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Background: HNSCC

- Head and Neck Squamous Cell Carcinoma
- Cancer of the mucosal epithelium in the oral cavity, larynx and pharynx
- Strongly correlated to various etiological factors
- 6th most common cancer worldwide
- Later stage diagnosis

- Lower survival rate compared to other major cancers



Background: HNSCC Diagnosis

- Tissue biopsy
- Lymph node biopsy 
- Ultrasound
- Immunochemistry 
- Computed tomography (CT), Magnetic resonance imaging (MRI), Positron 

emission tomography (PET)



Project Goal

The goal of this project is to be able to use a blood sample from a patient to 
diagnose if they have HNSCC. This test should be less invasive and more cost 
effective. It should utilize the microbiome and genomics to effectively diagnose 
patients in early stages.



Methods

Source TCGA Tissue TCGA Blood GTEX Normal UCSD

# of Samples 443 Cancer
44 Normal

117 Cancer 117 Normal 20 HNSCC 
Blood Samples
10 Normal 
Blood Samples

RNA-Seq for Tissue and Whole Exome Sequencing for Blood Samples



Differentially Abundant/Kruskal Wallis Test

A) Phylogenic tree of all mapped bacterial and fungal species in HNSCC tissue 
samples, following contamination correction. (B) Volcano plot of species differentially 
abundant between cancerous and non-cancerous samples. Points represent species, 
and heights represent significance.



Association of Clinical Variables
(C) Box plots of select species 
found to be differentially abundant 
between patients of different 
pathologic stages (left), N stages 
(middle), and M stages (right). (D) 
Survival plots of select species that 
correlate significantly to survival 
length. (E) Logarithmic plot 
showing the hazard ratios of 
patients with low diversity for each 
of the following metrics: ACE, 
observed OTUs, Chao1, and 
Singleton observations. Greater 
hazard ratios indicate greater 
likelihoods of death in patients with 
low microbial diversity.



Differences/Similarities Between Blood and Tissue Samples

(A) Phylogenic tree showing the number of species mapped in the TCGA tissue and 
TCGA/GTEX blood cohorts. (B) Venn diagram showing the number of species 

differentially abundant between cancerous and non-cancerous samples.



Diagnostic Model Ability to Predict Cancerous Samples

(A) Overview schematic. A diagnostic model was created for 
both the TCGA tissue cohort (left) and the TCGA/GTEx blood 
cohort (middle). Our UCSD blood cohort was used to validate 
the performance of the TCGA/GTEx blood model. (B) ROC 
curves showing the internal validation performance of the 
TCGA tissue model (left), and both the internal (middle) and 
external (right) validation performances of the TCGA/GTEx 
blood model. The AUCs were found to be 1.000, 0.932, and 
0.810 respectively. (C) Confusion matrices showing the 
internal validation performance of the TCGA tissue model 
(left), and both the internal (middle) and external (right) 
validation performances of the TCGA/GTEx blood model. The 
tissue model correctly classified all cases. The blood model 
correctly classified all but two internal cases, and all but eight 
external cases.



Model’s Ability to Distinguish Between Cancer and Other Oral Diseases

(A) Box plot showing the scores predicted of each leukoplakia and 
OSCC sample by the TCGA tissue model. Predicted scores range from 
0 to 1, with 1 corresponding to OSCC and 0 corresponding to normal. 
The tissue model was of even greater sensitivity to leukoplakia than 
OSCC. (B) Bar chart showing the accuracy, AUC, and precision-recall 
scores of the tissue model for the leukoplakia and OSCC samples. 
Accuracy is a simple metric describing the number of correctly 
predicted cases, while AUC and precision-recall scores consider false 
positive and false negative rates.  (C) Box plot showing the scores 
predicted of each periodontal disease sample by the TCGA tissue 
model. The model was minimally sensitive to periodontal disease (D) 
Bar chart showing the accuracy, AUC, and precision-recall scores of 
the tissue model for the periodontal disease samples.



Conclusions

- The HNSCC blood microbiome shows many species to be differentially 
abundant between cancer and normal samples

- The HNSCC blood microbiome shows much overlap between the HNSCC 
tissue microbiome

- The microbiome shows promising potential as a diagnostic tool in blood 
samples 

- The diagnostic test can be further expanded to include more markers to 
create a more comprehensive test



Acknowledgements

PI/Mentor: Dr. Weg Ongkeko



1. Benoit J Gosselin, M. (2024, January 24). Neck, cervical metastases, detection.
Overview, Anatomy of the Cervical Lymphatics, Classification of Cervical Node Groups.
https://emedicine.medscape.com/article/849516-overview

2. Cai L, Zhu H, Mou Q, Wong PY, Lan L, Ng CWK, Lei P, Cheung MK, Wang D, Wong
EWY, Lau EHL, Yeung ZWC, Lai R, Meehan K, Fung S, Chan KCA, Lui VWY, Cheng
ASL, Yu J, Chan PKS, Chan JYK, Chen Z. Integrative analysis reveals associations
between oral microbiota dysbiosis and host genetic and epigenetic aberrations in oral
cavity squamous cell carcinoma. NPJ Biofilms Microbiomes. 2024 Apr 8;10(1):39. doi:
10.1038/s41522-024-00511-x

3. Ghaderi H, Roshan-Zamir M, Jafarinia M, Kruger E. Oral Squamous Cell Carcinoma:
Focus on Biomarkers for Screening. J Dent (Shiraz). 2024 Mar 1;25(1):1-16. doi:
10.30476/dentjods.2023.96159.1924

4. Gonnelli A, Sarogni P, Giannini N, Linsalata S, Di Martino F, Zamborlin A, Frusca V,
Ermini ML, Puccini P, Voliani V, Paiar F. A bioconvergence study on platinum-free
concurrent chemoradiotherapy for the treatment of HPV-negative head and neck
carcinoma. Artif Cells Nanomed Biotechnol. 2024 Dec;52(1):122-129. doi:
10.1080/21691401.2024.2309233

5. Johnson, D.E., Burtness, B., Leemans, C.R. et al. Author Correction: Head and neck
squamous cell carcinoma. Nat Rev Dis Primers 9, 4 (2023).
https://doi.org/10.1038/s41572-023-00418-5

6. Khijmatgar S, Yong J, Rübsamen N, Lorusso F, Rai P, Cenzato N, Gaffuri F, Del Fabbro
M, Tartaglia GM. Salivary biomarkers for early detection of oral squamous cell
carcinoma (OSCC) and head/neck squamous cell carcinoma (HNSCC): A systematic
review and network meta-analysis. Jpn Dent Sci Rev. 2024 Dec;60:32-39. Doi:
10.1016/j.jdsr.2023.10.003

7. Liu Y, Lin H, Zhong W, Zeng Y, Zhou G, Chen Z, Huang S, Zhang L, Liu X. Multi-omics
analysis of immune-related microbiome and prognostic model in head and neck
squamous cell carcinoma. Clin Oral Investig. 2024 Apr 20;28(5):263. doi:
10.1007/s00784-024-05645-y

8. López F, Mäkitie A, de Bree R, Franchi A, de Graaf P, Hernández-Prera JC, Strojan P,
Zidar N, Strojan Fležar M, Rodrigo JP, et al. Qualitative and Quantitative Diagnosis in
Head and Neck Cancer. Diagnostics. 2021; 11(9):1526.
https://doi.org/10.3390/diagnostics11091526

9. Makarewicz J, Kaźmierczak-Siedlecka K, Sobocki BK, Dobrucki IT, Kalinowski L,
Stachowska E. Anti-cancer management of head and neck cancers and oral
microbiome-what can we clinically obtain? Front Cell Infect Microbiol. 2024 Feb
28;14:1329057. doi: 10.3389/fcimb.2024.1329057

10. Mehanna H, Alemany L, von Buchwald C. Advances in testing for human papillomavirus
-mediated head and neck cancer. Curr Opin Oncol. 2024 May 1;36(3):143-146. doi:
10.1097/CCO.0000000000001029



11. Ryan S Jackson, M. (2023, November 28). Microarray technologies in the diagnosis and
treatment of head and neck cancer. Overview, Methods, Microarray Technologies.
https://emedicine.medscape.com/article/855605-overview

12. Sukmana BI, Saleh RO, Najim MA, Al-Ghamdi HS, Achmad H, Al-Hamdani MM, Taher
AA, Alsalamy A, Khaledi M, Javadi K. Oral microbiota and oral squamous cell
carcinoma: a review of their relation and carcinogenic mechanisms. Front Oncol. 2024
Feb 5;14:1319777. doi: 10.3389/fonc.2024.1319777

13. Wang K, Zhang T, Li X, Zhang X, Li R, Pan B, Deng J. Identification of hub genes and
potential therapeutic mechanisms related to HPV positive head and neck squamous
carcinoma based on full transcriptomic detection and ceRNA network construction.
Gene. 2024 Jun 5;910:148321. doi: 10.1016/j.gene.2024.148321




