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Candida albicans Tumor Colonization Drives Radiation Resistance 
in Lung Squamous Cell Carcinoma
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Oral antifungal therapy in syngeneic heterotopic CRC model rescues irradiation resistance 
conferred by CA gavage. Subcutaneous CT26 murine CRC tumor in mice receiving 4-time 
gavage and 5 Gy radiation, with experimental arm receiving oral fluconazole by drinking water 
during duration of gavages. Log fold-change plot from day of irradiation (day 0) until experimental 
endpoint. No AF: no antifungal treatment; Oral AF: oral fluconazole provided in drinking water; No 
XRT: control mice receiving no antifungals or irradiation; CA 4x: mice receiving 4 gavages of C. 
albicans.  

Oral gavage of C. albicans causes radioresistance and tumor colonization in a heterotopic, 
syngeneic cancer mouse model. (A) Tumor growth estimated using ellipsoid formula (L×W2)/2. Statistical 
comparison of volumes made comparing linear mixed-effects models between variables. (B) Colonization of 
tumors with C. albicans visualized with calcofluor white stain. (C) Culturomics results from CT26 tumors with 
brightfield microscopy images of chromagar plates 24 hours after incubation at 37C. CA: C. albicans, strain 
SC5314; SC: Saccharomyces cerevisiae, strain 1316. D) Log fold-change plot from day of radiation (day 0) in a 
subcutaneous CT26 model. Mice were gavaged with C. albicans, S. cerevisiae as a fungal control, PBS, and a 
group that did not receive radiation (No XRT). (D) Log fold-change in a Rag2-/- model (no mature B or T cells). * = 
p<0.05, *** = p < 0.001 
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Metabolites from hypoxic-cultured C. albicans provides radioresistant phenotype to radiated 
cancer cells. (A) Clonogenic survival assay comparing MC38 cell survival between cells cocultured 
for 24 hours with YPD control media, or CM from CA cultured in 21% oxygen or 0% oxygen 
(anaerobic chamber). (B) Repair half-life of Double Strand Breaks (DSB), modeled using an 
exponential decay model of number of yH2AX foci counted in single cells after 24hr coculture with 
CA CM or control YPD media at time course after 2 Gy irradiation (1, 6, 24hr). (C) Western Blot from 
MC38 cells cocultured for 24hr with CA CM or control YPD media at time course after 2 Gy 
irradiation (1, 6, 24hr) for DNA Repair Proteins. Non-irradiated controls included. (D) Ternary plot of 
differentially abundant metabolites in control YPD media, hypoxic and normoxic CA CM using 
untargeted metabolomics via LC-MS/MS quantification.
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•The gut and tumor microbiomes can positively and 
negatively affect tumor growth and therapeutic response 
[1,2].
•Fungi in the genus Candida have been correlated with 
metastasis and decreased overall survival in cancer [3,4].
•Here, we show that Candida albicans: 

•Is associated with decreased survival in NSCLC that 
received radiation
•Infiltrates tumors and causally affects radiation 
response in murine models
•Produces metabolites that directly affect tumor cell 
survival after radiation

Bioinformatic approach to identifying microbes within tumors: {exotic}. We applied a 
conservative, contamination-aware pipeline to carefully filter human reads, align to a curated set of 
reference genomes, and remove contaminants (Hoyd et al, CRC, 2023).

Murine experiments. Subcutaneous murine tumor receiving one-time 7.5 Gy treatment from the 
Small Animal Radiation Research Platform (SARRP) 2 days after oral gavage with microbe of 
interest. Subcutaneous CT26 murine CRC tumor receiving 4-time gavage and 6 Gy radiation. Rag2del 
mice delivered a 3-time gavage before 9 Gy radiation. 

Radiation protection assay. (A) Candida albicans SC5314 was grown to log-phase growth in YPD 
before being sterile-filtered in a 0.22 uM filter and subsequently added to a cell culture dish for 
downstream analyses. Cells were visualized with crystal violet or Alamar blue.

Computational framework for treatment-exposure clustering and survival analysis: MEC-TX.
The MEC-TX pipeline was applied to NSCLC patients from the ORIEN AVATAR registry (n=1508) to 
stratify samples by treatment exposure pattern and intratumoral Candida burden, enabling treatment-
specific survival analysis from longitudinal medication records (Chatterjee et al., Zenodo 2026).

The Oncology Research Information Exchange Network (ORIEN) dataset. ORIEN is a collection 
of 17 comprehensive cancer centers that share a common clinical protocol. Tumor samples are 
collected uniformly and sent to a collaborating vendor, Aster Insights, for processing and sequencing. 
Tumor RNAseq and WES and uniformly processed and harmonized clinical data are returned to the 
member institutions.

High intratumoral 
Candida burden 
predicts worse overall 
survival across multiple 
cancer types. Pan-
cancer analysis across 17 
tumor types shows 
consistently elevated 
hazard ratios in high 
Candida patients. 
Microbial abundance 
estimated from bulk RNA-
sequencing using {exotic}.

High intratumoral 
Candida burden 
predicts worse overall 
survival in NSCLC. High 
Candida burden is 
associated with lower 
overall survival.

High intratumoral Candida burden predicts worse overall survival in NSCLC after 
controlling for additional variables. A multivariate Cox proportional hazards model shows 
Candida is among the most impactful variables. 
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Intratumoral Candida albicans: 
•Is associated with decreased survival in NSCLC that received radiation
•Infiltrates tumors and causally affects radiation response in murine models
•Is not B or T cell dependent
•Can be rescued with oral fluconazole
•Produces metabolites that directly affect tumor cell survival after radiation


