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ABSTRACT

Objectives. Recent research suggests that the use of
antibiotics could reduce the efficacy of checkpoint inhibitors,
in addition to other well-known factors. It could be due to
gut microbiota modification, which impact over the immune
system response. However, the information available so far
is contradictory. The objective of this research was to clarify
whether antibiotic use influences efficacy of checkpoint
inhibitors treatments in non-small cell lung cancer patients in
clinical practice.

Methods. Therefore, a retrospective observational study
was designed. Use of antibiotics among patients treated with
atezolizumab, pembrolizumab or nivolumab was assessed
within 2 months of checkpoint inhibitors treatments initiation.

Results. A total of 140 patients were included, mostly
men, with good performance status (ECOG 0-1), all of
them previously treated with chemotherapy. An antibiotic
prescription was identified in 31% of these patients, mainly
fluoroquinolones or beta-lactams. The most frequent
indication was respiratory infection. Both progression-free
survival and overall survival were lower for patients treated
with anti-infective drugs, although this difference was not
statistically significant.

Conclusion. More studies are needed to draw
conclusions about the impact of antibiotics on the efficacy of
immunotherapy.
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Impacto del uso de antibioticos en la respuesta
clinica de los inhibidores del punto de control
en pacientes con carcinoma de pulmon no
microcitico.

Objetivos. Investigaciones recientes sugieren que el uso
de antibidticos podria reducir la eficacia de los inhibidores del
punto de control inmunoldgico, ademas de otros factores ya
conocidos. Podria deberse a la modificacion de la microbiota,
por su impacto en la respuesta del sistema inmune. En
cualquier caso, la informacion disponible hasta el momento es
contradictoria. El objetivo de esta investigacion es esclarecer si
el uso de antibioticos influye en la eficacia de los inhibidores
del punto de control para el tratamiento de pacientes con
carcinoma de pulmon no microcitico en la practica clinica.

Métodos. Se disefid un estudio observacional,
retrospectivo. Se investigd el uso de antibioticos entre aquellos
pacientes a tratamiento con atezolizumab, pembrolizumab o
nivolumab en los 2 meses previos o posteriores a su inicio.

Resultados. Se incluyeron 140 pacientes, principalmente
hombres con aceptable estado general (ECOG 0-1), todos
previamente tratados con quimioterapia. Se identifico
una prescripcion antibiotica en el 31% de la poblacion,
principalmente  fluoroquinolonas o betalactamicos. La
indicacion mas frecuente para dicha prescripcion era
la infeccion respiratoria. Tanto la supervivencia libre de
progresion con la supervivencia global fue inferior en el grupo
tratado con antiinfecciosos, aungque no se alcanzo significacion
estadistica.

Conclusiones. Son necesario mas estudios para concluir
acerca del impacto de los antibioticos en la eficacia de la
inmunoterapia.

Palabras clave: agentes antineoplasicos, Inmunoterapia, antibidticos, efi-
cacia
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INTRODUCTION

Lung cancer is the leading cause of cancer deaths
worldwide, being tobacco the main risk factor [1]. It is the
third most frequent type of tumour in Spain, after colorectal
and prostate cancer [2]. Although lung cancer has been more
prevalent in men, there has been an increased incidence in
women due to the change in the prevalence of tobacco use [1].

Lung cancer can be divided in two main histological
groups: small cell lung carcinoma (SCLC, 15% of all lung
cancers) and non-SCLC (NSCLC, 85% of all lung cancers).
Among non-SCLC, the most prevalent type is adenocarcinoma
(409%) followed by squamous cell carcinoma (25%) [3].

Several key factors determine the choice of initial
treatment for advanced or metastatic NSCLC: tumour-related
factors (histology, molecular testing), patient-related factors
(age, performance status, comorbidities, patient preferences)
[4]. Platinum-based regimens have been the main treatment
while using conventional chemotherapy, but they are no longer
in the front-line setting due to its low overall survival (less
than 50% after one year of treatment) [5,6]. The incorporation
of immunotherapy into clinical practice has revolutionized
the management of this pathology, specially with monoclonal
antibodies directed against programmed death receptor 1 (PD-
1) or its ligands (PD-L1) in patients without driver mutations;
although in these patients the treatment will also depend
on the general condition performance status (PS) and tumor
PD-L1 expression [7].

The intestinal microbiota has recently been postulated as

a potential predictor or modulator of ICl response such as the
expression of PD-L1 or tumor mutational burden (TMB) [8].

Routy et al. [9] showed that the gut microbiome influenced
the outcome of PD-1 blockade in both mice and humans: they
designed a trial in which they transplanted fecal microbiota
from cancer patients who responded to immune checkpoint

171 patients analysed
76 Pembrolizumab
36 Nivolumab
59 Atezolizumab

inhibitors (ICl) into germ-free or antibiotic-treated mice, and
they observed a better PD-1 blockade, while no effect was seen
when the recipient was a non-respondent patient.

This idea was reinforced by series of published cases: fecal
microbiota transplantation improved colitis associated with ICl
through a relative increase in the proportion of regulatory T
cells in the colon mucosa [10]. Some authors suggest that it
could be due to the relative abundance of different bacteria
such as Akkermansia muciniphila, ~ Blfidobacterium or
Bacteroides fragilis [11].

Antibiotics are widely used in clinical practice, and it is
well known that their administration produces changes in the
intestinal microbiota. Based on this line of research, several
studies published last years have associated poorer overall
survival and an increased risk of refractory disease in cancer
patients treated with ICl therapy associated with antibiotic
treatment [8;12-25], when administered within 60 days prior
to the start of or during ICI therapy.

However, there is controversy regarding these findings,
since other authors have not observed such association in their
cohorts [8].

Patients with advanced or metastatic NSCLC are especially
candidates for receiving antibiotic treatment during the course of
their disease or prior to their diagnosis, based on 2 reasons [8]:

- Smoking: NSCLC is widely linked to smoking (80-90%
of cases). Smoking favors lung infection as it weakens local
epithelial immunity and cilio-induced mucus clearance [17]. In
addition, tobacco induces a pulmonary obstruction that leads
to more frequent respiratory infections, with cough and chronic
expectoration, which requires repeated courses of antibiotics.

- Age: the median age for the diagnosis of patients with
advanced or metastatic NSCLC is between 65 and 70 years, so
they could be more sensitive to infections.

This study therefore aims to analyze the influence of

31 patients excluded
® 26 single dose

WV

WV

140 patients included
61 Pembrolizumab
30 Nivolumab
49 Atezolizumab

® 4 toxicity prior to efficacy asessment
® 1 lost to follow-up

Figure 1

Flow diagram for inclusion and exclusion of studies.
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Non antibiotic

exposure (n=97)

Antibiotic

P-value Total (N=140)

exposure (n=43)

Men 70 (72.2%)

Women 27 (27.8%)

27 (62.8%) 0.322
16 (37.2%)

97 (69.3%)
43 (30.7%)

Stage
lla 1(1.03%)
lllb 7 (7.22%)
IV 89 (91.8%)

1(2.33%) 0.622 2 (1.43%)
2 (4.65%) 9 (6.43%)
40 (93.0%) 129 (92.1%)

ECOG
0 30 (30.9%)
1 67 (69.1%)
2 0 (0%)

8 (18.6%) 0.1 38 (27.1%)
34 (79.1%) 101 (72.1%)
1(2.33%) 1(0.714%)

PDL1 expression
PDL1 = 50
PDL1 < 50

38 (39.1%)
43 (44.3%)

21 (48.8%) 0.146
13 (30.2%)

59 (42.1%)
56 (40.0%)

ECOG: Eastern Cooperative Oncology Group

antibiotics over the effectiveness of immunotherapy when
used for advanced or metastatic NSCLC, using progression-
free survival (PFS) end overall survival (0S) of atezolizumab,
nivolumab, pembrolizumab based on the exposure to antibiotics.

MATERIAL AND METHODS

Retrospective cohort study from May 2016 to May 2021

in a third-level hospital, including every patient diagnosed
of metastatic NSCLC and treated with at least two doses of
atezolizumab, nivolumab or pembrolizumab, regardless of its
use alone or in combination with other antineoplastic agents.

Exclusion criteria included non-available primary-care
medical records, single dose IClI administration, treatment
interruption due to adverse effects prior to response
assessment, incomplete follow-up for any reason.
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Table 2
treatment

Characteristics of the antibiotic

Pacients on antibiotics (n; %)
Atezolizumab
Nivolumab
Pembrolizumab

Antibiotic type (n; %)

Fluoroquinolone

Ciprofloxacin
Levofloxacin

Moxifloxacin

Beta-Lactam

Penicillin

Cephalosporin

Aminoglycoside Tobramycin
Glycopeptide Vancomycin
Lincosamide Clindamycin
Macrolide Azithromycin
Others Fosfomycin

Indication (n; %)
Respiratory infection
Urinary tract infection
Bacteriemia
Others
Duration

Mean - range (days)

A sample of 150-170 patients diagnosed with stage Ill-
[V NSCLC was estimated, who had received a PD1 | PD-L1
antagonist. Antibiotic use within 2 months of checkpoint
inhibitors treatments initiation (2 months before or 2 months
after CPl initiation) was assessed.

The primary endpoint was progression-free survival (PFS)
evaluated by iRECIST criteria. Secondary endpoints included
overall survival (OS).

Patients’ characteristics and treatment outcomes were
analyzed based on exposure or non-exposure to antibiotics,
and the data were compared using the Chi-square test for
categorical variables and the Student's t test for continuous
variables. A Cox model was used to estimate the hazard ratio
(HR) of each endpoint associated with potential risk factors.

Ethics approval. Comité de Investigacion Clinica de
Cabuefies approved the study. (reference number 25052021).
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n %
43 30.71%
12 27.90%
12 27.90%
19 44.18%
51
24 47.06%

4
18

2
20 39.22%
13

7

1 1.96%

1 1.96%

1 1.96%

3 5.88%

1 1.96%
4 80.39%

4 7.84%

2 3.92%

4 7.84%

8,25 1-15
RESULTS

A total of 171 patients were included in the study,
140 of whom were finally analysed. Flow diagram for
patients’inclusion and exclusion is showed in Figure 1.

Patients' characteristics are described on table 1. Groups
were well balanced, including predominantly stage IV NSCLC,
mainly men (70%), in good general condition (ECOG 0-1) with
a median age of 65.5 years at the start of treatment. ICl were
used mainly in monotherapy, both in the first (46.4%) and
second (47.1%) lines. The most frequently observed histology
was adenocarcinoma (67.1%), with the PD-L1 marker being
positive in 77% of the cases.

Table 2 lists the characteristics of antibiotic treatment.
Antibiotic use within 2 months previous or after the start of
ICl was observed in 43 patients (30.7%). The main indication
was respiratory infections (80.4%), for which fluoroquinolones
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Figure 2 Progression free survival (figure 2a) and overall survival

(figure 2b) based on their exposure to antibiotics.

(47,1%) or beta-lactams (39.2%) were indicated.

Regarding the effectivity of ICls, figure 2 shows PFS
(figure 2a) and OS (figure 2b) based on their exposure to
antibiotics. Not statistically differences were observed. The
median PFS was 123 days (95% IC 126.84-170.82), being
higher in patients without antibiotic treatment (170 days, 95%

Cl 116.041-223.96) compared to those who did received (124
days, 95% Cl 52.79-195.21). Regarding OS, the median was
also more favorable in patients without antibiotic treatment
(median 477 days 95% Cl 361.07-592.93 vs 399.00 days 95%
Cl 227.62-570.38), without reaching statistical significance in
this case either (p 0.8).

Rev Esp Quimioter 2022;35(6): 551-558 555



C. Martinez-Mugica Barbosa, et al.
non-small cell lung cancer

Impact of the use of antibiotics on the clinical response to immune checkpoint inhibitors in patients with

a. Progression Free Survival

Variable N Hazard ratio p
Age 140 " 0.97 (0.94,099) 0019
ECOG 0 38 L] Reference
1 102 ——— | 137(0.79,2.36)  0.257
Antibiotic Quinolones 21 » Reference
No antibiotic a7 e 0.38 (0.22, 0.66)  <0.001
Beta-lactams 16 . 0.23 (0.10, 0.57) 0.001
Others 6| —m— 0.16 (0.04,0.81)  0.007
- . v - 1
h. Overall Survival
Variable N Hazard ratio P
ECOG 0 38 i Reference
1 102 —8— | 167(1.02,275) 004
Antibiotic Quinolones 21 - Reference
Beta-lactams 16 —_— 0.34 (0.14,0.83) 002
No antibiotic 97 — 0.58 (0.33,1.02) 008
| Others 8 - : 0.33(0.07,1.48) 0.15
Drug ATEZOLIZUMAB 49 " Reference
NIVOLUMAB 30 —.—— 0.81(0.46,1.43) 047
PEMBROLIZUMAB 61 —a— 0.54 (0.33,0.89) 0.02
: H
Figure 3 Progression free survival (figure 3a) and overall survival

(figure 3b): subgroup analysis.

According to the subgroup analysis, both PFS and OS were
worse among patients who received fluoroquinolones (figure
3). The OS was significantly better in patients receiving beta-
lactams compared to those treated with fluoroquinolones
(figure 3b). PFS was slightly better among patients exposed to
IV antibitiotics (median PFS 167.9 days; 95% IC 54.0-NA) rather
than oral antibiotics (median PFS 112 days; 95% IC 83.95-
209.8). Better PFS were reached among patients on nivolumab
(167.9 days; 95% IC 123.73-NA), followed by pembrolizumab
(146.7 days; 95% IC 129.9-NA) and atezolizumab (140.9 days;
95% IC 108.77-182.86). The trend of better outcomes for
patients without antibiotic treatment was observed regardless
of ECOG value, sex or atezolizumab/pembrolizumab treatment.
However, this trend was reversed in the group of patients who
received nivolumab, among whom PFS was better in those
exposed to antibiotics (167.90 days vs 137.97 days).

DISCUSSION

The demographic characteristics are similar to those of
other studies analysing the same effect: in the meta-analysis
carried out by Lurienne et al. [8], male patients predominated
(58.3%; 40-82%), with non-squamous histology (71.2%) and

ECOG 0-1 (92.6%). Patients included in our study were slightly
younger than the referenced.

Most patients were receiving second or third line
treatment, which is consistent with the fact that ICls were
used mainly in monotherapy, since the authorized use in
monotherapy is reserved for patients with progression on or
after platinum-based chemotherapy, with the exception of
pembrolizumab, which can also be used as monotherapy as the
first-line treatment of patients with metastatic NSCLC whose
tumors express PD-L1 Tumor Proportion Score =50% [27-29].

The prevalence of antibiotic use was around 30%, similar
to that previously reported in the literature [9; 16]; although it
could range between 14 and 44% depending on the selected
cohort [23-24]. Antibiotic types were also similar to the other
authors, predominating fluoroquinolones and beta-lactams
due to their wide coverage of pathogens that cause respiratory
infections. However, no study or meta-analysis has been
able to analyze the influence of the type of antibiotic on the
effectiveness of the treatment. Nor the effect of its duration,
which appears heterogeneously collected depending on the
cohort.

When analyzing the effect of antibiotics on survival, there
are two key aspects to consider. The window of exposure to
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the antibiotic, which was set at 60 days before or after the
start of treatment in our study. This period was selected based
on the systematic review by Lurienne et al. [8], in which they
subdivided the studies into 4 groups based on the window
selected to perform the analysis, concluding that the effect of
antibiotics on ICls was greater when these were used within 60
days of the start of immunotherapy. However, despite being
a critical factor that would explain the difference observed in
terms of efficacy, there is no consensus on the time to analyze,
varying from 30-90 days before [22-29] to more than 365 days
later in some cases [25].

While analysing the influence of antibiotic exposure in
survival, we obtained a difference of 1.5 months in PFS and 2.6
months in OS, without finding significant differences. These
values differ from those of any other published study, probably
due to their heterogeneity in terms of patients included and
window of exposure to antibiotics.

This difference in survival could also be related to the
limitations of the study: the bias inherent to this type of
design due to its retrospective nature, the lack of controlled
variables, introducing confounding factors that could
influence the interpretation of the results. Other aspects to
take into account are the limited number of patients, and
the lack of information on other intestinal modulators such
as diet, concomitant medications that can alter the bacterial
flora or self-medication with over-the-counter prescriptions.
Corticosteroid use, that has not been analysed, could also
influence treatment response.

The use of antibiotics was associated with a reduction
in PFS and OS in patients who received antibiotic treatment,
not statistically different. More studies would be necessary to
determine its real influence on the effectiveness of ICls.
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