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Association between gut microbiome 
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in two small cell lung cancer cases with 
divergent outcomes

ABSTRACT
Introduction. Immunotherapy can be effective in some patients with small-cell lung cancer (SCLC) with good 

performance status. However, the factors contributing to sustained treatment responses remain unclear. The 

intestinal microbiome profile has emerged as a potential biomarker for the effectiveness of chemoimmunother-

apy in SCLC. Evidence suggests that microbiome diversity, both in richness and abundance, may influence 

immunotherapy outcomes. The presence or absence of specific bacterial populations may also be linked to 

treatment success or failure. This pilot study compared the gut microbiome profile in two SCLC patients with 

partial responses to chemoimmunotherapy but had distinctly different outcomes.

Material and methods. Metagenomic analysis of the gut microbiome was performed using stool samples 

from two patients collected prior to treatment initiation. Gut microbiome composition was determined based 

on next-generation sequencing of the hypervariable regions of the 16S rRNA gene. Both patients received 

a treatment regimen consisting of atezolizumab, carboplatin and etoposide.

Results. The progression-free survival (PFS) and overall survival (OS) were 5.7 and 10.2 months for the first 

patient and 19.9 and 34.9 months for the second patient, respectively. The patient with early progression 

exhibited reduced species-level diversity compared to the long-term responder. Additionally, bacteria from 

the families Lachnospiraceae, Akkermansiaceae were found to be more prevalent in the patient with greater 

immunotherapy benefit. Conversely, the families Enterobacteriaceae, Succinivibrionaceae, Streptococcaceae, 

and Desulfovibrionaceae were more abundant in the patient with short survival than in patients with pro-

longed response.

Conclusions. Bacteria residing in the gut may affect the efficacy of chemoimmunotherapy in SCLC patients 

and represents a promising candidate for predictive biomarkers of treatment response and efficacy.
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Introduction

Lung cancer is classified into two main subtypes: 
non-small cell lung cancer (NSCLC) and small cell 
lung cancer (SCLC). Small cell lung cancer accounts 

for approximately 15% of all lung cancer cases and is an 
aggressive malignancy with rapid progression and poor 
prognosis. Current chemotherapy regimens show lim-
ited effectiveness against SCLC, and disease progres-
sion is typically very rapid. The five-year survival rate 
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remains low (at around 7%) for both limited (LD) and 
extensive disease (ED) stages [1–3], and approximately 
75% of patients present with advanced or metastatic 
disease at diagnosis [1, 4, 5]. Given this poor prognosis, 
the 1year survival rate serves as a more clinically rele-
vant metric, showing modest improvement from 34.4% 
in 2000 to 38.4% in 2020 [6].

Until recently, the sole therapeutic option available 
for SCLC patients with extensive disease was debili-
tating and often ineffective chemotherapy. Currently 
however, according to IMpower133 and CASPIAN 
trial results, first-line treatments now include anti-pro-
grammed death ligand 1 (PD-L1) immune checkpoint 
inhibitors (ICIs), such as atezolizumab or durvalum-
ab, in combination with chemotherapy (CTH). These 
studies have demonstrated that chemoimmunotherapy 
significantly reduces the risk of disease progression and 
death compared to chemotherapy alone [7–10].

Despite advancements, SCLC patients are less like-
ly to benefit from chemoimmunotherapy compared to 
NSCLC cases, likely due to the distinct biological char-
acteristics. Factors influencing the efficacy of immuno-
therapy in SCLC include tumor mutations burden (TMB), 
major histocompatibility complex (MHC) class I and 
PD-L1 expression, tumor infiltration by effector T cells, 
as well as the presence of myeloid-derived suppressor  
cells and regulatory T cells, which inhibit immune system 
activation by ICIs. In addition, SCLC tumors often devel-
op nonvascular areas that exert an immunosuppressive 
effect and limit lymphocyte and antibody access [11].

Recently, the composition of the gut microbiome 
has been identified as a factor influencing the success 
of immunotherapy, though there is limited information 
available on this topic in SCLC patients [12–14].

Nevertheless, bacteria of the genera Barnesiella, 
Butyricimonas or the family Lachnospiraceae have been 
suggested to protect against SCLC, whereas the genera 
Intestinibacter, Bilophila, Eubacterium oxidoreducens 
group, and the order Bacillales have been associated 
with the development of SCLC [12].

In NSCLC, responders to ICI therapy typically 
show elevated Faecalibacterium counts in their gut mi-
crobiota and increased blood levels of short-chain fatty 
acids (SCFA). Additionally, fecal microbiota transplant 
(FMT) has been shown to potentially exert anticancer 
effects, as confirmed in mice [15]. Microbiome is in-
creasingly being considered as a potential biomarker for 
predicting the efficacy of immunotherapy and a possible 
target for enhancing treatment outcomes. Strategies of 
microbiome enrichment via probiotic or prebiotic sup-
plementations, and dietary interventions, are regarded 
as supportive treatments for immunotherapy [14].

The role of the microbiome in modulating im-
munotherapy response in SCLC patients is poorly 
understood. However, emerging evidence suggests its 
potential utility both as a predictive biomarker for ICI 
effectiveness and as an adjuvant therapy (such as FMT). 

Here, under analysis, are the gut microbial profiles 
of two SCLC patients who presented partial responses 
to chemoimmunotherapy but with markedly different 
progression-free survival (PFS) and overall survival 
(OS). The present findings highlight distinct microbial 
signatures that may underlie these differential treatment 
responses, with particular focus on bacterial taxa whose 
presence or absence correlates with clinical outcomes.

Material and methods

Patient characteristics

Two patients diagnosed with extensivestage small 
cell lung cancer (ED-SCLC) received first-line chemo-
immunotherapy consisting of carboplatin, etoposide 
and atezolizumab. Fecal samples were collected before 
the start of the treatment. 

The first patient was a 55-year-old male who was 
a current cigarette smoker was diagnosed in August 
2021 with a tumor in the right lung, accompanied by 
metastatic lesions in the mediastinal lymph nodes, 
liver, and spinal canal. The patient remained in good 
performance status [grade 1, according to the Eastern 
Cooperative Oncology Group (ECOG)]. He completed 
four cycles of chemoimmunotherapy, followed by four 
cycles of atezolizumab monotherapy, both well-toler-
ated, achieving partial response that transitioned to 
stable disease. However, central nervous system (CNS) 
metastases led to disease progression six months after 
treatment initiation. The patient underwent palliative 
brain radiotherapy but was deemed ineligible for further 
systemic treatment. The patient passed away 10 months 
after starting the treatment, 4.5 months following im-
munotherapy discontinuation.

The second patient was a 73-year-old male smoker 
with good performance status diagnosed with ED-
SCLC in July 2021. The disease included infiltration 
of the left lung hilum, lymph node metastases, and left 
pleural effusion. He underwent four cycles of chemo-
immunotherapy, followed by atezolizumab therapy for 
24 cycles, which he tolerated well. Partial remission of 
infiltrative lesions and complete remission of pleural 
effusion were observed. During immunotherapy, the 
patient received palliative radiotherapy to the left hilar 
region. A stable renal mass without histopathological 
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confirmation was concurrently observed. Local disease 
progression occurred after 20 months of treatment. The 
patient was started on second-line chemotherapy with 
carboplatin and etoposide in March 2023 but received 
only two cycles due to severe hematologic toxicity, 
after which treatment was discontinued. The disease 
remained stable until November 2023 when progres-
sion of thoracic lesions and CNS metastases developed. 
The patient was qualified for CAV (cyclophosphamide, 
doxorubicin, and vincristine) chemotherapy  and whole 
brain radiotherapy, achieving a partial response.

The patient also received treatment with acyclovir 
for shingles during the course of therapy. The patient 
completed four cycles of CAV therapy before discontin-
uation due to significant clinical deterioration, including 
deterioration of performance status, grade II anemia 
and grade I neutropenia. The patient died 35 months 
after the initiation of chemoimmunotherapy. The inter-
val between immunotherapy progression and death was 
15 months, with 4 months elapsing between termination 
of anticancer treatment and death. 

Comparative PFS and OS outcomes for both pa-
tients are presented in Figure 1.

16S rRNA sequencing

Stool samples were collected prior to the treat-
ment and stored at –80°C. Sample aliquots (20  mg) 

were homogenized (FastPrep 24, MP Biomedicals) 
and pre-treated with a mix of lysozyme (10 µg/ml, 
A&A Biotechnology) and lysostaphin (2000 U, Sigma-
Aldrich) for 30 min at 37°C. Total DNA was isolated 
using a Maxwell RCS 48 instrument (Promega) with the 
RSC Tissue DNA Kit (Promega). DNA concentration 
was measured with a Qubit 3.0 fluorometer (Thermo 
Fisher Scientific) using the High Sensitivity DNA Assay 
(Thermo Fisher Scientific).

Sequencing libraries were prepared from 15 ng of 
total DNA following the 16S metagenomics protocol 
(Illumina). Library quality was assessed by gel electro-
phoresis (Fragment Analyzer, Agilent Technologies) 
using dsDNA 935 Reagent Kits. Quantitative nor-
malization of the libraries was performed using the 
Qubit 3.0 with the High Sensitivity Assay (Thermo 
Fisher Scientific).

Pair-end sequencing (2 × 300 bp) was performed 
using a V3 kit on the MiSeq platform (Illumina). 
The resulting fastQ files were quality-checked using 
FastQC. The V3 and V4 regions of the 16S rRNA 
gene were analyzed with Qiime 2.0, utilizing the 
Silva database.

Sequencing data were deposited in the ENA re-
positories (BioProject ID: PRJNA1096150). The study 
received approval from the Bioethics Committee at 
the Medical University of Lublin (approval number 
KE-0254/58/2019).

Time from diagnosis to start chemoimmunotherapy
Duration of subsequent systemic treatment lines

PFS (from start of treatment to progression on immunochemotherapy)
Time from oncological treatment end to death

Survival times [months]

Patient with 
short survival 
times

OS = 10.2 months

1.0 5.7 0       4.5

RTH 
for CNS 
lesions

Patient with 
long survival 
times 0.2                                                  19.9                                                                                          11.2                                    3.8

OS = 34.9 months

Stable renal tumor diagnosis Second line CE
Third line CAV

RTH for head lesions
Acyclovir for shingles

Diagnosis

Diagnosis

Figure 1. Survival times of the studied patients with corresponding treatment regimens; CAV — cyclophosphamide, doxorubicin, 
vincristine; CE — carboplatin and etoposide; CNS — central nervous system; OS — overall survival; PFS — progression-free 
survival; RTH — radiotherapy
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The composition of the gut microbiome has recent-
ly emerged as a potential predictor of immunotherapy 
efficacy in various cancer types. Depending on the 
histopathological diagnosis, distinct bacterial taxa may 
exert either beneficial or detrimental effects on tumor 
progression. This dynamic is further complicated by 
numerous factors influencing microbiome composition, 
including tumor location, treatment type and regimen, 
as well as immune system activity. Additionally, life-
style,  environmental pollutants and clinical factors 
such as diet, comorbidities or medication use (particu-
larly antibiotics), may significantly affect the microbi-
ome composition.

Numerous studies have demonstrated the microbi-
ome’s influence on the efficacy of ICI therapies across 
various malignancies, including NSCLC. However, 
data remain limited for SCLC, as chemoimmunother-
apy (platinum-etoposide with anti-PD-L1 agents) was 
only recently approved based on the CASPIAN and 
IMpower133 trials [7–10].

Specific bacterial taxa have been identified as po-
tential predictive factors for immunotherapy efficacy 
in various cancer types. Next-generation sequencing 
provides a powerful platform for comprehensive mi-
crobiome profiling and identification of treatment-as-
sociated microbial signatures. One notable example is 
Akkermansia muciniphila, whose presence in the intes-
tine has been associated with improved immunotherapy 
response, along with prolonged PFS and OS in NSCLC 
and renal cell carcinoma [17, 18].

The present analysis revealed a significantly high-
er abundance of the family Akkermansiaceae in the 
gut microbiome of the patient with an extended treat-
ment response compared to the short-responding case 
(19.3% vs. 0.007%, respectively). This observation aligns  
with established evidence for Akkermansia muciniph­
ila, the best-studied species in this family [17]. Multi-
variate analyses have established that the association of  
A. muciniphila with improved immunotherapy response 
remains significant after controlling for key clinical vari-
ables including age, sex, performance status, antibiotic 
use, and PD-L1 status [17].

The family Lachnospiraceae, consistently associat-
ed with improved ICI efficacy across multiple studies 
[14], was abundant in the current long-responding 
SCLC patient. Particularly noticeable in our study 
was the elevated abundance of specific beneficial 
species, including Lachnoclostridium phocaeense, 
(Clostridium) scindens or Shuttleworthia in patient 
with long PFS and OS compared to the patient with 
short survival times.
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Figure 2. Comparison of the number of taxa between the 
studied patients

Results

The patient with a higher number of taxa at the 
species level and fewer bacterial families (by four) had 
longer PFS, OS and time from progression to death 
compared to the patient with a lower number of taxa 
(Fig. 2). 

Notable differences were observed in the abun-
dance of bacterial groups at the family level (Fig. 3). 
The long-surviving patient exhibited greater microbial 
diversity with significantly elevated proportions of 
bacteria from the families Lachnospiraceae (23.91% 
vs. 1.39%) and Akkermansiaceae (19.27% vs. 0.01%). 
Conversely, the short-surviving patient showed 
marked enrichment of the families Enterobacteriaceae 
(20.61% vs. 0.69%), Succinivibrionaceae (12.56% 
vs. 0.00%), Streptococcaceae (11.77% vs. 0,95%), and 
Desulfovibrionaceae (6.64% vs. 0.04%).

Discussion 

Next-generation sequencing (NGS) has revolution-
ized microbiome research, providing unprecedented in-
sights into microbial diversity and systematics, including 
non-culturable organisms [16]. While knowledge about 
intestinal bacteria has expanded substantially, numer-
ous aspects remain to be explored. Although microbi-
ome analysis is complex, it holds significant potential 
for advancing clinical approaches to cancer treatment.
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Lachnospiraceae 23.907% 1.394%
Akkermansiaceae 19.269% 0.007%
Bacteroidaceae 11.946% 17.171%
Ruminococcaceae 8.246% 2.177%
Rikenellaceae 5.163% 8.848%
Acidaminococcaceae 4.827% 1.567%
Anaerovoracaceae 4.526% 0%
Tannerellaceae 4.284% 2.128%
Oscillospiraceae 3.794% 0.177%
Erysipelatoclostridiaceae 2.745% 0.118%
Eggerthellaceae 2.027% 0.269%
[Eubacterium] coprostanoligenes group 1.936% 0.069%
Streptococcaceae 0.954% 11.765%
Erysipelotrichaceae 0.748% 2.745%
Enterobacteriaceae 0.690% 20.609%
Veillonellaceae 0.682% 6.007%
Selenomonadaceae 0.633% 0.040%
Barnesiellaceae 0.425% 0%
Prevotellaceae 0.402% 1.838%
Bi�dobacteriaceae 0.319% 1.361%
Peptostreptococcales-Tissierellales 0.290% 0.016%
Eubacteriaceae 0.279% 0%
Christensenellaceae 0.277% 0.265%
Porphyromonadaceae 0.263% 3.428%
Coriobacteriaceae 0.248% 0.123%
Monoglobaceae 0.179% 0%
Chloroplast 0.179% 0.123%
Enterococcaceae 0.145% 0.064%
o: Bacteroidales. f: uncultured 0.130% 0.198%
Marini�laceae 0.091% 0.090%
Sutterellaceae 0.082% 0.127%
d: Bacteria 0.045% 0%
Desulfovibrionaceae 0.035% 6.640%
o: Rhodospirillales. f: uncultured 0.032% 0%
Oxalobacteraceae 0.029% 0.067%
Butyricicoccaceae 0.027% 0.017%
Carnobacteriaceae 0.026% 0.022%
Mitochondria 0.019% 0%
Burkholderiaceae 0.018% 0.028%
Anaerofustaceae 0.015% 0.008%
Micrococcaceae 0.012% 0.195%
Coriobacteriales Incertae Sedis 0.012% 0.007%
Peptostreptococcaceae 0.012% 0%
Gastranerophilales 0.010% 0%
Muribaculaceae 0.008% 0.107%
Fusobacteriaceae 0.008% 1.225%
Peptococcaceae 0.006% 0%
Synergistaceae 0.006% 0.065%
Actinomycetaceae 0.005% 0.109%
De�uviitaleaceae 0.003% 0%
Clostridia UCG-014 0% 0.002%
Lactobacillaceae 0% 1.740%
Halococcaceae 0% 0.480%
Clostridiaceae 0% 1.988%
Succinivibrionaceae 0% 12.557%
Atopobiaceae 0% 0.306%
Pasteurellaceae 0% 0.026%
Saccharimonadaceae 0% 0.182%
Gemellaceae 0% 0%
Saccharimonadales 0% 0.004%
Campylobacteraceae 0% 0.010%
Bacteroidales Incertae Sedis 0% 0.010%
Propionibacteriaceae 0% 0.002%

Patient’s survival times

Taxa
Long Short

Abundance of taxa Legend [%]

23.907

0

Figure 3. Comparison of gut microbiome diversity at the family level in small cell lung cancer patients with short and long 
progression-free survival (PFS) and overall survival (OS) following first-line chemoimmunotherapy

As a phylogenetically diverse family, Lachnospi­
raceae encompasses the probiotic-rich order Lachno­
clostridium and the Clostridium XIVa cluster, involved 
in homeostasis maintenance in the human gut [19]. 
Their health-promoting effects are mediated through 
production of short-chain fatty acids (SCFAs), which 
function as immunomodulatory metabolites and pre-
biotics [19].

Lachnoclostridium phocaeense is a relatively recently 
described bacterium, with no existing reports linking 
it to the efficacy of immunotherapy in cancer patients 
[20]. However, reduced abundance of butyrate-produc-
ing bacteria (Anaerostipes hadrus, Lachnoclostridium 
phocaeense, and Romboutsia ilealis) has been observed 
in pancreatic cancer patients compared to controls [21].  
It should be mentioned that these findings require 
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validation in larger cohorts, as the study involved only 
eight participants per group.

The present study observed that the patient with shor- 
ter survival time had an increased abundance of the 
family Enterobacteriaceae, including the genera Shigella-
Escherichia.  This family has been shown to be enriched 
in cancer patients compared to healthy individuals [22], 
and correlates with poorer anti-PD-1 response in lung 
cancer [23]. On the other hand, another study using 16S 
rRNA analyses, showed significantly higher numbers 
of Escherichia-Shigella, Akkermansia and Olsenella in 
patients with stable disease (SD) compared to those 
with progression [24]. This discrepancy may reflect the 
dynamic nature of immunotherapy responses, where 
initial disease stabilization often precedes rapid pro-
gression  — a process potentially mediated by microbi-
ome alterations.

Clinical studies demonstrate that probiotic inter
ventions (e.g., JK5G — a blend of 21 inactivated 
Lactobacillus strains and metabolites) can modulate 
gut microbiota in NSCLC patients receiving immu-
notherapy. These treatments increase beneficial taxa 
(Faecalibacterium, Ruminococcaceae) and butyrate lev-
els while reducing Escherichia-Shigella populations [25].

It should be noted that Shigella and E. coli cannot be 
reliably differentiated via 16S rRNA gene sequencing 
or whole-genome analysis due to their genetic similari-
ty. While most E. coli strains are harmless gut commen-
sals, specific pathotypes can cause severe infections, 
including diarrhea, dysentery, or even meningitis.

The current study identified Succinivibrionaceae 
as another bacterial family enriched in the patient 
with short survival times. While existing literature 
associates this bacterial family with increased cancer 
risk — including ovarian cancer (Mendelian random-
ization evidence) [26] and cervical cancer (case-con-
trol data) [27] — no direct evidence currently links 
Succinivibrionaceae to ICI treatment outcomes.

However, research shows that the genus Strep-
tococcus is significantly more abundant in patients 
without response to ICIs [13]. In the present study, 
Streptococcaceae (and its representative Streptococcus 
salivarius ) was more abundant in the patient with a short 
survival time. Furthermore, prior work indicates that 
Streptococcus salivarius and Streptococcus vestibularis 
are associated with short PFS in NSCLC patients treated 
with ICIs [13]. In the other hand the genus Streptococcus 
has also been found to be more abundant in broncho-
alveolar lavage (BAL) samples from NSCLC patients 
responding to immunotherapy [28]. Bacteria of the 
family Streptococcaceae may infiltrate tissues through 
the bloodstream, potentially contributing to immuno-
suppression by inducing inflammation.

It is important to note that the genus Streptococcus 
represents a broad group of bacteria, with individual 
strains differing in their potential to support immu-
notherapy. For example, S. salivarius demonstrated 
significant abundance differences between pembroli-
zumab responders and non-responders in metastatic 
castration-resistant prostate cancer progressing after 
enzalutamide administration [29]. Furthermore, quanti-
tative PCR analysis of DNA extracts from fecal samples 
confirmed increased S. salivarius levels in responders, 
confirming that specific bacterial strains can either 
enhance or hinder the effectiveness of ICIs.

Also observed were elevated counts of bacteria from 
the family Desulfovibrioceae in the short-surviving pa-
tient compared to the patient with prolonged survival. 
On the other hand, previous research indicated that 
these bacteria were more abundant in NSCLC patients 
responding to ICI therapy [30], or that Bifidobacterium 
and Desulfovibrio were enriched in patients without 
immune-related adverse events (irAEs) [31]. Although 
IrAEs can be life-threatening, they often indicate 
immune system activation and increased ICI effica-
cy. Strong evidence suggests that NSCLC patients 
with a history of irAEs achieve a significantly higher 
objective response rate and longer PFS and OS than 
those without irAEs [32]. Neither of the two patients 
developed irAEs, precluding any direct evaluation 
of the relationship between microbiome composition 
and irAE emergence. Future studies in SCLC patients 
should examine both gut microbiome composition and 
irAE occurrence.

There are several limitations in the present study. 
First, the analysis included only two patients. Second, 
the patients presented at different disease stages  — the 
short-surviving patient had multiple distant metastases 
at diagnosis, while the long-responding patient was 
classified with ED based on pleural effusion. It is pos-
sible that the microbiome’s composition was influenced  
by the disease stage or, conversely, that it may have 
contributed to the occurrence of multiple metastases 
at the time of diagnosis.

Despite these limitations, both patients showed 
initial treatment response, suggesting that the gut 
microbiome could influence response duration to ICI 
therapy. Present findings should be considered pre-
liminary, highlighting the importance of conducting 
further investigations involving a larger cohort of pa-
tients. Future studies may focus on selected bacterial 
species, identified through methods other than NGS 
16S rRNA screening. Such research could translate into 
clinical practice, potentially enabling implementation 
of  FMT — an established gastroenterological therapy 
that may now prove valuable for oncology applications.
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Conclusions

The gut microbiome shows significant potential as 
both a prognostic biomarker and predictor of immu-
notherapy response in SCLC patients. However, these 
preliminary observations require validation through 
larger, statistically powered clinical studies to establish 
definitive correlations between microbial profiles and 
treatment outcomes.
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