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Abstract. – OBJECTIVE: Currently, the ther-
apeutic effect on patients with liver cancer is as-
sociated with disease development. Meanwhile, 
the efficacy in patients with advanced liver can-
cer is far from satisfactory. Therefore, the aim 
of this study was to explore the association of 
disease condition with changes in liver function 
indexes, intestinal flora, and plasma endotox-
in (ET) and vascular endothelial growth factor 
(VEGF) levels in patients with liver cancer. 

PATIENTS AND METHODS: A total of 300 pa-
tients with primary liver cancer in our hospital 
were enrolled in this study. All patients were di-
vided into three groups, including early liver 
cancer group, middle liver cancer group, and 
advanced liver cancer group. Peripheral blood 
was collected from each subject to detect liver 
function indexes, procalcitonin (PCT), plasma 
ET, and VEGF levels. Furthermore, mid-posteri-
or-segment stools were collected from 15 cases 
in each group, and sent to the company for de-
tection of intestinal flora. 

RESULTS: Liver function indexes in peripheral 
blood of patients with liver cancer changed with 
the changes in disease condition. With the pro-
gression of liver cancer, the level of aspartate 
aminotransferase (AST) increased significantly, 
and the highest was observed in advanced liv-
er cancer patients [(91.18±10.34) U/L] (p=0.046). 
However, the level of plasma total protein de-
clined significantly, which was (24.83±1.75) g/L 
in advanced liver cancer patients (p=0.035). 
The changes in total bilirubin were significant-
ly associated with the progression of liver can-
cer (p=0.003). The abundance of Clostridiales, 
Firmicutes, and Streptococcus in the intestinal 

tract was high in early liver cancer group. The 
abundance of Ruminococcaceae, Pasteurella-
ceae, Tanticharoenia, and Vagococcus in the 
intestinal tract was high in middle liver cancer 
group. Meanwhile, the abundance of Bifidobac-
teriales, Actinobacteria, Barnesiella, Porphy-
romonadaceae, and Pseudomonadales in the 
intestinal tract was high in advanced liver can-
cer group. In patients with liver cancer, the lev-
el of Enterobacteriaceae was positively cor-
related with that of Firmicutes (r=0.36, p=0.003), 
whereas it was negatively correlated with Lac-
tobacillus (r=-0.72, p=0.021). The level of Lac-
tobacillus was positively correlated with that 
of Ruminococcaceae (r=0.39, p=0.043), where-
as it was negatively correlated with that of Fir-
micutes (r=-0.27, p=0.019). In addition, the level 
of PCT markedly rose in advanced liver cancer 
group [(6.89±0.35) ng/mL] (p=0.021). The level of 
ET increased significantly with the development 
of liver cancer, with the highest level observed 
in advanced liver cancer group [(0.71±0.09) EU/
mL] (p=0.004). The level of VEGF also increased 
remarkably with the aggravation of liver cancer, 
and the highest was found in advanced liver can-
cer group [(112.33±2.11) μmol/L], showing differ-
ences among groups (p<0.05). 

CONCLUSIONS: With the progression of liver 
cancer, the abundance of Barnesiella, etc., rose 
and that of Ruminococcaceae, etc., declined in 
the intestinal tract. Meanwhile, the composition 
of intestinal flora was changed, and the levels of 
plasma ET and VEGF increased.
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Introduction

Liver cancer seriously threatens people’s health 
in all countries around the world and its incidence 
rate remains high in every continent. Currently, 
liver cancer is difficult to be cured1. In China, the 
number of patients with hepatitis B cirrhosis is in-
creasing with the prevalence of chronic hepatitis 
B virus. This indirectly increases the incidence of 
liver cancer2. The mechanism of liver cancer has 
not been fully clarified yet. It has only been detect-
ed that the molecular mechanism of liver cancer is 
related to the activation of Wnt/catenin signaling 
pathway and mitogen-activated protein kinase/
extracellular regulated protein kinases (MAPK/
ERK) pathway. Meanwhile, it is correlated with 
the composition and activation state of tumor im-
mune microenvironment3. As a digestive tract tu-
mor, liver cancer shows a great correlation with the 
type and abundance of intestinal microorganisms. 
The treatment of liver cancer is dominated by sur-
gical resection supplemented by chemotherapy. 
Researches have demonstrated that its efficacy is 
affected by the progression of tumor4.

Intestinal microorganisms refer to various bac-
terial florae in the human normal digestive tract. 
Currently, hundreds of species of intestinal mi-
croorganisms have been identified. The abun-
dance is related to microorganism species, mainly 
including Enterococcocci and Enterobacteriace-
ae. Intestinal microorganisms have become a re-
search hotspot currently. They have been proved 
to be able to affect the body’s immune state, stress 
response, and metabolic level5. Intestinal micro-
organisms have been found involved in many 
diseases. Notably, changes in intestinal flora are 
associated with gastrointestinal discomfort in 
asthmatic children6. The composition of intesti-
nal microorganisms is related to the occurrence 
of type 2 diabetes mellitus7. Meanwhile, the alter-
ation of intestinal flora will lead to liver fibrosis8. 
It has been proved that intestinal flora in liver can-
cer patients is highly correlated with tumor pro-
gression9,10. Therefore, the exploration of intesti-
nal microorganisms in liver cancer patients may 
help to determine the progression of liver cancer 
more accurately and to find a better therapeutic 
regimen at each stage.

In this paper, liver cancer patients who received 
treatment in our hospital were divided into three 
groups according to the disease condition, includ-
ing early liver cancer group, middle liver cancer 
group, and advanced liver cancer group. Changes 
in the composition and abundance of intestinal 

microorganisms were analyzed in each group. 
Meanwhile, the changes in liver function indexes, 
and procalcitonin (PCT), plasma endotoxin (ET), 
and vascular endothelial growth factor (VEGF) 
levels were detected. Our findings might help to 
determine the influencing factors for the progres-
sion of liver cancer and their associations with the 
disease condition.

Patients and Methods

General Data
A total of 300 patients with primary liver can-

cer in our hospital from 2017 to date were enrolled 
as research subjects. All patients were divided 
into three groups according to the clinical stage 
of liver cancer, including early liver cancer group 
(stage I, n=100), middle liver cancer group (stage 
II, n=100), and advanced liver cancer group (stage 
III, n=100). The clinical data of patients, such 
as name, ID No., gender, age, length of hospital 
stay, and pathological diagnosis, were recorded. 
According to statistics, there were no statistical 
differences in such general data as gender and age 
among the three groups. Informed consent was 
obtained from each subject before the study. This 
investigation was approved by the Ethics Com-
mittee of our hospital.

Clinical stage of liver cancer was as follows: 
Stage I (early liver cancer): maximum diameter of 
single tumor ≤3 cm, and no cancer embolus, ab-
dominal lymph node and distant metastases, with 
liver function Child-Pugh class A; the sum of the 
maximum diameter of single or two tumors ≤5 
cm, hemi-hepatic tumor, and no cancer embolus, 
abdominal lymph node and distant metastases, 
with liver function Child-Pugh class A. Stage II 
(middle liver cancer): the sum of the maximum di-
ameter of single or two tumors ≤10 cm, the sum of 
the maximum diameter of hemi-hepatic or two tu-
mors ≤5 cm, left-right hepatic tumor, and no can-
cer embolus, abdominal lymph node and distant 
metastases, with liver function Child-Pugh class 
A; the sum of the maximum diameter of single 
or two tumors >10 cm, the sum of the maximum 
diameter of hemi-hepatic or two tumors >5 cm, 
left-right hepatic tumor, and no cancer embolus, 
abdominal lymph node and distant metastases in 
many tumors, with liver function Child-Pugh class 
A; regardless of the condition of tumor, there are 
tumor emboli in the portal branch, hepatic vein or 
bile duct, with liver function Child-Pugh class B. 
Stage III (advanced liver cancer): regardless of the 
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condition of tumor, there are tumor emboli in the 
main portal vein or inferior vena cava, abdomi-
nal lymph node or distant metastasis, with liver 
function Child-Pugh class A or B; liver function 
Child-Pugh class C regardless of the condition of 
tumor, cancer embolus, and metastasis. 

Detection of Intestinal Flora
Fresh mid-posterior-segment stools were col-

lected from 15 cases in each group, and cryopre-
served in liquid nitrogen for the detection of intes-
tinal flora. Collected specimens were obtained and 
sent with dry ice to Shanghai Servicebio Co., Ltd. 
(Wuhan, China) for the analysis of intestinal flora. 
After microbial genomic DNA extraction, amplifi-
cation, base-building, and labeling, high-through-
put sequencing was performed using Illumina 
MiSeq and Ion PGM. The species and relative 
abundance of microorganisms in specimens were 
detected, followed by bioinformatics analysis.

Detection of Liver Function Indexes
A total of 5 mL of fasting peripheral blood 

was drawn from patients in each group. After 
centrifugation at 3500 rpm for 5 min, the color 
of upper-layer plasma was observed. Subsequent-
ly, part of it was aspirated into a new centrifuge 
tube. The remaining plasma was detected using 
a full-automatic biochemical analyzer. Finally, 
the levels of liver function indexes aspartate ami-
notransferase (AST), alanine aminotransferase 
(ALT), total protein (TP), albumin (ALB), gam-
ma-glutamyl transpeptidase (GGT), and serum 
total bilirubin (STB) were obtained. Changes of 
intestinal barrier in each group were examined by 
colonoscopy. 

Limulus Test
Plasma level of ET was measured using limu-

lus test in the three groups. Firstly, limulus lysate 
was used to label positive control and negative 
control samples, and the standards were diluted. 
Later, ET solution was added into positive control 
samples, and deionized water was added into neg-
ative control samples. Meanwhile, patient’s plas-
ma was added into other tubes. Next, the tubes 
were closed, shaken evenly, and placed vertically 
in water bath tank at 37°C. After 1 h, the tubes 
were taken out and observed.

Detection of PCT and VEGF
PCT and VEGF were determined via en-

zyme-linked immunosorbent assay (ELISA) using 
the R&D (Minneapolis, MN, USA) kits. Briefly, 5 

mL of peripheral blood was collected from each 
patient in the three groups. After centrifugation 
at 3500 rpm for 5 min, the supernatant was trans-
ferred into a new centrifuge tube and stored in liq-
uid nitrogen. The detection was performed strictly 
according to the instructions of ELISA kits, with 3 
replicates for each sample. The absorbance at 560 
nm was determined using the Bio-Rad (Hercules, 
CA, USA) microplate reader, and converted into 
the actual concentration of PCT and VEGF based 
on the standard curves. The mean sensitivity in the 
test was <0.4 pg/mL, and the inter-batch coefficient 
of variation was 5.1%.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 (IBM, Armonk, NY, USA) software 
was used for all statistical analysis. Measurement 
data were expressed as mean ± standard deviation. 
Inter-group difference was analyzed using analy-
sis of variance, followed by Post-Hoc Test (Least 
Significant Difference). Correlation analysis was 
performed using Pearson method. Intestinal flora 
in liver cancer patients was analyzed using linear 
discriminant analysis effect size (LEfSe). p<0.05 
was considered statistically significant.

Results 

Changes in Liver Function Indexes 
and intestinal barrier changes in the 
Three Groups

As shown in Table I, liver function indexes 
in peripheral blood of patients with liver cancer 
changed with the changes in disease condition. 
With the progression of liver cancer, the level of 
AST increased significantly, with the highest in 
advanced liver cancer patients [(91.18±10.34) U/L] 
(p=0.046). However, the level of plasma total pro-
tein declined, which was (24.83±1.75) g/L in ad-
vanced liver cancer patients (p=0.035). Moreover, 
changes in total bilirubin were significantly associ-
ated with the progression of liver cancer (p=0.003). 
Colonoscopy showed that the intestinal barrier of 
patients in each group had pathological changes of 
different degrees, and the differences between the 
groups were not statistically significant. 

Changes in Intestinal Flora in the 
Three Groups

As shown in Figure 1 and 2, the abundance of 
Clostridiales, Firmicutes, and Streptococcus in 
the intestinal tract was high in early liver can-
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cer group. The abundance of Ruminococcaceae, 
Pasteurellaceae, Tanticharoenia, and Vagococ-
cus in the intestinal tract was high in middle liver 
cancer group. Meanwhile, the abundance of Bi-
fidobacteriales, Actinobacteria, Barnesiella, Por-
phyromonadaceae, and Pseudomonadales in the 
intestinal tract was high in advanced liver can-
cer group. The levels of Actinobacteria (Figure 
3) and Barnesiella (Figure 4) in advanced liver 
cancer group were evidently higher than those of 
the other two groups. However, the level of Rumi-
nococcaceae (Figure 5) in advanced liver cancer 
group was evidently lower than that of the other 
two groups. Other microorganisms such as Sul-
folobaceae did not change significantly between 
the groups. 

Correlation Analysis of Intestinal Flora 
in the Three Groups 

As shown in Figure 6, the level of Entero-
bacteriaceae was positively correlated with that 
of Firmicutes (r=0.36, p=0.003), whereas it was 
negatively correlated with Lactobacillus (r=-0.72, 
p=0.021). The level of Lactobacillus was posi-
tively correlated with that of Ruminococcaceae 
(r=0.39, p=0.043), whereas it was negatively cor-
related with that of Firmicutes (r=-0.27, p=0.019).

Changes in Plasma ET and PCT in the 
Three Groups

The level of PCT significantly rose in advanced 
liver cancer group [(6.89±0.35) ng/mL] (p=0.021). 
Furthermore, the level of ET increased remark-

Table I.  Changes in liver function indexes in the three groups.

Group  No. AST (U/L) ALT (U/L) TP (g/L) ALB (g/L) GGT (U/L) STB (μmol/L) 
   

Early liver 
 cancer group  100 42.41±2.14 78.48±11.83 62.15±2.14 38.15±1.24 45.15±3.17 21.41±1.84
Middle liver 
 cancer group  100 58.51±3.81 86.11±12.19 65.14±3.81 34.18±2.81 52.87±2.81 25.15±5.18
Advanced liver 
 cancer group  100 91.18±10.34 71.91±18.98 51.35±4.15 24.83±1.75 51.87±1.82 59.85±4.98
F   7.98 2.34 2.59 10.85 1.98 11.75
p   0.046 0.271 0.175 0.035 0.414 0.003

Figure 1. LDA score of intestinal flora in 
early liver cancer group, middle liver cancer 
group, and advanced liver cancer group.
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ably with the development of liver cancer, with 
the highest observed in advanced liver cancer 
group [(0.71±0.09) EU/mL] (p=0.004) (Table II).

Changes in VEGF Level in the 
Three Groups

VEGF level in liver cancer patients also in-
creased significantly with the aggravation of the 
disease, which was the highest in advanced liv-
er cancer group [(112.33±2.11) μmol/L], showing 
differences among groups (p<0.05) (Figure 7).

Discussion 

Liver cancer is among the top three diseases in 
the incidence rate. The occurrence and progression 
of liver cancer affect the health and life of a large 
number of people around the world11,12. In patients 

with early liver cancer, the tumor diameter is less 
than 3 cm without lymph node metastasis or dis-
tant metastasis. The treatment means is relatively 
simple with a better curative effect13. In patients 
with middle-advanced liver cancer, distant spread 
of tumor stem cells often occurs with blood or 
lymphatic fluid during tumor growth, making liv-
er cancer prone to relapse or metastasis. There-
fore, the efficacy is poor, and the mortality rate is 
high in these patients14. Clearly distinguishing the 
progression of liver cancer is of great help for the 
reasonable selection of therapeutic regimen and 
improvement of therapeutic effect. In this study, 
liver function indexes in peripheral blood of pa-
tients with liver cancer changed with the changes 
in disease condition. With the progression of liver 
cancer, the level of AST increased significantly, 
and the highest was observed in advanced liver 
cancer patients [(91.18±10.34) U/L] (p=0.046). 

Table II.  Changes in liver function indexes in the three groups.

Group No. PCT (ng/mL) ET (EU/mL)
    

Early liver cancer group 100 3.72±0.76 0.24±0.03
Middle liver cancer group 100 4.24±1.92 0.56±0.11
Advanced liver cancer group 100 6.89±0.35 0.71±0.09
F  17.28 21.87
p  0.021 0.004

Figure 2. LEfSe of intestinal flora in early liver cancer group, middle liver cancer group, and advanced liver cancer group.
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However, the level of plasma total protein de-
clined, which was (24.83±1.75) g/L in advanced 
liver cancer patients (p=0.035). Changes in total 
bilirubin were significantly associated with the 
progression of liver cancer (p=0.003). It could be 
observed that with the progression of liver cancer, 
most liver function indexes were gradually dys-
regulated. Hepatocyte death increased, nutrition-
al status of patients became worse, and jaundice 
occurred, which was a dynamic process. All these 
findings confirmed that the progression of liver 
cancer could lead to the gradual dysregulation or 
loss of liver function.

Liver cancer is affected by the state and abun-
dance of intestinal microorganisms in patients. In-
testinal microorganisms can be used as one of the 
non-invasive methods for early diagnosis of liver 
cancer patients15. It can also be applied as a poten-

tial therapeutic method for liver cancer16-18. Intesti-
nal microorganisms have been found related to the 
occurrence of liver fibrosis after liver cancer19. In 
this study, the abundance of Clostridiales, Firmic-
utes, and Streptococcus in the intestinal tract was 
high in early liver cancer group. The abundance 
of Ruminococcaceae, Pasteurellaceae, Tantich-
aroenia, and Vagococcus in the intestinal tract was 
high in middle liver cancer group. The abundance 
of Bifidobacteriales, Actinobacteria, Barnesiella, 
Porphyromonadaceae, and Pseudomonadales in 
the intestinal tract was high in advanced liver can-
cer group. Moreover, the levels of Actinobacteria 
and Barnesiella in advanced liver cancer group 
were evidently higher than those of the other two 
groups. However, the level of Ruminococcaceae in 
advanced liver cancer group was evidently lower 
than that of the other two groups. The above re-

Figure 3. Level of Actinobacteria in early liver cancer group, middle liver cancer group, and advanced liver cancer group.

Figure 4. Level of Barnesiella in early liver cancer group, middle liver cancer group, and advanced liver cancer group.
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sults demonstrated that with the progression of liv-
er cancer, there would be dynamic changes in the 
composition and level of intestinal microorganisms 
in liver cancer patients. The possible reason was 
that intestinal microorganisms were significantly 
changed to adapt to the disease state of patients. 
The levels of intestinal probiotics, such as Rumi-
nococcaceae and Firmicutes, evidently declined in 
patients with advanced liver cancer. This might be 
the cause of intestinal dysfunction and nutrient ab-
sorption disorder, resulting in further deterioration 

of liver cancer. In this study, the level of Entero-
bacteriaceae in patients with liver cancer was pos-
itively correlated with that of Firmicutes (r=0.36, 
p=0.003), whereas it was negatively correlated 
with that of Lactobacillus (r=-0.72, p=0.021). Fur-
thermore, the level of Lactobacillus was positively 
correlated with that of Ruminococcaceae (r=0.39, 
p=0.043), but was negatively correlated with Fir-
micutes (r=-0.27, p=0.019). Therefore, it could be 
speculated that taking Lactobacillus preparation 
might up-regulate the levels of such probiotics as 

Figure 5. Level of Ruminococcaceae in early liver cancer group, middle liver cancer group, and advanced liver cancer group.

Figure 6. Correlation analysis of intestinal flora in the three groups.
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Ruminococcaceae in liver cancer patients, improve 
the intestinal microenvironment, and alleviate the 
condition of the disease.

PCT and plasma ET often serve as predictors 
for the presence or absence of infection and its 
severity20. In this study, the level of PCT rose 
significantly in advanced liver cancer group 
[(6.89±0.35) ng/mL] (p=0.021). The level of ET 
increased significantly with the development 
of liver cancer, which was the highest in ad-
vanced liver cancer group [(0.71±0.09) EU/mL] 
(p=0.004). These results suggested that patients 
with advanced liver cancer were more suscepti-
ble to infection than those with early and middle 
liver cancer. At the same time, it was found that 
the level of VEGF in liver cancer patients also 
increased remarkably with the aggravation of 
disease, which was the highest in advanced liv-
er cancer group [(112.33±2.11) μmol/L], showing 
differences among groups (p<0.05).

Conclusions

With the progression of liver cancer, the pro-
liferation rate of tumor cells constantly rises, and 
vascular permeability also increases, leading to 
high potential of metastasis. It is also demonstrat-
ed that VEGF may be a potential therapeutic tar-
get for patients with advanced liver cancer. Fur-

thermore, VEGF inhibitors can be used to prevent 
tumor proliferation and metastasis, and delay the 
disease development.

Conflict of Interests
The Authors declare that they have no conflict of interests.

References

 1) Li YC, Xu FM, Zhang gQ, Li SB, Wen YY, Zeng F. 
Down-regulation of microRNA-21 inhibits cell pro-
liferation and invasion of high-invasion liver can-
cer stem cells. Eur Rev Med Pharmacol Sci 2018; 
22: 7832-7840.

 2) KuLiK L, eL-Serag hB. Epidemiology and manage-
ment of hepatocellular carcinoma. Gastroenterol-
ogy 2019; 156: 477-491.

 3) Chen J, Zhang Y, Cai h, Yang Y, Fei Duan Y. Compar-
ison of the effects of postoperative prophylactic 
transcatheter arterial chemoembolization (TACE) 
and transhepatic arterial infusion (TAI) after hepa-
tectomy for primary liver cancer. J BUON 2018; 
23: 629-634.

 4) Jiang Y, Sun a, Zhao Y, Ying W, Sun h, Yang X, Xing B, 
Sun W, ren L, hu B, Li C, Zhang L, Qin g, Zhang M, 
Chen n, Zhang M, huang Y, Zhou J, Zhao Y, Liu M, 
Zhu X, Qiu Y, Sun Y, huang C, Yan M, Wang M, Liu W, 
Tian F, Xu h, Zhou J, Wu Z, Shi T, Zhu W, Qin J, Xie 
L, Fan J, Qian X, he F; Chinese Human Proteome 
Project (CNHPP) Consortium. Proteomics identi-
fies new therapeutic targets of early-stage hepato-
cellular carcinoma. Nature 2019; 567: 257-261.

 5) BarKo PC, MCMiChaeL Ma, SWanSon KS, WiLLiaMS Da. 
The gastrointestinal microbiome: a review. J Vet 
Intern Med 2018; 32: 9-25.

 6) Zhang Y, Li T, Yuan h, Pan W, Dai Q. Correlations 
of inflammatory factors with intestinal flora and 
gastrointestinal incommensurate symptoms in 
children with asthma. Med Sci Monit 2018; 24: 
7975-7979.

 7) horie M, Miura T, hiraKaTa S, hoSoYaMa a, Sugino 
S, uMeno a, MuroToMi K, YoShiDa Y, KoiKe T. Com-
parative analysis of the intestinal flora in type 2 
diabetes and nondiabetic mice. Exp Anim 2017; 
66: 405-416.

 8) Zhang D, hao X, Xu L, Cui J, Xue L, Tian Z. Intestinal 
flora imbalance promotes alcohol-induced liver fi-
brosis by the TGFbeta/smad signaling pathway in 
mice. Oncol Lett 2017; 14: 4511-4516.

 9) Yang J, Tan Q, Fu Q, Zhou Y, hu Y, Tang S, Zhou Y, 
Zhang J, Qiu J, Lv Q. Gastrointestinal microbiome 
and breast cancer: correlations, mechanisms 
and potential clinical implications. Breast Cancer 
2017; 24: 220-228.

10) han S, gao J, Zhou Q, Liu S, Wen C, Yang X. Role 
of intestinal flora in colorectal cancer from the me-
tabolite perspective: a systematic review. Cancer 
Manag Res 2018; 10: 199-206.

Figure 7. Changes in VEGF level in the three groups 
(*p<0.05).



Intestinal flora, plasma endotoxin, and VEGF in liver cancer

3613

11) van Meer S, De Man ra, CoenraaD MJ, SPrengerS D, 
van nieuWKerK KM, KLuMPen hJ, JanSen PL, iJZerManS 
Jn, van oiJen Mg, SierSeMa PD, van erPeCuM KJ. Sur-
veillance for hepatocellular carcinoma is associated 
with increased survival: results from a large cohort 
in the Netherlands. J Hepatol 2015; 63: 1156-1163.

12) Tan aT, Yang n, Lee KT, oei v, Chua a, Zhao X, Tan hS, 
Chia a, Le BerT n, LoW D, Tan hK, KuMar r, irani Fg, 
ho ZZ, Zhang Q, guCCione e, Wai Le, Koh S, hWang W, 
ChoW WC, BerToLeTTi a. Use of expression profiles of 
HBV-DNA integrated into genomes of hepatocellular 
carcinoma cells to select T cells for immunotherapy. 
Gastroenterology 2019; 156: 1862-1876.

13) huang a, Zhao X, Yang Xr, Li FQ, Zhou XL, Wu 
K, Zhang X, Sun QM, Cao Y, Zhu hM, Wang XD, 
Yang hM, Wang J, Tang ZY, hou Y, Fan J, Zhou J. 
Circumventing intratumoral heterogeneity to iden-
tify potential therapeutic targets in hepatocellular 
carcinoma. J Hepatol 2017; 67: 293-301.

14) Zheng h, PoMYen Y, hernanDeZ Mo, Li C, LivaK F, 
Tang W, Dang h, greTen TF, DaviS JL, Zhao Y, MehTa 
M, Levin Y, SheTTY J, Tran B, BuDhu a, Wang XW. 
Single-cell analysis reveals cancer stem cell het-
erogeneity in hepatocellular carcinoma. Hepatol-
ogy 2018; 68: 127-140.

15) ren Z, Li a, Jiang J, Zhou L, Yu Z, Lu h, Xie h, Chen 
X, Shao L, Zhang r, Xu S, Zhang h, Cui g, Chen X, 

Sun r, Wen h, LeruT JP, Kan Q, Li L, Zheng S. Gut 
microbiome analysis as a tool towards targeted 
non-invasive biomarkers for early hepatocellular 
carcinoma. Gut 2019; 68: 1014-1023.

16) FaTiMa n, aKhTar T, SheiKh n. Prebiotics: a novel ap-
proach to treat hepatocellular carcinoma. Can J 
Gastroenterol Hepatol 2017; 2017: 6238106.

17) PonZiani Fr, niCoLeTTi a, gaSBarrini a, PoMPiLi M. 
Diagnostic and therapeutic potential of the gut 
microbiota in patients with early hepatocellu-
lar carcinoma. Ther Adv Med Oncol 2019; 11: 
1758835919848184.

18) DarnauD M, Faivre J, MoniauX n. Targeting gut flora 
to prevent progression of hepatocellular carcino-
ma. J Hepatol 2013; 58: 385-387.

19) roDerBurg C, LueDDe T. The role of the gut microbi-
ome in the development and progression of liver 
cirrhosis and hepatocellular carcinoma. Gut Mi-
crobes 2014; 5: 441-445.

20) roDrigueZ a, reYeS LF, MonCLou J, SuBervioLa B, 
BoDi M, Sirgo g, SoLe-vioLan J, guarDioLa J, Bara-
hona D, DiaZ e, MarTin-LoeCheS i, reSTrePo Mi; on 
behalf GETGAG study group. Relationship be-
tween acute kidney injury and serum procalci-
tonin (PCT) concentration in critically ill patients 
with influenza infection. Med Intensiva 2018; 42: 
399-408.


