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The effect of oral nutritional
supplementation combined with
probiotics on the liver function and
intestinal microflora in lung cancer
chemotherapy patients through
the gut-liver axis

Xuelong Li***, Wenjing Gong?>, Kun Tang>®, Jingwen Kang">, Fubo Song*** & Yan Wang***

The role of gut microbiota in cancer treatment research is receiving increasing attention. This study
aims to evaluate the oral nutritional supplementation combined with probiotics on the liver function
and intestinal microflora of lung cancer chemotherapy patients. An evaluation was conducted
involving 113 patients with lung cancer, who were given routine hospitalization diet and oral nutrition
supplement (ONS). The intervention group received probiotic supplementation, while the control
group received placebo. It lasted for 21 days. The primary endpoint was the changes in liver function
and intestinal microflora. Secondary endpoints included nutrition and immune status, and blood lipids.
Compared with the control group, there were differences in the serum levels of ALT, AST, endotoxin
and the amount of gut microbiota in the intervention group (P <0.05). However, no significant changes
were found in nutrition, immune, and the blood lipids status. ONS combined with probiotics could
improve the liver function and gut microbiota status of lung cancer chemotherapy patients. We
speculate that this may be due to the role of supplementing probiotics in regulating the gut-liver axis.
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Chemotherapy is a two-edged sword. On the one hand, it can inhibit the growth of tumors and the development
of cancer; On the other hand, it causes cytotoxicity and side effects, which is closely linked to chemotherapy-
induced gut microbial imbalances'. The imbalanced intestinal flora is not only linked to cancer developing and
progressing, but also affects its therapeutic effects. Therefore, it is crucial to find new strategies to reduce the side
effects of chemotherapy and to rebuild the microbiota in the gut.

Our previous research found that oral nutrition supplementation (ONS) can improve the nutritional and
immune status of lung cancer patients?, but there is limited research on the regulation of the gut-liver axis by
oral nutrition combined with probiotics. Many studies have reported the probiotics could decrease the incidence
of chemotherapy-induced gastrointestinal complications*®. However, there is limited research on the effects
of probiotics on liver function in chemotherapy patients. Therefore, in order to fill the gap, our study aims
to observe the effect of oral nutritional supplementation combined with probiotics on the liver function and
intestinal microflora of lung cancer chemotherapy patients through the gut-liver axis.

Methods and participants

This study was designed as a double-blinded randomized controlled trial. Neither the patients nor the study
nurses/doctors knew the types of probiotics during the intervention. All patients, staff and outcome assessors
remained blind until the final analysis. 113 patients with lung adenocarcinoma were selected from January 2023
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to December 2023 from Yuhuangding Hospital and they were randomized to the intervention group (n=56)
and the control group (n=57) by one of the investigators, who was not involved in the trial, using computer-
generated random numbers. One chemotherapy cycle was 21 days. The patients received pemetrexed 500 mg/
m? and cisplatin 75 mg/m? on day 1. The other clinical treatments and time points for the two groups of patients
were the same. All were given routine hospitalization diet and ONS. The intervention group received probiotic
supplementation, while the control group received placebo. It lasted for 21 days. The flow of the patient selection
is shown in Fig. 1.

Ethics approval statements
The Ethics Committee of the Yuhuangding Hospital approved our interviews (approval: 2022 —237) on December
1, 2022. Respondents gave written consent for review and signature before starting interviews.

The inclusion criteria (1) Lung cancer patients aged 60-70 who have been pathologically confirmed and re-
quire chemotherapy; (2) Not accompanied by severe liver and kidney dysfunction or metabolic diseases; (3)
Tumor without metastasis.

The exclusion criteria (1) Used antibiotics within two weeks; (2) Patients with inflammatory bowel disease and
other intestinal diseases; (3) Other factors that may affect the research results.

Probiotic and placebo

The probiotic beverage and placebo (both 100 ml/ bottle) were used as the test beverages. The probiotic beverage
contained 10 billion or more Lactobacillus casei strain Shirota bacterial cells. The placebo was prepared with the
same ingredients, except that it did not contain Lactobacillus casei and other probiotics. All patients were.

The lung cancer chemotherapy patients treated with oral nutritional

supplementation combined with probiotics or not (n=120)

The patients treated with oral The patients treated with oral
nutritional supplementation nutritional supplementation
combined with probiotics combined with placebo
(n=60) (n=60)
Ealinnk syl Patient withdrawal
from study (n=1), from study (n—1),
AP p lic‘ation of Application of
Atk =2 antibiotics (n=2)
Tumor metastasis (n=1)

The patients treated with oral The patients treated with oral
nutritional supplementation nutritional supplementation
combined with probiotics meet the combined with placebo meet the
requirements (n=56) requirements (n=57)

Fig. 1. The flow of the patient selection.
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given 1 bottle/day.

Diet and ONS

The recommended diet calorie intake was set at 25 kcal/kg and protein at 1.0 g/kg®. The ONS used in this study
was the “TEAIQIRUI” (Synutra International Inc) and it contains 250 kcal energy, 34.0 g carbohydrate, 10.1 g
protein and 7.8 g fat per pack. All patients took two ONS packs daily. All patients were required to maintain
the same dietary plan and daily physical activity during the intervention. They were asked to avoid using any
probiotic supplements other than those provided by the researchers. All patients were reminded by phone or
video. All patients were given one week dose of intervention at the beginning and returned to the hospital one
week later to receive the next weeK’s dose. By counting the empty bottles brought back by patients every week
and calculating their dietary diary, the patient’s compliance with the dietary plan and supplements was indirectly
evaluated.

Data collection
The fresh feces and fasting blood samples were collected in the morning before and after intervention. Body mass
index (BMI) was calculated and used in the analysis. The laboratory data included alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), total protein (TP), prealbumin
(PA), albumin (ALB), Hemoglobin (Hb), total cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C), Endotoxin, IgG, IgA, and IgM.
Real-time fluorescence quantitation polymerase chain reaction (PCR) was used to quantify bacterial genomic
DNA content, involving Escherichia coil, Enterococcus, Bacteroides fragilis, Bifidobacterium, and Lactobacillus.

Statistical analyses

We conducted all statistical analyses in SPSS 22.0. The group differences were tested by one-way ANOVA or chi-
squared test. We carried out the generalized linear models (GLM) to assess the effects of the supplementation
on all the outcomes between the two groups. The GLM with adjustment for age, BMI, liver function, lipid
metabolism and immune status was used to test for differences between groups. P<0.05 was considered to be
statistically significant.

Results

Baseline information

Table 1 shows the baseline information of all enrolled patients. There were no significant differences between the
two groups (P>0.05).

Comparison of liver function and blood lipids

As shown in Table 2, the serum levels of ALT and AST in the intervention group were significantly decreased
than those in the control group after intervention (P<0.05). However, there was no significant difference in
serum levels of GGT, TG, TC, HDLC, and LDLC between the two groups of patients after intervention (P> 0.05).

Comparison of nutritional status and immune function

After intervention, the TP, ALB, PA, and Hb were reassessed to monitor nutrition stability. The IgA, IgG, and
IgM were assessed to monitor immune function changes. As shown in Table 3, compared with the control
group, there was no significant difference between the nutrition and immune status indicators after intervention
(P>0.05). The endotoxin in the intervention group were significantly decreased than those in the control group
after intervention (P<0.05).

Comparison of gut microbiota status

As shown in Table 4, the amount of Lactobacillus acidophilus, Bifidobacterium longum, and Bacteroides fragilis in
the intervention group were significantly increased than that in the control group (P <0.05), while the amount of
Escherichia coli and Enterococcus facalis were significantly decreased after intervention (P<0.05).

Discussion

Chemotherapy can damage the gastrointestinal mucosa, destroy the immune system, and cause changes in
gut microbiota’. In this study, we demonstrated that ONS combined with probiotics could improve the liver
function and gut microbiota status of lung cancer chemotherapy patients. We speculate that this may be due to
the role of supplementing probiotics in regulating the gut-liver axis.

Proper nutritional therapy is crucial for cancer patients, as malnutrition not only weakens the immune
system but also affects their survival and recovery®’. The additional use of ONS is advised when the normal food
is not effective in reaching nutritional goals'?. Previous studies have shown that ONS can improve the nutritional
and immune status of cancer patients“'12. In this research, the TP, ALB, PA, and Hb were reassessed to monitor
nutrition stability. Although these indicators may not reflect nutritional status well due to the influence of other
factors, their level is still the critical parameters of the assessment of nutritional status in clinical practice'’. The
patients in this study were required to have the same diet and ONS and there is no difference in energy and
nutrient intake, which may be the reason why we did not observe significant changes in nutritional and immune
status.

The previous studies have shown that modulation of the gut microbiota can improve the function of the liver
and reduce inflammation!¥-1°. This is consistent with our research findings. In this study, we found significant
differences in liver function between the intervention group and the control group, indicating that probiotic
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The control
The intervention group (n=>56) | group (n=57) | P

Age 62.05+5.13 63.38+£6.02 0.213
BMI (kg/m?) 17.56£2.25 18.22+2.07 0.408
TP (g/L) 60.13+5.27 62.42+6.08 0.429
ALB(g/L) 32.42+3.36 33.65+3.78 0.335
PA (mg/L) 103.79+£13.62 112.49+14.83 | 0.392
Hb (g/L) 101.74+5.56 99.82+4.93 0.336
ALT, U/L 25.38+5.42 27.05+6.07 0.461
AST, U/L 21.25+5.67 20.38+6.12 0.257
GGT, U/L 50.50+9.07 48.25+8.29 0.472
TG, mmol/L 1.51+0.61 1.47+0.28 0.372
TC, mmol/L 4.74+1.08 4.83+0.77 0.413
LDLC, mmol/L 291+0.43 3.05+0.32 0.569
HDLC, mmol/L 1.00+0.21 1.02£0.19 0.486
Endotoxin, EU/ml 0.16+0.02 0.17£0.01 0.318
IgA (g/L) 2.83+0.32 2.57+0.28 0.416
IgG (g/L) 11.28+0.89 1067+1.01  |0.272
IgM (g/L) 1.62+0.26 1.55+0.18 0.204
Escherichia coli, copies/g 7.14+0.52 7.26+0.64 0.583
Enterococcus facalis, copies/g 6.82+1.06 7.01+0.94 0.275
Bacteroides fragilis, copies/g 7.43+1.22 8.45+1.27 0.622
Bifidobacterium longum, copies/g | 8.04+0.82 7.96+0.77 0.376
Lactobacillus acidophilus, copies/g | 6.82+1.02 7.24+1.13 0.426
Stage IIT 29(51.79) 28(49.12)

Stage IV 27(48.21) 29(50.88) 0327

Table 1. Baseline data of patients with lung cancer. Values are presented as mean + SD or percentages.

BMI Body Mass Index, Hb hemoglobin, TP total protein, ALB albumin, PA prealbumin, ALT alanine
aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyltransferase, TG triglyceride, TC total
cholesterol, HDLC high density lipoprotein cholesterol, LDLC low density lipoprotein cholesterol.

Between-
group
The control comparisons
The intervention group (n=>56) | group (n=57) | P! p?
ALT, U/L 12.01+4.37 26.98+5.13* 0.000 |0.013
AST, U/L 11.47+4.22 20.19+4.82% 0.000 |0.026
GGT, U/L 42.16+8.24 47.93+£6.26 0.000 | 0.257
TG, mmol/L 1.48+0.53 1.42+0.39 0.000 |0.388
TC, mmol/L 4.26+0.83 4.57+0.69 0.000 | 0.546
LDLC, mmol/L | 2.25+0.34 2.89+0.27 0.000 |0.338
HDLC, mmol/L | 1.21+0.35 1.07+0.21 0.000 | 0.613

Table 2. Effect of oral nutritional supplementation combined with probiotics on liver function and

lipid metabolism. Values are presented as mean + SD. ALT alanine aminotransferase, AST aspartate
aminotransferase, GGT gamma-glutamyltransferase, TG triglyceride, TC total cholesterol, HDLC high density
lipoprotein cholesterol, LDLC low density lipoprotein cholesterol; *P<0.05 versus the intervention group. P!
value was calculated by a crude general linear model to test the difference in treatment effects between the
groups. P? value was calculated by a full general linear model with adjustments for age, BMI, the liver function,
lipid metabolism and immune status to test the difference in treatment effects between the groups.

supplementation has an improvement effect on liver function in cancer patients. One of the key elements
contributing to the regulation of host health is now considered to be the gut microbiota and the gut microbiota
abnormalities have been linked to many diseases!”. There is increasing evidence that the gut microbiota and
its metabolites directly influence the integrity of the intestinal mucosa, while the increased permeability and
endotoxemia result from intestinal dysbiosis, resulting in aberrant activation of inflammation'®-?. In this
study, we found the amount of Lactobacillus acidophilus, Bifidobacterium longum, and Bacteroides fragilis in the
intervention group were significantly increased than that in the control group, while the amount of Escherichia
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Between-
group
The control comparisons
The intervention group (n=56) | group (n=57) | P! p?
TP (g/L) 61.25+4.83 63.14+5.29 0.000 | 0.358
ALB(g/L) 33.19+3.26 33.47+3.64 0.000 | 0.416
PA (mg/L) 128.54+12.17 121.32+13.16 | 0.000 |0.143
Hb (g/L) 104.55+4.87 100.76 £4.25 0.000 |0.287
Endotoxin, EU/ml | 0.03+0.11 0.21+£0.12* 0.000 | 0.037
IgA (g/L) 2.94+0.33 2.62+0.27 0.000 | 0.355
IgG (g/L) 13.56+0.73 11.12+1.25 0.000 | 0.483
IgM (g/L) 1.71+£0.24 1.61+£0.23 0.000 |0.376

Table 3. Comparison of the nutrition, immune, and endotoxin status between two groups after intervention.

Values are presented as mean + SD. Hb hemoglobin, TP total protein, ALB albumin, PA prealbumin; *P<0.05

versus the intervention group. P! value was calculated by a crude general linear model to test the difference in
treatment effects between the groups. P? value was calculated by a full general linear model with adjustments

for age, BMI, the liver function, lipid metabolism and immune status to test the difference in treatment effects
between the groups.

The control
The intervention group (n=>56) | group (n=57) | P
Escherichia coli, copies/g 5.26+0.49 9.47+0.58 0.034
Enterococcus facalis, copies/g 5.04+1.13 8.26+1.05 0.032
Bacteroides fragilis, copies/g 8.17+1.15 6.38+1.27 0.047
Bifidobacterium longum, copies/g | 9.76 £0.64 5.13+0.71 0.018
Lactobacillus acidophilus, copies/g | 7.96+1.13 4.82+1.04 0.026

Table 4. Comparison of the amount of gut microbiota. Values are presented as mean + SD.

coli and Enterococcus facalis were significantly decreased after intervention. Meanwhile, the endotoxin in the
intervention group were significantly decreased than those in the control group after intervention. Previous
studies have indicated that after receiving chemotherapy, cancer patients experience a decrease in probiotics
and an increase in pathogenic bacteria?»?2, which is consistent with our research findings. Our research findings
indicate that chemotherapy can lead to dysbiosis of the gut microbiota, while supplementing with Lactobacillus
casei can increase beneficial bacteria while reducing harmful microbial species. The protective effect of
Lactobacillus acidophilus on the integrity of the intestinal barrier is thought to be due to its small non-protein
molecules?®. However, we assumed that the supplementation of probiotics had played a positive role by regulating
the gut-liver axis. On the one hand, it reduced intestinal mucosal damage to lower endotoxin levels; On the
other hand, it protected liver function by increasing beneficial bacterial communities. Our previous research
has confirmed that supplementation of Lactobacillus casei could improve liver function and regulate intestinal
flora disorders in patients with alcoholic liver injury?%. Previous studies have shown that supplementation with
probiotics can effectively reduce gastrointestinal complications caused by chemotherapy and restore bacterial
diversity at the phylum and genus levels?. The supplementation of probiotics significantly reduced the incidence
of chemotherapy related cognitive impairment and altered the composition of gut microbiota?® and may help
regulate the immune system of chemotherapy patients?”. Our results showed no significant difference in
immunity, which may be due to the same nutritional support between the two groups, or due to the short
intervention time or different intervention doses.

The limitation of this study was the short intervention period. In addition, the design of the study and the
analysis of the data did not take into account the influence of the heterogeneity of the gut microbiome caused
by individual differences on the experimental results. Third, to further explore the underlying mechanisms of
action of probiotics, more well-designed and large-scale studies are urgently needed. Fourth, the standardized
clinical use of probiotics, including probiotic species, optimal dose and duration of use, should be more clearly
defined in the future.

Conclusions

In summary, ONS combined with probiotics could improve the liver function and gut microbiota status of lung
cancer chemotherapy patients. We speculate that this may be due to the role of supplementing probiotics in
regulating the gut-liver axis. According to our research findings, the combination therapy of ONS and probiotics
may be a promising adjuvant therapy for cancer chemotherapy patients.
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Data availability
The data underlying this article will be shared on reasonable request to the corresponding author.

Received: 25 November 2024; Accepted: 18 March 2025
Published online: 24 March 2025

References

1.
2.

3.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Siegel, R. L., Miller, K. D., Fuchs, H. E. & Jemal, A. Cancer statistics, 2022. CA Cancer J. Clin. 72, 7-33 (2022).

Chattipakorn, N. & Chattipakorn, S. C.The alterations of microbiota and pathological conditions in the gut of patients with
colorectal cancer undergoing chemotherapy. Anaerobe 68, 102361 (2021).

Li, X, Cui, C., Gong, W., Li, G. & Huang, P. Oral nutrition supplement improves nutrition and inflammation of cancer patients by
regulating iron metabolism. Int. J. Food Prop. 26 (1), 1304-1310 (2023).

. Darbandi, A. et al. The effects of probiotics on reducing the colorectal cancer surgery complications: A periodic review during

2007-2017. Clin. Nutr. 39, 2358-2367 (2020). [CrossRef].

. Tang, G. & Zhang, L. Update on strategies of probiotics for the prevention and treatment of colorectal cancer. Nutr. Cancer. 74,

27-38 (2022).

. Muscaritoli, M. et al. ESPEN practical guideline: clinical nutrition in cancer. Clin. Nutr. (Edinburgh Scotland). 40 (5), 2898-2913

(2021).

. Yixia, Y., Sripetchwandee, L., Chattipakorn, N. & Chattipakorn, S. C. The alterations of microbiota and pathological conditions in

the gut of patients with colorectal cancer undergoing chemotherapy. Anaerobe 68, 102361 (2021).

. Morton, M. et al. Malnutrition, sarcopenia, and cancer cachexia in gynecologic cancer. Gynecol. Oncol. 175, 142-155 (2023).

. Salas, S. et al. Nutritional factors during and after cancer: impacts on survival and quality of life. Nutrients 14 (14), 2958 (2022).

. Arends, J. et al. ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. (Edinburgh Scotland). 36 (1), 11-48 (2017).

. Meng, Q. et al. Post-discharge oral nutritional supplements with dietary advice in patients at nutritional risk after surgery for

gastric cancer: A randomized clinical trial. Clin. Nutr. 40 (1), 40-46 (2021).

Tan, S. et al. Impact of oral nutritional supplements in post-discharge patients at nutritional risk following colorectal cancer
surgery: A randomised clinical trial. Clin. Nutr. 40 (1), 47-53 (2021).

Xiong, K. et al. Effects of glutamine on plasma protein and inflammation in postoperative patients with colorectal cancer: a meta-
analysis of randomized controlled trials. Int. J. Colorectal Dis. 38 (1), 212 (2023).

Zhong, W. et al. Gut dysbiosis promotes prostate cancer progression and docetaxel resistance via activating NF-kB-IL6-STAT3
axis. Microbiome 10 (1), 94 (2022).

Gao, J. et al. The association of fried meat consumption with the gut microbiota and fecal metabolites and its impact on glucose
homoeostasis, intestinal endotoxin levels, and systemic inflammation: A randomized Controlled-Feeding trial. Diabetes Care. 44
(9), 1970-1979 (2021).

Rajapakse, J. et al. Unveiling the complex relationship between gut microbiota and liver cancer: opportunities for novel therapeutic
interventions. Gut Microbes. 15 (2), 2240031 (2023).

de Vos, W. M., Tilg, H., Van Hul, M. & Cani, P. D. Gut Microbiome and health: mechanistic insights. Gut 71 (5), 1020-1032 (2022).
Pushpanathan, P, Mathew, G. S., Selvarajan, S., Seshadri, K. G. & Srikanth, P. Gut microbiota and its mysteries. Indian J. Med.
Microbiol. ;37 (2), 268-277 (2019).

Fang, J. et al. Gut dysbiosis in nonalcoholic fatty liver disease: pathogenesis, diagnosis, and therapeutic implications. Front. Cell.
Infect. Microbiol. 12, 997018 (2022).

Assimakopoulos, S. E. et al. Intestinal barrier biomarker ZO1 and endotoxin are increased in blood of patients with COVID-19-
associated pneumonia. In Vivo 35 (4), 2483-2488 (2021).

Stringer, A. M. et al. Biomarkers of chemotherapy-induced diarrhoea: a clinical study of intestinal Microbiome alterations,
inflammation and Circulating matrix metalloproteinases. Support Care Cancer. 21 (7), 1843-1852 (2013).

Motoori, M. et al. Randomized study of the effect of synbiotics during neoadjuvant chemotherapy on adverse events in esophageal
cancer patients. Clin. Nutr. 36 (1), 93-99 (2017).

Lau, H. C. et al. Lactobacillus acidophilus suppresses non-alcoholic fatty liver disease-associated hepatocellular carcinoma through
producing valeric acid. EBioMedicine 100, 104952 (2024).

Li, X. et al. Effect of Lactobacillus casei on lipid metabolism and intestinal microflora in patients with alcoholic liver injury. Eur. J.
Clin. Nutr. 75 (8), 1227-1236 (2021).

Huang, F. et al. Postoperative probiotics administration attenuates Gastrointestinal complications and gut microbiota dysbiosis
caused by chemotherapy in colorectal cancer patients. Nutrients 15 (2), 356 (2023).

Juan, Z. et al. Probiotic supplement attenuates chemotherapy-related cognitive impairment in patients with breast cancer: a
randomised, double-blind, and placebo-controlled trial. Eur. J. Cancer. 161, 10-22 (2022).

Ostadrahimi, A. et al. Effect of combination of beta glucan and Lactobacillus rhamnosus herizi on white blood cell counts and
serum levels of IL-4 and IL-12 in women with breast cancer undergoing chemotherapy: A randomized double-blind placebo-
controlled clinical trial. Clin. Nutr. ESPEN. 61, 281-287 (2024).

Acknowledgements
This work was funded and supported by Projects of medical and health technology development program in
Shandong province (No. 202203100434).

Author contributions

XL, YW, and W G equally contributed to the conception and design of the research; K T contributed to the
design of the research; J K contributed to the acquisition and analysis of the data; F S contributed to the inter-
pretation of the data; X L and Y W drafted the manuscript. All authors critically revised the manuscript, agree
to be fully accountable for ensuring the integrity and accuracy of the work, and read and approved the final
manuscript.

Declarations

Competing interests
The authors declare no competing interests.

Scientific Reports |

(2025) 15:10063 | https://doi.org/10.1038/s41598-025-95005-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Ethical approval

The study was approved by the Ethics Committee of the Yuhuangding Hospital (No. 2022 -237). All
procedures involving human participants have been conducted according to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from all participants.

Additional information
Correspondence and requests for materials should be addressed to X.L., ES. or YYW.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:10063 | https://doi.org/10.1038/s41598-025-95005-x nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿The effect of oral nutritional supplementation combined with probiotics on the liver function and intestinal microflora in lung cancer chemotherapy patients through the gut-liver axis
	﻿Methods and participants
	﻿Ethics approval statements

	﻿Probiotic and placebo
	﻿Diet and ONS
	﻿Data collection
	﻿Statistical analyses
	﻿Results
	﻿Baseline information

	﻿Comparison of liver function and blood lipids
	﻿Comparison of nutritional status and immune function
	﻿Comparison of gut microbiota status

	﻿Discussion
	﻿Conclusions
	﻿References


