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Sclonal architectures predict clinical outcome in colon

adenocarcinoma

Colorectal carcinoma (CRC) is among the most common cancers
with high morbidity and mortality among all malignancies, and the
most common CRC is colon adenocarcinoma (CA).! Although radi-
cal resection combined with chemotherapy improved survival,? the
5-year overall survival rate did not exceed 65%.3° To understand
the aetiology of CRC, a large number of studies have been con-
ducted to screen genetic changes in patients.®” The genetic land-
scape of CRC is characterized by increased mutations, carcinogenic
WNT pathway changes, microsatellite instability, copy number
amplification and recurrent chromosomal translocations, includ-
ing APC, TP53, SMAD4, PIK3CA and KRAS, ARID1A, SOX9 and
FAM123B/WTX mutations and potential drug-targeted amplifica-
tion of ERBB2 and copy number amplification of IGF2 (Figure 1A-F).
Comprehensive analysis of genetic and clinical information sug-
gests that certain somatic copy number variation (SCNA) or mutant
driving genes may be potential prognostic markers.'° The develop-
ment of cancer is driven by the gradual accumulation of somatic
changes, and mutations obtained at different stages of tumour
development may be associated with different clinical outcomes.**
However, the chronological sequence of somatic events and their
potential clinical effects during CRC evolution have not been fully
studied. The evolutionary pattern of CRC has great patient het-
erogeneity. Among them, TP53, KRAS and APC are considered to
be the most common earliest events, which may be used as CRC
driver events. CSMD3, TTN and ERBB4 appear at the latest in CRC
and may be related to the progression of CRC (Figure 1). Tumours
with a high mutation load are more likely to respond to checkpoint

blockade strategies against immunosuppression.*?*> Survival anal-
ysis showed that the clonal events of the early gene APC had a
greater impact on the prognosis than the sub-clonal events, and
late ERBB4 clonal/sub-clonal events had a poor prognosis for total
survival (Figure 2). For a few types of tumours, more convincing ev-
idence has been established that multiple sub-clones have genetic
changes in the same gene or in genes that play a role in the same
pathway.l“”17 Studies provide evidence that Darwinian evolution
effect for at least part of the ITH: one or more sub-cloning-driven
events in different sub-clones of the tumour.}%822 There was a
significant difference in the amount of N and Stage staging in clonal
events and a significant difference in clonal events in patients with
recurrence events (Figure 2). There is also a significant positive cor-
relation between clonal events and tumour mutation load (TMB)
and new antigen production. The clonal events of samples from the
MMR mutant group were significantly higher than those from the
non-mutant group, which highlighted the importance of systematic
assessment of evolutionary patterns in CRC clinical management
(Figure 2).

Overall, we obtained genome-wide sequencing data from a can-
cer genome atlas of 319 patient cohorts (Table 1). We inferred the
chronology, mutation characteristics and evolutionary patterns of
frequent somatic events in CRC and evaluated their clinical rele-
vance in CRC patients. Our findings revealed the mutation charac-
teristics and ITH changes in CRC evolution, proposed a presumptive
evolutionary model of CRC development and identified some clonal
or sub-clonal events as potential prognostic markers.
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FIGURE 1 Mutation signature distribution of The Cancer Genome Atlas (TCGA) Colon cancer (COAD) samples. A, Cophenetic, dispersion
and RSS distribution when rank = 2-10. B, 3 single nucleotide variant (SNV) mutation signatures identified by consensus non-negative matrix
factorization (NMF). C, Comparison of clonal and sub-clonal mutations and signatures. D, 3 signatures of Colon cancer (COAD) samples.

E, Composition of 30 signatures of Colon cancer (COAD) samples provided by Catalog of Somatic Mutations in Cancer (COSMIC). F, The
similarity between signature A-C and signature 1-30. G, Distribution of clonal and sub-clonal events in CRC samples (Top 30 genes). Top
panel: Statistics on the number of clonal and sub-clonal. Bottom panel: The clonal and sub-clonal status of the CRC sample. Genes marked
with "' indicate genes with significant differences in clonal/sub-clonal events. Un indicates that it cannot be determined as clonal or sub-
clonal events. H, Clonal and sub-clonal enrichment results of mutation rate of > 5% gene (SNV + CNV). * indicates significant enrichment

(P < .05). 1, Cancer cell fraction (CCF) distribution of top 5% mutant genes. Genes that only contains the clone mutation were removed.

J, The temporal maps of SSNV acquisitions in Colon cancer (COAD). K, The temporal maps of somatic copy number variation (SCNV)
acquisitions in Colon cancer (COAD). The arrow indicates that two genes appear in the same sample. The width of the arrow indicates the
number of times the event occurred. Red represents the genes that appear early, grey represents the genes that appear in the intermediate
phase, blue represents genes that appear late, and other colours indicate that the temporal genes cannot be determined. The temporal order
significance test was false discovery rate (FDR) < 0.05
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FIGURE 2 The relationship between overall survival and the clonal/sub-clonal status of somatic copy number variation (SCNV) and
single nucleotide variant (SNV). A, Kaplan-Meier (KM) curve of clonal/sub-clonal state of early genes and overall survival (OS). B-G, Kaplan-
Meier (KM) curve of clonal/sub-clonal state of metaphase genes and overall survival (OS). H, Kaplan-Meier (KM) curve of late gene clonal/
sub-clonal state and overall survival (OS). P values are calculated by log rank sum test. I, The number distribution of Clonal events and
sub-clonal events in the N staging. J, The number distribution of Clonal events and sub-clonal events in the Stage staging; K, the number
distribution of Clonal events and sub-clonal events on the recurring (YES) and non-recurrent (NO) groups. L, The number distribution of
Clonal events and sub-clonal events in the T staging. M, The number distribution of Clonal events and sub-clonal events in the M staging.

N, The number distribution of Clonal events and sub-clonal events in the Age. O, The number distribution of Clonal events and sub-clonal
events in the gender. P, Scatter plot of clonal events and TMB. Q, Scatter plot of sub-clonal events and TMB. R, Scatter plot of clonal + sub-
clonal events and TMB. S, Scatter plot of clonal events and neoantigens. T, Scatter plot of sub-clonal events and neoantigens. U, Scatter plot
of clonal + sub-clonal events and neoantigens. V, Comparison of clonal/sub-clonal events between MMR defect group (YES) and normal
group (NO). W, Comparison of neoantigens between MMR defect group (YES) and normal group (NO). X, Comparison of overall survival (OS)

between MMR defect group (YES) and normal group (NO). Spearman method (Rho value) was used for correlation test. The MMR status
comes from the IHC results
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