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A B S T R A C T

Objectives: Gut microbiome plays a dominant role in modulating therapeutic efficacy of immune checkpoint
inhibitors (ICIs) targeting the programmed cell death receptor/ligand-1 (PD-1/PD-L1) pathway, suggesting that
co-administration of antibiotics (Abx), which might result in dysbacteriosis, can attenuate the clinical outcomes
of ICIs. The current study aimed to investigate the predictive role of Abx on ICIs treatment in patients with
advanced non-small cell lung cancer (NSCLC). The impact of proton pump inhibitors (PPIs), another medication
that can induce dysbacteriosis, was also investigated.
Materials and methods: We retrospectively reviewed the medical records of eligible patients who received anti-
PD-1-based therapies in our hospital. Tumor responses, patients’ survival, the incidence of immune-related
adverse events (irAEs) and other baseline variables were examined. The application of Abx or PPIs treatment
were also collected. Clinical outcomes and clinicopathologic features were compared according to the status of
Abx or PPIs co-administration.
Results: A total of 109 patients were included. Of them, 20 (18.3%) patients were categorized in Abx-treated
group. No major difference in baseline characteristics was observed between Abx-treated and -untreated groups.
Concomitant Abx treatment was significantly associated with shorter progression-free survival (PFS)
(p < 0.0001) and overall survival (OS) (p=0.0021). And primary disease progression tended to increase in
Abx-treated group (p=0.092). Yet, the occurrence and grades of irAEs were comparable between two groups. In
multivariable analysis, Abx treatment was markedly associated with worse PFS (HR=0.32, 95%CI 0.18-0.59,
p < 0.0001) and OS (HR=0.35, 95%CI 0.16-0.77, p=0.009). Regarding the use of PPIs, no significant dif-
ference was observed in clinical outcomes between the patients with or without concomitant PPIs treatment.
Conclusions: Abx treatment was significantly associated with attenuated clinical outcomes derived from anti-PD-
1-based ICIs in a Chinese cohort of patients with advanced NSCLC.

1. Introduction

Immune checkpoint inhibitors (ICIs) targeting the programmed cell
death-1(PD-1) and programmed cell death-ligand 1 (PD-L1) axis have
dramatically shifted the therapeutic paradigm of non-small cell lung
cancer (NSCLC) and now are standard treatment options in both first-
line and second-line settings for patients with advanced disease [1–6].
Three monoclonal anti-PD-1/PD-L1 monoclonal antibodies (mAbs)
(including nivolumab, pembrolizumab and atezolizumab) have cur-
rently been approved for the treatment of advanced NSCLC by the US

Food and Drug Administration. However, despite the remarkable suc-
cess of clinical applications, the efficacy of anti-PD-1/PD-L1 mAbs
varies greatly across individual patients [7,8]. In unselected advanced
NSCLC populations, the objective response rate [5] is only around 20%
[9,10]. Moreover, although responses to PD-1/PD-L1 blockade tend to
be more durable than response to chemotherapy [1–4], acquired re-
sistance inevitably develops in most patients [11]. Therefore, the
identification of reliable predictors to select those patients that who are
more likely to benefit from anti-PD-1/PD-L1 mAbs is of paramount
importance.
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A number of biomarkers have been identified to predict the re-
sponse to anti-PD-1/PD-L1 mAbs, such as intratumoral PD-L1 expres-
sion, mutational burden, lymphocytic infiltrates and neoantigens
[6,10,12–15]. Interestingly, several elegant studies have recently de-
monstrated the crucial impact of human gut microbiome (GM) on anti-
PD-1 immunotherapies [16–18]. The diversity and abundance of the
GM can modulate the anti-cancer activity of ICIs in terms of both effi-
cacy and toxicity, highlighting the possibility that concomitant anti-
biotics (Abx) administration, which can shift GM to long-term alter-
native dysbiotic states [19,20], may promote resistance to ICIs. Because
of its prominent influence on microbial composition, Abx treatment can
further disturb the development of systematic immune responses by
affecting T cell function, altering cytokine production and interfering
with dendritic cells (DCs) action etc. [21–23]. As a consequence, the use
of Abx is increasingly being recognized as playing a crucial role in ICIs
therapeutic outcomes. A series of previous reports have indicated a
negative correlation between Abx uptake and efficacy of several anti-
cancer therapies, such as cyclophosphamide, CpG-oligonucleotide im-
munotherapy, platinum chemotherapy, anti-cytotoxic T lymphocyte
antigen-4 (CTLA-4) therapy and anti-PD-1 mAbs [17,24–29]. However,
the data on the predictive role of Abx usage in the clinical outcomes of
ICIs are scarce, and this issue has not yet been extensively explicated,
especially in lung cancer. Furthermore, the human gut microbiota
variations appear to vary distinctly depending on ethnicity and geo-
graphy [30]. For instance, previous literatures demonstrated that Bac-
teroides shows domination in Chinese and French population in their
GM, whereas American community has higher abundance in Firmicutes
and Japanese community has abundance in Actinobacteria [30–32]. This
phenomenon indicates that the influence of Abx on GM may differ ac-
cording to ethnicity and geography specific diversity, and further hints
at the potential heterogeneous responses to ICIs induced by con-
comitant Abx treatment in different patient populations. Therefore,
more data from diverse patient cohorts are needed to comprehensively
reveal the correlation between Abx treatment and ICIs efficacy.

In the present study, we compared the clinical features and re-
sponses in a Chinese cohort of NSCLC patients who received ICIs with or
without concomitant Abx treatment, and analyzed the prognostic im-
pact of Abx on anti-PD-1-based immunotherapeutic efficacy.

2. Materials and methods

2.1. Patients

We conducted a retrospective review of all the patients diagnosed
with advanced NSCLC who started anti-PD-1/PD-L1based therapies
between January 2016 and January 2018 in Shanghai Pulmonary
Hospital, Tongji University. Patients who were evaluable for response
assessment were selected for the present study. All of them had received
anti-PD-1 mAbs as monotherapy alone or in combination with che-
motherapy or anti-angiogenesis, regardless of treatment lines.
Electronic medical records were used to collect the detailed patient
information, mainly including age, sex, smoking history, histological
types, Eastern Cooperative Oncology Group (ECOG) performance status
(PS), mutation status, primary tumor sites, comorbidities, treatment
lines, therapeutic regimens and the date of death or last follow-up. The
comorbidity was diagnosed when any of the following conditions were
identified: chronic obstructive lung disease (COPD), bronchiectasis,
tuberculosis, interstitial lung diseases, cardiovascular diseases, hy-
pertension, diabetes mellitus, hepatitis and renal insufficiency. The
status of proton pump inhibitors (PPIs) treatment was also collected.
Objective tumor responses were assessed by investigators according to
the Response Evaluation Criteria In Solid Tumors (RECIST; version 1.1).
Adverse events (AEs) were evaluated according to the Common
Terminology Criteria for Adverse Events (version 4.0). Immunotherapy-
related AEs (irAEs) were defined as AEs that having an immunological
basis [33]. One pack year (PY) of smoking was equivalent to average 20

cigarettes per day for one year. Based on the smoking status, never
smokers were defined as patients with a smoking history of< 5PY ci-
garettes within their lifetime. The cumulative smoking dosage of 30 or
more PY were used as the cut-off to divide the smokers (including
former and current) into moderate smokers (5–29 PY) and heavy
smokers (≥30 PY) [34,35]. The status of Abx treatment was evaluated:
patients who received Abx within 1 month before or after the first
administration of anti-PD-1 mAbs were defined as the Abx-treated
group, and the others were defined as the Abx-untreated group.

This study was approved by the Ethics Committee of Shanghai
Pulmonary Hospital, Tongji University School of Medicine.

2.2. Statistical analysis

Clinicopathologic features were descriptively summarized by per-
centages. Fisher’s exact test or the chi-square test was used to analyze
relationships between clinicopathologic variables. Progression-free
survival (PFS) was defined from the date of ICIs treatment initiation to
the date of physician assessment of disease progression or death,
whichever occurred first. Overall survival (OS) was calculated from the
date of ICIs treatment start to the date of death of any cause or last
follow-up in surviving participants. PFS and OS curves were estimated
using the Kaplan-Meier methodology and compared by log-rank test. At
data cutoff (May 2018), an event of RECIST-defined progression disease
(PD) was observed in 62 (56.9%) patients for PFS analysis, and death
had occurred in 35 (32.1%) patients for OS analysis. Cox proportional
hazards model was used for univariate and multivariate analysis to
calculate the hazard ratio (HR) and 95% confidence interval (CI). The
variables with a p value<0.1 identified in univariable analysis were
selected for the multivariable analysis. Statistical analysis was per-
formed using SPSS statistical software (version 22.0; IBM Corporation,
Armonk, NY). All p values were two-sided and were considered sig-
nificant at p<0.05.

3. Results

3.1. Patient characteristics

A total of 142 consecutive patients with advanced NSCLC received
various ICIs approaches at our institution. Among them, 109 patients
were evaluable for objective response and finally included in the cur-
rent study. All the eligible patients did not harbor epidermal growth
factor receptor (EGFR) activating mutations or anaplastic lymphoma
kinase (ALK) rearrangements. Of the included patients, 57 received
anti-PD-1 mAbs (including pembrolizumab, nivolumab or SHR-1210) as
monotherapy. Of the remaining patients, 33 received anti-PD-1 mAbs
plus chemotherapy, and 19 were treated with anti-PD-1 mAb (SHR-
1210) plus an anti-angiogenic agent (apatinib or bevacizumab). 28
patients (25.7%) received anti-PD-1-based therapies as first-line
therapy, and the others (74.3%) received ICIs treatment as second- or
higher-line therapy.

We firstly dichotomized the included patients according to Abx use.
Overall, 20 patients (18.3%) received Abx treatment within 1 month
before or after the first administration of PD-1 blockade (hereafter re-
ferred to as the Abx-treated group), and 89 (81.7%) were identified as
the Abx-untreated group. The most frequently used Abx were β-lactam
inhibitors and fluoroquinolones. And the most common indication for
Abx treatment was pneumonitis, which occurred in 13 (65.0%) of the
patients in Abx-treated group, with another 3 (15.0%) patients had
urinary tract infection, 3 (15.0%) patients suffered skin or perianal
abscess, and 1 (5.0%) patient experienced COPD exacerbation. The
clinicopathologic variables were typical of patients with advanced/
metastatic NSCLC and were well balanced across the Abx-treated and
Abx-untreated groups. While additionally, the patients in Abx-treated
group were more frequently diagnosed with KRAS mutation (25.0%
versus 4.5%, p=0.010), and a greater proportion of the patients in the
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Abx-untreated group were enrolled in clinical trials (74.2% versus
50.0%, p=0.034). The clinicopathologic features of all included pa-
tients were summarized in Table 1.

3.2. Correlation between Abx use and outcomes

We firstly assessed the impact of Abx treatment on clinical outcomes
during ICIs treatment. Of note, we found that concomitant Abx use was
associated with shorter PFS (median 3.73 versus 9.63 months,
p < 0.0001) and reduced OS (median 6.07 versus 21.87 months,
p=0.0021) in the entire cohort (Fig. 1A). Meanwhile, we observed a
slightly higher rate pf primary PD in the Abx-treated group compared to
Abx-untreated group (35.0% versus 18.0%, p=0.092) (Fig. 1A), al-
though no statistical difference was observed in the ORR (22.5% versus
15.0%, p=0.662). To address whether the results were confounded by
therapeutic approaches, we further evaluated the impact of Abx usage
according to different therapeutic regimens. Detailed survival and re-
sponse data are presented in Fig. 1B–D. Among the 57 patients treated
with single-agent anti-PD-1 mAbs, both PFS (median 3.73 months

versus 9.63 months, p=0.0006) and OS (median 6.00 months versus
21.87 months, p=0.015) were significantly shorter in the Abx-treated
group than that in the Abx-untreated group. However, no increased rate
of primary PD was observed in patients with Abx treatment (36.4%
versus 23.9%, p=0.645). As for the 19 patients who received anti-PD-1
plus antiangiogenic therapies, median PFS was 2.24 months versus 5.57
months (p=0.0001), and median OS was 3.27 months versus un-
defined (p=0.0013) in the groups with and without Abx usage, re-
spectively. And the rate of primary PD also trended to increase in Abx-
treated group (50.0% versus 6.7%, p=0.097). On the contrary, among
the 33 patients treated with anti-PD-1 mAbs plus chemotherapy, no
statistical difference in PFS was observed (undefined versus 8.50
months, p=0.838) in the Abx-treated and Abx-untreated groups, and
OS could not yet be identified (p=0.952). The rates of primary PD
were also similar between these two groups (20.0% versus 14.3%,
p=1.000). In the individual subgroups of patients included, con-
comitant Abx use showed a consistently negative effect on the survival
during ICI treatment, with the diminished PFS and OS were observed in
nearly every subgroup examined (Fig. 2A and B).

We also evaluated the influence of PPIs, another medication that
could alter gut microbial composition, on ICIs efficacy. Similarly, the
patients who received PPIs within 1 month before or after the first dose
of ICIs were defined as PPI-treated. However, no difference was ob-
served in terms of PFS (median 9.63 versus 6.23 months, p=0.343) or
OS (median 11.90 versus 23.70 months, p=0.754) during ICI treat-
ment among PPI-treated and PPI-untreated patients (Supplementary
Fig. 1A). Tumor responses were also similar in the PPI-treated and PPI-
untreated groups (Supplementary Table 1). Furthermore, no significant
difference in survival was found when comparing patients with or
without PPI treatment according to diverse therapeutic regimens
(Supplementary Fig. 1B–D).

3.3. Abx treatment and toxicity

The occurrence of irAEs of any grade was documented in 46
(42.2%) patients during ICIs treatment, with 8 (40.0%) patients were in
the Abx-treated group and 38 (42.7%) were classified in the Abx-un-
treated group. The overall irAEs profile was listed in Supplementary
Table 2. The most common irAEs was dermatitis, which occurred in 16
(20.8%) patients. And as depicted in Table 2, most of the patients ex-
perienced mild irAEs in grade one or two, and none of them dis-
continued therapy because of irAEs. Grade 3 irAEs were recorded in 4
patients, and no grade 4 or greater irAEs were observed. Overall, the
development of irAEs did not differ significantly between Abx-treated
and -untreated groups (p=0.621). Meanwhile, the grading of irAEs
was similar across the two groups (p=1.000). The numbers of con-
current irAEs were also analyzed, and the rates of patients who con-
currently developed multiple irAEs between the Abx-treated and -un-
treated groups were equivalent (p=0.800). In addition, most of the
patients developed irAEs within 8 weeks since ICIs treatment started,
and no significant difference was observed in the time to the onset of
irAEs between the two groups (p=1.000).

Because no difference in tumor response and survival was observed
between the patients in PPI-treated and -untreated groups, we did not
further evaluate the association between irAEs and PPI utilization.

3.4. Multivariate analysis

The univariate and multivariate analysis data were presented in
Tables 3A and 3B. In univariate analysis, we found that patients with
concomitant Abx treatment had significantly shorter PFS (HR=0.32,
95% CI 0.18–0.59, p < 0.0001) and OS (HR=0.33, 95% CI 0.16–0.69,
p=0.003) than the patients without Abx. Patients with ECOG PS≥2
also had worse PFS (HR=0.20, 95% CI 0.05–0.83, p=0.027) and OS
(HR=0.12, 95% CI 0.03–0.52, p=0.005). Meanwhile, patients who
were diagnosed with squamous histology had worse PFS (HR=0.60,

Table 1
Demographic data and clinical characteristics.

Total Abx Non-Abx
Variable N=109 n=20 n=89 P Value

Age, yr, No (%)
Median, Range 62(34-89) 57.5(34-79) 62(37-89)
< 65 63(57.8) 13(65.0) 50(56.2) 0.470
≥65 46(42.2) 7(35.0) 39(43.8)
Gender, No (%)
Female 20(18.3) 5(25.0) 15(16.9) 0.395
Male 89(81.7) 15(75.0) 74(83.1)
Smoking, No (%)
Never 35(32.1) 5(25.0) 30(33.7) 0.333
Moderate 12(11.0) 4(20.0) 8(9.0)
Heavy 62(56.9) 11(55.0) 51(57.3)
ECOG PS, No (%)
0-1 107(98.2) 20(100.0) 87(97.8) 1.000
≥2 2(1.8) 0(0.0) 2(2.2)
Histology, No (%)
Squamous 27(24.8) 5(25.0) 22(24.7) 0.979
Non-squamous 82(75.2) 15(75.0) 67(75.3)
Oncogenic mutation, No (%)
Kras 9(8.3) 5(25.0) 4(4.5) 0.010
None 100(91.7) 15(75.0) 85(95.5)
Primary site, No (%)
Superior lobe 57(52.3) 10(50.0) 47(52.8) 0.115
Middle/inferior lobe 39(35.8) 5(25.0) 34(38.2)
both 13(11.9) 5(25.0) 8(9.0)
Distant metastasis*, No (%)
Yes 64(58.7) 15(75.0) 49(55.1) 0.102
No 45(41.3) 5(25.0) 45(44.9)
Comorbidities
Yes 52(47.7) 8(40.0) 44(49.4) 0.445
No 57(52.3) 12(60.0) 45(50.6)
No.of treatment line, No (%)
1 28(25.7) 4(20.0) 24(27.0) 0.718
≥2 81(74.3) 16(80.0) 65(73.0)
Treatment regimen, No (%)
αPD-1 57(52.3) 11(55.0) 46(51.7) 0.835
αPD-1+Chemo 33(30.3) 5(25.0) 28(31.5)
αPD-1+Apatinib 19(17.4) 4(20.0) 15(16.8)
PPIs use
Yes 40(36.7) 4(20.0) 36(40.4) 0.145
No 69(63.3) 16(80.0) 53(59.6)
Clinical trial, No (%)
Yes 76(69.7) 10(50.0) 66(74.2) 0.034
No 33(30.3) 10(50.0) 23(25.8)

Abbreviations: Abx, antibiotics; yr, years; No, number; ECOG, Eastern
Cooperative Oncology Group; PS, performance status; PPIs, proton pump in-
hibitors; Chemo, chemotherapy.
* Include brain, bone, liver, adrenal gland, cervical/abdominal lymph nodes,

subcutaneous tissue, cardiac vesicle.
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95% CI 0.34–0.99, p=0.047). Yet, the patients who received ICIs as
first-line treatment (PFS: HR=2.09, 95% CI 1.09–4.03, p=0.027; OS:
HR=3.43, 95% CI 1.21–9.77, p=0.021) or who were included in
clinical trials (PFS: HR=2.11, 95% CI 1.25–3.55, p=0.005; OS:
HR=3.62, 95% CI 1.81–7.24, p < 0.0001) had longer PFS, as well as
OS. Furthermore, the former/current smokers tended to have better PFS
than never smokers (HR=1.65, 95%CI 0.99–2.74, p=0.055). These
significant factors, together with the variables with p < 0.1 identified

in univariable analysis, were further included in multivariate analysis
for both PFS and OS. Significantly, concomitant Abx treatment re-
mained an independent prognostic factor for both PFS (HR=0.29,
95%CI 0.15-0.56, p < 0.0001) and OS (HR=0.35, 95%CI 0.16-0.77,
p=0.009) after adjusting for other confounding factors.

Fig. 1. The correlations of concomitant Abx treatment and clinical outcomes during ICIs therapies. (A): PFS, OS and responses in the entire cohort. (B): PFS, OS and
responses in patients receiving anti-PD-1 monotherapy. (C): PFS, OS and responses in patients treated with anti-PD-1 plus anti-angiogenesis. (D): PFS, OS and
responses in patients treated with anti-PD-1 plus chemotherapy. Abbreviations: Abx, antibiotics; mo, months; αPD-1, anti-PD-1 antibody; PFS, progression-free
survival; OS, overall survival; PD, progression disease; SD, stable disease; PR, partial response.
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4. Discussion

Clinically, patients with lung cancer are usually prone to necessitate
Abx treatment, which might be attributed to the immunosuppressive

nature of malignancies and anti-cancer therapy induced lymphodeple-
tion. As the therapeutic paradigm for lung cancer has radically evolved
with the incorporation of ICIs, the influence of Abx use on ICIs is un-
deniably an emerging area requiring major focus. Accumulating evi-
dence suggests that loss of diversity and shift in composition of GM can
attenuate the therapeutic efficacy of ICIs [16–18]. Since Abx treatment
can reduce the diversity of human GM transiently [19], the dysbiosis
induced by Abx has been addressed as a detrimental predictor to ICIs
therapy, whereas the data is limited from only a few reports [17,28,29].
Furthermore, owing to the ethnicity and geography-specific di-
vergences in gut microbial composition [30], the impact of Abx treat-
ment in promoting ICIs resistance is still needed to be confirmed in
different patient cohorts. To our knowledge, the current study is the
first to compare the clinical outcomes of patients who received anti-PD-
1-based therapies with or without concomitant Abx use in a cohort of
NSCLC patients mostly from Shanghai, China, whose GM composition is
totally different from the cohorts in previous investigations.

As mentioned earlier, several groups have indicated associations
between Abx treatment and worse clinical outcomes of PD-1 mAbs in
cancer treatment, including lung cancer [17,28,29]. Routy et al. [17]
made an initial observation of the deleterious impact of Abx on PFS and
OS during PD-1 blockade in patients with advanced NSCLC form
American and French populations. Derosa et al. [28] subsequently ex-
panded the observation to a larger patient cohort and observed that

Fig. 2. Forest plot of subgroup analysis by baseline characteristics for PFS (A) and OS (B) in all the included patients. PFS, progression-free survival; OS, overall
survival; Abx, antibiotics; ECOG, Eastern Cooperative Oncology Group; PS, performance status.

Table 2
The incidence of irAEs.

Abx-treated Abx-untreated P Value

Any irAEsa, No (%)
Yes 8(40.0) 38(42.7) 0.621
No 10(50.0) 47(52.8)
Unknown 2(10.0) 4(4.5)
Highest grade of irAEs, No (%)
1-2 8(100.0) 34(89.5) 1.000
≥3 0(0.0) 4(10.5)
Concurrent irAEsb, No (%)
1 5(62.5) 19(50.0) 0.800
≥2 3(37.5) 19(50.0)
Time from IO treat to onset of irAE
Within 8 weeks 8(100.0) 36(94.7) 1.000
Exceed 8 weeks 0(0.0) 2(5.3)

Abbreviations: irAEs, immune-related adverse events; Abx, antibiotics; No,
number; IO: immunotherapy.

a Indicate the patients experienced at least one irAE of any grade.
b Indicate the patients experienced more than one irAE.

Table 3A
Univariate and Multivariate Analyses of Clinical Parameters on PFS.

Univariate Analysis Multivariate Analysis

Factor HR (95% CI) P Value HR (95% CI) P Value

Age, year (< 65 vs. ≥65) 0.95(0.57–1.59) 0.838 — —
Gender (female vs. male) 1.65(0.90–3.00) 0.104 — —
Smoking (never vs. smoker) 1.65(0.99–2.74) 0.055 1.89(1.11–3.23) 0.020
ECOG PS (0-1 vs.≥ 2) 0.20(0.05–0.83) 0.027 0.36(0.08–1.72) 0.200
Histology (non-squamous vs. squamous) 0.60(0.34–0.99) 0.047 0.57(0.32–1.03) 0.061
Mutation (none vs. Kras) 1.22(0.44–3.39) 0.702 — —
Treatment regimen (combination vs. monotherapy) 0.75(0.44–1.30) 0.307 — —
Treatment line (≥2 vs. 1) 2.09(1.09–4.03) 0.027 1.92(0.96–3.83) 0.064
Clinical trial (no vs. yes) 2.11(1.25–3.55) 0.005 1.33(0.72–2.49) 0.364
Abx treatment (no vs. yes) 0.32(0.18–0.59) <0.0001 0.29(0.15–0.56) <0.0001
PPIs treatment (no vs. yes) 1.10(0.65–1.85) 0.725 — —

Abbreviations: PFS, progression-free survival; HR, hazard rate; ECOG, Eastern Cooperative Oncology Group; PS, performance status; irAEs, immune-related adverse
events; Abx, antibiotics; PPIs, proton pump inhibitors.
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prior Abx use was associated with shorter PFS and OS in patients with
NSCLC receiving anti-PD-1 mAb alone or plus anti-CTLA-4 mAb. More
recently, Huemer et al. [29] demonstrated that the survival benefit
derived from ICIs was attenuated by concomitant Abx use in a small
cohort of patients with advanced non-squamous NSCLC. The results of
the current study echo previous reports. In more detail, we observed
that Abx treatment was significantly associated with reduced PFS and
OS in the entire patient cohort. We further investigated the impact of
Abx according to different immunotherapeutic regimens. As expected,
our data demonstrated a negative correlation of Abx treatment with PFS
and OS in patients receiving anti-PD-1 mAbs monotherapy. Besides, our
study firstly demonstrated the detrimental impact of Abx on prognosis
in patients who received ICIs plus antiangiogenesis. Yet, regarding the
cohort received anti-PD-1 mAbs plus chemotherapy, no significant
difference in PFS and OS was observed between patients with or
without Abx use. We could find that on the basis of previous studies
[19,26,27], an intact gut microbiota was not only necessary for im-
munotherapy, but also a mechanical prerequisite for systemic che-
motherapy, and Abx were proved to impair the efficacy of multiple
chemotherapeutic agents. Therefore, it was somewhat unexpected
about the data in the cohort of ICIs plus chemotherapy. However, it
should be noted that the numbers of patients included in subgroup
analysis was relatively small and heterozygous. Among the 33 patients
in this cohort, only 5 patients were identified in the Abx-treated group.
Yet, a higher rate of KRAS mutant tumors, which might display favor-
able response to ICIs [37–39], were observed in Abx-treated group (3/
5) than that in Abx-untreated group (3/28). Hence, we speculated that
the small sample size and the potential imbalance of patient selections
might confound the survival analysis. Due to the limited data on the
prognostic impact of Abx on the combination of ICIs and chemotherapy
in lung cancer, more data from larger patient cohorts are undoubtedly
needed.

Our findings also have significant clinical implications when using
ICIs to treat patients with NSCLC. It should be noted that since many
infections can only be cured by Abx, total avoidance of Abx treatment is
not feasible in clinical practice. It is therefore of great importance to
find suitable approaches to counteract the negative impact of Abx on
ICIs efficacy. In addition to diversity, distinct compositional species in
GM in response to ICIs are also investigated. Both mouse models and
human studies have suggested that the bacterial species favorable for
ICI efficacy vary according to therapeutic strategies [16–18,40].
Meanwhile, it is well understood that Abx are usually not restricted to
their limited anti-microbial spectrum because of the mutual co-depen-
dence of gut microbiota [20]. For these reasons, characterizing the
microbial species favorable for different ICI regimens, as well as elu-
cidating detailed underlying mechanism by which Abx affects micro-
biota and ICIs efficacy in lung cancer, is necessary in future work.

As with therapeutic efficacy, the dysbiosis of GM is also involved in
the development of immune-mediated toxicity in the context of ICIs

treatment [41]. Therefore, we explored the correlation between Abx
treatment and irAEs. We reviewed the incidence of irAEs and found that
patients in the Abx-treated and Abx-untreated groups had a similar risk
of experiencing irAEs. Meanwhile, no statistical difference was ob-
served in the grades of irAEs between the two groups. This, however,
was potentially attributed to the small number of patients included in
our analysis. Our data are consistent with the previous report from
Huemer et al [29], in which the authors reported that the occurrence
and grades of irAEs were similar regardless of Abx usage during ICIs
treatment in non-squamous NSCLC patients. However, their study is
also concluded from a small patient cohort. Since clinical data on the
prognostic impact of Abx use on irAEs are still limited, more studies in
larger cohorts of patients and long-term investigations are needed.

Except for Abx, the use of several additional medications, such as
PPIs, also has a potential impact on the microbial composition [42,43].
As is known, PPIs are also widely used in patients with cancer to pre-
vent oversecretion of gastric acid and indigestion, which are often in-
duced by anti-cancer therapies. It is becoming increasingly clear that
PPI treatment can alter the composition of the human gut microbiome
and reduce microbial diversity [43,44]. However, concomitant PPI
treatment failed to affect survival benefit in our analysis, and this
finding was consistent with the results from Routy et al. [17]. Referring
to previous reports, we find that PPIs can affect the pharmacokinetics
and attenuate the efficacy of various anti-cancer agents, such as epi-
dermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs)
and anaplastic lymphoma kinase [36] TKIs for the treatment of NSCLC
[45,46]. Several case reports also demonstrate the association between
PPIs and increased rates of adverse events during ICI treatment in pa-
tients with NSCLC [47,48]. Collectively, the role of concomitant PPI
administration on ICI therapeutic efficacy still remains controversial,
and more data from large patient cohorts will help to address this issue.

The limitations in present study must be acknowledged. Firstly, this
was a retrospective study from a single-center institution and selection
bias was inevitable. Several discrepancies in clinicalpathologic char-
acteristics were observed, including a higher rate of KRAS mutation in
Abx-treated group and more patients were included in clinical trials in
Abx-untreated group, which might confound our analysis. To com-
pensate for these discrepancies, we evaluated the impact of Abx treat-
ment across individual subgroups and further performed multivariable
analysis to adjust for multiple prognostic factors. Another important
issue is that the number of patients in present study was relatively small
and they were heterogeneous according to treatment lines, so, the
findings presented need to be validated in additional larger cohort with
well-balanced patients. We must also mention that since most of the
patients were enrolled as part of clinical trials, they were less re-
presentative of the patients treated in routine clinical practice.
Moreover, owing to the detection of tumor PD-L1 expression was not
mandatory for the patients before they received ICIs, we failed to ad-
dress their PD-L1 status characterization, which might also skew the

Table 3B
Univariate and Multivariate Analyses of Clinical Parameters on OS.

Univariate Analysis Multivariate Analysis

Factor HR (95% CI) P Value HR (95% CI) P Value

Age, year (< 65 vs.≥ 65) 0.80(0.41–1.58) 0.526 — —
Gender (female vs. male) 0.95(0.41–2.18) 0.906 — —
Smoking (never vs. smoker) 0.803(0.41–1.58) 0.526 — —
ECOG PS (0-1 vs.≥ 2) 0.12(0.03–0.52) 0.005 0.17(0.03–0.80) 0.025
Histology (non-squamous vs. squamous) 0.55(0.27–1.12) 0.098 0.67(0.32–1.41) 0.288
Mutation (none vs. Kras) 1.73(0.41–7.21) 0.455 — —
Treatment regimen (combination vs. monotherapy) 0.68(0.32–1.43) 0.305 — —
Treatment line (≥2 vs. 1) 3.43(1.21–9.77) 0.021 2.58(0.87–7.61) 0.087
Clinical trial (no vs. yes) 3.62(1.81–7.24) < 0.0001 2.10(0.95–4.64) 0.067
Abx treatment (no vs. yes) 0.33(0.16–0.69) 0.003 0.35(0.16–0.77) 0.009
PPIs treatment (no vs. yes) 1.47(0.70–3.06) 0.309 — —
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clinical responses and survival benefits.
In conclusion, our study provided additional evidence for the notion

that concomitant Abx use could limit the clinical prognosis in patients
with advanced NSCLC received anti-PD-1/PD-L1-based therapies. The
shift in GM composition induced by Abx treatment might generate the
negative impact on ICIs treatment. These findings should be viewed
with caution in clinical practice, suggesting that the use of Abx should
be limited to strict indications in patients receiving ICIs. In addition, it
should be emphasized that our data, together with previous studies,
facilitate the potential to promote anti-tumor efficacy of ICIs by mod-
ulating microbiome diversity. Interestingly, investigators have demon-
strated the feasibility of modifying GM to a more “favorable” phenotype
for enhancing ICIs efficacy in in vivo preclinical models. The explora-
tions in clinical setting are urgent and promising.
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