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Abstract: It has been reported that antibiotics (ATBs) have adverse effect on the efficacy of treatment with immune
checkpoint inhibitors (ICls) in cancer patients. Since different classes of ATBs have different antibacterial spectrum,
we aimed to study whether all ATBs had similar or different negative effects on the clinical outcomes of ICls in
patients with advanced non-small cell lung cancer (NSCLC). Patients with advanced NSCLC who received ICls were
included in this retrospective study and grouped by the class of ATBs they had used around the ICIs treatment time.
The overall survival (0S) and the progression free survival (PFS) of patients among these groups were compared
using Kaplan-Meier method and Cox proportional hazards model. A total of 148 eligible patients were enrolled, and
80 patients used ATBs. The results indicated that quinolones had no significant negative consequence on the clini-
cal outcomes, while B-lactams significantly shortened the OS and PFS of patients. Furthermore, patients exposed
to the combination of B-lactams and quinolones suffered the worst OS and PFS. Moreover, the subgroup analysis
of B-lactams revealed that only penicillins, but not carbapenems and cephalosporins, markedly reduced both 0S
and PFS. In addition to the class of ATBs used, the time frame of ATBs used also affected the clinical outcomes of
ICls therapy. Patients receiving ATBs within 60 days prior to and 30 days after the initiation of ICI treatment had
significantly shorter OS and PFS compared with those who did not use ATBs. This study demonstrated that different
classes of ATBs had disparate negative impacts on the clinical outcomes, and the use of B-lactams, especially peni-
cillins, should be avoided in advanced NSCLC patients who are receiving or scheduled to receive ICls within 60 days.
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Introduction

The clinical application of immune checkpoint
inhibitors (ICIs) has improved the poor progno-
sis of non-small cell lung cancer (NSCLC) in the
last ten years, and ICls have become the stan-
dard treatment options for patients with ad-
vanced NSCLC [1-3]. The ICIs, particularly the
inhibitors of programmed death-1 (PD-1)/pro-
grammed death-ligand 1 (PD-L1) axis, have sig-
nificantly improved the five-year survival rate of
patients with advanced NSCLC from 5% to 16%
[4, 5]. However, according to the statistics, the
efficacies of both PD-1 and PD-L1 inhibitors
vary greatly across individual NSCLC patient,

and the objective response rate (RR) is only
about 20% [6, 7]. In recent years, a growing
number of studies have revealed that gut
microbiota is an important host factor associ-
ated with the efficacy of ICls, and patients who
respond to ICIs have significantly higher micro-
bial diversity and abundance than non-res-
ponders [8, 9].

Emerging evidence demonstrates that gut
microbiota enhances the sensitivity of cancer
patients to ICIs through multiple mechanisms.
For example, Sivan A. et al. found that com-
mensal Bifidobacterium augmented the func-
tion of dendritic cell, thereby leading to the
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enhanced priming and accumulation of CD8* T
cell in the tumor microenvironment [10]. Routy
B. et al. reported that oral supplementation
with Akkermansia muciniphila restored the effi-
cacy of PD-1 blockade in non-responders in an
interleukin-12-dependent manner through im-
proving the recruitment of CCR9* CXCR3* CD4*
T lymphocytes into tumor sites [11]. These
results indicate that alterations in the microbi-
ome composition of gut may affect the thera-
peutic effects of ICls. It is well known that anti-
biotics (ATBs), especially broad-spectrum ATBs,
can affect the abundance of up to 30% of the
microbial community in the gut, leading to the
dramatic decreases in richness, taxonomic
diversity and species evenness [12-14]. More
importantly, many studies have indicated that
ATBs play a detrimental role in the clinical out-
comes of ICls in cancer patients, and exposure
to ATBs lead to worse overall survival (0S), pro-
gression free survival (PFS) and RR, as well as
an increased risk in the progression of primary
disease and in the development of resistance
to ICls [15-17].

For NSCLC, although some studies have dem-
onstrated that ATBs are significantly associat-
ed with reduced clinical benefits from ICls [16-
19], these studies did not perform the sub-
group analysis of specific ATB classes. In the
study by Ahmed J. et al., they found that nar-
row-spectrum ATBs did not affect the RR, while
broad-spectrum ATBs were significantly associ-
ated with a lower RR and a trend toward slower
response time [20], which suggested that dif-
ferent classes of ATBs had different effects on
the prognosis of NSCLC patients treated with
ICls. Therefore, it is essential to study the im-
pact of different class of ATBs on ICls in detail.
In addition, because ATBs impose protracted
changes to the gut microbiota, which can last
up to several months [21], it is not sufficient to
only study the effect of ATBs used concurrently
or within 30 days before ICls treatment on the
therapeutic outcomes of ICls.

In the present study, we enrolled not only
NSCLC patients whose interval time between
ATB use and ICl therapy was less than 30 days,
but also those patients with a longer interval
time of 30~60 days. We further conducted a
subgroup analysis based on the interval time.
More importantly, we investigated the impacts
of specific classes of ATBs including quino-
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lones, cephalosporins, penicillins and carba-
penems on the efficacy of ICI therapy.

Methods
Enrollment of patients

We conducted a retrospective study of pati-
ents diagnosed with advanced NSCLC who re-
ceived ICI treatments including Camrelizumab,
Pembrolizumab, Toripalimab, Sintilimab, Tisleli-
zumab, Nivolumab and Durvalumab between
October 2018 and June 2021 in the Affiliated
Hospital of Xuzhou Medical University. These
patients had received ICls as monotherapy or
in combination with chemotherapy, radiothera-
py, or anti-angiogenesis treatments. The follow-
ing clinical information of enrolled patients was
collected from the electronic medical records
system, including gender, age, smoking history,
histological types, Karnofsky performance sta-
tus (KPS) score, body mass index (BMI), lines of
therapy, therapeutic regimen and the date of
disease progression, death or last follow-up.

The follow-up ended on December 2021, and
the primary endpoints were OS and PFS. 0S
was calculated from the start date of the first
cycle of ICI therapy to the date of death of any
cause or the last follow-up in surviving partici-
pants, and PFS was defined from the start date
of the first cycle of ICI administration to the
date of disease progression assessed by on-
cologist or death, whichever occurred first.

According to the time of ATB used relative to ICl
therapy started, we divided the patients into
the following five groups: 30~60 days prior to
ICIs treatment, within 30 days prior to ICls
treatment, concurrently, within 30 days after
ICls treatment, and 30~60 days after ICls
treatment group. Other patients were included
in the ATB-untreated (non-ATB) group.

Statistical analysis

Chi-square test or Fisher’s exact test was used
to analyze the relationships between clinical
characteristics, which were quantified by per-
centages. OS and PFS curves were evaluated
by the Kaplan-Meier method and compared by
the log-rank test. Cox proportional hazards
model was used to calculate hazard ratio (HR)
and 95% confidence interval (Cl). Statistical
analysis was performed using GraphPad Prism
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Table 1. Clinical data of enrolled patients

Variable (nloijls) AT(strgl;p Non(—i%goup Xx?value  P-value

Gender, n (%)
Male 116 (78.4) 68 (85.0) 48 (70.6) 4.505 0.034
Female 32 (21.6) 12 (15.0) 20 (29.4)

Age (years), n (%)
<65 73 (49.3) 37 (46.3) 36 (52.9) 0.658 0.417
>65 75 (50.6) 43 (53.7) 32 (47.1)

Smoking history, n (%)
No 65 (43.9) 28 (35.0) 37 (54.4) 5.623 0.018
Yes 83 (56.1) 52 (65.0) 31 (45.6)

Histological type, n (%)
Adenocarcinoma 76 (51.4) 39 (48.8) 37 (54.4) 0.472 0.492
Squamous carcinoma 72 (48.6) 41 (51.2) 31 (45.6)

KPS score, n (%)
<80 63 (42.6) 35 (43.8) 28 (41.2) 0.100 0.752
>80 85 (57.4) 45 (56.2) 40 (58.8)

BMI, n (%)
<24 83 (56.1) 46 (57.5) 37 (54.4) 0.142 0.706
>24 65 43.9) 34 (42.5) 31 (45.6)

Treatment line, n (%)
First-line 71 (48.0) 48 (60.0) 23(33.8) 10.369 0.006
Second-line 56 (37.8) 24 (30.0) 32 (47.1)
Third-line 21 (14.2) 8 (10.0) 13 (19.1)

Treatment regimen, n (%)
ICI monotherapy 61 (41.2) 31 (38.7) 30 (44.1) 0.437 0.509
ICl combined with other treatments 87 (58.8) 49 (61.3) 38 (55.9)

software (version 8.3, Inc., San Diego, CA), and
P<0.05 was considered statistically significant.

Results
Clinical data of enrolled patients

A total of 148 patients with advanced NSCLC
were included in this study, and their clinical
data were summarized in Table 1. Among
them, 43 cases received Pembrolizumab and
42 cases received Camrelizumab, while 31
cases received Sintilimab. The number of
patients who received Nivolumab, Toripalimab
or Tislelizumab was 15, 9 and 5, respectively.
The remaining 3 patients were treated succes-
sively with Camrelizumab and Durvalumab,
Camrelizumab and Nivolumab, or Pembrolizu-
mab and Sintilimab, respectively. Among these
148 patients, 71 patients (48.0%) received
ICls as first-line therapy, and others received
ICIs as second- (56 patients, 37.8%) or third-
line (21 patients, 14.2%) treatment.
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We first dichotomized the patients according to
whether they used ATBs or not. A total of 80
patients (54.1%) received ATBs within 60 days
before or after the first administration of ICls
(hereafter referred to as the ATB group), and
the most frequently used ATBs were B-lactams
and quinolones. The remaining 68 patients
(45.9%) who did not receive ATBs were as-
signed to non-ATB group. As shown in Table 1,
most clinical variables were well balanced
between the ATB group and the non-ATB group
except for gender, smoking history and the lines
of ICls treatment.

ATBs attenuated the efficacy of ICls in ad-
vanced NSCLC patients

We first evaluated the impacts of ATB use on
the OS and PFS of patients under ICls therapy.
As shown in Figure 1A, the use of ATBs had a
detrimental effect on the OS of advanced
NSCLC patients. Compared with patients in
non-ATB group, the median OS (mOS) of pa-
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lactams on the PFS of patients
was also observed (mPFS: 5.20
months, HR=2.138, 95% CI:
1.215~3.763, P<0.001) (Figure
2B). Furthermore, compared wi-
th patients in non-ATB group,
patients in the group of using a
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P<0.001) (Figure 2A) and PFS

Figure 1. The effects of ATBs use on the clinical outcomes of ICls therapy
in advanced NSCLC patients. A. The Kaplan-Meier survival curves for OS.

B. The Kaplan-Meier survival curves for PFS.

tients in ATB group was significantly reduced
from 24.2 months to 19.6 months (HR=2.285,
95% Cl: 1.410~3.701, P<0.001). Additionally,
we observed a shorter median PFS (mPFS)
in ATB group than in non-ATB group (5.60
months vs. 9.30 months, HR=1.640, 95% CI:
1.156~2.327, P=0.004) (Figure 1B).

Different classes of ATBs exhibited disparate
negative impacts on the OS and PFS of ad-
vanced NSCLC patients treated with ICls

Since different classes of ATBs have different
antibacterial spectrum, we speculated that not
all ATBs had similar negative effects on the
clinical outcomes of ICls. In this study, the
ATBs we examined were mainly quinolones,
B-lactams, and a combination of the two. After
a statistical analysis, we found that quino-
lones had no obvious harmful effect on OS
(HR=1.392, 95% CI: 0.646~2.998, P=0.860)
(Figure 2A) and PFS (HR=0.910, 95% CI:
0.548~1.511, P=0.718) (Figure 2B). The mOS
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(mPFS: 4.55 months; HR=
2.713, 95% Cl: 1.470~5.007,
P<0.001) (Figure 2B).

In addition, we found that, com-

pared with quinolones, B-lact-
ams exerted the most remarkable negative
impact on PFS (HR=1.919, 95% CI: 1.061~
3.471, P=0.021) (Figure 2B) and a marginal
effect on OS (HR=1.695, 95% CI: 0.752~3.823,
P=0.160) (Figure 2A). Strikingly, the mOS
and mPFS of quinolones group were almost
doubled compared with those in B-lactams and
quinolones combination group, demonstrating
a significant adverse effect by the combination
of B-lactams and quinolones (0S: HR=0.275,
95% CI: 0.128~0.592, P<0.001; PFS: HR=
0.402, 95% CI: 0.218~0.740, P=0.001).

Penicillins use shortened the OS and PFS of
advanced NSCLC patients treated with ICls

We further performed a subgroup analysis of
B-lactams group including the most clinically
used cephalosporins, penicillins and carbapen-
ems. The results showed that, overall, different
classes of B-lactams had various effects on
the therapeutic outcomes of ICls. In general,
the mOS of patients using ATBs was shorter
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Figure 2. The effects of different classes of ATBs on the clinical outcomes
of ICls therapy in advanced NSCLC patients. A. The Kaplan-Meier survival
curves for OS. B. The Kaplan-Meier survival curves for PFS. The P value in
bracket represents the statistical difference of the corresponding group

and non-ATB group (HR=2.434,
95% Cl: 0.774~7.657, P=0.019).
In sum, our data suggested that
the use of B-lactams, especially
penicillins, should be avoided in
advanced NSCLC patients who
are undergoing or will receive
ICls therapy.

The time frame of exposure to
ATBs affected the OS and PFS
of advanced NSCLC patients

Furthermore, we analyzed whe-
ther the negative association
between the use of ATBs and
clinical outcomes of patients
under ICls treatment was signifi-
cant across all the treatment
time frames (30~60 days be-
fore and after the use of ICls,
within 30 days before and after
the use of ICls, concurrent use
of ICls). Our results indicated
that the mOS and mPFS of pa-
tients in concurrent ICls group
reduced by 50%, 12.9 months
and 4.85 months, respectively,
to those of non-ATB group (OS:
HR=2.140, 95% Cl: 0.897~
5.103, P=0.019; PFS: HR=
1.933, 95% Cl: 0.990~3.777,
P=0.014) (Figure 4). In addition,

compared with the Non-ATB group.

than the mOS of patients in non-ATB group:
18.8 months for cephalosporins, 12.9 months
for penicillins, and 11.9 months for carba-
penems. A statistically significant difference
was observed for penicillins (HR=3.076, 95%
Cl: 0.575~16.470, P=0.027) and carba-
penems (HR=8.287, 95% Cl: 0.367~187.200,
P<0.001). Additionally, the adverse effect of
carbapenems on OS was more severe than
that of penicillins (HR=5.373, 95% CI:
0.517~55.830, P=0.004) (Figure 3A). Similarly,
as presented in Figure 3B, the three types of
B-lactams also caused worse PFS (the mPFS
for cephalosporins group, penicillins group and
carbapenems group was 5.90 months, 5.15
months and 4.90 months, respectively), and
the differences were statistically significant
between cephalosporins group and non-ATB
group (HR=2.263, 95% Cl: 1.0637~4.821,
P=0.003), and between the penicillins group
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the mOS of patients using ATBs
either 30~60 days or within 30
days before ICls treatment was
only 18.8 months and 17.1 months, respective-
ly, which were significantly shorter than that in
non-ATB group (30~60 days before ICls group
vs. non-ATB group: HR=3.523, 95% Cl: 0.937~
13.250, P=0.002; within 30 days before ICls
group vs. non-ATB group: HR=3.203, 95% CI:
1.327~7.727, P<0.001). The same statistical
significances were also observed for PFS be-
tween 30~60 days before ICls group (mPFS:
3.95 months) and non-ATB group (HR=2.224,
95% CI: 0.843~5.865, P=0.020), within 30
days before ICls group (mPFS: 6.35 months)
and non-ATB group (HR=1.657, 95% Cl: 0.982~
2.796, P=0.028).

In contrast, compared with non-ATB group, the
use of ATBs between 30 and 60 days after
ICls therapy had no significant effect on the
patients’ OS and PFS (mOS: 22.1 months,
HR=1.500, 95% Cl: 0.578~3.893, P=0.331;

Am J Cancer Res 2022;12(7):3175-3184
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Figure 3. The effects of different types of B-lactams on the clinical out-
comes of ICls therapy in advanced NSCLC patients. A. The Kaplan-Meier
survival curves for OS. B. The Kaplan-Meier survival curves for PFS. The P
value in bracket represents the statistical difference of the corresponding

tion. Cancer patients, especially
those with advanced malignant
tumors and weakened immune
system, are susceptible to infec-
tions and need ATB treatment.
Unfortunately, it has been found
that ATBs could further acceler-
ate disease development and
aggravation [23-25]. Not only
did the retrospective studies
based on either single-arm stud-
ies or populations of patients
with advanced NSCLC treated
within a single center have
shown this adverse effect [17,
26, 27], but the pooled data
from two randomized trials
(NCTO1903993 and NCT0200-
8227) also suggested that the
use of ATBs dramatically decre-
ased the efficacy of ICls [28].
However, few studies have ex-
plored whether different classes
of broad-spectrum ATBs can
reduce the clinical benefits of
ICls similarly or differently. This
is particularly important, given
that infections are contraindica-
tions to antitumor therapies,
and most infections can only be
cured by ATBs. It is not feasible
to completely avoid ATBs in clini-

group compared with the Non-ATB group.

mPFS: 7.80 months, HR=1.053, 95% CI:
0.559~1.984, P=0.868). The mOS of patients
using ATBs within 30 days after ICls treatment
was also shorter (mOS: 14.2 months), but it
didn’t reach significant difference (P=0.069).
However, there was a significant difference in
PFS (mPFS: 6.80 months, HR=3.133, 95% ClI:
0.866~11.330, P=0.002). Collectively, these
results indicated that caution should be taken
when using ATBs within 60 days before and 30
days after ICls therapy to prevent from the
adverse effect of ATBs on the therapeutic effi-
cacy of ICls.

Discussion

The clinical application of ICIs has radically
changed the therapeutic paradigm for NSCLC
[22]. Meanwhile, the impact of ATBs on ICls is
an emerging area that attracts special atten-

3180

cal practice; therefore, it is criti-
cal to use amicable and suitable
ATBs to minimize the negative
impacts of ATBs on ICIs’ efficacy. In this present
study, we discovered that different classes of
ATBs did exhibit disparate negative impacts on
the OS and PFS, which provided the basis for
clinical decision making when choosing ATBs to
patients with advanced NSCLC treated with
ICls. In particular, we found that quinolones
had little effect on OS and PFS, whereas
B-lactams, especially penicillins, were signifi-
cantly associated with the impaired therapeu-
tic efficacy of ICls. The most adverse effect was
observed in patients who simultaneously used
both B-lactams and quinolones, probably due
to the fact that these two classes of ATBs have
different antibacterial spectrum and antimicro-
bial activity. For instance, piperacillin/tazobac-
tam affects enterobacteria, enterococci, bifido-
bacteria, eubacteria, lactobacilli, clostridia and
Gram-positive cocci, but have little effect on
anaerobic Gram-negative cocci and bacteroi-

Am J Cancer Res 2022;12(7):3175-3184
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Figure 4. The effects of time frame of exposure to ATBs on the clinical out-
comes of ICls therapy in advanced NSCLC patients. A. The Kaplan-Meier
survival curves for OS. B. The Kaplan-Meier survival curves for PFS. The P
value in bracket represents the statistical difference of the corresponding

group compared with the Non-ATB group.

des [29]. On the other hand, quinolones deplete
the Enterobacteriaceae and anaerobic bacteria
including clostridia, bifidobacterial, and bacte-
roides species [30, 31]. Mechanistically, the
altered microbial community presents a sub-
stantially different repertoire of microbial-asso-
ciated molecular patterns to the receptors
located in immune cells [14], which leads to an
altered stimulation of signal receptors, such as
the Toll-like receptors that participates in the
regulation of T cell differentiation, neutrophil
priming, and cytokine release [32]. Further-
more, Hernandez E. et al. found that the micro-
biota of patients received B-lactams possess-
ed the enzymatic activities for carbohydrate
degradation, leading to the imbalance of glu-
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1 their pre-antibiotic level 14 days
after the ATB withdrawal [41],
whether the effect of ATBs on
the microbiota composition is
short-term or lasts persistently
for a prolonged time remains
undefined [42]. Consequently,
it is difficult to determine how
long the use of ATBs will com-
promise the effect of ICls thera-
py, which is a serious issue in
clinical treatment of cancer pa-
tients. Combined with our find-
ings, it is recommended that cli-
nicians should be cautious when
prescribing penicillins to patients within the
time window of 60 days before and 30 days
after ICls. Therefore, our findings provide
insights into using ATBs to patients under ICls
treatment.

There are several limitations in this study. First,
the different routes of ATB administration (oral
or intravenous), dosage and duration were
important factors but were difficult to adjust in
our analysis. Second, some discrepancies in
clinical characteristics such as gender, smok-
ing history and lines of therapy were observed,
which might also confound our analysis. In
addition, this study was a single-center, retro-
spective study, and the selection bias was in-
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evitable. Furthermore, the small sample size of
some subgroups would also affect the analysis
results to some extent. Hence, the findings of
this study need to be further validated in addi-
tional larger, multicenter and prospective clini-
cal trials.

Conclusions

This study provided more evidence to support
the view that different classes of ATBs exhibit
differential effect on the clinical outcomes of
ICls therapy, and the use of B-lactams, espe-
cially penicillins, should be avoided in advanc-
ed NSCLC patients who are about to receive or
undergoing ICls therapy.
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