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Background: Cancer immunotherapy is being developed as a promising alternative for advanced non-
small cell lung cancer (NSCLC). However, novel biomarkers are required to select patients that will benefit
from treatment with immune checkpoint inhibitors (ICIs) for a long period of time. The gut microbiome is
expected to be a promising biomarker of ICI response owing to the regulation of the immune status within
the host.

Methods: In this retrospective study, we included 17 Japanese patients with advanced NSCLC who
were treated with ICIs for >3 months in our hospital. Fecal samples obtained from the patients during ICI
treatment were analyzed by 16S ribosomal RNA gene sequencing. We examined the correlation between the
diversity of the gut microbiome and treatment with ICIs.

Results: Several bacterial species were more abundant in ICI responders than in non-responders. Patients
with abundant Lactobacillus and Clostridium tended to have a longer time to treatment failure (T'TF) after
receiving ICI than those with a lower abundance.

Conclusions: In conclusion, the composition of the gut microbiome is associated with better clinical
benefits from ICI treatment in Japanese patients with NSCLC. A further large-scale study is warranted to
validate the composition of the gut microbiome as a novel clinical factor influencing the response to ICIs for
an extended time in NSCLC.
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Introduction However, potent biomarkers that select candidates to have a
favorable clinical response to immune checkpoint inhibitors

(ICIs) have not been developed.

Cancer immunotherapy, such as programmed cell death
protein 1 (PD-1)/programmed death-ligand 1 (PD-L1)

checkpoint inhibitors, are currently being developed as a The gut microbiota, which forms a complex interaction

promising alternative strategy for the treatment of advanced with the human host through immunity and metabolism

non-small cell lung cancer (NSCLC) (1-4). Several
mechanisms favoring the response to immune checkpoints
have been reported, such as a high expression of PD-L1 (5).
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to maintain homeostasis, consists of 1,000 bacterial species
and more than 100 trillion enteric bacteria (6,7). Recent

clinical trials have shown the relationship between the
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effects of an anti-PD-1 antibody and the composition of
the gut microbiome in malignant melanoma and NSCLC
(8-11). Therefore, the gut microbiome has pivotal roles
in the prediction of response to ICI treatment in NSCLC
patients. In this study, we retrospectively analyzed the
relationship between the efficacy of ICI treatment and the
gut microbiome in Japanese patients with NSCLC who
were administered ICI.

Methods
Patients

This was a retrospective study evaluating the effects of gut
microbiota on the efficacy of ICIs in long-term responders
with advanced NSCLC. We consecutively selected 17
Japanese patients with advanced NSCLC who were treated
with ICIs for >3 months at the University Hospital Kyoto
Prefectural University of Medicine in Japan between
December 2015 and March 2018, regardless of any previous
treatment with cytotoxic chemotherapy. We collected stool
samples one time per patient during ICI treatment between
June 2017 and March 2018. We defined responder (R)
(pardal response to ICI treatment) or non-responder (NR)
(stable or progressive disease after ICI treatment at the time
of first clinical evaluation) according to the RECIST 1.1
evaluation. Radiological evaluation occurred at least every
12 weeks. The study protocol was approved by the Ethics
Committees of Kyoto Prefectural University of Medicine
(No. ERB-C-1126), and conducted in accordance with
the principles of the Declaration of Helsinki. The TNM
stage was classified using version 7 of the TNM stage
classification system. Time to treatment failure (T'TF) was
defined as the time from the start of treatment to treatment
discontinuation for any reason. Overall survival (OS) was
defined as the treatment start time to death from any cause.

Tumor PD-L1 analysis

PD-L1 expression was analyzed at SRL, Inc., with the
PD-L1 IHC 22C3 pharmDx assay (Agilent Technologies,
Santa Clara, CA). The PD-L1 TPS (Tumor Proportion
Score) was calculated as the percentage of at least 100 viable
tumor cells for complete or partial membrane staining. The
pathologists at the commercial vendor interpreted the TPS
results.

© Translational lung cancer research. All rights reserved.

Katayama et al. Microbiome on ICI treatment in NSCLC

Samples, DNA extraction, 16S rRNA gene amplification,
sequencing, and data analysis

The gut microbiome analysis was carried out by
MykinsoPro gut microbiome testing (Cykinso, Inc., Tokyo,
Japan). DNA extraction from fecal samples was performed
by an automated DNA extraction machine (GENE PREP
STAR PI-480, Kurabo Industries Ltd, Osaka, Japan)
according to the manufacturer's protocol. The V1-V2
region of the 16S rRNA gene was amplified by RT-PCR. To
sequence the 16S amplicons by Illumina MiSeq platform,
dual index adapters were attached using the Nextera
XT Index kit. The sequence library preparations were
performed according to the 168 library preparation protocol
by Illumina (San Diego, CA). The libraries were sequenced
using the MiSeq Reagent Kit v2 (500 Cycles, 250 bp paired-
end). After clustering with 97% homology using UCLUST
version 1.2.22q (Edgar, 2010), operational taxonomic units
(OTUs) were generated. The representative sequences of
the OTUs were collated against the full-length 16S gene
database Greengenes (v13.8) to determine the identity and
composition of the bacterial genera. The QIIME (v1.8.0)
pipeline was used for analysis from the clustering step
through alpha diversity. The linear discriminant analysis,
combined with effect size measurements (LEfSe), were used
to quantitate differential taxonomic and functional pathway
abundance between the groups (R vs. NR).

Statistical analysis

Statistical analyses were performed using the EZR version
1.30 statistical software (12). All statistical tests were two-
sided, and P<0.05 was regarded as statistically significant. The
demographic characteristics were expressed as frequencies
and percentages for the categorical variables and as medians
and ranges for the continuous variables. The categorical
variables were compared using Fisher’s exact test. The TTF
and OS were calculated using the Kaplan-Meier method,
and the differences were compared using the log-rank test.
The alpha diversity metrics and relative abundance of the gut
microbiomes were compared by Mann-Whitney tests.

Results
Patient characteristics

Six NSCLC patients responded to ICI treatment, while 11
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17 NSCLC patients receiving ICl treatment
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Figure 1 Flowchart of NSCLC patients treated with ICI. A total of 17 NSCLC patients underwent treatment with ICI, and 6 NSCLC

patients showed a response to ICI treatment based on the RECIST
inhibitor.

patients did not respond (Figure 1). A total of 13 (76.5%)
patients were male, and the median age of all patients was
70 years (range, 56-83 years). The performance statuses
were 0 in 5 (29.4%), and 1 in 12 (70.6%) patients. No
patient experienced a CR (0%), 6 patients had a PR (35.3%),
10 had an SD (58.8%), and 1 had a PD (5.9%) when treated
with ICIs according to the RECIST criteria indicating a
response rate of 35.3%. The median TTF was 270 days
for all NSCLC patients. OS could not be assessed because
most patients were alive at the end of the study. The median
follow-up time was 622 days for all NSCLC patients. The
baseline clinicopathological characteristics of the patients
are summarized in Table 1.

Association between the gut microbiome and outcome of
ICIs in NSCLC patients

We performed 16S rRNA sequencing on the stool
samples collected during ICI treatment and evaluated
high dimensional class comparisons via LEfSe on the
population of gut microbiota between the responders and
non-responders of ICIs. The gut microbiomes in the ICI
responders were significantly enriched with Lactobacillus,
Clostridium, and Syntrophococcus when compared to those
of non-responders. In contrast, the gut microbiomes of
the ICI non-responders were significantly abundant with
Bilophila, Sutterella, and Parabacteroides when compared
to those of responders (Figure 2). Patients with a high
abundance of Lactobacillus, Clostridium, and Syntrophococcus
tended to have a longer TTF when compared to those with
a lower abundance. Patients with a low amount of Bilophila
and Sutterella had a significantly prolonged TTF than those
with a high amount. However, there was no remarkable

criteria. NSCLC, non-small cell lung cancer; ICI, immune checkpoint

association between the abundance of Parabacteroides and
TTEF with ICIs (Figure 3). The alpha-diversity of the gut
microbiota was not significantly different between the
responders and non-responders and did not influence the
TTF (Figure SI).

Discussion

In this study, we identified that the colonization of the
operational taxonomic unit, including Lactobacillus and
Clostridium, was associated with favorable clinical outcomes
with ICI treatment. Lactobacillus has been reported to
promote DC maturation and regulate host immunity
in preclinical models (13). These observations suggest
that the specific subpopulation enrichment of the gut
microbiomes, such as Lactobacillus and Clostridium, may
elicit T cell mobilization to the tumors, thereby enhancing
the therapeutic effects of ICI treatment. In contrast, a
subpopulation of the microbiome, such as Surterella and
Bilophila, was negatively associated with TTF with ICI
treatment. These bacteria elicit inflammation within
the tumor microenvironment, which may be related to
the insensitivity to ICI treatment (14,15). Interestingly,
Bilophila-induced inflammation and intestinal barrier
dysfunctions have been shown to be suppressed by the
probiotic, Lactobacillus, in mice models (14). Therefore, the
management with probiotics may improve the response to
maintenance therapy with ICIs. Further investigations are
warranted to improve the clinical outcomes of NSCLC
patients with ICIs.

This study has several limitations. First, it comprised a
small retrospective sample and selected only patients who
were undergoing ICI treatment for a long duration. Second,
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Table 1 Patient characteristics at baseline (n=17)

ltems Values

Age (years), median [range] 70 [56-83]
Gender, n (%)
Male 13 (76.5)
Female 4 (23.5)
ECOG-PS, n (%)
0 5(29.4)
1 12 (70.6)
Histology, n (%)

Adenocarcinoma 10 (58.8)
Squamous cell carcinoma 3(17.6)
Other 4 (23.5)

Smoking status, n (%)
Never smoker 4 (23.5)
Current or former smoker 13 (76.5)

Staging, n (%)

Stage IV 8 (47.1)
Stage Il 6 (35.3)
Postoperative recurrence 3(17.6)

EGFR mutations, n (%)
Positive 1(5.9)
Negative 16 (94.1)
PD-L1 TPS, n (%)

>50% 8(47.1)

1-49% 4(23.5)

<1% 1(5.9)

Not evaluation 4 (23.5)
ICl, n (%)

Nivolumab 6 (35.3)

Pembrolizumab 11 (64.7)

Response to ICI treatment, n (%)

CR/PR 6(35.3)
SD 10 (58.8)
PD 1(5.9)

Table 1 (continued)

© Translational lung cancer research. All rights reserved.
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Table 1 (continued)

ltems Values

TTF of ICls, n (%)

3-6 months 5(29.4)
6-12 months 5(29.4)
More than 12 months 7(41.2)

Previous chemotherapy regimen, n (%)

Platinum regimen 12 (70.6)
Docetaxel 7(41.2)
Others 4 (23.5)

Previous lines of treatment received, n (%)

0 4 (23.5)
1-2 10 (58.8)
>3 3(17.6)

Administration of corticosteroids (30 days
before and after beginning ICI), n (%)

Prednisolone more than 10 mg 1(5.9)
Prednisolone less than 10 mg 2(11.8)
None 14 (82.4)

Antibiotics usage (30 days before and after
beginning ICI), n (%)

Yes 1(5.9)
No 16 (94.1)

ICI, immune checkpoint inhibitor; TTF, time to treatment failure.

we selected patients who were being treated with ICIs for
more than three months, which may cause a selection bias.
Third, there may be a bias considering that we obtained
data from our domestic hospital only. Forth, we evaluated
the outcomes only once based on stool sampling during
ICI treatment, and we have not evaluated the influence of
ICI treatment on the gut microbiome. Therefore, a further
prospective study is warranted to identify the role of the
microbiome in evaluating the response to ICIs in NSCLC
patients.

Conclusions

In summary, our observations suggest that the composition
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Figure 2 Compositional differences in the gut microbiome. (A,B) The differential abundant taxa in the gut microbiomes of R (green)
and NR (red) was analyzed by linear discriminate analysis coupled with effect size measurements (LEfSe) projected with a histogram or
cladogram. The length indicates the effect size associated with a taxon. P=0.05 for the Kruskal-Wallis H statistic, LDA score of >3. The
gut microbiomes in the ICI responders were significantly enriched with Lactobacillus (P=0.032), Clostridium (P=0.048), and Syntrophococcus
(P=0.0029) as compared to those of the non-responders. In contrast, gut microbiomes in the ICI non-responders were significantly abundant
with Bilophila (P=0.033), Suzterella (P=0.035), and Parabacteroides (P=0.027) as compared to those in the responders. ICI, immune checkpoint
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Figure 3 The correlation between the gut microbiome and responses to immunotherapy. The comparison KM plot T'TF curves by log-rank
test in patients with high abundance (red line) or low abundance (blue line) of Lactobacillus (median TTF: 405 vs. 219 days, P=0.219) (A),
Clostridium (median TTF: 396.5 vs. 182 days, P=0.352) (B), Syntrophococcus (median TTF: NA vs. 211.5 days, P=0.057) (C), Bilophila (median
TTEF: 473 vs. 187.5 days, P=0.0037) (D), Sutterella (median TTEF: 337 vs. 165.5 days, P=0.468) (E), and Parabacteroides (median TTF:

median TTEF: 295 vs. 270 days, P=0.888) (F).

of the gut microbiome may be associated with therapeutic
outcomes in patients with advanced NSCLC treated with
ICIs for a long time. A further large-scale study is warranted
to validate the composition of the gut microbiome as a
novel clinical factor for the response to ICIs in NSCLC

patients after a long duration.
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Figure S1 The correlation between the diversity of gut microbiome and responses to immunotherapy. (A) Alpha diversity scores of the
gut microbiome (Shannon index) in NR (red) and R (green) by Mann-Whitney (MW) test. (B) The comparison KM plot TTF curves by

log-rank test in patients with high diversity (red line) or low diversity (solid line) of the gut microbiome. TTF, time to treatment failure.



