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A cell-cycle signature classifier for pan-cancer analysis
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Pan-cancer genomics studies have highlighted both driver
mutations and prognostic indicators. The pan-cancer atlas
initiative compares 32 tumour types profiled by The Cancer
Genome Atlas (TCGA) and comprises DNA and RNA
profiles derived from 11,069 human tumours. Integration of
these datasets allows a comprehensive and some might say
holistic analysis of the molecular aberrations and functional
consequences across these types. It also allows association
studies between the frequency of DNA alterations and
activity scores of pathways with fundamental biological role
of cancer. The cell-cycle pathways represent a compelling
choice for such pathway activity-based analysis [1, 2], and
the cell-cycle score signature (CCS) applied by Lundberg
et al. here has been previously validated by the same
research group in a number of breast cancer samples [3, 4].
In this issue of journal, Lundberg et al. hypothesised that a
correlation between cell-cycle pathways and genomic fea-
tures of a tumour can be made for a variety of malignancies,
which could significantly expand the clinical application of
the methodology in the provision of independent prognostic
information.
The previously invented CCS by the authors had cut-offs
specific to the breast cancer, so the authors modified the
existing CCS system for the current analysis, by creating
new tertiles on the basis of the continuous CCS in the pan-
cancer dataset alone. This novel CCS score is generated by
methodology utilising 463 genes that have previously been
identified to have implications on general cell-cycle activity
based on the amalgamation of three different databases—
KEGG, HNGC and Cyclebase 3.0 [3, 4]. The CCS score
was then used for each individual tumour type in the TCGA
pan-cancer dataset to generate low, intermediate and high

CCS subgroups. In doing so, Lundberg et al. have generated
an impressive amount of correlation data, which could be
useful for both the general understanding of cancer biology
and tumour classification. Higher CCS scores are char-
acteristics of tumours with advanced pathological stage and
subjected to radiotherapy. The latter is not surprising, if we
consider how the activation of cell-cycle checkpoints and
how DNA-repair proteins, such as p53, play a role in the
physiological response to ionizing radiation [5]. A con-
firmation of this is also the correlation between the number
of mutations in TP53 and CCS activity, which the authors
could determine with their novel approach.

The regulation of cell-cycle progression by PIK3CA has
been highlighted in the recent years [6], making the protein a
potential therapeutic target for cancer treatment. This evi-
dence is also confirmed by the study from Lundberg et al.,
where, similarly to TP53, mutations in PIK3CA are also
more frequent in cancers with a high CCS score. On the
other hand, mutations in BRAF were not associated with
higher CCS scores. This may indicate that regulation of cell-
cycle molecules by this oncogene may not be direct as with
p53 or PIK3CA, but it exerts its oncogenic role in different
ways or may require a partner for cell-cycle regulation.

These data, together with the identification of the chro-
mosomal arms associated with CCS-correlated aneuploidy,
highlights the potential of the CCS methodology. We do not
currently know the impact of every gene in the cell cycle,
and the role of less frequently mutated or expressed genes is
elusive. By analysing the dataset used here, it would be
possible to infer the contribution of any gene of interest on
cell-cycle analysis, to then validate it in vitro in either
cancer or other systems.

While the classifier successfully groups tumours in these
categories, it also highlights once again how heterogenous
cancer types are. Using different algorithms, the authors
confirmed that cell-cycle signatures vary among different
tumours. Lack of extensive single-cell signature data does
not permit application of the CCS score to measure intra-
tumor heterogeneity, but this is not considered a limitation
of this current study. When more extensive application of
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single-cell analysis will be available, the tool by Lundberg
et al. could provide insights of how cell-cycle signatures are
among the most heterogeneous tumours. It could ultimately
provide prospective information regarding the responses of
subsets of cancers to treatments, including radiotherapy.
The most ambitious scope of the study was to assess the
relationship between cell-cycle activity and clinical out-
come, in particular progression free interval. The use of a
CCS classifier provided significant prognostic information
for four tumour types: renal cell carcinoma, low grade
glioma, sarcoma and uveal melanoma. In addition, CCS
tertiles derived at a pan-cancer level provided more prog-
nostic information than CCS tertiles derived at an intra-
cancer level. This in turn suggests that deriving cut-off
points for transcriptional biomarkers on a pan-cancer level,
instead of deriving them in a single cancer type, may be
advantageous, although this requires validation.

The CCS is, however, not without limitations: the
tumour proliferation rate is not the only factor that deter-
mines prognosis. Other factors include increased suscept-
ibility in acquiring genetic alterations or age [7]. For
example, follicular lymphomas are indolent in nature, but
they often are associated with a poor prognosis [8]. Certain
limitations also arise from utilising the TCGA dataset. First,
as the authors mentioned that the analysis includes data
from DNA and RNA levels, but lacks protein and methy-
lation array data. Second, in the absence of single-cell
resolution data, the CCS is derived from average gene
signals across an entire sample and therefore does not take
tumour heterogeneity into account. As the results are gen-
eralised it compromises the claim that certain mutations are
more prevalent in all ‘aggressive phenotypes’. Third,
external validation for the CCS signature was not possible
as TCGA is the only dataset available that provides pan-
cancer data, although by using a pan-cancer approach, the
hope is that the CCS can be applied as a general tool to
examine individual tumours.

In aggregate, this study provides useful information on
the frequency of DNA aberrations found in tumours clas-
sified based on the cell-cycle activity and demonstrates the

prognostic ability of cell-cycle gene expression score
derived at a pan-cancer level. It would be of interest to see
how such tool can serve as an additional independent
assessment of prognosis in specific cancers. However, the
data, as it currently stands unvalidated, cannot be applied
solely to specific cancers and this limits its use in a clinical
context, while showing a higher level of applicability in the
more generic field of cancer biology.
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