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Abstract
Overall, the prognosis of patients suffering from stage II colon cancer is relatively favorable. However, a proportion of
patients develop a recurrence following surgery. Clinical and histopathological properties that identify high-risk
patients are of limited value and better biomarkers are urgently required. In a recent issue of The Journal of Pathology,
Lahoz et al proposed that copy-number-based biomarkers could be employed for patient stratification. The authors
studied copy-number alterations (CNAs) at the genomic scale by measuring the total CNA load (the aberrant genome
fraction), and at a smaller scale by identifying common arm- or cytoband-level alterations. Both the overall CNA load
and specific chromosomal regions were associated with an increased risk of recurrence. Most interestingly, it was
demonstrated that copy-number intratumor heterogeneity, as defined by subclonal CNAs, is associated with poor
disease outcome. This study demonstrates that structural genomic aberrations are promising biomarkers for patient
stratification in early colon cancer.
© 2022 The Authors. The Journal of Pathology published by JohnWiley & Sons Ltd on behalf of The Pathological Society of Great Britain
and Ireland.
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Around 10–15% of stage II colon cancer patients relapse
within 5 years after surgery [1]. Treatment of all stage II
colon cancer patients with adjuvant chemotherapy is
associated with only a minimal overall reduction in
recurrence rates [2], not outweighing the side effects
and risks associated with treatment itself. Ideally, only
patients with a high risk of relapse would receive adju-
vant therapy to reduce the recurrence rate, while patients
that are less likely to relapse should be spared exposure
to chemotherapy. Selection of high-risk stage II patients
based on clinicopathological features is suboptimal.
Currently, these cancers are identified based on bowel
obstruction or perforation, poor differentiation grade,
lymphovascular invasion, insufficient lymph node
retrieval, and advanced T stage. Of these features, T4
stage seems to be the most important determinant, but
the vast majority of stage II T4 cancers do not develop
a recurrence, even without adjuvant therapy. With
respect to molecular markers, BRAFV600E mutations
(high-risk) and microsatellite instability (MSI, low-risk)

are of value, but these only comprise small groups of
patients [3]. Therefore, there is an urgent need to develop
novel biomarkers that can stratify stage II cancers into
distinct risk groups, and ideally predict benefit from
adjuvant therapy.
In a recent and very relevant study, Lahoz et al investi-

gated whether chromosomal copy-number alterations
(CNAs) can predict recurrence rates in early colon cancer
[4]. Their cohort consisted of 84 stage II colon cancer
patients who did not receive adjuvant therapy, and that
was enriched for cases that developed a recurrence
(n = 38, 45%). The authors first noted differences between
the recurrent and nonrecurrent patient groups in common
clinical characteristics and previously identified histopath-
ological biomarkers. Lahoz et al [4] further studied genetic
biomarkers, including somatic mutations, specific CNAs,
genome-wide CNA load, and copy-number intratumor
heterogeneity (ITH).
In line with earlier studies, Lahoz et al [4] found a

significant association of recurrence with reported

Journal of Pathology
J Pathol August 2022; 257: 575–578
Published online 23 May 2022 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/path.5919

INVITED COMMENTARY

© 2022 The Authors. The Journal of Pathology published by John Wiley & Sons Ltd on behalf of The Pathological Society of Great Britain and Ireland.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.

https://orcid.org/0000-0002-5266-8446
https://orcid.org/0000-0002-0729-3753
https://orcid.org/0000-0002-6066-789X
mailto:l.vermeulen@amsterdamumc.nl
http://wileyonlinelibrary.com
http://creativecommons.org/licenses/by/4.0/


high-risk markers, including poor differentiation
grade, tumor budding, and lymphovascular invasion.
In addition, a low CD8+ lymphocyte infiltration rate

predicted an increased probability of recurrent disease
[5]. The authors further found somatic mutations in the
SOX9, NOTCH1, and SYNE1 genes to be associated with

Figure 1. Copy-number intratumor heterogeneity increases risk of recurrence. Copy-number intratumor heterogeneity enhances the immune
evasion of a cancer and increases the probability of subclones successfully migrating to and seeding in other microenvironments, increasing
the risk of recurrence after surgery.
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a higher risk of recurrence. Specific chromosomal
alterations associated with a higher risk were found on
chromosomes 13q, 17p, and 17q, which further indicates
a possible impact of the SOX9 gene located at locus
17q24.3. Previous studies have also mentioned chromo-
some 13q and the genes DIS3 and WNT-related genes
CDX2 and CDK8 at this chromosome arm to be related
to colorectal cancer progression [6–8]. More generally,
total CNA load was also found to increase the risk of
recurrence, in accordance with previous results in a
pan-cancer study that measured whole-genome copy-
number load [9].

ITH is a biomarker that has shown prognostic rele-
vance in many malignancies in recent years, but until
now no specific results were reported on the prognostic
value of copy-number ITH in early colon cancer. Lahoz
et al found that a high number of subclonal CNAs was
associated with a higher risk of recurrence in both a uni-
variate and multivariable setting [4]. The results of that
study are in line with a recent study that showed copy-
number ITH to be predictive of survival in many differ-
ent cancer types and tumor stages [10]. Interestingly,
mutational ITH showed no relation to risk of recurrence
in the current study. This indicates that ITH at the copy-
number level is a robust biomarker and more related to
poor disease outcome as compared to single nucleotide
variants, which could provide an insight into the under-
lying mechanism.

Copy-number ITH is thought to be driven by ongoing
chromosomal instability (CIN) [11], which causes con-
stant creation of new subclones with different karyotypes
and phenotypes. Indeed, measurements of copy-number
ITH correlate with measurements of CIN [10]. Higher
copy-number ITH could reflect a higher rate of evolution
and higher phenotypic heterogeneity within tumors [11].
High phenotypic heterogeneity and accelerated evolution
allows a tumor to explore a wider selection of fitness
landscapes, which might increase the ability to evade the
immune system and to deal with other selective pressures.
Phenotypic heterogeneity typically increases the probabil-
ity that subclones can successfully seed to differentmicro-
environments (Figure 1). A higher likelihood of migration
and metastatic seeding could be a viable explanation for
the relation between copy-number ITH and risk of recur-
rence, as microscopic metastases might already be present
at the time of surgery. It cannot be excluded that the lack
of relation between mutational ITH and recurrence is due
to the limited gene panel that was assessed, but it could
also imply that copy-number ITH has a more pronounced
impact on phenotypic heterogeneity than mutational
ITH. In this respect, MSI tumors are of interest, as they
generally have high mutational ITH and low copy-
number ITH and low CNA load and are well known to
have a better prognosis than microsatellite stable (MSS)
tumors in low-stage colon cancer [3]. This further
enforces copy-numbers to be the determining ITH factor
in relation to recurrence risk.

Altogether, the study by Lahoz et al [4] provided
new key insights into molecular risk prediction in
stage II colon cancer, but also acknowledges that further

research is needed. Specifically, copy-number ITH was
found to be a marker for disease recurrence that should
be validated in additional cohorts. It would also be
interesting to incorporate less invasive methods, such
as liquid biopsies to measure copy-number ITH in circu-
lating tumor DNA that could aid in determining ITH or
the presence of possibly metastatic subclones. Impor-
tantly, the current results indicate a prognostic value of
CNAs and follow-up research should investigate the
benefit of adjuvant chemotherapy in this patient group.
As colon cancer is a heterogeneous disease with multiple
subgroups that could influence therapy efficacy [12], it is
perceivable that the unique biology that is associated
with increased copy-number ITH also selects for
therapy-resistant cancers. Therefore, demonstrating the
predictive value of biomarkers for high-risk stage II
colon cancers will ultimately depend on randomized
clinical trial data.
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