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Background
Breast cancer is the most commonly diagnosed cancer
among women, with more than 2 million new cases diagnosed in 2018 [1], and rapidly rising global incidence.
Though breast cancer has been extensively studied,
established risk factors explain only half of breast cancer
incidence [2], and few are modifiable. Identifying further
risk factors is urgently needed to inform cancer control
strategies to slow the rise in the rate of breast cancer.
New ‘omics-based approaches to exposure measurement
may enable hundreds to thousands of novel exposures to
be evaluated simultaneously, often in pathways that
would otherwise be unstudied.
Metabolism and risk of breast cancer
In a recent article, His et al. used metabolomics to
examine levels of 127 circulating metabolites and their
association with breast cancer risk [3]. Metabolomics involves measuring hundreds of metabolites from human
metabolic processes, such as food digestion and energy
homeostasis. Metabolism is a prime target for research
since many aspects can be modified through diet, weight
control, or physical activity. Strong evidence implicates
obesity and physical inactivity in breast cancer risk [4].
His et al. found that levels of acylcarnitine C2 are positively associated with breast cancer risk, and levels of
phosphatidylcholine (PC) ae C36:3 are inversely associated with risk in the overall population. The findings for
acylcarnitine C2 are particularly intriguing. Acylcarnitine
C2 facilitates the transport of fatty acids into the mitochondria. Higher levels are a marker for lipid oversupply
and upregulated fatty acid oxidation [5]. In cancer cell
biology, lipid oversupply is thought to enhance cancer
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cell proliferation by providing the raw materials needed
to generate new cells [6]. Though speculative, it is suggested that chronic lipid oversupply increases breast
cancer risk, perhaps by supplying energy and nutrients
to growing tumors.
The inverse association between PC ae C36:3 and risk
is more challenging to interpret. This measure is a sum
of multiple phosphatidylcholines, and little is known
about individual phosphatidylcholines and their relation
to health. Another finding of His et al. was that metabolite associations with risk were greater in number and
magnitude among non-hormone users (70% of the
cases). As the authors note, this pattern echoes that of
biomarker studies outside of the area of metabolomics.
Non-hormone users may be a special population of
interest for future metabolomics and breast cancer
studies.
The findings of the study by His et al. are biologically
intriguing and potentially important, but we must now
acknowledge a complicating fact: their findings do not
replicate those of preceding prospective studies on metabolomics and breast cancer [7–9] – and not likely because of deficient study design. With 1624 breast cancer
cases, the study by His et al. is by far the largest on this
topic (with 1000 more cases than the next largest study
[9]) and the Biocrates assay was highly reliable. Statistical analysis was careful, and the authors conclusions
were conservative. All things considered, the study by
His et al. may, in fact, be the most methodologically
sound study to date on this topic.

Heterogeneity among study results
The lack of replication, then, may reflect broader issues
in metabolomics and breast cancer research. One pressing issue is that metabolomics platforms measure different sets of metabolites, which foils attempts to replicate
results from study to study. For example, a prior
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prospective study using the Metabolon platform found
that specific branched-chain amino acid byproducts and
sex steroid hormone metabolites were associated with
breast cancer risk [9]. However, His et al. could not
evaluate these associations because the Biocrates assay
did not measure the relevant metabolites. For researchers to uncover reproducible associations, it is essential that metabolomics platforms improve in terms of
coverage and their overlap with one another. It may also
be valuable for researchers to develop methods for imputing missing metabolites, as done in genome-wide association studies, to improve harmonization across
studies.
A second important issue is that, typically, sample sizes in
metabolomics–breast cancer studies have been small (i.e.,
621 or fewer cases), possibly resulting in false positives and
failures to replicate. Several of the metabolites measured by
His et al. were previously associated with breast cancer risk:
valine [8, 9], glutamate [9], lysine [8], arginine [8], glutamine
[8], creatinine [8], phosphatidylcholine acyl-alkyl C30:0 (PC
ae C30:0) [7], and lysophosphatidylcholine acyl C18:0
(lysoPC a C18:0) [7]. In His et al., though, the associations
did not replicate, highlighting that initial studies perhaps
needed to be larger to yield robust results.
These failures to replicate may surprise researchers studying other diseases, for which metabolomics findings have
generally been able to be replicated. In diabetes research, for
example, a metabolic profiling study published in 2011 identified associations between branched-chain and aromatic
amino acids and diabetes risk [10], and these findings have
been replicated many times since. If diabetes findings replicate with ease, why not those for breast cancer? Possibly,
metabolic factors just have comparatively modest associations with breast cancer risk. For instance, acylcarnitine C2
in His et al. is associated with a 15% increase in breast cancer
risk per standard deviation increment, whereas several metabolites are associated with 50–100% increases in diabetes
risk per standard deviation increment [10].
Clarifying breast cancer risk factors is undoubtedly important, but if associations are of modest to moderate
magnitude, then special care must be taken with study
design. Genomics researchers learned this lesson the
hard way after a “lost decade” of irreproducible studies
on common genetic variants – a problem they ultimately
resolved by scaling up studies, imputing variants across
studies, and pooling data into massive consortium-based
analyses. Metabolomics researchers who are focused on
breast cancer – or any cancer for that matter – should
heed these lessons.

Conclusion
In the largest prospective study of metabolomics and
cancer to date, His et al. make a key advance in the hunt
for metabolic breast cancer risk factors. Their findings
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suggest new etiologic clues and provide a robust foundation upon which future studies can build. Going forward,
researchers should consider with care how best to build
upon this foundation.
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