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Gut Microbial Signatures Linked to Radio-Immunotherapy Response Reveal Opposite Alistipes—Host Crosstalk in Oligometastatic NSCLC
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@ BACKGROUND

» Oligometastatic NSCLC: combining definitive radiotherapy with systemic immunotherapy can achieve
durable control, yet resistance remains common and predictive biomarkers are lacking.

- The gut microbiome modulates systemic immunity and influences responses to both radiotherapy and ICls.

* The genus Alistipes has context-dependent effects; TGF-B/SMADS3 signaling regulates radiosensitivity, EMT,
and the immune microenvironment.

- Knowledge gap: no study has investigated whether and how the gut microbiome influences combined
radio-immunotherapy outcomes in oligometastatic NSCLC.

« Hypothesis: pre-treatment gut microbial signatures, particularly Alistipes abundance, predict radio-
iImmunotherapy resistance through microbiome-host crosstalk.

@ METHODS

* Prospective cohort of 22 oligometastatic NSCLC patients.

 Treatment: induction chemo-immunotherapy — definitive radiotherapy.

- Serial fecal and blood samples at 3 timepoints: pre-treatment, pre-radiotherapy, post-radiotherapy.
+ 16S rRNA sequencing + shotgun metagenomics (fecal); RNA-seq of PBMCs (host).

- Bioinformatics: Wilcoxon/Kruskal-Wallis, Cox regression, Spearman correlation, GO/KEGG, GSEA, VIPER,
STRING.

- External validation: anti-PD-1 cohort (Routy et al., PRJEB22863) and TCGA-LUAD.

@ STUDY DESIGN

Patients stratified by 12-month PFS threshold:
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- Groups were balanced for age, sex, BMI, stage, and histology (all P > 0.05).

 Prospective longitudinal cohort at SYSUCC (2022-2024).

- Patients with oligometastatic NSCLC received induction systemic therapy followed by radiotherapy.
* Serial matched samples enabled longitudinal and between-group comparisons.

- Molecular changes were correlated with PFS, DMFS, LRFS, and OS.

@ RESULTS 1: Alistipes is a Biomarker of Resistance

+ Alpha diversity: RIR patients showed higher baseline microbial diversity, followed by a
significant decline in Shannon diversity after radiotherapy (P = 0.016).

 Higher pre-treatment Alistipes independently predicted
worse distant metastasis-free survival (DMFS: HR = 2.00,
95% Cl 1.17-3.44, P = 0.012).

Observed otus Shannon Simpson Chao 1
600 g 600 . . . g .
. . * * - Optimal cutoff = 1.241; high-Alistipes patients showed
ns
001 | L S I Ly | shorter DMFS (log-rank P = 0.023).
400+ T T 64 é . ? 4004 T
300- T 0.9 -l - Species-level metagenomics revealed intra-generic
— P — heterogeneity: A. putredinis was enriched in RIS,
200+ 0.8- 200 . . , -
. . - : , , : suggesting opposing species-level associations.
* Pre-treatment Alistipes abundance was significantly enriched in RIR patients (P < 0.001). o Frs n Bl oMFS -
= = " p=0023 "
RIR LDA value distribution Alistipes dynamics in RIR subgroup - ™
—— el L 2 © =
3 g g g,
e -
Group ee— 000 | §

0.|4

Pre-treatment

Pre-radiotherapy
. Post-radiotherapy

0.2
1

0.2
1

Alistipes abundance

0. 15 20 25 30 0 5 10 15 20 25 30 35
01 . . ° Time (months) Time (months)
-4 -3 -2 -1 Pre-treatment Pre-radiotherapy Post-radiotherapy
LDA value (log10) Time point

o

® RESULTS 2: Alistipes Links to Resistance Functions

+ KEGG Level 2 analysis identified 9 pathways differing between RIS and RIR (P < 0.05).

* In RIR, Alistipes abundance positively correlated with drug resistance / antimicrobial pathways (p = 0.76, adj. P = 0.013) and xenobiotics
biodegradation/metabolism (p = 0.71, adj. P = 0.023).

* RIR microbiome showed a hyper-coordinated functional network (3.2x more KO correlations than RIS).

* In RIS, Alistipes correlated with replication/repair and terpenoid/polyketide metabolism.

Top correlations between Alistipes and KEGG pathways in RIR group
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« SMADS activity was higher in RIR vs RIS (P = 0.040).

* In RIR, SMADS3 strongly correlated with Alistipes abundance (p = 0.864, P = 0.001).

+ SMADS3 also correlated with xenobiotics biodegradation/metabolism (p = 0.627, P = 0.044).

« GSEA: Alistipes associated with pathway suppression in RIR (RNA metabolism, Hippo) vs activation in RIS (oxidative phosphorylation, humoral immunity).

Key transcription factor linking Alistipes to resistance
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& KEY FINDINGS

* Pre-treatment Alistipes abundance independently predicts worse DMFS (HR = 2.00).

* Alistipes is enriched in RIR and associated with microbial drug-resistance pathways.

- Host SMADS3 activation correlates with Alistipes abundance specifically in RIR (p = 0.864).

- Alistipes shows opposite functional associations in RIS vs RIR, revealing context-dependent crosstalk.

 External cohorts support Alistipes as a member of an immunotherapy-relevant microbial module.

@ CONCLUSIONS

 Pre-treatment gut Alistipes abundance is an independent prognostic biomarker of radio-immunotherapy
resistance in oligometastatic NSCLC.

- Alistipes enrichment is linked to microbial xenobiotic metabolism, antimicrobial resistance, and host SMADS3
activation.

- Alistipes represents a potential biomarker for patient stratification and a therapeutic target to overcome radio-
immunotherapy resistance.

 These findings reveal context-dependent microbiome-host crosstalk that distinguishes radiosensitivity from

resistance.

® EXTERNAL VALIDATION

- Anti-PD-1 cohort (Routy et al., n=127): Alistipes co-occurred with Akkermansia (FDR = 0.002), a known

immunotherapy-response taxon.

« TCGA-LUAD (n=358): higher SMAD3 expression showed a trend toward worse OS (HR = 1.22, P = 0.082),

strongest in current smokers.

©® ACKNOWLEDGMENTS & REFERENCES

Acknowledgments: The authors thank all patients and clinical staff.

Funding: No pharmaceutical or biotech company funding.

Key references:
1.Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol. 1995;13(1):8-10. doi:10.1200/JC0O.1995.13.1.8.

2.Gomez DR, Blumenschein GR Jr, Lee JJ, et al. Local consolidative therapy versus maintenance therapy or observation for patients with oligometastatic non-
small-cell lung cancer without progression after first-line systemic therapy: a multicentre, randomised, controlled, phase 2 study. Lancet Oncol.
2016;17(12):1672-1682. doi:10.1016/S1470-2045(16)30532-0.

3.Gomez DR, Tang C, Zhang J, et al. Local consolidative therapy vs maintenance therapy or observation for patients with oligometastatic non-small-cell lung
cancer: long-term results of a multi-institutional, phase Il, randomized study. J Clin Oncol. 2019;37(18):1558-1565. doi:10.1200/JC0.19.00201.

4.Routy B, Le Chatelier E, Derosa L, et al. Gut microbiome influences efficacy of PD-1-based immunotherapy against epithelial tumors. Science.
2018;359(6371):91-97. doi:10.1126/science.aan3706.

5.Bestvina CM, Pointer KB, Karrison T, et al. A phase 1 trial of concurrent or sequential ipilimumab, nivolumab, and stereotactic body radiotherapy in patients
with stage IV NSCLC. J Thorac Oncol. 2022;17(1):130-140. doi:10.1016/j.jtho.2021.08.019.

*Contributed equally *+ TCorrespondence: chenming@sysucc.org.cn, ligw@sysucc.org.cn




