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Every gene can
(and possibly will) be
associated with cancer
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A PubMed analysis shows that the
vast majority of human genes have
been studied in the context of can-
cer. As such, the study of nearly
any human gene can be justified
based on existing literature by its
potential relevance to cancer. More-
over, these results have implications
for analyzing and interpreting large-
scale analyses.

Cancer as the most studied
biomedical topic

Cancer is one of the most common dis-
eases of modern times. In industrialized
countries, cancer affects roughly one in
two people at some point during their
lives [1] and cancer incidence and mortal-
ity is expected to continue increasing
given the ageing populations worldwide
[2]. Not surprisingly, cancer attracts a
huge amount of research funding from
government, private, and philanthropic
sources [3]. At the time of writing, over 4
million of the over 30 million publications
in PubMed mention cancer. For compari-
son, roughly 350 000 publications men-
tion stroke. As of 2020, over 200 000
papers are published each year mention-
ing cancer (Figure 1). Compared with
other common diseases, like heart or neu-
rodegenerative diseases, cancer is also
seemingly more straightforward to study,
given the wide availability of materials, like
celllines. In other words, the experimental
methods necessary to study cancer seem
to have lower technical limitations com-
pared with many other disease scenarios.
As such, cancer is the most widely studied
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topic in biological and biomedical sci-
ences. However, the huge amount of
data gathered concerning cancer means
that there is much more information
concerning genes associated with cancer
than for any other disease or process.
Human biases in the way genes are stud-
ied can confound systematic analyses,
such as network analyses [4,5]. Here, | ex-
plore the extent of such biases in cancer
associations and their implications.

An analysis of cancer-related
publications

Of the 17 371 human genes with at least
one paper in PubMed, 15 233 (87.7%)
also have at least one paper mentioning
cancer (see [6] for methods). Only three
(SLC26A5, PRPH2, and CRYZ) out of
4186 genes with over 100 publications do
not have a publication mentioning cancer.
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Interestingly, these three genes play spe-
cific roles in the eye and hair cells, tissues
that are not common sources of cancer.
Likewise, genes with at least one paper in
PubMed but no paper mentioning cancer
(n =2138 genes, out of 17 371 genes in
total) are enriched for olfactory receptors
and antimicrobial defenses (see the sup-
plemental information online); these are
processes that, even though some
olfactory receptors can be differentially
expressed in cancer [7], are not commonly
associated with cancer. An incredible
24.4% of all publications associated with
genes in PubMed mention cancer (Figure
2). While co-occurrence of a gene and can-
cer in a publication is not by itself evidence
of a causal association, these numbers
notwithstanding illustrate the huge amount
of studies relating the vast majority of
human genes to cancer.
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Figure 1. Publications per year mentioning cancer, according to PubMed (https://pubmed.ncbi.
nlm.nih.gov/). Stroke is shown for comparison purposes.
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Figure 2. Percentage of publications per gene mentioning cancer, according to PubMed
(https://pubmed.ncbi.nim.nih.gov/). Genes with ten or more publications (n = 11 866) are ranked
from lowest to highest percentage of publications mentioning cancer.

Implications for interpreting
large-scale studies

Inlight of these resullts, clearly the vast ma-
jority of genes that have been studied have
also been studied in the context of cancer.
The study of nearly any human gene can
be justified (e.g., in grant applications)
based on existing literature by its potential
relevance to cancer. When interpreting re-
sults from genome-wide studies and high-
throughput approaches, that typically yield
large gene lists, it is very likely to find asso-
ciations with cancer (>99% chance for re-
sults with three or more genes). Cancer
publication biases can also impact on net-
work analyses, such as protein—protein in-
teractions, that are influenced by the

number of studies of each protein [6]. Un-
derstanding the reasons for biases in
large-scale analyses and correcting for
them is of growing importance to increase
the value of insights and predictions
[4,5,8].

In conclusion, researchers should be
aware of the strong biases towards the
study of genes in the context of cancer
when discussing their results and
interpreting the works of others. In genet-
ics and genomics, literally everything is as-
sociated with cancer. If a gene has not
been associated with cancer yet, it proba-
bly means it has not been studied enough
and will most likely be associated with
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cancer in the future. In a scientific world
where everything and every gene can be
associated with cancer, the challenge is
determining which are the key drivers of
cancer and more promising therapeutic
targets.
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