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The microbiome, particularly the compo-
sition and diversity of microbial communi-
ties within various tissues, influences cancer 
development, progression and therapy 
response across various malignancies.1–5 
Understanding specific microbial signatures 
associated with cancers, termed the onco-
biome, is crucial for advancing diagnostic 
and therapeutic strategies.

Analysis of microbial reads from whole-
genome sequencing data of blood and tissue 
samples from The Cancer Genome Atlas 
(TCGA) identified microbial communities 
distinguishing hepatocellular carcinoma 
(HCC) from non-cancerous tissue and other 
cancers.2 These findings are robust across 
multiple rigorous analysis pipelines. Addition-
ally, circulating microbiome DNA has shown 
promise as a biomarker for early lung cancer 
diagnosis and recurrence, suggesting the 
viability of blood-based microbial detection 
platforms.2 Furthermore, recent research on 
metastatic tissues indicated microbial commu-
nities align more closely with the metastatic 
site rather than the primary cancer origin, 
though this was not evaluated in blood.1

However, significant challenges remain for 
microbial cell-free DNA (cfDNA) to effec-
tively distinguish primary from secondary liver 
tumours. Previous studies have not demon-
strated if microbial cfDNA differentiates 
between HCC and metastatic liver tumours. 
Additionally, hepatitis B virus (HBV) DNA 
contamination limited the ability to clearly 
separate HCC from non-HCC samples. Thus, 
it remains uncertain whether liver cancers 
share a common microbial cfDNA profile 
or if primary liver cancers possess a distinct 
signature. In this study, we apply shotgun 
metagenomics to cfDNA to identify unique 

blood-based bacterial signatures that differ-
entiate HCC from metastatic colorectal 
cancer (mCRC).

We assessed the metagenomic profile of 
tumour, adjacent tissue and plasma samples 
from participants diagnosed with HCC (n=16) 
or mCRC (n=11) (online supplemental table 
1). There were no significant differences in 
age, sex, race or ethnicity between the partic-
ipants in the two groups. 88% of patients 
with HCC had underlying advanced fibrosis/
liver cirrhosis, while none of the patients with 
mCRC had cirrhosis. None of the patients 
in the study cohort had an underlying HBV 
infection or exposure. Only one patient with 
HCC had alpha-fetoprotein (AFP) levels 
that would warrant concern for HCC (ie, 
AFP>400 ng/mL), and most patients with 
HCC had AFP below the threshold of surveil-
lance (ie, AFP<20 ng/mL).

We performed shotgun metagenomics on 
cfDNA from plasma and paired liver tissues 
using established protocols,6 followed by strin-
gent computational preprocessing to remove 
host-derived reads, laboratory-associated 
contamination and potential misclassifica-
tion (figure  1a; see online supplemental 
methods). We observed a clear difference 
in plasma microbial cfDNA between the 
two groups on the Robust Principal Coordi-
nates Analysis (RPCA)-Principal Coordinates 
Analysis (PCoA) biplot (figure  1b) (RPCA-
Permutational Multivariate Analysis of Vari-
ance (PERMANOVA), p=0.015). However, 
despite many of the patients with HCC having 
liver disease and/or cirrhosis, we did not 
observe a difference based on tissue micro-
bial signatures between the patient groups on 
the RPCA-PCoA biplot (online supplemental 
figure S1a,b) (RPCA-PERMANOVA, p=0.624 
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Figure 1  Plasma microbial signatures of patients with liver tumours. (a) Schematic representation of study design, 
experimental and computational processing including host filtration using the Human Pangenome Reference Consortium, 
microbial classification using Qiita and laboratory-associated decontamination with SCRub. (b) Differences in community 
structure represented by the RPCA-PCoA between the plasma of participants with primary liver tumour (HCC) or with metastatic 
liver tumour (mCRC) (RPCA-PERMANOVA, p=0.015). (c) Top and bottom 10 microbial taxa associated with primary liver 
tumour (HCC, green) or metastatic liver tumour (mCRC, pink).The left panel represents the differential abundance rankings from 
BIRDMAn. The right panel represents the relative abundances for each participant and average for each condition. BIRDMAn, 
Bayesian Inferential Regression for Differential Microbiome Analysis; cfDNA, cell-free DNA; HCC, hepatocellular carcinoma; 
mCRC, metastatic colorectal cancer; PCoA, Principal Coordinates Analysis; PERMANOVA, Permutational Multivariate Analysis 
of Variance; RPCA, Robust Principal Coordinates Analysis.

for adjacent tissue, p=0.735 for tumour). Using Bayesian 
Inferential Regression for Differential Microbiome Anal-
ysis (BIRDMAn), we identified the top 10 microbial taxa 
differentiating HCC and mCRC (figure  1c). Microbes 
predominantly found in patients with mCRC include 
Acinetobacter (A.) tandoii, A. tianfuensis, A. septicus, A. 
parvus, Pseudomonas asiatica and Bifidobacterium faecale. 
Pseudomonas aeruginosa is more commonly found in the 
plasma of patients with HCC. Another genus more domi-
nant in patients with HCC was Corynebacterium (C.), which 
includes the C. accolens and C. glucuronolyticum species.

Our analysis identified bacterial taxa significantly 
differentiating mCRC from HCC, notably highlighting 
several species with known clinical relevance. The genus 
Acinetobacter, including species such as A. septicus, A. 
parvus and A. lwoffii, is often associated with nosocomial 
infections, bloodstream infections and gastrointestinal 
inflammation, suggesting possible clinical implications in 
mCRC patients. Additionally, Pseudomonas asiatica, iden-
tified predominantly in mCRC, has recently emerged as 
a potential pathogen in hospitalised patients, whereas 
Bifidobacterium faecale is related to antitumour immunity 
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in preclinical models. Conversely, the HCC group showed 
enrichment for P. aeruginosa, a pathogen associated with 
immunocompromised patients and liver transplantation 
complications, but intriguingly also implicated in tumour-
suppressive pathways. Similarly, C. accolens and C. glucu-
ronolyticum, also enriched in HCC, have recognised roles 
in antimicrobial defence and genitourinary infections, 
respectively. These findings suggest diverse functional 
roles of microbial species that may influence tumour 
progression or reflect the underlying host environment, 
underscoring the need for further exploration of their 
origin, functional impact and clinical relevance in liver 
malignancies.

Our study demonstrates that bacterial cfDNA in the 
blood distinguishes patients with HCC from those with 
mCRC. This finding supports prior work showing that 
microbial DNA can differentiate between tumour types 
and provides new evidence that it may distinguish primary 
hepatic malignancies from liver metastases. A key strength 
of our study is that the microbial signatures differenti-
ating HCC from mCRC were not driven by viral hepatitis 
DNA, which limited prior studies involving large hepatitis 
B cohorts.2 In contrast to the earlier TCGA study,2 we did 
not observe distinct microbial signatures between tumour 
and adjacent tissue within groups or between HCC and 
mCRC tissue samples. One possible explanation is that 
plasma may carry a stronger microbial signal—partic-
ularly in patients with mCRC, who may shed microbes 
from both colorectal and liver tumours—compared with 
patients with HCC, whose signal likely derives only from 
liver tumours. Although plasma microbial DNA may orig-
inate from multiple sources (eg, gut, oral cavity or liver), 
the ability of blood-based profiles to distinguish HCC 
from mCRC—despite both being hepatic tumours—
suggests the presence of a tumour-specific microbial 
signature that merits further investigation.

Several factors may explain the stronger microbial 
signal observed in mCRC. Disruption of the gut vascular 
barrier can allow bacterial translocation from colorectal 
tumours to the liver, promoting metastasis and potentially 
amplifying microbial cfDNA in circulation.7 Additionally, 
more advanced cancer stages often exhibit higher levels 
of cfDNA,8 which may also apply to microbial cfDNA and 
contribute to the clearer signal in patients with mCRC. 
The lack of tissue-level microbial differences between 
groups may also reflect limited sample size, as seen in the 
TCGA study, or methodological factors—such as our use 
of blood-specific protocols optimised for microbial read 
recovery. Together, these findings suggest that blood-
derived microbial cfDNA may outperform tissue-based 
microbial profiling for detecting and distinguishing 
malignancies.

Our pilot study has several limitations. First, the cohort 
consists of individuals with resectable tumours, and it is 
unclear whether bacterial cfDNA is present in sufficient 
quantities to enable screening or surveillance in broader 
clinical populations. Second, the impact of prior treat-
ments—such as locoregional or systemic therapy—on the 

tumour microbiome and corresponding plasma cfDNA 
remains unknown. Third, the depth of metagenomic 
sequencing required for detecting microbial cfDNA as a 
diagnostic marker remains costly. However, as sequencing 
costs decrease or more specific microbial signals are iden-
tified, this approach may become clinically viable. Fourth, 
the small sample size may limit statistical power and intro-
duce bias. Our design was informed by prior TCGA-based 
work showing that blood-derived microbial DNA could 
distinguish HCC from other cancers with an Area Under 
the Receiver Operating Characteristic Curve (AUROC) 
of 0.99.2

While promising, these findings require validation in 
larger, independent cohorts to confirm generalisability, 
particularly in surveillance populations. Future studies 
should also investigate the origin of microbial cfDNA 
by characterising faecal, rectal or oral microbiomes 
alongside blood. Lastly, because our study compared 
patients with HCC (mostly with cirrhosis) to patients 
with mCRC (without liver disease), the observed differ-
ences could reflect underlying liver pathology. However, 
similar microbial patterns in adjacent tissues across both 
groups argue against this. To clarify, future studies should 
examine patients with cirrhosis or advanced metabolic 
dysfunction-associated steatotic liver disease (MASLD) 
prior to HCC development and compare them to those 
with HCC at earlier disease stages. This will help deter-
mine whether circulating microbial signatures reflect 
liver disease, tumour presence or both.

Although we do not present a specific bacterial DNA 
biomarker, predictive model or diagnostic test, our study 
lays groundwork for understanding the importance of 
microbial cfDNA profiles in blood. These profiles hold 
potential clinical applications, such as early cancer detec-
tion or monitoring high-risk patients, which can be vali-
dated in independent cohorts. Overall, these findings 
indicate a unique, disease-associated microbiota evident 
in blood, potentially serving as biomarkers for cancer 
diagnosis, prognosis, development, progression and 
therapy response. Furthermore, the distinct microbial 
signatures may offer insights into novel, microbiome-
based therapeutic strategies to manipulate the tumour 
microenvironment.
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