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Figure 1 The participant pathway of the clinical trial 
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ABSTRACT

Introduction: Chemotherapy combined with immunotherapy is the standard first-line 
treatment for driver-gene negative advanced non-small cell lung cancer (NSCLC). 
However, due to the immune microenvironment imbalance and immune status 
impairment caused by repeated chemotherapy, as well as the primary or secondary 
resistance to immune checkpoint inhibitors, the efficacy of immunotherapy combined 
with chemotherapy remains unsatisfactory. Recent studies have shown that fecal 
microbiota transplantation (FMT) can modulate the intestinal microflora, affecting the 
tumor immune microenvironment, and further enhancing the efficacy of tumor 
immunotherapy.
Methods and analysis: FMT-JSNO-02 (NCT06403111) is a prospective, multicenter, 
single-arm exploratory study. It is planned to include 62 cases of previously untreated 
driver-gene negative, ECOG PS 0-1, PD-L1<50% advanced NSCLC patients, who will 
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be given FMT by orally ingested stool capsules on the basis of first-line treatment of 
chemotherapy combined with immunotherapy. The safety and efficacy of this treatment 
regimen will be evaluated, with the primary endpoint being the 12-months 
progression-free survival (PFS) rate.
Ethics and dissemination: Approved by the Ethics Committee of Changzhou No.2 
People's Hospital (number [2024] YLJSA005).
Trial registration number: NCT06403111.
Strengths and limitations of this study：
 This is a multicenter prospective study.
 Our study aims to regulate intestinal flora and introduce FMT into the first-line 

treatment of lung cancer for the first time.
 The sample size in this study is relatively small.
 This is a single-arm study rather than a randomized controlled study.

keywords: Fecal microbiota transplantation, Non Small Cell Lung Cancer, 
Chemotherapy, Immunotherapy

A word count: 3205
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1. Introduction

Current Situation and Dilemmas of Immunotherapy for NSCLC

Lung cancer is the most common malignancy worldwide and remains the leading cause 

of cancer-related mortality, accounting for 18.7% of all cancer deaths.[1]As the main 

pathological subtype of lung cancer, the majority of NSCLC patients present with local 

spread or distant metastasis upon diagnosis, losing the opportunity for surgery and having 

a very poor prognosis. In recent years, immune checkpoint inhibitors (ICIs), particularly 

those targeting the programmed death receptor 1 (PD-1) and its ligand (PD-L1), 

markedly improved the treatment outcomes and becoming an effective treatment strategy 

for NSCLC.

At present, the combination of chemotherapy and immunotherapy has become the 

standard first-line treatment for patients with advanced NSCLC due to extensive clinical 

studies conducted on Pembrolizumab and Nivolumab. Tislelizumab developed in China 

has also shown remarkable efficacy. In patients with lung adenocarcinoma, the addition 

of Tislelizumab to chemotherapy resulted in significantly prolonged median 

progression-free survival (mPFS) compared to chemotherapy alone (9.7 versus 7.6 

month), with a 12-month PFS rate of 31.3%.[2] Similarly, in patients with squamous cell 

lung cancer, the mPFS for Tislelizumab plus chemotherapy group was also higher than 

that of chemotherapy alone (7.6 months versus 5.5 months).[3]

Although ICIs significantly improved the survival of patients with advanced NSCLC, 

primary or acquired immune resistance inevitably occurs in clinical practice. Existing 

research suggests that primary immune resistance is related to the dysfunction in tumor 

antigen processing and presentation, insufficient T cell infiltration in the tumor 

microenvironment (TME), and over expression of suppressive immune cells.[4] Acquired 

immune resistances is related to adaptive changes that occur in tumor cells and the TME 
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during exposure to immunotherapy.[5] 

Nowadays, a growing body of research suggests that gut flora may be able to reverse 

immune resistance. For instance, gut microbiota can regulate the infiltration of immune 

cells in the TME by modulating innate and adaptive immunity. They can also reprogram 

the TME through their reactive metabolites or secretions, affecting the efficacy of ICIs 

and even reversing immune resistance.[6] Bifidobacterium can promote the maturation of 

dendritic cells and increase the infiltration of CD8+ T cells in the TME as well.[7] 

Similarily, research on the improvement of tumor immunotherapy efficacy by gut 

microbiota has been widely verified. Zitvoge found that the antitumor effects of cytotoxic 

T-lymphocyte-associated protein 4 (CTLA-4) blockade depended on distinct Bacteroides 

species. Tumors in antibiotic-treated or germ-free mice did not respond to CTLA-4 

blockade. This defect was overcome by gavage with B. fragilis, by immunization with B. 

fragilis polysaccharides, or by adoptive transfer of B. fragilis-specific T cells.[8] At the 

same time, Sivan et al. found that mice orally administered Bifidobacterium could 

achieve the same anti-tumor effect as PD-L1 monoclonal antibodies, and the combination 

almost completely inhibited tumor growth.[7] Therefore, modulating gut microbes has the 

potential to further improve the treatment outcomes for patients receiving 

immunotherapy.

Current Status of Fecal Microbiota Transplantation (FMT) 

The gut microbiota is susceptible to various factors, including the use of broad-spectrum 

antibiotics, repeated chemotherapy and other treatments. Common methods to regulate 

the intestinal microbiota include dietary intervention, probiotics, prebiotics, and FMT. 

Among these approaches, FMT stands as the most established technique.[9] FMT is the 

transplantation of functional flora from the stool of a healthy person into the intestine of a 
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patient in a certain way. This method mainly includes two ways: injecting microflora 

fluids and swallowing capsules. Among them, FMT by orally ingested stool capsules 

(capsulized FMT) has the characteristics of a wide range of application, high acceptance 

degree, relative economy and convenience.[10] 

FMT has been shown to ugment the antitumor effect of ICIs and overcome resistance to 

immunotherapy. In a study focused on 15 melanoma patients resistant to anti-PD-1 

therapy, rechallenge with FMT and Pembrolizumab showed an objective responses in 3 

out of 15 patients, and these 3 patients kept stable disease (SD) for more than 12 

months.[11] In a clinical trial (NCT04264975), researchers performed FMT with anti-PD-1 

inhibitors in 13 patients with anti-PD-1 refractory advanced solid cancers. The results 

showed that FMT induced sustained microbiota changes and clinical benefits in 6 

patients, achieving an objective response rate (ORR) of 7.7% and a disease control rate 

(DCR) of 46.2%.[12] As a result, FMT holds great potential to reverse immune resistance 

and enhance the efficacy of immunotherapy. 

Hence, we conduct such a prospective, exploratory study in order to verify whether FMT 

combined with first-line treatment can prolong the treatment efficacy for driver-gene 

negative NSCLC. By observing the adverse events and measuring the 12-months PFS 

rate, the safety and efficacy of this therapy will be verified. It may be possible to provide 

a more effective treatment option for NSCLC patients.

2. Methods

2.1 Study Design
This is a prospective, multicenter, single-arm exploratory study aimed at evaluating the 

safety and efficacy of FMT combined with first-line treatment for driver-gene negative 

NSCLC patients. A total of 62 patients with driver-gene negative, ECOG PS 0-1, and 
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PD-L1<50% who have not received prior treatment are expected to be included in this 

study without grouping. Patients with squamous cell lung cancer will receive 

Nab-paclitaxel + Platinum + Tislelizumab for 4-6 cycles and then Tislelizumab 

maintenance therapy. Patients with lung adenocarcinoma will receive Pemetrexed + 

Platinum + Tislelizumab for 4-6 cycles and then Tislelizumab + Pemetrexed maintenance 

therapy. All the enrolled patients or their designated agents will sign the informed 

consent form within 3 days before starting treatment. The study was approved by the 

ethics committee of Changzhou No.2 People's Hospital (number [2024] YLJSA005), and 

was registered at ClinicalTrials.gov (NCT06403111). See Figures 1 for details 

2.2 Patient Population
Inclusion criteria:

 The subjects voluntarily joined the study and were able to sign the informed consent 

with good compliance.

 Age 18-80 years old (when signing the informed consent form).

 Patients with histologically or cytologically proven locally advanced (ⅢB/ⅢC), 

metastatic, or recurrent (stage IV) NSCLC who are inoperable and unable to receive 

radical concurrent chemoratherapy, according to the International Association for the 

Study of Lung Cancer and the American Joint Committee on Cancer Classification, 

8th Edition TNM Classification of Lung cancer.

 Have not received systemic intravenous anti-tumor therapy before, and the 

driver-gene is negative.

 PD-L1 expression <50%.

 According to the solid tumor efficacy evaluation criteria (RECIST 1.1), there is at 

least one radiographically measurable lesion. That is, in CT or MRI detection, the 

longest diameter of a single lesion was ≥10mm, or the pathological enlargement of a 

single lymph node was ≥15mm.

 The physical status score of Eastern Tumor Collaboration Group (ECOG) was 0-1.
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 Expected survival >3 months.

 Have adequate organ and bone marrow function, laboratory tests within 7 days prior 

to enrollment meet the following requirements (no blood components, cell growth 

factors, albumin and other corrective drugs are allowed within 14 days prior to 

obtaining laboratory tests), as follows: 1) Blood routine: absolute neutrophil count 

(ANC) ≥1.5×109/L, platelet (PLT) ≥75×109/L, hemoglobin (HGB) ≥90 g/L (no 

blood transfusion or erythropoietin dependence within 14 days). 2) Liver function: 

serum total bilirubin (TBIL) ≤2 times the upper limit of normal (ULN). Alanine 

aminotransferase (ALT) and/or aspartate aminotransferase (AST) ≤ 5x ULN, serum 

albumin ≥28 g/L. alkaline phosphatase (ALP) ≤5×ULN. 3) Renal function: serum 

creatinine (Cr) ≤1.5×ULN, or creatinine clearance ≥50 mL/min (using the standard 

Cockcroft-Gault formula) : Urine routine results showed urinary protein < 2+. For 

patients with urine protein ≥2+ at baseline, 24-hour urine collection and 24-hour 

urine protein quantification < 1g should be performed. 4) Coagulation function: 

International standardized ratio (INR) or prothrombin time (PT) ≤1.5 times ULN. If 

the subject is receiving anticoagulant therapy, as long as the INR is within the 

intended range of anticoagulant drug use.

 For female subjects of reproductive age, a urine or serum pregnancy test should be 

performed and the result is negative 3 days prior to receiving the initial study drug 

administration.

 Subjects and their sexual partners are required to use a medically approved 

contraceptive method (such as an intrauterine device (IUD), contraceptive pill, or 

condom) during the study treatment period and for 6 months after the end of the 

study treatment period.

Exclusion criteria:

 Currently participating in an interventional clinical study or receiving another 

investigational drug or investigational device within 4 weeks prior to initial dosing.
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 Received proprietary Chinese medicines with anti-tumor indications or 

immunomodulatory drugs (thymosin, interferon, interleukin, etc.) within 2 weeks 

before the first administration, or received major surgical treatment within 3 weeks 

before the first administration.

 Class III - IV congestive heart failure (New York Heart Association classification), 

poorly controlled and clinically significant arrhythmias.

 Any arterial thrombosis, embolism or ischemia, such as myocardial infarction, 

unstable angina pectoris, cerebrovascular accident or transient ischemic attack, 

occurred within 6 months before treatment.

 Known allergic reaction to the drug in this study.

 Patients requiring long-term systemic use of corticosteroids. Patients with chronic 

obstructive pulmonary disease (COPD) or asthma requiring intermittent use of 

bronchodilators, inhaled corticosteroids, or local corticosteroids could be enrolled.

 Symptomatic central nervous metastases. Patients with asymptomatic brain 

metastases (BMS) or BMS whose symptoms are stable after treatment are eligible to 

participate in this study if they meet all of the following criteria: measurable lesions 

outside the central nervous system. No midbrain, pontine, cerebellum, meninges, 

medulla oblongata or spinal cord metastasis. Maintain clinical stability for at least 2 

weeks. Stop hormone therapy 3 days before the first dose of the study drug.

 There is an active infection requiring treatment or systemic anti-infective drugs have 

been used in the week prior to the first dosing.

 Has not fully recovered from toxicity and/or complications caused by any 

intervention before starting treatment (i.e., ≤ grade 1 or baseline, excluding weakness 

or hair loss).

 Known history of human immunodeficiency virus (HIV) infection (i.e. HIV 1/2 

antibody positive).

 Untreated active hepatitis B (defined as HBsAg positive and HBV-DNA copy 
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number detected greater than the upper limit of normal value in the laboratory of the 

study center). Note: Hepatitis B subjects who meet the following criteria can also be 

enrolled: HBV viral load <1000 copies /ml (200 IU/ml) before initial administration, 

subjects should receive anti-HBV therapy throughout the study chemotherapy drug 

treatment to avoid viral reactivation. 2) For subjects with anti-HBC (+), HBsAg (-), 

anti-HBS (-) and HBV viral load (-), prophylactic anti-HBV therapy is not required, 

but close monitoring of viral reactivation is required.

 Active HCV-infected subjects (HCV antibody positive and HCV-RNA levels above 

the lower limit of detection).

 Received live vaccine within 30 days prior to the first dose (cycle 1, day 1). Note: 

Injectable inactivated virus vaccine against seasonal influenza is permitted for 30 

days prior to initial administration. However, live attenuated influenza vaccines 

administered intranasally are not permitted.

 Pregnant or lactating women.

 Medical history or evidence of disease that may interfere with test results, prevent 

participants from fully participating in the study, abnormal treatment or laboratory 

test values, or other conditions that the investigator considers unsuitable for 

enrollment. The Investigator considers other potential risks unsuitable for 

participation in the study.

2.3 Treatment Regimen
Dose selection: Tislelizumab: 200mg. Pemetrexed: 500mg/m2. Nab-paclitaxel: 

260mg/m2. Platinum drugs (Cisplatin: 60-80mg/m2; Carboplatin: AUC=5; Nedaplatin: 

80mg/m2). Capsulized FMT: 30 capsules each time. Capsules will be stored in the 

refrigerator at -80° C. When taking capsules, take them out of the refrigerator, heat them 

in a water bath (single-hole water bath, JF-01 defroster) at 37 °C for 10 minutes, and 

swallow them with warm water.

Patients will receive the first-line regimen of Nab-paclitaxel + Platinum + Tislelizumab 
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(squamous cell lung cancer) / Pemetrexed + Platinum + Tislelizumab (lung 

adenocarcinoma) for 4-6 cycles. If there is no progression of the disease after 4-6 cycles 

of first-line treatment, then patients will enter the maintenance treatment stage. Patients 

will receive Tislelizumab maintenance treatment (squamous cell lung cancer ), or 

Tislelizumab + Pemetrexed maintenance treatment (lung adenocarcinoma). Capsulized 

FMT should be conducted on the 5th day (±2 days) after the start of the 1, 3 and 5 cycles 

of chemotherapy, as well as on the 5th day (±2 days) after the first maintenance 

chemotherapy (lung adenocarcinoma) and before the first maintenance immunotherapy 

(squamous cell lung cancer). See Figures 2 for details

2.4 Study Endpoints
The primary endpoint of the study is the 12-month PFS rate. Secondary endpoints include 

ORR, mPFS, overall survival (OS), duration of response (DOR), safety, microbiome 

diversity, and quality of life (QoL). Exploratory endpoints including efficacy predictive 

biomarkers, including fungi, bacteria, metabolomics, and proteomics.

2.5 Sample Size Estimation
The parameters are set as follows: the two-sided significance level alpha is set at 0.05. 

Based on an estimated dropout rate of 0% and a reference 12-month PFS rate of 35% 

published in the Rational-304 and 307 clinical studies, it is inferred that the 12-month 

PFS rate in this trial can reach 55%.[2,3] Therefore, a total sample size of 62 participants is 

determined for this study to ensure statistical power greater than 80%.

2.6 Efficacy and Safety Assessments
Imaging evaluation

The assessments of the screening period should be conducted within 28 days prior to the 

first administration of the study drug. Prior to treatment, researchers at the study center 

will confirm that subjects have measurable lesions that met the RECIST 1.1 criteria. The 

methods used to assess tumor burden at baseline must be consistent with those used for 

each subsequent follow-up assessment (CT/MRI). Additional imaging assessments of 
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other suspected involved areas (eg, brain) may be conducted based on the subject's 

clinical symptoms and signs. After enrollment, tumor status will be evaluated using 

imaging methods every 6 weeks (±7 days), every 12 weeks (±7 days) after 48 weeks 

until disease progression (RECIST 1.1) or death (during the course of patient treatment). 

For subjects who have completed treatment or have discontinued treatment for reasons 

other than disease progression, a single tumor imaging assessment should be performed 

at the time of treatment completion/discontinuation. 

Safety evaluation

Researchers will conduct safety assessments on patients every 3 weeks using 

NCI-CTCAE 5.0. After treatment ends, participants will be followed up for 30 days to 

detect adverse events (AE). If the patient has not received new anti-tumor treatment 

within 90 days after the last dose, severe adverse events (SAE) occurring within 90 days 

after the last dose will be collected. If the subject has received new anti-tumor treatment, 

SAE prior to the new treatment will be collected, with precedence given to those that 

have already occurred. Investigators should grade and record adverse events for each 

subject according to the NCI-CTCAE 5.0 criteria during the study and follow-up period. 

The characteristics of adverse events will be assessed and recorded based on severity, 

causality, toxicity grading, management measures, and outcomes.

Fecal and peripheral blood collection time

With the permission of the ethics committee, patients should provide 10ml whole blood 

samples and fecal samples at baseline, after two cycles of treatment, before maintenance 

treatment, and after two cycles of maintenance treatment for the detection of efficacy 

prediction markers (each cycle is 21 days).

2.7 Data Management
Data management methods
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The study will use a data collection system (91trial) for data management. All subjects 

will be assigned a unique ID. Researchers will input basic information, drug use, 

laboratory examination and other raw data information of subjects into 91trial. The 

system is subject to superior monitoring and cannot be arbitrarily modified. The data 

manager will write a data audit report based on the trial protocol and audit criteria in the 

database. The results of the patient's report on tests, examinations, etc. can be obtained 

from the electronic case report. Quality of life will be assessed using the 

EORTC-QLQ-C30 questionnaire, which will be available in both paper and electronic 

formats.

Reporting and collection of adverse events

When a clinical adverse event occurs, it will be detailed on the case report form with the 

time of occurrence, clinical manifestations, course of treatment, duration, outcome, and 

the relationship to this study. For those with laboratory abnormalities, follow-up will 

continue until the test results return to normal, or to the level before medical intervention, 

or until it is determined that the event is unrelated to the medical intervention. In the 

event of a serious adverse event, the serious adverse event form should be filled out and 

reported to the department and relevant functional departments within 24 hours and 

recorded in the hospital quality control system (HQS) system, with documentation in the 

medical record.

2.8 Statistical Analysis
SPSS Statistic will be used for statistical processing in this study. Kaplan-Meier survival 

analysis will be used to draw PFS and OS survival curves, and Log-rank or Breslow test 

will be used to explore statistical significance. Multivariate analysis of PFS rate and OS 

will be performed by Cox proportional risk model. 

2.9 Patient and public involvement
Patients and/or the public were not involved in the design, or conduct, or reporting, or 
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dissemination plans of this research.

3. Ethics and Dissemination

This prospective study has been approved by the Clinical Medical Technology Ethics 

Committee of Changzhou No.2 People's Hospital (number [2024] YLJSA005) and has 

been registered in ClinicalTrials.gov (NCT06403111).

4. Discussion

The application of ICIs has brought significant benefits to patients with driver 

gene-negative NSCLC, but statistics show that the 5-year survival rate for advanced 

NSCLC patients receiving immunotherapy is only about 20%.[13] With a deeper 

exploration of the mechanisms of immune resistance, researchers have found that the gut 

microbiota plays a crucial role in regulating the immune system and can significantly 

influence the effectiveness of immunotherapy.

Preclinical trials have demonstrated that specific gut microbiota or fecal microbiota 

transplantation using feces from patients who respond to ICIs can modulate the immune 

system, enhance immune cell infiltration in tumors, induce tumor regression, and 

improve the antitumor efficacy of ICIs.[7,14–16] Existing clinical trials have shown that 

exogenous microflora supplementation by FMT can change the composition of intestinal 

microflora and the proportion of dominant microflora, reprogram the tumor 

microenvironment, and overcome immune resistance.[11,17] However, the majority of 

related studies have focused on melanoma, with limited research in the field of lung 

cancer treatment. A proof-of-concept clinical trial conducted by a team of researchers in 

Korea has demonstrated the potential benefits of FMT in a clinical setting other than 

melanoma, giving us confidence to carry out our study.[12] Therefore, we designed a 

multi-prospective, multicenter, single-arm exploratory study of patients with advanced 

NSCLC. If patients treated with FMT have longer PFS and higher 12-months PFS rate, 
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this study is expected to provide strong evidence for further improving outcomes in lung 

cancer patients.

Clinical Trial Status
At the time of submission, the study is ongoing and open to recruitment patients.
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Figure 2 Timeline for FMT 

1038x314mm (96 x 96 DPI) 

Page 18 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
4 M

arch
 2025. 

10.1136/b
m

jo
p

en
-2024-094366 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only
Fecal microbiota transplantation combined with platinum-
based doublet chemotherapy and Tislelizumab as first-line 

treatment for driver-gene negative advanced non-small-cell 
lung cancer (NSCLC): study protocol for a prospective, 

multi-center, single-arm exploratory trial 

Journal: BMJ Open

Manuscript ID bmjopen-2024-094366.R1

Article Type: Protocol

Date Submitted by the 
Author: 20-Dec-2024

Complete List of Authors: Wei, Yanshuang; The Affiliated Changzhou No 2 People's Hospital of 
Nanjing Medical University, Department of Oncology
Qin, Lanqun; The Affiliated Changzhou No 2 People's Hospital of Nanjing 
Medical University, Department of Oncology; Nanjing Medical University, 
Changzhou Medical Center
Wu, Xinyu; The Affiliated Changzhou No 2 People's Hospital of Nanjing 
Medical University, Department of Oncology
Li, Dongqing; The Affiliated Changzhou No 2 People's Hospital of Nanjing 
Medical University, Department of Oncology; Nanjing Medical University, 
Changzhou Medical Center
Qian, Danping; The Affiliated Changzhou No 2 People's Hospital of 
Nanjing Medical University, Department of Oncology; Nanjing Medical 
University, Changzhou Medical Center
Jiang, Hua; The Affiliated Changzhou No 2 People's Hospital of Nanjing 
Medical University, Department of Oncology; Nanjing Medical University, 
Changzhou Medical Center
Geng, Qian; The Affiliated Changzhou No 2 People's Hospital of Nanjing 
Medical University, Department of Oncology; Nanjing Medical University, 
Changzhou Medical Center

<b>Primary Subject 
Heading</b>: Oncology

Secondary Subject Heading: Research methods

Keywords: CHEMOTHERAPY, Clinical Relevance, Clinical Trial, ONCOLOGY, 
Respiratory tract tumours < ONCOLOGY

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
4 M

arch
 2025. 

10.1136/b
m

jo
p

en
-2024-094366 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

1
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20 ABSTRACT

21 Introduction: Chemotherapy combined with immunotherapy is the standard first-line 
22 treatment for driver-gene negative advanced non-small cell lung cancer (NSCLC). 
23 However, due to the immune microenvironment imbalance and immune status 
24 impairment caused by repeated chemotherapy, as well as the primary or secondary 
25 resistance to immune checkpoint inhibitors (ICIs), the efficacy of immunotherapy 
26 combined with chemotherapy remains unsatisfactory. Recent studies have shown that 
27 fecal microbiota transplantation (FMT) can modulate the intestinal microflora, 
28 influence the tumor immune microenvironment, and even enhance the efficacy of 
29 immunotherapy. Therefore, we conduct this study to evaluate the efficacy and safety of 
30 FMT combined with standard first-line treatment for driver gene-negative advanced 
31 NSCLC. 
32 Methods and analysis: FMT-JSNO-02 (NCT06403111) is a prospective, multi-center, 
33 single-arm exploratory study. It is planned to include 62 cases of previously untreated 
34 driver-gene negative, Eastern Cooperative Oncology Group Performance Status
35 （ ECOG PS) 0-1, Programmed death ligand 1 (PD-L1) <50% advanced NSCLC 
36 patients, who will be given FMT by orally ingested stool capsules on the basis of 
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2

37 standard first-line treatment of chemotherapy combined with immunotherapy. The 
38 safety and efficacy of this treatment regimen will be evaluated, with the primary 
39 endpoint being the 12-months progression-free survival (PFS) rate.
40 Ethics and dissemination: The study was approved by the ethics committee of the 
41 Second Peoples’ Hospital of Changzhou (number [2024] YLJSA005) and is being 
42 conducted in accordance with the principles of the Declaration of Helsinki. The results 
43 of the study will be submitted for publication in peer-reviewed journals.
44 Trial registration number: ClinicalTrials.gov Identifier: NCT06403111. Date of 
45 registration: May 7, 2024, the first version protocol.
46 Strengths and limitations of this study：
47  This is a multi-center prospective study.
48  Our study aims to regulate intestinal flora and introduce FMT into the standard 
49 first-line treatment of lung cancer for the first time.
50  The sample size in this study is relatively small.
51  This is a single-arm study rather than a randomized controlled study.

52 keywords: Fecal microbiota transplantation, Non-Small Cell Lung Cancer, 
53 Chemotherapy, Immunotherapy
54

55 1. Introduction

56 Current Situation and Dilemmas of Immunotherapy for Non-Small Cell lung 

57 cancer (NSCLC)

58 Lung cancer is the most common malignancy worldwide and remains the leading cause 

59 of cancer-related mortality, accounting for 18.7% of all cancer deaths.[1]As the main 

60 pathological subtype of lung cancer, the majority of NSCLC patients present with local 

61 spread or distant metastasis upon diagnosis, losing the opportunity for surgery and 

62 having a very poor prognosis. In recent years, immune checkpoint inhibitors (ICIs), 

63 particularly those targeting the programmed death receptor 1 (PD-1) and its ligand (PD-

64 L1), markedly improved the treatment outcomes and becoming an effective treatment 

65 strategy for NSCLC.

66

67 At present, the combination of chemotherapy and immunotherapy has become the 

68 standard first-line treatment for patients with advanced NSCLC due to extensive 

69 clinical studies conducted on pembrolizumab and nivolumab. Tislelizumab developed 

70 in China has also shown remarkable efficacy. In patients with lung adenocarcinoma, 
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71 the addition of tislelizumab to chemotherapy resulted in significantly prolonged median 

72 progression-free survival (mPFS) compared to chemotherapy alone (9.7 versus 7.6 

73 month), with a 12-month PFS rate of 31.3%.[2] Similarly, in patients with lung 

74 squamous cell carcinoma, the mPFS for tislelizumab plus chemotherapy group was also 

75 higher than that of chemotherapy alone (9.6 months versus 5.5 months).[3]

76

77 Although ICIs significantly improved the survival of patients with advanced NSCLC, 

78 primary or acquired immune resistance inevitably occurs in clinical practice. Existing 

79 research suggests that primary immune resistance is related to the dysfunction in tumor 

80 antigen processing and presentation, insufficient T cell infiltration in the tumor 

81 microenvironment (TME), and over expression of suppressive immune cells.[4] 

82 Acquired immune resistances is related to adaptive changes that occur in tumor cells 

83 and the TME during exposure to immunotherapy.[5] 

84

85 Nowadays, a growing body of research suggests that gut flora may be able to reverse 

86 immune resistance. For instance, gut microbiota can regulate the infiltration of immune 

87 cells in the TME by modulating innate and adaptive immunity. They can also reprogram 

88 the TME through their reactive metabolites or secretions, affecting the efficacy of ICIs 

89 and even reversing immune resistance.[6] Researchers have conducted preliminary 

90 explorations into how gut microbiota affects the efficacy of immunotherapy. Zitvoge 

91 found that the antitumor effects of cytotoxic T-lymphocyte-associated protein 4 

92 (CTLA-4) blockade depended on distinct Bacteroides species. Tumors in antibiotic-

93 treated or germ-free mice did not respond to CTLA-4 blockade. This defect was 

94 overcome by gavage with B. fragilis, by immunization with B. fragilis polysaccharides, 

95 or by adoptive transfer of B. fragilis-specific T cells.[7] At the same time, Sivan et al. 

96 found that mice orally administered Bifidobacterium could achieve the same anti-tumor 

97 effect as PD-L1 monoclonal antibodies, and the combination almost completely 

98 inhibited tumor growth.[8] Therefore, modulating gut microbes has the potential to 

99 further improve the treatment outcomes for patients receiving immunotherapy.

100
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101 Current Status of Fecal Microbiota Transplantation (FMT)

102 The gut microbiota is susceptible to various factors, including the use of broad-

103 spectrum antibiotics, repeated chemotherapy and other treatments. Common methods 

104 to regulate the intestinal microbiota include dietary intervention, probiotics, prebiotics, 

105 and FMT. Among these approaches, FMT stands as the most established technique.[9] 

106 FMT is the transplantation of functional flora from the stool of a healthy person into 

107 the intestine of a patient in a certain way. This method mainly includes two ways: 

108 injecting microflora fluids and swallowing capsules. Among them, FMT by orally 

109 ingested stool capsules (capsulized FMT) has the characteristics of a wide range of 

110 application, high acceptance degree, relative economy and convenience.[10] 

111

112 The relationship between intestinal flora and immunotherapy efficacy has been 

113 preliminarily confirmed in some clinical studies of malignant tumors. For example, in 

114 a study focused on 15 melanoma patients resistant to anti-PD-1 therapy, rechallenge 

115 with FMT and Pembrolizumab showed objective responses in 3 out of 15 patients, and 

116 these 3 patients kept stable disease (SD) for more than 12 months.[11] In a clinical trial 

117 (NCT04264975), researchers performed FMT with anti-PD-1 inhibitors in 13 patients 

118 with anti-PD-1 refractory advanced solid cancers. The results showed that FMT 

119 induced sustained microbiota changes and clinical benefits in 6 patients, achieving an 

120 objective response rate (ORR) of 7.7% and a disease control rate (DCR) of 46.2%.[12] 

121 As a result, FMT holds great potential to reverse immune resistance and enhance the 

122 efficacy of immunotherapy. 

123

124 Hence, we conduct such a prospective, exploratory study in order to evaluate the 

125 efficacy and safety of FMT combined with standard first-line treatment for driver gene-

126 negative advanced NSCLC. We expect that the addition of FMT to the standard first-

127 line treatment in NSCLC will be safe and will have an enhancing effect.

128 2. Methods
129 2.1 Study Design
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130 This is a prospective, multi-center, single-arm exploratory study aimed at evaluating 

131 the efficacy and safety of FMT combined with standard first-line treatment for driver-

132 gene negative NSCLC patients. The trial protocol was written in accordance with the 

133 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 

134 guidance. The study will mainly be conducted at the Second Peoples’ Hospital of 

135 Changzhou, the Third Affiliated Hospital of Nanjing Medical University. Recruitment 

136 information can be obtained through outpatient consultations, posters displayed in the 

137 wards, and other channels. A total of 62 patients with driver-gene negative, Eastern 

138 Cooperative Oncology Group (ECOG) performance status (PS) 0-1, and PD-L1<50% 

139 who have not received prior treatment are expected to be included in this study without 

140 grouping. Patients will receive platinum-based doublet chemotherapy combined with 

141 tislelizumab as standard first-line treatment for 4-6 cycles and then enter maintenance 

142 therapy. FMT will be given to patients during the first, third, and fifth treatment cycles, 

143 as well as during the first maintenance therapy. All the enrolled patients or their 

144 designated agents will sign the informed consent form within 3 days before starting 

145 treatment. This study was approved by the ethics committee of the Second Peoples’ 

146 Hospital of Changzhou (number [2024] YLJSA005). See figure 1 for details.

147 2.2 Patient Population
148 Inclusion criteria:
149  The subjects voluntarily joined the study and were able to sign the informed 

150 consent with good compliance.

151  Age 18-80 years old (when signing the informed consent form).

152  Patients with histologically or cytologically proven locally advanced (ⅢB/ⅢC), 

153 metastatic, or recurrent (stage IV) NSCLC who are inoperable and unable to 

154 receive radical concurrent chemoradiotherapy, according to the International 

155 Association for the Study of Lung Cancer and the American Joint Committee on 

156 Cancer Classification, 8th Edition TNM Classification of Lung cancer.

157  Have not received systemic intravenous anti-tumor therapy before, and the driver-

158 gene is negative.

159  PD-L1 expression < 50%.
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160  According to the solid tumor efficacy evaluation criteria (RECIST version 1.1), 

161 there is at least one radiographically measurable lesion. That is, in CT or MRI 

162 detection, the longest diameter of a single lesion was ≥ 10mm, or the pathological 

163 enlargement of a single lymph node was ≥ 15mm.

164  The physical status score of Eastern Tumor Collaboration Group (ECOG) was 0-

165 1.

166  Expected survival > 3 months.

167  Have adequate organ and bone marrow function, laboratory tests within 7 days 

168 prior to enrollment meet the following requirements (no blood components, cell 

169 growth factors, albumin or other corrective drugs are allowed within 14 days prior 

170 to obtaining laboratory examination), as follows: 1) Blood routine: absolute 

171 neutrophil count (ANC) ≥ 1.5×109/L, platelet (PLT) ≥ 75×109/L, hemoglobin 

172 (HGB) ≥ 90 g/L (no blood transfusion or erythropoietin dependence within 14 

173 days). 2) Liver function: serum total bilirubin (TBIL) ≤ 2 times the upper limit of 

174 normal (ULN). Alanine aminotransferase (ALT) and/or aspartate aminotransferase 

175 (AST) ≤ 5×ULN, serum albumin ≥ 28 g/L. alkaline phosphatase (ALP) ≤ 5×ULN. 

176 3) Renal function: serum creatinine (Cr) ≤ 1.5×ULN, or creatinine clearance ≥ 50 

177 mL/min (using the standard Cockcroft-Gault formula): Urine routine results 

178 showed urinary protein < 2+. For patients with urine protein ≥ 2+ at baseline, 24-

179 hour urine collection and 24-hour urine protein quantification < 1g should be 

180 performed. 4) Coagulation function: International standardized ratio (INR) or 

181 prothrombin time (PT) ≤ 1.5 times ULN. If the subject is receiving anticoagulant 

182 therapy, as long as the INR is within the intended range of anticoagulant drug use.

183  For female subjects of reproductive age, a urine or serum pregnancy test should be 

184 performed and the result is negative 3 days prior to receiving the initial study drug 

185 administration.

186  Subjects and their sexual partners are required to use a medically approved 

187 contraceptive method (such as an intrauterine device (IUD), contraceptive pill, or 

188 condom) during the study treatment period and for 6 months after the end of the 

189 study treatment period.
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190 Exclusion criteria:
191  Currently participating in an interventional clinical study or receiving another 

192 investigational drug or investigational device within 4 weeks prior to initial dosing.

193  Received proprietary Chinese medicines with anti-tumor indications or 

194 immunomodulatory drugs (thymosin, interferon, interleukin, etc.) within 2 weeks 

195 before the first administration, or received major surgical treatment within 3 weeks 

196 before the first administration.

197  Class III - IV congestive heart failure (New York Heart Association classification), 

198 poorly controlled and clinically significant arrhythmias.

199  Any arterial thrombosis, embolism or ischemia, such as myocardial infarction, 

200 unstable angina pectoris, cerebrovascular accident or transient ischemic attack, 

201 occurred within 6 months before treatment.

202  Known allergic reaction to the drug in this study.

203  Patients who require long-term oral, intravenous, or intramuscular administration 

204 of systemic corticosteroids.

205  Symptomatic central nervous metastases. Patients with asymptomatic brain 

206 metastases (BMS) or BMS whose symptoms are stable after treatment are eligible 

207 to participate in this study if they meet all of the following criteria: measurable 

208 lesions outside the central nervous system. No midbrain, pontine, cerebellum, 

209 meninges, medulla oblongata or spinal cord metastasis. Maintain clinical stability 

210 for at least 2 weeks. Stop hormone therapy 3 days before the first dose of the study 

211 drug.

212  There is an active infection requiring treatment or systemic anti-infective drugs 

213 have been used in the week prior to the first dosing.

214  Has not fully recovered from toxicity and/or complications caused by any 

215 intervention before starting treatment (i.e., ≤ grade 1 or baseline, excluding 

216 weakness or hair loss).

217  Known history of human immunodeficiency virus (HIV) infection (i.e. HIV 1/2 

218 antibody positive).

219  Untreated active hepatitis B (defined as HBsAg positive and HBV-DNA copy 
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220 number detected greater than the upper limit of normal value in the laboratory of 

221 the study center).

222  Active HCV-infected subjects (HCV antibody positive and HCV-RNA levels 

223 above the lower limit of detection).

224  Received live vaccine within 30 days prior to the first dose (cycle 1, day 1). Note: 

225 Injectable inactivated virus vaccine against seasonal influenza is permitted for 30 

226 days prior to initial administration. However, live attenuated influenza vaccines 

227 administered intranasally are not permitted.

228  Pregnant or lactating women.

229  Medical history or evidence of disease that may interfere with test results, prevent 

230 participants from fully participating in the study, abnormal treatment or laboratory 

231 test values, or other conditions that the investigator considers unsuitable for 

232 enrollment. The Investigator considers other potential risks unsuitable for 

233 participation in the study.

234 2.3 Treatment Regimen
235 Dose selection: tislelizumab: 200mg. pemetrexed: 500mg/m2. albumin-bound 

236 paclitaxel: 260mg/m2. platinum drugs (cisplatin: 60-80mg/m2; carboplatin: AUC=5; 

237 nedaplatin: 80mg/m2). Capsulized FMT: 30 capsules each time. Capsules will be stored 

238 in the refrigerator at -80°C. When taking capsules, take them out of the refrigerator, 

239 heat them in a water bath (single-hole water bath, JF-01 defroster) at 37°C for 10 

240 minutes, and swallow them with warm water.

241 Participants will receive FMT combined with tislelizumab + pemetrexed + platinum-

242 based treatment (lung adenocarcinoma) / albumin-bound paclitaxel + platinum-based 

243 treatment (lung squamous cell carcinoma) for 4-6 cycles. If there is no progression of 

244 the disease after 4-6 cycles of the first-line treatment, then patients will enter the 

245 maintenance treatment stage. Patients will receive tislelizumab maintenance treatment 

246 (lung squamous cell carcinoma), or tislelizumab + pemetrexed maintenance treatment 

247 (lung adenocarcinoma). Treatment continues until disease progression, subject 

248 withdraws informed consent, loss of follow-up, or death.
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249 Capsulized FMT should be conducted on the 5th day (±2 days) after the start of the 

250 first, third, and fifth treatment cycles of chemotherapy, as well as on the 5th day (±2 

251 days) after the first maintenance chemotherapy (lung adenocarcinoma) and before the 

252 first maintenance immunotherapy (lung squamous cell carcinoma). All patients will be 

253 prohibited from receiving any other treatments with anti-tumor activity or potential 

254 anti-tumor activity during the study. This will be monitored by the investigators, the 

255 patients, and their families. See figure 2 for details.

256 2.4 Study Endpoints
257 The primary endpoint of the study is the 12-month PFS rate. Secondary endpoints 

258 include ORR, mPFS, overall survival (OS), duration of response (DoR), safety, 

259 microbiome diversity, and quality of life (QoL). Exploratory endpoints including 

260 efficacy predictive biomarkers, including fungi, bacteria, metabolomics, and 

261 proteomics.

262 2.5 Sample Size Estimation
263 The parameters are set as follows: the two-sided significance level alpha is set at 0.05. 

264 Based on an estimated dropout rate of 0% and a reference 12-month PFS rate of 35% 

265 published in the RATIONALE-304 and RATIONALE-307 clinical studies, it is 

266 inferred that the 12-month PFS rate in this trial can reach 55%.[2,3] Therefore, a total 

267 sample size of 62 participants is determined for this study to ensure statistical power 

268 greater than 80%.

269 2.6 Efficacy and Safety Assessments
270 Imaging evaluation
271 The assessments of the screening period should be conducted within 28 days prior to 

272 the first administration of the study drug. Prior to treatment, researchers at the study 

273 center will confirm that subjects have measurable lesions that met the RECIST 1.1 

274 criteria. The methods used to assess tumor burden at baseline must be consistent with 

275 those used for each subsequent follow-up assessment (CT/MRI). Additional imaging 

276 assessments of other suspected involved areas (e.g., brain) may be conducted based on 

277 the subject’s clinical symptoms and signs. After enrollment, tumor status will be 
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278 evaluated using imaging methods every 6 weeks (± 7 days), every 12 weeks (± 7 

279 days) after 48 weeks until disease progression (RECIST 1.1) or death (during the course 

280 of patient treatment). For subjects who have completed treatment or have discontinued 

281 treatment for reasons other than disease progression, a single tumor imaging assessment 

282 should be performed at the time of treatment completion/discontinuation. 

283 Safety evaluation

284 Researchers will conduct safety assessments on patients every 3 weeks using NCI-

285 CTCAE 5.0. After treatment ends, participants will be followed up for 30 days to detect 

286 adverse events (AE). If the patient has not received new anti-tumor treatment within 90 

287 days after the last dose, severe adverse events (SAE) occurring within 90 days after the 

288 last dose will be collected. If the subject has received new anti-tumor treatment, SAE 

289 prior to the new treatment will be collected, with precedence given to those that have 

290 already occurred. Investigators should grade and record adverse events for each subject 

291 according to the NCI-CTCAE 5.0 criteria during the study and follow-up period. The 

292 characteristics of adverse events will be assessed and recorded based on severity, 

293 causality, toxicity grading, management measures, and outcomes.

294 Fecal and peripheral blood collection time

295 With the permission of the ethics committee, patients should provide 10ml whole blood 

296 samples and fecal samples at baseline, after two cycles of treatment, before 

297 maintenance treatment, and after two cycles of maintenance treatment for the detection 

298 of efficacy prediction markers (each cycle is 21 days).

299 2.7 Data Management
300 Data management methods

301 The study will use a data collection system (91trial) for data management. All subjects 

302 will be assigned a unique ID. Researchers will input basic information, drug use, 

303 laboratory examination and other raw data information of subjects into 91trial. The 

304 system is subject to superior monitoring and cannot be arbitrarily modified. The data 

305 manager will write a data audit report based on the trial protocol and audit criteria in 

306 the database. The results of the patient's report on tests, examinations, etc. can be 
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307 obtained from the electronic case report. Quality of life will be assessed using the 

308 EORTC-QLQ-C30 questionnaire, which will be available in both paper and electronic 

309 formats. 

310 Throughout the data collection process, researchers will implement preventive 

311 measures to ensure the confidentiality of the documents and safeguard against the 

312 identification of participants. All data will be monitored by the data monitoring 

313 committee.

314 Reporting and collection of adverse events

315 When a clinical adverse event occurs, it will be detailed on the case report form with 

316 the time of occurrence, clinical manifestations, course of treatment, duration, outcome, 

317 and the relationship to this study. For those with laboratory abnormalities, follow-up 

318 will continue until the test results return to normal, or to the level before medical 

319 intervention, or until it is determined that the event is unrelated to the medical 

320 intervention. In the event of a serious adverse event, the serious adverse event form 

321 should be filled out and reported to the department and relevant functional departments 

322 within 24 hours and recorded in the hospital quality control system (HQS) system, with 

323 documentation in the medical record.

324 2.8 Statistical Analysis
325 This study will use SPSS statistical software for data analysis. By recording patients' 

326 survival times, Kaplan-Meier survival curves for PFS%, PFS and OS will be plotted to 

327 visually display the trend of survival rates over time. The occurrence of AE and SAE 

328 will be recorded, and the frequency and percentage of different levels of adverse events 

329 will be used to describe their occurrence. The Log-rank test will be used to compare 

330 whether there are statistically significant differences between the historical control 

331 group and the experimental group.

332 Subgroups will be divided based on patients’ demographic characteristics (age, sex), 

333 tobacco use, nutritional status, ECOG performance status, pathological features (tumor 

334 type, solid tumor stage, pathological subtype), metastatic sites (such as brain metastasis, 

335 liver metastasis), PD-L1 expression, and other relevant factors. A multivariate analysis 
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336 of PFS and OS will be conducted using the Cox proportional hazards model. A p-value 

337 of <0.05 will be considered statistically significant.

338 2.9 Trial status
339 The study was registered at ClinicalTrials.gov (NCT06403111) on May 7, 2024. 

340 Enrolment is currently in progress. The first patient was enrolled on June 25, 2024, and 

341 the study is expected to end on June 1, 2026.

342 2.10 Patient and public involvement
343 None.

344 3. Ethics and Dissemination

345 The study was approved by the ethics committee of the Second Peoples’ Hospital of 

346 Changzhou (number [2024] YLJSA005) and is being conducted in accordance with the 

347 principles of the Declaration of Helsinki. The study was registered in ClinicalTrials.gov 

348 (NCT06403111). Important protocol modifications will be communicated to relevant 

349 parties and published on ClinicalTrials.gov. Before participating in the study, the 

350 participants (or their legal representatives) will sign the informed consent form. During 

351 the study, participants will be provided with any new information that may affect their 

352 decision to continue. They can withdraw at any time without facing any penalties or 

353 losing any benefits to which they are entitled. The results of this study will be 

354 disseminated in a peer-reviewed journal and in conference reports.

355 4. Discussion

356 The application of ICIs has brought significant benefits to patients with driver gene-

357 negative NSCLC, but statistics show that the 5-year survival rate for advanced NSCLC 

358 patients receiving immunotherapy is only about 20%.[13] With a deeper exploration of 

359 the mechanisms of immune resistance, researchers have found that the gut microbiota 

360 plays a crucial role in regulating the immune system.

361 Preclinical studies have found that specific gut microbiota or fecal microbiota 

362 transplantation using feces from patients who respond to ICIs can modulate the immune 
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363 system, enhance immune cell infiltration in tumors, induce tumor regression, and 

364 improve the antitumor efficacy of ICIs.[8,14–16] Existing clinical trials have shown that 

365 exogenous microflora supplementation by FMT can change the composition of 

366 intestinal microflora and the proportion of dominant microflora, reprogram the tumor 

367 microenvironment, and potentially reverse immune resistance.[11,17] However, the 

368 majority of related studies have focused on melanoma, with limited research in the field 

369 of lung cancer treatment. Recently, a proof-of-concept clinical trial conducted by a team 

370 of researchers in Korea has demonstrated the potential benefits of FMT in a clinical 

371 setting other than melanoma, giving us confidence to carry out our study.[12] 

372 Our study is a single-arm clinical trial, which has the limitations of a small sample size 

373 and the absence of a control group. So, the conclusions may not be convincing. At the 

374 same time, some information derived from a single-arm trial, such as QoL and efficacy 

375 predictive biomarkers was relatively limited. Though the results of randomized 

376 controlled trials are more convincing, it demands significant investments of human, 

377 material, and financial resources.[18] On this basis, randomized phase II trials seem to 

378 be an effective research method, which requires a relatively small sample size compared 

379 to traditional randomized controlled trials, and the inclusion of a control group makes 

380 it more scientifically rigorous than a single-arm study.[19] Overall, each research method 

381 has its own strengths and disadvantages. Therefore, we should consider it carefully in 

382 the light of the actual situation.
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figure 1 The participant pathway of the clinical trial 
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figure 2 Timeline for FMT 
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1 Fecal microbiota transplantation combined with platinum-based doublet 

2 chemotherapy and Tislelizumab as first-line treatment for driver-gene negative 

3 advanced non-small cell lung cancer (NSCLC): study protocol for a prospective, 

4 multi-center, single-arm exploratory trial

5 Yanshuang Wei1†, Lanqun Qin1,2†, Xinyu Wu1, Dongqing Li1,2, Danping Qian1,2, 
6 Hua Jiang1,2*, Qian Geng1,2*

7 (†These authors contributed equally to this work and share first authorship)

8 1Department of Oncology, the Second People’s Hospital of Changzhou, the Third 
9 Affiliated Hospital of Nanjing Medical University, Changzhou, 213000, China.
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17 Hua Jiang, E-mail: czeyjh@njmu.edu.cn, Address: Department of Oncology, the Second People’s 
18 Hospital of Changzhou, the Third Affiliated Hospital of Nanjing Medical University, Changzhou, 
19 China.

20 ABSTRACT

21 Introduction: Chemotherapy combined with immunotherapy is the standard first-line 
22 treatment for driver-gene negative advanced non-small cell lung cancer (NSCLC). 
23 However, due to the immune microenvironment imbalance and immune status 
24 impairment caused by repeated chemotherapy, as well as the primary or secondary 
25 resistance to immune checkpoint inhibitors (ICIs), the efficacy of immunotherapy 
26 combined with chemotherapy remains unsatisfactory. Recent studies have shown that 
27 fecal microbiota transplantation (FMT) can modulate the intestinal microflora, 
28 influence the tumor immune microenvironment, and even enhance the efficacy of 
29 immunotherapy. Therefore, we conduct this study to evaluate the efficacy and safety of 
30 FMT combined with standard first-line treatment for driver gene-negative advanced 
31 NSCLC.
32 Methods and analysis: FMT-JSNO-02 (NCT06403111) is a prospective, multi-center, 
33 single-arm exploratory study. It is planned to include 62 cases of previously untreated 
34 driver-gene negative, Eastern Cooperative Oncology Group Performance Status
35 （ ECOG PS) 0-1, Programmed death ligand 1 (PD-L1) <50% advanced NSCLC 
36 patients, who will be given FMT by orally ingested stool capsules on the basis of 
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37 standard first-line treatment of chemotherapy combined with immunotherapy. The 
38 safety and efficacy of this treatment regimen will be evaluated, with the primary 
39 endpoint being the 12-months progression-free survival (PFS) rate.
40 Ethics and dissemination: The study was approved by the ethics committee of the 
41 Second People’s Hospital of Changzhou (number [2024] YLJSA005) and is being 
42 conducted in accordance with the principles of the Declaration of Helsinki. The results 
43 of the study will be submitted for publication in peer-reviewed journals.
44 Trial registration number: ClinicalTrials.gov Identifier: NCT06403111. Date of 
45 registration: May 7, 2024, the first version protocol.
46 Strengths and limitations of this study：
47  This is a multi-center prospective study.
48  Patients receive FMT via orally ingested stool capsules.
49  The sample size in this study is relatively small.
50  This is a single-arm study rather than a randomized controlled study.

51 keywords: Fecal microbiota transplantation, Non-Small Cell Lung Cancer, 
52 Chemotherapy, Immunotherapy
53

54 1. Introduction

55 Current Situation and Dilemmas of Immunotherapy for Non-Small Cell lung 

56 cancer (NSCLC)

57 Lung cancer is the most common malignancy worldwide and remains the leading cause 

58 of cancer-related mortality, accounting for 18.7% of all cancer deaths.[1]As the main 

59 pathological subtype of lung cancer, the majority of NSCLC patients present with local 

60 spread or distant metastasis upon diagnosis, losing the opportunity for surgery and 

61 having a very poor prognosis. In recent years, immune checkpoint inhibitors (ICIs), 

62 particularly those targeting the programmed death receptor 1 (PD-1) and its ligand (PD-

63 L1), markedly improved the treatment outcomes and becoming an effective treatment 

64 strategy for NSCLC.

65

66 At present, the combination of chemotherapy and immunotherapy has become the 

67 standard first-line treatment for patients with advanced NSCLC due to extensive 

68 clinical studies conducted on pembrolizumab and nivolumab. Tislelizumab developed 

69 in China has also shown remarkable efficacy. In patients with lung adenocarcinoma, 

70 the addition of tislelizumab to chemotherapy resulted in significantly prolonged median 
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71 progression-free survival (mPFS) compared to chemotherapy alone (9.7 versus 7.6 

72 month), with a 12-month PFS rate of 31.3%.[2] Similarly, in patients with lung 

73 squamous cell carcinoma, the mPFS for tislelizumab plus chemotherapy group was also 

74 higher than that of chemotherapy alone (9.6 months versus 5.5 months).[3]

75

76 Although ICIs significantly improved the survival of patients with advanced NSCLC, 

77 primary or acquired immune resistance inevitably occurs in clinical practice. Existing 

78 research suggests that primary immune resistance is related to the dysfunction in tumor 

79 antigen processing and presentation, insufficient T cell infiltration in the tumor 

80 microenvironment (TME), and over expression of suppressive immune cells.[4] 

81 Acquired immune resistances is related to adaptive changes that occur in tumor cells 

82 and the TME during exposure to immunotherapy.[5]

83

84 Nowadays, a growing body of research suggests that gut flora may be able to reverse 

85 immune resistance. For instance, gut microbiota can regulate the infiltration of immune 

86 cells in the TME by modulating innate and adaptive immunity. They can also reprogram 

87 the TME through their reactive metabolites or secretions, affecting the efficacy of ICIs 

88 and even reversing immune resistance.[6] Researchers have conducted preliminary 

89 explorations into how gut microbiota affects the efficacy of immunotherapy. Zitvoge 

90 found that the antitumor effects of cytotoxic T-lymphocyte-associated protein 4 

91 (CTLA-4) blockade depended on distinct Bacteroides species. Tumors in antibiotic-

92 treated or germ-free mice did not respond to CTLA-4 blockade. This defect was 

93 overcome by gavage with B. fragilis, by immunization with B. fragilis polysaccharides, 

94 or by adoptive transfer of B. fragilis-specific T cells.[7] At the same time, Sivan et al. 

95 found that mice orally administered Bifidobacterium could achieve the same anti-tumor 

96 effect as PD-L1 monoclonal antibodies, and the combination almost completely 

97 inhibited tumor growth.[8] Therefore, modulating gut microbes has the potential to 

98 further improve the treatment outcomes for patients receiving immunotherapy.

99

100 Current Status of Fecal Microbiota Transplantation (FMT)

Page 3 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
4 M

arch
 2025. 

10.1136/b
m

jo
p

en
-2024-094366 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

4

101 The gut microbiota is susceptible to various factors, including the use of broad-

102 spectrum antibiotics, repeated chemotherapy and other treatments. Common methods 

103 to regulate the intestinal microbiota include dietary intervention, probiotics, prebiotics, 

104 and FMT. Among these approaches, FMT stands as the most established technique.[9] 

105 FMT is the transplantation of functional flora from the stool of a healthy person into 

106 the intestine of a patient in a certain way. This method mainly includes two ways: 

107 injecting microflora fluids and swallowing capsules. Among them, FMT by orally 

108 ingested stool capsules (capsulized FMT) has the characteristics of a wide range of 

109 application, high acceptance degree, relative economy and convenience.[10] 

110

111 The relationship between intestinal flora and immunotherapy efficacy has been 

112 preliminarily confirmed in some clinical studies of malignant tumors. For example, in 

113 a study focused on 15 melanoma patients resistant to anti-PD-1 therapy, rechallenge 

114 with FMT and Pembrolizumab showed objective responses in 3 out of 15 patients, and 

115 these 3 patients kept stable disease (SD) for more than 12 months.[11] In a clinical trial 

116 (NCT04264975), researchers performed FMT with anti-PD-1 inhibitors in 13 patients 

117 with anti-PD-1 refractory advanced solid cancers. The results showed that FMT 

118 induced sustained microbiota changes and clinical benefits in 6 patients, achieving an 

119 objective response rate (ORR) of 7.7% and a disease control rate (DCR) of 46.2%.[12] 

120 As a result, FMT holds great potential to reverse immune resistance and enhance the 

121 efficacy of immunotherapy. 

122

123 Hence, we conduct such a prospective, exploratory study in order to evaluate the 

124 efficacy and safety of FMT combined with standard first-line treatment for driver gene-

125 negative advanced NSCLC. We expect that the addition of FMT to the standard first-

126 line treatment in NSCLC will be safe and will have an enhancing effect.

127 2. Methods
128 2.1 Study Design
129 This is a prospective, multi-center, single-arm exploratory study aimed at evaluating 
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130 the efficacy and safety of FMT combined with standard first-line treatment for driver-

131 gene negative NSCLC patients. The trial protocol was written in accordance with the 

132 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 

133 guidance. The study will mainly be conducted at the Second People’s Hospital of 

134 Changzhou, the Third Affiliated Hospital of Nanjing Medical University. Recruitment 

135 information can be obtained through outpatient consultations, posters displayed in the 

136 wards, and other channels. A total of 62 patients with driver-gene negative, Eastern 

137 Cooperative Oncology Group (ECOG) performance status (PS) 0-1, and PD-L1<50% 

138 who have not received prior treatment are expected to be included in this study without 

139 grouping. Patients will receive platinum-based doublet chemotherapy combined with 

140 tislelizumab as standard first-line treatment for 4-6 cycles and then enter maintenance 

141 therapy. FMT will be given to patients during the first, third, and fifth treatment cycles, 

142 as well as during the first maintenance therapy. All the enrolled patients or their 

143 designated agents will sign the informed consent form within 3 days before starting 

144 treatment. This study was approved by the ethics committee of the Second People’s 

145 Hospital of Changzhou (number [2024] YLJSA005). See figure 1 for details.

146 2.2 Patient Population
147 Inclusion criteria:
148  The subjects voluntarily joined the study and were able to sign the informed 

149 consent with good compliance.

150  Age 18-80 years old (when signing the informed consent form).

151  Patients with histologically or cytologically proven locally advanced (ⅢB/ⅢC), 

152 metastatic, or recurrent (stage IV) NSCLC who are inoperable and unable to 

153 receive radical concurrent chemoradiotherapy, according to the International 

154 Association for the Study of Lung Cancer and the American Joint Committee on 

155 Cancer Classification, 8th Edition TNM Classification of Lung cancer.

156  Have not received systemic intravenous anti-tumor therapy before, and the driver-

157 gene is negative.

158  PD-L1 expression < 50%.

159  According to the solid tumor efficacy evaluation criteria (RECIST version 1.1), 
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160 there is at least one radiographically measurable lesion. That is, in CT or MRI 

161 detection, the longest diameter of a single lesion was ≥ 10mm, or the pathological 

162 enlargement of a single lymph node was ≥ 15mm.

163  The physical status score of Eastern Tumor Collaboration Group (ECOG) was 0-

164 1.

165  Expected survival > 3 months.

166  Have adequate organ and bone marrow function, laboratory tests within 7 days 

167 prior to enrollment meet the following requirements (no blood components, cell 

168 growth factors, albumin or other corrective drugs are allowed within 14 days prior 

169 to obtaining laboratory examination), as follows: 1) Blood routine: absolute 

170 neutrophil count (ANC) ≥ 1.5×109/L, platelet (PLT) ≥ 75×109/L, hemoglobin 

171 (HGB) ≥ 90 g/L (no blood transfusion or erythropoietin dependence within 14 

172 days). 2) Liver function: serum total bilirubin (TBIL) ≤ 2 times the upper limit of 

173 normal (ULN). Alanine aminotransferase (ALT) and/or aspartate aminotransferase 

174 (AST) ≤ 5×ULN, serum albumin ≥ 28 g/L. alkaline phosphatase (ALP) ≤ 5×ULN. 

175 3) Renal function: serum creatinine (Cr) ≤ 1.5×ULN, or creatinine clearance ≥ 50 

176 mL/min (using the standard Cockcroft-Gault formula): Urine routine results 

177 showed urinary protein < 2+. For patients with urine protein ≥ 2+ at baseline, 24-

178 hour urine collection and 24-hour urine protein quantification < 1g should be 

179 performed. 4) Coagulation function: International standardized ratio (INR) or 

180 prothrombin time (PT) ≤ 1.5 times ULN. If the subject is receiving anticoagulant 

181 therapy, as long as the INR is within the intended range of anticoagulant drug use.

182  For female subjects of reproductive age, a urine or serum pregnancy test should be 

183 performed and the result is negative 3 days prior to receiving the initial study drug 

184 administration.

185  Subjects and their sexual partners are required to use a medically approved 

186 contraceptive method (such as an intrauterine device (IUD), contraceptive pill, or 

187 condom) during the study treatment period and for 6 months after the end of the 

188 study treatment period.
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189 Exclusion criteria:
190  Currently participating in an interventional clinical study or receiving another 

191 investigational drug or investigational device within 4 weeks prior to initial dosing.

192  Received proprietary Chinese medicines with anti-tumor indications or 

193 immunomodulatory drugs (thymosin, interferon, interleukin, etc.) within 2 weeks 

194 before the first administration, or received major surgical treatment within 3 weeks 

195 before the first administration.

196  Class III - IV congestive heart failure (New York Heart Association classification), 

197 poorly controlled and clinically significant arrhythmias.

198  Any arterial thrombosis, embolism or ischemia, such as myocardial infarction, 

199 unstable angina pectoris, cerebrovascular accident or transient ischemic attack, 

200 occurred within 6 months before treatment.

201  Known allergic reaction to the drug in this study.

202  Patients who require long-term oral, intravenous, or intramuscular administration 

203 of systemic corticosteroids.

204  Symptomatic central nervous metastases. Patients with asymptomatic brain 

205 metastases (BMS) or BMS whose symptoms are stable after treatment are eligible 

206 to participate in this study if they meet all of the following criteria: measurable 

207 lesions outside the central nervous system. No midbrain, pontine, cerebellum, 

208 meninges, medulla oblongata or spinal cord metastasis. Maintain clinical stability 

209 for at least 2 weeks. Stop hormone therapy 3 days before the first dose of the study 

210 drug.

211  There is an active infection requiring treatment or systemic anti-infective drugs 

212 have been used in the week prior to the first dosing.

213  Has not fully recovered from toxicity and/or complications caused by any 

214 intervention before starting treatment (i.e., ≤ grade 1 or baseline, excluding 

215 weakness or hair loss).

216  Known history of human immunodeficiency virus (HIV) infection (i.e. HIV 1/2 

217 antibody positive).

218  Untreated active hepatitis B (defined as HBsAg positive and HBV-DNA copy 
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219 number detected greater than the upper limit of normal value in the laboratory of 

220 the study center).

221  Active HCV-infected subjects (HCV antibody positive and HCV-RNA levels 

222 above the lower limit of detection).

223  Received live vaccine within 30 days prior to the first dose (cycle 1, day 1). Note: 

224 Injectable inactivated virus vaccine against seasonal influenza is permitted for 30 

225 days prior to initial administration. However, live attenuated influenza vaccines 

226 administered intranasally are not permitted.

227  Pregnant or lactating women.

228  Medical history or evidence of disease that may interfere with test results, prevent 

229 participants from fully participating in the study, abnormal treatment or laboratory 

230 test values, or other conditions that the investigator considers unsuitable for 

231 enrollment. The Investigator considers other potential risks unsuitable for 

232 participation in the study.

233 2.3 Treatment Regimen
234 Dose selection: tislelizumab: 200mg. pemetrexed: 500mg/m2. albumin-bound 

235 paclitaxel: 260mg/m2. platinum drugs (cisplatin: 60-80mg/m2; carboplatin: AUC=5; 

236 nedaplatin: 80mg/m2). Capsulized FMT: 30 capsules each time. Capsules will be stored 

237 in the refrigerator at -80°C. When taking capsules, take them out of the refrigerator, 

238 heat them in a water bath (single-hole water bath, JF-01 defroster) at 37°C for 10 

239 minutes, and swallow them with warm water.

240 Participants will receive FMT combined with tislelizumab + pemetrexed + platinum-

241 based treatment (lung adenocarcinoma) / albumin-bound paclitaxel + platinum-based 

242 treatment (lung squamous cell carcinoma) for 4-6 cycles. If there is no progression of 

243 the disease after 4-6 cycles of the first-line treatment, then patients will enter the 

244 maintenance treatment stage. Patients will receive tislelizumab maintenance treatment 

245 (lung squamous cell carcinoma), or tislelizumab + pemetrexed maintenance treatment 

246 (lung adenocarcinoma). Treatment continues until disease progression, subject 

247 withdraws informed consent, loss of follow-up, or death.
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248 Capsulized FMT should be conducted on the 5th day (±2 days) after the start of the 

249 first, third, and fifth treatment cycles of chemotherapy, as well as on the 5th day (±2 

250 days) after the first maintenance chemotherapy (lung adenocarcinoma) and before the 

251 first maintenance immunotherapy (lung squamous cell carcinoma). All patients will be 

252 prohibited from receiving any other treatments with anti-tumor activity or potential 

253 anti-tumor activity during the study. This will be monitored by the investigators, the 

254 patients, and their families. See figure 2 for details.

255 2.4 Study Endpoints
256 The primary endpoint of the study is the 12-month PFS rate. Secondary endpoints 

257 include ORR, mPFS, overall survival (OS), duration of response (DoR), safety, 

258 microbiome diversity, and quality of life (QoL). Exploratory endpoints including 

259 efficacy predictive biomarkers, including fungi, bacteria, metabolomics, and 

260 proteomics.

261 2.5 Sample Size Estimation
262 The parameters are set as follows: the two-sided significance level alpha is set at 0.05. 

263 Based on an estimated dropout rate of 0% and a reference 12-month PFS rate of 35% 

264 published in the RATIONALE-304 and RATIONALE-307 clinical studies, it is 

265 inferred that the 12-month PFS rate in this trial can reach 55%.[2,3] Therefore, a total 

266 sample size of 62 participants is determined for this study to ensure statistical power 

267 greater than 80%.

268 2.6 Efficacy and Safety Assessments
269 Imaging evaluation
270 The assessments of the screening period should be conducted within 28 days prior to 

271 the first administration of the study drug. Prior to treatment, researchers at the study 

272 center will confirm that subjects have measurable lesions that met the RECIST version 

273 1.1 criteria. The methods used to assess tumor burden at baseline must be consistent 

274 with those used for each subsequent follow-up assessment (CT/MRI). Additional 

275 imaging assessments of other suspected involved areas (e.g., brain) may be conducted 

276 based on the subjects’ clinical symptoms and signs. After enrollment, tumor status will 
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277 be evaluated using imaging methods every 6 weeks (± 7 days), every 12 weeks (± 7 

278 days) after 48 weeks until disease progression (RECIST version 1.1) or death (during 

279 the course of patient treatment). For subjects who have completed treatment or have 

280 discontinued treatment for reasons other than disease progression, a single tumor 

281 imaging assessment should be performed at the time of treatment 

282 completion/discontinuation. 

283 Safety evaluation

284 Researchers will conduct safety assessments on patients every 3 weeks using NCI-

285 CTCAE 5.0. After treatment ends, participants will be followed up for 30 days to detect 

286 adverse events (AE). If the patient has not received new anti-tumor treatment within 90 

287 days after the last dose, severe adverse events (SAE) occurring within 90 days after the 

288 last dose will be collected. If the subject has received new anti-tumor treatment, SAE 

289 prior to the new treatment will be collected, with precedence given to those that have 

290 already occurred. Investigators should grade and record adverse events for each subject 

291 according to the NCI-CTCAE 5.0 criteria during the study and follow-up period. The 

292 characteristics of adverse events will be assessed and recorded based on severity, 

293 causality, toxicity grading, management measures, and outcomes.

294 Fecal and peripheral blood collection time

295 With the permission of the ethics committee, patients should provide 10ml whole blood 

296 samples and fecal samples at baseline, after two cycles of treatment, before 

297 maintenance treatment, and after two cycles of maintenance treatment for the detection 

298 of efficacy prediction markers (each cycle is 21 days).

299 2.7 Data Management
300 Data management methods

301 The study will use a data collection system (91trial) for data management. All subjects 

302 will be assigned a unique ID. Researchers will input basic information, drug use, 

303 laboratory examination and other raw data information of subjects into 91trial. The 

304 system is subject to superior monitoring and cannot be arbitrarily modified. The data 

305 manager will write a data audit report based on the trial protocol and audit criteria in 
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306 the database. The results of the patients’ report on tests, examinations, etc. can be 

307 obtained from the electronic case report. Quality of life will be assessed using the 

308 EORTC-QLQ-C30 questionnaire, which will be available in both paper and electronic 

309 formats.

310 Throughout the data collection process, researchers will implement preventive 

311 measures to ensure the confidentiality of the documents and safeguard against the 

312 identification of participants. All data will be monitored by the data monitoring 

313 committee.

314 Reporting and collection of adverse events

315 When a clinical adverse event occurs, it will be detailed on the case report form with 

316 the time of occurrence, clinical manifestations, course of treatment, duration, outcome, 

317 and the relationship to this study. For those with laboratory abnormalities, follow-up 

318 will continue until the test results return to normal, or to the level before medical 

319 intervention, or until it is determined that the event is unrelated to the medical 

320 intervention. In the event of a serious adverse event, the serious adverse event form 

321 should be filled out and reported to the department and relevant functional departments 

322 within 24 hours and recorded in the hospital quality control system (HQS) system, with 

323 documentation in the medical record.

324 2.8 Statistical Analysis
325 This study will use SPSS statistical software for data analysis. By recording patients’ 

326 survival times, Kaplan-Meier survival curves for PFS%, PFS and OS will be plotted to 

327 visually display the trend of survival rates over time. The occurrence of AE and SAE 

328 will be recorded, and the frequency and percentage of different levels of adverse events 

329 will be used to describe their occurrence. The Log-rank test will be used to compare 

330 whether there are statistically significant differences between the historical control 

331 group and the experimental group.

332 Subgroups will be divided based on patients’ demographic characteristics (age, sex), 

333 tobacco use, nutritional status, ECOG performance status, pathological features (tumor 

334 type, solid tumor stage, pathological subtype), metastatic sites (such as brain metastasis, 
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335 liver metastasis), PD-L1 expression, and other relevant factors. A multivariate analysis 

336 of PFS and OS will be conducted using the Cox proportional hazards model. A p-value 

337 of <0.05 will be considered statistically significant.

338 2.9 Trial status
339 The study was registered at ClinicalTrials.gov (NCT06403111) on May 7, 2024. 

340 Enrolment is currently in progress. The first patient was enrolled on June 25, 2024, and 

341 the study is expected to end on June 1, 2026.

342 2.10 Patient and public involvement
343 None.

344 3. Ethics and Dissemination

345 The study was approved by the ethics committee of the Second People’s Hospital of 

346 Changzhou (number [2024] YLJSA005) and is being conducted in accordance with the 

347 principles of the Declaration of Helsinki. The study was registered in ClinicalTrials.gov 

348 (NCT06403111). Important protocol modifications will be communicated to relevant 

349 parties and published on ClinicalTrials.gov. Before participating in the study, the 

350 participants (or their legal representatives) will sign the informed consent form. During 

351 the study, participants will be provided with any new information that may affect their 

352 decision to continue. They can withdraw at any time without facing any penalties or 

353 losing any benefits to which they are entitled. If participants suffer harm due to research 

354 interventions or research-related procedures during the trial, appropriate compensation 

355 will be provided in accordance with relevant laws, regulations, and the guidance of the 

356 ethics committee. The results of this study will be disseminated in a peer-reviewed 

357 journal and in conference reports.

358 4. Discussion

359 The application of ICIs has brought significant benefits to patients with driver gene-

360 negative NSCLC, but statistics show that the 5-year survival rate for advanced NSCLC 

361 patients receiving immunotherapy is only about 20%.[13] With a deeper exploration of 
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362 the mechanisms of immune resistance, researchers have found that the gut microbiota 

363 plays a crucial role in regulating the immune system.

364 Preclinical studies have found that specific gut microbiota or fecal microbiota 

365 transplantation using feces from patients who respond to ICIs can modulate the immune 

366 system, enhance immune cell infiltration in tumors, induce tumor regression, and 

367 improve the antitumor efficacy of ICIs.[8,14–16] Existing clinical trials have shown that 

368 exogenous microflora supplementation by FMT can change the composition of 

369 intestinal microflora and the proportion of dominant microflora, reprogram the tumor 

370 microenvironment, and potentially reverse immune resistance.[11,17] However, the 

371 majority of related studies have focused on melanoma, with limited research in the field 

372 of lung cancer treatment. Recently, a proof-of-concept clinical trial conducted by a team 

373 of researchers in Korea has demonstrated the potential benefits of FMT in a clinical 

374 setting other than melanoma, giving us confidence to carry out our study.[12] 

375 Our study is a single-arm clinical trial, which has the limitations of a small sample size 

376 and the absence of a control group. So, the conclusions may not be convincing. At the 

377 same time, some information derived from a single-arm trial, such as QoL and efficacy 

378 predictive biomarkers was relatively limited. Though the results of randomized 

379 controlled trials are more convincing, it demands significant investments of human, 

380 material, and financial resources.[18] On this basis, randomized phase II trials seem to 

381 be an effective research method, which requires a relatively small sample size compared 

382 to traditional randomized controlled trials, and the inclusion of a control group makes 

383 it more scientifically rigorous than a single-arm study.[19] Overall, each research method 

384 has its own strengths and disadvantages. Therefore, we should consider it carefully in 

385 the light of the actual situation.
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466 figure 2 Timeline for FMT
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figure 1 The participant pathway of the clinical trial 
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figure 2 Timeline for FMT 
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