
Abstract. Background/Aim: There is an increasing use of
immunotherapy for non-small cell lung cancer (NSCLC)
patients. The present study analysed the effect of antibiotic use
on the outcome of NSCLC patients undergoing treatment with
anti-programmed cell death-1 (anti-PD-1) immunotherapy.
Patients and Methods: This was a retrospective study of 69
NSCLC patients. Eighteen out of 69 patients received antibiotics
within 21 days before or within 21 days after start of anti-PD-1
therapy. Results: Patients treated with anti-PD-1 antibodies

receiving antibiotics had greatly decreased objective response
rate (ORR), overall survival (OS) and progression-free survival
(PFS) compared to those who did not use antibiotics.
Multivariate analysis showed that antibiotic treatment of patients
on anti-PD-1 antibody therapy was an independent negative
predictive factor of PFS; however, it was not a significant
independent predictive factor of OS. Conclusion: Use of
antibiotics within 21 days before and after anti-PD-1 treatment
initiation in patients with NSCLC strongly reduced OS and PFS,
suggesting the two treatments should not be combined.

Immunotherapy with anti-programmed cell death-1 (anti-PD-
1) antibody has been only modestly successful in non-small
cell lung cancer (NSCLC) (1). Thus, there is a critical need
to identify more effective treatment strategies for anti PD-1
treatment of NSCLC.

Specific intestinal bacteria have been reported to affect the
immune system and therapeutic outcome of anti-PD-1
immunotherapy in NSCLC, melanoma, renal cell carcinoma
(RCC) and urothelial carcinoma (UC) (2-5). Additionally, the
diversity of bacterial flora may also affect the therapeutic
outcome of anti-PD-1 immunotherapy (6).
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Certain intestinal bacteria were found to be more prevalent
in the good-prognosis group than in the poor-prognosis
group of anti-PD-1 immunotherapy. The intestinal bacterium
Akkermansia muciniphila increased the efficacy of anti-PD-
1 treatment of epithelial solid carcinoma (7). Bifidobacterium
longum, Collinsella aerofaciens, Enterococcus faecium, and
Ruminococcaceae are associated with improved therapeutic
outcome of anti-PD-1 immunotherapy in melanoma (8). 

Antibiotics alter the composition of the gut microbiota (9,
10). Therefore, it is important to determine if antibiotics affect
the outcome of patients treated with immune checkpoint
inhibitors (ICIs). In a study investigating the effects of
antibiotics in patients with NSCLC, RCC, and UC, the overall
survival (OS) and progression-free survival (PFS) was
shortened when antibiotics were used within two months
before starting treatment with anti-PD-1 antibody (11). In
patients with NSCLC, OS was significantly shortened, but PFS
showed no difference (12). Conversely, in patients with RCC,
OS was not affected by antibiotics but PFS was significantly
shortened by antibiotic use (11). In univariate and multivariate
Cox regression analyses, antibiotics were an independent
negative prognostic predictor of the response to anti-PD-1
treatment of NSCLC and RCC (11, 12). Proton pump inhibitors
(PPIs) had no effect on OS or PFS. In previous studies,
antibiotics were mainly used within one or two months before
and/or after the initiation of anti-PD-1 therapy (12-15). 

In the present study, we retrospectively investigated the
effects of antibiotics on the therapeutic outcome of anti-PD-
1 treatment of advanced NSCLC. We hypothesized that
administration of antibiotics within 21days before or after
administration of the first dose of anti-PD-1 antibody would
affect the therapeutic outcome of anti-PD-1 treatment. We
investigated the effect of administering antibiotics before and
after the initial administration of anti-PD-1 antibodies on the
response rate, OS, and PFS. In addition. The effects of PPIs
and probiotics on anti-PD-1 treatment of patients with
NSCLC were also examined.

Patients and Methods
Patients with NSCLC treated with anti-PD-1 antibody monotherapy
at the Oncology Department of Showa University Hospital between
January 1, 2016 and December 23, 2019 were retrospectively
analyzed. Patients were treated with anti-PD-1 antibody, either
nivolumab (OPDIVO®, Bristol Myers Squibb, New York, NY,
USA) or pembrolizumab (Keytruda®, Merck & Co., Kenilworth,
NJ, USA). Patients who had not been evaluated with computed
tomography (CT) were excluded. Patients were divided into two
groups: those with and those without usage of antibiotics. The
patients treated with antibiotics were classified as those who used
antibiotics within 21 days before or after anti-PD-1 treatment
initiation. For further analysis, the patients were subsequently
subdivided as follows: those with or without PPI usage, and those
with or without probiotics usage within 21 days before or after the
first administration of anti-PD-1 antibody treatment. The present

study was performed per the Declaration of Helsinki guidelines and
was approved by the Ethics Committee of Showa University School
of Medicine (Approval # 2902).

The Response Evaluation Criteria in Solid Tumors version 1.1
was used to evaluate the objective response rate (ORR) and disease
control rate (DCR). PFS was defined as the time from the date of
the first anti-PD-1 antibody administration to disease progression
or death from any cause. OS was defined as the time from the date
of the first anti-PD-1 antibody administration to death from any
cause. The Fisher’s exact test was used to analyse the ORR and
DCR. The Kaplan-Meier method was used to estimate OS and PFS.
The p-value was calculated using a log-rank test. Multivariate
analysis for OS and PFS was performed using the Cox proportional
hazards model. The analysis software used for the survival curves
was GraphPad Prism 8 (GraphPad Software, Inc., San Diego, CA,
USA). Multivariate analyses were performed using JMP Pro 14
(Statistical Analysis System Institute Inc., Cary, NC, USA). A p-
value ≤0.05 was considered significant.

Results

Effect of antibiotics on the outcome of anti-PD-1 treatment of
patients with NSCLC. A total of 70 consecutive patients with
advanced NSCLC received anti-PD-1 treatment at Showa
University Hospital. Among them, 69 patients were included
in the study (Table I). One male patient was excluded because
the efficacy of pembrolizumab was not evaluated using CT,
and he subsequently died of bacterial pneumonia 28 days after
the first administration of anti-PD-1 antibody. The median
observation period of patients treated with anti-PD-1 antibody
was 251.5 days. Eighteen patients (26%) received antibiotics
within 21 days before or after the first dose administration of
anti-PD-1 antibody (Abx BA21). Nine patients (10.1%)
received antibiotics within 21 days before the first dose
administration of anti-PD-1 antibody (Abx B21). Eleven
patients (9%) received antibiotics within 21 days after the first
dose administration of the anti-PD-1 antibody (Abx A21). The
ORRs of the Abx BA21 and Abx A21 groups treated with
antibiotics were significantly lower than those of the group
that did not receive antibiotic pretreatment [partial response
(PR)=2 (11.1%) versus 25 (49.0%), p=0.005; PR=1 (9%)
versus 15 (45.0%), p=0.041, respectively]. The DCR was
significantly lower in the Abx B21 group receiving antibiotics
than in the group not receiving antibiotic treatment (p=0.045,
Figures 1A, B, and C).

In the Abx BA21 group, the OS (247 versus 873 days,
p=0.022, Figure 2A) and PFS (77 versus 239 days, p<0.001,
Figure 2B) were significantly shorter in patients treated with
antibiotics than in those who did not use antibiotics. Thus,
antibiotics reduced OS by 72% and PFS by 68% in patients
treated with antibiotics before or after anti-PD-1 antibody
treatment (Abx BA21).

In the Abx B21 group, the OS (183 versus 910 days,
respectively, p<0.001, Figure 3A) and PFS (71 versus 212
days, respectively, p=0.007, Figure 3B) were significantly
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shorter in patients who used antibiotics than in those who
did not use antibiotics. Thus, antibiotics reduced OS by
80% and PFS by 67% in patients treated with with
antibiotics within 21 days before anti-PD-1 antibody
therapy (Abx B21).

In the Abx A21 group, the difference in OS (undefined
versus 873 days, respectively, p=0.94, Figure 4A) was not
significant, but PFS (65 versus 212 days, respectively,
p=0.04, Figure 4B) was significantly shorter in patients who
were treated with antibiotics than in those who did not use
antibiotics. Thus, antibiotics reduced PFS by 69% in patients
treated with anti-PD-1 antibodies within 21 days after
initiation of anti-PD-1 antibody therapy. Post-treatment more
than 21 days after the initiation of anti-PD-1 antibody
therapy with antibiotics did not affect OS and PFS.

No association between the administration of antibiotics
and occurrence of immune-related adverse events (irAEs)
was observed, including rash, thyroid dysfunction, infusion
reaction, radiation pneumonitis, interstitial pneumonia, type
1 diabetes, hypopituitarism, liver damage, or myositis.

Eighteen patients received antibiotics in the present study,
and seven types of antibiotics were used in total. Eight
patients received oral levofloxacin, four received oral
macrolide, six received oral cephem, one received cephem
infusion, three received oral trimethoprim-sulfamethoxazole
combination, three received carbapenem infusion, and two
received tazobactam/piperacillin infusion. The median
duration of antibiotics administration was 6 days. 

Effect of PPIs and probiotics on the outcome of anti-PD-1
treatment of patients with NSCLC. Eighteen patients (52.2%)
received PPIs within 21 days before and after the first
administration of the anti-PD-1 antibody. Compared with
patients who did not use PPIs, the differences in ORR and
DCR were not significant (p=0.33, p=0.42, respectively,
Figure 1D). The use of PPIs did not significantly reduce OS
or PFS. Moreover, PPIs did not significantly shorten OS
(510 versus 910 days, p=0.28) or PFS (115.5 versus 288
days, p=0.11) in patients treated with anti-PD-1 antibody
(Figure 5).

Fifteen patients (21.7%) received probiotics within 21
days before and after the first administration of anti-PD-1
antibody. There were no differences in the ORR and DCR
between the group using probiotics and patients not using
probiotics (p=0.56, 0.74, respectively, Figure 1E). Probiotics
did not significantly shorten OS (478 versus 879 days,
p=0.38) or PFS (109 versus 211 days, p=0.63) in patients
treated with anti-PD-1 antibody (Figure 6).

Multivariate analysis of PFS and OS. Multivariate analysis
of PFS further supported the fact that administration of
antibiotics was associated with unfavorable prognosis in
patients treated with anti-PD-1 antibody [hazard ratio

Table I. Characteristics of patients in the study (n=69).

   n=69 Without Abx With Abx p-Value 
   (n=51) (n=18)

Median age 68 (41-81) 68 (46-81) 69 (41-77) 
(range), y

Age ≥75 8 6 2 1
Age <75 61 45 16
Gender, n (%)
   Male 54 40 14 1
   Female 15 11 4
Smoking status, n (%)
   Current or former 59 42 17 0.274
   Never 10 9 1
Alcohol, n (%) 
   1 30 18 12 0.0549
   0 19 15 4
   NK 20 18 2
ECOG PS, n (%)
   0, 1 63 48 15 0.178
   ≥2 6 3 3
Histological type, n (%)
   ADC 53 39 14 1
   SCC 15 11 4
   NOS 1 1 0
Stage, n (%)
   I 6 4 2 0.916
   II 3 3 0
   III 12 9 3
   IV 48 35 13
Treatment line, n
   First 17 13 4 0.537
   Second 29 23 6
   Third or higher 23 15 8
% PD-L1 expression 
(22C3), n (%)
   ≥50 29 20 9 0.342
   <50 25 21 4
   NK 15 10 5
irAE
   1 44 35 9 0.169
   0 25 16 9
EGFR mutation status, 
n (%)
   Positive 6 5 1 0.807
   Negative 52 37 15
   NK 11 9 2
PPI, n (%)
   1 36 25 11 0.422
   0 33 26 7
Probiotics, n (%)
   1 15 7 8 0.0163
   0 54 44 10
Antibiotics
   Abx B21or A21, n (%) 16
   Abx B21, n (%) 7
   Abx A21, n (%) 9
   Abx both B21, A21, n (%) 2

Abx: Antibiotics; Abx A21: treatment with antibiotics within 21 days
after initiation of anti-PD-1 antibody treatment; Abx B21: treatment
with antibiotics within 21 days before initiation of anti-PD-1 antibody
treatment. NK: not known; ECOG: Eastern Cooperative Oncology
Group; PS: performance status; PPIs: proton pump inhibitors.
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(HR)=3.16, 95% confidence interval (CI)=1.55-6.25,
p=0.002]. Administration of antibiotics was an independent
risk factor of PFS (Table II). Multivariate analysis of OS
showed that antibiotics, PPIs, and probiotics were not
associated with an unfavorable prognosis. The HRs were
1.99 (95%CI=0.91-4.09, p=0.082) for the use of antibiotics,
1.44 (95%CI=0.69-3.02, p=0.33) for the use of PPIs, and
1.37 for the use of probiotics (95%CI=0.57-3.05, p=0.46).
Male gender and Eastern Cooperative Oncology Group
performance status were prognostic factors of patients with
NSCLC treated with PD-1 antibody (Table II).

Discussion

Several previous studies have assessed the efficacy of anti-PD-
1 antibody therapy with or without antibiotic treatment in
patients with NSCLC (11, 12, 16). The results of such studies
suggested that antibiotics worsen OS and PFS in patients taking
anti-PD-1 antibody. In a previous study, the PFS of patients with
malignant melanoma who received antibiotics within 30 days
of starting treatment with anti-PD-1 antibody was shortened, but
the difference in OS was not significant (13). In the present
study antibiotics significantly reduced OS and PFS.

Figure 1. The overall response rate (ORR) and disease control rate (DCR) to anti-programmed cell death -1 (PD-1) antibody. (A) Abx BA21, patients
who received antibiotics within 21 days before or after anti-PD-1 antibody treatment (B) Abx B21, patients who received antibiotics within 21 days
before initiation of anti-PD-1 antibody treatment (C) Abx A21, patients who received antibiotics within 21 days after initiation of treatment with
anti-PD-1 antibody. (D) Patients who received a proton pump inhibitor (PPI), within 21 days before and after initiation of anti-PD-1 antibody
(BA21). (E) Patients treated with probiotics within 21 days before or after anti-PD-1 antibody therapy. ORR: Objective response rate; DCR: disease
control rate; SD: stable disease; PR: partial response.



In the present study, both OS and PFS were significantly
reduced by antibiotic administration within 21 days before
initiation of the administration of anti-PD-1 antibody. PFS but
not OS was significantly reduced by antibiotic use within 21
days after the initiation of anti-PD-1 antibody treatment.

The composition and diversity of the gut microbiota
before starting treatment with ICIs affects therapeutic
efficacy (6, 8). Previous meta-analysis supports the idea that
the effect of antibiotics on the outcome of ICI
immunotherapies depends on the time of administration (16).
In a previous study, antibiotics were significantly detrimental

to the efficacy of ICI immunotherapy when administrated
between − 60 and + 60 days from the initiation of treatment.
Administration of antibiotics later than 60 days from the
initiation of treatment did not affect survival (16). In the
present study, the median duration of antibiotics
administration was 6 days. The results suggested that short-
term administration of antibiotics had a significant effect on
the efficacy of anti-PD-1 immunotherapy. 

As with antibiotics, PPIs modify the gut microbiota.
Oral microbiota can quickly enter the intestine because
PPIs increase the pH in the stomach. Thus, the
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Figure 2. Survival curves and the impact of antibiotics on patients treated with anti-programmed cell death-1 (PD-1) antibody before or after
initiation of  treatment. Kaplan-Meier curves showing (A) overall survival (OS) and (B) and progression-free survival (PFS) following anti-PD-1
antibody therapy. Abx BA21: Patients who received antibiotics within 21 days before or until 21 days after anti-PD-1 antibody initiation.

Figure 3. Survival curves and the impact of antibiotics on patients treated with anti-programmed cell death-1 (PD-1) antibody using antibiotics
within 21 days before anti-PD-1 antibody initiation. Kaplan-Meier curves showing (A) overall survival (OS) and (B) progression-free survival (PFS)
following anti-PD-1 antibody therapy. Abx B21: patients receiving antibiotics within 21 days before anti-PD-1 antibody therapy.



composition of the gut microbiota changes and the
diversity decreases. The association between the
microbiome and treatment with PPIs is independent of the
dose of antibiotics administered (17). In a previous study,
PPIs reduced the efficacy of the anti-PD-L1 antibody
atezolizumab (18). However, there are other reports stating
that PPIs did not affect the outcome of treatment with ICIs.
In the present study, the use of PPIs did not significantly
reduce OS and PFS. It has been previously shown that
probiotics do not cause significant changes to the gut
microbiota (19-21). In the present study, probiotics did not
affect the therapeutic outcome of ICIs possibly due to the
high levels of Bifidobacterium found in some Japanese

patients compared to patients from the United States and
Europe (22).

The present study has the limitation that it is retrospective;
A further prospective study that investigates the effects of
antibiotics on the therapeutic outcome of ICIs is required.
The results of the present study, however, indicate that the
use of antibiotics within the indicated time periods of anti-
PD-1 therapy is contraindicated.
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Figure 4. Survival curves of patients treated with anti-programmed cell death-1 (PD-1) antibody using antibiotics (PFS) 21 days after anti-PD-1
antibody initiation. Kaplan-Meier curves showing (A) overall survival (OS) and (B) progression-free survival (PFS) following anti-PD-1 antibody
therapy. Abx A21: Patients who received antibiotics 21 days after anti-PD-1 antibody initiation.

Figure 5. Survival curves and the impact of a proton pump inhibitor (PPI) on patients (PFS) treated with anti-programmed cell death (PD-1)
antibody. Kaplan-Meier curves showing (A) overall survival (OS) and (B) progression-free survival (PFS) following anti-PD-1 antibody therapy. 
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Figure 6. Survival curves and the impact of probiotics on patients treated with anti-programmed cell death (PD-1) antibody. Kaplan-Meier curves
showing (A) overall survival (OS) and (B) progression-free survival (PFS) following anti-PD-1 antibody therapy. Probiotics: Patients who received
probiotics during the period of 21 days before until 21 days after initiation of anti-PD-1 antibody treatment. Probio: probiotics.

Table II. Univariate and multivariate analyses of clinical parameters for progression-free survival (PFS) and overall survival (OS).

Abx: Antibiotics; PPI: proton pump inhibitor; ECOG: Eastern Cooperative Oncology Group; PS: performance status; BA21: treatment with either
antibiotics, protein pump inhibitors or probiotics 21 days before or after initiation of anti-PD-1 antibody treatment. PFS: progression-free survival;
OS: overall survival; EGFR: epidermal growth factor receptor; HR: hazard ratio; CI: confidence interval.

Multivariate analysis of clinical parameters on PFS

Factor HR 95% CI p-Value

Abx BA21 3.16 1.55-6.25 0.002
PPI BA21 1.71 0.88-3.31 0.112
Probiotics BA21 0.71 0.31-1.51 0.377
ECOG PS (≥2) 1.81 0.63-4.51 0.250
EGFR (positive) 2.37 0.86-5.59 0.091

Multivariate analysis of clinical parameters on OS

Factor HR 95% CI p-Value

Abx BA21 1.99 0.91-4.09 0.082
PPI BA21 1.44 0.69-3.02 0.328
Probiotics BA21 1.37 0.57-3.05 0.464
ECOG PS (≥2) 4.58 1.20-14.7 0.028
Gender (male) 3.79 1.41-13.4 0.006

Table III. Overall survival in the studies of patients receiving antibiotics and the efficacy of immune check point inhibitors (ICI) in NSCLC.

   Derosa et al. (n=239) Zhao et al. (n=109) Kim et al. (n=131) Present study (n=69)

Abx use, n (%) 48 (20.1) 20 (18.3%) 60 (45.8%) 18 (26%)
Time of Abx treatment before or –30 –30 to 30 –60 –21 to 21
after to the initiation of ICIs, (days)

Median OS, (months) (Abx-treated versus 7.9 vs. 24.6 6.07 vs. 21.87 4 vs. 22 8.12 vs. 28.7
Abx-untreated)

Abx: Antibiotics; OS: overall survival; NSCLC: non small cell lung cancer.
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