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Abstract

Background: The development of immunotherapy has dramatically changed the treatment of non-small-cell lung cancer. The negative
association of antibiotics on the clinical activity of immune checkpoint inhibitors in patients with NSCLC is well known. Methods:
PubMed, Embase, and Medline databases were searched until January 11, 2020. We included retrospective studies of ICls (e.g., PD-I,
PD-LI, and CTLA-4). The clinical outcomes were progression-free survival (PFS) and overall survival (OS). Hazard ratios (HRs) and 95%
confidence intervals (Cls) were calculated, and subgroup and sensitivity analyses were performed. Results: Our results indicated that
the use of antibiotics reduced the survival of NSCLC patients treated with ICls. The pooled HRs of PFS and OS were HR = 14|
(95% Cl = 1.23-1.61; P < 0.001) and HR = 2.16 (95% Cl = 1.79-2.60; P < 0.001). We divided the studies into 5 subgroups according
to antibiotic exposure time. Subgroup analysis showed that the patients that were administered antibiotics [—60 days; 0 days] or
[—30 days; 0 days] before the initiation of ICls treatment had a poorer OS rate, whereas those patients that were administered
antibiotics [0 days; 30 days] after the initiation of |Cls treatment had a poorer PFS rate. In summary, ATB treatment in patients [—60
days; 4-30 days] near the initiation of ICls treatment significantly reduced the survival in NSCLC patients. Conclusion: Our results
indicated that ATB use is negatively associated with survival in NSCLC patients treated with ICls immunotherapy. Similar studies
involving a larger sample of cases are still being published. This meta-analysis identified that the timing of ATB treatment in NSCLC
patients receiving ICls immunotherapy has different effects on the OS and PFS of these patients. ATB treatment prior to the
initiation of ICls treatment affects OS, whereas ATB treatment after the initiation of ICls treatment affects PFS.
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contrary, other studies did not find a correlation between ATB
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Lung cancer is the most commonly diagnosed cancer and the
leading cause of cancer deaths.' Non-small-cell lung cancer
(NSCLC) is the most frequent histological subtype. Approxi-
mately 70% of patients with NSCLC are already in the
advanced stage when diagnosed. Consequently, surgery is not
a treatment option for these patients. Instead, radiotherapy and
chemotherapy are the main treatment options. The 5-year sur-
vival rate for NSCLC is about 15%.% Recently, immunother-
apy has evolved into a treatment modality with programed cell
death-1 (PD-1) and programed cell death ligand-1 (PD-L1)
inhibitors as the standard care for patients with NSCLC.**®
Treatment of targeted immune checkpoints offers NSCLC
patients both chemo-free treatment opportunities and long-
term survival, creating a paradigm shift in NSCLC treatment.”®
Not all NSCLC patients benefit from treatment with
immune checkpoint inhibitors (ICIs). Only 25%-30% of
patients derive a durable benefit from immunotherapy. It is
vital to identify prognostic factors and treatment-related factors
associated with the response to ICIs.”'° The effects of immu-
notherapy are influenced by several factors, and the degree of
influence is different. At present, clinical studies have reported
that PD-L1 expression levels affect the efficacy of PD-1/PD-L1
inhibitors. High expression of PD-L1 has been shown to be a
good predictive biomarker for OS and PFS."" As compared to
proficient mismatch repair (pMMR)/microsatellite stable
(MSS)in colorectal cancers (CRCs), deficient mismatch repair
(dMMR)/ microsatellite instability (MSI) typically have an
increased tumor mutational burden (TMB), lower response rate
to 5-fluorouracil-based chemotherapy, distinctive immunologi-
cal features, such as high tumor-infiltrating lymphocytes
(TILs), and a better prognosis; therefore, the immunotherapy
efficacy was better in colorectal cancer.'” In a pan-cancer anal-
ysis of over 1,600 patients, a higher TMB in patients receiving
ICIs therapy was associated with longer survival and higher
response rates.'>'* Surprisingly, A recent study showed that
the sex, age, or Eastern Cooperative Oncology Group (ECOG)
performance status (PS) patient categories had no effect on the
use of ICIs in advanced cancer. There was no evidence of an
association of sex, age (<65 vs. >65 years), or ECOG PS (0 vs
> 1) with a cancer immunotherapy survival benefit.'>
Current research has demonstrated that the intestinal micro-
biota of humans have a complicated relationship with ICIs
immunotherapy and has generated a great deal of interest. A
previous epidemiologic study showed that the risk of develop-
ing lung cancer increased by 1.4-fold with more than 5 courses
of penicillin, which suggests a relationship between the Gut
microbiota (GM) and carcinogenesis.'® Several clinical
research studies have demonstrated that ATB can cause
changes in the GM that may influence the efficacy of ICIs in
NSCLC.'"'* A reasonable number of studies between ATB use
and IClIs efficacy have been published. Most of these studies
have calculated how the use of ATB may impair the efficacy of
PD-L1, and clinical data supports this hypothesis.'*' On the

NSCLC.**?* A recent large meta-analysis study revealed that
antibiotic treatment around the initiation of ICIs immunother-
apy was correlated with a lower OS and PFS in patients.
Furthermore, the effect depended on the time of exposure,
with stronger effects reported when the patients took antibio-
tics [—60 days; 60 days] around ICIs initiation.”' Even now,
similar studies involving a larger sample of NSCLC cases
have been published. This study demonstrated that the timing
of ATB treatment in NSCLC patients receiving ICIs immu-
notherapy has different effects on the OS and PFS of these
patients.

Methods

Literature Search and Selection

We searched PubMed, EMBASE, and Cochrane databases for
literature regarding the association between ATB use and ICIs
efficacy in NSCLC patients through January11, 2020. The fol-
lowing search terms were used: “immune checkpoint
inhibitor,” “PD-1 inhibitor,” “PD-L1 inhibitors,” “CTLA-4
inhibitors,” “immunotherapy,” “ICIs,” “antibiotic,” “antibiotics,”
“macrobiotic,” “ATB,” “non-small-cell lung,” “non-small-cell
lung cancer,” and “NSCLC.” Data were extracted independently
by 2 investigators, and conflicts were adjudicated by a third inves-
tigator. For the selected studies, information on all available vari-
ables was extracted and entered into a Microsoft Excel
spreadsheet (Microsoft, Redmond, WA, USA).

9 <

Eligibility Criteria and Data Extraction

Studies that met the following inclusion criteria were included
in our meta-analysis: (1) patients: eligible patients were diag-
nosed with NSCLC and treated with ICIs monotherapy (PD-1,
PD-L1, or CTLA-4 inhibitors) or in combination with systemic
chemotherapy; (2) intervention: ATBs were used before and/or
after the initiation of and/or during immunotherapy, regardless
of time and dose; (3) comparison: the control group did not
receive treatment with ATBs; (4) outcome: the 2 main out-
comes were PFS and OS, and the outcome measures could be
extracted. The data from the included studies were indepen-
dently reviewed and extracted by 2 authors (KDH and ZJH).
During the data extraction, the corresponding authors were
contacted if any information was missing or needed clarifica-
tion. The following data were extracted from each included
study: first author, publication year and country, study design,
the time of ATB use, type of ICIs used, sample size (for both
the antibiotic exposure group and control group), and outcome
measures.

We performed a subgroup analysis to determine the impact
of the time of antibiotic exposure on ICIs, which was our main
research goal. The patients were divided into the following
groups: A [—60 days, 0]: used antibiotics within the 60 days
before the initiation of ICIs immunotherapy: B [—30 days, 0]:
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Figure 1. A flow diagram illustrating the search strategy used in our meta-analysis.

used antibiotics within the 30 days before the initiation of ICIs
immunotherapy; C [—60 days, 30 days]: used antibiotics within
the 60 days before and 30 days after the initiation of ICIs
immunotherapy; D [—30 days, 30 days]: used antibiotics within
the 30 days before and 30 days after the initiation of ICIs
immunotherapy; E [0, 30 days]: used antibiotics during the
30 days after the initiation of ICIs immunotherapy; F [During]:
used antibiotics during the initiation of ICIs immunotherapy.

Statistical Analysis

Statistical analyses were performed using the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) statement.>* The primary studied result was OS,
and the secondary outcome was PFS. The correlation between
the use of ATB and the efficacy of ICIs immunotherapy was

determined by hazard ratios (HRs) and 95% confidence inter-
vals (CIs). The overall analysis included all of the studies, and
subgroup analyses were conducted based on the time of ATB
use, type of ICIs drug, sample size, publication country, and
study type.

We used I? statistics and a Cochran Q test to evaluate het-
erogeneity among the studies. If significant heterogeneity was
found among the included studies, then P < 0.10 and/or I?
>50%); otherwise P > 0.10 and 1> <50%) was applied. A
random-effect model was used to pool the HRs if the hetero-
geneity was significant; otherwise, a fixed-effects model was
used.”® Begg’s and Egger’s tests were used to evaluate publi-
cation bias.?® Sensitivity analysis was performed to assess the
risk of bias in studies and to investigate the stability and con-
sistency of our results. We also used a trim-and-fill method of
testing and adjusting for publication bias in the meta-
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Study %
D ES (95% CI) Weight
i
Kaderbhai (2017) —_— 0.89 (0.47, 1.88) 3.94
Thompson (2017) E —_—— 250(1.56,5.41) 4.83
Derosa (2018) —-o-J:— 1.20 (0.90, 1.70) 18.45
Huemer (2018) E * 2.50 (1.08, 5.78) 265
Routy (2018) —-0——E 0.89 (0.58, 1.34) 10.64
Hakozaki (2019) E + 2.02(0.70, 5.83) 1.66
Kim (2019) -i—o— 2.40 (1.28, 4.42) 4.86
Rounis (2019) E —Oé 2.76 (1.80, 6.40) 4.64
Schett (2019) ——_—0—'— 1.27 (0.94, 1.71) 20.85
Zhao (2019) E —f— 3.13(1.70, 5.56) 5.32
Galli (2019) ——g-v— 1.50 (0.83, 2.70) 5.36
Ouaknine (2019) ——;—-t— 1.60 (0.60, 2.20) 4.42
Huemer (2019) —0—5— 1.02 (0.69, 1.50) 12.38
Overall {l-squared = 60.3%, p = 0.003) <> 1.41(1.23, 1.61) 100.00
1
T : |
.156 1 6.4

Figure 2. A forest plot of hazard ratios for the PFS of NSCLC patients exposed to antibiotics (ATB) as compared to NSCLC patients not exposed

to antibiotics around ICIs treatment initiation.

analysis.”” All cases were statistically analyzed by Stata soft-
ware (version 12.0, Stata Corporation, College Station, TX,
USA). A 2-sided P value of < 0.05 was considered statistically
significant.

Results

Identification of Eligible Studies

A total of 597 studies were identified from our literature search,
among which 32 studies were remaining after duplicates, case
reports, reviews, or unrelated studies were removed by asses-
sing the titles and abstracts. Finally, 14 studies were included,
while the other studies were excluded after further review
because the overall study included NSCLC, but relevant data
were not provided (Figure 1).

Characteristics of Included Studies

A total of 1882 patients were included in our analysis. The
sample sizes ranged from 30 to 243 among the included studies,
and the median was 125. The included studies were published
between 2017 and 2019, of which about 85.7% were published
in 2018 and 2019 and were from 10 different countries.
According to the time of antibiotic exposure, there were 6
studies that used antibiotics before ICIs initiation, 5 studies that
used ATB before and after ICIs initiation, and 5 studies that
used ATB during treatment. Six studies used anti-PD-1/PD-L1/

CTLA-4 inhibitors, 6 studies used anti-PD-1 inhibitors, and 2
studies did not provide the type of ICIs drugs used. Eleven of
the eligible studies were complete retrospective cohort studies,
and 2 studies were only conference papers, but we contacted
the corresponding author for specific information. The main
features of the included studies are listed (Table 1).

ATB Use and PFS

Our results indicated that ATB use significantly reduced the PFS
of patients treated with ICIs (HR = 1.41; 95% CI, 1.32-1.61; P <
0.001; Figure 2), with heterogeneity among the studies (I* =
60.3; P = 0.003). The sensitivity analysis was not affected by
the single study (Figure S1). We conducted subgroup analyses
for the time at which ATB were used and found that, in addition
to the association with reduced PFS from ICIs immunotherapy,
and ATB significantly influenced the PFS of patients treated
with ICIs. NSCLC patients that were exposed to antibiotics [0
days; 30 days] (HR = 1.63; 95% CI [1.12-2.30]) after ICIs
initiation displayed stronger effects on PFS than those patients
that were exposed to antibiotics before [—30 days; 0 days] (HR
= 1.55; 95% CI [1.14-2.10]) ICIs immunotherapy (Figure 3).
Subgroup analysis results based on sample size (<100 or > 100)
and publication country (Asia or not-Asia) were statistically
significant. All of the subgroup analyses indicated that ATB use
was associated with a poorer PFS (Table 2).
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Figure 3. A forest plot of hazard ratios for the PFS of NSCLC patients exposed to antibiotics (ATB) as compared to NSCLC patients not exposed
to antibiotics based on the exposure duration of antibiotics. Group A: antibiotic exposure in the following time window [—60 days; 0] relative to
ICIs treatment initiation; Group B: [—30 days; 0]; Group C: [—60 days; 30 days]; Group D: [—30 days; 30 days]; Group E: [0; 30 days]; Group F:

[During].

ATB Use and OS

Our results indicated that ATB use was negatively correlated with
the OS in NSCLC patients treated with ICIs (HR = 2.16; 95% CI
= 1.79-2.60; P < 0.001; Figure 4). There was significant hetero-
geneity among the studies analyzed (I* = 47.8%; P = 0.028). The
stability of our results was confirmed by sensitivity analysis, and
no single study substantially dominated the results (Figure S2).
NSCLC patients that were exposed to antibiotics before [—30
days; 0 days] (HR = 2.93; 95% CI [2.13-4.04]) ICIs initiation
had stronger effects than on PFS than those patients that were
exposed to antibiotics after [0 days; 30 days] (HR = 1.59; 95% CI
[1.07-2.39]) ICIs immunotherapy. In terms of the ATB exposure
time, our results showed that antibiotic exposure around [—60
days; +30 days] ICIs initiation significantly reduced survival in

NSCLC patients (Figure 5). Results for ICIs drugs, including PD-
1 inhibitors, PD-1/PD-L1/CTLA-4 inhibitors, and ICIs monother-
apy, were provided in 3, 7, and 2 studies, respectively. Similar
results showed that NSCLC patients treated with ATBs had a poor
OS without heterogeneity. The results of subgroup analysis, sam-
ple size, and publication country demonstrated that ATB use in
NSCLC patients was associated with a decreased OS (Table 3).

Assessment of Publication Bias

Publication bias was evaluated by funnel plots. There was no
significant publication bias in PFS and OS. The results of
Begg’s and Egger’s tests indicated that there was no significant
publication bias in the subgroups (Tables 2 and 3).
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Table 2. The Results for the Relationship Between ATB Use and PFS of Immune Checkpoint Inhibitors in NSCLC.

N Hazard ration (HR) P for HR Heterogeneity (P, I%) Publication bias
Progression-free survival
Overall 13 1.41 [1.23-1.61] 0.000 0.003, 60.3% Begg’s Test = 0.462
Egger’s test = 0.366
Time of antibiotics use
A group [—60, 0] 5 1.53 [1.22-1.92] 0.000 0.024, 64.3% Begg’s Test = 1.000
Egger’s test =/
B group [—30, 0 ] 2 1.55 [1.14-2.10] 0.005 0.041, 76.0% Begg’s Test =/
Egger’s test =/
C group [—60,30] 5 1.34 [1.06-1.70] 0.014 0.001, 77.4% Begg’s Test = 0.602
Egger’s test =/
D group [—30,30] 3 1.54 [1.14-2.06] 0.005 0.004, 82% Begg’s Test = 1.000
Egger’s test =/
E group [0, 30 ] 3 1.63 [1.12-2.369] 0.010 0.154, 46.6% Begg’s Test =/
Egger’s test =/
F group [During] 5 1.20 [0.99-1.45] 0.067 0.021, 65.5% Begg’s Test =/
Egger’s test =/
ICI drug
PD-1 inhibitor 5 1.73 [1.25-2.40] 0.001 0.241, 31.20% Begg’s Test = 1.000
Egger’s test =/
PD-1/PD-L1/CTLA-4 inhibitor 8 1.35 [1.16-1.57] 0.000 0.002, 68.9% Begg’s Test = 1.000
Egger’s test = 0.408
Sample size
<100 6 1.91 [1.43-2.56] 0.000 0.190, 32.8% Begg’s Test = 1.000
Egger’s test = 0.695
>100 7 1.29 [1.11-1.51] 0.001 0.008, 65.4% Begg’s Test = 1.000
Egger’s test =/
Country
Asia 3 2.64 [1.77-3.92] 0.000 0.721, 0.0% Begg’s Test = 0.296
Egger’s test = 0.146
No-Asia 8 1.29 [1.12-3.92] 0.000 0.028, 51.8% Begg’s Test = 1.000
Egger’s test = 0.891
Discussion enhancing ICIs efficacy? We look forward to answering these

IClIs, including nivolumab, pembrolizumab, atezolizumab, and
durvalumab, are currently approved for treating advanced stage
NSCLC. CheckMate-017, CheckMate-057, KEYNOTE-010,
OAK trials, and PACIFIC studies demonstrated the superiority
of these agents over chemotherapy.”” ICIs have been shown to
improve the response rates and survival in NSCLC patients.’
However, the objective response rates were no more than 35%-
44%, while secondary resistance rates approached 100%.7-*%2°
Both the primary or acquired resistance to ICIs and attenuation
of the therapeutic efficacy of ICIs are caused by many factors,
such as PD-L1 expression, tumor mutational load, the tumor
immune infiltrate, environmental factors, and loss of diversity
or a shift in the composition of the GM.>*! Patients exposed to
ATBs during the entire ICIs period with a higher the median
irAE was 4.2% and irAE had worse PFS and 0S.?? Currently,
there are no efficient biomarkers to predict the efficacy of ICIs.

However, there are 4 major questions that need to be
answered. (1) How to accurately screen the beneficiaries? (2)
Whether to predict resistance and Immune-related adverse
events (irAE)? (3) How the new joint strategy can improve
treatment effectiveness? (4) How to modify an unfavorable
ATB-associated dysbiosis to a “favorable” phenotype for

questions.

The lungs carry out the exchange of gas between the body
and the environment. The principal site of infections is in the
lung.*? Now current literature indicates a link between the gut
and lung microbiomes, which interact through multiple path-
ways. The bi-directional crosstalk between the gut and lung
(termed as the gut-lung axis) is best exemplified by intestinal
disturbances observed in lung diseases.*>** There are few stud-
ies regarding the effect of the pulmonary flora on the intestinal
tract. Some external factors disrupt the airway microbiome,
resulting in translocation of these bacteria into the bloodstream,
which then disturbs the GM.>*>! In pre-clinical models, resis-
tance to ICIs can be attributed to an abnormal GM composi-
tion.** The microbiome governs the cancer-immune set point in
cancer-bearing individuals, and manipulating the gut ecosys-
tem to circumvent primary resistance to ICIs may be feasible.>
Several studies have reported that the GM influences the anti-
tumor response of ICIs immunotherapy, suggesting that loss of
diversity and a shift in the composition of the GM can attenuate
the therapeutic efficacy of ICIs.*® In theory, ATB should be
able to shift the microbiota composition temporally and impact
the efficacy of IClIs.
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Figure 4. A forest plot of hazard ratios for the OS of NSCLC patients exposed to antibiotics (ATB) as compared to NSCLC patients not exposed

to antibiotics around ICIs treatment initiation.

Recently many studies have recognized the association
between ATB use and the clinical efficacy of ICIs immunother-
apy. In early 2013, animal experiments confirmed that mice
with solid tumors grown in germ-free conditions or treated with
broad-spectrum antibiotics had a poor response to immunother-
apy.>” Thus, multitudinous studies have demonstrated that
ATB use may reduce the efficacy of ICIs immunotherapy in
NSCLC patients by changing the diversity and composition of
the GM.* Conversely, some studies have shown the exact
opposite effect.*>>* Although it is generally acknowledged that
ATB use reduces the efficacy of ICIs immunotherapy by alter-
ing the diversity and composition of the gut-lung axis
microbiota.

The chronological order of antibiotic exposure and immu-
notherapy affects the outcome of ICIs. The blood concentration
of antibiotics, which depends on the duration, route, and type of
ATB used, affects the diversity and composition of the GM.
The use of ATBs may also change over time as the patient’s
condition changes, and as such, it is very difficult for studies to
evaluate the consistent and detailed definition of ATBs in
immunotherapy. None of the analyses of the included studies
state a unique definition for the time of ATB use. Many studies
used a definition of 1 month before and/or after and during the
initiation of ICIs immunotherapy. A study showed that in
advanced NSCLC the impact of ATB 60 days before ICIs was
not as potent as within the first 30 days before ICIs.*® Another
study demonstrated that modification of the microbiota by

antibiotics (in the 3 months before the first nivolumab
injection or during treatment) did not affect the efficacy of
nivolumab in patients with NSCLC.* A recent study demon-
strated that a PFS and OS benefit derived from ICIs may be
attenuated by the administration of antibiotics in temporal
proximity to the initiation of ICIs in patients with advanced
NSCLC.****® A current meta-analysis confirmed that patients
exposed to antibiotics around [—60 days; +60 days] ICIs
initiation had stronger poor effects on survival.?! Even if this
hypothesis is true, it should be interpreted with extreme cau-
tion, as the route and dosage of antibiotics also affects absorp-
tion, and if patients take other medications, such as ATB,
proton pump inhibitors, steroids, or a combination, can also
result in poor outcomes. Also, the drugs mentioned above has
not been mechanistically and prospectively tested in cancer
populations treated with ICIs immunotherapy. Thus, we need
to further explore the relationship between ATB and immu-
notherapy in lung cancer.

Similar studies involving a larger sample of NSCLC cases
have been published.?! This study indicated that NSCLC
patients exposed to antibiotics around [—60 days; +60 days]
ICIs initiation had stronger worse effects on survival. This
meta-analysis identified that the timing of ATB treatment in
NSCLC patients receiving ICIs immunotherapy has different
effects on the OS and PFS of these patients and ATB impair the
efficacy of ICIs was illustrate the relationship in more detail
became the biggest bright spot. Our results showed that the
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Figure 5. A forest plot of hazard ratios for the OS of NSCLC patients exposed to antibiotics (ATB) as compared to NSCLC patients not exposed
to antibiotics based on the exposure duration of antibiotics. Group A: antibiotic exposure in the following time window [—60 days; 0] relative to
ICIs treatment initiation; Group B: [—30 days; 0]; Group C: [—60 days; 30 days]; Group D: [—30 days; 30 days]; Group E: [0; 30 days]; Group F:

[During].

sequence of ATB exposure and initiation of ICIs immunother-
apy has different effects on OS and PFS. Our subgroup analysis
showed that the NSCLC patients exposed to antibiotics before
[—60 days; 0 days] or [—30 days; 0 days] ICIs initiation had
worse effects on OS. Additionally, NSCLC patients exposed to
antibiotics after [0 days; 30 days] ICIs initiation had worse
effects on PFS.

Our research had some limitations, and as such, we offer
some suggestions for future research. First, in this meta-
analysis most of the included studies did not provide detailed
tumor characteristics and subgroup stratification, such as PD-
L1 expression, lines of therapy, type of ICIs drug, epidermal
growth factor receptor (EGFR) mutations, tumor node

metastasis (TNM) stage, tumor mutational burden (TMB),
Eastern Cooperative Oncology Group (ECOG) performance
status score, tumor-infiltrating lymphocytes, mismatch repair
gene (MMR), and irAE, which may influence the efficacy of
ICIs. Second, ATB use and immune-related adverse events
were not detailed in the trials involved, which may have dif-
ferent effects on the efficacy of ICIs. Third, the heterogeneity
of PFS existed in the included studies; therefore, PFS results
were less robust endpoints in our results. Different periods of
immunotherapy, different intervals of administration, and dif-
ferent responses to drugs resulted in high heterogeneity of
PFS. Heterogeneity also existed in subgroup analysis, which
may have influenced the outcome. Moreover, patients were
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Table 3. The Results for the Relationship Between ATB Use and OS of Immune Checkpoint Inhibitors in NSCLC.

N Hazard ration (HR) P for HR Heterogeneity (P, %) Publication bias
Overall survival
Overall 13 2.16 [1.79-2.60] 0.000 0.028, 22.9% Begg’s Test = 0.474
Egger’s test = 0.565
Time of antibiotics use
A group [—60, 0] 6 2.55[1.98-3.27] 0.000 0.365, 8.0% Begg’s Test = 1.000
Egger’s test = 0.684
B group [—30, 0] 3 2.93 [2.13-4.04] 0.0000 0.445, 0.0% Begg’s Test = 0.296
Egger’s test = 0.457
C group [—60,30] 5 1.72 [1.30-2.28] 0.000 0.016, 67.2% Begg’s Test = 0308
Egger’s test = 0.398
D group [—30,30] 3 1.35[0.92-1.99] 0.124 0.011, 77.7% Begg’s Test = 1.000
Egger’s test =/
E group [0, 30 ] 3 1.59 [1.07-2.39] 0.023 0.023, 73.59% Begg’s Test = 1.000
Egger’s test =/
F group [During] 6 1.74 [1.43-2.44] 0.000 0.005, 69.9% Begg’s Test = 1.000
Egger’s test = 0.600
ICI drug
PD-1 inhibitor 4 2.50 [1.71-3.64] 0.000 0.756, 0.0% Begg’s Test = 0.308
Egger’s test = 0.050
PD-1/PD-L1/CTLA-4 inhibitor 9 2.06 [1.66-2.55] 0.000 0.007, 62% Begg’s Test = 1.000
Egger’s test = 0.955
Sample size
<100 5 2.76 [1.80-4.03] 0.000 0.575, 0.0% Begg’s Test = 0.462
Egger’s test = 0.222
>100 8 2.00 [1.61-2.47] 0000 0.012, 61% Begg’s Test = 0.462
Egger’s test = 0.472
Country
Asia 3 2.72 [1.77-4.18] 0.000 0.481, 0.0% Begg’s Test = 0.296
Egger’s test = 0.146
No-Asia 8 2.05 [1.66-2.52] 0.000 0.017, 5.4% Begg’s Test = 1.000

Egger’s test = 0.891

not excluded from taking antibiotics, corticosteroids, and/or
proton pump inhibitors (PPI). These factors may lead to
heterogeneity.

Immunotherapy has achieved long-term survival and pro-
tects NSCLC patients from the adverse reactions of chemother-
apy. Immunotherapy is gradually changing and reshaping
NSCLC treatment. Moreover, stratification according to anti-
biotic treatment status (e.g., use time, duration, route, and type
of ATB) may be warranted in future trials investigating I1ClIs.
We will continue to seek adequate biomarkers and optimized
guidelines to reduce this impact and improve ICls efficacy.

Conclusion

Excessive antibiotic use can disrupt the delicate balance of the
gut-lung bacterial axis. Furthermore, antibiotic use has been
associated with immune-related adverse events and the effi-
cacy of ICIs immunotherapy. In this meta-analysis, we
demonstrated that NSCLC patients who took antibiotics
[—60 days; +30 days] around IClIs initiation had significantly
reduced survival. Furthermore, our study showed that antibio-
tic exposure [—60 days; 0 days] or [—30 days; 0 days] before
ICIs immunotherapy had strong effects on OS, while antibio-
tic exposure [0; 30 days] after the initiation of ICIs

immunotherapy had worse effects on PFS. However, this con-
clusion has to be confirmed with a larger randomized clinical
study. Clinical application of antibiotics should be further
standardized and limited to strict indications in patients
receiving IClIs.
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