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Abstract 

Objective: Previous antibiotic therapy is acknowledged to potentially reduce the efficacy of single-agent immune checkpoint 

inhibitors. Nevertheless, the impact of antibiotics on the results for patients undergoing chemoimmunotherapy remains un- 

clear. This research investigated the influence of antibiotic treatment on the effectiveness of chemoimmunotherapy in ad- 

vanced non-small cell lung cancer (NSCLC). 

Methods: We recorded the characteristics of patients with advanced NSCLC and assessed potential associations between the 

use of antibiotics and the efficacy of chemoimmunotherapy. A mouse model using Lewis lung carcinoma (LLC) cell lines was 

developed to assess the effec t s of antibiotics on the gut microbiome and metabolites. Fecal samples were analyzed using 16S 

rRNA gene sequencing and ultra-high-performance liquid chromatography–mass spectrometry (UHPLC-MS) methods. Mouse 

fecal and serum samples and 16 human stool samples were used to validate the identified differ entially me tabolites. Deoxy- 

cholic acid (DCA) was further applied to a LLC mouse model. 

Results: This study included 387 NSCLC patients, among whom 86 patients had used antibiotics within the 30 days before the 

first cycle of chemoimmunotherapy (ATB group), and 301 patients had not used antibiotics (non-ATB group). Notable discrep- 

ancies were observed in overall survival and progression-free survival between the two groups, with overall survival recorded 

at 18.4 months versus 32.0 months, and progression-free survival at 7.6 months versus 13.0 months, in the ATB and non-ATB 

groups respectively. At the phylum level, the relative abundances of Proteobacteria , Cyanobacteria , and Deinococcus were in- 

creased in the ATB mice, while Firmicutes , Bacteroidetes , and Verrucomicrobia were decreased. We detected significant differ- 

ences in DCA levels in the fecal and serum samples from mice as well as in the fecal sample from humans between the ATB and 

non-ATB groups. The respective proportions of CD4 + and CD8 + cells were greater in the non-ATB group than in the ATB group, 

whereas the proportion of Ki67-positive cells was greater in the ATB group. DCA was applied to LLC mice, and DCA along with 

chemoimmunotherapy effec tively inhibited tumor growth in a LLC mouse model. The expression of programmed cell death 

ligand 1 increased in the DCA group. 

Conclusions: Antibiotic exposure is associated with decreased efficacy of chemoimmunotherapy in patients with NSCLC via 

dysregulation of the gut microbiome and DCA metabolism. 
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mmunotherapy has transformed the treatment approach for ad- 

anced non-small cell lung cancer (NSCLC), with immune check- 

oint inhibitors (ICIs) showing substantial enhancements in pa- 

ient outcomes. Nonetheless, recent studies have brought to light 

he possible influence of antibiotic use on the effec tiveness of ICIs, 

eading to varying responses to immunotherapy. Numerous in- 

estigations have indicated that receiving antibiotics, either prior 

o or during ICI therapy, correlates with reduced survival rates 

n NSCLC patients [ 1 , 2 ]. A systematic review evaluating the im- 

act of antibiotic exposure on survival in NSCLC patients receiving 

CIs demonstrated a significant reduction in overall survival (OS) 

mong those who had received antibiotics, with an average OS de- 

rease of > 6 months [ 3 ]. Similarly, a cohort study involving 291 

atients with advanced cancer treated with ICIs found that even a 

ingle course of antibiotics was associated with a markedly shorter 

edian OS, while multiple courses resulted in an even more pro- 

ounced decline [ 4 ]. 

Furthermore, the progression-free survival (PFS) and OS for 

SCLC patients who took antibiotics within 30 days before start- 

ng ICI therapy were significantly reduced compared to those who 

id not receive antibiotics. Moreover, OS and PFS rates for NSCLC 

atients who received antibiotics within 30 days prior to begin- 

ing ICI therapy were notably lower than those of patients who 

id not undergo antibiotic treatment [ 5 ]. This effect seems to be 

ore evident when antibiotics are consumed around the time ICI 

reatment begins. 

The gut microbiome is increasingly acknowledged as an im- 

ortant factor in modulating ICI response, where its compo- 

ition and functionalities affect the host’s immune responses 

 6–8 ]. Antibiotics can modify the gut microbiome by decreasing 

icrobial diversity, which might influence the effectiveness of ICIs. 

 recent investigation indicated that in NSCLC patients receiv- 

ng only ICI treatment, high levels of Intestinimonas and the En- 
erobacteriaceae family correlated with significantly shorter PFS, 

ith hazard ratios (HRs) of 2.61 ( P = 0.02) and 3.34 ( P = 0.005), re- 

pectively [ 6 ]. These results imply that gut microbiome might play 

 role in lung cancer patient prognosis by affecting immunother- 

py effec tiveness. Component s of the gut microbiota and metabo- 

ites derived from them influence immune homeostasis both lo- 

ally and systemically [ 9 ]. Pathway analyses, including Kyoto En- 

yclopedia of Genes and Genomes (KEGG) and Clusters of Orthol- 

gous Groups (COG), have shown that pathways related to su- 

rose and starch metabolism, as well as mannose and fructose 

etabolism, are diminished in the microbiome of lung cancer pa- 

ients [ 10 ]. Alterations in the metabolism of intestinal flora in in- 

ividuals with lung cancer may also impact immunotherapy out- 

omes. One recent study found a positive correlation between the 

bundance of the commensal bacterium Lactobacillus johnsonii 
nd ICI response. Additionally, supplementation with L. johnsonii 
r the metabolite indole-3-propionic acid, derived from trypto- 

han, improved the effectiveness of anti-programmed death-1 an- 

ibody ( αPD-1) immunotherapy mediated by CD8 + T-cells [ 11 ]. 

ariations in these metabolites influenced the metabolic path- 

ays in lung cancer patients, which could subsequently affect im- 

unotherapy efficacy. However, combinations of chemotherapy 

nd immunotherapy have emerged as a robust first-line treatment 

ption for many patients, independent of programmed cell death 

igand 1 (PD-L1) expression, resulting in improved survival rates 

among those with metastatic NSCLC [ 12 , 13 ]. Thus, there is cur-

rently no evidence supporting the notion that dysbiosis induced

by antibiotics can alter outcomes in patients undergoing com-

bined chemoimmunotherapy for advanced NSCLC. 

In this study, therefore, we explored the effect of prior antibi-

otic exposure in chemoimmunotherapy recipients with advanced

NSCLC and investigated the associations among antibiotic-

mediated gut microbial imbalance, metabolite changes, and

the efficacy of chemoimmunotherapy. To our knowledge, this is

the first study to demonstrate that antibiotic-induced dysbiosis

compromises the efficacy of chemoimmunotherapy through

modulation of the gut microbiome–bile acid–immune axis, and

that bile acid supplementation can restore antitumor immunity. 

Materials and methods 

Study population 

This exploratory analysis was conducted in the Department of Pul-

monary and Critical Care Medicine at the First Affiliated Hospital of

Wenzhou Medical University, a tertiary educational facility located

in Zhejiang, China. From January 2020 to August 2023, patients

with histologically confirmed advanced NSCLC at stages IIIB–IVB

who were treated with first-line ICIs alongside chemotherapy were

included. The criteria for exclusion were: (i) individuals with other

primary malignancies, (ii) those lacking consistent follow-up at

our institution, and (iii) patients who underwent fewer than two

treatment cycles. The conclusion of the follow-up period was set

for 31 October 2024. The clinical outcomes measured included

PFS, OS, and the objective response rate (ORR). 

Considering prior evidence that indicates a time-dependent

link between the administration of antibiotics and outcomes re-

lated to ICIs, the use of antibiotic therapy within the 30 days pre-

ceding the initiation of ICI treatment was selected as the main

exposure metric. To evaluate concurrent medications, medical

records were reviewed, with any systemic antibiotic treatments

administered in the 30 days leading up to day 1 of the first cy-

cle classified into the antibiotic (ATB) group. Detailed informa-

tion on antibiotic exposure was available for 86 patients. Among

these, 9 patients received oral antibiotics while 77 patients re-

ceived intravenous antibiotics. The duration of antibiotic therapy

was > 7 days in 34 patients and was ≤7 days in 52 patients. The

antibiotic classes administered included moxifloxacin ( n = 10),

ceftazidime ( n = 8), ceftriaxone ( n = 20), piperacillin-tazobactam

( n = 17), cefoperazone-sulbactam ( n = 23), latamoxef ( n = 6),

minocycline ( n = 1), and mezlocillin-sulbactam ( n = 1). Fecal sam-

ples from 16 patients were gathered prior to the commencement

of the first cycle of chemoimmunotherapy. Approval for this re-

search was granted by the institutional review board at the First

Affiliated Hospital of Wenzhou Medical University (No. 2 020 084).

All patients involved in this study signed informed consent forms.

Animal experiments 

Animal-related procedures were carried out in accordance with

the Institutional Laboratory Animal Research Guidelines and were

approved by the Laboratory Animal Ethics Committee at the First

Affiliated Hospital of Wenzhou Medical University. The experi-
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acquired from the Vital River Experimental Animal Center in Bei- 

jing, China. These mice were maintained in a controlled environ- 

ment with a 12-hr light/dark cycle at 25◦C, having unrestricted 

access to food and water. Lewis lung carcinoma (LLC) cells were 

diluted to a concentration of 5 × 106 cells/ml, after which they 

were resuspended in 100 μl of phosphate-buffered saline (PBS) 

and administered via subcutaneous injection into the flanks of the 

mice. Tumor volumes were assessed 3 days post-injection, using 

Vernier calipers every 3 to 4 days. The volume calculations fol- 

lowed the formula V = ( L × W × W )/2, where L signifies the tumor’s 

length and W denotes its width. Upon reaching a tumor volume of 

∼50 mm3 in the initial cohort of animals, the mice were catego- 

rized into two distinct experimental groups. One group acted as 

the control, receiving 200 μl of 0.9% normal saline, while the sec- 

ond group was designated as the antibiotic group, receiving 200μl 

of ceftriaxone sodium (Aladdin, China) that was dissolved in 0.9% 

normal saline at a concentration of 200 mg/ml per day. Ceftriax- 

one, a clinically relevant broad-spectrum β-lactam antibiotic, was 

selected based on its established ability to induce reproducible 

gut microbiota dysbiosis in mice with good systemic tolerability. 

The second set of mice was randomly split into two subgroups: 

one receiving only chemoimmunotherapy and the other that had 

prior antibiotic treatment in addition to chemoimmunotherapy. 

Chemoimmunotherapy consisted of 10 mg/kg paclitaxel (PTX; Sel- 

leck, China) and 200 μg/kg anti-PD-1 antibody (Selleck, China) ev- 

ery 3 days for four cycles and was administered via intraperitoneal 

injection. Finally, the mice were sacrificed, and the tumors were 

photographed and measured. 

In the second part of the study, the LLC mice were randomly 

divided into four groups: the control group [200 μl of sodium 

carboxymethyl cellulose administered by gavage for 7 days, then 

200 μg/kg of IgG antibody (Selleck, China) administered intraperi- 

toneally every 3 days], the deoxycholic acid (DCA) group [50 mg/kg 

of DCA (Sigma, USA) administered by gavage for 7 days, then 

200 μg/kg of IgG antibody (Selleck, China) administered intraperi- 

toneally every 3 days], the PTX and anti-PD-1 antibody group [200 

μl of sodium carboxymethyl cellulose administered by gavage for 

7 days, then 200 μg/kg of anti-PD-1 antibody (Selleck, China) and 

10 mg/kg PTX administered intraperitoneally every 3 days], and 

the DCA combined with PTX and anti-PD-1 antibody group (50 

mg/kg DCA administered by gavage for 7 days, then 200 μg/kg of 

anti-PD-1 antibody and 10 mg/kg PTX administered by intraperi- 

toneal injection every 3 days), which were treated for a total of 3 

weeks. The growth of the subcutaneously grafted tumors in the 

mice was observed every 2 days, and the tumor volume was mea- 

sured and calculated. Finally, the mice were sacrificed, and the tu- 

mors were photographed and measured. 

Sample collection 

Fecal specimens were gathered from patients prior to the initia- 

tion of cycle 1 of chemoimmunotherapy. Blood specimens were 

drawn into collection tubes that contained ethylenediaminete- 

traacetic acid and subsequently centrifuged at 4000 × g for 15 min 

at 4◦C to isolate serum. Subsequent to this, the serum samples 

were preserved at −80◦C without undergoing multiple cycles of 

freezing and thawing prior to metabolite extraction. Fresh tissues 

were promptly snap-frozen and maintained at −80◦C or alterna- 

tively fixed and embedded in paraffin. 

Fecal microbiome analysis by 16S rRNA 

sequencing 

The amplification of 16S rRNA genes from various regions (16SV4)

was conducted using specific barcoded primers (16SV4: 515F-,

806R). The PCR reactions were prepared by combining 15 μl of

Phusion® High-Fidelity PCR Master Mix with specific concentra- 

tions of the primers. Both the forward and reverse primers were

utilized at a concentration of 0.2 μM, along with ∼10 ng of tem-

plate DNA. The thermal cycling protocol commenced with a pri-

mary denaturation step at 98◦C for 1 min, which was succeeded by

a total of 30 cycles. An equivalent volume of 1X loading buffer and

SYBR Green was combined with the PCR outcomes, after which

electrophoresis was performed on a 2% agarose gel for visualiza-

tion. The PCR products were equally pooled, and this mixture was

subsequently purified. Sequencing libraries were created, incor- 

porating indices. A Qubit assay and real-time PCR were employed

to assess the library’s quality for quantification, while a bioana-

lyzer was used to determine size distribution. The libraries that

were quantified were combined and sequenced using Illumina

platforms, considering the effective concentration of the libraries

and the necessary data volume. 

Liquid chromatography-mass 

spectrometry-based fecal and blood 

metabolomics analyses 

Untargeted ultra-high-performance liquid 

chromatography–tandem mass spectrometry 

Samples were analyzed using Shimadzu CBM-30A Lite LC system

(Shimadzu Corporation, Japan) in combination with a Waters Ac-

quity HSS T3 column (2.1 × 100 mm, 1.8 μm), which is compat-

ible with the API 6600 Triple TOF (AB Sciex, USA) mass detector.

The methods and data processing approaches were modified from

the protocol defined by Xiong [ 14 ] and customized to fit our spe-

cific needs; additional information can be found in the online sup-

plementary material. Data was collected using the MassHunter

workstation software, which then converted it into mzXML format.

Subsequently, preprocessing of the data was performed using XC-

MS software (XC-MS plus, USA), involving activities such as non-

linear retention time alignment, filtering, peak detection, match-

ing, alignment, and identification. 

Analysis of data and identification of metabolites 

Before conducting single or multivariate data analyses, all liq-

uid chromatography–mass spectrometry (LC-MS) data underwent 

normalization based on the sum and Pareto scales. The software

SIMCA 14.1 (Umetrics, Sweden) was utilized to conduct multivari-

ate analyses, which included orthogonal partial least squares dis-

criminant analysis (OPLS-DA) as well as principal component anal-

ysis (PCA). While PCA provides a visual representation of the dis-

tribution features within the dataset, the OPLS-DA model is de-

signed to differ entiate be tween c ate gories, elucidate the differ-

ences among group samples, and generate corresponding vari-

able importance projection (VIP) values. To prevent overfitting,

model validation was accomplished through a permutation test

( n = 200). The performance of the model can be assessed with

R2 Y and Q2 values, where R2 Y reflects model accuracy and Q2 in-
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icates predictive capability; as these parameter values approach 

.0, the reliability of the model increases. Statistical evaluations in- 

olving a single variable were performed using the online resource 

 https://www.omicshare.com/tools/ ). 

Variables that met the criteria of a false discovery rate (FDR) 

 0.05, VIP values > 1.0, and a fold-change (FC) < 0.5 or > 2 

ere categorized as metabolites with significant differential abun- 

ance. After identifying these significant metabolites, the subse- 

uent identification phase was based on accurate m / z values and 

he signature fragments from MS/MS analysis, with validation car- 

ied out using HMDB 4.0. 

argeted ultra-high-performance liquid 

hromatography–tandem mass spectrometry 

o quantify DCA in human feces, mouse feces, and serum samples, 

 targeted assay was employed. The analyses were performed us- 

ng Shimadzu CBM-30A Lite LC system in conjunction with an API 

500 Q-TRAP (AB Sciex, USA) mass detector. For the separation 

rocess, a Waters Acquity HSS T3 column (2.1 × 100 mm, 1.8 μm) 

as utilized. The comprehensive protocol is available in the online 

upplementary material. 

Standard solutions of DCA (Sigma-Aldrich) were prepared with 

oncentrations varying from 0.5 to 1000 ng/ml, allowing for the es- 

ablishment of concentration calibration curves. The quantifica- 

ion of metabolite concentrations was carried out with the help of 

B Sciex MultiQuant software (version 2.1; AB Sciex, CA, USA). 

mmunohistochemistry of tumor tissues 

nd antibody assessment 

umor tissue samples from the mice underwent histopathological 

xamination. These samples were preserved in 4% paraformalde- 

yde for 48 h, followed by a gradient dehydration process, paraf- 

in embedding, and cutting into sections with a thickness of 4 μm. 

ubsequently, the sections were processed for hematoxylin and 

osin (H&E) staining, along with the detection of antibodies for 

D4 (Abcam, UK, ab183685), CD8 (Abcam, UK, ab217344), and Ki67 

Cell Signaling Technology, USA, 12202T). 

tatistical analysis 

tatistical analysis was carried out with SPSS software version 22.0 

IBM Inc., Chicago, IL, USA). To evaluate the differences in con- 

inuous variables, unpaired two-sample t-tests were applied. The 

xamination of nominal variables involved the use of chi-square 

nd Fisher’s exact tests. One-way analysis of variance (ANOVA) 

as used to determine differences between multiple groups. The 

aplan–Meier method, along with the log-rank test, was used to 

ssess PFS and OS. The connections between gut microbiota and 

etabolites were examined through Pearson correlation analysis. 

ll statistical evaluations were performed as two-sided tests, with 

 significance level set at a P -value < 0.05. 

esults 

haracteristics of patients 

 total of 387 individuals participated in this study, comprising 44 

emales and 343 males. Among these patients, 270 (69.8%) were 

identified as smokers. The clinical attributes of all participants are

presented in supplementary Table 1, see online supplementary

material . In the study, 301 patients were categorized into the non-

ATB group, while 86 were assigned to the ATB group. Both groups

exhibited comparable characteristics regarding age, gender, East-

ern Cooperative Oncology Group performance status (ECOG-PS)

score, disease stage, potential metabolic conditions, tumor sub-

type, and smoking habits. Additionally, the prevalence of comor-

bidities such as diabetes was not significantly different between

the two groups. 

Efficacy of chemoimmunotherapy in the 

ATB group and non-ATB group 

The ORR of the ATB group was 53.5% including 46 partial response

(PR), 6 progression disease (PD) and 34 stable disease (SD), and

the ORR of the non-ATB group was 65.1% (196 PR, 101 SD, 4 PD)

( P = 0.049). The PFS of the ATB group was 7.6 months [95%

confidence interval (CI): 5.7–9.5 months], which was significantly

shorter than that of the non-ATB group [13.0 months (95% CI:

11.0–15.1 months)], P < 0.001, (HR = 1.61 (95% CI: 1.24–2.09)]

(Fig. 1 A). The OS of the ATB group was 18.4 months (95% CI: 12.2–

24.5 months) and that of the non-ATB group was 32.0 months (95%

CI: 26.8–37.2 months, P < 0.001) (HR = 2.15 (95% CI: 1.58–2.92)]

(Fig. 1 B). 

Twelve patients (14.0%) in the ATB group and fifteen p a tients

(5.0%) in the non-ATB group received antibiotics during subse-

quent treatment cycles. Analysis excluding these patients yielded

similar results, supporting the robustness of the observed associ-

ation. 

To further determine whether this association was indepen-

dent of other clinical factors, a multivariate Cox proportional haz-

ards regression analysis was conducted, adjusting for age, gen-

der, ECOG-PS, PD-L1 tumor proportion score (TPS) level, smok-

ing history, ICI regimen type, and metastatic sites (liver, brain, and

bone). 

The results demonstrated that antibiotic exposure remained

an independent predictor of both shorter PFS (HR = 1.55, 95%

CI: 1.12–2.15, P = 0.009) and OS (HR = 2.17, 95% CI: 1.44–3.28,

P < 0.001). In addition, bone metastasis was significantly asso-

ciated with poor outcomes (PFS HR = 1.76, 95% CI: 1.32–2.35,

P < 0.001; OS HR = 2.08, 95% CI: 1.43–3.04, P < 0.001), while

older age was also linked to inferior OS (HR = 1.03, 95% CI: 1.00–

1.05, P = 0.042). Other factors including gender, ECOG score, PD-

L1 TPS, smoking history, and ICI type were not significantly asso-

ciated with survival outcomes ( supplementary Table 2, see online

supplementary material ). 

Antibiotics promote tumor growth in an 

NSCLC mouse model receiving 

chemoimmunotherapy 

In this study, we subcutaneously injected LLC cells into C57BL/6

mice to establish a xenograft model. The mice were randomly

divided into four groups: the control (CON); ATB; αPD-1 + PTX;

and ATB + αPD-1 + PTX groups (Fig. 2 A). As shown in Fig. 2 B

and C, compared with that in the PTX + αPD-1 group, tumor vol-
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Figure 1 Kaplan–Meier survival estimate according to ATB. (A) PFS of non-ATB and ATB groups of advanced NSCLC receiving first-line 

chemoimmunotherapy. ATB: 7.6 months (95% CI: 5.7–9.5 months), non-ATB: 13.0 months (95% CI: 11.0–15.1 months). (B) OS of non-ATB and ATB group 

of advanced NSCLC receiving first-line chemoimmunotherapy. ATB: 18.4 months (95% CI: 12.2–24.5 months), non-ATB: 32.0 months (95% CI: 26.8–37.2 

months). 

Figure 2 Antibiotics promote the growth of lung cancer cells in female C57BL/6 wild-type mice receiving chemoimmunotherapy. (A) Schematic diagram 

showing the process of antibiotic treatment and αPD-1 immunotherapy combined with PTX chemotherapy in the subcutaneous LLC xenograft tumor 

model. (B) Images of the tumors in the differ ent gr oups. (C) Tumor volume after de a th. ∗P < 0.05; ns: not significant; CON: control. 
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ume was significantly greater in the ATB + PTX + αPD-1 group 

( P = 0.036), indicating that the combination of antibiotics and 

chemoimmunotherapy has inferior antitumor effec t s. Ther e w as 

no significant difference observed between the ATB and CON 

groups ( P = 0.440). 

Exposure to antibiotics affects the gut 

microbiota in mice 

The analysis of mouse fecal samples was conducted using 16S
 

rRNA sequencing to detect the gut microbiota. Through Illumina 
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equencing, an average of 102 999 total microbial 16S rRNA reads 

ere obtained from the fecal material for microbiome analysis, of 

hich the combined number of reads was 102 527 and the com- 

ined percentage was 99.5%. The results revealed that the diver- 

ity (Fig. 3 A) of the gut microbiota in feces was significantly lower 

n ATB mice than in CON mice. 

Exposure to antibiotics led to notable reductions in the diversity 

f the gut microbiota in mice (Fig. 3 A, P < 0.001). 

An overview of the microbial profile at the phylum level is pre- 

ented in Fig. 3 B, indicating that the microbial composition in the 

TB mice was distinct from that of the CON mice. Following an- 

ibiotic administration, a marked differ ence in micr obial composi- 

ion was noted in ATB mice compared to CON mice, with declines 

n the relative abundances of Firmicutes , Bacteroidetes , and Ver- 
ucomicrobia , alongside increases in Proteobacteria , Cyanobacte- 
ia , and Deinococcota (Fig. 3 B and C). When examining commu- 

ity similarity, both principal coordinate analysis (PCoA) and non- 

etric multidemensional scaling (NMDS) demonstrated that the 

pplication of antibiotics had a significant impact on the overall 

icrobial composition in the mice (Fig. 3 D and E). The microbes 

hat significantly differed between CON and ATB mice at the genus 

evel are shown in Fig. 3 F, which shows that the abundances of 

cinetobacter , Escherichia-Shigella , Ahermus , Achromobacter , and 

upriavidus were increased in ATB mice; however, the abundances 

f Prevotellaceae_UCG-001 , Ligilactobacillus , Ileibacterium , Alis- 
ipes , and Muribaculum were decreased after antibiotic treatment 

Fig. 3 F). 

nalysis of feces and plasma metabolism 

atterns in mouse models 

ntargeted metabolomics and analysis of multivariate 

ata 

n this research, we utilized LC-MS to conduct comprehen- 

ive metabolic profiling of fecal samples collected from 

ice. We identified a total of 3 645 feature peaks in the 

lectrospray ionization (ESI) positive mode and 4 066 fea- 

ure peaks in the ESI − mode. The quality control samples 

xhibited a tight clustering on the PCA plot, demonstrating the 

nstrument’s strong analytical repeatability and stability (Fig. 4 A 

nd B). To assess metabolic profile variations between the ATB 

nd CON mice, PCA was executed on all samples (Fig. 4 A and B). 

he OPLS-DA score plots showed a distinct separation between 

he ATB and CON mice in both ESI + and ESI − modes (Fig. 4 C 

nd D), with satisfactory fitting and predictive capability (ESI + : 
2 Y = 0.98, Q2 = 0.95; ESI −: R2 Y = 0.99, Q2 = 0.97). A compar- 

son of the ATB group after receiving treatment with PTX and 

PD-1 against the CON group under similar treatment conditions 

ndicated significant differences ( supplementary Fig. 1 C, ESI + : 
2 Y = 0.93, Q2 = 0.81; supplementary Fig. 1 D, ESI-: R2 Y = 1, 
2 = 0.86, see online supplementary material). To verify the 

PLS-DA model for overfitting, we executed 200 permutation 

ests through SMICA-P and produced permutation plots. The 

indings showed no overfitting risk, as the substituted R2 and Q2 

alues were lower than the original ones, and the intercept of the 

egression line on the y -axis was negative (Fig. 4 E and F). 

Differ entially abundant metabolites were identified based on 

 VIP > 1 and an FDR < 0.05. In the ESI + mode, no metabolites 

ithin the CON and ATB groups satisfied both criteria. For analyz- 

ing the ESI- metabolites, volcano plots were utilized, as illustrated

in Fig. 4 G and H. 

Quantification of metabolites 

In this study, DCA was identified as the most significantly altered

metabolite from the volcano plots. Subsequently, the DCA level

in the fecal and plasma samples in mice and human fecal sam-

ples was accurately determined via an ultra-high-performance liq-

uid chromatography–tandem mass spectrometry (UHPLC-MS/MS)

targeted analysis method. The box-and-whisker plots in Fig. 5 A

and B and supplementary Fig. 2 A and B (see online supplemen-

tary material) show that the concentration of DCA in the ATB group

was lower than that in the CON group ( P = 0.0006, P < 0.0001),

and the DCA level in the ATB group after chemoimmunotherapy

was also significantly lower than that in the CON group during the

same period in both mouse fecal and serum samples ( P = 0.0356,

P = 0.029, respectively). We also validated these findings in the

feces of human patients, and the results suggested that the DCA

concentration decreased significantly after antibiotic treatment ( P
= 0.0017) (Fig. 5 C). 

Correlation between the gut microbiota 

and DCA 

Analysis of the gut microbiota at the phylum level and DCA lev-

els indicated that the Bacteroidota group was positively cor-

related with DCA, whereas the Proteobacteria , Cyanobacteria ,

Deinococcota , Chloroflexi , Gemmatimonadota , and Acidobacteri-
ota were negatively correlated with DCA ( supplementary Fig.

3 A, see online supplementary material). Moreover, the results at

the genus level revealed that Enterococcus , Escherichia-Shigella ,

and unidentified_Chloroplast were negatively correlated with DCA

( supplementary Fig. 3 B). Conversely, Allobaculum , Dubosiella , Lac-
tobacillus , and Prevotellaceae_UCG.001 were positively correlated

with DCA ( supplementary Fig. 3 B). The detailed correlation indices

and P values can be found in the online supplementary material. 

DCA inhibits the growth of lung cancer 

mouse models receiving 

chemoimmunotherapy 

We injected LLC cells subcutaneously into C57BL/6 mice to es-

tablish a xenotransplantation model. Subsequently, the tumor-

bearing mice were randomly divided into four groups: CON group,

DCA group, PTX + αPD-1 group, and DCA + PTX + αPD-1 group

( supplementary Fig. 4 A, see online supplementary material). As

shown in supplementary Fig. 4 B and C, tumor volume in the

DCA + PTX + αPD-1 group was significantly reduced compared

with the PTX + αPD-1 group ( P = 0.036), indicating that DCA com-

bined chemoimmunotherapy has better anti-tumor effec t s. In ad-

dition, there was no significant difference in tumor volume be-

tween the DCA group and the CON group ( P = 0.595). 

Immunohistochemistry of mouse tumor 

tissue 

In this study, CD4 T cells, CD8 T cells, and Ki67 (a marker of tumor

cell proliferation) were examined in the tumor tissue of 12 mice:
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Figure 3 Gut microbiota in mice is modified by antibiotic exposure. (A) Shannon index for the control (CON) group and the antibiotic (ATB) group. (B) 

Community structures of microorganisms at the phylum level across different groups ( n = 10 mice per group). (C) Relative abundance of gut microbiota 

at the phylum level in feces of each sample. (D) Principal coordinate analysis (PCoA) for each group. (E) Nonmetric multidimensional scaling (NMDS) 

analysis for the different groups. (F) Microbial taxa that exhibited significant changes between the CON and ATB groups. 
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Figure 4 Multivariate data analysis and untargeted lipidomics. Utilizing LC–MS for untargeted metabolomics facilitates a comprehensive metabolic 

profiling of mouse feces, including PCA and OPLS-DA score maps that compare fecal samples from the control and antibiotic groups. (A) PCA maps in 

ESI + patterns, (B) PCA maps in ESI − patterns, (C) OPLS-DA score maps in ESI + patterns with R2 Y = 0.98 and Q2 = 0.95, and (D) OPLS-DA maps in ESI −
patterns with R2 Y = 0.99 and Q2 = 0.97. (E and F) Validation plots derived from 200 alignment tests. (G and H) Metabolites with VIP > 1 and FDR < 0.05 

were chosen, and volcano plot analysis was employed to highlight significant metabolites identified in ESI − (G) across the CON and ATB groups, as well 

as in ESI − (H) for the PTX + αPD-1 group and ATB + PTX + αPD-1 group. 
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Figure 5 DCA content in (A) mouse feces, (B) mouse serum, and (C) human feces samples determined by UHPLC-MS/MS targeted analysis method using 

the DCA standard. ∗∗P < 0.01, ∗∗∗P < 0.001, ∗∗∗∗P < 0.0001. 

D
ow

nload
3 mice in the CON group, 3 mice in the ATB group, 3 mice in the 

PTX + αPD-1 group, and 3 mice in the ATB + PTX + αPD-1 group 

(Fig. 6 ). The proportion of neoplastic cells with nuclear positivity 

was determined. The results revealed that compared with the CON 

group, there was greater infiltration of Ki67 in the ATB group ( P = 

0.007), whereas the proportions of CD4 + T cells ( P = 0.010) and 

CD8 + T cells ( P < 0.001) were lower. Similarly, after chemother- 

apy combined with immunotherapy, Ki67 expression increased ( P 

= 0.008), and CD4 and CD8 expression decreased in the ATB group 

( P = 0.002, P < 0.001). 

The results show that the infiltration rate of Ki67 in the 

CON group was significantly higher than that in the DCA group 

( P = 0.020). CD4 + T cells and CD8 + T cells were significantly 

increased in the DCA group ( P = 0.003, P = 0.0036, respec- 

tively). Similarly, the expression of Ki67 in the DCA combined 

with chemoimmunotherapy group was lower than that in the 

simple chemoimmunotherapy group ( P = 0.045). CD4 and CD8 

were significantly increased in the DCA combined with chemoim- 

munotherapy group ( P = 0.035, P = 0.0154, respectively) (Fig. 7 ). 

The expression of PD-L1 in the DCA group was higher than that in 

CON group ( P = 0.009) (Fig. 8 ), indicating that DCA increased the 

expression of PD-L1. 

Discussion 

Previous studies have reported the temporal aspect of how ATB 

exposure relates to outcomes from ICIs. These findings suggest 

that only previous exposure to ATB, rather than simultaneous ex- 

posure, is linked to poorer response rates and survival outcomes 

[ 5 , 15 ]. Therefore, we chose the 30 days prior to the initiation of 

chemoimmunotherapy, as the time of antibiotic exposure. Subse- 

quent antibiotic use during therapy was excluded from group clas- 

sification due to the heterogeneous timing and indications. This 

study analyzed the clinical data of 387 patients with NSCLC who 

received first-line chemoimmunotherapy. In comparison to partic- 

ipants in clinical trials, the population in our study exhibited com- 

parable oncological results. Compared with clinical trial partici- 

pants, our study population experienced similar oncological out- 

comes [ 16 ]. We found that patients who had used systemic antibi- 

otics within 30 days before the start of combined chemotherapy 

and immunotherapy had shorter PFS and OS than those who had 

not used antibiotics. This finding suggests that antibiotics may 

have a negative effec t on the efficacy of chemoimmunotherapy. 

Although previous studies have shown that the use of antibiotics

may affec t the effic acy of immunotherapy f or tr eating lung cancer,

few studies have investigated the impact of antibiotics on the ef-

ficacy of chemotherapy combined with immunotherapy, and the

conclusions were inconsistent. Our results provided new evidence

in this field, emphasizing the importance of considering antibiotic

use when planning and executing immunotherapy regimens for

NSCLC patients and highlighting the need for further research to

fully understand these interactions and their clinical implications

[ 17 , 18 ]. 

Our study using a mouse LLC subcutaneous tumor model fur-

ther revealed significant changes in the composition of the gut

microbiota after the use of antibiotics. The diversity of the gut

microbiota significantly decreased after the use of antibiotics, a

result that is consistent with previous studies [ 19 ]. Ceftriaxone

was selected as a representative broad-spectrum antibiotic to in-

duce gut microbial dysbiosis in mice, consistent with clinical an-

tibiotic exposure patterns. However, we acknowledge that this

model does not fully represent the diversity of antibiotic regi-

mens employed in cancer patients. Additionally, we found that

the abundance of potentially beneficial bacteria such as Firmi-
cutes , Bacteroidetes , and Verrucomicrobia decreased, whereas the

abundance of potentially harmful bacteria such as Proteobacte-
ria , Cyanobacteria , and Deinococcota increased after the use of

antibiotics. These changes are consistent with previous research

results [ 20 ]. These results suggest that antibiotics may affec t the

efficacy of chemoimmunotherapy by altering the composition of

the gut microbiota. Notably, while the CON group exhibited higher

CD4 + /CD8 + infiltration compared to the ATB group, their tumor

volumes were similar at the time of sampling. This observation

likely reflects the earlier onset of immune recruitment in rela-

tion to measurable tumor regression. In the PTX + αPD-1 group,

Ki67 expression remained comparable to that of the control group,

whereas CD4 + /CD8 + infiltration was lower. This pattern likely in-

dicates an early treatment phase during which tumor prolifera-

tion had already been constrained, while immune re-infiltration

and effec tor T-cell expansion were still in progress. In compari-

son, Fig. 7 illustrates that DCA supplementation not only restored

but also enhanced CD4 + /CD8 + T-cell infiltration while simulta-

neously reducing Ki67 levels. This finding supports the role of

the gut microbiome–bile acid axis in shaping the tumor immune

microenvironment. Furthermore, DCA supplementation partially 

mitigated the antibiotic-induced suppression of antitumor immu- 
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Figure 6 (A) Immunohistochemical images of Ki67, CD4, and CD8 in subcutaneous tumor tissue for each group. Scale bar: 50 μm. (B–D) Statistical 

analyses of the percentage of positive staining area for Ki67, CD4, and CD8, respectively. Significant differences: ∗∗P < 0.01 and ∗∗∗P < 0.001. 
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ells, along with a reduction in tumor volume compared to the 

ntibiotic-only groups. The contrasting trends in CD4 + /CD8 + in- 

iltration observed between Figs. 6 and 7 highlight the distinct im- 

une contexts of the two independent mouse cohorts: antibiotic- 

nduced immune suppression in the ATB group versus immune 

estoration in the DCA group, rather than reflecting inconsistent 

xperimental outcomes. Although Ki67 levels in the DCA + PTX + 

PD-1 group were not significantly lower than those in the DCA 

r control groups, this observation likely reflects the limited sen- 

itivity of Ki67 as a static proliferation marker in regressed and 

artially necrotic tumors, rather than indicating a lack of thera- 

eutic synergy. DCA supplementation in this study was performed 

n antibiotic-free mice and therefore does not directly test the re- 

ersal of ATB-induced immune suppression. Our findings should 

e interpreted as functional associations rather than definitive 

ausation. Future work will evaluate DCA rescue after ATB expo- 

ure and investigate bile-acid signaling to establish causal mech- 

nisms. 

Studies have shown that antibiotics may alter the composition 

f the gut microbiota and affect the metabolic products of the 

icrobiota, particularly short-chain fatty acids [ 21 ]. Short-chain 

atty acids, including acetic acid and butyric acid, are among the 

ain metabolic products of the gut microbiota and play impor- 

ant roles in promoting intestinal epithelial function and nutri- 

ent absorption and maintaining the integrity of the gut. These

changes not only affec t gut health but also may have an impact

on systemic metabolism. In metabolomic studies, we identified

DCA as a differ entially abundant me tabolite and f ound that it de-

creased significantly after the use of antibiotics, with this differ-

ence persisting until the end of chemoimmunotherapy. This result

was confirmed in both mouse blood and human fecal samples.

Our results suggest that antibiotics may regulate the efficacy of

chemoimmunotherapy by affecting the levels of DCA. DCA, a sec-

ondary bile acid, has recently gained attention in the field of oncol-

ogy because of its potential role in modulating the efficacy of can-

cer treatments, particularly in combination with immunotherapy

[ 22 ]. A previous study reported that UDCA can inhibit proliferation

and induce apoptosis in NSCLC cells and also reduce doxorubicin-

induced autophagy by regulating the transforming growth factor-

β/mitogen-activated protein kinase (TGF- β/MAPK) signaling axis

and enhancing the efficacy of doxorubicin in NSCLC [ 23 ]. One of

the mechanisms by which DCA influences treatment outcomes is

through its effects on immune cell function [ 24 , 25 ]. It has been re-

ported that DCA can modulate the activity of various immune cells,

including T cells and dendritic cells. By influencing the signaling

pathways within these cells, DCA can enhance their ability to rec-

ognize and attack cancer cells. For example, DCA can stimulate the

maturation of dendritic cells, which are essential for presenting tu-
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Figure 7 Influence of DCA pretreatment on the expression levels of Ki67, CD4, and CD8. (A) Immunohistochemical staining images of Ki67, CD4, and CD8 

in subcutaneous tumor tissue (scale bar = 100 μm); (B–D) Statistics of positive regions of immunohistochemical proteins; ∗P < 0.05, ∗∗P < 0.01, 

∗∗∗P < 0.001. 

Figure 8 Effect of DCA treatment on the expression level of PD-L1. (A) Immunohistochemical staining images of PD-L1 in subcutaneous tumor tissue 

(scale bar = 100 μm); (B) statistics of positive regions of immunohistochemical proteins; ∗∗P < 0.01. 
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or antigens to T cells, thereby initiating an adaptive immune re- 

ponse. Another significant way that DCA contributes to the effi- 

acy of chemoimmunotherapy is by promoting the presentation 

f tumor antigens [ 24 , 25 ]. Tumor cells often employ strategies to 

vade immune detection, but DCA can counteract these mecha- 

isms. DCA can facilitate the release of tumor-associated antigens 

nd increase their uptake by antigen-presenting cells. This pro- 

ess is critical for activating T-cell responses, which constitute the 

ackbone of many immunotherapeutic strategies. The ability of 

CA to modulate immune cell function and promote tumor anti- 

en presentation suggests that DCA could be a valuable adjunct to 

hemoimmunotherapy. 

Our research found that DCA promoted the increased expres- 

ion of PD-L1. Clinical studies have shown that patients with high 

xpression of PD-L1 (such as TPS ≥ 50%) have a higher response 

ate to ICIs (such as pembrolizumab) and a longer survival pe- 

iod. For instance, the Keynote 024 trial demonstrated that in 

SCLC patients with high PD-L1 expression, pembrolizumab sig- 

ificantly prolonged PFS and OS compared with chemotherapy 

 26 ]. Chemotherapy drugs (such as paclitaxel, gemcitabine) or ra- 

iotherapy can induce PD-L1 expression through DNA damage or 

nflammatory signals (such as interferon- γ ), enhancing the sensi- 

ivity to subsequent immunotherapy. For example, in the PACIFIC 

rial, the use of duvalizumab after radiotherapy and chemother- 

py significantly prolonged survival [ 27 ]. Oncolytic viruses (such 

s talimogene laherparepvec) or local radiotherapy induce the ex- 

ression of PD-L1 and enhance the abscopal effec t [ 28 ]. However, 

here are exceptions. Some patients with high expression of PD- 

1 may not respond to treatment, which may be related to other 

actors in the tumor microenvironment, such as insufficient T-cell 

nfiltration and the existence of other immunosuppressive mech- 

nisms. Therefore, although PD-L1 is an important biomarker, it 

s not the only determining factor. Actively promoting PD-L1 ex- 

ression without combining it with immunotherapy may acceler- 

te immunosuppression and promote tumor growth. Therefore, 

he key is that while promoting the expression of PD-L1, ICIs must 

e used in combination so that blocking the PD-L1/PD-1 pathway 

an translate into therapeutic effects. 

Although our study provides new insights into the impact of an- 

ibiotic use on the efficacy of chemoimmunotherapy, several lim- 

tations should be acknowledged. First, antibiotic exposure was 

efined using a 30-day pre-treatment window, which may not fully 

apture the heterogeneity in antibiotic half-lives, the duration of 

icrobiota disturbance, or recovery dynamics. Shorter or longer 

xposure windows may exert differ ential effec t s on gut micr o- 

ial resilience and immune reconstitution, warranting further in- 

estigation in prospective studies. Second, although patients in 

he clinical cohort received diverse classes of antibiotics, the ani- 

al model employed a single broad-spectrum agent (ceftriaxone) 

o induce gut microbiota dysbiosis. This approach was intended 

o model antibiotic-induced microbial disruption in a controlled 

anner rather than to replicate the full clinical heterogeneity of 

ntibiotic regimens. Future studies incorporating multiple antibi- 

tics and varying exposure durations will be necessary to validate 

he generalizability of these findings. In addition, although differ- 

ntial gut microbiota composition and bile acid-related metabo- 

ites were identified in the mouse models, the number of human 

amples was limited, which may restrict the broader applicability 

f our results. Larger, well-characterized clinical cohorts are there- 

ore needed to confirm these observations and to better delin- 

eate inter-individual variability. Finally, mechanistic validation in

the present study was limited. While immunohistochemical anal-

yses of CD4 + /CD8 + T-cell infiltration and Ki67 expression pro-

vided important insights into the immune contexture and tumor

proliferative status, functional characterization of immune cells

was not performed. Moreover, although 16S rRNA sequencing re-

vealed antibiotic-associated shifts in microbial community struc-

ture, functional gene alterations and metabolic pathway changes

were not directly assessed, and potential direct effects of an-

tibiotics on intestinal epithelial integrity could not be excluded.

Accordingly, our findings should be interpreted as supporting a

functional association, rather than a fully delineated molecular

mechanism, linking antibiotic exposure to impaired antitumor

immunity. 

Future work incorporating flow cytometry, multiplex im-

munofluorescence, metagenomic sequencing, and metabolomic

analyses will be required to characterize immune functional states

and microbial metabolic capacity, and to distinguish immune-

mediated modulation from potential direct tissue effects. These

studies will further elucidate how antibiotics modulate the tu-

mor immune microenvironment and influence the efficacy of

chemoimmunotherapy, potentially informing novel therapeutic

strategies. 

Conclusions 

Our study emphasized the importance of considering antibiotic

use in combination with chemoimmunotherapy and revealed the

potential mechanisms by which antibiotics may regulate treat-

ment outcomes by affec ting the gut microbiota and its metabolite

DCA. These findings provide new directions for future research and

may have a significant impact on clinical treatment practices. 
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