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Abstract

Association between drug usage time and gene expression-based pathway score in HNSCC
patients

By Haoling Xu
Head and neck cancer is a complex cancer that could appear in several sites in the throat and
head. However, due to the heterogeneity of cancer at the molecular level, it’s not easy to treat
all HNSCC patients in the same way. In this study, we aimed to apply a newly developed
method iPath to calculate an individual enrichment score of HNSCC patients based on
different KEGG pathways. We related the score to patients’ drug usage time to find whether
there is a significant difference between the high-score group and the low-score group. We
used unpaired two-sample Wilcoxon tests and multiple test adjustments. Pathway
KEGG ARACHIDONIC_ACID METABOLISM and pathway
KEGG LONG_TERM_DEPRESSION showed significant differences. The Kaplan-Meier
analysis also indicated that KEGG_ARACHIDONIC ACID METABOLISM might be
a prognostic biomarker pathway for head and neck squamous cell carcinoma patients who take

the drug Carboplatin.
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1. Introduction

Head and neck cancer is a complex cancer that could appear in several sites in the throat and
head. It is estimated to have over 600,000 cases annually around the world ['. Among head and
neck cancer, head and neck squamous cell carcinoma (HNSCC) is the most common
histological type [?. There are three main treatments of HNSCC, immunotherapy,
chemotherapy, and molecular targeted therapy. 5-FU, Cisplatin, and docetaxel are the most
often used drugs in clinical studies [*. However, due to the heterogeneity of cancer at the
molecular level, it’s not easy to treat all HNSCC patients in the same way. Even if the main
treatments are used in combination, these treatments may prove ineffective and adversely affect
the patient's quality of life . Therefore, there is an urgent need to evaluate how patients
respond to current treatment and find if there are common characteristics to help provide better
individual treatment.

One promising approach is to study the pathways that are related to tumor growth and
progression. These pathways are complex networks of molecular interactions that control cell
behavior. The regulation of critical functions such as growth, proliferation, and cell-death
pathways can be poorly managed in cancer ). Besides, pathways provide advantages over
individual genes in aggregating molecular events, results interpretation, and finding potential
mechanisms [¢].

In this study, we applied a newly developed method 1Path to calculate an individual enrichment
score of HNSCC patients based on pathways. And we relate the pathway score to their drug
usage time to find whether there is a significant difference in drug response and gene expression

level.



2. Methods

2.1 Data

2.1.1 Gene expression data

The Cancer Genome Atlas (TCGA) provides genomic information and treatment information
of different cancer patients. Data used in this study are downloaded from the portal of the Broad
Institute GDAC Firehose analysis using TCGAbiolinks Bioconductor package (version 2.25.3)
[71. Data used in this study are RSEM (RNA-Seq by Expectation-Maximization) normalized
RNAseq data.

2.1.2 Clinical data

Drug usage information are corresponded clinical data of each patient from TCGA.

2.1.3 Pathway data

KEGG pathway data in the C2 collection of MSigdb database were used . This collection
includes 183 manually curated KEGG pathways 1.

2.2 Data analysis

R software (version 4.2.0) were used in data analysis and plotting.

Gene expression data may come from one patient several times, which could be found from
the TCGA patient barcode. We selected patients with tumor samples and retained their 12-
character barcode for further usage. Drug usage time data were selected from the drug
information dataset and were merged with gene expression data. Patients who didn’t use the
drug or with 0 drug usage time were deleted. Duplicated samples were also deleted. After
data processing, there are 84 patients who used Cisplatin and 52 patients who used

Carboplatin.



2.3 Calculation of individual enrichment score

The individual enrichment score (iES) of each HNSCC patient were calculated based on
pathways by using iPath Bioconductor package (version 1.4.2) 1% The method proposed by
Su et.al (2021) aims to detect gene sets and pathways that have significant deviations from
norms, which is effective in finding highly predictive biomarkers for clinical outcomes. The
core of iPath is similar to the calculation of enrichment score (ES) in GSEA. Firstly, it has i
samples and each sample has j genes. It denotes RNA-seq expression matrix as Y = {y;;}
and calculate the mean y; and standard deviation s;. Then it calculates the z score z;; for
each gene in each sample. Genes are ranked in descending order based on the absolute value
of z-score |Zl- j|. The iES score is calculated by walking down the ranked list and a running-

sum statistic is accumulated. Fig 1 shows how this ‘iPath’ method works.
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Fig 1 calculation of individual enrichment score

2.4 Statistical analysis
The median value of the iES were used to divide patients into high score group and low score
group according to iES calculated from different KEGG pathways. Unpaired two-samples

Wilcoxon tests were used to the analysis of comparisons between high score and low score



groups at the significance level of 0.05. Multiple test adjustment was used to control the false
discovery rate after tests. Benjamini-Hochberg procedure was applied to get q-values and these
g-values were compared to a threshold of 0.05 to determine whether it’s significant.

2.5 Kaplan-Meier Analysis

After multiple test adjustment, pathways that still shows significant difference in drug usage
time between groups were selected. Kaplan-Meier analysis was applied to test if there were
significance difference in survival days between high score group and low score group, with a
log-rank p-value less than 0.05. Overall survival days (OS) were used in this Kaplan-Meier

analysis.

3. Results

3.1 Visualization of individual enrichment score (iES) for KEGG pathways

3.1.1 Bar plot of individual enrichment score (iES) for KEGG pathways among patients

The bar plots described the levels of individual enrichment scores for KEGG pathways among
HNSCC patients. Pathway KEGG O GLYCAN BIOSYNTHESIS was selected as an
example to show the distribution of the iES score. Figure 2a showed the bar plot of the iES of
patients who used Cisplatin and Figure 2b was the bar plot of the iES of patients who used
Carboplatin. The bar plots showed the same pathway may have different patterns in gene
expression levels in each patient. A higher score means the gene expression level of this
pathway could deviate more from the norm among samples that were included, as a z score

was used to rank genes in the calculation of iES.
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(b) Bar plot of iES scores for pathway KEGG_ O _GLYCAN BIOSYNTHESIS of patients
used Carboplatin
Figure 2 Visualization of individual enrichment score (iES) for one KEGG pathway

among HNSCC patients

3.2 Comparison in drug usage time between high score group and low score group

3.2.1 Patients who used Cisplatin

After multiple test adjustment, there is no significant pathway among patients who took drug
Cisplatin.

3.2.2 Patients who used Carboplatin

After multiple test adjustment, two pathways showed significant difference in drug usage
time, which is pathway KEGG_ARACHIDONIC ACID METABOLISM and pathway
KEGG _LONG _TERM_ DEPRESSION . Figure 3a and Figure 3b were the boxplot of drug
usage time between high score group and low score group. These pathways may be

associated with the treatment of using Carboplatin.
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Fig3 Pathways showing significant difference in drug Carboplatin usage time

3.3 Kaplan-Meier analysis of significant pathways
We tested the above significant pathways by using Kaplan-Meier analysis.
KEGG_ARACHIDONIC ACID METABOLISM showed a significant difference in survival

probability between 2 groups (p=0.034), while KEGG _LONG TERM DEPRESSION

showed no significant difference.
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Fig4 Kaplan-Meier Analysis of Significant Pathways

4. Discussion

From the above study, we found there are two pathways that showed significant difference in
drug usage time for patients who used drug Cisplatin. And pathway
KEGG_ARACHIDONIC ACID METABOLISM showed a significant difference in survival
probability between 2 groups. Pathway KEGG ARACHIDONIC ACID METABOLISM
might be a prognostic biomarker pathway for head and neck squamous cell carcinoma patients
who take drug Carboplatin. The biological explanation for this finding is that the arachidonic
acid metabolism pathway plays a crucial role in cardiovascular biology and other diseases. The
enzymes produced by this pathway may also have a regulatory effect on the development of

tumors, such as the arachidonic acid-catalyzed lipoxygenase!'!l,



Our study may have some limitations. One potential limitation of using clinical data is that
errors may have occurred during the recording process, which could impact the accuracy and
precision of the study results. In addition, specific pathways associated with the pathogenesis

of HNSCC were not taken into account.
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