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A B S T R A C T

Objective: Immune checkpoint inhibitors (ICIs) have recently achieved inspiring performance in improving the
prognosis of various solid tumors. Gut microbiome plays a crucial modulatory role in the efficacy of ICIs, which
can be influenced by antibiotic (ATB) administration. In this meta-analysis, we aimed to clarify the correlations
of ATB administration with the prognosis of solid cancer patients receiving ICI treatment.
Method: The eligible literatures were searched using PubMed, Cochrane Library, Web of Science, and Clinical
trials.gov databases before 29 February 2020. The correlations of ATB administration with overall survival (OS)
and progression-free survival (PFS) were determined using Hazard ratios (HRs) coupled with 95% confidence
intervals (CIs).
Results: A total of 33 studies enrolling 5565 solid cancer patients receiving ICI treatment were included in this
meta-analysis. As a whole, ATB administration was significantly correlated worse OS (HR = 1.76,
95%CI = 1.41–2.19, P < 0.00001) and PFS (HR = 1.76, 95%CI = 1.47–2.12, P < 0.00001). This significant
association was then observed in the subgroup analysis based on region (except for OS in Europe), sample size,
age, therapeutic strategy and ICI type. The similar results were also found in subgroup analysis for lung, renal
cell (except for OS) and other cancers (such as melanoma) but not for mixed cancers. In addition, the ICI efficacy
was more likely to be diminished by ATB administration within a time frame from 60 days before to 60 days after
ICI initiation.
Conclusion: ATBs should be used cautiously in solid cancer patients receiving ICIs. However, further validations
are still essential due to existing publication bias.

1. Introduction

The cancer immunotherapy targeting immune checkpoints has re-
sulted in significant improvement of patient prognosis in various can-
cers in the past few years, with its representative drugs including
Programmed cell death 1(PD-1)/Programmed cell death-Ligand 1(PDL-
1) inhibitors and Cytotoxic T lymphocyte-associated antigen-4 (CTLA-
4) antibodies [1]. However, numerous challenging problems remain to
be unsolved such as identifying dominant therapy related factors and
maximizing personalized management [2]. Recently, emerging

evidences have suggested that gut microbiota plays a crucial role in
modulating the efficacy and toxicity of cancer immunotherapy [3,4].
For instance, Bifidobacterium, Akkermansia muciniphila and Rumino-
coccaceae are found to correlate with clinical benefits of anti-PD-1/PD-
L1 therapy, while B. fragilis, B. thetaiotaomicron and Burkholderiales are
for that of anti-CTLA-4 therapy [5]. Furthermore, the animal experi-
ment demonstrated that fecal microbiota transplantation (FMT) from
responding patients into germ-free mice reinforced the anti-tumor ef-
ficacy of PD-1 inhibitor [6]. It is well-established that gut microbiota
can be clinically manipulated using antibiotics (ATBs), probiotics and
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FMT. Therefore, it is of great practical significance to investigate the
potential impact of these interventions on cancer immunotherapy.

The association of ATB administration with cancer treatment has
already been widely investigated in the past decades, especially in its
unquestionable preventive role in perioperative infection and chemor-
adiotherapy-induced immunosuppression related infection [7]. With
regard to its role in cancer immunotherapy, related investigations are
just beginning and their conclusions seem to be inconsistent. For in-
stance, in a recent single-site retrospective study enrolling 291 ad-
vanced cancer cases, Tinsley et al found ATB administration was an
unfavourable independent prognostic factor affecting the progression-
free survival (PFS) and overall survival (OS) of patients receiving ICI
treatment, and the subgroup analysis further revealed patients with
cumulative ATB administration had the worst clinical outcome than
others [8]. Similarly, Hakozaki et al found prior ATB administration
was negatively correlated with the PFS and OS of non-small cell lung
cancer (NSCLC) patients treated with nivolumab [9]. However, Ka-
derbhai et al found ATB administration in or before nivolumab therapy
was not significantly correlated with the response rate and PFS of
NSCLC patients [10]. Sen et al found ATB administration in or before
ICI was not associated with the PFS of patients with advanced cancers
and only ATB administration within 30 days of ICI was negatively
correlated with OS [11]. Therefore, the prognostic role of ATB ad-
ministration in ICI treatment remains inconclusive and should be
evaluated comprehensively and objectively. To achieve this goal, a
meta-analysis of 33 studies enrolling 5565 ICI treated cancer patients
was performed. Our findings will help improve the individualized
clinical management during cancer immunotherapy and contribute to
benefiting patient prognosis.

2. Materials and methods

2.1. Search strategy

As shown in Fig. 1, the systematic review was performed according
to the PRISMA guidelines. Relevant studies regarding the association
between ATB administration and cancer immunotherapy were searched
using the PubMed, Cochrane Library, Web of Science, and Clinical
trials.gov (up to February 29th, 2020). The search key words were used
as follows: “antibiotic”, “ATB”, “antibacterial”, “broad-spectrum anti-
biotic”, “narrow-spectrum antibiotic”, “Immunotherapy”, “Pro-
grammed cell death (Ligand) 1”, “PD-1(PD-L1)”, “cytotoxic T lympho-
cyte antigen 4”, “CTLA-4”, “immune checkpoint inhibitor”, “ICI”,
“immune checkpoint blocking agent”, “cancer”, “tumor”, “malignancy”
and “neoplasm”. Moreover, reference lists of identified original articles
and reviews (including supplementary issues) were also carefully
screened to identify additional eligible studies, which might be missed
by electronic search strategies.

2.2. Inclusion and exclusion criteria

Inclusion criteria are as follows: (1) The literatures were focusing on
the effects of ATBs in cancer patients treated with ICIs; (2) Patients
were diagnosed with solid cancer and treated with ICIs, regardless of
alone or combined with other anti-cancer treatments; (3) ATBs were
administered before and/or during the ICI treatment, irrespective of the
administration duration and dosage; (4) The control group were defined
as those without ATB treatment in defined time frames; (5) The results
include OS and/or PFS. Exclusion criteria are as follows: (1) Duplicated
publications or data; (2) Animal or cell experiments; (3) Reviews and
comments without original data; (4) Literatures were published in non-
English languages. Furthermore, if there were several eligible dupli-
cated studies identified, the most recent study was selected for the
meta-analysis.

2.3. Data extraction

The following data from the full texts of selected studies were ex-
tracted: the first author, publication year, region, cancer type, the
number of cases, type of ICI, ATB exposure, ATB type, ATB duration,
age, Hazard ratios (HRs) for OS and PFS. If the HRs for OS or PFS were
calculated using both univariate and multivariate analyses, the latter
was preferentially selected because of confounding factor adjustment.
In addition, in case where the study was unable to provide the 95% CIs,
we estimated the data according to the method described by Altman
et al. [12]. The data extraction was performed by two independent
researchers and the divergences was solved through discussion or the
assessment of the third researcher.

2.4. Quality assessment

The quality of the selected literatures was independently assessed
based on the Newcastle-Ottawa Scale(NOS) score [13]. In the NOS
system, literatures with a score ≥6 were considered as high-quality
ones.

2.5. Statistical analysis

All the statistical analysis were performed using Stata SE14.0 and
RevMan5.3 software. Cochrane Q-test and I2 statistics were utilized to
determine the heterogeneity among all the studies. In case where
P > 0.05 and I2 < 50%, no heterogeneity exist among studies and
their results were analyzed using a fixed-effect model. Contrarily, het-
erogeneity was determined among studies and their results were ana-
lyzed using a random-effect model. The sensitivity analysis was used for
assessing the stability of results. The Begg’s and Egger’s test were used
for assessing publication bias. An observed HR > 1 indicated ATB
administration was negatively correlated with OS or PFS, while an
observed 95% CI > 1 indicated the correlation was statistically sig-
nificant. For all the analysis, a P value< 0.05 is considered to be sta-
tistically significant.

3. Results

3.1. Characteristics of the included studies

The systematical literature search was shown in Fig. 1. A total of
1064 candidate articles were selected from the electronic databases
using our search strategy and 13 additional articles were identified
through other sources. After removing the duplications, 978 articles
were preserved. Then, articles were removed due to irrelevant topics
(n = 907), reviews or meta-analysis (n = 24), no human researches
(n = 8), no solid tumors (n = 2), repeated study cohort (n = 1) and no
available results (n = 3). Finally, a total of 33 articles were determined
to be eligible for the meta-analysis [6,8–11,14–41].

The general clinical characteristics of the included studies were
summarized in Table 1. All the studies were published between January
2017 and February 2020. 5 of the included studies were performed on
Asian patients, while the rest were performed on patients mainly from
Europe and North America. The enrolled patients were most commonly
diagnosed as lung and renal cell carcinoma (RCC). The treatment
contains immunotherapy alone or combined with chemotherapy/tar-
geted therapy, and the immunotherapy drugs include PD-1/PD-L1 in-
hibitor and CTLA-4 antibody. The majority of patients received ATB
before and/or within immunotherapy, and the most frequently used
ATB drug was β- lactam. The available timing of ATB exposure from the
included studies was provided in Fig. 2.

The prognostic information and quality assessment of included
studies were summarized in Table 2. Only two studies were prospective,
while the rest were retrospective. A total of 14 studies reported both OS
and PFS with complete HR values that were calculated using
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multivariable or univariate analysis. Nine studies were found to have a
NOS score of five, while all of the rest had NOS scores no less than six.

3.2. Prognostic significance of ATB administration in the entire cancer
patients treated with ICIs

As shown in Fig. 3A, using a random-effect model (I2 = 79%,
P < 0.00001), we found ATB administration was significantly corre-
lated with a worse OS in cancer patients treated with ICIs
(HR = 1.76(1.41–2.19), P < 0.00001). Using the same model
(I2 = 72%, P < 0.00001), we found ATB administration was also
significantly correlated with a worse PFS in cancer patients treated with
ICIs (HR = 1.76(1.47–2.12), P < 0.00001, Fig. 3B).

3.3. Subgroup analysis for the prognostic significance of ATB administration

For further investigating the prognostic impact of ATB

administration in various defined patients, the subgroup analysis were
performed according to region, cancer type, sample size, age, ther-
apeutic strategy, ICI drugs and ATB exposure timing. As shown in
Tables 3 and 4, we firstly observed that ATB administration was sig-
nificantly associated with both worse OS and PFS in patients from Asia
(OS: HR = 2.64(1.53, 4.58); PFS: HR = 2.85(1.79, 4.52)) and North
America (OS: HR = 1.93 (1.30, 2.88); PFS: HR = 1.59(1.10, 2.28)). For
European patients, this association was only significant in PFS
(HR = 1.65(1.21, 2.25)) instead of OS (HR = 1.41(0.98, 2.02),
P = 0.06). In cancer type, ATB administration was significantly asso-
ciated with worse OS in lung cancer (HR = 1.80(1.28, 2.55)) and other
cancers (HR = 2.08(1.27, 3.42)), while this association with worse PFS
was significant in lung cancer (HR = 1.70(1.27, 2.27)), RCC
(HR = 2.29 (1.68, 3.12)) and other cancers (HR = 2.56(1.29, 5.10)). In
lung cancer, a further analysis revealed the negative impact of ATB
administration on OS was significant in studies with squamous cell
proportions more than 25.8% (HR = 2.28 [1.56, 3.34]), while it was

Fig. 1. Flowchart of the literature search process.
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Table 1
General information of included studies.

Author, year Country Cancer type(s) No. of
patients

Treatment ATB
exposure

ATB Duration Age (years) ATB Type

Ahmed 2018 USA MIX 60 PD-(L)1 alone or with
chemotherapy

Prior,
within

8–14 days 52 β-lactam, Quinolones, Vancomycin, Daptomycin, Linezolid, Meropenem,
Tetracyclines, Azithromycin, Nitrofurantoin

Agarwal 2019 USA UC 101 PD-(L)1 Prior,
Within

NA NA NA

Chalabi 2020 Multicenter NSCLC 757 PD-1 Prior,
Within

NA NA Quinolone, Penicillins, Cephalosporin, Macrolide, Carbapenem, Glycopeptide,
Lincomycin, Oxazolidinone

Derosa 2018 USA NSCLC 239 PD-(L)1 alone or with
CTLA-4

Prior ≤ 7 days
>7 days

66 β-lactam (±other), Quinolones (± other), Macrolides, Sulfonamides,
Tetracyclines, Nitromidazole

Derosa 2018 France RCC 121 PD-(L)1 alone or in with
CTLA-4 or bevacizumab

Prior ≤7 days
(n = 8)
>7 days
(n = 8)

61 β-lactam (±other), Quinolones (± other), Tetracyclines, Aminoglycosides

Do 2018 USA Lung cancer 109 PD-1 Prior,
Within

NA NA Penicillins, Quinolones, Other antibiotics

Elkrief 2019 Canada Melanoma 74 PD-1 or CTLA-4 alone or
with chemotherapy

Prior < 7 days
(n = 3)
>7 days
(n = 7)

58 Doxycycline, Vancomycin, Clarithromycin Piperacillin/Tazobactam, Amoxicillin/
Clavulanic acid, Cefazolin, Ertapenem, Levofloxacin

Galli 2019 Italy NSCLC 157 PD-(L)1 alone or with
CTLA-4

Prior,
Within

Median
7.0 days

66.7 Levofloxacin, Amoxicillin/Clavulanate, Claritromicin, Ceftriaxon, Rifaximin,
Ciprofloxacin, Azitromicin

Greally 2019 USA ESCC 161 PD-(L)1 alone or with
CTLA-4

Prior,
Within

NA 62 β-lactam, Quinolones, Vancomycin, Macrolides, Sulfonamides

Guo 2019 China esophagogastric
cancer

49 PD-(L)1 alone or
combination

Prior,
Within

Median
10.0 days

56.7 Mostly β-lactam

Hakozaki 2019 Japan NSCLC 90 PD-1 Prior ≤ 7 days
(n = 1)
>7 days
(n = 12)

67 Trimethoprim/Sulfamethoxazole, Amoxicillin/Clavulanate, Ceftriaxone,
Meropenem, Piperacillin/Tazobactam, Ampicillin/Sulbactam, Cefazolin,
Levofloxacin

Hemadri 2019 USA Melanoma 172 PD-1 Within NA NA NA
Huemer 2018 Austria NSCLC 30 PD-(L)1 Prior,

Within
NA NA Mostly Penicillins, Fluoroquinolones, Carbapenems

Huemer-Linz 2019 Austria NSCLC 53 PD-(L)1 Prior,
Within

NA 66 Penicillin, Fluoroquinolone, Cephalosporin, Macrolide, Clindamycin, Metronidazole

Huemer-Salzburg -Linz
2019

Austria NSCLC 96 PD(L)1 alone or
combination

Prior,
Within

NA NA NA

Iglesias-Santamaría
2020

Spain MIX 102 PD-(L)1/CTLA-4 Prior,
Within

NA 66 β-lactams, Fluoroquinolones, Cephalosporins, Macrolides, Sulphonamides

Kaderbhai 2017 France NSCLC 74 PD-1 Prior,
Within

≤7 days
(n = 7)
>7 days
(n = 8)

69 NA

Khan 2019 NA MIX 242 PD-(L)1 Prior,
Within

NA NA NA

Kim 2019 Korea MIX 234 PD-(L)1/CTLA4 alone or
with chemotherapy

Prior ≤7 days
(n = 25)
>7 days
(n = 83)

NA Fluoroquinolones, β-lactam, Carbapenem, Glycopeptides, Macrolides, etc

Kulkarni 2019 USA NSCLC 148 PD-(L)1 Prior,
Within

NA NA NA

Kulkarni 2019 USA RCC 55 PD-(L)1 Prior,
Within

NA NA NA

Lalani 2019 USA RCC 146 PD-(L)1 alone or
combination

Prior,
Within

NA 61 β-lactams, Fluoroquinolones, Macrolide, Tetracycline

(continued on next page)
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Table 1 (continued)

Author, year Country Cancer type(s) No. of
patients

Treatment ATB
exposure

ATB Duration Age (years) ATB Type

Masini 2019 Italy MIX 169 PD-(L)1,CTLA-4 Within NA NA NA
Mielgo-Rubio 2018 Spain NSCLC 168 PD-1 Prior,

Within
NA 65 NA

Ouaknine 2019 France NSCLC 72 PD-1 Prior,
Within

Median
9.5 days

67.8 β-lactams, Vancomycin, Amoxicillin/Clavulanic acid, etc

Pinato 2019 Multicenter MIX 196 PD-(L)1 alone or PD-(L)1/
CTLA-4 combination

Prior ≤7 days
(n = 26)
>7 days
(n = 3)

68 β‐lactam (± other), Quinolones (± other), Macrolides Sulfonamides, Tetracyclines,
Aminoglycosides, Nitromidazole

Rounis 2019 Greece NSCLC 44 ICI Prior,
Within

NA 69 NA

Routy 2018 France NSCLC 140 PD-(L)1 Prior,
Within

NA 65 β-lactam, Quinolones, Macrolides, Sulfonamides, Tetracyclines,
Streptogramins, β-lactam + Quinolone +
Streptogramin, etc

Routy 2018 Multicenter RCC 67 PD-(L)1 Prior,
Within

NA 62 β-lactam, Quinolones, Tetracyclines, Aminoglycosides, Nitrofurans, etc

Routy 2018 Multicenter UC 42 PD-(L)1 Prior,
Within

NA 66 β-lactam, Quinolones, Macrolides, etc

Schett 2020 Switzerland NSCLC 218 PD(L)1 alone or
combination

Prior,
Within

NA 61 β-lactam, Quinolones, Macrolides, Sulfonamides, Nitro-imidazoles, Tetracyclines

Sen 2018 USA MIX 172 PD-1 or CTLA-4 alone or
combination

Prior NA 60 β-lactam, Quinolones, Tetracyclines

Swami 2018 USA Melanoma 199 PD-1 Prior,
Within

NA 63 NA

Thompson 2017 USA NSCLC 74 PD-1 Prior NA 66 NA
Tinsley 2018 British MIX 303 ICI Prior,

Within
NA NA β-lactam, Macrolides

Tinsley 2020 British MIX 291 PD-(L)1,CTLA-4 Prior,
Within

NA 66 NA

Ueda 2019 Japan RCC 31 PD-(L)1, CTLA-4 Prior NA 67 β-lactams
Zhao 2019 China NSCLC 109 PD-(L)1 alone or

combination
Prior,
Within

NA 57.5 β-lactam, Fluoroquinolones

Abbreviations: NSCLC, non-small cell lung carcinoma; RCC, renal cell carcinoma; ICI, immune checkpoint inhibitor, CTLA-4, cytotoxic T-Lymphocyte-associated Antigen 4, PD-1, programmed cell death protein-1; PD-L1,
programmed cell Death-Ligand 1; NA, not available; ESCC, esophageal squamous cell carcinoma.
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significant for PFS in studies with squamous cell proportions both less
and more than 25.8% (≤25.8%: HR = 1.93 [1.41, 2.64];> 25.8%:
HR = 1.77 [1.23, 2.55]). The negative association of ATB adminis-
tration with OS and PFS remained significant regardless of sample size
(OS: ≤100: HR = 2.19(1.19, 4.05), > 100: HR = 1.64(1.30, 2.07);
PFS: ≤100: HR = 2.27(1.80, 2.86), > 100: HR = 1.51(1.21, 1.89))
and age (OS: ≤65 years: HR = 2.09 (1.59, 2.74), > 65 years:
HR = 1.82(1.14, 2.92); PFS: ≤65 years: HR = 2.20(1.65,
2.92), > 65 years: HR = 1.59(1.21, 2.08)). With regard to therapeutic
strategy, the similar result was observed both in patients treated with
immunotherapy alone (OS: HR = 1.52 (1.15, 2.01); PFS:
HR = 1.56(1.26, 1.94)) and combined anti-cancer treatment (OS:
HR = 2.25(1.64, 3.09); PFS: HR = 2.28 (1.69, 3.08)). Consistently,
ATB administration was significantly correlated with poor outcome in
patients receiving PD-1/PD-L1 inhibitor alone (OS: HR = 1.78(1.31,
2.42); PFS: HR= 1.96(1.50, 2.57)) or PD-1/PD-L1 inhibitor ± CTLA-4
antibody (OS: HR = 1.74(1.25, 2.43); PFS: HR = 1.53(1.19, 1.96)).
Finally, we focused on the timing frames of ATB administration and
found its negative association with prognosis was significant in patients
receiving ATB within 60 days before ICI initiation (-60–0: OS:
HR = 2.58(1.94, 3.43); PFS: HR = 1.88(1.47, 2.41) and from 60 days
before ICI to 60 days after ICI initiation (-60–60: OS: HR = 1.64(1.20,
2.24); PFS: HR = 2.01(1.55, 2.61). However, for patients receiving ICI
from 60 days before ICI to any timing after ICI initiation (-60-∞), the

association was not statistically significant (OS: HR = 1.38(0.89, 2.15),
P = 0.15; PFS: HR = 1.29(0.77, 2.17), P = 0.33).

3.4. Sensitivity analysis and publication bias

As shown in Fig. 4A-B, a sensitivity analysis was performed to
evaluate the bias caused by limited included studies and the result
demonstrated no single study was able to significantly influence the
pooled HRs of OS and PFS, validating the reliability of our results. In
addition, the Begg’s (Fig. 4C-D) and Egger’s test were used to evaluate
the publication bias and the result test suggested there was significant
publication bias in our analysis regarding the association of ATB ad-
ministration with PFS (Begg’s test: P = 0.002; Egger’s test: P = 0.003)
instead of OS (Begg’s test: P = 0.053; Egger’s test: P = 0.082). How-
ever, the following trim and fill method (Fig. 4E) indicated the pub-
lication bias was unable to significantly affect the result trend of PFS
(HR = 1.48(1.23–1.77), P < 0.00001).

4. Discussion

With the increasing popularity of immunotherapy in cancer treat-
ment, enormous efforts have been made to identify potential factors
that influences its efficacy. Among these identified factors, a consider-
able amount of evidences have pointed to a crucial role of gut

Fig. 2. . Summary graph of the timing for antibiotic administration in included studies.
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microbiota [42]. ATBs are commonly used for interfering gut micro-
biota in clinical practice and its association with immunotherapy effi-
cacy has been raising heated discussion recently [43–45]. Some retro-
spective clinical studies have found that ATB administration diminished
the efficacy of cancer immunotherapy, while some failed to acquire the
similar result [8,10]. During the preparation of our manuscript, we
noted that two meta-analysis have already performed to investigate the
impact of antibiotic administration on the efficacy of cancer im-
munotherapy last year [46,47]. The first research by Huang et al in-
cludes 19 studies enrolling 2740 cancer patients and demonstrates a
negative association of ATB administration with immunotherapy effi-
cacy [46]. The other research by Wilson et al includes 18 studies en-
rolling 2889 cancer patients and shows the similar result [47]. Com-
pared with them, our present study has included much more studies
(n = 33) as well as patients (n = 5565), especially containing several
latest studies reporting negative results [19,23]. Therefore, our study
may provide some novel insights into the role of ATB administration in
cancer immunotherapy.

Firstly, using a random-effect model, we found ATB administration
was significantly associated with worse OS and PFS in the entire pa-
tients receiving ICI, which is generally in accordance with previous
findings by Huang et al and Wilson et al. [46,47]. The following ana-
lysis of sensitivity and publication bias confirmed the reliability of our
results. To our knowledge, the most likely explanation for this finding is
the fact that the administration of broad-spectrum ATBs dramatically
impairs the diversity and abundance of host microbiome. Using 16S
rRNA gene and metagenome sequencing, Peters et al found the diversity

and richness of gut microbiota was positively correlated with prolonged
PFS in melanoma patients treated with immunotherapy [48]. The me-
chanism investigation has preliminarily revealed that favorable gut
microbiota contributes to anti-tumor immune response through pro-
moting antigen presentation and effector T cell function [49]. Dubin
et al even found the bacteria of bacteroidetes phylum could decrease
the risk of immunotherapy induced colitis, supporting the necessity of
maintaining gut microbiota [50]. In addition, despite of limited evi-
dences, urinary and lung microbiome have been recently speculated to
participate in the modulation of host immunity as well as tumor re-
sponse to immunotherapy and related clinical investigation are on-
going, implying the potential impact of local microbiome in im-
munotherapy [51–53]. Therefore, it seems that increasing studies have
collectively highlighted the crucial role of host microbiome that should
be prevented from disruption by ATBs. However, there are some studies
reporting no or even positive association of ATB administration with
immunotherapy efficacy [10,23,38]. For instance, in a clinical in-
vestigation enrolling 169 advanced cancer patients, Masini et al found
ATB administration during immunotherapy was significantly correlated
with prolonged OS (HR = 0.59, 95%CI = 0.37–0.94) [38]. Further-
more, considering clinical heterogeneity among various cancers and
individuals, we are unable to clearly determine the negative impact of
ATBs on immunotherapy efficacy simply based on our integral analysis
of the entire included cancers and further subgroup investigations are
needed.

For further clarifying the prognostic impact of ATBs on cancer pa-
tients receiving immunotherapy, subgroup analysis were performed

Table 2
Prognostic information and quality assessment of included studies.

Author, year Method Outcome PFS Hazard ratios OS Hazard ratios Analysis NOS score
(95% CI) (95% CI)

Ahmed 2018 RE PFS/OS 1.6 (0.84–3.03) 2.9 (1.1–8.1) NA 7
Agarwal 2019 RE OS NA 1.93 (1.93–3.42) NA 5
Chalabi 2020 RE PFS/OS 1.17 (0.97–1.40) 1.32 (1.06–1.63) NA 6
Derosa NSCLC 2018 RE PFS/OS 1.5 (1.0–2.2) 4.4 (2.6–7.7) NA 7
Derosa RCC 2018 RE PFS/OS 3.1 (1.4–6.9) 3.5 (1.1–10.8) NA 7
Do 2018 RE OS NA 3.45 (1.72–6.67) NA 5
Elkrief 2019 RE PFS/OS 3.13 (1.20–7.69) 2 (0.83–4.76) M 7
Galli 2019 RE PFS/OS 1.5 (1.01–2.23) 1.23 (0.79–1.92) NA 6
Greally 2019 RE PFS/OS 1.1 (0.78–1.55) 1.26 (0.87–1.81) U 6
Guo 2019 RE PFS/OS 5.11 (2.42–10.82) 5.88 (2.55–13.55) M 7
Hakozaki 2019 RE PFS/OS 2.56 (1.28–5.15) 2.02 (0.70–5.83) M 6
Hemadri 2019 RE PFS/OS NA NA NA 5
Huemer 2018 RE PFS/OS 5.34 (1.11–27.11) 14.81 (1.35–164.02) M 6
Huemer -Linz 2019 RE OS NA 0.33 (0.16–0.76) NA 5
Huemer -Salzburg -Linz 2019 RE OS NA 0.84 (0.48–1.47) NA 6
Iglesias-Santamaría 2020 RE PFS/OS 0.47 (0.25–0.91) 0.73 (0.43–1.54) M 7
Kaderbhai 2017 RE PFS/OS 1.07 (0.53–2.17) NA NA 7
Khan 2019 RE PFS 1.98 (1.31–2.99) NA NA 5
Kim 2019 RE PFS/OS 1.715 (1.264–2.326) 1.785 (1.265–2.519) M 7
Kulkarni-NSCLC 2019 RE PFS/OS 0.5 (0.3–0.7) 0.5 (0.3–0.8) NA 5
Kulkarni-RCC 2019 RE PFS/OS 2.3 (1.0–5.0) NA NA 5
Lalani 2019 RE PFS/OS 1.96 (1.20–3.20) 1.44 (0.75–2.77) M 7
Masini 2019 RE OS NA 0.59 (0.37–0.94) NA 5
Mielgo-Rubio 2018 RE PFS/OS 1.77 (1.26–2.46) 1.45 (0.97–2.1) NA 6
Ouaknine 2019 RE PFS/OS 1.6 (0.6–2.2) 2.2 (1.1–4.8) M 7
Pinato 2019 PRO OS NA 3.4 (1.9–6.1) M 7
Rounis 2019 PRO PFS/OS 2.76 (1.8–6.4) 4.6 (1.7–12) M 6
Routy-NSCLC 2018 RE PFS/OS NA 2.21 (1.30–3.74) M 7
Routy-RCC 2018 RE PFS/OS 2.12 (1.11–4.05) NA M 7
Routy-UC 2018 RE PFS/OS 1.96 (0.91–4.23) NA M 7
Schett 2020 RE PFS/OS 3.45 (1.44–8.29) 3.73 (1.34–10.4) M 6
Sen 2018 RE PFS/OS 1.2 (0.8–2.1) 2.0 (1.2–3.3) NA 6
Swami 2018 RE PFS 4.06 (1.78–9.25) NA NA 5
Thompson 2017 RE PFS/OS 2.5 (1.11–5.47) 3.5 (1.65–8.17) M 6
Tinsley 2018 RE PFS/OS NA NA M 6
Tinsley 2020 RE PFS/OS 1.401 (1.028–1.920) 1.473 (1.038–2.107) M 7
Ueda 2019 RE PFS/OS 3.830 (1.086–12.717) NA M 6
Zhao 2019 RE PFS/OS 3.45 (1.79–6.67) 2.86 (1.30–6.25) M 6

Abbreviations: RE, retrospective; PRO, prospective; PFS, progression-free survival; OS, overall survival; NA, not available; U, univariate; M, multivariate.
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according to region, cancer type, sample size, age, therapeutic strategy,
immunotherapy drug and the timing of ATB administration. Firstly,
except for OS in European group (HR = 1.41(0.98, 2.02), P = 0.06),
we found ATB administration was significantly correlated with poor
outcome in patients from Asia, North America and Europe, suggesting
that the unfavorable prognostic impact of ATBs might be uncorrelated
with regional difference that potentially results in diverse genetic

backgrounds and microbiota compositions. Then, we analyzed the
prognostic impact of ATBs in various cancer types and found it sig-
nificantly correlated with poor efficacy of immunotherapy in NSCLC,
RCC and other cancer types, although the OS result of RCC had no
statistical significance largely due to limited studies (n = 2,
HR = 1.97(0.86, 4.54), P = 0.11). Meanwhile, we speculated the ne-
gative observation in the PFS of mixed cancers was probably caused by

Fig. 3. Forest plots of HRs for correlations of antibiotic administration with overall survival (A) and progression-free survival (B).
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Table 3
Subgroup analysis for the association of antibiotic administration with overall survival.

Subgroup No. of studies OS Hazard ratios P value Heterogeneity Publication bias

(95%CI) P -value I2 Begg’s test Egg’s test

Region
Asian 4 2.64 [1.53, 4.58] 0.0005 0.07 58% 0.497 0.315
North America 10 1.93 [1.30, 2.88] 0.001 < 0.00001 81% 0.421 0.459
Europe 13 1.41 [0.98, 2.02] 0.06 < 0.00001 77% 0.393 0.260
Cancer Type
Lung cancer 16 1.80 [1.28, 2.55] 0.0008 <0.00001 82% 0.126 0.148
Squamous cell proportion
≤25.8 8 1.70 [0.91, 3.17] 0.10 < 0.00001 83% 0.621 0.625
> 25.8 7 2.28 [1.56, 3.34] < 0.0001 0.002 71% 0.099 ＜0.00001
RCC 2 1.97 [0.86, 4.54] 0.11 0.19 43% 0.317 /
Others 4 2.08 [1.27, 3.42] 0.004 0.009 74% 1.000 0.462
MIX 7 1.51 [0.98, 2.33] 0.06 < 0.0001 81% 0.652 0.848
Sample Size
≤100 10 2.19 [1.19, 4.05] 0.01 < 0.00001 79% 0.421 0.115
> 100 19 1.64 [1.30, 2.07] < 0.0001 <0.00001 79% 0.132 0.261
Age
≤65 11 2.09 [1.59, 2.74] < 0.00001 0.04 48% 0.016 0.003
> 65 10 1.82 [1.14, 2.92] 0.01 < 0.00001 82% 0.929 0.696
Therapeutic strategy
ICI Alone 18 1.52 [1.15, 2.01] 0.003 < 0.00001 82% 0.306 0.463
Combined Therapy 11 2.25 [1.64, 3.09] < 0.00001 0.008 58% 0.102 0.136
Immunotherapy Drug
PD-(L)1 17 1.78 [1.31, 2.42] 0.0002 <0.00001 79% 0.084 0.200
PD-(L)1, CTLA-4 12 1.74 [1.25, 2.43] 0.001 < 0.00001 80% 0.337 0.265
ATB Exposure (days)
−60–0 8 2.58 [1.94, 3.43] < 0.00001 0.14 36% 0.621 0.313
−60–60 12 1.64 [1.20, 2.24] 0.002 < 0.0001 73% 0.075 0.232
−60-∞ 9 1.38 [0.89, 2.15] 0.15 < 0.00001 85% 0.835 0.756

Abbreviations: RCC, renal cell carcinoma; CTLA-4, cytotoxic T-Lymphocyte-associated Antigen 4; ICI, immune Checkpoint Inhibitors; PD-1, programmed cell death
protein-1; PD-L1, programmed cell Death-Ligand 1; OS, overall survival.

Table 4
Subgroup analysis for the association of antibiotic administration with progression-free survival.

Subgroup No. of studies PFS Hazard ratios P value Heterogeneity Publication bias

(95% CI) P -value I2 Begg’s test Egg’s test

Country
Asian 5 2.85 [1.79, 4.52] < 0.00001 0.04 60% 0.327 0.059
North America 10 1.59 [1.10, 2.28] 0.01 < 0.00001 77% 0.016 0.035
Europe 10 1.65 [1.21, 2.25] 0.002 0.002 66% 0.325 0.452
Cancer Type
Lung cancer 13 1.70 [1.27, 2.27] 0.0004 <0.00001 77% 0.180 0.056
Squamous cell proportion
≤25.8 6 1.93 [1.41, 2.64] < 0.0001 0.14 40% 0.039 0.056
> 25.8 6 1.77 [1.23, 2.55] 0.002 0.005 70% 0.348 0.074
RCC 5 2.29 [1.68, 3.12] < 0.00001 0.80 0% 0.050 0.038
Others 5 2.56 [1.29, 5.10] 0.007 0.0004 80% 0.624 0.041
MIX 6 1.35 [0.98, 1.84] 0.06 0.008 68% 0.188 0.250
Sample Size
≤100 13 2.27 [1.80, 2.86] < 0.00001 0.29 15% 0.067 0.099
> 100 16 1.51 [1.21, 1.89] 0.0003 <0.00001 78% 0.072 0.175
Age
≤65 12 2.20 [1.65, 2.92] < 0.00001 0.001 65% 0.020 0.003
> 65 11 1.59 [1.21, 2.08] 0.0008 0.009 58% 0.139 0.397
Therapeutic strategy
ICI Alone 20 1.56 [1.26, 1.94] < 0.0001 <0.00001 73% 0.027 0.049
Combined Therapy 9 2.28 [1.69, 3.08] < 0.00001 0.02 55% 0.095 0.042
Immunotherapy Drug
PD-(L)1 18 1.96 [1.50, 2.57] < 0.00001 <0.00001 76% 0.045 0.007
PD-(L)1, CTLA-4 11 1.53 [1.19, 1.96] 0.0009 0.002 65% 0.484 0.323
ATB Exposure (days)
−60–0 8 1.88 [1.47, 2.41] < 0.00001 0.20 29% 0.048 0.028
−60–60 12 2.01 [1.55, 2.61] < 0.00001 0.0002 69% 0.028 <0.00001
−60-∞ 7 1.29 [0.77, 2.17] 0.33 < 0.00001 85% 0.293 0.389

Abbreviations: RCC, renal cell carcinoma; CTLA-4, cytotoxic T-Lymphocyte-associated Antigen 4; ICI, immune Checkpoint Inhibitors; PD-1, programmed cell death
protein-1; PD-L1, programmed cell Death-Ligand 1; PFS, progression-free survival.
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the complicated interactions between microbiome and host immunity
in some rarely studied cancers such as sarcoma and gastrointestinal
cancers [11]. Furthermore, we classified the studies regarding lung
cancer based on the median proportion of squamous-cell carcinoma and

found the negative prognostic impact of ATBs on PFS was still sig-
nificant in both the groups, implying this impact may be uncorrelated
with histopathological phenotypes in lung cancer. Next, we found ATB
administration was significantly correlated with poor OS and PFS

Fig. 4. Sensitivity analysis and publication bias. (A) Sensitivity analysis of the studies assessing overall survival (OS). (B) Sensitivity analysis of the studies assessing
progression-free survival (PFS). (C) Begg’s funnel plots for evaluating publication bias of OS. (D) Begg’s funnel plots for evaluating publication bias of PFS. (E) Trim
and fill method for evaluating publication bias of PFS.
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regardless of sample size, however, clinical validations based on large
samples are still essential due to the some uncertainties (such as hy-
perprogression) of ICIs as novel drugs [54]. Previous studies have found
that ICIs equivalently improved the overall prognosis in both elderly
and young cancer patients [55]. It is worth noting that our present
result demonstrated ATB administration diminished the efficacy of ICIs
significantly both in elderly and young patients, strongly supporting
that cautious administration of ATBs should be advocated regardless of
age. With regard to therapeutic strategy, we observed similar results not
only in cancer patients receiving ICIs alone, but also in those receiving
ICIs combined with other therapies such as chemotherapy and targeted
therapy. In fact, the negative association of ATB administration with
chemotherapy efficacy has already been observed in several clinical
studies. For instance, using clinical trial datasets, a recent study found
ATB administration before first-line chemotherapy was significantly
correlated with worse OS and PFS in metastatic colorectal cancer [56].
Another study found the similar correlation in hepatocellular carci-
noma (HCC) patients and the sequencing analysis of fecal microbiota
revealed ATB administration reduced the abundance of intestinal
anaerobic bacteria (such as Blautia) that were associated with a fa-
vourable clinical outcome in HCC [57]. Therefore, considering its extra
unfavorable impact on traditional anti-cancer therapies, ATBs should be
used more cautiously before or during ICI-based combined therapies.
Furthermore, we found the negative association of ATB administration
with poor prognosis was significant not only in patients receiving PD-1/
PDL-1 inhibitor alone, but also in those receiving PD(L)-1 inhibitor/
CTLA-4 antibody alone or both combined, further highlighting the
critical role of microbiome in ICI efficacy. Finally, since previous stu-
dies have proposed the controversy about the timing frames of ATB
administration in ICI treatment, we therefore stratified the subgroups
according to the timing before and/or after ICI initiation [11,22,23,27].
As a result, we found the adverse prognostic impact of ATBs was sig-
nificant in patients receiving ATB within 60 days before ICI initiation as
well as from 60 days before ICI to 60 days after ICI initiation. Mean-
while, we observed ATB administration was uncorrelated with OS and
PFS in patients receiving ATB from 60 days before ICI to any timing
after ICI initiation, implying that the detrimental role of ATB admin-
istration may be correlated with the limited timing frame shortly before
and after ICI initiation. This hypothesis is in accordance with a recent
comprehensive investigation regarding lung cancer [58]. However, on
the other hand, we also noted a recent opinion that the prognostic effect
of ATBs was probably dependent on the cumulative ATB exposure ratio
rather than some defined time frames, which still needs further vali-
dations in future [18,23].

It is worth mentioning that there are several inherent limitations in
our study. Firstly, our study was essentially a meta-analysis depending
on the available data from published literatures. Although we have
made enormous efforts to collect the information as much as possible,
many important details of included studies were incomplete such as the
timing or duration of ATB administration, the type of ATBs and ICIs,
partly limiting our further analysis and affecting our results.
Furthermore, we failed to discuss the microbiome change in patients
receiving ATBs before and/or within ICI treatment due to rare se-
quencing evidences, which are expected to be solved by following
metagenomic analysis based on sufficient samples. Secondly, we noted
the potential publication bias in our study, although we confirmed it
was unable to significantly affect our conclusion. We attributed this
limitation to two reasons: 1) we inevitably included many more studies
with positive results than those with negative/opposite results; 2) we
focused on the literatures published in English, potentially omitting
eligible ones published in other languages. Thirdly, the study hetero-
geneity was affected by various inherent factors in retrospective ana-
lysis such as patient selection, therapeutic methods, drug type/dose.
This limitation is expected to be improved by stricter inclusion based on
upon sufficient literatures. Fourthly, we failed to investigate the cor-
relation between ATB administration and ICI induced adverse events,

which should be emphasized in our following work. Finally, in terms of
cancer type, our present study mainly focused on lung and renal cell
carcinoma, and therefore more attention should be paid in other solid
tumors such as gastrointestinal or esophageal tumors in future.

In summary, our study indicated that ATB administration was sig-
nificantly associated with worse outcome in solid cancer patients re-
ceiving ICI treatment. In addition, the subgroup analysis revealed this
significant association was independent of sample size, age, therapeutic
strategy and ICI type. The detrimental impact of ATB administration on
ICI efficacy was significant in patients with lung, renal cell and other
cancers (such as melanoma). The ICI efficacy was more likely to be
diminished by ATB administration within a time frame from 60 days
before to 60 days after ICI initiation. These findings collectively suggest
that ATB administration should be cautiously considered in solid cancer
patients receiving ICI treatment. More clinical validations based on
large samples are necessary and meanwhile experimental efforts should
be made to further clarify the underlying mechanism of ATB induced
detrimental effect on cancer immunotherapy.
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