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In the past 20 years, we have experienced a growing and 
innovative field investigating the vast human microbiota 
and its influence on health and disease pathogenesis. From 
this, we anticipate new prevention and therapeutic strategies 
for an increasing number of cancer types. In most cancers, 
microbiome research has flourished over the last 5–10 years. 
This is aptly illustrated in this issue of Cancer and Metas-
tasis Reviews which contains important discussions of the 
findings and impact of microbiome research across colon, 
esophageal, pancreatic, and lung cancers, as well as mela-
noma, multiple myeloma, and hematopoietic malignancies. 
These papers discuss important cancer microbiome associa-
tions—local, systemic, and/or cancer-specific—and an early 
appreciation of mechanistic mediators focusing on immune 
responses, microbial metabolites, and/or the tumor microen-
vironment as well as responses to immunotherapy.

In some instances, the findings in the microbiome field 
have been nearly astonishing. One clear example is the 
extraordinary power of diet to quickly manipulate our gut 
microbiota and its function as illustrated in a human short-
term diet switch experiment utilizing high-fiber/low-fat and 
low-fiber/high-fat diets [1]. In contrast, individual and strong 
regional gut microbiota differences limit developing clear 
healthy microbiota standards against which new data can 
be reliably compared [2]. Colon cancer is strongly associ-
ated with a disrupted microbiota but associating a specific 
microbiota context with risk for colon pre-neoplasia able 
to be implemented for colorectal cancer (CRC) prevention 
remains elusive [3]. The unexpected observation of a pancre-
atic microbiome with potential oral and/or fecal microbiome 
contributors presents the opportunity to provide a new entry 
point for understanding and manipulating this deadly cancer.

What are some key variables that clinical and/or transla-
tional investigators must consider when taking on a cancer: 
microbiome project? First is the careful consideration of 
study design and assembly of clinical metadata. Currently, 
many, if not most studies, have been relatively small, cross-
sectional, and/or lack adequate, if any, controls, including 
inconsistent reporting of clinical metadata. We have increas-
ingly recognized the breadth of the exposome [4] with avail-
able data supporting that the gut microbiome is affected by 
numerous extrinsic (e.g., diet, medications) and intrinsic 
(e.g., somatic and epigenetic gene variability, fecal water 
content, immune responses, co-morbidities) host factors, 
which are details not routinely captured or analyzed in many 
microbiome studies. There is debate about what tool or how 
to accurately capture, for example, diet. Second is the broad 
range of technical components that hinder reliable microbi-
ome sequencing (e.g., 16S rRNA, metagenomic, RNA) and 
analysis including sample collection, storage, DNA extrac-
tion, site-dependent sequencing differences, and analytical 
tools among others. Third is the need to “take the next step,” 
namely, validating conclusions from computational studies 
using independent, orthogonal approaches such as biomark-
ers, biology, metabolome measurements, and/or animal 
models. Fourth, at this juncture, investigators need to con-
sider and address how well animal models parallel human 
results, given the observations of Walter and colleagues [5], 
who pointed out the marked differences in the strength of 
conclusions derived from animal models vs human studies 
about the role of the microbiome in disease pathogenesis.

What approaches might help investigators achieve their 
goals to sample and analyze the microbiome to improve 
cancer prevention and/or therapeutic outcomes? A key first 
is expanding the investment in longitudinal studies in high-
risk children and adults with hereditary cancer syndromes 
and/or those with pre-neoplasia or early-stage cancers where 
microbiome impacts from prior therapies should be less-
ened. Early data on microbiota: host gene impacts, includ-
ing inflammatory bowel diseases that exhibit increased gut 
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cancer risk, and/or potential microbiome instability with 
serial antibiotic exposures [6] raise the question whether 
individual differences in microbiome assembly and/or recov-
ery are important to the individual risk for onset and the 
course of cancer as well as other chronic diseases. Certainly, 
substantive data now suggest that antibiotic exposure early 
in immunotherapy hampers its efficacy [7], and the rising 
tide of early-onset CRC suggests that changing exposures in 
childhood may, in part, underpin this deadly trend. A sec-
ond area to address is improving the requirements for and 
consistency of microbiome data reporting to enable cross-
study comparisons to be more readily made. One recent 
suggestion to strengthen the presentation, assessment, and 
understanding of microbiome research across studies is for 
a 17-point “Microbiome Reporting Checklist” to be used 
(STORMS, Strengthening the Organization and Reporting 
of Microbiome Studies) [8], an approach akin to CONSORT 
(Consolidated Standards for Reporting Trials) guidelines for 
reporting of clinical trials. Third, given the early promise of 
data-driven, quality-controlled microbiome therapies such 
as the development of microbiota-directed complementary 
foods [9] or SER-109 as a possible therapy for recurrent 
Clostridioides difficile disease [10], we need an accelerated 
commitment to developing prospective, controlled human 
trials of microbiome-modifying products supported by in-
depth cross-disciplinary science and likely re-imagined and 
better integrated training of our medical scientists.

Many directions with exceptional promise for microbi-
ome science and cancer are emerging. We are at a threshold 
where the “race to publish” should be tempered by the desire 
to build better-designed and -analyzed studies, to enhance 
intra- and inter-discipline communication, and to validate 
results from both human and animal studies. These steps will 
hasten our ability to bring new, reliable microbiome-derived 
tools and therapies to yield our desired outcomes, cancer 
prevention, and life-extending, life-improving therapies that 
complement traditional cancer therapy approaches.
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