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Background: Gut microbiome has been associated with the efficacy of immune checkpoint 
inhibitors (ICI) in patients with various types of cancers but not yet in hepatocellular 
carcinoma (HCC).
Aims: To investigate the association between gut microbiome and efficacy of ICI in patients 
with HCC.
Methods: Patients with HCC who were scheduled to receive ICI were prospectively enrolled. 
Fecal samples were collected within 7 days before initiation of ICI (baseline) and 8 weeks later. 
Gut microbiome was assessed using 16S rRNA sequencing and shotgun whole-genome sequen-
cing and correlated with objective response (complete or partial response), disease control 
(objective response or stable disease for ≥16 weeks), and overall survival.
Results: Thirty-six patients with HCC were enrolled, and 20 of them provided both baseline 
and 8-week feces. Alpha diversity, richness, and compositions of baseline gut microbiome 
indicated no difference between responders and nonresponders or between disease control 
and nondisease control groups. For the 20 paired feces, immunotherapy did not change any 
of the major microbiome features. No specific taxa were enriched in patients with objective 
response. Three taxa—Bifidobacterium, Coprococcus, and Acidaminococcus—were enriched 
in patients with disease control. However, the baseline abundance of these three taxa did not 
predict overall survival benefit.
Conclusions: In this exploratory study, we failed to disclose any overt association of gut 
microbiome with the efficacy of ICI in patients with HCC. A larger prospective study is 
warranted for definite conclusion.
Keywords: gut microbiome, biomarkers, immune checkpoint inhibitor, hepatocellular 
carcinoma

Introduction
Immune checkpoint inhibitors (ICIs) are being widely used in the treatment of advanced 
hepatocellular carcinoma (HCC). The US Food and Drug Administration has approved 
ICI monotherapy,1,2 ICI combination therapy,3 and ICI plus an anti–vascular endothelial 
growth factor antibody4–6 for HCC. Although some biomarkers, such as programmed 
cell death (PD) ligand-1 (PD-L1) expression, tumor mutation burden, and microenviron-
mental immune cells, have been linked to the efficacy of ICI in HCC,2,7 a decisive 
biomarker that can help in clinical decision-making remains elusive.

Differential baseline gut microbiome profiles between responders and nonresponders 
have been reported in patients with melanoma, non–small-cell lung cancer, and renal cell 
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carcinoma receiving ICIs.8–17 Fecal microbiota transplantation 
(FMT) with human responders’ feces augmented the antitu-
mor activity of ICI in tumor-bearing germ-free mice, whereas 
FMT with nonresponders’ feces attenuated it.8–10 Thus, base-
line gut microbiota may modulate response to ICI and serve as 
a predictor for efficacy of ICI in cancer patients.

The current study explored the association between gut 
microbiome defined through both 16S rRNA and shotgun 
whole-genome sequencing and efficacy of ICI in patients 
with advanced HCC.

Materials and Methods
Patients
Patients with advanced HCC scheduled to receive either 
anti-PD-1 or anti-PD-L1 monotherapy or in combination 
with an immunomodulatory agent who agreed to undergo 
stool collection were prospectively enrolled from National 
Taiwan University Hospital and Taipei Veterans General 
Hospital. All patients provided written informed consent. 
They must have Child–Pugh class A or B, Eastern 
Cooperative Oncology Group (ECOG) performance status 
0–2, and adequate organ reserves. Feces were collected 
within 7 days before (baseline) and at 8 weeks (8W) after 
immunotherapy initiation. Radiological assessments were 
performed every 6–9 weeks, depending on the regimens, 
until a progressive disease was confirmed. The efficacy of 
immunotherapy in this study was evaluated as the best 
response throughout the treatment course per Response 
Evaluation Criteria in Solid Tumors (RECIST) v.1.1. 
“Objective response” was defined as complete or partial 
response, whereas “disease control” was defined as objec-
tive response or stable disease lasting ≥16 weeks. Overall 
survival was calculated from the date of initiation of 
immunotherapy to the date of death or last follow-up. 
This study was approved by the Research 
Ethics Committee of each participating hospital (National 
Taiwan University Hospital: 201712134RINC; Taipei 
Veterans General Hospital: 2017-09-007CC, 2019-07- 
007AC, and 2019-08-006B) and was conducted in com-
pliance with the Declaration of Helsinki and other ethical 
guidelines.

Fecal Sample Storage and Processing
Fresh fecal samples were collected using HMP stool col-
lection kits and were kept at approximately 4 °C before 
and during delivery to the laboratories of each participat-
ing hospital. Fecal samples were sent to the laboratories 

within 24–48 h after collection. On arrival at the labora-
tory, fecal samples were homogenized and then stored at 
−80 °C until analysis. DNA was extracted using 
PowerFecal DNA isolation kits (QIAGEN, Hilden, 
Germany), according to the manufacturer’s instruction.

16S v3-v4 Sequencing Library Preparation
The 16S metagenomic sequencing libraries were generated 
according to the manufacturer’s instruction provided by 
Illumina (#15044223 Rev. B). In brief, 12.5 ng of DNA 
was used for PCR amplification of the v3 and v4 regions 
of 16S rRNA gene. The PCR primers contained overhang 
adapter sequences, and the full-length primer sequences 
are as follows: 5′-TCGTCGGCAGCGTCAGA 
TGTGTATAAGAGACAGCCTACGGGNGGCWGCAG- 
3′ (forward primer) and 5′-GTCTCGTGGGCTCGGAGAT 
GTGTATAAGAGACAGGACTACHVGGGTATCTAAT-
CC-3′ (reverse primer). PCR products with the length of 
approximately 550 base pairs (bp) were purified with 
AMPure XP beads (Beckman Coulter, USA) and subjected 
to a secondary PCR reaction with primers from the 
Nextera XT Index kit (Illumina, USA), which attached 
the dual indices and Illumina sequencing adapters onto 
the v3 and v4 regions. After PCR, the final libraries 
(approximately 630 bp) were purified with AMPure XP 
beads and subjected to next-generation sequencing.

MiSeq-Based High-Throughput 
Sequencing and Data Analysis
The concentrations of 16S v3-v4 sequencing libraries were 
determined by real-time quantitative PCR with Illumina 
adapter-specific primers provided by KAPA library quan-
tification kit (KAPA Biosystems, Pleasanton, CA, USA).

Libraries were denatured and sequenced by Illumina 
MiSeq platform with reagent v3 for pair-end sequencing 
(2*300 bp).

Shotgun Whole-Genome Sequencing 
Library Construction
Baseline fecal samples from National Taiwan University 
Hospital were used for shotgun whole-genome sequencing 
for taxa identification at the species level. One μg of DNA 
per sample was used for DNA sample preparation. 
Sequencing libraries were generated using NEBNext 
Ultra DNA Library Prep Kits for Illumina (Ipswich, MA, 
USA), according to manufacturer’s instructions, and index 
codes were added to attribute sequences to each sample. In 
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brief, the DNA sample was fragmented by sonication to 
a size of 350 bp; next, the DNA fragments were end- 
polished, A-tailed, and ligated with the full-length adaptor 
for Illumina sequencing with further PCR amplification. 
PCR products were purified (AMPure XP system), and 
libraries were analyzed for size distribution by Agilent 
2100 Bioanalyzer (Santa Clara, CA, USA) and quantified 
using real-time PCR. After on-board cluster generation, 
the libraries were sequenced on an Illumina NovaSeq plat-
form, and paired-end reads were generated.

Bioinformatics
16S rRNA Sequencing Data
Amplicon sequencing was performed by using 300-bp 
paired-end raw reads, and the entire paired-end reads 
were assembled using FLASH v.1.2.7.18 Demultiplexing 
was conducted based on barcode identification. Low- 
quality reads (Q < 20) were discarded in the QIIME 
v.1.9.1 pipeline.19 If three consecutive bases were Q < 
20, the read was truncated, and the resulting read retained 
in the data set only if it was at least 75% of the original 
length using split_libraries_fastq.py script in QIIME.20 

Sequences were chimera-checked using UCHIME to 
obtain the effective tags21,22 and filtered from the data 
set before operational taxonomic unit (OTU) clustering at 
97% sequence identity using the UPARSE23 function in 
the USEARCH v.7 pipeline.24 For each representative 
sequence, the RDP classifier v.2.2 algorithm25 was used 
to annotate taxonomy classification based on the informa-
tion retrieved from the SILVA Database v.13226,27 which 
was performed with an 80% minimum confidence thresh-
old to record an assignment. Sequences with one-time 
occurrence (singletons) or present in only one sample 
were filtered out. To analyze the sequence similarities 
among different OTUs, multiple sequence alignment was 
conducted by using the software program PyNAST v.1.228 

against the core-set dataset in the SILVA database. 
A phylogenetic tree was constructed with a set of 
sequences representative of the OTUs using the 
FastTree.29,30

OTU abundance information was rarefied to the mini-
mum sequence depth using the QIIME script (single_rar-
efaction.py) to normalize the variations in sequence depth 
across samples. Subsequent analysis of alpha and beta 
diversities was performed using the normalized data. 
Alpha diversity, indicating the species complexity within 
individual samples, was evaluated using Shannon index 
(addressing abundance and evenness) and Chao1 index 

(addressing community richness) from the QIIME 
pipeline.31 Beta diversity, indicating intersample differ-
ences in species complexity, was evaluated using the 
weighted UniFrac,32,33 which was calculated by using the 
QIIME pipeline. Principal coordinate analysis (PCoA) was 
performed using the distance matrix method to acquire 
principal coordinates for the visualization of sophisticated 
and multidimensional data.34 A distance matrix of 
weighted UniFrac and Bray–Curtis dissimilarity among 
samples was transformed into a new set of orthogonal 
axes, by which the most influential variable was repre-
sented by the first principal coordinate, and the second 
most influential one by the second principal coordinate, 
and so on. PCoA was performed using the WGCNA, stat, 
and ggplot2 packages in R.

Shotgun Whole-Genome Sequencing Data
The original data obtained from high-throughput sequen-
cing were transformed into raw sequenced reads by 
CASAVA base calling and stored in FASTQ format. The 
obtained raw paired-end reads were filtered by 
Trimmomatic v.0.3835 to discard low-quality reads, trim 
adaptor sequences, and eliminate poor-quality bases with 
the following parameters: LEADING:3 TRAILING:3 
SLIDINGWINDOW:4:20 MINLEN:100 AVGQUAL:20. 
Resulting high-quality data (clean reads) were used for 
subsequent analysis. Bowtie2 v.2.3.5.136 was used to 
remove contaminating host sequences, with the human 
reference genome GRCh38 as the database. The filtered 
reads were de novo assembled for each sample using 
MEGAHIT v.1.1.3.37

Prodigal v.2.6.338 was used to predict the open reading 
frames from the assembled contigs with a ≥500-bp length. 
A nonredundant gene catalog was constructed using CD- 
HIT v.4.7 with 95% identity,39,40 Clean reads from each 
sample were mapped to the initial gene catalog using 
BWA v.0.7.17-r1188.41 SAMtools v.1.8 was used to create 
BAM files,42 and the jgi_summarize_bam_contig_depths 
script from the MetaBAT pipeline43 was run on all BAM 
files for each assembly to calculate coverage. MetaBAT2 
v.2.12.1 was used to perform metagenomic binning with 
minimum contig length threshold of 500 bp. The genome 
percentage completeness and contamination of all bins 
were assessed using CheckM v.1.0.11.44

The obtained unigenes were used to blast the sequences 
for the bacterial, fungi, archaea, and viruses, which were 
extracted from the NCBI Refseq45 using the software 
program DIAMOND v.0.9.22.46 The taxonomical level of 
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each gene was determined by using the lowest common 
ancestor algorithm. The abundances of each taxonomic 
group were calculated by adding the abundances of 
genes annotated to a feature.

Statistical Analyses
For analyses of 16S rRNA sequencing data, significance of 
all species between groups at various taxonomic levels 
was detected using differential abundance analysis with 
a zero-inflated Gaussian log-normal model as implemented 
in the “fitFeatureModel” function of the Bioconductor 
metagenomeSeq package,47 and Welch’s t test performed 
using the software program STAMP v.2.1.3.48

For both 16S rRNA sequencing and shotgun whole- 
genome sequencing data, statistically significant biomarkers 
between groups were identified using the Linear discrimi-
nant analysis (LDA) Effect Size (LEfSe) analysis.49 In 
brief, LEfSe is based on an algorithm that performs the 
nonparametric Kruskal–Wallis test and Wilcoxon rank-sum 
test to identify bacterial taxa whose relative abundance are 
significantly different between two groups. LEfSe applies 
LDA to the taxa identified as significantly different and 
assesses the effect size of each differentially abundant 
taxon. In this study, taxa with LDA score (log 10) > 3 
were considered significantly different in abundance 
between two groups for the analysis of 16S rRNA sequen-
cing data, and taxa with LDA score > 2.0 for the analysis of 
shotgun whole-genome sequencing data.

Overall, two-tailed Wilcoxon test was applied to com-
pare alpha diversity between groups. The Mann–Whitney 
test was used to compare binary outcome variables, and 
the Spearman rank correlation test was used to compare 
continuous variables. Fisher’s exact test was used when 
proportions were compared between binary variables. The 
Log rank test was used to compare overall survival. The 
prognostic values of the baseline abundance of each taxon 
and other essential clinical factors were examined using 
a Cox regression model. All analyses were conducted in R, 
GraphPad Prism (GraphPad Software, La Jolla, CA, 
USA), and SAS (v.9.4; SAS, Cary, NC, USA).

Results
Clinical Characteristics of Patients
Thirty-six patients (31 males and 5 females) were enrolled 
in this study. Their baseline clinical characteristics (base-
line 16S rRNA sequencing cohort) are presented in 
Table 1. Most of them had underlying chronic hepatitis 

B (69.4%) and Child–Pugh class A liver function (86.1%). 
Thirty-two patients (88.9%) had already received locore-
gional therapy, and 15 (41.7%) had received sorafenib for 
advanced HCC. Twenty-seven (75%) of them received 
anti-PD-1 or anti-PD-L1 monotherapy, and the remaining 
received anti-PD-1 or anti-PD-L1 in combination with 
antiangiogenic therapy (bevacizumab in 7 and sorafenib 
in 2). Ten (27.8%) and 19 (52.8%) patients achieved 
objective response and disease control, respectively. The 
baseline clinical characteristics between responders and 
nonresponders did not differ significantly; however, 
a higher percentage of patients with disease control than 
those without disease control had favorable baseline char-
acteristics, such as ICI-based combination, lower alfa- 
fetoprotein level, and no antibiotic use within 4 weeks 
before immunotherapy initiation.

Of the 36 patients, 20 provided both baseline and 8W 
fecal samples for evaluation of longitudinal changes in gut 
microbiome during ICI (paired 16S rRNA sequencing 
cohort). Baseline fecal samples of a subset of 18 patients 
were used for shotgun whole-genome sequencing (baseline 
shotgun sequencing cohort). The baseline clinical charac-
teristics of patients in the three cohorts did not differ 
significantly; however, more disease control cases were 
enriched in the shotgun sequencing cohort (Table S1).

Alpha Diversity and Richness of Gut 
Microbiome Were Not Associated with 
Objective Response or Disease Control
Both alpha diversity and richness of baseline gut micro-
biome were similar regardless of objective response or 
disease control (Figure 1A and B). Neither alpha diversity 
nor richness of gut microbiome significantly increased at 8 
weeks after initiation of immunotherapy in patients with 
objective response or disease control (Figure 1C and D).

Gut Microbiome Compositions Were 
Not Associated with Efficacy
Baseline gut microbiome compositions were not different 
between responders and nonresponders or between 
patients with and those without disease control 
(Figure 2A). In addition, gut microbiome compositions 
were not significantly changed by ICI in any outcome 
group (Figure 2B). Intrapatient longitudinal compositional 
changes measured using weighted UniFrac distance of 
each outcome group were much smaller than their inter-
patient compositional changes (Figure 2C). Taken 
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Table 1 Patient Characteristics

Responder  
(R) N=10

Nonresponder  
(NR) N=26

p-valuea Disease Control 
(DC) N=19

Nondisease Control 
(NDC) N=17

p-valuea

Age (year-old) NS NS

Average 60.0 63.5 59.86 66.14

Range 48.7–73.0 23.1–86.6 23.1–73 42.9–86.6

Gender NS NS

Male 9 22 18 13
Female 1 4 1 4

Etiology NS NS

None 0 3 0 3

HBV 7 14 13 8
HCV 1 5 2 4

Alcohol 1 0 1 0

HBV+HCV 0 2 0 2
HBV+ Alcohol 1 1 2 0

HCV + Alcohol 0 1 1 0

Treatment NS *

Anti-PD-1/anti-PD-L1 7 20 11 16

Anti-PD-1/anti-PD-L1 
+targeted therapy

3 6 8 1

PV invasion NS NS
Yes 7 12 11 8

No 3 14 8 9

Metastasis NS NS

Yes 3 15 9 9

No 7 11 10 8

Cirrhosis (images) NS NS

Yes 5 15 11 9
No 5 11 8 8

Child-Pugh class NS NS
A 9 22 18 13

B7,8 1 4 1 4

Prior locoregional 
treatment

NS NS

Yes 10 22 1 3
No 0 4 18 14

Prior systemic treatment NS NS
Yes 4 11 5 10

No 6 15 14 7

Prior antibiotics within 4 
weeks

NS *

Yes 0 4 0 4
No 10 22 19 13

(Continued)
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together, these data suggest that gut microbiome composi-
tions were relatively stable during the first 8 weeks after 
ICI initiation.

Gut Microbiota Was Associated with 
Disease Control Rather Than Objective 
Response
The relative abundance of the selected genera is shown in 
Figure S1. In the baseline 16S rRNA sequencing cohort, 
the genera Succinivibrio and Tyzzerella subgroup 4 were 
enriched in the gut microbiota of responders, whereas the 
genus Akkermansia was enriched in the gut microbiota of 
nonresponders (Figure 3A, left; Figure S2). However, such 
associations were not confirmed in the shotgun whole- 
genome sequencing subset (Figure 3A, right; Figure S2).

Bifidobacterium, Alloprevotella, Blautia, Megasphaera, 
Succinatimonas, Lachnospira, Acidaminococcus, Tyzzerella 
subgroup 4, and Coprococcus subgroup 3 (listed in order of 
statistical significance) were enriched in the gut microbiota 
of patients with disease control in the 16S rRNA sequencing 
cohort (Figure 3B, left; Figure 3C, upper). The association of 
Bifidobacterium, Acidaminococcus, and Coprococcus with 
disease control was also confirmed in the shotgun whole- 
genome sequencing subset (Figure 3B, right; Figure 3C, 
lower; Figures S3 and S4). Moreover, analysis of the shotgun 
sequencing data specified Bifidobacterium adolescentis, 
B. bifidum, and B. pseudocatenulatum (listed in order of 
statistical significance) as species of Bifidobacterium 
enriched in the gut microbiota of patients with disease control 
(Figure 3B, right).

Associations Between Gut Microbiota 
and Disease Control Were Lost 8 Weeks 
After ICI Initiation
We evaluated whether the differential abundance of selected 
taxa at baseline between patients with and those without 
disease control persisted after immunotherapy. However, 
such differences in abundance of Bifidobacterium, 
Acidaminococcus, or Coprococcus were no longer observed 
8 weeks after ICI initiation (Figure 4A).

High Abundance of Disease 
Control-Associated Taxa Did Not 
Correlate with Prolonged Overall 
Survival
We examined whether the baseline abundance of each disease 
control-associated taxon would influence the overall survival 
of patients with HCC receiving ICI. The patient characteristics 
by baseline abundance level (high vs low) of each taxon are 
shown in Table S2. High baseline abundance of 
Bifidobacterium was not associated with any patient charac-
teristics. High baseline abundance of Acidaminococcus and 
Coprococcus was associated with favorable characteristics, 
such as no prior antibiotics within 4 weeks before immu-
notherapy and no systemic therapy. Child–Pugh class B and 
prior systemic therapy correlated with shorter overall survival 
as expected (Table 2). Nevertheless, high abundance of 
Bifidobacterium, Acidaminococcus, or Coprococcus in the 
baseline gut microbiota did not significantly correlate with 
prolonged overall survival (Table 2 and Figure 4B and C).

Table 1 (Continued). 

Responder  
(R) N=10

Nonresponder  
(NR) N=26

p-valuea Disease Control 
(DC) N=19

Nondisease Control 
(NDC) N=17

p-valuea

Prior PPI within 4 weeks NS NS

Yes 5 8 7 6
No 7 18 12 11

Alpha-fetoprotein (AFP)b NS *
≥ 400 ng/mL 4 7 4 7

< 400 ng/mL 6 18 14 10

Notes: a*p-value < 0.05; NS, p-value >0.05. bOne patient did not have baseline AFP level. 
Abbreviation: PPI, proton pump inhibitor.
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Discussion
The role of gut microbiota in predicting the efficacy of ICI 
in patients with HCC has not been elucidated thus far. The 
current study correlated not only baseline but also post-
treatment gut microbiome features defined by both 16S 
rRNA and shotgun whole-genome sequencing profiles 
with objective response, disease control, and overall sur-
vival of patients with HCC receiving ICI. However, our 
study failed to reveal any clinically significant associations 
between gut microbiota and ICI efficacy in patients with 
HCC. Any confirmatory studies with larger sample size are 
warranted.

Several major differences in study design may aid in 
explaining the contradicting results between the current 
study and previous studies on other cancer types showing 
positive associations between gut microbiota and cancer 
immunotherapy response. First, most studies have defined 

“response” to ICI as complete response, partial response, or 
stable disease for a certain duration, which is the same as 
the idea of “disease control.” However, disease control is 
not a robust efficacy indicator, particularly in a setting with-
out untreated or placebo control, and may be confounded by 
host or tumor characteristics. Instead, we explored associa-
tions of gut microbiome with both “objective response” and 
“disease control” and found that no taxa were associated 
with objective response. Second, no study investigated 
whether the differential abundance of identified beneficial 
taxa persisted after immunotherapy. By contrast, we found 
the differential abundance of disease control-associated taxa 
were no longer noted 8 weeks after ICI initiation 
(Figure 4A), implying that these taxa are less likely to 
modulate antitumor immune responses of ICI and affect 
patient outcomes. Third, most studies did not correlate the 
abundance or clustering of taxa with time-to-event data, 

Figure 1 Associations between alpha diversity and richness of gut microbiome and efficacy of ICI. Alpha diversity, measured as Shannon index (A), and richness, measured 
as Chao 1 index (B) of baseline gut microbiome in the baseline 16S rRNA sequencing cohort (N=36) are shown in box plots by efficacy. Box plots demonstrated minimum, 
first quartile, median, third quartile, and maximum. Changes in alpha diversity (C) and richness (D) of gut microbiome after ICI in the paired 16S rRNA sequencing cohort 
(N=20) are shown by efficacy. 
Abbreviations: NR, nonresponders; R, responders; NDC, nondisease control; DC, disease control; 8W, 8 weeks after ICI initiation; NS, nonsignificant.

Journal of Hepatocellular Carcinoma 2021:8                                                                                      https://doi.org/10.2147/JHC.S315696                                                                                                                                                                                                                       

DovePress                                                                                                                         
815

Dovepress                                                                                                                                                             Shen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 2 Associations between beta diversity of gut microbiome and efficacy of ICI. Beta diversity was used to evaluate similarity of gut microbiome between two groups. 
The results are visualized through PCoA based on weighted UniFrac distance and Bray–Curtis dissimilarity. (A) Beta diversity of baseline gut microbiome by response (left 
panel) or disease control (right panel) in the baseline 16S rRNA sequencing cohort (N=36); (B) beta diversity of both baseline and week 8 gut microbiome by response (left 
panel) or disease control (right panel) in the paired 16S rRNA sequencing cohort (N=20). (C) Intrapatient longitudinal changes and interpatient changes in beta diversity 
measured as weighted UniFrac distance are plotted.*p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviations: NR, nonresponders; R, responders; NDC, nondisease control; DC, disease control; 0W, baseline; 8W, 8 weeks after ICI initiation; NS, nonsignificant. 
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Figure 3 Compositional differences in baseline gut microbiome. The differentially abundant taxa in the baseline gut microbiome were analyzed with linear discriminate 
analysis coupled with effect size measurements (LEfSe) projected with a histogram. The length indicates the effect size associated with a taxon. LDA > 3 in the baseline 16S 
rRNA sequencing cohort and LDA >2 in the baseline shotgun whole-genome sequencing subset were considered statistically different. (A) R (responders; green) vs NR 
(nonresponders; red); (B) DC (disease control; green) vs NDC (nondisease control; red). (C) Relative abundance of Bifidobacterium, Acidaminococcus, and Coprococcus 
between DC and NDC in baseline 16S rRNA sequencing cohort (upper) and shotgun whole-genome sequencing subset (lower).
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such as progression-free survival, time-to-treatment failure, 
and overall survival.9–12,15–17 By contrast, our study corre-
lated the aforementioned gut microbiome features with 
overall survival. Relevant future studies should include 
time-to-event endpoints as well.

Zheng et al recently published the first study thus far 
on the association of gut microbiome with anti-PD-1 
monotherapy in patients with HCC who have disease 
progression during sorafenib use.17 Eight patients were 

enrolled; of them, three were responders (defined as 
patients who achieved complete response, partial response, 
or stable disease lasting >6 months) and five were non-
responders. Fecal samples were collected before and every 
3 weeks after initiation of anti-PD-1 monotherapy, but 
only data from baseline and 1, 3, and 6 weeks after ICI 
were reported. Responders were associated with higher 
richness of gut microbiota throughout the course, whereas 
nonresponders were associated with a progressive increase 

Figure 4 Persistence and overall survival correlation of Bifidobacterium, Acidaminococcus, and Coprococcus. (A) Changes in relative abundance by efficacy. Patients in the 
baseline 16S rRNA sequencing cohort (B) and patients in the baseline shotgun whole-genome sequencing cohort (C) were individually divided into two groups (high vs low 
abundance) according to the mean baseline abundance level of interest taxon. The effect of abundance of each taxon on overall survival were examined by Log rank test and 
plotted by Kaplan–Meier method. 
Abbreviations: 8W, 8 weeks after ICI initiation; NR, nonresponders; R, responders; NDC, nondisease control; DC, disease control; NS, nonsignificant.
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in beta diversity, which was most evident 6 weeks after 
initiation of anti-PD-1 monotherapy. However, neither 
baseline richness nor posttreatment changes in beta diver-
sity at 8 weeks were associated with outcome in our larger 
patient cohort (Figures 1, 2, and S5). Furthermore, none of 
those 20 responder-enriched species described by Zheng 
et al were identified in our study. These discrepancies may 
reflect a growing concern that poor reproducibility has 
become the norm rather than the exception in seeking 
associations between gut microbiome and clinical out-
comes. In addition to host factors affecting gut microbiota, 
such as diet, medication, and underlying disease, lack of 
standardization in fecal sample collection and processing, 
bacterial lysis, DNA purification, sequencing technique, 
reference database, and bioinformatic analysis contribute 
to poor reproducibility.50,51

Higher alpha diversity8,11 or richness16 of baseline gut 
microbiome has been correlated with the efficacy of ICI in 
patients with melanoma or non–small cell lung cancer. 
However, neither of the aforementioned factors is correlated 
with efficacy in our study. This might partly be attributed to 
a high prevalence of preexisting dysbiosis in our patients 
with HCC and various degrees of underlying liver cirrhosis. 
Decreased Bacteroidetes population was a common feature 
of dysbiosis in patients with a wide range of chronic liver 
diseases.52–54 Similarly, the relative abundance of the 
Bacteroidetes phylum in the gut microbiota of our patients 

was significantly lower (average, 0.5; range, 0.11–0.79), 
regardless of the efficacy, in comparison with that of healthy 
people (average, 0.8) (Figure S6).51,52 Our results suggest 
that preexisting cirrhosis-related dysbiosis may blur the 
potential association of gut microbiome with efficacy of 
immunotherapy in HCC patients.

Our study had several limitations. First, the sample size 
was small, but comparable to that in most published stu-
dies on various cancer types with a median sample size of 
35 (range: 8–78). Increased sample size may increase the 
opportunities to identify key taxa with immunomodulatory 
activities. Second, shotgun whole-genome sequencing was 
only applied to baseline fecal samples from a single parti-
cipating hospital in a nonselected basis. Thus, the patient 
numbers of “disease control” and “nondisease control” 
groups happened to be biased (13 and 3, respectively). 
Third, the patients enrolled in our study were relatively 
heterogeneous in immunotherapy regimens. Twenty-five 
% of our patients received antiangiogenic therapy in addi-
tion to anti-PD-1 or anti-PD-L1. Possible interactions 
between gut microbiota and antiangiogenic therapy remain 
unclear. As ICI-based combination immunotherapy has 
shown superiority over ICI monotherapy in HCC, evalua-
tion of associations between gut microbiota and efficacy of 
ICI monotherapy is becoming challenging.

Our study failed to disclose any clinically meaningful 
association between gut microbiota and efficacy of ICI in 

Table 2 Prognostic Values of Patient and Microbiome Characteristics

Univariant HR 95% IC (Lower) 95% IC (Upper) p-value

Age (≥65 vs < 65) 0.5513 0.2165 1.404 0.212
Gender (Male vs Female) 1.278 0.2862 5.709 0.748

Type of treatment (Combo vs mono) 0.4366 0.1391 1.371 0.156

Etiology of HCC (HCV vs HBV) 1.728 0.5887 5.072 0.319
Etiology of HCC (Others vs HBV) 1.518 0.4219 5.46 0.523

Portal vein invasion (Yes vs No) 1.744 0.6853 4.438 0.243

Metastasis (Yes vs No) 2.087 0.8273 5.263 0.119
Cirrhosis (Yes vs No) 0.862 0.3476 2.138 0.749

Child-Pugh classification (B vs A) 3.232 1.049 9.961 0.0411
Prior locoregional therapy (Yes vs No) 0.4275 0.1394 1.311 0.137

Prior systemic therapy (Yes vs No) 2.716 1.072 6.885 0.0352

Prior PPI (Yes vs No) 0.8164 0.314 2.123 0.677
Prior antibiotics (Yes vs No) 3.147 0.8457 11.71 0.0873

Alfa-fetoprotein level (High vs Low) 1.924 0.7622 4.859 0.166

Bifidobacterium abundance (High vs Low) 0.4971 0.1953 1.266 0.143
Coprococcus abundance (High vs Low) 0.9523 0.3792 2.392 0.917

Acidaminococcus abundance (High vs Low) 0.7468 0.3007 1.855 0.529

Abbreviations: HR, hazard ratio; IC, interval of confidence; Combo, anti-PD-1/anti-PD-L1 in combination with an immunomodulatory agent; Mono, monotherapy; PPI, 
proton pump inhibitor.
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HCC patients. Although this may stand in contrast to 
several previous reports8–10 that showed a positive corre-
lation, we would like to cautiously point out that none of 
those positive reports has ever yet been validated by sub-
sequent independent studies. This represents an overt pit-
fall of this important field and highlights the growing 
concern on the reproducibility and repeatability of the 
contemporary methodology for microbiome research. 
Significant variabilities may emerge on the experimental 
workflow, starting from stool sampling and preservation to 
DNA extraction, PCR amplification, and to bioinformatic 
analyses.55,56 In the future, standardized procedures 
throughout the experimental workflow are crucial to 
make reliable and meaningful scientific conclusions 
possible.

Conclusion
We demonstrated that baseline or posttreatment gut micro-
biome features were not associated with the outcome of 
patients with HCC receiving ICI. A larger prospective 
study is warranted for definite conclusion.
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