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Abstract

Background—Oral mucositis (OM) is a debilitating sequela for patients treated for squamous
cell carcinoma of the head and neck (HNSCC). We investigated whether oral microbial features

* Correspondence and request for materials should be addressed to: CRG (creyes@mdanderson.org) and SS
(sshete@mdanderson.org), Cielito C. Reyes-Gibby, DrPH, Associate Professor, Department of Emergency Medicine, UT MD
Anderson Cancer Center, FCT (Pickens Tower) 13.5042, 1515 Holcombe Blvd. Unit 1468, Houston, TX 77030, 713-792-1816; Sanjay
Shete, PhD, Departments of Biostatistics and Epidemiology, Division of Cancer Prevention and Population Sciences, Unit 1411, The
University of Texas MD Anderson Cancer Center, 1400 Pressler Dr, FCT4.6002, Houston TX 77030, U.S.A.

Author Contributions

Concept and design: CCR and SS

Statistical analyses: JW and LZ

Interpretation of data: all authors

Initial Draft of the manuscript: CCR, JW, and SS

Critical revision of the manuscript for important intellectual content: all authors.

Study supervision: CCR and SS

All authors contributed to the final paper.

Conflict of interest statement
The authors declare no competing financial interests.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reyes-Gibby et al. Page 2

prior to treatment, or during treatment, are associated with time to onset of severe OM in patients
with HNSCC.

Methods—Cohort study of newly diagnosed patients with loco-regional HNSCC, who received
chemo+/- radiotherapy from April 2016 to September 2017.0M was based on NCI Common
Terminology Criteria for Adverse Events Version 4.0. Oral microbiome was characterized based
on 16S rRNA V4 region using the Illumina platform. Mixture cure model was used to generate
Hazard Ratios (HRs) for onset of severe OM.

Results: Eighty six percent of the patients developed OM (/7=57; non-severe=33; severe=24)
with a median time to onset of OM at 21 days. Adjusting for age, gender and smoking status, we
found that genera abundance was associated with hazard for onset of severe OM as follows: 1) At
baseline (n=66), Cardiobacterium (Pvalue = 0.03) and Granulicatella (Pvalue = 0.04); 2)
Immediately prior to the development of OM (7= 57), Prevotella (Pvalue = 0.03), Fusobacterium
(Pvalue = 0.03), Streptococcus (Pvalue = 0.01); and 3) Immediately prior to the development of
severe OM (n=24), Megasphaera (Pvalue = 0.0001) and Cardiobacterium (P value = 0.03). There
were no differences in a-diversity between our baseline samples and the Human Microbiome
Project data.

Conclusions—Changes in the abundance of the genera over the course of treatment were
associated with onset of severe OM. The mechanism and therapeutic implications of these findings
need to be investigated in future studies.

Precis:

Oral mucositis is a debilitating sequela for patients treated for squamous cell carcinoma of the
head and neck. Specific genera may be targeted for probiotic or antibiotic therapy for the
prevention and treatment of OM.

Keywords

oral mucositis; oral microbiome; squamous cell carcinoma of the head and neck; time at onset of
severe oral mucositis; mixture cure model

Introduction

Oral mucositis (OM), the inflammation and/or ulceration of the oral mucosa produced by
chemotherapeutic agents or radiation, is a complication experienced by as many as 66% of
patients being treated for squamous cell carcinoma of the head and neck (HNSCC).1-3
HNSCC patients present to the emergency department (ED) with OM-related complaints
including pain, dehydration, fatigue, weight loss, nausea, and vomiting as early as 7 days to
3 weeks from the start of cancer treatment. OM interferes with oral intake and can lead to a
reduction in treatment dose, unplanned hospitalizations thereby increasing cost of care,
breaks in treatment regimen, 14 reduced quality of life and impact on overall survival.
Subsequent ED visits for OM-related complaints are common, persisting as a chief
complaint for 15%-23% of patients across ED visits.® Standard treatment for OM focuses
on pain control, rehydration, and oral hygiene. Although treatment and prevention strategies
are evolving (including Phase Il multicenter trials),” the therapeutic benefit is limited.8
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In the current model of alimentary-tract mucositis, cancer therapy induces production of
reactive oxygen species that in turn incite an inflammatory response through activation of
nuclear-factor kappa B and amplification of tumor necrosis factor-a., which results in
disruption of the epithelial cell barrier and translocation of colonizing bacteria. ® The
microbiome plays a passive role in this model. However, the last several years have seen a
dramatic shift in the understanding of epithelial cell-microbiota interaction, as the
commensal microflora are now known to be critical to epithelial cell health and to local and
systemic immune function. 10-12 Recent technological advances have allowed researchers to
investigate host-microbial interactions and evaluate the role of the microbiome in human
health and disease. 13:14 Cancer therapy-induced myelosuppression is followed by microbial
dyshiosis (microbial imbalance). Shifts in the oral microbiome can affect innate immune
response, a known stimulator of the mucositis pathway. 1°

Therefore, shifts in oral microbial composition could potentially affect the trajectory of OM
by playing a critical role in its development and the duration of existing ulcerations. Several
studies of the microbiome during cancer treatment have shown that the microbiome changes
significantly during cancer therapy—e.g. via a shift to pathogenic species or reduction in
oral microbial diversity, suggesting that loss of specific commensal flora essential for the
health of the oral epithelium may also be important to OM pathophysiology. 16-18

The human microbiota encompasses 10 —100 trillion symbiotic microbes that live in and on
the human body; they outnumber somatic and germ cells by an estimated 10-fold.1®
Advances in high-throughput technologies (e.g., 16S rRNA technology) have made it
possible to characterize the human microbiome more completely and to better understand
how the composition and diversity of the endogenous flora of the human body are associated
with health.20: 21 Studies suggest that the health of the mucosal epithelium—a critical aspect
of OM—is directly and consistently affected by its interaction with commensal microflora in
the mouth, pharynx, and their contiguous extensions, such as the esophagus (together, the
oral microbiome).2223 To date, however, no studies have evaluated dense (weekly) temporal
changes in the oral microbiome in HNSCC patients over the course of treatment and
correlated these findings with OM. Given that OM is associated with long term oral
morbidities (i.e., dysphagia, dysphonia, alterations in taste, poor dental health 2425 and
mandibular osteoradionecrosis 26) and may compromise oncologic outcomes 27-29,
understanding the role of the oral microbiome in the development of OM may lead to
targeted therapy for its prevention and treatment (such as with probiotic or antibiotic
regimen). In this study, we investigated whether oral microbial features (e.g., diversity,
abundance) prior to treatment, or changes in oral microbial features during treatment are
associated with the time to onset of severe OM in patients with HNSCC.

Patients and Methods

Patients.

The analysis included 66 newly diagnosed patients (> 18 years of age) with loco-regional
HNSCC, who received cancer treatment, including chemotherapy, radiation or combined
therapy of chemotherapy and radiation, at MD Anderson Cancer Center (MDACC) from
April 2016 to September 2017. All participants signed an informed consent form prior to
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enrollment that permitted us to collect buccal mucosa samples, as well as demographic and
clinical information. The study protocol (PA15-1113 Temporal Changes in Oral Microbial
Composition in Head and Neck Cancer Patients at High Risk for Oral Mucositis) was
approved by the Institutional Review Board of MDACC in accordance with HIPAA and
tenets of the Declaration of Helsinki.

OM in a patient was defined according to clinician rating based on NCI-CTC Grading Scale
(Common Terminology Criteria for Adverse Events Version 4.0). The NCI-CTC v. 4
captures clinician-reported ratings of OM: 1 = asymptomatic or mild symptoms, intervention
not indicated; 2 = Moderate pain; not interfering with oral intake, modified diet indicated; 3
= severe pain, interfering with oral intake; 4 = life threatening consequences, urgent
intervention indicated; and 5 = death. The primary outcome of interest in this study is the
time to onset of severe OM (= grade 3), which is defined as the number of days from cancer
treatment (chemotherapy, radiation or combined therapy of chemotherapy and radiation) to
the date of development of severe OM or the date of last follow-up (censored observation).

Specimen Collection and Process, and 16S rRNA Sequencing.

Buccal mucosa samples were collected using Catch-All ™ Sample Collection swabs.
Samples were collected prior to cancer treatment, during cancer treatment, and at the end of
cancer treatment. Bacterial genomic DNA was extracted from patient samples using MoBIO
PowerSoil DNA lIsolation Kit (MO BIO Laboratories). The 16S rRNA V4 region was
amplified by PCR and sequenced in the Illumina MiSeq platform using the 2x250 bp paired-
end protocol yielding pair-end reads that overlap almost completely, adapted from the
methods developed for the NIH-Human Microbiome Project.30:31 The read pairs were
demultiplexed on the basis of the unique molecular barcodes and merged using USEARCH.
32 16S rRNA gene sequences were clustered into Operational Taxonomic Units (OTUs) at a
similarity cutoff value of 97% using the UPARSE algorithm,33 which were mapped to an
optimized version of the SILVA Database.3* An OTU table was constructed from the output
files generated in the previous two steps for downstream analyses. Assessment and
visualization of microbiome communities were conducted using package “phyloseq”3® in R
software program (R Core Team 2017, version 3.3.2) to import data, normalize and filter
data, calculate diversities, and establish microbiome community profiles.

Statistical Analyses.

Statistical analyses were conducted using R software (R Core Team 2017). The OTU
matrices were normalized by rarefying number 4524 such that all samples have the same
number of total read counts, 36:37 which was decided based on the rarefaction curves.38
Microbial a-diversity was calculated using the Shannon Diversity Index.3° For the
association study of genera and time-to onset of severe OM, we focused on 37 most
prevalent genera with relative abundance > 0.1% in at least 10% of all samples.%0

It is important to note that some patients may never develop severe OM. Therefore, the
standard models for time-to-onset variable analysis (e.g., Cox proportional hazards model)
are not appropriate for our data analyses because these models assume that all patients in the
s6tudy population will experience the event of interest if longitudinally followed.#!
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Therefore, in this study, we considered a special type of survival model, called the mixture
cure model, 4143 to associate the microbiome features (i.e., a-diversity and genera
abundance) and the primary outcome, time-to-onset of severe OM, accounting for the
susceptible patients who may develop severe OM as well as the non-susceptible patients
who will never develop severe OM. Specifically, we employed a semiparametric mixture
cure model,*! that separately models the proportion of patients who will never develop
severe OM (logit link function) and the survival distribution of those who may develop
severe OM (proportional hazards model). The parameters of interest are evaluated based on
the likelihood function using the expectation-maximization algorithm, and the standard
errors of estimated parameters are calculated using Jackknife resampling.#! Hazard ratios
(HRs) and corresponding P values were reported for the patients’ population who may
develop severe OM (i.e., non-cure population). As in the standard analysis for time-to-onset
models, HR > 1 means higher hazard rate with one unit increase in a-diversity or genera
abundance (individuals with higher a-diversity or genera abundance have an increased
hazard for early onset of severe OM); while HR value < 1 means lower hazard rate with one
unit increase in a-diversity or genera abundance (individuals with higher a-diversity or
genera abundance have a decreased hazard for early onset of severe OM). The mixture cure
model for the association test was conducted using the R package “smcure.”*1

For the association study of time to onset of severe OM, we considered a-diversity and
genera abundance proportions using different sets of samples: (1) samples collected prior to
treatment (baseline); (2) samples collected immediately prior to the development of OM of
any grade; and (3) samples collected immediately prior to the development of severe OM.
All the association tests were adjusted for the patients’ age, gender and smoking status.

We also investigated the association between S-diversity, which measures distance between
samples from different time points, and time to onset of severe OM using the commonly
used distance measures including Bray-Curtis dissimilarity index, unique fraction (UniFrac)
and weighted Unifrac.2%-21 In particular, for each patient involved in the analysis, we
calculated the aforementioned distance measures between (1) baseline sample and sample
collected immediately prior to development of OM of any grade (Bom-baseline) and (2)
baseline sample and sample collected immediately prior to development of severe OM
(Bservere_oM-baseline); and applied the same analysis as described above.

Patient Characteristics.

Patient characteristics, treatment and OM grades are reported in Table 1. Longitudinal data
for oral microbiome samples and OM from 66 oral cancer patients were collected (mean age
=59, standard deviation [sd] = 8.25). The majority of patients were male (89.39%) and HPV
positive (83.64%). About half of patients were ever-smoker (51.52%). Only 6 patients (9%)
reported antibiotic use during the course of their cancer treatment. A majority of the patients
received combined chemotherapy and radiation therapy (86.36%). Among 66 patients, 24
patients (36.36%) developed severe OM at the time of analyzing the data. OM significantly
varied by HPV (Pvalue = 0.029) and treatment status (P value = 0.004).
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The median follow-up time is 169 days for the 66 patients. The median time to onset of OM
of any grade was 21 days; and to non-severe and severe OM were 21.5 days and 49 days
respectively. Swimmer plot shows the length of time to onset of event for each subject,
classified by OM stages (No OM, Non-severe OM and Severe OM) in Figure 1. The number
of censored subjects is more than the number of the subjects that develop severe OM which
supports our strategy of using a cure rate model. Kaplan-Meier plots showing the time to
onset of severe OM are given in Figure 2; the flattening of the curve after ~10 weeks in
Figures 2 (A) and (B) illustrates the need to apply a cure-rate model, as subjects are no
longer at risk for severe OM beyond this time frame.

Sample Collection and Baseline Sample Characteristics.

On average, 8 oral samples were collected for each patient. A total number of 9,994,057
high-quality 16S rRNA-encoding reads were sequenced with an average of 16,629 reads per
sample. We first assessed the baseline a-diversity for our sample and compared it with the
data from the Human Microbiome Project (HMP).39 There were no differences in a-
diversity (mean and median) of our baseline samples from HMP data (t-test for equality of
mean, Pvalue = 0.1559 and Wilcoxon rank-rum test for equality of medians, Pvalue =
0.4236; Fig. 3A), suggesting that the microbial diversity of our patient population at baseline
is similar to healthy adults. Figure 3B shows the ordination of samples using unweighted
Unifrac distance, and does not reveal strong global differences across groups in microbiome
composition. Figure 3C provides a stacked bar plot illustrating the heterogeneity in terms of
genus-level microbiome composition within the set of patients who did not develop OM;
who developed non-severe OM; and those who developed severe OM.

Association Analysis of Genera Abundance.

The results for the significant association between genera abundance (rarefied counts) and
time to onset of severe OM (P value < 0.05) using the mixture cure model are reported in
Table 2. All the results for the association tests of a-diversity, measured using Shannon
Diversity Index, as well as genera abundance (rarefied counts) were reported in
Supplementary Tables S1-S3. For the convenience of interpretation and replicability of the
linear coefficients and the corresponding hazard ratios, we divided the rarefied counts by the
rarefying count 4524 to obtain the proportional abundance and standardized them with a 1%
scale. In other words, the new coefficient will be 4524/100 times larger than the original
coefficient. So in the mixture model results, we report the p-values for the genera which
showed significant association to the outcome. For genera with higher abundance, we also
report hazard ratios, which reflect the increase in the hazard for a 1% increase in the genera
abundance. For very low abundance features, which correspond to small counts in the
original sample, increases on the percent scale result in very large hazard ratio estimates; for
this reason, we only report the p-values, which are invariant to scaling of the predictors.

Baseline samples and Time to Onset of Severe OM:

When analyzing the baseline samples (prior to treatment), patients with higher genera
abundance of Cardiobacterium had a significantly increased hazard for early onset of severe
OM (Pvalue = 0.03). The HR for Cardiobacterium could not be reliably estimated using the
cure-rate model due to the zero-inflation of the predictor variable (see Figure 4); however, its
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effect was positive, in that non-zero abundances were associated with increased hazard.
Similarly patients with a 1% increase (relative to its original proportion) in genera
abundance of Granulicatella had a significantly increased hazard for early onset of severe
OM (HR = 2.71; Pvalue = 0.04). The swimmer plot of the abundance of genera associated
with time to onset of severe OM for each subject helps us to visualize and verify the
findings. As shown in Figure 5 (A) and (B), larger amount of Cardiobacterium and
Granulicatellais associated with shorter time to onset of severe OM.

During treatment samples and Time to Onset of Severe OM:

Association

We analyzed the samples collected immediately prior to the development of OM of any
grade and found that patients with a 1% increase in abundance of Streptococcus had a
significantly decreased hazard for early onset of severe OM (HR = 0.96; Pvalue = 0.01);
while those with a 1% increase in abundance of Prevotella (HR = 1.44; Pvalue = 0.03) and
Fusobacterium (HR = 1.11; Pvalue = 0.03) had a significantly increased hazard for early
onset of severe OM. As shown in Figure 5 (C), smaller amount of Streptococcus is
associated with shorter average time to onset of severe OM. As shown in Figure 5 (D) and
(E), larger amount of Prevotellaand Fusobacterium is associated with shorter average time
to onset of severe OM.

Among those who developed severe OM, we analyzed the samples collected prior to the
development of severe OM and found that patients with higher genera abundance of
Megasphaera (P value = 0.0001) and Cardiobacterium (P value = 0.03) had a significantly
increased hazard for early onset of severe OM. As in the result for Cardiobacterium above,
HRs could not be reliably estimated for these genera; however, both were associated with
increased hazard. As shown in Figure 5 (F) and (G), larger amount of Megasphaera and
Cardiobacterium is associated with shorter average time to onset of severe OM.

Analysis of a-diversity and g-diversity.

For any of the analyses described above, a-diversity (i.e., Shannon index) was not
statistically significantly associated with the time to severe OM. Also, we did not observe
significant association between g-diversity, including Bom-baseline and Bsevere_oM-baseline
calculated using different distance measures, and time to onset of severe OM
(Supplementary Table S4).

Discussion

OM is a debilitating complication experienced by patients with HNSCC. In this longitudinal
study, we found that as many as 86% of our patients developed OM despite standard oral
preventive and prophylactic care. Based on samples collected at different time (points prior
to and during treatment), we identified abundance of the genera that exist as part of the
normal oral flora to be associated with time to onset of severe OM including
Cardiobacterium, Granulicatella, Streptococcus, Prevotella, Fusobacterium, Cardiobacterium
and Megasphaera.

Studies suggest that risk factors such as dose, duration, intensity of treatment? only explain
partial variation observed in the severity and duration of OM3. In our study, body mass
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index, radiation cumulative dose, duration and intensity were not associated with the time to
onset of severe OM. To our knowledge, our study is among the first longitudinal study with
a large sample to explore whether oral microbial diversity and genera abundance prior to
treatment, or change over the course of treatment, are associated with the onset of severe
OM in HNSCC patients.

At baseline, we identified that increased abundance of Cardiobacteriumand Granulicatellais
associated with increased hazard of early onset of severe OM. These genera are
Gramnegative anaerobic bacteria and exist as part of the normal oral flora, and do not cause
disease under normal circumstances. 444546 Cardiobacterium is normally present in the
mouth and upper part of the respiratory tract (e.g., nose and throat) and it may also be
associated with endocarditis.”48 While Granulicatella genus is known to be a normal
component of the oral flora, which does not cause disease under normal circumstances,** the
species of Granulicatella, G.adiacens, G. elegansand G. balaenopterae, have been associated
with a variety of invasive infections and diseases like endocarditis, bacteremia and septic
arthritis. 444950 Zhy et al. identified that abundance of the normally existing anaerobic oral
flora increased the risk and severity of OM in nasopharyngeal carcinoma patients. >1These
opportunistic pathogens induce mucosal injury. 444950 Therefore, resuming the balance of
oral microbiome, pre-treatment, may serve as a proactive solution to minimize the risk and
severity of OM in this population.

During treatment (immediately prior to the development of OM), we found that smaller
amount of Streptococcus is associated with shorter average time to onset of sever OM and
increased abundance of Fusobacteriumand Prevotellais associated with an increased hazard
of onset of severe OM. Indeed, studies show that cancer treatment alters the profile of
Streptococcus within the oral cavity 2 and has been found to be associated with OM in
HNSCC 51 and other cancer patients after cancer treatment. 53 Streptococcus is a genus of
spherical bacteria in which over 50 species are recognized. Some species can cause many
diseases such as strep throat, carries, pink eye, bacterial pneumonia, endocarditis etc.
However many streptococcal species are not pathogenic and form part of the commensal
human microbiota of the mouth, skin, intestine and upper respiratory tract.

Further, Zhu et al found that there is intra- and inter-individual variations in the abundance
of Fusobacterium and Streptococcus during the cancer treatment of HNSCC patients. > As a
mucin-degrading bacteria which could promote ulcer formation, °* Streptococcus
subsequently initiates an inflammatory cascade within the deeper tissues, °® which increases
the risk of chronic oral morbidities. Fusobacterium is widely known as a pathogen, which
inhabits the mucous membranes of humans, and has been associated with oral morbidities,
such as periodontal diseases and topical skin ulcers. Whereas, Prevotella constitutes a major
part of the normal flora of mouth and vagina. It is considered as an indicator of a plant-rich
diet; however, it is also associated with some health conditions, such as periodontal disease
and abscesses.? It should be noted that in a recent study, Ganly et al®” found in many cases
of oral cavity squamous cell carcinoma, pathogens including Fusobacterium, Prevotella, and
Alloprevotellawere enriched while commensal Streptococcuswas depleted. This finding
may suggest that the microbiome profile that predisposes a patient to the development
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HNSCC may also be relevant for toxicity outcomes. Additional studies are needed to
explore these relationships.

Later in the treatment course (immediately prior to the development of severe OM), the oral
microbiota profile of the patients with severe OM were found to be characterized by
increased abundance of Megasphaeraand Cardiobacterium, and such unique profile was
significantly associated with a higher hazard of early onset of severe OM. Megasphaera s a
genus belonging to the phylum Firmicutes, which dominates the human gut microbiota.>8
Additionally, Megasphaera and Cardiobacterium species are major groups of the normal oral
habitat 46 and found to be overrepresented in periodontal disease. 4°

It is important to note that the microbial diversity of our patient population at baseline is
similar to healthy adults. However, change in the abundance of the genera over the course of
treatment were associated with onset of severe OM. These results suggest that modifying the
genera abundance at specific time points may help in prevention and/or treatment of severe
OM. However, this hypothesis remains to be tested in future prospective clinical trial with
larger samples. Also, additional studies are needed to further explore the extent to which
cancer treatment may have an influence on the changes in genera and species-level
abundance over the course of treatment.

Among the strengths of our study is that we considered several measures of quality control.
For example, when analyzing the genera abundance data, we considered prevalent genera
with relative abundance > 0.1% in at least 10% of all samples. We also considered prevalent
genera with relative abundance > 0.1% in at least 20% of all samples, and found our
analyses were robust to different filters.40

There are limitations to our study. We did not assess dietary changes during the course of
therapy which may influence the microbial environment as well as ph (acidity/alkalinity).
Further, while this may be the largest study of the impact of microbiome composition in the
development of OM, we may have failed to identify additional genera that may be associated
with time to onset of severe OM in patients with HNSCC because of our limited sample
size. Moreover, the small sample size may also introduce false positive signals. Therefore,
our findings that changes in the abundance of the genera over the course of treatment were
associated with the onset of severe OM should be viewed as preliminary and exploratory.
Future independent studies with larger sample sizes will be necessary to validate the findings
and possibly identify additional signals. We also acknowledge that using 16S rRNA
sequencing limits the analysis at phyla or genera level.59:80 Species-level analyses using
whole genome shotgun sequencing or functional analysis is a potential next step to fully
investigate the relationships between oral microbiome community and cancer treatment-
related severe OM in cancer patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Swimmer plot showing the length of time to onset of OM for each subject, classified by
OM stages (No OM, Non-severe OM and Severe OM).
The bars are ordered by the length of time to onset. In both figures, the black “arrow”

denotes the censoring time (Continue). The black “triangle” denotes the development of
non-serve OM (Stagel). The black “dot” denotes the development of severe OM (Stage2).
The left panel includes all subjects with a baseline sample available (7= 64). The bar
denotes the time length since the baseline. The right panel includes all subjects that
developed OM of any grade (n7=57). The bar denotes the time length since onset of OM of

any grade.
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Figure 2. Kaplan-Meier (KM) plot of time to onset of severe OM
(A) KM plot of time to severe OM for all subjects with a baseline sample available (7= 64)

(B) KM plot of time to severe OM for all subjects that developed OM of any grade (/7= 57)
(C) KM plot of time to severe OM for all subjects that developed severe OM (7= 23)

Cancer. Author manuscript; available in PMC 2021 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Reyes-Gibby et al.

Shannon

Page 15

0@ 9000 @ OEMNBER ¢ E4EV—SEN—

Baseline Samples
Data

Cancer. Author manuscript; available in PMC 2021 December 01.

09000 00 OMD - O EED I B GEREIE B0 900 — e -6 ¢ Ee

HMP Oral




Page 16

Reyes-Gibby et al.

s
(@)
sgo
Omw
Q oo
w ZZ0
o cee
]
@
N
o
e
o
oo™
=1’
(]
=
1.N
Q
N
o
]
@
@
(=]
. ]
< N o N
o o o 0.
¢SANN

Cancer. Author manuscript; available in PMC 2021 December 01.

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Reyes-Gibby et al. Page 17

I Genus

B Streptococcus
B Haemophilus
Neisseria
' Fusobacterium
I Veillonella
Prevotellaceae
I Rothia
~ Gemella
B Prevotella
B Loptotrichi
chia
B Copnotyiopha
apn 0 a
B Campylobacter
I Po yromonas
ctinomyces
I Gmnulicatelln
I Alloprevotella
B Corynebacterium
B Bergeyella
B Spirochaetaceae
[ Veillonellaceae
B Faucicola
# Kingella
B Chloroplast
I Dlallster

m goga erlum

Tannerella
Stomatobaculum
Lachnoanaerobaculum
Selenomonas

1.00

0.75

0.50

Relative Abundance

0.25

0.00

No OM Non-severe OM Severe OM
(A) Boxplots of a-diversity as measured by Shannon index in baseline samples from our
study, as well as that assessed from data from the Human Microbiome Project (HMP) using
unweighted Unifrac distances.
(C) Genera composition of baseline oral samples in patients who did not develop oral

Figure 3. Baseline sample characteristics.
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(B) Non-metric multi-dimensional scaling (hm-MDS) plot of the baseline samples using

mucositis (No OM), those who developed grade 1 or 2 OM (Non-severe OM) and those who
developed grade 3 OM (Severe OM).
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Figure 5. Swimmer plot shows abundance of genera associated with time to onset of severe OM
for each subject.

The subjects are ordered by the abundance of genera from the highest to the lowest. All the
subjects are classified by OM stages (No OM, Non-severe OM and Severe OM). In each
plot, the horizontal bar on the left shows the complement time proportion which is defined
as 1- time_to_event/maximal_time. Thus, the longer bar means shorter time to event. The
colored bar on the right shows the abundance of genera ordered from the highest to the
lowest. The white color describes the median abundance. The black “arrow” denotes the
censored time (Continue). The black “dot” denotes the event of severe OM (Stage2).
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Table 1.

Patient characteristics, treatment and oral mucositis (OM) grades.

Characteristics Number of patients (%) P values
Patients with no OM Patients with non- Patients with severe
All Patients (n=66)  (n=9) severe OM (n=33) OM (n=24)

Demographic

Mean age (sd) 59 (8.25) 58 (8.14) 59 (8.81) 60 (7.94) 0.882
Male (%) 59 (89.39) 7(77.78) 30(90.91) 22 (91.67) 0.477
Ever smoker (%) 34 (51.52) 5 (55.56) 14 (42.42) 15 (62.5) 0.340
HPV + (%) 46 (83.64) 3(50.00) 23(82.14) 20(95.24) 0.029
Antibiotics Yes (%) 6 (9.09) 1(11.11) 3(9.09) 2(8.33) 1.000
Treatment

Chemo only (%) 2(3.03) 2(22.22) 0 (0.00) 0 (0.00) 0.004
Radiation only (%) 7 (10.61) 1(11.11) 6 (18.18) 0 (0.00)
Chemo+Rediation (%) 57 (86.36) 6 (66.67) 27 (81.82) 24 (100.00)

*
P values were assessed using ANOVA for the continuous variable and Fisher’s exact test for the categorical variables.
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Genera associated with time to onset of severe oral mucositis (OM) at a nominal
significance level of 0.05.

Table 2.

Page 22

HRs represented by “+” were positive associations where reliable coefficient estimates could not be obtained

from the cure rate model.

Coeff SE TS HR  Pvalue
Baseline
Cardiobacterium + + 0.03
Granulicatella 0995 0480 2.083 271 0.04
Prior to developing OM
Streptococcus -0.045 0.018 -2.461 0.96 0.01
Prevotella 0.362 0.163 2183 1.44 0.03
Fusobacterium 0.104 0.050 2113 111 0.03
Prior to developing severe OM
Megasphaera + + 0.0001
Cardiobacterium + + 0.03

SE: Standard error; TS: Test statistics; HR: Hazard ratio
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