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The composition of the gut microbiome of patients with advanced non-small cell lung cancer is
currently considered a factor influencing the effectiveness of treatment with immune checkpoint
inhibitors. We aimed to evaluate the baseline gut microbiome composition in patients before receiving
first-line immunotherapy alone or combined with chemoimmunotherapy. We performed 16S rRNA
sequencing based on hypervariable regions. Stool samples were collected from 52 patients with
advanced NSCLC treated with immunotherapy or chemoimmunotherapy before treatment. We found
that the Ruminococcaceae family, species Alistipes sp. genus Eubacterium ventriosum group and

genus Marvinbryantia may be intestinal, microbiological predictors of response to treatment. Genus
Akkermansia and species from the [Clostridum] leptum group predicted the length of PFS (progression-
free survival). Longer OS (overall survival) is associated with bacteria from the Ruminococcaceae family
genera [Eubacterium] ventriosum group, Marvinbryantia, Colidextribacter and species [Clostridum]
leptum. Bacteria that have an adverse effect (shortening of PFS or OS) on the response to treatment
using immune checkpoint inhibitors are Rothia genus, Streptococus salivarius, Streptococus, Family
X111 AD3011 group and Family XIll AD3011 group, s. uncultured bacterium. The composition of
intestinal flora can be a predictive factor forimmunotherapy in NSCLC patients. Specific bacteria can
be positively or negatively associated with response to treatment, progression-free survival, and
overall survival. They can be potentially used as predictive markers in NSCLC patients treated with
immunotherapy.
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The composition of the gut microbiome of patients with advanced non-small cell lung cancer (NSCLC) is
currently being considered as one of the factors influencing the efficacy of treatment with immune checkpoint
inhibitors (ICIs)'>. Immune checkpoints PD-1 (Programmed Cell Death 1) and PD-L1 (Programmed Cell Death
Ligand 1) are the targets for monoclonal antibodies. Immunotherapy is a breakthrough treatment for advanced
NSCLGC, resulting in prolonged patient survival and improved quality of life. However, some patients do not
benefit from treatment. The primary resistance could occur as a progressive disease with short progression-free
survival (PFS) and overall survival (OS). Secondary resistance against immunotherapy is characterized by initial
benefit from immunotherapy followed by disease progression®-®. Mechanisms for the emergence of resistance to
immunotherapy are currently being widely investigated. Potential reasons for the failure of ICI therapy include
depletion of the immune system, including immune factors that extinguish its activity, genetic factors such
as mutations in STK11 (Serine/Threonine Kinase 11), KRAS (KRAS Proto-Oncogene, GTPase), KEAPI (Kelch
Like ECH Associated Protein 1)genes, or epigenetic factors related to methylation or miRNA activity. Factors
affecting the efficacy of immunotherapy in NSCLC patients also include the composition and diversity of the
gut microbiome!. It has been indicated that the alpha and beta microbial diversity in a patient’s gut can affect the
degree of clinical response to ICI's. We aimed to evaluate the gut microbiome composition in NSCLC patients
treated with first-line immunotherapy alone or in combination with chemoimmunotherapy. The possibility of
assessing the microbiome’s composition has emerged through next-generation sequencing technology’~. Using
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metataxonomic analysis, reads are assigned to the lowest possible taxonomic levels, allowing for the assessment
of bacterial populations. However, due to limited sensitivity (as the analysis is based on two variable regions of the
16S rRNA gene, approximately 450 bp in length), this approach typically characterizes the microbiome at higher
taxonomic levels, such as families, rather than more specific levels like genus or species’. Bacterial groups such
as Ruminococcaceae, Lachnospiraceae or specific species, Akkermansia muciniphila, Faecalibacterium prausnitzii,
which can be allies of immunotherapy, are pointed out. However, there are also bacteria which can hinder
therapeutic results with ICI. Our study aims to show that bacteria residing in the gut can serve as biomarkers of
the effectiveness of treatment, in this case, immunotherapy.

Materials and methods

Patients characteristic

For this prospective study, we enrolled patients with advanced NSCLC who were eligible for treatment with
immunotherapy alone or in combination with chemotherapy. Experiments were performed following the
Declaration of Helsinki. Informed consent was obtained from patients for the study. Patients whose material was
available to receive before the implementation of immuno- or chemoimmunotherapy were eligible for the study.
Patients’ characteristics are presented in Table 1. The study was performed with the approval (KE-0254/58/2019)
of the Bioethics Committee at the Medical University of Lublin. Fifty-two patients treated in the first line were
included in the study from May 2019 to August 2022. Squamous cell carcinoma was diagnosed in 21 (40%)
patients, adenocarcinoma in 25 (48%), NOS in 4 (8%) and large cell carcinoma in 2 (4%) patients. The median
age in the group was 66 years, with twenty-four patients below and 28 above the median. In the cohort, there
were 27 (52%) men and 25 (48%) women. There were 3 (6%) patients in stage ITIB, while the remaining patients
(n=49, 94%) were in stage IV. All patients were negative for EGFR (Epidermal Growth Factor Receptor), ALK
(Anaplastic Lymphoma Kinase), and ROSI1 (ROS Proto-Oncogene 1) mutation and rearrangement, respectively.
PD-L1 expression was assessed in routine diagnostic testing. In 44 (85%) patients, any PD-L1 expression
was present, while in 8 (15%) patients, no PD-L1 expression was detected on tumor cells. In 33 patients, the
percentage of tumor cells (TC) expressing PD-L1 was above 50%, and these patients were treated with ICI’s in
monotherapy, while 19 had TC PD-L1(+) below 50%. They were treated with immunotherapy in combination
with chemotherapy (Suplementary Table). Response to treatment was assessed according to RECIST 1.1 criteria.
Six patients were treated with antibiotics up to four weeks before immunotherapy. The PFS was counted from the
start of ICI. OS was calculated from the start of immunotherapy and follow-up to the endpoint of 31.01.2024. At
this point, 10 (19%) patients remained alive.

Metataxonomics (16S metagenomics)

The study consisted of stool samples collected from patients who qualified for immunotherapy or
chemoimmunotherapy. Samples were collected before treatment administration and immediately stored at
—80°C until extraction. Twenty milligrams of stool was homogenized (FastPrep 24, MP Biomedicals) and treated
with a cocktail of lysozyme (10 pg/ml, A&A Biotechnology) and lysostaphin (2000 U, Sigma-Aldrich) for 30 min
in 37 °C. Extraction of total DNA was done by Maxwell RCS 48 (Promega) device according to RSC Tissue DNA

Feature n, (%)

Below the median, 24 (46)
Above the median, 28 (54)

Female 25 (48)
Male 27 (52)

Age (median age 66 years, SD = 7.5)

Gender

Adenocarcinoma 25 (48)
Squamouscell carcinoma 21 (40)
NOS 4 (8)

Large cell carcinoma 2 (4)

IIIB 3 (6)
IV 49 (94)

Not detected 8 (15)
Any 44 (85)

>50% 19 (37)
<50% 33 (63)

Histioapological diagnosis

Stage

PD-L1 expression on TC

PD-L1 TC [%]

e e . Yes 6 (8)
Antibiotics up to four weeks before immunotherapy No 48 (92)
SD 16 (30)
Response to treatment PR 22 (40)
PD 14 (30)

<6 months 31 (60)
>6 months 21 (40)

PES <12 months 39 (75)
>12 months 13 (25)
<6 months 11 (21)

os >6 months 41 (79)

<12 months 31 (60)
>12 months 21 (40)

Table 1. Clinical and demographic characteristics of patients qualified for the study.
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Kit (Promega) protocol. The DNA was measured using Qubit 3.0 (Thermo Fisher Scientific) with High Sensitivity
DNA Assay (Thermo Fisher Scientific). The sequencing library was prepared with 15 ng of total DNA according
to 16S metagenomics protocol (Illumina). Quality check of libraries was performed by gel electrophoresis
(Fragment Analyzer with dsDNA 935 Reagent Kit, Agilent). Normalization was done by fluorimeter (Qubit 3.0
with High Sensitivity Assay; Thermo Fisher Scientific). Pair-end sequencing (2 x 300 bp with V3 kit, Illumina)
was performed on MiSeq (Illumina). The fastQ files were quality-checked with FastQC. All sample analyses
were done using QIIME2 2023.9.2 platform!°. For steps such as quality control, trimming, and filtering cutadatp
plugin was used!!"13. Additional reads trimming, denoising, chimera removal and eventually obtaining ASV
table, have been made using dada2 plugin'®. Sequence taxonomic annotation was perform by classify-sklearn
plugin and SILVA 138 reference database!>"!”. For further statistical analysis, taxonomic results was collapsed to
specific taxonomic level by collapse plugin, export to biom format and convert to tsv table by ‘biom!8-2°.
Sequencing data was uploaded to ENA repositories (BioProject ID: PRINA1096150).

Statistical analysis

Statistical analyses of the reads were performed using Statistica 13.3 and MedCalc software on family and species
taxonomic levels. These statistical software were also used to generate all the plots. The Mann-Whitney U test
was used to analyze dichotomous variables. The Kruskal-Wallis test was performed to assess differences between
patients with disease progression (PD), stable disease (SD) and partial response (PR). Survival curve analysis was
performed using the Kaplan-Meier method. A p-value of less than 0.05 was considered statistically significant.

Results

Response to treatment

SD was observed in 16 (30%) of patients, PR was observed in 22 (40%) and PD was observed in 14 (30%)
patients. Microbiome composition on the family level showed a higher percentage of Streptococcaceae in PD + SD
patients than in patients with PR to ICI (p=0.00071, Fig. 1a). The rate of Tannerellaceae is higher in PR patients
compared to SD+PD (p=0.043, Fig. 1b). If we regrouped patients with disease control as PR+ SD, we found
that patients with disease progression (PD) had a higher percentage of Micrococcaceae than the disease control
group (p=0.00049, Fig. 1c). We also found that the percentage abundance of Ruminococcaceae, Streptococcaceae,
Tannerellaceae, Micrococcaceae, and Peptostreptococae was significantly different between PD, PR and SD group
of patients as shown in Fig. 1d, e, f, g and h, respectively.

Performing deeper analysis on the species level, we found correlations between the content of bacteria and
response to therapies in the first months of therapy efficacy evaluation (Fig. 2; Table 2). We noted a significantly
higher rate of Ruminococcacea in patients with partial response and disease stabilization (PR+SD) compared
to patients with disease progression (PD) (p=0.012, Fig. 2a). We also noted a significantly higher percentage of
G: Rothia and S: Streptococcus salivarius in patients who experienced disease progression compared to patients
with partial response or disease stabilization (p=0.00049, Fig. 2b and p=0.018, Fig. 2c). For patients with PD or
SD compared to patients with PR, we observed a higher percentage of G: Streptococcus (p=0.0015, Fig. 2d) and
G: Rothia (p=0.0014, Fig. 2e) and a lower percentage of S: Alistipes sp. (p=0.038, Fig. 2f). Figure 2g-m show the
differences in content between the patients with PD, SD and PR groups.

PFS and OS analysis

The median PFS for the entire group was 5.5 months (95% CI: 3.23-6.57). The observations were complete in
46 patients, while six were censored. PFS of less than and above six months was observed in 31 and 21 patients,
respectively. PFS of less than and above 12 months was observed in 39 and 13 patients, respectively.
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Fig. 1. Comparison of bacterial content (microbiome at the family level) between patients with NSCLC treated
in the first-line ICI according to the observed disease response during the first months of treatment.
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Fig. 2. Comparison of bacterial content (microbiome at species level) between NSCLC patients treated with
first-line ICI according to observed clinical response during the first months of treatment.

The median OS was 9.9 months (95% CI: 6.6-27.9). We had complete data in 32 patients, while in 20, we had
cut-off data. OS of less than and above six months was observed in 11 and 41 patients, respectively. OS of less
than and above 12 months was observed in 31 and 21 patients, respectively.

We reported lower median percentages of Streptococcacea and Micrococcaceae with PES over 6 months
(p=0.049, Fig. 3a.0037, Fig. 3b, respectively). PFS over 12 months was associated with a higher median
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Microorganism

Response to treatment

PES (months)

OS (months)

F: Ruminococcaceae

More abundant in patients with SD + PR
compared to PD

More abundant in patients
with OS greater than 6 months

S: Alistipes sp.

More abundant in patients with PR compared
to SD+PD

More abundant in patients with PFS greater
than 6 months; presence associated with
prolonged PFS

Bacteri [GE:ubacterium] ventriosum Low abundance associated with disease More abundant in patients
acteria progression (PD) with OS greater than 6 months
beneficial for group
::;lgsuélféhempy G: Marvinbryantia High abundance related to response to More abundant in patients
A : Y treatment (PR) with OS over 6 and 12 months
patients
G: Akkermansia More abundant in patients with PFS over 12
months
. . More abundant in patients
G: Colidextribacter with OS over 6 months
. , . . More abundant in patients
S: [Clostridum] leptum Presence associated with prolonged PFS with OS over 6 months
More abundant in patients with PD More abundant In patients with PFS less than More abundant in patients
G: Rothia compared to SD + PR, and more abundant in | 6 months; presence associated with risk of with OS less than 6 and 12
patients with SD + PD compared to PR shortened PFS months
Bacteria . L More abundant In patients with PD More abundant in patients with a PFS of less More abundant in patients
unfavorable $: Streptococus salivarius compared to SD +PR than 6 months with OS less than 6 months
to th . . .
o the More abundant in patients with SD + PD
effectiveness of | G: Streptococcus
: compared to PR
immunotherapy
in NSCLC G: FamilyX1I1 AD3011 More abundant in patients with PFS less than 6; | More abundant in patients
patients group presence increases the risk of shortened PFS with OS less than 12 months
G: Family XIIT AD3011 More abundant in patients with PFS less than
group, s. uncultured
N 12 months
bacterium
Table 2. Relationships between the content or presence of bacteria and the response to PFS and OS treatment
(species-level analysis).
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Fig. 3. Comparison of bacterial content (microbiome at the family level) between NSCLC patients treated with
first-line ICI according to PFS and OS length at 6- and 12-month intervals.
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percentage of Akkermansiaceae content (p=0.046, Fig. 3c). Higher OS, over 6 or 12 months was associated with
lower median Micrococcaceae content (p=0.0079 and p =0.0054, respectively, Fig. 3d).

Kaplan-Meier analyses showed that the presence of Micrococcaceae bacteria was associated with the risk
of shortened PFS and OS (HR=3.31, 95% CI: 1.71-6.42, p=0.004, Fig. 4a and HR=3.89, 95% CI: 1.79-8.46,
p=0.006, Fig. 4c respectively).

Median PFS and OS in patients with Micrococaceae present were 1.9 months and 5.2 months, respectively,
and were lower compared to patients without identified bacteria from this family, which were 7.2 months
and 27.9 months, respectively. Also, the presence of bacteria from the Gemellaceae family indicates the risk
of shortened OS (HR=2.54, 95% CI: 1.12-8.5.76, p=0.026, Fig. 4d), and median OS was significantly lower
compared to patients in whom the bacteria in this group was not identified (5.4 vs. 21.2 months). The presence
of Oscillospirales uncultured is associated with a low risk of shortened PFS with HR=0.48, 95% CI: 0.24-0.95,
p=0.035 (Fig. 4b). The median PFS of patients in the presence of these bacteria was 8.3 months, and in their
absence was 4.9 months.

In species-level analysis, we observed in patients with a PES of more than 6 months, a lower rate of G: Rothia
(p=0.0037, Fig. 5a) Streptococcus salivarius (p=0.03, Fig. 5b) and G: Family XIII AD3011 group (p=0.038,
Fig. 5¢) and a higher percentage of S: Alistipes sp. (0.049, Fig. 5d) compared to patients with a PFS of less than
6 months. In patients with a PFS of more than 12 months, we observed a lower rate of G: Family XIII AD3011
group, S: uncultured bacterium (p=0.046, Fig. 5e), and a higher percentage of [Clostridium] leptum (p=0.027,
Fig. 5f) and G: Akkermansia (p=0.048, Fig. 5g).

In patients with OS over 6 months, a higher percentage of F: Ruminococcacea (p=0.0034, Fig. 5h), G:
[Eubacterium] ventriosum group, p=0.022, Fig. 5k), G: Marvinbryantia (p=0.032, Fig. 51), Colidextribacter
(p=0.023, Fig. 5m), [Clostridium)] leptum (p=0.036, Fig. 5n) and lower percentage of Rothia (p=0.0054, Fig. 5i),
Streptococcus salivarius (p =0.021, Fig. 5j) compared to patients with OS less than 6 months.

In patients with OS over 12 months, we found a lower percentage of G: Rothia (p=0.0054, Fig. 50) and higher
Marvinbryantia (p=0.014, Fig. 5p) compared to patients with OS less than 12 months.

In Kaplan-Meier analyses, we showed that the presence of G: Rothia or G: Family XIII AD3011 group
indicates the risk of shortening PFS with HR=3.31, 95% CI: 1.71 to 6.42, p=0.0004 (Fig. 6a) and HR=2.48,
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Fig. 4. Kaplan-Meier survival analysis curve in patients treated with ICI in the presence or absence of
Micrococcaceae for PFS (a) and OS (c), Oscillospirales uncultured for PES (b) and Gemellaceae for PES (d).
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Fig. 5. Comparison of bacterial content (microbiome at species level) in patients with PFS and OS at intervals
below and above 6 and 12 months.

95% CI: 1.27 to 4.83, p=0.0077 (Fig. 6¢) respectively. In addition, the presence of Alistipes sp. or [Clostridium]
leptum is associated with a low risk of shortened PFS with HR=0.35, 95% CI: 0.17 to 0.72, p=0.0042 (Fig. 6b),
and HR=0.43, 95% CI: 0.23 to 0.82, p=0.01 (Fig. 6d) respectively.

Discussion

We analyzed the gut microbiome composition in patients with non-small cell lung cancer treated with first-
line immuno- or chemoimmunotherapy. We first performed the analysis at the family taxonomic level, which
provided an overall picture of which bacterial taxa would benefit from immunotherapy and which might indicate
the success of ICI treatment.

The bacterial families Tannerellaceae, Oscillospirales genus: uncultured, Peptostreptococcae and
Ruminococcaceae in our analyses were associated with longer PFS, OS and treatment response. As for
Ruminococcacea, the study has shown that their number is significantly higher in patients with stable disease
than in patients with partial response.

Analysis on a species level provided a broader perspective of the relationship between the bacteria present
in the gut of NSCLC patients and the efficacy of ICI. We linked the Ruminococcaceae family with SD/PR and
PFS longer than 6 months. A study by Gopalakrishnan et al. reported that Ruminococcaceae were enriched in
response to anti-PD-1 melanoma treatment?!. In addition to melanoma, patients suffering from NSCLC, and
kidney cancer who respond to ICI in the gut also have more Ruminoccocus compared to non-responders?!=%’.
Jin et al. found Ruminococcus_unclassified enriched in non-responder patients with advanced NSCLC?. Our
study presented the Ruminococcaceae family as occurring in high percentages of patients with stable disease. It
is known that some patients treated with immunotherapy experience secondary resistance to treatment despite
early responses to immunotherapy, and perhaps this group of microorganisms should be looked at in this
aspect. This bacterium potential can predict the emergence of acquired resistance to ICI. However, this is only a
hypothesis that needs to be confirmed in studies. This is particularly important because this bacterium is primarily
associated with patients who respond to treatment; however, there have been studies linking representatives of
this group to non-response in NSCLC treatment?*?°. Gopalakrishnan et al. indicate that Ruminococcaceae in
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Fig. 6. Kaplan-Meier survival PFS analysis curve in patients treated with ICI in the presence or absence of
genus Rothia for PES (a), Alistipes sp. (b), Family XIII AD3011 group (c) and [Clostridium] leptum (d).

melanoma patients are highly-represented in patients responding to anti-PD-1 therapy. They also state that
Rothia is associated with a favourable course of treatment?!. Takabe et al. showed that Rothia in the tissue of
NSCLC was associated with worse survival. They found that Rothia was the only bacterium whose detection
in the microbiome of NSCLC tumors was significantly associated with shorter patient survival®’. Naddaf et al.
and Zhao et al. indicated that Rothia dentocariosa levels were increased in the stool of patients with lung and
hematologic cancers, as well as those with a history of Lynch syndrome and cancer. This increase correlates with
poorer treatment efficacy and shorter progression-free survival®**2, NSCLC tissue with Rothia was associated
with worse survival and favorable oncological characteristics such as less cell proliferation and favorable tumor
immune microenvironment. The authors speculate that Rothiain NSCLC tissue is associated with mortality
unrelated to oncological characteristics™.

Our study on the family Streptococcaceae and genus Streptococcus level found that they are more abundant in
patients with stable or progressive disease than those with partial response. Further analyses revealed that a high
level of Streptococcus salivarius can be associated with a lack of response to ICL, PES, and OS of less than 6 months.
Dora et al. studied 62 patients with advanced NSCLC treated with ICI. Our group included 52 patients treated
with first-line either immunotherapy or chemoimmunotherapy. In the Dora et al. study, 30 patients received ICI
in the first line, and 32 patients received ICI in the following line. Dora et al. also indicated that patients with
progression-free survival of less than 6 months positively correlated with Streptococcus salivarius®. A study
of the composition of the microbiome was conducted by Peiffer et al. in patients with metastatic castration-
resistant prostate cancer who had progressed after enzalutamide and had started anti-PD-1 treatment®. They
showed an increased level of S. salivarius in fecal samples in responders to treatment. Moreover, they suggest that
the association between fecal microbiota and treatment response to immunotherapy may be unique to cancer
type or previous treatment history™.

The following groups of bacteria found unfavorable for ICI response in our study were the Family XII AD3011
group and the Family XIII AD3011 group s. uncultured bacterium. The first one indicates short PFS (less than
6 months). Its presence increases the risk of shortened PFS and OS less than 12 months. The second indicates
a PFS of less than 12 months. Lou et al. suggest that the Family XIII AD3011 group in basal cell carcinoma is a
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promoter of the occurrence of this type of carcinoma. However, whether these groups can promote the growth of
carcinoma cells by influencing the migration and transformation of other cells requires further targeted research
for validation®. Xie et al. found that the genus Family XIII AD3011 group was negatively associated with the risk
of liver cancer’. In the study, Park et al. showed in stool sample study that the relative abundance of the genus
Family XIII AD3011 group was lower in the colorectal patients than in the control group (70 CRC subjects and
158 control subjects)*”.

In our study, the beneficial gut bacteria identified were species of Alistipes sp. Their presence was associated
with prolonged progression-free survival (PES) and a higher likelihood of achieving a PFS of more than six
months. Furthermore, these bacteria were linked to a better response to treatment than patients with a PFS of
less than six months and those with no response to treatment or disease stabilization. Other studies suggest that
Alistipes sp. species may predict response to ICI and longer survival times>?>3*38, Dora lists Alistipes shahii and
Alistipes finegoldii as being associated with PFS beyond 6 months in patients with NSCLC treated with anti-
PD-1. Patients with liver cancer who responded to anti-PD-1 therapy showed a higher abundance of Alistipes sp.
Marseille-P5997, and this was associated with longer PFS and overall survival in patients with inoperable liver
and biliary tract cancers®.

We also observed the genus [Eubacterium] ventriosum group as a positive predictor of ICI effectiveness. Its
higher percentage is seen in patients with OS above compared to those below 6 months, and its low percentage
is associated with non-response to treatment and disease progression. In Hokazaki study, the patients without
cachexia were enriched with beneficial bacteria, including Eubacterium®. In 113 Japanese patients with advanced
NSCLC treated with ICIs (79 in first-line monotherapy and 34 in second or later-line treatment), Eubacterium
ventriosum is associated with longer PFS and OS*. In addition, Eubacterium ventriosum was presented by Zhang
et al. as enriched in the high immune-related adverse events (irAE) group compared to the low-grade irAE
group in patients with esophageal cancer treated with ICI*!. This is an interesting observation because irAEs
were associated with better tumor response to treatment in patients with advanced NSCLC treated with ICIs*2.

The Marvinbrantia genus also favored patient response and more prolonged OS of more than 6 and 12 months,
compared to groups with disease stabilization or progression and OS of less than 6/12 months, respectively.
Also, Colidextribacter appeared as a genus associated with OS that was higher than 6 months. Newsome et
al. also indicate that the taxa associated with response to immunotherapy in NSCLC patients at stage IITA-IV
include Colidextribacter and Marvinbryantia®. Their group had a size of 65 III/TV NSCLC, 37 of whom had been
previously treated with chemotherapy. It is important to remember that pre-immuno treatment can influence
the microbiome’s composition. Therefore, our study focused on patients treated only in the first-line ICI alone
or in combination with chemotherapy. Research is also thought to be needed to assess potential microbiological
predictors of response to chemotherapy, immunotherapy or combination treatment.

Akkermansia muciniphila (A. muciniphila), described in the microbiome literature related to the efficacy
of ICI, can significantly inhibit carcinogenesis and improve antitumor activity*. Fan et al. indicate that A.
muciniphila is involved in host immune response and maintenance of intestinal barrier integrity**. In our study,
we show that a higher percentage of the Akkermansia genus in the gut microbiome, with A. muciniphila as
the leading representative, is associated with longer progression-free survival (PFS), precisely more than 12
months. A. muciniphila is widely reported in the literature as a favorable microorganism for immunotherapy.
Nevertheless, the mechanisms involved in its action and beneficial effects on the efficacy of immunotherapy
are not fully understood®>*. Derosa et al. indicate that the amount of A. muciniphila prior to treatment
implementation significantly predicts response to immunotherapy in patients with advanced NSCLC, even better
than PD-L1 expression. In addition, they indicate that the relative amount of A. muciniphila is a better predictor
of response expressed in OS length than the presence or absence of these bacteria®>. We have also shown that the
presence of the Clostridium leptum group ([Clostridium] leptum) is associated with prolonged PFS, with a higher
percentage of this bacterium indicating OS over six months. Gui et al. indicate that Faecalibacterium prausnitzii
and Clostridium leptum, belongers of Clostridium leptum group, showed significantly decreased NSCLC
compared to healthy individuals®’. Clostridium spp. is a broad genus, and this group includes Clostridium cluster
IV (Clostridium leptum group), and the classification of Clostridium spp. is constantly changing due to more and
more metagenomic data and 16S rRNA sequencing®.

E prausnitzii has probiotic immunomodulatory potential, and patients receiving ICI who developed colitis
had lower numbers of this microorganism, which enhances the tumor-suppressive effects of immune checkpoint
blockade®. Faecalibacterium prausnitzii, has been linked to favorable outcomes in melanoma, lung cancer and
renal cell carcinoma patients treated withimmunotherapy>’. In melanoma, patients who responded to ipilimumab
plus nivolumab had increased gut bacterial species, including F. prausnitzii®'. The differences in research on the
microbiome of oncology patients, as indicated by Zhang et al. or Zeriouh et al. In their reviews, the authors
indicate bacteria from the families Ruminococcaceae, Akkermasiacea, Bifidobacterium and Barnesiellaceae, which
are considered beneficial or not for oncological patients. This may be due to various factors, such as the type
of cancer and the type of immunotherapy used, the size of the group, treatment before the implementation of
immunotherapy, or the method used to assess the microbiome composition>?*3, It should also be mentioned
that NGS and metagenomic analysis are very good tools for screening and providing more and more data.
The resulting data introduce taxonomic reshuffling in microbiology. Therefore, tests identifying individual
bacteria, selected through metagenomics, can be based on other methods, such as targeting, for example, qPCR,
which will evaluate a narrower panel of selected bacteria. It is worth to mention that this is not a study of the
functionality of the bacteria in question. The value of this study is because extensive screening with NGS is the
starting point for selecting individual bacteria at particular taxonomic levels, which in the future can be used in
daily clinical practice as prognostic-predictive factors.
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Conclusion

We conclude that the beneficial bacteria for immunotherapy of NSCLC patients included F: Ruminococcaceae,
S: Alistipes sp., G: [Eubacterium] ventriosum group, G: Marvinbryantia, G: Akkermansia, G: Colidextribacter, S:
[Clostridum] leptum. Conversely, bacteria that adversely affect the response to ICI, shortening progression-free
survival (PES) or overall survival (OS), include G: Rothia, S: Streptococus salivarius, G: Streptococus, G: Family
XII1 AD3011 group, G: Family XIII AD3011 group, s. uncultured bacterium. Further research in this area should
be conducted to provide more information on how the microbiome and its bacterial components affect the
effectiveness of immunotherapy in NSCLC patients treated with first-line ICIs. This could potentially allow for
selecting individual bacterial strains that serve as clinically useful markers of treatment response. Further study
is needed to see if the same correlations occur in the immunotherapy group alone as in the group of patients
treated with concurrent chemotherapy.Disclosure statement
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