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Abstract. Gut microbiota serves an important role in shaping 
systemic immune responses. Antibiotics cause changes in the 
gut microbiota that may influence the efficacy of cancer immu-
notherapy. In the present study, a retrospective analysis of the 
data from 90 patients treated with nivolumab for non‑small cell 
lung cancer (NSCLC) was conducted. A total of 13 patients 
were treated with antibiotics prior to nivolumab therapy. The 
median progression‑free survival time in patients treated with 
antibiotics was 1.2 months [95% confidence interval (CI), 
0.5‑5.8], while the time for patients who were not treated with 
antibiotics was 4.4 months (95% CI, 2.5‑7.4). The median 
overall survival time in patients treated with antibiotics was 
8.8 months, while it was not reached in those not treated with 
antibiotics, respectively. The differences between the survival 
curves with regard to PFS and OS were statistically significant 
(P=0.04 and P=0.037, respectively). However, in multivariate 
analysis, no statistically significant association was indicated 
between survival and prior antibiotic use, although a certain 
trend concerning the negative influence of antibiotic use was 
conveyed.

Introduction

Lung cancer is one of the leading causes of cancer‑associated 
mortality globally, with a poor prognosis and a 5‑year survival 
rate of <10% in patients with advanced‑stage cancer, according 
to an international surveillance published in 2016 (1). Recent 
advancements in molecular targeted therapies for oncogenic 
driver mutations of advanced non‑small cell lung cancer 

(NSCLC) have improved the prognosis in those individuals 
with tumors that express the appropriate molecular targets for 
inhibitory agents (2). However, the majority of patients with 
advanced NSCLC do not possess any molecular aberrations 
that can be targeted by any current agents. Therefore, further 
studies are required to identify and establish novel agents and 
concepts for molecular targeted therapy.

Antibody‑mediated blockade of the interaction between 
programmed cell death‑1 (PD‑1) and activated cytotoxic 
T lymphocytes (CTLs), and between programmed cell death 
ligand‑1 (PD‑L1) and tumor cells, has exhibited significant 
clinical efficacy in a number of types of cancer, including 
NSCLC. Antibody-mediated blockade inactivates the tumori-
cidal activity of CTLs and therefore allows tumor cell immune 
evasion. Immune checkpoint inhibitors (ICIs) nivolumab, 
pembrolizumab and atezolizumab are currently approved for 
treating advanced‑stage NSCLC. The CheckMate‑017 (3), 
CheckMate-057 (4), KEYNOTE-010 (5) and OAK (6) trials 
demonstrated the superiority of these agents over docetaxel, 
which was the standard care for second‑line therapy. However, 
the response to ICIs is only ~20%. In immunohistochemistry, 
despite the fact that PD‑L1 has been approved as a biomarker, 
it is not sufficient for predicting the response to ICIs.

Efficacy of ICIs could be influenced not only by the 
intrinsic factors of patients, but also by extrinsic factors. 
Increasing focus has been placed on the role of gut microbiota 
in shaping systemic immune responses (7-9). Antibiotics cause 
changes in the gut microbiota (10‑12) that may influence the 
efficacy of ICIs (13,14). A recent study indicated that prior use 
of antibiotics negatively influenced the efficacy of ICIs in the 
clinical settings (15). Using a prospective observational data-
base, the present study performed a retrospective analysis to 
examine the influence of antibiotics on the clinical outcomes 
of patients treated with nivolumab for advanced NSCLC.

Materials and methods

Database acquisition. Clinical data from 90 patients with 
advanced NSCLC were retrospectively analyzed. Patients were 
treated with nivolumab as the second or later line of chemo-
therapy at the Tokyo Metropolitan Cancer and Infectious 
Diseases Center Komagome Hospital (Tokyo, Japan) between 
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January 2016 and April 2017. The database of a prospective 
observational study [University hospital Medical Information 
Network (UMIN) registry: UMIN000021694] was used. 
The following clinical factors of the patients were examined: 
Age, sex, Eastern Cooperative Oncology Group performance 
status (ECOG‑PS) (16), histological subtype, oncogenic driver 
mutation status (EGFR mutations and anaplastic lymphoma 
kinase gene rearrangement), Tumor-Node-Metastasis (TNM) 
staging (1), lines of chemotherapy, use of antibiotics, use of 
proton pump inhibitors (PPIs) or histamine H2‑blockers (H2B) 
and use of antiflatulents.

Patients treated with antibiotics for ≥3 days within 30 days 
of nivolumab therapy were defined as those who were treated 
with antibiotics, regardless of the spectrums or the dosages of 
the antibiotics, the administration routes (intravenous or oral) or 
the purpose of antibiotic use. The same criteria were employed 
for defining patients who used PPIs or H2B, and antiflatulents.

Statistical analysis. Descriptive statistics were used to summa-
rize the baseline characteristics of the patients. Progression‑free 
survival (PFS) time was defined as the period from the date of 
initial nivolumab administration to the date of clinical disease 
progression, mortality from any cause or the last follow‑up. 
Overall survival (OS) time was defined as the period from the 
date of initial nivolumab administration to the date of mortality 
from any cause or the last follow‑up. The Kaplan‑Meier method 
was used to assess PFS and OS time. Data of patients who were 
lost to follow‑up were censored at the time of last contact. The 
log‑rank test was used for identifying prognostic indicators 
using univariate and multivariate analyses. The candidate vari-
ables analyzed included ECOG‑PS, driver mutations, use of 
antibiotics, use of PPIs or H2B, and use of antiflatulents. P<0.05 
using the Cox proportional hazard model was considered to 
indicate a statistically significant difference. All statistical 
analyses were performed using the JMP 11.0 software (SAS 
Institute, Inc., Cary, NC, USA).

The study protocol was approved by the Ethics Committee 
of the Tokyo Metropolitan Cancer and Infectious diseases 
Center Komagome Hospital (approval no., 1469) and was 
conducted according to the Declaration of Helsinki. The 
study was registered with the UMIN Clinical Trials Registry 
(ID no., UMIN000021694).

Results

Baseline characteristics. A total of 90 patients with NSCLC (57 
male and 33 female) were treated with nivolumab as the second 
or later line of chemotherapy. All patients were treated with 
nivolumab monotherapy at the recommended dose (2 mg/kg, 
day 1, every 2 weeks). The median age of the patients was 
68 years (range, 36‑87 years). At the time of nivolumab initia-
tion, according to 8th Edition of TNM Classification for Lung 
Cancer, 12 patients (13.3%) presented with stage IVA disease, 38 
(42.2%) with stage IVB disease and 40 (44.4%) with recurrent 
disease. Overall, 55 patients (61.1%) had adenocarcinoma and 
21 (23.3%) had squamous cell carcinoma. A total of 21 patients 
(23.3%) exhibited oncogenic driver mutations. During the 
30 days prior to nivolumab therapy, 13 patients (14.4%) were 
treated with antibiotics, 47 (52.2%) with PPIs or H2B, and 11 
(12.2%) with antiflatulents. Other patient characteristics are 

presented in Table I. The details of the patients with prior anti-
biotic use are summarized in Table II.

Clinical outcomes of nivolumab therapy. The median PFS 
time of all patients treated with nivolumab was 3.9 months 

Table I. Baseline characteristics of enrolled patients divided 
into those treated with (n=13) and without (n=77) antibiotics.

Characteristics Abx+ group Abx- group

Median age (range), years 67 (47‑78) 68 (36‑87)
Sex, n (%)  
  Male 9 (69.2) 48 (62.3)
  Female 4 (30.8) 29 (37.7)
ECOG‑PS, n (%)  
  0/1 4 (30.8) 60 (77.9)
  2 3 (23.1) 10 (13.0)
  3 6 (46.2) 7 (9.1)
Histological subtypes, n (%)  
  Adenocarcinoma 11 (84.6) 44 (57.1)
  SQC 2 (15.4) 19 (24.7)
  NSCLC, NOS 0 (0.0) 9 (11.7)
  ADSQC 0 (0.0) 2 (2.6)
  LCNEC 0 (0.0) 2 (2.6)
  NEC 0 (0.0) 1 (1.3)
Driver mutations, n (%)  
  None 12 (92.3) 57 (74.0)
  EGFR exon19 del 0 (0.0) 6 (7.8)
  EGFR exon20 0 (0.0) 1 (1.3)
  EGFR exon21 L861Q 0 (0.0) 1 (1.3)
  EGFR exon21 L858R 1 (7.7) 10 (13.0)
  KRAS 0 (0.0) 1 (1.3)
  ROS‑1 0 (0.0) 1 (1.3)
Staging, n (%)  
  IVA 3 (23.1) 9 (11.7)
  IVB 6 (46.2) 32 (41.6)
  Recurrent 4 (30.8) 36 (46.8)
Median number of 2 (2‑5) 2 (2‑5)
chemotherapy lines (range)
Use of PPIs or H2Bs, n (%)  
  Yes 12 (92.3) 35 (45.5)
  No 1 (7.7) 42 (54.5)
Use of antiflatulents, n (%)   
  Yes 4 (30.8) 7 (9.1)
  No 9 (69.2) 70 (90.9)

Abx, antibiotics; ECOG‑PS, Eastern Cooperative Oncology 
Group‑performance status; SQC, squamous cell carcinoma; NSCLC, 
non‑small cell lung cancer; NOS, not other specified; ADSQC, 
adeno‑squamous cell carcinoma; LCNEC, large cell neuroendocrine 
carcinoma; NEC, neuroendocrine carcinoma; EGFR, epidermal 
growth factor receptor; KRAS, Kirsten rat sarcoma; ROS‑1, ROS, 
proto‑oncogene 1, receptor tyrosine kinase; PPIs, proton pump 
inhibitors; H2Bs, histamine H2-blockers.
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[95% confidence interval (CI), 2.3‑5.5], and the median OS 
time was not reached (Fig. 1).

Clinical outcomes of nivolumab therapy in the subgroups 
previously treated or not treated with antibiotics, H2B or 
PPIs, and antiflatulents. The median PFS time of patients 
treated with antibiotics was 1.2 months (95% CI, 0.5‑5.8) 
and the median PFS time of patients not treated with anti-
biotics was 4.4 months (95% CI, 2.5‑7.4). The median OS 
of patients treated and those not treated with antibiotics 
was 8.8 months and not reached, respectively (Fig. 2). The 
differences between the survival curves with regard to PFS 
and OS were statistically significant (P=0.04 and P=0.037, 
respectively).

Univariate and multivariate analyses. Univariate analysis 
revealed that ECOG‑PS, oncogenic driver mutations, use of 

antibiotics, and use of PPIs or H2B were significantly associ-
ated with OS (Table III). Multivariate analysis indicated that 
driver mutations were significantly associated with patient 
survival, whereas significant associations were not observed 
between OS and use of antibiotics, PPIs or H2Bs (Table IV).

Discussion

In recent years, clinical responses to ICIs have been observed 
to be more favorable in patients with an indicative active 
endogenous T-cell response in the tumor microenviron-
ment (16‑19). However, the underlying mechanisms that 
govern the presence or absence of this phenotype remain 
unclear. In the present study, a retrospective analysis 
of 90 patients treated with nivolumab for NSCLC was 
performed. A statistically significant association between 
survival and prior antibiotic use was not indicated, although 

Table II. Cases of antibiotic use prior to nivolumab therapy (n=13).

Patient no. Reasons for Abx use Duration, days Types of Abx Administration routes

  1 Prophylaxis (steroid use)  8 TMP/SMX Oral
  2 Prophylaxis (steroid use)  22 TMP/SMX Oral
  3 Prophylaxis (steroid use)  31 TMX/SMX Oral
  4 Prophylaxis (steroid use)  35 TMX/SMX Oral
  5 Lung infection  11 AMPC/CVA Oral
  6 Lung infection 13 CTRX, MEPM Intravenous
  7 Lung infection 14 AMPC/CVA Oral
  8 Lung infection 18 PIPC/TAZ Intravenous
  9 Obstructive pneumonia 10 ABPC/SBT Intravenous
10 Obstructive pneumonia 60 AMPC/CVA Oral
11 Pyelonephritis 21 CEZ, TMP/SMX Oral
12 Fever 5 LVFX Oral
13 Fever 10 AMPC/CVA Oral

Abx, antibiotics; TMP/SMX, trimethoprim/sulfamethoxazole; AMPC/CVA, amoxicillin/clavulanate; CTRX, ceftriaxone; MEPM, meropenem; 
PIPC/TAZ, piperacillin/tazobactam; ABPC/SBT, ampicillin/sulbactam; CEZ, cefazolin; LVFX, levofloxacin.

Figure 1. Survival analysis of patients treated with nivolumab. The estimated Kaplan‑Meier survival curves for the (A) progression‑free survival and (B) overall 
survival of patients with non‑small cell lung cancer (n=90).
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a certain trend toward the negative influence of antibiotic use 
was suggested.

The gut microbiota serves an important role in shaping 
systemic immune responses (7‑9). A number of studies have 

indicated that certain types of bacteria or bacterial products 
can modulate systemic inflammation and antitumor immunity. 
Numerous families of bacteria and metabolites from the bacte-
rial breakdown of indigestible dietary components have been 
indicated to interact with specific immune components that 
influence the synthesis of regulatory cytokines (20).

The associations between the gut microbiota and the 
responsiveness to anticancer therapy have been extensively 
investigated. Previous studies have mainly focused on patients 
with colorectal cancer and have demonstrated the role of gut 
microbiota in carcinogenesis and the response to cytotoxic 
chemotherapy (21‑32). However, it remains unclear whether 
commensal microbiota influence spontaneous immune 
responses against tumors, affecting the therapeutic activity of 
ICIs regardless of the type of cancer.

Preclinical and clinical data support the hypothesis that 
the gut microbiota shapes the innate and adaptive immune 
system, influencing the CTL‑associated protein 4 (CTLA‑4) 
and PD‑1/PD‑L1 axis, thereby affecting the efficacy of 
ICIs (13,14). The abundance of Bifidobacterium species 

Table III. Univariate analysis of survival in patients treated with nivolumab.

Variants n MST (95% CI), months P‑value

Age, years   
  <70 56 NR (7.0‑NR) 0.64
  ≥70 34 NR (7.2‑NR) 
Sex   
  Male 57 NR (8.8-NR) 0.19
  Female 33 9.4 (4.3‑NR) 
ECOG‑PS   
  <2 64 NR (8.8‑NR) 0.01a

  ≥2 26 7.0 (3.8‑NR) 
Histology   
  Adenocarcinoma 55 8.8 (5.9-NR) 0.06
  Squamous cell carcinoma 21 NR (NR-NR) 
  Other 14 NR (7.0-NR) 
Driver mutations   
  Yes 21 4.3 (2.1‑NR) <0.001a

  No 69 NR (8.8-NR) 
Lines of chemotherapy   
  2 54 NR (8.8-NR) 0.14
  ≥3 36 8.6 (5.2‑NR) 
Use of antibiotics   
  Yes 13 8.8 (0.7‑NR) 0.04a

  No 77 NR (8.6-NR) 
Use of PPIs or H2Bs   
  Yes 47 8.8 (5.9-NR) 0.04a

  No 43 NR (NR‑NR) 
Use of antiflatulents 11 NR (2.5‑NR) 0.64
  Yes 11 NR (2.5-NR) 0.64
  No 79 NR (8.8-NR) 

aP≤0.05; ECOG‑PS, Eastern Cooperative Oncology Group‑performance status; PPIs, proton pump inhibitors; H2Bs, histamine H2‑blockers; 
MST, median survival time; CI, confidence interval; NR, not reached.

Table IV. Multivariate analysis of survival in patients treated 
with nivolumab.

Variants HR 95% CI P‑value

ECOG‑PS (poor vs. good) 2.17 0.89‑5.25 0.09
Driver mutations (yes vs. no) 4.82 2.05‑11.3 <0.001a

Use of antibiotics (yes vs. no) 2.02 0.70‑5.83 0.19
Use of PPIs or H2Bs (yes vs. no) 1.90 0.80‑4.51 0.15

aP≤0.05; ECOG‑PS, Eastern Cooperative Oncology 
Group‑performance status; PPIs, proton pump inhibitors; H2Bs, 
histamine H2‑blockers; HR, hazard ratio; CI, confidence interval.
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in the intestine has been indicated to improve anti‑PD‑L1 
therapy in a tumor‑bearing mouse model. In patients with 
metastatic melanoma, analysis of fecal samples indicated 
that bacterial diversity and relative abundance of bacteria 
of the Ruminococcaceae family were fecal microbial 
predictors of an anti‑PD‑1 therapy response. Metagenomic 
studies revealed functional differences in responders, 
including enrichment of anabolic pathways (33). An 
improved response to anti‑PD‑L1 therapy was observed in 
germ‑free mice receiving fecal microbiota transplantation 
from responsive patients compared with that in the mice 
colonized with feces from non‑responsive patients (34,35). 
The aforementioned observations suggest that a compre-
hensive analysis of the gut microbiota may prove valuable 

for detecting novel biomarkers or therapeutic targets for 
cancer patients treated with ICIs.

The effect of antibiotics on the efficacy of ICIs has also 
been investigated due to their impact on the gut microbiota, 
however the causal relationship is still unclear in a clinical 
setting (Table V). Anti‑CTLA‑4 antibody loses its therapeutic 
efficacy in mice that are reared under germ‑free conditions 
or are treated with broad‑spectrum antibiotics. In a clinical 
setting, a retrospective study indicated that prior antibiotic use 
negatively influenced the survival of patients treated with ICIs 
for metastatic renal cell carcinoma and NSCLC (15). This result 
may implicate the disruption of gut microbiota to interfere with 
the efficacy of ICIs. However, another study indicated that the 
administration of antibiotics did not influence the outcomes in 

Figure 2. Survival analysis of untreated patients and those treated with antibiotics. The estimated Kaplan‑Meier survival curves for (A) progression‑free 
survival and (B) overall survival comparing the groups with (n=13) and without (n=77) antibiotics. Abx, antibiotics.

Table V. Comparison of studies examining the association of antibiotics and the efficacy of immune check point inhibitors in 
patients with non‑small cell lung cancer.

Variables Derosa et al (n=239)a  Kaderbhai et al (n=74)b  Present study (n=90)

Abx use, n (%) 48 (20.1) 15 (20.3) 13 (14.4)
Time of Abx treatment prior to ICI use, days 30  90 30
Reasons for Abx, n (%)
  Prophylaxis  15 (31.2) 0 (0.0) 4 (30.8)
  Therapy 33 (68.8) 15 (100.0) 9 (69.2)
Duration of Abx treatment, n (%)
  ≤7 days 35 (72.9) 7 (46.7) 2 (15.3)
  >7 days 13 (27.1) 8 (53.3) 11 (84.6)
Administration routes, n (%)
  Oral 42 (87.5) 11 (73.3) 10 (76.9)
  Intravenous/muscular 5 (10.4) 4 (26.7) 3 (23.1)
  Not reported 1 (2.1) 0 (0.0) 0 (0.0)
Median PFS (Abx+ vs. Abx-), months 1.9 vs. 3.8 NA 1.2 vs. 4.4
Median OS (Abx+ vs. Abx-), months 7.9 vs. 24.6 NA 8.8 vs. NR

a(42); b(36). Abx, antibiotics; ICIs, immune checkpoint inhibitors; PFS, progression‑free survival; OS, overall survival; CI, confidence interval; 
NA, not available; NR, not reached.



HAKOZAKI et al:  INFLUENCE OF ANTIBIOTICS ON NIVOLUMAB FOR NSCLC 2951

patients with NSCLC (36). In the present analysis, no statistically 
significant association was observed between survival and prior 
antibiotic use, but a certain trend toward the negative influence 
of antibiotic use was conveyed. The fact that certain medical 
conditions require the use of antibiotics should be taken into 
consideration, as they themselves could affect patient survival.

Considering the differences between the aforementioned 
studies, the timing of antibiotic use prior to the start of nivolumab 
therapy may serve an important role, since the composition of 
the microbiota changes with the passage of time following the 
discontinuation of antibiotics. Previous studies have mainly 
focused on eradication treatment for Helicobacter pylori and have 
indicated that the microbiota returns to its baseline within 1 week 
to 3 months after the discontinuation of antibiotics, whereas the 
effect of antibiotics for a number of other bacteria may remain 
for years. It may be difficult to set the optimal cutoff point for 
the ‘prior antibiotics use’ considering its effect on the efficacy of 
following ICIs. However, studies such as that by Derosa et al (15) 
may be of assistance. In this study, the associations of antibiotic 
use (within 30 or 60 days) and the efficacy of ICIs were examined. 
The impact of antibiotics prior to 60 days was not as potent as that 
within the first 30 days prior to ICIs. In another study, in which the 
prior use of antibiotics was defined as antibiotics administered in 
the last 3 months prior to nivolumab (36), no association between 
antibiotic use and the efficacy of ICIs was observed. Further inter-
pretation of these results is required. Furthermore, future studies 
focusing on how the antibiotic spectrum, the administration 
routes and the co‑administration of corticosteroids may affect the 
efficacy of ICIs are also required.

Recently, non-antibiotic drugs, including antacids, 
corticosteroids, non‑steroidal anti‑inflammatory drugs and 
antipsychotics, have been associated with changes in the gut 
microbiota (37‑40). Regarding antacids, a previous study 
demonstrated the effect of PPIs on the gut microbiota (41), but 
the association between antacid use and the efficacy of ICIs 
requires further investigation. In the present retrospective 
analysis, the prior use of PPIs or H2B exhibited a trend towards 
being negatively influential on ICI efficacy in the same way as 
antibiotics. The influence of antiflatulents on the efficacy of 
ICIs was also examined, due to potential benefits of probiotics 
or prebiotics suggested in previous studies (42). In the present 
analysis, however, no association between survival and prior 
antibiotic use was observed.

The present study has a number of limitations. First, the 
serial changes in the gut microbiota to confirm the influence 
of antibiotics and antacids was not assessed. Considering 
the retrospective nature of the study, it was reasonable 
to use clinical outcomes, including PFS or OS, as surro-
gate indicators of these influences. Second, the influence 
of the use of antibiotics and antacids during nivolumab 
therapy was not investigated. Third, this was a retrospec-
tive, nonrandomized study that was performed at a single 
institution, with a relatively small number of patients who 
used antibiotics for a number of conditions. To the best of 
our knowledge, the present study is the first to examine the 
association among non-antibiotics drugs, antacids and anti-
flatulents and the efficacy of ICIs. Therefore, future focus on 
the experimental measures to control confounding factors 
with regard to the complex medications used by patients is 
required, and further studies are warranted to confirm the 

findings of the present study. Additional research is being 
conducted to investigate changes in the gut microbiome 
by obtaining stool samples to determine changes in the 
microbiome, or the types of microbiome that may predict 
responses to ICIs.
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