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Prior treatment history shapes gut microbiome composition and confounds immunotherapy biomarker in advanced NSCLC
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Introduction

Immune checkpoint inhibitors (ICls) transformed standard of care in advanced non-small cell lung cancer
(NSCLC), yet single-agent objectlve response remains <30%, and many patients lack durable benefit.

The gut microbiome is an extrinsic determinant of ICI response, and responder fecal transplantation restores
antitumor immunity in preclinical models.

Human associations replicate poorly across cohorts, with taxa reversing direction and genus-level profiling
obscuring species or strain-level functions.

Prior systemic therapy, especially platinum-based chemotherapy, simultaneously shortens survival and
reshapes the microbiome, yet is rarely modeled as a confounder.

In a prospective single-center cohort, characterize the non-responder (NR)-associated gut microbiome under
explicit control for prior systemic therapy.

Resolve it within one cohort under consistent confounder control, moving from community composition to
species-level enzymatic and genomic potential and then to the matched host tumor transcriptome.

Baseline fecal samples were prospectively collected from 83 patients with advanced stage llIB-IV NSCLC at
Samsung Medical Center before single-agent pembrolizumab or atezolizumab. Patients were classified as pre-
treated (N=56) if they had received prior ICI, targeted therapy, or platinum-based chemotherapy within six
months of ICl initiation, and as treatment-naive (N=27) otherwise.

Responders were defined by RECIST v1.1 as complete or partial response or stable disease with progression-
free survival (PFS) of at least six months, and non-responders as progressive disease or stable disease with
PFS under six months.

Taxonomic composition was profiled with MetaPhlAn4 and community function with HUMANN4a after shotgun
metagenomic sequencing.

Species-level pangenomes were assembled from all GTDB r232 genomes within each species cluster.

Matched tumor whole-transcriptome sequencing was available for 35 patients, obtained from a previously
published dataset.

Pretreated patients showed worse survival in univariate Cox, HR 2.64 for PFS (95% cl 1.43-4.88, p=0.001) and
HR 3.21 for OS (95% C1 1.49-6.92, p=0.002).

Prior systemic therapy explained the largest compositional variance among all clinical variables, Bray-Curtis
PERMANOVA R?=2.03% (p=0.032), above treatment line 1.78%, PD-L1 expression 1.74%, and ICl regimen
1.43%.

Beta-diversity PCoA showed partial separation of naive and pretreated communities.
Shannon diversity was unchanged (p=0.518), so the effect lies in community structure rather than richness.
Acting on both outcome and composition, prior systemic therapy meets the definition of a confounder.

100

Progression-Free Survival (%)

75

251

50{ --

Prior systemic Tx =~ naive =~ pretreated

P =0.001

HR = 2.64 (1.43-4.88)

0 6 12 18 24 30
Time (months)

Number at risk

36

100

Overall Survival (%)

751

501

251

Prior systemic Tx =~ naive =~ pretreated

P =0.002

HR = 3.21 (1.49-6.92)

0 6 12 18 24 30
Time (months)

Number at risk

MaAsLin2 found 19 SGBs unadjusted and 11 adjusted, with eight significant under both models in concordant
direction forming the robust set.

All eight carried negative coefficients, i.e., NR-enriched, five belong to class Clostridia.

NRm-index, the coefficient-weighted sum, separated responders from non-responders (p<0.001) and stayed
comparable between naive and pretreated (p=0.389).

Median split gave PFS HR 0.41 (95% CI 0.24-0.71, p=0.001), so the response signal is independent of the
confounder.
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Fig 2. Adjustment isolates eight NR-enriched SGBs and a prior systemic therapy-independent microbial index

KO over-representation flagged ABC transporters and ribosome biogenesis (a growth signature), but individual
KO correlations with NR taxa were weak, indicating functional redundancy

Reaction (RXN)-level WGCNA gave three modules negatively correlated with NRm-index, purple (493 RXNs),
red (239 RXNs), and teal (179 RXNs).

Teal tracked prior systemic therapy (r=-0.31, p=0.004) and cobalamin biosynthesis, so confounder adjustment
set it aside.

Purple was enriched for Stickland-type amino acid fermentation and held arginine deiminase among its hub
reactions, with SGB15053 correlated to arginine deiminase and ornithine racemase while SGB15368 and
SGB4767 connected to non-overlapping hubs.

In GTDB r232 pangenomes SGB15053 encoded the complete operon (arcA 86.4%, arcB 90.9%, arcC 99.2%),
whereas SGB4767 carried arcA in only 1 of 22 genomes and SGB15368 lacked arcA and arcC.

StrainPhlAn and PanPhlan showed no response-linked strain clustering or gene-content difference, placing the
signal at species abundance rather than strain identity.
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In matched tumor transcriptomes, partial Spearman under three-stage adjustment separated response-
decoupled from response-coupled associations.

NFKB1 correlated negatively with SGB15053, consistent with microbial arginine consumption modulating host
NF-kB signaling.

NOS2 correlated positively with NRm-index and negatively with SGB15368, although SGB15368 lacks arcA,
leaving its mechanism unresolved.

SLC7A1, the arginine importer CAT-1, correlated negatively with purple and red eigengenes and stayed
significant after response adjustment.

Genome-wide GSEA found KEGG arginine and proline metabolism and Hallmark TNFa signaling via NF-kB
response-decoupled across module and SGBs, while T cell receptor, B cell receptor, and IFN-y response
pathways were response-coupled, giving unbiased pathway-level support for the arginine axis.
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Fig 4. Response-decoupled host associations converge on arginine metabolism and NF-kB signaling

Conclusion & Discussion

B

Conclusion

A treatment history-controlled analysis separates response-specific microbiome biology from the imprint of
prior therapy and resolves it from community composition to species-level genomic potential to host
transcriptome.

The NR-associated microbiome acts through parallel taxon-specific channels that partially converge on
arginine metabolism, with SGB15053 giving a genomically supported NF-kB link.

Discussion

SGB15053 arginine deiminase activity may consume arginine, a shared substrate for microbial Stickland
fermentation and host immune effector functions.

Reduced arginine availability could suppress host NF-kB signaling and impair antitumor immunity in the tumor
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Fig 1. Prior systemic therapy independently associated with shorter survival and the gut microbiome shift
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microenvironment.

Parallel taxon-specific channels (NFKB1, NOS2, SLC7A1) partially converge on this arginine axis rather than a
single dominant species-pathway link.

This remains a formal hypothesis, since circulating and tissue arginine were not measured.

Cross-sectional design, host associations hypothesis-generating with limited power (N=35), single-center

cohort, and no direct arginine metabolite measurement.
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