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Purpose: Systemic inflammatory response is reported to occupy a crucial role in the progression of hepatocellular carcinoma (HCC).
The prognostic significance of SII and PNI in HCC has been explored, but the prognostic significance of aggregate index of systemic
inflammation (AISI) in HCC is still unknown. This study was designed to determine the prognostic significance of AISI in HCC and
explain the potential underlying mechanisms via gut microbiota and fecal metabolomic profiling.

Patients and Methods: A cohort of 109 cases of HCC individuals during January 2023 to August 2024 was included into this
clinical research, and the clinical information and fresh fecal samples were collected. The fecal samples were collected for 16S rRNA
sequence and metabolomics analysis.

Results: Survival analysis revealed that HCC patients in low AISI group tend to experience relatively longer survival time compared
with those in high AISI group. Then, we employed ROC analysis to measure the predictive performance of AISI for the survival
outcome, and ROC curve showed that levels of AISI had good predictive performance for the survival status with an AUC of 0.771
(95%CI: 0.671-0.871). 16S rRNA sequencing results revealed that levels of Parabacteroides were up-regulated in the low AISI group,
and levels of Fusicatenibacter were up-regulated in the high AISI group. Metabolic analysis demonstrated that cavipetin A,
pemptoporphyrin, and 8-Oxo-dGMP with high VIP value were the most distinct fecal metabolites.

Conclusion: AISI is a potential prognostic biomarker in individuals with HCC. A low level of AISI was correlated with high
abundance of Parabacteroides and some metabolites, indicating that AISI might affect the prognosis of HCC individuals via the
regulations of gut microbes and metabolites.
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Introduction

Hepatocellular carcinoma (HCC) is the most common type in liver cancer, ranking the third most common cause of
cancer-related deaths all over the world." From the global perspective, the 5-year survival rate of HCC individuals is less
than 20%. In China, cirrhosis derived from the infection of hepatitis B virus is the most important risk factor for HCC,
but nonalcoholic fatty liver disease (NFLD) has arisen as the second cause in recent years.®> Currently, surgical resection

is still the first selection for liver cancer individuals in the early phase. However, HCC patients with late TNM stage and
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postoperative recurrence are not surgical candidates, and systemic anti-tumor therapies, such as immunotherapy and
targeted therapy might be their last hope.* While these therapies are not only limited by relatively low response rates but
also by a tendency for drug resistance. A comprehensive understanding of the pathological mechanism is vital for
designing more effective treatment strategies.’

Recent studies have pointed out that chronic inflammation occupies a significant role in the initiation and progression
of HCC.%’ Chronic inflammation initiates a vicious cycle between HCC and chronic liver diseases, such as NFLD and
chronic hepatitis.® Cancer-related inflammation has been the research hotpot in the field of cancer, and some systemic
inflammatory response indexes, such as GRIm score,9 CRP,“) and the systemic immune-inflammation index (SII),” are
proven to be the prognostic biomarker for HCC population. SII was calculated as plateletsxneutrophils/lymphocytes, and
monocytes are reported to play crucial role in repairing necrotic liver lesions,'? thus should be added into the
inflammatory response index. The four indexes derived from blood routine provide a comprehensive reflection of the
systemic inflammation in the whole body, which is called aggregate index of systemic inflammation (AISI). Both SII and
AISI are accessible and cost-effective markers of systemic inflammation, and AISI incorporates monocyte levels, which
is a more comprehensive measure.

The systemic inflammation index, AISI, was based on four immune cells from blood routine, which is very feasible
and convenient in the clinical practice. Wang et al'® concluded that high levels of AISI were closely associated with
worse prognosis of esophageal cancer and could be served as a reliable biomarker to guide the clinical prognostic
assessment of patients with esophageal cancer. However, whether AISI could be used as a prognostic biomarker among
HCC population is still unknown. In this study, we first explored the clinical significance and prognostic value of AISI in
a Chinese HCC cohort. Then, we investigated the correlation between levels of AISI and gut microbes via 16S rRNA
sequencing. Finally, we determined the significant fecal metabolites between the low AISI and high AISI groups via

metabolomics.

Materials and Methods
HCC Cohort

This was a prospective clinical study of HCC patients seen at the Wuhan Union hospital from January 2023 to
August 2024. The confirmed diagnosis of HCC was based on histopathologic examination. Exclusion criteria were
listed as the followings: (1) patients were diagnosed with cholangiocarcinoma; (2) HCC individuals lost for follow-up;
(3) HCC patients were complicated by acute infection or hematological diseases. Therefore, a total of 109 cases of
HCC were recruited into our cohort. The overall survival time was defined as the total period from diagnosis of HCC
to the endpoint or the last follow-up time. AISI was calculated as plateletsxmonocytesxneutrophils/lymphocytes. The
33rd percentile AISI was used as the cut-off to divide the patients into low AISI group (n=36) and high AISI group
(n=73). The fresh fecal samples of HCC individuals were collected within 24 hour on admission, and then stored in
-80°C refrigerator for further analysis. This clinical research was adherent to the Helsinki Declaration, and was
approved by the Ethics Committee of the Tongji Medical College of Huazhong University of Science and Technology
(Approval number: 2023-S117). Moreover, the written informed consent was obtained from all the included HCC

individuals.

6S rRNA Sequencing

PF Mag-Bind Stool DNA Kit (Omega Bio-tek, Georgia, US) was used for the extraction of the total microbial genomic
DNA. The V3-V4 region of the microbial 16S rRNA gene was amplified, and then determined using MiSeq platform
(Illumina, San Diego, California, USA). The statistical analysis and drawing were finished with the aid of the Majorbio
Cloud (https://cloud.majorbio.com). Chao index and ACE index were measured to judge the alpha diversity between the

AISI and high AISI groups. The compositions of gut bacterium between the low and high AISI groups were analyzed via
bar plots. The significant microbes between the low and high AISI groups were determined by the linear discriminant
analysis effect size (LEfSe) analysis.
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Metabolomics

Metabolome profiling was finished on liquid chromatography-mass spectrometry (LC-MS) using ultra-high performance
liquid chromatography (UHPLC) system. The raw metabolomic data were first pre-treated and then analyzed by the
progenesis QI software (Waters Corporation, Milford, USA). The statistical analysis and drawing were finished with the
aid of the Majorbio Cloud (https://cloud.majorbio.com). Principal component analysis (PCA) was used to visualize the
metabolic changes between low AISI group and high AISI group. Generally, fecal metabolites between the low and high
AISI groups were considered significant if variable importance in the projection (VIP) >1 along with P<0.05. Moreover,
significant metabolites between the low AISI group and high AISI group were further selected for the enrichment
analysis.

Statistical Analysis

Continuous data were represented with mean+standard deviation and compared using student ¢ test or non-parametric test
where applicable. Categorical indexes were displayed as numbers and compared with X? test. The prognostic significant
of AISI was assessed by the Kaplan—Meier curve, and discrepancies between the low and high AISI groups were
determined by the Log rank test. Receiver operating characteristic (ROC) analysis was selected for the quantification of
the predictive performance of AISI. The two-sided level of P-value less than 0.05 was regarded as statistically significant.
Analyses were performed using IBM SPSS Statistics for Windows (version 19.0) and Graphpad prism (version 5.0).

Results
Clinical Features of 109 HCC Individuals

Based on the three inclusion criterion, a total of 109 HCC patients were selected into our analysis. The average age of the
109 HCC patients was 57.94 years, and the majority of them (85.32%) were male sufferers. The detailed features of the
109 HCC patients were listed in Table S1. The majority of HCC patients (79.82%) exhibited high levels of serum AFP,
66.97% complicated with liver cirrhosis, 37.61% suffered from infection of hepatitis B virus, and 58.72% progressed to
the advanced BCLC stage (B-C). Moreover, most of the HCC patients exhibited normal liver function, which was
presented by Child-Pugh.

Prognostic Significance of AISI in HCC Patients
We divided the 109 HCC individuals into low AISI group (n=36) and high AISI group (n=73) based on the 33rd
percentile of AISI. Results from survival analysis (Figure 1A) revealed that HCC patients in low AISI group (36.975
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Figure | Low levels of AlSI were correlated with relatively favorable overall survival in HCC individuals (A). ROC analysis exhibits the good performance for predicting
survival status of HCC patients (B).
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+2.152 month) tend to experience relatively longer survival time compared with those in high AISI group (28.994+1.675
month), and log rank test also validated this result (P=0.035). Univariate and multivariate Cox regression revealed that
AISI is a reliable independent prognostic biomarker of HCC (Table S2). Then, we employed ROC analysis to measure
the predictive performance of AISI for the survival outcome, and ROC curve showed that levels of AISI had good
predictive performance for the survival status with an AUC of 0.771 (95%CI: 0.671-0.871, Figure 1B). Hence, we could
conclude that AISI is a reliable biomarker for the prognostic prediction of HCC individuals.

Correlation Between Levels of AlSI and Gut Microbes

16S rRNA sequencing technology was used to determine the most significant gut microbes which are closely associated
with the levels of AISI in HCC. Venn plot (Figure 2A) displayed that 139 OTUs are unique to the low AISI group and
428 OTUs are specific to the high AISI group. Alpha diversity measured by Chao index and ACE index demonstrated the
significant difference between the two groups (Figure 2B). Microbial community analysis revealed that the abundance of
Firmicutes, Actinobacteriota, and Proteobacteria were significantly different between the two groups at the phylum level
(Figure 2C). At the genus level, the levels of Blautia, Escherichia-Shigella, Streptococcus, and Bifidobacterium were also
different between the two groups (Figure 2D). Further statistical analysis identified that levels of Parabacteroides were
up-regulated in the low AISI group (P=0.03736), and levels of Fusicatenibacter were up-regulated in the high AISI
group (P=0.02714, Figure 2E). The network between gut microbes and AISI groups are listed in Figure 3A. LEfSe
analysis was adopted for the identification of significant bacterium between the two groups (Figure 3B), and
Parabacteroides obtained the biggest LDA score in the low AISI group. KEGG enrichment analysis showed that the
significant intestinal bacterium between the two groups were most likely to participate in metabolic pathways and
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Figure 2 Venn plot show the OTUs in the low AISI and high AISI groups (A). The alpha diversity between the two groups measured by Chao and ACE indexed was
significantly different (B). The microbial compositions between the two groups at the phylum level (C) and genus level (D). Statistical analysis shows that levels of
Parabacteroides were up-regulated in the low AlSI group and levels of Fusicatenibacter were up-regulated in the high AISI group (E).

Notes: * stands for P<0.05, ** stands for P<0.01.
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Figure 3 (A) Network analysis displayed the distributions of gut microbes between the low AlSI and high AISI groups. (B) LEfSe analysis identified the most significant
microbes in the low AlSI and high AlSI groups. (C) KEGG enrichment analysis showed that the significant intestinal bacterium between the two groups were most likely to
participate in metabolic pathways and biosynthesis of secondary metabolites.

Notes: enviro. stands for environments, met. stands for metabolism.

biosynthesis of secondary metabolites (Figure 3C). In summary, the correlation between levels of AISI levels and
increased abundance of Parabacteroides indicates a potential role of the gut microbiota in modulating systemic
inflammation in HCC.

Relationship Between Levels of AlISI and Metabolites

The fecal metabolites between the low and high AISI groups were determined via metabolic analysis. The low AISI
group and high AISI group was basically divided into two parts, which was exhibited in the PCA analysis (Figure 4A).
A total of 3568 fecal metabolites were identified from the 109 cases of HCC samples, and the detailed numbers of
metabolites between the low AISI group and high AISI group are listed in Figure 4B. The differential metabolites
between the low AISI group and high AISI group are exhibited in Figure 4C, and 10 metabolites were up-regulated in
low AISI group and 972 metabolites were down-regulated in low AISI group. According to the VIP value, 5 significant
metabolites (VIP>2) were cavipetin A, pemptoporphyrin, 8-Ox0-dGMP,(2S)-2-Amino-N-(1S)-7,7-dimethyl-
1-4-(2-methylphenyl)pip, Avenestergenin Al, and 5-Penthytetrahydro-2-oxo-3-furancarboxylic acid were the most
important fecal metabolites between the two groups (Figure 4D). The levels of five down-regulated metabolites and
four up-regulated metabolites in the low AISI group are vividly displayed in Figure 5. The significant fecal metabolites
between the low AISI group and high AISI group were mainly involved in biosynthesis of phenylpropanoids and tyrosine
metabolism (Figure 6). In brief, levels of AISI were significantly correlated with some metabolites in HCC, such as
cavipetin A, pemptoporphyrin, and 8-Oxo-dGMP. The correlation between levels of AISI and the specific faecal
metabolites, indicate a potential role of the host metabolism in modulating systemic inflammation in HCC.

Discussion
In the present study, we found that HCC patients with high AISI were significantly correlated with unfavorable OS.
Subsequent 16S rRNA sequencing revealed that low levels of AISI were significantly correlated with the increased
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Figure 4 PCA demonstrated that the low AlSI group and high AISI group was basically divided into two parts (A). Venn plot displayed the fecal metabolites between the low
AISI and high AISI groups (B). Hot map shows the up-regulated and down-regulated metabolites between the two groups (C). VIP analysis identified the most important

metabolites between the two groups (D).
Notes: purple stands for down-regulation, and red stands for up-regulation.

abundance of Parabacteroides. Metabolic analysis identified a panel of fecal metabolites were significantly different
between the low and high AISI groups, and low levels of AISI were closely associated with cavipetin A, pemptopor-
phyrin, 8-Oxo-dGMP. KEGG enrichment analysis identified biosynthesis of phenylpropanoids and tyrosine metabolism
as the most important pathways in HCC. Hence, the present study not only identified AISI as a possible prognostic
indicator for HCC individuals, but also explored the alterations of gut microbes and fecal metabolites between the low
and high AISI groups. Our study indicated a potential role of the gut microbiota and host metabolism in modulating
systemic inflammation in HCC.

AISI, a novel systemic inflammation index, was based on four immune cells from blood routine, which is very

feasible and convenient in the clinical practice. A series of clinical researches have investigated the survival value of

AISI in cancer individuals. Xie et al'* deemed that high levels of AISI were correlated with an increased risk for prostate
cancer. A Romania research demonstrated that levels of AISI were significantly correlated with the recurrence of

colorectal cancer.'” Huang et al'® reported that high AISI was an independent risk factor for locally advanced
intrahepatic cholangiocarcinoma. Feier et al'” found that AISI was a valuable prognostic biomarker for lung cancer
individuals, which was validated by a recent Chinese cohort with 266 cases of non-small cell lung cancers.'® To our
knowledge, this is the first clinical research revealing the role of AISI in HCC. Consistent with the above findings, AISI
is also a possible indicator for predicting the prognosis of HCC individuals.

Although some clinical researches have highlighted the prognostic role of AISI in cancer, the possible mechanism between
high AISI and worse survival is still uncertain. As mentioned above, AISI index is consisted of monocyte, platelet, neutrophil
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Figure 5 The top 9 significant metabolites with down-regulation or up-regulation between the low and high AlSI groups. (A) Fluoren-9-one. (B) 4-Hydroxybenzoic acid. (C)
Valeric acid. (D) 2-Aminobenzoic acid. (E) Delta-valerolactone. (F) Cenisrtib. (G) Camellianin A. (H) Cyclopassifloside I. (I) Folinic acid.
Notes: * stands for P<0.05, ** stands for P<0.01, *** stands for P<0.001.

and lymphocyte. On the one hand, circulating monocytes have been reported to enhance the growth and migration of tumor
cells, and facilitate cancer cells evade from immune surveillance.'® Platelets could promote platelet-tumor cell aggregates, and
thus facilitate their entrapment by neutrophil extracellular traps and subsequent remote metastasis of cancer cells.'® Neutrophils
play a negative role in anti-tumor immune response via suppressing the activity of effective T lymphocytes and natural killer
cells.?® On the another hand, lymphocyte cells are the main force for anti-tumor immune response in the tumor microenviron-
ment, and tumor associated lymphocyte is the key to the efficacy of immunotherapy in HCC.?! Low levels of lymphocytes
signify the immunosuppressive tumor microenvironment,”> which facilitates the proliferation and migration of tumor cells.
Gut microbes play a key role in gut homeostasis and the pathophysiology of cancer.>> The complex interplay between
gut microbes and systemic inflammation is the research direction in the field of cancer. 16S rRNA sequencing revealed
that the microbial compositions between the low and high AISI groups were significantly different, and statistical
analysis identified that parabacteroides was the most abundant bacterium in low AISI group. Parabacteroides has been
shown to modulate the host mucosal immune system, reduce inflammation, participate in carbon metabolism.**
Parabacteroides may exert a competitive advantage by coordinating the degradation of complex polysaccharides. In
addition, Parabacteroides could secret short-chain fatty acids, such as acetate and propionate, which play a positive role
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in anti-tumor immune response. Hence, we deemed that HCC patients in low AISI groups possessed favorable survival
outcome partly due to the high abundance of Parabacteroides.

Both the VIP and differential analysis of metabolomics revealed that cavipetin A is an up-regulated metabolite in
patients with low AISI. Cavipetin A belongs to the class of organic compounds known as acyclic diterpenoids. Cavipetin
A was involved in the regulation of lipid peroxidation and fatty acid metabolism. A previous study reported that cavipetin
could decrease the levels of ROS and oxidative stress.>> Hence, we deemed that cavipetin A plays a protective role in the
progression of HCC. In summary, the correlations between levels of AISI and the specific faecal metabolites, indicate
a potential role of the host metabolism in modulating systemic inflammation in HCC.

This study also has several shortcomings. First, this was a single-center HCC cohort with only 109 HCC cases, and no
external HCC cohorts were available for validation, which may cause various biases. Then, due to the differences in
inclusion criteria, the cut-of value of AISI may vary in different cohort. How to gain a unified threshold of AISI for
clinical use is an urgent issue. Finally, although we explored the clinical association between levels of AISI and gut
microbes, how the gut microbes affect the cancer-associated inflammation is still unknown. Hence, further multi-center

clinical trials related to the prognostic role of AISI in HCC and mechanical investigation are still needed in the future.
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Conclusion

AISI is a possible prognostic biomarker in HCC patients. The correlations between levels of AISI and increased
abundance of Parabacteroides, and the specific faecal metabolites, indicate a potential role of the gut microbiota and
host metabolism in modulating systemic inflammation in HCC. Our findings related to AISI needs further research in the
future.
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