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Basic Study

Gut microbiome composition can predict the response to nivolumab 
in advanced hepatocellular carcinoma patients
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Abstract
BACKGROUND 
Immunotherapy has revolutionized the clinical outcomes of intractable cancer 
patients. Little is known about the intestinal nonpathogenic bacterial composition 
of hepatocellular carcinoma (HCC) patients treated by immunotherapy.

AIM 
To determine whether there is a correlation between gut bacterial composition 
and prognosis in HCC patients.

METHODS 
From September 2019 to March 2020, we prospectively collected fecal samples and 
examined the gut microbiome of 8 advanced HCC patients treated with 
nivolumab as a second- or third-line systemic treatment. Fecal samples were 
collected before the start of immunotherapy. Fecal samples of patients with 
progression during treatment were collected at the time of progression, and fecal 
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samples of patients who showed good response to nivolumab were collected after 
5-7 mo as follow-up. Metagenomic data from 16S ribosomal RNA sequencing 
were analyzed using CLC Genomics Workbench. Microbiome data were analyzed 
according to therapeutic response.

RESULTS 
All 8 patients were male, of which 6 had underlying chronic hepatitis B. A higher 
Shannon index was found in the responders than in the non-responders after 
nivolumab therapy (P = 0.036). The unweighted beta diversity analysis also 
showed that the overall bacterial community structure and phylogenetic diversity 
were clearly distinguished according to therapeutic response. There was no 
significant difference in the diversity or composition of the patient gut 
microbiome according to the immunotherapy used. Several taxa specific to 
therapeutic response were designated as follows: Dialister pneumosintes, Escherichia 
coli, Lactobacillus reteri, Streptococcus mutans, Enterococcus faecium, Streptococcus 
gordonii, Veillonella atypica, Granulicatella sp., and Trchuris trichiura for the non-
responders; Citrobacter freundii, Azospirillum sp. and Enterococcus durans for the 
responders. Of note, a skewed Firmicutes/Bacteroidetes ratio and a low 
Prevotella/Bacteroides ratio can serve as predictive markers of non-response, 
whereas the presence of Akkermansia species predicts a good response.

CONCLUSION 
The current presumptive study suggests a potential role for the gut microbiome as 
a prognostic marker for the response to nivolumab in treatment of HCC patients.

Key Words: Microbiome; Nivolumab; Firmicutes/Bacteroidetes ratio; Prevotella/
Bacteroides ratio; Hepatocellular carcinoma; Prognosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Immune check point inhibitors are known to be an effective treatment option 
for advanced hepatocellular carcinoma (HCC), not only for second-line, but also as a 
first-line treatment. However, there are few predictive or prognostic markers for which 
patient group will have a good treatment response to immunotherapy or systemic 
therapy for HCC until now. Our study shows that non-responders to nivolumab in HCC 
patients have dysbiotic fecal composition, whereas a high Prevotella/Bacteroides ratio 
can predict a better response to nivolumab, highlighting a potential role for the gut 
microbiome as a prognostic marker for the response to nivolumab therapy.

Citation: Chung MW, Kim MJ, Won EJ, Lee YJ, Yun YW, Cho SB, Joo YE, Hwang JE, Bae 
WK, Chung IJ, Shin MG, Shin JH. Gut microbiome composition can predict the response to 
nivolumab in advanced hepatocellular carcinoma patients. World J Gastroenterol 2021; 27(42): 
7340-7349
URL: https://www.wjgnet.com/1007-9327/full/v27/i42/7340.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i42.7340

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent primary malignancy of the liver, 
and it is now the second leading cause of cancer death worldwide[1]. Curative HCC 
treatment is only feasible in the early stages and involves local ablative procedures, 
surgical resection, or liver transplantation. For patients not amenable to curative 
therapy and in those with metastatic disease, other systemic treatments, such as 
sorafenib, are available. Beyond the limits of standard therapies, immunotherapy has 
been introduced for the oncological treatment of various solid malignancies. 
Nivolumab, as the first programmed cell death protein-1 (PD-1) agent, has shown 
great promise in treatment of various cancers, including melanoma and squamous cell 
carcinoma of the head and neck[2,3]. Recently, it was approved as the second-line 
agent for advanced HCC patients who have experienced sorafenib failure[4,5]. In line 
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with this growing clinical relevance, stratification of patients receiving nivolumab 
therapy is now required to predict the prognosis and tumor aggressiveness.

There is mounting evidence that the gut microbiota can influence and modulate 
host immune responses; thus, microbiome profiling has been revealed as a predictor 
for response to immunotherapy among different groups and in different countries[6-
8]. Moreover, some immunostimulatory bacterial species, including Akkermansia 
muciniphila[6], Bifidobacterium longum[7] and Bacteroidetes fragilis[8], were reported to 
elicit systemic immune responses and to reprogram the tumor microenvironment in 
mouse tumors treated with anti–cytotoxic T-lymphocyte-associated-4 and/or anti–PD-
1 antibodies. The human gut microbiota has been shown to be associated with clinical 
responses to anti-PD-1/programmed death ligand 1 (PD-L1) immunotherapy in 
melanoma, non-small cell lung cancer, and renal cell carcinoma. However, the 
association between gut microbiota and response to nivolumab therapy is still not 
clear.

This study aimed to elucidate the impact of the gut microbiota on the prediction of 
prognosis in advanced HCC patients receiving nivolumab immunotherapy.

MATERIALS AND METHODS
Study design and patients
A total of 8 patients who received nivolumab (from September 2019 to August 2020) as 
second- or third-line treatment after sorafenib failure were included in the study. 
Tumor response was assessed using the Response Evaluation Criteria in Solid Tumors 
version 1.1[9]. The study was approved by the Chonnam National University Hwasun 
Hospital Institutional Review Board (CNUHH-2019-134). All patients signed a written 
informed consent form based on the principles of the Declaration of Helsinki. Patients 
were classified based on disease status (absence or progression at 12 mo after initiation 
of nivolumab therapy) and overall response (complete response, partial response, or 
stable disease for > 6 mo). Non-responders were those showing disease progression or 
stable disease for < 6 mo as well as those who died.

Collection of fecal samples and microbiome analysis 
Fecal samples were collected prospectively, according to International Human 
Microbiome Standards guidelines (SOP_03_V1) at two time points — before the first 
nivolumab injection (< 1 mo, T0) and at the 3-mo follow-up (T1). The samples were 
immediately transferred on ice to our clinic and immediately stored at -80 °C until 
sample processing. Fecal genomic DNA was extracted as previously described[6-8]. 
DNA was extracted using the Cica Geneus® DNA Prep Kit (Kanto Chemical, Tokyo, 
Japan) following the manufacturer’s instructions. The fecal microbiome was assessed 
by sequencing various regions (V3-V4) of the 16S ribosomal RNA bacterial gene at 
months 0 and 2. Briefly, polymerase chain reaction amplification was performed using 
16S universal primers targeting the V3-V4 region of the bacterial 16S ribosomal gene. 
The joint pair length was set to encompass 467 base pair amplicons using the 2 × 300 
paired-end MiSeq kit (Illumina, San Diego, CA, United States). For each sample, a 
sequencing library was generated by adding sequencing adapters. Detection of the 
sequencing fragments was performed using MiSeq technology by Macrogen (Seoul, 
South Korea).

Metagenomic and network analysis 
The targeted metagenomic sequences from the microbiota were analyzed using the 
bioinformatics pipeline established by Vaiomer (Labège, France) using the FROGS 
guidelines. Low-depth samples (less than 9000 sequences per sample) were removed 
from the analysis. Sequences were trimmed and merged and then clustered into 
operational taxonomic units (OTUs) using CLC Genomics Workbench v. 10.1.1 and 
CLC Microbial Genomics Module v. 2.5 (Qiagen, Hilden, Germany). Taxonomic 
assignment of these sequences was carried based on the National Center for Biotech-
nology Information taxonomy database, with an OTU cutoff of 3%. The most abundant 
sequences were considered representative of each cluster and assigned to a taxonomy 
level based CLC Microbial Genomics default values.

Alpha diversity metrics (richness and Shannon’s index) were calculated using the 
phyloseq R package based on rarefied OTU counts[10]. The beta diversity index was 
defined as the difference between the total number of species across the two groups 
and the number of species common to both[11]. Exploratory analysis of beta-diversity 
(between-sample diversity) was performed based on the Bray-Curtis measure of 
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dissimilarity as a principal coordinate analysis.
For the hierarchical cluster analysis, Bray-Curtis metrics and complete linkage 

clustering were implemented. At deeper taxonomic levels (from the phylum to genus 
level), we performed linear discriminant analysis (LDA) effect size analysis based on 
the non-parametric factorial Kruskal-Wallis sum rank test, to detect bacterial taxa with 
significantly different abundance between responders and non-responders. Then, LDA 
effect size was used to estimate the size effect of each differentially abundant taxon 
based on the criteria of LDA ≥ 3.0 and P < 0.05. Volcano plots showed the estimated 
log 2-fold difference in OTU abundance between responders and non-responders.

Statistical analysis
Alpha diversity metrics were compared by Mann-Whitney tests; for comparisons 
involving more than two groups, Bonferroni's correction was applied. The LDA was 
performed, and the volcano plots generated, at http://huttenhower.sph.harvard.
edu/galaxy/. Two-tailed student’s t test and the χ2 test were used to test for 
differences in the phenotypical characteristics of the microbiome using GraphPad 
Prism software (GraphPad Software Inc., San Diego, CA, United States).

RESULTS
Patients and sample 
A single-site correlative study design was used to investigate the effects of gut 
microbiota on the efficacy of nivolumab in 8 adult HCC patients (Supplementary 
Table 1). All 8 patients received nivolumab as second- or third-line treatment after 
sorafenib failure. The median age was 62.5 (interquartile range: 58.0-66.25) years 
overall, and was not significantly different between the groups. All patients were 
male. Six patients (75%) were chronically infected with hepatitis B virus (HBV), and 
four patients (50%) had alcohol-related liver disease. All patients were Barcelona 
Clinic Liver Cancer stage C and stage IV by the modified Union for International 
Cancer Control stage system. While all 3 patients of the non-responder group had 
vascular invasion, only 1 patient (20%) had vascular invasion in the responder group. 
Presence of biliary invasion was 66.7% (2/3) in the non-responder group and 20% 
(1/5) in the responder group. The percentage of patients with an alpha-fetoprotein 
score ≥ 400 ng/mL at baseline was 66.7% (2/3) and 40% (2/5), each. Most patients 
(87.5%) were Child-Pugh class A, and only 1 patient in the good response group was 
Child-Pugh class B. All patients received three or more prior therapies before 
nivolumab.

Metagenome analysis
A total of 2027154 good-quality reads with a mean length of 301 base pairs were 
generated. A higher Shannon index was found in the responders when compared to 
the non-responders after nivolumab therapy (P = 0.036), reflecting a significantly 
higher species richness in the former group (Figure 1A and B). In contrast, there was 
no significant difference in alpha diversity within the same patients according to the 
nivolumab therapy (Figure 1C). The unweighted beta diversity analysis also showed 
that the overall bacterial community structure and phylogenetic diversity were similar 
between T0 and T1, but the responders and non-responders were clearly distinguished 
(Figure 2).

To identify the bacterial taxa associated with a good prognosis, different taxono-
mical levels were compared using LDA, and 36 and 4 species were found to be differ-
entially abundant in the responders and non-responders, respectively (Figure 3). Of 
the bacterial species, Ruminococcus gnavus was abundant in the non-responders, while 
several bacterial taxa, including Clostridia, Prevotella 9, Rikenellaceae, Alistipes, the 
Christensenellaceae R-7 group, Dialister, Muribaculaceae, Desulfovibrionales, Deltaproteo-
bacteria, the Eubacterium coprostanoligenes group, Acidaminococcaceae, the Lachnospiraceae 
NK4A136 group, Roseburia, Mitsuokella, Ruminiclostridium 9, Marinifilaceae, Lachnos-
piraceae, and Ruminococcaceae groups other than Ruminococcus gnavus were highly 
enriched in the responders. A volcano plot also showed several bacterial species 
specifically associated with the prognosis of nivolumab therapy in the HCC patients. 
Dialister pneumosintes, Escherichia coli, Lactobacillus reteri, Streptococcus mutans, Entero-
coccus faecium, Streptococcus gordonii, Veillonella atypica, Granulicatella sp., and Trchuris 
trichiura were specific to the non-responders, while Citrobacter freundii, Azospirillum sp., 
and Enterococcus durans were specific to the responders.

http://huttenhower.sph.harvard.edu/galaxy/
http://huttenhower.sph.harvard.edu/galaxy/
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Figure 1 Alpha diversity indices (Shannon index) of hepatocellular carcinoma patients based on treatment and prognosis. A: The Shannon 
index of the non-responders on admission (T0) was not significantly lower than that of the responders (P = 0.14); B: The Shannon index of the non-responders was 
significantly lower than that of the responders after nivolumab therapy (T1); C: Nivolumab therapy did not alter the Shannon index. HCC: Hepatocellular carcinoma.

Figure 2 Composition of the gut microbiome in hepatocellular carcinoma patients is associated with the response to nivolumab. A: 
Heatmap showing the abundance of operational taxonomic units in responders (yellow) and non-responders (blue). The original comprehensive figure, including the 
names of bacterial taxa, is presented as Supplemental Figure 1; B: Unweighted beta diversity analysis showed that the overall bacterial community structure and 
phylogenetic diversity at T0 (light yellow and light blue) and T1 (yellow and blue) were similar; distinct clusters were not observed for responders (yellow) and non-
responders (blue). Statistical values obtained by the PERMANOVA test are presented in Supplemental Table 2.

The gut microbiota composition in HCC patients was also described at the phylum 
and genus levels (Figure 4). At the phylum level, a skewed Firmicutes/Bacteroidetes ratio 
(< 0.5 or > 1.5) was more frequently found in the non-responders than in the 
responders (66.7% vs 10%, P < 0.05). The mean ratio of Prevotella species to Bacteroides 
species (P/B ratio) was significantly higher in the responders than in the non-
responders (22.99 vs 2.312, P = 0.024). In addition, the presence of Akkermansia species 
was observed in two responders only, indicating that this could be a useful prognostic 
marker of the response to nivolumab therapy in advanced HCC patients.

DISCUSSION
A number of clinical trials investigating the therapeutic potential of manipulation of 
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Figure 3 Specific bacterial taxa are associated with the prognosis of nivolumab therapy in hepatocellular carcinoma patients according to 
linear discriminant analysis effect size analysis. A: Taxonomic cladogram based on linear discriminant analysis (LDA) using effect size (LEfSe) showing 
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differences in fecal taxa. Dot size is proportional to the abundance of the taxon. Letters correspond to the following taxa: (a) Marinifilaceae, (b) Muribaculaceae, (c) 
Prevotella 9, (d) Alistipes, (e) Rikenellaceae, (f) the Lachnospiraceae NK4A136 group, (g) Roseburia, (h) the [Ruminococcus]gnavus group, (i) Ruminiclostridium 9, (j) 
the Ruminococcaceae NK4A214 group, (k) Ruminococcaceae UCG-002, (l) Ruminococcaceae UCG-003, (m) Ruminococcaceae UCG-005, (n) Ruminococcaceae 
UCG-010, (o) Ruminococcaceae UCG-014, (p) Ruminococcus 1, the (q) [Eubacterium]coprostanoligenes group, (r) Dialister, (s) Megamonas, (t) Mitsuokella, and (u) 
Salmonella; B: LDA scores for the differentially abundant taxa in the fecal microbiome of responders (yellow) and non-responders (blue). The length denotes the effect 
size for a taxon. P = 0.05 for the Kruskal-Wallis test; LDA score > 3; C: Volcano plot showing several bacterial taxa specifically related to the prognosis of nivolumab 
therapy in hepatocellular carcinoma patients. LDA: Linear discriminant analysis.

Figure 4 Potential prognostic markers of the response to nivolumab therapy in hepatocellular carcinoma patients. A and B: At the phylum 
level, a skewed Firmicutes/Bacteroidetes ratio (< 0.5 or > 1.5) was more frequent in the non-responders than the responders (66.7% vs 10.0%, P = 0.018); C: At the 
genus level, the ratio of Prevotella species to Bacteroides species (P/B ratio) was a prognostic marker of the response to nivolumab in hepatocellular carcinoma 
patients. The responders showed a significantly higher mean P/B ratio than the non-responders (22.99 vs 2.312, P = 0.024). NS: Statistically non-specific.

the gut microbiota in non-HCC cancer patients has already begun[6-8,12]. Regarding 
HCC, however, only two Chinese studies have been reported to date[13,14]. Reduced 
alpha diversity was found in the non-responders in those studies, in line with our 
data. In addition, we found that several bacterial taxa, such as Dialister pneumosintes, 
Escherichia coli, Lactobacillus reteri, Streptococcus mutans, Enterococcus faecium, Strepto-
coccus gordonii, Veillonella atypica, Granulicatella sp., and Trchuris trichiura, were specific 
to non-responders, while Citrobacter freundii, Azospirillum sp., and Enterococcus durans 
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were specific to responders. The gut bacteria associated with the therapeutic response 
did not overlap with those in previous studies[13,14]. This might be partly due to 
differences in the techniques used to analyze samples, the reference databases, and 
geographical or racial/ethnic differences. While this study has not proven the clinical 
efficacy and benefit of our approach, it is feasible that it could reduce the therapeutic 
failure rate of nivolumab. Furthermore, it is not clear whether the aforementioned 
findings regarding the role of the gut microbiome in antitumor immune responses in 
animal models and patients with other tumor types also apply to patients with HCC.

Beyond dysbiosis, we suggested additional potential prognostic markers of the 
response to nivolumab therapy in HCC patients. We found that in all the responders, 
the Firmicutes/Bacteroidetes ratio ranged from 0.54 to 1.44 (mean of 0.88), whereas 66.7% 
of non-responders exhibited a highly skewed ratio (< 0.5 or > 1.5). Previous studies 
have shown elevated Firmicutes/Bacteroidetes ratio in the gut microbiota to be 
associated with obesity and older age[15], suggesting that it could be the result of 
dysbiosis arising from adaptation of individual microbial communities to long-term 
metabolic dysfunction[16]. Until recently, few studies have discussed the association 
between the Firmicutes/Bacteroidetes ratio and gastrointestinal cancer. Yu et al[17] 
reported that, in a rat model, precancerous lesions of gastric cancer had the highest 
Firmicutes/Bacteroidetes ratio. A reduced Firmicutes/Bacteroidetes ratio was also found to 
be related to the progression of liver diseases (liver cirrhosis and primary liver cancer)
[18]. Notably, our data strongly support the notion that a highly skewed Firmicutes/ 
Bacteroidetes ratio can be used to predict a lack of response to nivolumab therapy. This 
could facilitate the selection of appropriate immunotherapies for advanced HCC 
patients.

Furthermore, we found that a high P/B ratio was a better prognostic marker of the 
response to nivolumab therapy outcome in HCC patients. Overall, we found that 
responders had a significantly higher P/B ratio than non-responders. This observation 
is partly supported by a recent study reporting an elevated P/B ratio in fecal samples 
obtained from advanced-stage gastrointestinal cancer patients receiving anti-PD-
1/PD-L1 and an improved response to anti-PD-1/PD-L1 treatment[19]. In line with 
previous studies, we also found that the presence of Akkermansia species can serve as a 
good prognostic marker of the response to nivolumab therapy in advanced HCC 
patients[5,13]. Although we did not analyze the gut microbiome of non-HCC patients, 
but previous studies have shown that patients with HCC and underlying cirrhosis 
typically present with profound dysbiosis. Thus, it is tempting to speculate that 
underlying dysbiosis could contribute to immunotherapy failure in some patients and 
that gut microbiome modulation may have even more profound effects in HCC than 
other tumors.

In this study, all 5 responders and 1 of 3 non-responders were infected by HBV. 
However, this may reflect the relatively higher proportion of HBV-related HCC in the 
Korean population in general, rather than the positive impact of HBV infection on 
nivolumab outcome. The association of HBV in nivolumab treatment response is not 
clear yet. For further consideration, in the CheckMate 040 data, the efficacy and safety 
of nivolumab treatment in sorafenib-experienced patients with advanced HCC were 
comparable between the HBV-infected group and the non-infected group[5].

A major limitation of this study is the small size of its cohort, which did not provide 
sufficient statistical power. This preliminary data should be interpreted with caution 
and further studies enrolling larger numbers of subjects may, thus, reveal additional 
microbial patterns. In addition, translation of a prognosis-associated microbial 
signature may not be straightforward, and thus several inherent variabilities between 
individuals within each cohort should be also considered as potential confounding 
factors. Nevertheless, our data highlights the promising possibility that a feasible 
approach may be to combine several microbial features for prediction of nivolumab 
treatment.

CONCLUSION
The current study suggests that non-responders to nivolumab have dysbiotic fecal 
composition. Moreover, a high P/B ratio predicted a better response to nivolumab in 
HCC patients, albeit that cohort was relatively small. Further studies should help 
define the role of these bacteria and their potential as novel biomarkers. New insights 
into the pathophysiological relevance of intestinal dysbiosis in the prognosis of HCC 
may lead to innovative therapeutic solutions, such as supplementation with probiotics, 
to prevent primary resistance to therapy.
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ARTICLE HIGHLIGHTS
Research background
Systemic chemotherapy for hepatocellular carcinoma (HCC) has an important role, 
and immunotherapy in HCC is challenging.

Research motivation
Predictive or prognostic markers for systemic treatment for HCC have not been 
elucidated.

Research objectives
To investigate the correlation between gut microbiome and treatment response in 
advanced HCC.

Research methods
Patients who were treated with nivolumab for HCC were identified from one tertiary 
hospital in South Korea from September 2019 to August 2020. Metagenomic data from 
16S ribosomal RNA sequencing were analyzed according to therapeutic response.

Research results
A higher Shannon index was found in the responders than in the non-responders after 
nivolumab therapy (P = 0.036). The unweighted beta diversity analysis also showed 
that the overall bacterial community structure and phylogenetic diversity were clearly 
distinguished according to therapeutic response. A skewed Firmicutes/Bacteroidetes 
ratio and a low Prevotella/Bacteroides ratio can serve as predictive markers of non-
response, whereas the presence of Akkermansia species predicts a good response.

Research conclusions
Gut microbiome has a potential role as a prognostic marker for the response to 
nivolumab in the treatment of HCC patients.

Research perspectives
Microbiome study before and/or follow up of treatment with immunotherapy for 
HCC patients could be a prognostic marker, and it can be a criterion for selecting 
which systemic treatment should be used for each patient as part of precision 
medicine.
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