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Abstract

Background: Postoperative non-small cell lung cancer (NSCLC) patients frequently encounter a deteriorated quality of
life (QOL), disturbed immune response, and disordered homeostasis. Si-Jun-Zi Decoction (§)ZD), a well-known traditional
Chinese herbal formula, is frequently employed in clinical application for many years. Exploration is underway to investigate
the potential therapeutic effect of SJZD for treating postoperative NSCLC. Objective: To assess the efficacy of §JZD
on QOLs, hematological parameters, and regulations of gut microbiota in postoperative NSCLC patients. Methods: A
prospective observational cohort study was conducted, enrolling 65 postoperative NSCLC patients between May 10,
2020 and March 15, 2021 in Yueyang Hospital, with 33 patients in SJZD group and 32 patients in control (CON) group.
The SJZD group comprised of patients who received standard treatments and the SJZD decoction, while the CON group
consisted of those only underwent standard treatments. The treatment period was 4weeks. The primary outcome was
QOL. The secondary outcomes involved serum immune cell and inflammation factor levels, safety, and alterations in
gut microbiota. Results: SJZD group showed significant enhancements in cognitive functioning (P=.048) at week | and
physical functioning (P=.019) at week 4. Lung cancer-specific symptoms included dyspnea (P=.001), coughing (P=.008),
hemoptysis (P=.034), peripheral neuropathy (P=.019), and pain (arm or shoulder, P=.020, other parts, P=.019) eased
significantly in the fourth week. Anemia indicators such as red blood cell count (P=.003 at week |, P=.029 at week 4) and
hemoglobin (P=.016 at week |, P=.048 at week 4) were significantly elevated by SJZD. SJZD upregulated blood cell cluster
differentiation (CD)3* (P=.001 at week |, P<<.001 at week 4), CD3*CD4* (P=.012 at week |), CD3"CD8" (P=.027 at
week |), CD19* (P=.003 at week 4), increased anti-inflammatory interleukin (IL)-10 (P=.004 at week |, P=.003 at week
4), and decreased pro-inflammatory IL-8 (P=.004 at week |, p=.005 at week 4). Analysis of gut microbiota indicated that
SJZD had a significant impact on increasing microbial abundance and diversity, enriching probiotic microbes, and regulating
microbial biological functions. Conclusions: SJZD appears to be an effective and safe treatment for postoperative NSCLC
patients. As a preliminary observational study, this study provides a foundation for further research.
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Introduction

Globally, lung cancer stands as the primary contributor to
cancer-related mortality.! Following surgery, individuals
diagnosed with non-small cell lung cancer (NSCLC) fre-
quently encounter a worse quality of life (QOL),?> compro-
mised nutritional health,® impaired immune functions, and

inflammatory responses,* which disrupt the equilibrium of
the body and impede daily activities. The conceptual frame-
work underlying enhanced recovery after surgery (ERAS)
has transitioned from stress avoidance to prioritizing the
preservation of perioperative homeostasis in patients, with
the core being to maintain the balance of the patient’s peri-
operative internal environment.>”’ Maintaining intestinal
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homeostasis is a crucial component of perioperative equi-
librium, encompassing volume and electrolyte balance, gut
microbiota composition, and internal environment.3!° The
presence of gut bacteria is strongly linked to detrimental
effects on the mucosal barrier of intestines,!! the transloca-
tion of microflora,'? and the regulation of metabolism,'?
leading to immune microenvironment disorders and chronic
inflammation.'* Dysbiosis in the intestinal flora can disrupt
the gut-lung axis by suppressing immune functions, pro-
ducing proinflammatory substances, and modulating meta-
bolic pathways.!* Thus, managing the gut microbiome as a
novel adjunctive treatment modality for postoperative
NSCLC could be considered.

The Si-Jun-Zi Decoction (SJZD), a renowned traditional
Chinese medicine (TCM) prescription documented in the
Prescriptions of Peaceful Benevolent Dispensary (Tai Ping
Hui Min He Ji Ju Fang) during the Song Dynasty, exhibits
effectiveness in enhancing vitality and optimizing the func-
tioning of the spleen. The composition of SJZD consists of
4 botanical constituents: Ginseng Radix et Rhizoma
(Renshen), Rhizoma Atractylodis Macrocephalae (Baizhu),
Poria cocos (Fuling), and Glycyrrhizaec Radix et Rhizoma
(Gancao). The constituents and primary bioactive com-
pounds of SJZD have been investigated deeply.'¢!®
Furthermore, the pharmacokinetic properties and pharma-
codynamic material foundations of SJZD have also been
comprehensively elucidated.'” SJZD is extensively
employed in clinical practice for patients exhibiting vital
energy deficiency, displaying satisfactory efficacy and
safety, in addition, SJZD has garnered recognition for its
potential in managing lung cancer by impeding tumor
occurrence and progression.?’? SJZD demonstrates effec-
tiveness in treating gastrointestinal diseases and spleen-
deficiency  syndrome, ameliorating gastrointestinal
dysfunction, enhancing malnutrition state, and promoting
performance status.?* In addition to its ability to protect the
intestinal mucosal restitution,?® SJZD also enhances intesti-
nal immunity,® alleviates mucositis, and maintains intesti-
nal homeostasis.?’

However, it is still unknown whether SJZD intervention
would lead to better therapeutic outcomes in the treatment
of postoperative NSCLC. Based on the regulation of intes-
tinal homeostasis and the antitumor effect demonstrated by
SJZD, it is hypothesized that SJZD may exert an influence

on the lung-gut axis through its impact on the regulation of
intestinal microbiota. This, in turn, may contribute to the
restoration of the equilibrium of the internal environment in
human body and expedite the postoperative recovery of
lung cancer. Hence, a prospective observational cohort
study was carried out to assess the effectiveness and safety
of SJZD in postoperative NSCLC patients, encompassing
evaluations of QOL, changes in hematological parameters,
and alterations in gut microbiota.

Methods
Study Design

The prospective observational cohort study assessed the
efficacy of SJZD in comparison to standard therapy among
patients with postoperative NSCLC at Yueyang Hospital
of Integrated Traditional Chinese and Western Medicine
affiliated to Shanghai University of TCM (Shanghai,
China) (referred to as Yueyang Hospital). The primary
outcome was the assessment of QOL. The secondary out-
comes included the evaluation of changes in serum
immune cells and inflammation factors level, alterations
in gut microbiota and the assessment of safety. The study
was conducted in conformity to the World Medical
Association declaration of Helsinki and was approved by
the Ethics Committee of Yueyang Hospital (No. 2020-
038). Prior to their participants in the study, all patients
provided written informed consent.

Participants

Participants were included according to the following inclu-
sion criteria: (1) Individuals diagnosed with NSCLC
through histological or pathological examination within
7 days after surgery; (2) Aged between 18 and 74 years; (3)
Patients who remained clinically stable after the surgery;
(4) Karnofsky Performance Status (KPS) scores =60; (5)
With informed consent. Patients were excluded if they
were: (1) With serious chronic diseases such as severe car-
diac, cerebrovascular, respiratory, hepatic, renal, and
immune diseases; (2) Having the history of other malignant
tumors or the digestive surgery within the past 5years; (3)
With serious infectious diseases like bacterial pneumonia,
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gastrointestinal inflammation, or others within the past
3months; (4) Taking corticosteroids, non-steroidal anti-
inflammatory drugs; (5) Taking microbial agents such as
probiotics or synbiotics within 1month. The diagnostic
standards for NSCLC adhered to the 2018 edition of the
Chinese Guidelines on the Diagnosis and Treatment of
Primary Lung Cancer issued by the National Health
Commission of the People’s Republic of China, as well as
the eighth edition of the American Joint Committee on
Cancer (AJCC) TNM staging system.

Procedures

The study recruited patients with NSCLC who had under-
gone surgery. The allocation of columns was based on the
patients’ willingness to receive TCM. The CON group
received standard supportive treatment, while the SJZD
group received a combination of SJZD and standard sup-
portive treatment. The standard supportive treatment
included the administration of antitussive, expectorant,
hemostasis, or other appropriate treatments to relieve post-
operative symptoms such as cough, expectoration, and
hemoptysis. The administration of these treatments fol-
lowed the guidelines specified in the 2019 edition of the
Chinese Expert Consensus on Perioperative Lung Protection
in Thoracic Surgery and the 2020 edition of the Chinese
Guidelines for Perioperative Airway Management in
Thoracic Surgery.

In the SJZD group, a decoction of SJZD was adminis-
tered, comprising 4 types of herbs: Ginseng Radix et
Rhizoma (15g), Rhizoma Atractylodis Macrocephalae
(9g), Poria cocos (15 g), and Glycyrrhizae Radix et Rhizoma
(6 g). The decoction was prepared by the TCM Pharmacy of
Yueyang Hospital following a standardized production pro-
cess. The SJZD medicinal materials were authorized and
manufactured in compliance with good manufacturing
practice (GMP) standards by the Bureau of National Health
Insurance. Patients were directed to take 200ml of the
decoction twice a day (at 9:00 AM and 14:00 PM) for a
period of 4weeks, unless they encountered unbearable
adverse reactions.

Clinical Outcomes and Instruments

The primary outcome was the clinical remission of QOL,
referring to the least-squares (LS) mean changes in QOL
from the baseline to week 1 and week 4. The secondary
outcomes included evaluating changes in serum immune
cell and inflammation factor levels, safety assessments, and
alterations in gut microbiota.

The European Organization for Research and Treatment
of Cancer (EORTC) Quality of Life Questionnaire Core 30
(QLQ-C30) (Version 3.0) and the Quality of Life
Questionnaire Lung Cancer Module 13 (QLQ-LC13) were

utilized to assess QOL.?%?° Standardization of the scales
and item scores of QLQ-C30 and QLQ-LC13 was achieved
through a linear transformation, yielding a scale ranging
from 0 to 100. Higher scores on functioning scales or global
health status/quality of life (GHS/QOL) score indicate an
improved health status, whereas higher scores on symptom
scales reflect a greater severity of symptoms. Professionals
who received training conducted this study to assess the
QOL using the QLQ-C30 and QLQ-LC13 surveys.

Flow cytometry (FCM) was used to test immunity indi-
ces such as blood cell cluster differentiation (CD) antigens
including CD3*, CD4*, CD8*, CD3*CD4*, CD3*CD8§",
CD4*/CD8*, CD56". Enzyme-linked immunosorbent assay
(ELISA) was employed to examine cytokines associated
with inflammation, including interleukin (IL)-1p, IL-2
receptor, IL-6, IL-8, IL-10, and tumor necrosis factor
(TNF)-a.. Routine blood and biochemical examinations
were conducted to assess safety. The laboratory indicators
mentioned above were tested at 3 specific time points (base-
line, week 1, and week 4) by the clinical laboratory of
Yueyang Hospital.

Fecal samples were collected prior to the treatments, at
week 1, and at week 4, using the MGIEasy kit (MGI Tech
Co., Ltd. China), and following the standard operating pro-
cedures.?*3! The analysis of gut microbiota and functional
predictions was conducted through DNA extraction, poly-
merase chain reaction (PCR) amplification, and Illumina
MiSeq sequencing, employing 16S Ribosomal RNA (16S
rRNA) gene sequencing. The Miseq libraries, known as
Illumina sequencing libraries, were created by following
the established Illumina library preparation protocol using
the NEXTFLEX Rapid DNA-Seq Kit (Bioo Scientific, the
United States). The Illumina Miseq PE300 platform
(Illumina, the United States) was used for high-throughput
sequencing.

Safety assessments included the observation of adverse
events (AEs), vital signs, clinical laboratory examinations,
and physical examinations. The documentation of any AEs,
including toxicity and side effects, adhered to the guidelines
in the Common Terminology Criteria for Adverse Events
(CTCAE Version 5.0) set forth by the National Cancer
Institute.

Statistical Analysis

Sample size. The determination of the sample size and sta-
tistical power was based on the distributions of the mea-
surement index, rarefaction curves, and microbial diversity
observed in a previously published study. Phylogenetic
diversity (PD) is one of the various metrics used to assess
alpha diversity. Based on the standard calculation for deter-
mining sample size, a total of 50 patients can be deemed
satisfactory to attain an adequate statistical power
(1-B=80%) for a mean difference of 3 PD units of the effect
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size, which is equivalent to an effect size of Cohen’s D of
approximately 0.82.3233 Given the prevalence of constipa-
tion among postoperative patients and the need for rigorous
quality control of fecal samples, a final dropout rate of 30%
was deemed appropriate, surpassing the typical rate of 20%.
Consequently, the sample size was ultimately established at
65 patients.

Microbiome bioinformatics analysis. The quality control of
the raw sequences was performed using the Fastp software
(https://github.com/OpenGene/fastp, Version 0.20.0).%
After performing chimera check, the sequences underwent
quality filtering and were subsequently merged using
FLASH software (http://www.cbcb.umd.edu/software/
flash, Version 1.2.7).3> QIIME (Version 1.8.0) was used to
cluster the high-grade sequence reads into Operational Tax-
onomic Units (OTUs) based on a 97% similarity threshold.
The chimera was eliminated utilizing the Usearch algorithm
from QIIME (Version 1.8.0) resulting in the acquisition of
OTU representative sequences. In the taxonomic analysis,
the Ribosomal Database Project (RDP) classifier (http://
rdp.cme.msu.edu/, Version 2.2) was employed to annotate
each sequence for species classification.’® The annotated
sequences were then compared to the Greengenes 2013-08
release database (http://greengenes.lbl.gov/Download/).
The threshold of comparison to 80% was set for each OTU
taxonomic information.

Alpha diversity, which represents the richness and uni-
formity within a community, was assessed using various
calculations including the Chao index, Sobs index, Shannon
index, Simpson index, rarefaction curve, and rank-abun-
dance curve.’3% Principal Coordinate Analysis (PCoA)
based on unweighted UniFrac was performed to analyze
Beta diversity, which quantifies the diversity between com-
munities.’*® ANOSIM was utilized to calculate the statistical
significance through analysis of similarities. The Linear
Discriminant Analysis (LDA) Effect Size (LEfSe) method
was employed to detect potential microbial biomarkers that
exhibited significant statistical differences at various lev-
els.*® The effect size of the corresponding differential spe-
cies abundance is evaluated using LDA after LEfSe
undergoes a non-parametric factorial Kruskal-Wallis (KW)
rank sum test. In this study, the logarithmic LDA score was
considered to be significant if it exceeded 2.0 and
P-value <.05 (determined by factorial KW test). To ana-
lyze the co-occurrence networks, Spearman correlations
were calculated using the R package “Hmisc.” The
Spearman’s rank correlation coefficient (p) was utilized to
calculate the pairwise correlations among the abundances
of the bacterial genera. To correct multiple test P-values,
the Benjamini-Hochberg (FDR-BH) method was used to
calculate the adjusted P-values. It was constructed a co-
occurrence network with a significant correlation (|p| = .6,
adjust P<.01) by the R package “igraph.” The construction

of the co-occurrence network of gut microbiota was visual-
ized using Gephi (Version 0.9.4). Functional enrichment
variations were determined by conducting the functional
predictions of gut microbiota in Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways using Phylogenetic
Investigation of Communities by Reconstruction of
Unobserved States 2 (PICRUSt2) (https://github.com/pic-
rust/picrust2).4-#

Statistical methods. The clinical features, including dichoto-
mous or categorical variables, were presented as absolute
numbers or percentages. Continuous variables were repre-
sented as means = standard error of mean (SEM) or as
medians with interquartile range (IQR). In order to evaluate
the differences in measurement data between 2 groups, the
independent sample 7-test or the Wilcoxon Mann-Whitney
U rank sum test was used for measurement data. Count
data, such as gender, were compared using the Chi-square
test. The Wilcoxon Mann-Whitney U rank sum test was
used for ranked data. All hypothesis tests were conducted
using 2-sided tests and a 95% confidence interval (CI). Sta-
tistical significance was determined when the P<.05. In
the case of multiple tests, P-values were adjusted using the
FDR-BH method by Benjamini-Hochberg. All statistical
analyses were conducted using SPSS Statistics software
(Version 22.0; IBM Corp).

Results

Characteristics of patients

From May 10, 2020 to March 15,2021, a total of 65 eligible
postoperative NSCLC patients were enrolled in the pro-
spective observational study (Figure 1).

All subjects received questionnaires before and 1 week
after treatment. Of the 65 patients recruited, 31/33 (93.94%)
in the SJZD group and 29/32 (90.63%) in the CON group
completed the QOL assessment at week 4. Part of the ques-
tionnaire was incomplete due to patient noncompliance.
Regarding immunity and inflammation-related cytokines,
all participants completed the baseline assessment, 95.38%
(SJZD group: 33 patients, CON group: 29 patients) com-
pleted the assessment at week 1, and 87.69% (SJZD group:
31 patients, CON group:26 patients) completed the assess-
ment at week 4. The most common reason for missing blood
samples was attributed to missing the designated time frame
or patients’ refusal. In terms of the fecal sample collection,
of the 65 patients recruited, 83.08% (SJZD group: 32
patients, CON group: 22 patients) successfully completed
the baseline assessment, 56.92% (SJZD group: 22 patients,
CON group: 15 patients) completed week 1, and ultimately,
47.69% (SJZD group: 22 patients, CON group: 9 patients)
completed week 4. Missing fecal samples were mainly
attributed to constipation or being excluded due to poor
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Figure |. The flow diagram of the study.
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Table |. Baseline Characteristics of Postoperative NSCLC Patients.

Variables SJZD group (n=33) CON group (n=32) Statistics t/Z/y? P
Age, years, Mean = SD 59.24+12.23 59.73+10.22 -0.062 951
Gender, n (%) 2.747 .097
Male 17 (51.52) 10 (31.25)
Female 16 (48.48) 22 (68.75)
Smoking status, n (%) 0.337 .562
Smoker 7 (21.21) 5 (15.63)
Nonsmoker 26 (78.79) 27 (84.37)
Cancer family history, n (%) 0.085 71
Yes 6 (18.18) 5 (15.63)
No 27 (81.82) 27 (84.37)
Pathological types, n (%) 1.225 742
Adenocarcinoma 32 (96.97) 30 (93.75)
Squamous cell carcinoma I (3.03) I (3.125)
Adenosquamous carcinoma 0 (0.00) I (3.125)
TNM stage, n (%) 1.871 1.000
la 32 (96.97) 31 (96.88)
Ib I (3.03) 0 (0.00)
lla 0 (0.00) 1 (3.12)
Mode of surgical procedure, n (%) 1.010 .603
Pulmonarylobectomy 26 (78.79) 22 (68.75)
Segmentectomy 5 (15.15) 8 (25.00)
Pulmonary wedge resection 2 (6.06) 2 (6.25)
Thoracic drainage tube, n (%) 2973 .085
Yes 15 (45.45) 8 (25.00)
No 18 (54.55) 24 (75.00)

quality control. There was a well-balanced characteristic
distribution between 2 groups (Table 1).

Outcomes of Quality of Life (QOL)

At week 1, cognitive functioning was higher in the SJZD
group than the baseline (LS mean change 5.05; 95% CI
—0.17 to 10.27), whereas the CON group experienced a
decline (LS mean change —1.04; 95% CI —5.61 to 3.52)
(P=.048) (Figure 2A). At week 4, the SJIZD group showed
significantly greater improvements (LS mean change 17.63;
95% CI 9.99 to 25.28) in QLQ-C30 physical functioning
compared to the CON group (LS mean change 5.52; 95%
CI—-1.33 to 12.36) (P=.019) (Figure 2B). Mean GHS/QOL
scores compared with baseline were improved by
18.82 +32.56 points (95% CI 6.87 to 30.76) in SJZD group
and 10.06 = 31.84 points (95% CI —2.05 to 22.17) in CON
group (P=.297).

Besides, at week 4, SJZD showed greater improvement
compared to the CON group in dyspnea (LS mean change
36.92 [95% CI 27.84 to 45.99] improvement vs 16.86 [95%
CI 9.31 to 24.40] improvement, P=.001), coughing (LS
mean change 36.56 [95% CI 23.79 to 49.33] improvement
vs 16.09 [95% CI 6.74 to 25.45] improvement, P=.008),
hemoptysis (LS mean change 20.43 [95% CI 11.68 to

29.18] improvement vs 8.05 [95% CI 0.73 to 15.36]
improvement, P=.034), peripheral neuropathy (LS mean
change 4.30 [95% CI —1.81 to 10.41] improvement vs 6.90
[95% CI —0.19 to 13.99] deterioration, P=.019), pain (arm
or shoulder) (LS mean change 20.43 [95% CI 12.27 to
28.59] improvement vs 5.75 [95% CI —3.26 to 14.76]
improvement, P=.020), and pain (other parts) (LS mean
change 15.05 [95% CI 6.22 to 23.89] improvement vs 0.00
[95% CI —8.30 to 8.30] improvement, P=.019) according
to QLQ-LCI3 (Figure 2F). Furthermore, there were no
notable adverse effects of symptoms, indicating that SJZD
exhibited a favorable safety profile. These results demon-
strated that SJZD could improve the QOL by enhancing
body function and ameliorating the discomfort symptoms
with a good safety in postoperative NSCLC patients.

Clinical Serum Parameters

Routine blood and biochemical examinations. Routine blood
testing and biochemical testing (liver and kidney functions)
were analyzed to evaluate patients’ general conditions (Fig-
ure 3A). SJZD had a notable impact on the elevation of red
blood cell count (Week 1: P=.003, Week 4: P=.029) and
hemoglobin (Week 1: P=.016, Week 4: P=.048) levels
during both the first and fourth weeks. Hepatic function is
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He et al

associated with Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT), total protein, and albumin, while
renal function is associated with creatinine. Despite the
higher ALT level in SJZD group compared to the CON
group (P=.008) after 4weeks, the average ALT level
remained within the normal range. No adverse effects
related to blood routine examination, hepatic and renal
function were observed.

Immune function indices. Following 1 week of treatment, the
SJZD group demonstrated significantly increased levels of
CD3* (P=.001), CD3*CD4" (P=.012), and CD3*CD8"
(P=.027) compared to the CON group (Figure 3B). At
week 4, the SIZD group exhibited significantly higher lev-
els of CD3" (P<.001) and CD19" (P=.003) compared to
the CON group (Figure 3B).

Inflammatory-related  indices. Inflammation-related cyto-
kines were measured to assess the inflammation in postop-
erative NSCLC patients (Figure 3C). At week 1, the IL-8
level in the SJZD group (59.34 £ 65.62) was lower than
CON group (118.11 =110.81) (P=.004). The IL-10 level
was increased in the SJZD group (10.52*23.56) and
decreased in CON group (5.14 +0.35) (P=.004). Com-
pared to baseline and week 1, after 4 weeks of treatment,
both SJZD (52.37 =91.71) and CON group (52.49 = 31.20)
greatly downregulated IL-8 level (P=.005). In comparison
to the baseline, the IL-10 level was increased in SJZD group
(7.97 £4.50) and decreased in CON group (5.12 =0.30)
(P=.003).

OTU Classification of Gut Microbiota

The study obtained a total of 6095582 high-quality read-
ings from the 122 fecal samples. After quality and chimera
checking, OTUs were determined based on a 97% similar-
ity. The range of 16 S rRNA sequencing coverage was 400
to 440bp (Supplemental Figure 1: quality sequence length
distribution map).

Rank-abundance and rarefaction. The rank-abundance
curves in both groups showed similar steepness and short-
ness at baseline, suggesting that the gut microflora had low
relative abundance and evenness after surgery (Supplemen-
tal Figure 2A). During week 1 and week 4, the rank-abun-
dance curves exhibited a consistent trend of becoming
smoother and flatter, indicating a high level of species
diversity and uniformity in the fecal samples (Supplemental
Figure 2B-C). Moreover, the species curves exhibited a
gradual increase in length in the SJZD group compared to
the CON group, indicating that SJZD resulted in a greater
enhancement of species abundances.

The rarefaction curves for each sample tended to
approach the saturation plateau (Supplemental Figure

2D-F), showing a satisfactory sequencing depth and excel-
lent coverage for all samples. At baseline, the rarefaction
curves of SJZD and CON were similar (Supplemental
Figure 2D). Between week 1 and week 4, significant
changes were observed in the proportions of gut microbiota
in 2 groups. Moreover, the OTU abundance of the SJZD
group exhibited a gradual increase in comparison with the
CON group (Supplemental Figure 2E-F).

Clustering analysis of OTU. The total number of OTUs gener-
ated in both groups decreased gradually from the baseline to
week 4 (Figure 4). Nevertheless, the disparities between 2
groups escalated, with the SJZD group having a greater
number of OTUs compared to the CON group (Baseline:
766 vs 772; Week 1: 697 vs 593; Week 4: 602 vs 402).
Moreover, the SJIZD group experienced a rise in the count
of distinct OTUs, whereas the CON group experienced a
decline in the count of distinct OTUs. As time passed, the
disparities between the 2 groups became more apparent
(Baseline: 194 vs 200; Week 1: 278 vs 174; Week 4: 270 vs
70).

Diversity of Gut Microbiota Within and Between
Communities

Alpha diversity (a-diversity). The analysis of the species
diversity of gut microbiota (Figure 5A-D) is crucial for
the formation of distinct microbial communities, as it
determines the species composition and distribution. At
week 1, in the SJZD group, there were increases in the
Chao, Shannon, and Sobs indices, along with a decline in
the Simpson index. Conversely, the CON group exhibited
completely opposite outcomes (P >.05). Following a
4-week treatment period, the SJZD group exhibited a
notably greater Sobs index compared to the CON group
(P=.030) (Figure 5B).

Beta diversity (B-diversity). In the first week, the PCoA
analysis revealed a slight variation in the species diver-
sity and community structure of gut microbiota between
the 2 groups (PC1=16.19%, PC2=8.73%, P=.075) as
shown in Figure 5F. The Beta diversity of the SJZD and
CON group showed significant differences at week 4,
with PC1=19.73% and PC2=10.92% as the x and y
coordinates (ANOSIM R=.0617, P=.016) (Figure 5Q).
The points within each cluster collected distinctly,
whereas the points separating the 2 clusters were rela-
tively distant from one another on the coordinate graph,
with the disparity being most noticeable at week 4 (Fig-
ure SE-G).

In general, the analysis of microbial diversity revealed
that in postoperative NSCLC patients, SJZD enhanced the
abundance, diversity, and regulated the structure of the gut
microbial community.
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Figure 5. Alpha diversity and Beta diversity of gut microbiota in the SJZD and CON: (A) Chao index of Alpha diversity, (B) Sobs
index of Alpha diversity, (C) Shannon index of Alpha diversity, (D) Simpson index of Alpha diversity, (E) Beta diversity at baseline,
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Figure 6. Major OTUs on phylum and genus level of gut microbiota in the SJZD and CON: (A) relative abundance of phylum level

in the SJZD group at baseline, (B) relative abundance of phylum level in the SJZD group at week |, (C) relative abundance of phylum
level in the SJZD group at week 4, (D) relative abundance of phylum level in the CON group at baseline, (E) relative abundance

of phylum level in the CON group at week I, (F) relative abundance of phylum level in the CON group at week 4, (G) genus
classification heatmap at baseline, (H) genus classification heatmap at week |, and (I) genus classification heatmap at week 4. The color
gradient of the heatmaps represents the mean abundance. The color gradient from green to red indicates that the mean abundances
between the SJZD and the CON group are from low to high. *P<.05.%%P<.0I.

Taxonomic Profiling of Gut Microbiota

Taxonomic composition profiling at phylum and genus levels.
At the phylum level, the most prevalent gut microbiota
identified were Bacteroidetes, Firmicutes, Proteobacteria,
Actinobacteriota, and Fusobacteriota in both groups at
baseline, and after 1 week, as indicated by their abundance
(Figure 6A, B, D, and E). In the SJZD and CON group, at
week 4, the dominant microbial phyla were Bacteroidetes,

Firmicutes, Proteobacteria, Actinobacteriota, Fusobacteri-
ota, and Desulfobacterota, collectively representing more
than 99% of the gut microbiota (Figure 6C and F). By week
4, there was a significant difference in the prevalence of
Desulfobacterota and Fusobacteriota between the SJZD and
CON group. In particular, Desulfobacterota (P=.028)
showed a noticeably higher abundance in the SJZD group,
while the CON group displayed a higher richness of Fuso-
bacteriota (P=.027).
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An analysis of the microbial composition focusing on
the genus level was conducted to investigate gut micro-
bial composition of SIZD (Figure 6G-I). The SJIZD group
displayed a notably greater abundance of Agathobacter
(P=.019) and Ruminococcus_torques_group (P=.031)
compared to the CON group at week 1. This difference in
genus abundance was more statistically significant by the
fourth week (Figure 61). There were notable variations in
11 genera between the SJZD and the CON group.
In particular, the levels of Citrobacter (P=.027),
Klebsiella (P=.002), Lachnospiraceac NK4A136 group
(P=.045), Phascolarctobacterium (P=.026), UCG002 f
Oscillospiraceaec  (P=.029), Agathobacter (P=.011),
Parasutterella (P=.018), Odoribacter (P=.025), and
Subdoligranulum (P=.006) exhibited a higher presence
in the SJZD group when compared to the CON group. In
the SJZD group, the levels of Erysipelatoclostridium
(P=.006) and Fusobacterium (P=.027) were signifi-
cantly reduced. By enhancing the presence of probiotic
microorganisms and reducing the presence of harmful
bacteria, SJZD exhibited the potential to modify the gut
microbial composition and structure.

Gut microbial biomarkers in postoperative NSCLC patients by
LEfSe analysis. At baseline, LEfSe completely detected 12
microorganisms exhibiting significant differences, with 3
and 9 microorganisms respectively found in the SJZD and
CON groups (Figure 7A and B).

At week 1, notable variations were observed in the SJZD
and CON groups, with 9 and 2 distinct microorganisms
identified, respectively (Figure 7C and D). Dominant spe-
cies in the SJZD group included g Enterobacter,
g Agathobacter, g Ruminococcus_torques group, f
Erysipelatoclostridiaceae, o Eubacteriales, f FEubact-
eriaceae, g FEubacterium, g FEubacterium siracum
group, f Anaerovoracaceac. @~ The CON  group
was characterized by the prominent presence of g
Lachnospiraceae UCG-010 and c__ Alphaproteobacteria.
At week 4, totally, 34 and 14 microbes with significant dif-
ferences were enriched in the SJZD and CON group respec-
tively (Figure 7E and F). While both groups experienced
noticeable increases in the number of gut microbial bio-
markers, the SJZD group exhibited a greater abundance of
these biomarkers. The gut microbiota in the SJZD group
exhibited  significantly = higher levels of o
Acidaminococcales, f Acidaminococcaceae, g Phas-
colarctobacterium, g Parasutterella, f Marinifilaceae,
g Odoribacter, g Lachnospiraceac NK4A136 group,

g Subdoligranulum, p__ Desulfobacterota, f De-
sulfovibrionaceae, g Ruminococcus, g Desulfovibrio,
g Agathobacter, g Coprococcus, g Chris-

tensenellaceae R-7 group, f Christensenellaceae, and
g Butyricimonas. The CON group significantly had
higher levels of g Flavonifractor, f Anaerolineaceae,

0__Anaerolineales,c__Anaerolineae,p _Chloroflexi,g Intest-
inibacter, g Eggerthella, g unclassified o
Burkholderiales,g Hungatella,g  Erysipelatoclostridium,
and g Sellimonas. Collectively, these findings demon-
strated that the SJZD group and the CON group had signifi-
cantly different predominant microbial biomarkers after
SJZD treatment, with the SIZD group exhibiting signifi-
cantly more probiotic microbes and less pathogenic
microbes.

Co-occurrence Network Analysis in Gut
Microbiota

From week 1 to week 4, there was a gradual increase in the
modularity values and the number of modules in both the
SJZD group and CON group (Figure 8). The SJZD group
exhibited superior community partitioning compared to
the CON group, evident by its higher level of modularity
value and number of modules. The results of the co-
occurrence network analysis revealed that the SJZD
group had better co-occurrence interactions and pos-
sessed more characteristics of community partitioning.
The analysis of co-occurring networks demonstrated the
ecological relationships among OTUs at the genus level,
suggesting that SJZD treatment had modified the micro-
bial structure. Several topological indices were also cal-
culated to assess the characteristics of the co-occurrence
networks (Supplemental Table 1).

Gut Microbiome Functional Prediction

There was no notable disparity in the KEGG pathways
between the 2 groups at the start and after 1 week (Figure
9A). In the fourth week, significant variances were observed
in the 12 biological pathways associated with the functional
prediction of gut microbiota within the Level 3 classifica-
tion of KEGG pathways between 2 groups (Figure 9B).
More specifically, the SJZD group exhibited a notable rise
in the 3 metabolic pathways. The pathways included nonri-
bosomal peptide structures (ko01054) (P=.005), flavonoid
biosynthesis (ko00941) (P=.021), stilbenoid, diarylhep-
tanoid and gingerol biosynthesis (ko00945) (P=.021).
Additionally, there was an upregulation in 1 cellular pro-
cesses pathway, namely meiosis-yeast (ko04113) (P=.011),
and 1 organismal systems pathway, which was mineral
absorption (ko04978) (P=.024).

In the meantime, the SJZD group significantly down-
regulated the activities of 4 organismal system pathways
associated with bile secretion (ko04976) (P=.010), retro-
grade endocannabinoid signaling (ko04723) (P=.014),
parathyroid hormone synthesis, secretion and action
(ko04928) (P=.025), and GnRH signaling pathway
(ko04912) (P=.025). Additionally, SJZD downregulated 2
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Figure 7. Gut microbial biomarkers identified by LEfSe analysis in the SJZD and CON. The dominant gut microbial biomarkers

were displayed by the histogram of LDA value distribution and cladogram. (A) LEfSe analysis cladogram at baseline. (B) LEfSe analysis

histogram of LDA value distribution at baseline. (C) LEfSe analysis cladogram at week |. (D) LEfSe analysis histogram of LDA value
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Figure 8. Co-occurrence network analysis of gut microbiota in the SJZD and CON. The co-occurrence networks of (A) CON
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Figure 9. Gut microbiome functional prediction of KEGG level 3 pathway in the SJZD and CON. (A) The relative abundance of
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pathways related to human diseases, which were gastric
cancer (ko05226) (P=.010) and pancreatic cancer
(ko05212) (P=.025). Furthermore, SJZD negatively
impacted 1 environmental information processing pathway,
specifically the Ras signaling pathway (ko04014) (P=.025).
Overall, these findings suggested that SJIZD has the ability
to regulate the functional pathways and improve the dys-
functions of the gut microbiota in postoperative NSCLC.

Discussion

Surgical intervention is the preferred therapeutic approach
for early-stage lung cancer. Nevertheless, patients may
experience long-term diminished QOL, gastrointestinal
dysfunction, and abnormal serum indices following the pro-
cedure.* Consequently, the rehabilitation of NSCLC
patients after surgery continues to present challenges.* To
the best of our understanding, this is the first prospective
observational study investigating the effects of SJZD on
QOL, immune functions, inflammation, and gut microbiota
in postoperative NSCLC patients up till now.

This observational study demonstrated that the adminis-
tration of SJZD had a beneficial effect on the QOL, physi-
ological functioning, discomfort reduction, immune
response regulation, and inflammation suppression in post-
operative NSCLC patients. Notably, within a 4-week post-
surgery period, a discernible deterioration in both physical
and cognitive functioning was observed, indicating the sub-
stantial impact of surgical interventions on individuals with
ecarly-stage NSCLC, primarily resulting in physical and
cognitive impairment. Importantly, the administration of
SJZD significantly augmented both physical and cognitive
capacities. According to these findings, SJZD demonstrated
improvements in postoperative symptoms such as dyspnea,
coughing, hemoptysis, and pain. Numerous studies have
indicated that SJZD exhibits an anti-cancer efficacy as well
as a synergistic effect in preventing cancer cachexia, allevi-
ating inflammatory response, improving malnutrition state,
and enhancing QOL23:2446-48

Surgical operations and interventions performed during
the perioperative phase can impact immune surveillance
and the inflammatory response.*’ The extraction of differ-
ent monosaccharide compositions from SJZD has notice-
able effects on intestinal immunity, specific immunity, and
nonspecific immunity.>® It has the capability to augment the
adaptive immune response, regulate the intestinal immune
system, and facilitate the restoration of gastrointestinal
function, which is through the reduction of CD3*T cells and
CDS8'T cells, and the elevation of CD4'T cells.’!
Furthermore, SJZD has demonstrated efficacy in mitigating
inflammation by enhancing intestinal local immunity.>? In
this study, it was observed that SJZD exerted a notably posi-
tive impact on immune cells, specifically CD3*, CD3*CD4",
and CD3*CD8*, while concurrently elevating the levels of

the anti-inflammatory cytokine IL-10 and significantly
diminishing the levels of the proinflammatory cytokine
IL-8. In summary, SJZD played a pivotal role in regulating
the level of immune cells and inflammatory cells in postop-
erative NSCLC patients.

The disruption of the gut-lung axis has the potential to
lead to the colonization of pathogens, translocation of bac-
teria, oxidative stress, impairment of intestinal barrier,
exposure to toxins, metabolic disturbance, persistent
inflammation, and immune dysregulation.> Microbial dys-
biosis is a prevalent occurrence in lung cancer patients, as
evidenced by reduced species diversity, alterations in
microbial composition, instability in structural integrity,
and impaired biological functions.’*>¢ This study indicated
the presence of dysbacteriosis in NSCLC patients who have
recently undergone surgery. SJZD has been found to exert a
significant influence on regulating the gut microbiota, con-
tributing to increased microbial abundance and species
diversity. Total polysaccharides of the SJZD alleviate the
impairment of the intestinal epithelial cell barrier func-
tion.>” Previous studies have consistently shown that SJZD
enhanced the diversity and constitution of the gut microbi-
ota, while also exerting an immunomodulatory influence by
regulating the gut microbiota.?%>%-3%

Recent discoveries have highlighted a strong association
between metabolites generated by the gut microbiome and
human health.*® Short-chain fatty acids (SCFAs) are the
metabolic fermentation products of the gut microbiota. The
presence and progression of various diseases, including
multiple types of cancer, are strongly linked to the decrease
in SCFAs and probiotics that produce SCFAs.%° SCFAs
have been proven to exert a regulatory influence on immune
function, inflammation, and metabolism.%! Butyrate is one
of the main SCFAs produced by intestinal microorganisms.
Reductions in colonic butyrate concentrations disrupt the
integrity of the barrier and promote inflammation.®?
Furthermore, patients with NSCLC have been reported to
exhibit dysbiosis in gut bacteria responsible for butyrate
production.®® The LEfSe analysis demonstrated a statisti-
cally significant increase in gut microbiota biomarkers by
the fourth week in both groups. SJZD significantly
increased the abundance of numerous probiotic microbi-
ota, which in turn enhanced the production of SCFAs.
Previous studies have identified Agathobacter,
Eubacterium,®>  Ruminococcus,’®  Subdoligranulum,®’
Phascolarctobacterium,®® and Odoribacter as key symbiont
microbiota in the gut ecosystem that contribute to SCFA
generation.®” These microbiota have been shown to exert a
modulatory effect on antitumor immune responses, inflam-
mation suppression, and cancer inhibition. A study has
shown that Ruminococcus has a positive impact on the
intestinal inflammation and the CD8*/Forkhead box pro-
tein3 (Foxp3)*CD4" ratio in the tumor microenvironment.®
The presence of Subdoligranulum in humans is positively
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associated with microbial diversity, but has a negative cor-
relation with levels of C-reactive protein (CRP) and IL-6.7°
Odoribacter splanchnicus has been discovered to mitigate T
cell inflammation and colitis by increasing the population
of Foxp3*/retinoic acid receptor-related orphan receptor yt
(RORyt)* regulatory T (Treg) cells, stimulating IL-10 syn-
thesis, and generating SCFAs.”! The bacteria of
Christensenellaceae and Eubacterium have been proposed
as promising therapeutic agents, representing a new genera-
tion of probiotics.”? The present study demonstrated that
SJZD had a notable effect on enhancing the population of
probiotic bacteria that produce SCFAs as mentioned above.
Generally speaking, the findings of this study revealed that
SJZD effectively alleviated the disturbance of the symbiotic
microbiome and reestablished a new intestinal microecol-
ogy equilibrium of postoperative NSCLC through the pro-
motion of abundance and diversity of gut microbiota, and
the augmentation of probiotic microbes capable of produc-
ing SCFAs.

Extensive studies have revealed significant variations in
microbiome functions between individuals with NSCLC
and those in a healthy state, with particular emphasis on the
decline of metabolic pathways and alterations in metabo-
lites.>>”>7* The present study demonstrated that SIZD sig-
nificantly upregulated metabolism pathways associated
with nonribosomal peptide structures, flavonoid biosynthe-
sis, stilbenoid, and diarylheptanoid biosynthesis. These
compounds have demonstrated promising effects against
tumors, along with possessing antioxidant, anti-inflamma-
tory, and immune-enhancing properties in various cancer
types.”>’® Bidirectional interactions have been observed
between gut microbiota and flavonoid, stilbenoid, and dia-
rylheptanoid compounds, and these interactions manifest
through direct and indirect mechanisms, encompassing gut
microbiota modulation, T cell differentiation regulation,
intestinal barrier function enhancement, inflammatory path-
way regulation, and reduction of oxidative stress.””-%! Bile
acids, as metabolites of the intestinal microbiota, have been
shown to modulate antitumor immunity and regulate immu-
nological homeostasis.®? The metabolites of bile acids
directly control the equilibrium of T helper cell 17 (Th17)
and Treg cells, thus impacting the immune responses of the
host.3334 SJZD significantly downregulated the bile secre-
tion pathway in this study, which is known to be increased
in NSCLC patients compared to healthy individuals accord-
ing to a previous study.’® In conclusion, the findings sug-
gested that SJZD played a role in restoring a healthy
functional state of the gut microbiota in postoperative
NSCLC.

However, there are still several limitations in this study.
Due to the absence of the random design, some biases are
difficult to avoid. The study of the gut microbiome is inher-
ently complex, as it is influenced by numerous confound-
ing factors such as geographical environment, lifestyle,

dictary habits, psychological stress, physiological charac-
teristics, and other individual differences and interfer-
ences.®> Achieving complete elimination of bias in this
field is challenging. Therefore, it is imperative to recruit a
larger number of patients from multiple centers, collect a
greater quantity of clinical data and fecal samples, and
extend the duration of observation in order to enhance the
validation of the association between the impact of SJZD
on the regulation of gut microbiota. Furthermore, the thera-
peutic effects of SJZD involve intricate mechanisms, mul-
tiple targets and signaling pathways, thus necessita-
ting further study to explore the underlying mechanisms
implicated.

Conclusions

The study demonstrated that SJZD exhibited the potential to
improve QOL, reinstate immune equilibrium, alleviate
inflammation, and regulate gut microbiota imbalance in post-
operative NSCLC patients. SJZD may serve as a promising
therapeutic intervention for complementary treatment of
postoperative NSCLC, and requires more clinical research.
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