects of therapy on the metastatic process, are essential to help guide precision medicine. Multi-region whole-exome

sequencing was performed on 191 sampled tumour regions of patient-matched therapy-naïve and treated CRC primary

tumours (n = 92 tumour regions) and metastases (n = 99 tumour regions), in 30 patients. Somatic variants were analysed

to define the origin, composition, and timing of seeding in the metastatic progression of therapy-naïve and treated

metastatic CRC. High concordance, with few genomic differences, was observed between primary CRC and metastases.

Most cases supported a late dissemination model, via either monoclonal or polyclonal seeding. Polyclonal seeding

appeared more common in therapy-naïve metastases than in treated metastases. Whereby, treatment prompted for the

selection of distinct resistant clones, through monoclonal seeding to distant metastatic sites. Overall, this study reinforces

the importance of early clinical detection and surgical excision of the CRC tumour, whilst further highlighting the clinical

challenges for metastatic CRC with increased intratumour heterogeneity (either due to early dissemination or polyclonal

metastatic spread) and the underlying risk of future therapeutic resistance in treated patients.
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1. Background

Colorectal cancer (CRC) is the third most diagnosed cancer worldwide, and one of the top most in Saudi Arabia, with a

distinctly earlier (≤10 years) disease onset compared to other ethnicities . High mortality in CRC has been attributed to

metastatic disease , whereby half of all patients develop metastasis, despite the improved management of

metastatic CRC in recent years .

The evolutionary process of CRC is well documented. Whereby, a gradual multi-step model has been used to describe

the transformation of intestinal epithelium into invasive adenocarcinoma, from which disseminating tumour cells can then

migrate directly, or via haematogenous or lymphogenous spread and colonise regional or distant organs , such as the

liver, lung, and peritoneum and less frequently the bone and brain .

Predominantly, seeding originates from the primary tumour and is spread via a single clone (monoclonal seeding)  or

multiple subclones (either synchronous or asynchronous polyclonal seeding) to a metastatic site . Recent studies

have also shown metastatic cross-seeding, where one metastasis can seed secondary metastatic sites, via metastatic

cascading .

Several studies have traditionally defined the process of CRC metastasis through a linear progression or late

dissemination model, where metastatic divergence occurs late in the primary tumour relative to tumorigenesis .

However, few recent studies have challenged this model, suggesting that metastatic seeding might occur early[15,16],

before clinical detectability (<0.01 cm ) and years before diagnosis or surgery, proposing most CRCs may be “born to be

bad” .

Understanding the complexity of the metastatic process has been very problematic, even in this advanced genomic era,

with difficulties going beyond the procurement of patient-matched paired primary tumours and their distant metastases.

Hence, it is of high clinical importance to clarify the origin, seeding composition, and timing of spread to help extricate the

evolutionary metastatic process in CRC.

We sought to expand upon current knowledge on the metastatic process in CRC, in the Saudi population, and further

highlight the effect of therapy. We used whole-exome sequencing (WES) analysis from multiple tumour regions of paired

primary CRC and distant metastatic lesions, from 30 patients with metastatic CRC, to define the origin, composition, and

timing of seeding in the metastatic progression of therapy-naïve and treated metastatic CRC tumours.
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Overall, this entry reinforces the importance of early detection and removal of the CRC tumour, whilst further highlighting

the clinical challenges for metastatic CRC with increased intratumour heterogeneity (either due to early dissemination or

polyclonal metastatic spread) and the underlying risk of future therapeutic resistance in treated patients.

2. Brief Results and Discussion

Through systematic analysis of WES data from multiple spatial regions of 30 paired primary CRC and distant metastatic

tumours, we describe the overall genomic concordance between primary CRC and metastasis , with predominantly late

metastatic divergence, through monoclonal or polyclonal spread from metastatic ‘fit’ clones in the primary tumour.

Treatment had a diminutive effect on chromosomal instability and most driver mutations, assumingly to attain resistance

mechanisms for increased chances of tumour cell survival . Furthermore, the few existing metastatic-specific driver

mutations were mostly found in treated cases, similar to previous studies . The intratumour heterogeneity, post-

dissemination, in treated metastases was likely resultant of the collective dysregulation of DNA repair processes, from

defective DNA MMR and HR, and the capecitabine and 5-FU chemotherapy, comparable to recent studies .

Of great clinical importance, most cases in our metastatic CRC cohort supported late dissemination, in accordance with

the Fearon–Vogelstein multistage progression MSS CRC model . This was consistent, irrespective of treatment

status and the organ site colonised. Thus, further highlighting the clinical relevance of current routine screening, and the

ability of sigmoid scoping and colonoscopy to successfully detect early CRC lesions, to aid the prevention of metastatic

disease. Despite all metastatic-specific driver mutations being present in late disseminating metastases, most driver

events were shared between the primary tumour and metastasis, underlining the prospect of using a single diagnostic

biopsy from the primary tumour to represent the majority of genomic variation at the metastatic site.

The few metastatic cases in the cohort following an early dissemination model (and similarly cases that incurred

polyclonal seeding of the metastasis) can make it difficult to design effective therapeutic strategies using a single biopsy

or limited regions, thus warranting the use of additional clinical intervention, such as liquid biopsies (including circulating

cell-free tumour DNA profiling) for early detection and metastasis prevention . However, these exceptional cases must

not overshadow the importance of screening methods for early detection and the excision of the primary tumour, as

suitable ways to reduce CRC mortality in most cases. Two studies have argued that although cancer evolution can be

traced using phylogenetic approaches, the timing of dissemination cannot be fully resolved without the aid of other factors,

such as chronological references and tumour size or volume, whereby they proposed very early dissemination of primary

CRC tumours, i.e., parallel metastatic progression[15,16]. Therefore, metastatic progression in our CRC cohort may also

have disseminated earlier than indicated using phylogenetic divergence.

Similar to our metastatic cohort, recent studies have also demonstrated both monoclonal and polyclonal seeding . As

expected , polyclonal seeding was more common in lymph node metastases (irrespective of treatment) and therapy-

naïve distant metastases (55.6%) compared to treated distant metastases (20%). Thus, in the absence of therapy,

multiple primary tumour disseminating subclones acquired metastatic potential for seeding regional and distant sites.

Polyclonal seeding occurred both synchronously (at the same time) and asynchronously (over multiple waves), arising

from distinct spatial regions in the primary tumour. All lymph node metastases that were seeded through polyclonal spread

incurred consecutive waves of seeding, possibly due to their geographical proximity to the primary tumour and higher

seeding frequency (as the draining lymph nodes encounter higher rates of tumour cells) compared to distant organ

sites . Nascent micrometastases may attract subsequent waves of recurrent seeding for the successful colonisation of a

distinct metastatic site . Therefore, the removal of primary tumour (or metastasis) after detection in some cases may be

clinically necessary to prevent further metastatic seeding. This intervention has particularly been successful in the

management of synchronous metastatic disease, whereby excision of the primary tumour with subsequent adjuvant

therapy was associated with better overall survival in prostate cancer and non-small cell lung cancer .

Furthermore, although adjuvant therapy may effectively target micrometastases, preventing (or at least delaying) further

metastatic progression for many patients, it selects for resistant subclones that can make subsequent management and

treatment more challenging for patients that do inevitably develop metastasis.

This study was mostly (>70% of primary CRC and distant metastases) based on multi-region WES of precious patient-

matched primary CRC and metastatic tumour samples, with additional lymph node metastases in three cases.

Furthermore, ultra-depth targeted sequencing (median 2691×, range 1921–3842) was used to validate all somatic

variants. Collectively, this allowed a higher resolution for the detection of subclonal mutations, more accurate phylogenetic

analysis, and identification of polyclonal seeding patterns. However, the results of this study need to be validated in a

larger cohort of multi-region patient-matched primary and metastatic high-depth sequenced data.
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3. Conclusion

This entry provides valuable insight into our understanding of tumour evolution and the effect of therapy on metastatic

CRC, especially in the Saudi population, with recognised earlier disease onset. Despite most of our cases supporting a

late dissemination model, the presence of cases that either incurred prior treatment or have additional intratumour

heterogeneity (due to early dissemination or polyclonal spread to the metastasis) may raise clinical challenges for

targeted therapy and metastasis prevention. However, the results of this study need to be validated in a larger cohort.
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