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Transitions in oral and gut microbiome of HPV+
oropharyngeal squamous cell carcinoma following definitive
chemoradiotherapy (ROMA LA-OPSCC study)
Marc Oliva 1,2, Pierre H. H. Schneeberger 3, Victor Rey3, Matthew Cho3, Rachel Taylor1, Aaron R. Hansen1, Kirsty Taylor1, Ali Hosni4,
Andrew Bayley4, Andrew J. Hope4, Scott V. Bratman4, Jolie Ringash4, Simron Singh5, Ilan Weinreb6, Bayardo Perez-Ordoñez6,
Douglas Chepeha7, John Waldron4, Wei Xu8, David Guttman9, Lillian L. Siu 1, Bryan Coburn3 and Anna Spreafico 1

BACKGROUND: Oral and gut microbiomes have emerged as potential biomarkers in cancer. We characterised the oral and gut
microbiomes in a prospective observational cohort of HPV+ oropharyngeal squamous cell carcinoma (OPSCC) patients and
evaluated the impact of chemoradiotherapy (CRT).
METHODS: Saliva, oropharyngeal swabs over the tumour site and stool were collected at baseline and post-CRT. 16S RNA and
shotgun metagenomic sequencing were used to generate taxonomic profiles, including relative abundance (RA), bacterial density,
α-diversity and β-diversity.
RESULTS: A total of 132 samples from 22 patients were analysed. Baseline saliva and swabs had similar taxonomic composition
(R2= 0.006; p= 0.827). Oropharyngeal swabs and stool taxonomic composition varied significantly by stage, with increased oral RA
of Fusobacterium nucleatum observed in stage III disease (p < 0.05). CRT significantly reduced the species richness and increased the
RA of gut-associated taxa in oropharyngeal swabs (p < 0.05), while it had no effect in stool samples. These findings remained
significant when adjusted by stage, smoking status and antibiotic use.
CONCLUSIONS: Baseline oral and gut microbiomes differ by stage in this HPV+ cohort. CRT caused a shift towards a gut-like
microbiome composition in oropharyngeal swabs. Stage-specific features and the transitions in oral microbiome might have
prognostic and therapeutic implications.
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BACKGROUND
The human microbiome has recently emerged as a promising
biomarker in cancer.1 The microbiome inhabiting the oro-
gastrointestinal tract has been implicated in the carcinogenesis
of many tumour types and in modulating responses to anti-cancer
therapies, including immunotherapy, although the mechanisms
are not yet well understood.2–4 A few studies have shown
differential oral microbial composition in the saliva of patients
with oral cavity and oropharyngeal tumours when compared to
healthy individuals, while specific commensals have been asso-
ciated with lower risk of developing head and neck squamous cell
carcinomas (HNSCC).5–7 Oral microbiome composition seems to
vary across different primary sites (e.g. oral cavity vs oropharynx) or
according to stage, human papillomavirus (HPV) status and

treatment received (e.g. surgery vs chemoradiotherapy (CRT)),
suggesting a role as a tumour-specific biomarker in this disease,
with potential impact on treatment efficacy and toxicity.8–10

However, the evaluation of the oral microbiome in HNSCC has
thus far been limited to retrospective and heterogeneous cohorts
of patients, while the gut microbiome is yet to be investigated.
Among HNSCC, the incidence of oropharyngeal squamous cell

carcinoma (OPSCC) has dramatically increased over the past
decade, with HPV-related disease being most prevalent.11,12 HPV-
positive (HPV+) OPSCC are a biologically distinct disease with
increased treatment responsiveness and survival when compared
to HPV-negative tumours.13 As such, multiple studies are
evaluating de-escalation strategies in the locoregionally advanced
(LA) setting to reduce treatment toxicity without compromising

www.nature.com/bjc

Received: 31 May 2020 Revised: 25 November 2020 Accepted: 17 December 2020
Published online: 10 March 2021

1Division of Medical Oncology and Hematology, Princess Margaret Cancer Centre, University of Toronto, Toronto, ON, Canada; 2Department of Medical Oncology, Catalan
Institute of Oncology (ICO), Barcelona, Spain; 3Division of Infectious Diseases and Toronto General Hospital Research Institute, University Health Network, Departments of
Medicine, Immunology and Laboratory of Medicine and Pathobiology, University of Toronto, Toronto, ON, Canada; 4Department of Radiation Oncology, Princess Margaret Cancer
Centre, University of Toronto, Toronto, ON, Canada; 5Department of Pathology, Princess Margaret Cancer Centre, University of Toronto, Toronto, ON, Canada; 6Department of
Medical Oncology, Sunnybrook Health Sciences Centre, Toronto, ON, Canada; 7Department of Surgical Oncology, Princess Margaret Cancer Centre, University of Toronto, Toronto,
ON, Canada; 8Department of Biostatistics, Princess Margaret Cancer Centre, University of Toronto, Toronto, ON, Canada and 9Department of Cell and Systems Biology, University
of Toronto, Toronto, ON, Canada
Correspondence: Anna Spreafico (anna.spreafico@uhn.ca)
These authors contributed equally: Marc Oliva, Pierre H. H. Schneeberger
These authors jointly supervised this work: Bryan Coburn, Anna Spreafico

© The Author(s) 2021 Published by Springer Nature on behalf of Cancer Research UK

http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-020-01253-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-020-01253-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-020-01253-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-020-01253-1&domain=pdf
http://orcid.org/0000-0001-5352-8130
http://orcid.org/0000-0001-5352-8130
http://orcid.org/0000-0001-5352-8130
http://orcid.org/0000-0001-5352-8130
http://orcid.org/0000-0001-5352-8130
http://orcid.org/0000-0002-8586-4937
http://orcid.org/0000-0002-8586-4937
http://orcid.org/0000-0002-8586-4937
http://orcid.org/0000-0002-8586-4937
http://orcid.org/0000-0002-8586-4937
http://orcid.org/0000-0002-3500-0540
http://orcid.org/0000-0002-3500-0540
http://orcid.org/0000-0002-3500-0540
http://orcid.org/0000-0002-3500-0540
http://orcid.org/0000-0002-3500-0540
http://orcid.org/0000-0002-3034-3042
http://orcid.org/0000-0002-3034-3042
http://orcid.org/0000-0002-3034-3042
http://orcid.org/0000-0002-3034-3042
http://orcid.org/0000-0002-3034-3042
mailto:anna.spreafico@uhn.ca


survival.14 However, HPV+ tumours are heterogeneous and not all
have a favourable prognosis.15 Beyond clinical and pathological
factors such as smoking history, tumour, node, metastasis (TNM)
staging and HPV status, there remains an unmet need for new
biomarkers that provide accurate risk stratification of this patient
population. In this regard, HPV+ LA-OPSCC represents a unique
setting to evaluate and compare both tumour-associated and gut
microbiomes and their potential effect on treatment.
ROMA LA-OPSCC is the first study to prospectively characterise

both oral and gut microbiomes and to evaluate the impact of
definitive CRT on their composition in a homogeneous cohort of
newly diagnosed HPV+ LA-OPSCC.

METHODS
Patient population and study design
ROMA LA-OPSCC (NCT03759730) is a single-centre, non-interven-
tional, investigator-initiated feasibility study designed to evaluate
the oral and intestinal microbiome in a prospective cohort of
patients with HPV+ LA-OPSCC treated with definitive CRT. Patients
with previously untreated histologically proven OPSCC (tonsil,
base of tongue, soft palate) candidates for definitive concurrent
CRT with single-agent cisplatin (CDDP) as per standard of care
were eligible. HPV status was determined by p16 immunohisto-
chemical staining and classified as positive if nuclear and
cytoplasmic staining in ≥70% tumour cells. In situ hybridisation
to confirm the presence of high-risk HPV DNA was performed in
equivocal cases. All patients were staged and treated according to
eighth edition TNM staging criteria. Treatment and follow-up
assessments were conducted according to institutional protocol
(Supplement). Saliva, oropharyngeal swabs over the tumour site
and stools samples were collected before treatment (up to
3 weeks prior to the start of radiotherapy) and at completion of
CRT (up to 3 weeks following last day of radiotherapy;
Supplementary Fig. 1). Patients were evaluable for analysis if
samples were provided at least at one time point. The study was
approved by the institutional research ethics board. All patients
provided written, signed, informed consent to participate.

Treatment and follow-up
All patients received intensity-modulated radiotherapy to a gross
tumour dose of 70 Gy in 35 fractions over 7 weeks (2 Gy/fraction).
Concurrent CDDP (three-weekly at 100mg/m2 on RT days 1, 22
and 43 or weekly at 40 mg/m2 for 7 weeks) was delivered
according to institutional protocol. The choice of a three-weekly
versus weekly schedule was based on patient’s Eastern Coopera-
tive Oncology Group Performance scale and comorbidities as
assessed by medical oncologist. All patients had a prophylactic
gastrostomy tube placed within 3–4 weeks from the start of
radiation as per institutional standard practice. Follow-up after
treatment completion was conducted according to institutional
protocol. Local and regional recurrences were confirmed histolo-
gically, while distant metastases were diagnosed by unequivocal
clinical/radiologic evidence+/− histologic confirmation. Clinical
data were abstracted prospectively (M.O.) for all patients enrolled
in the study.

Sample collection and microbiome analysis
Saliva, oropharyngeal swab over the tumour site and stool
samples were collected using the ZymoBIOMICS DNA/RNA Mini
PrepTM kits (Zymo Research, Irvine, CA). Sampling and storage
protocol are available as Supplementary Data (Laboratory Manual).
Processing and analysis of the samples was conducted at the
Centre for Genome Evolution and Function (CAGEF) of the
University of Toronto. DNA was extracted using the ZymoBIOMICS
DNA Micro KitTM. 16S rRNA gene sequencing (Supplement) was
performed on saliva (n= 46), oropharyngeal swabs (n= 46) and
stool samples (n= 46). Briefly, the V4 hypervariable region of the

16S rRNA gene is amplified using an universal forward sequencing
primer and a uniquely barcoded reverse sequencing primer to
allow for multiplexing.16 Amplicon sequencing was performed on
an Illumina MiSeq platform (Illumina, CA, USA) with V2 chemistry
as described in Schneeberger et al.17. Taxonomic profiling of 16S
data sets was performed using the UNOISE pipeline.18 Shotgun
metagenomics sequencing was only performed on oropharyngeal
swabs (n= 46) and stool samples (n= 46). Libraries were
constructed using the Illumina Nextera Flex kits (Illumina, USA)
using 150 ng DNA as input. A total of 1.94 Billion reads were
generated on an Illumina NovaSeq 6000 platform (Illumina, USA)
using a SP flow cell and reagents according to the manufacturer’s
protocol at the Princess Margaret Genomics Centre. A median of
2.3E+ 07 [1.35E+ 07–4.01E+ 07] reads for stool samples and of
9.16E+ 05 [2.17E+ 05–3.09E+ 07] reads for oropharyngeal sam-
ples were remaining after host read removal with Kneaddata v.
0.7.2 (https://bitbucket.org/biobakery/biobakery/wiki/kneaddata).
Taxonomic profiles resulting from shotgun datasets were gener-
ated using Metaphlan2 with the Chocophlan database v. 293.19,20

Alpha diversity and beta diversity were measured using the
Phyloseq package (ref. 20; v. 3.9) and VEGAN v. 2.5.521 in R v.
3.5.3.22

Statistical analysis
ROMA LA-OPSCC is a signal-finding study. Descriptive statistics
were used to summarise clinical and microbiome characteristics.
Mixed model regression was conducted to explore the potential
demographic and clinical factors that are related to the microbial
change during CRT. For microbiome analyses, summary statistics
were described including within-patient community composition
(taxonomic relative abundance), alpha diversity (compositional
diversity within-sample) using Shannon index (SDI; a composite
metric of both richness and evenness) and Berger–Parker index
(BP; an indicator of dominance in the community), as well as beta-
diversity (inter-sample similarity) of baseline and end of treatment
samples. Alpha diversity measures were compared between
groups using Mann–Whitney (MW) tests. LEFSE was used to
measure the differences in relative abundances (non-parametric
Kruskal–Wallis tests) and the effect size (linear discriminant
analysis) between groups. Beta diversity was measured using
the Bray–Curtis dissimilarity index and group comparisons were
conducted using permutational multivariate analysis of variance
(PERMANOVA). Interaction between treatment effect (changes in
composition pre- and post-CRT) and other variables including use
of antibiotics, G-tube dependency, grade of mucositis, smoking
status, tumour location, stage and T staging were measured using
PERMANOVA. Assuming a significance level for alpha of 0.01 to
adjust for multiple comparisons of key taxa, alpha diversity, and
beta diversity, our study with 22 patients’ microbiome samples
had at least 85% power to identify significant differences between
pre- and post-CRT, given an effect size of 0.7 standard deviation
(SD) of the paired mean difference. The power analysis is based on
two-sided paired t tests.

RESULTS
Clinical characteristics and outcome
From January 2018 to November 2018, 26 patients with newly
diagnosed LA-OPSCC candidates for CRT were enrolled in the
study, of which 22 were included in this analysis. Four were
excluded for reasons outlined in the Consort diagram (Supple-
mentary Fig. 2). Patient characteristics are summarised in
Supplementary Table 1. Most patients were male and smokers
(current or former) with ≥10 pack-year smoking history. Thirty-six
percent of patients had stage III disease at presentation with tonsil
being the most common primary site. Eleven patients received
antibiotics up to 1 month prior to and/or during CRT. At the time
of data cut-off, with a median follow-up of 90 weeks (20–115), all
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patients were alive and 21/22 were disease free. One patient (R05)
developed locoregional and distant recurrence.

Description of baseline oral and stool microbiome in HPV+ LA-
OPSCC
A total of 132 samples collected from the 22 evaluable patients
(100% compliance in sample acquisition) were analysed. Taxo-
nomic composition of oropharyngeal swabs and saliva samples by
16S rRNA gene sequencing were similar (R2= 0.06; p= 0.827;
Supplementary Fig. 3), thus shotgun metagenomic sequencing
was only conducted in oropharyngeal swabs and stool. All
subsequent results are based on shotgun metagenomic sequen-
cing analyses. Taxonomic composition differed by sampling site
(oropharyngeal swabs vs stool samples: R2= 0.276; p= 0.001;
Fig. 1a, b). Oral communities comprised mostly oropharyngeal
anaerobes and facultative anaerobes, including Prevotella, Veillo-
nella, Streptococcus and Actinomyces species while stool commu-
nities were composed mainly of obligate anaerobic Bacteroides
species. The number of species was higher in the stool vs oral
communities (p < 0.0001) but they had overall similar diversity
(SDImean= 3.3 for stool and 3.12 for oropharyngeal samples;
BPmean= 0.19 for stool and 0.2 for oropharyngeal samples; Fig. 1c).
Four patients (R05, R17, R23 and R26) had a high proportion
(>10% of the community) of Bacteroides species in their
oropharyngeal swabs more typical of the lower intestinal tract.

Differential baseline oral and stool microbiome composition by
stage
Taxonomic composition of oropharyngeal swabs significantly
differed across stage III vs stage I–II patients (p < 0.05): four
genera were enriched in patients with stage III, including
Fusobacterium (Fusobacterium nucleatum), Gemella (Gemella mor-
billorum and Gemella haemolysans), Leptotrichia (Leptotrichia
hofstadii) and Selenomonas (Selenomonas sputigena and Seleno-
monas infelix) (Fig. 2a). Taxonomic composition of stool samples
also differed in stage III vs stage I–II disease, with significant
enrichment of two phyla, Actinobacteria and Proteobacteria, and
18 species (p < 0.05; Fig. 2b).
In the univariate analysis, no effect on baseline oropharyngeal

swab microbiome composition was seen by smoking or primary
tumour location, although a trend was observed by T staging (p=
0.06; Supplementary Table 2).

Impact of CRT on the oral and stool microbiome
Oral microbiome. We compared the composition of orophar-
yngeal swabs pre- and post-CRT (Fig. 3). We observed the
formation of three distinct clusters based on collection time point
baseline vs post-CRT (Fig. 3a): cluster 1 (15 baseline vs 1 post-CRT
samples) was characterised by high relative abundance of species
from the Veillonella, Prevotella and Streptococcus genera; cluster 2
(4 baseline vs 11 post-CRT samples) was characterised by high
abundances of Streptococcus species, Prevotella melaninogenica,
Neisseria flavescens and Rothia mucilaginosa, among others; and
cluster 3 (3 baseline vs 10 post-CRT samples) was characterised by
high abundances of species from the Bacteroides, Faecalibacter-
ium, Prevotella (Prevotella copri), Collinsella, Alistipes and Para-
bacteroides genera. Overall, the number of species was
significantly reduced in post-CRT oropharyngeal swabs (MW; p
= 0.006). Alpha diversity did not change post-CRT (SDImean= 3.12
at baseline and 3.09 at the end of treatment; BPmean= 0.2 at
baseline and 0.2 at the end of treatment; MW; pSDI= 0.716; pBP=
0.944) nor did bacterial density (8.8E+ 09 16S copies/ml at
baseline and 2.6E+ 09 16S copies/ml at the end of treatment; p=
0.15) (Supplementary Fig. 4). Intra-patient changes in community
composition post-CRT are summarised in Fig. 3b. Most patients
(65%) were classified in cluster 1 at baseline while only 1 patient
(4.5%) was classified in cluster 1 post-CRT. Out of the 15 patients in
cluster 1 at baseline, 8 transitioned to cluster 2 and 6 to cluster 3

post-CRT. None of the patients who grouped in cluster 2 and 3 at
baseline shifted to cluster 1 after CRT and remained within the
cluster 2 or 3.
Clinical characteristics associated with cluster subgroups are

summarised in Table 1. Out of the 15 patients grouping in cluster
1 at baseline, the majority were former/non-smokers (93%), with
tonsillar primary (67%) and stage I–II disease (67%). Baseline oral
composition from 3 out of the 4 current smokers of the cohort
belonged to cluster 2 or 3. No clear pattern was seen between
cluster transitions post-CRT by TNM, stage, smoking status, use of
antibiotics, grade of mucositis or gastrostomy tube dependency
post-CRT. One of the two patients (patient R05) with cluster 3-type
oral microbial composition at baseline and post-CRT experienced
biopsy-proven locoregionally and distant recurrence.
Overall, the compositional changes between baseline and post-

CRT consisted of a shift towards gastrointestinal tract-like
communities (Fig. 4). Oropharyngeal swabs post-CRT clustered
closer to stool samples, with significant changes in taxa
composition when compared to baseline (R2= 0.1; p= 0.001).
The dissimilarity observed between oropharyngeal swabs and
stool samples was reduced in post-CRT samples (PERMANOVA;
R2= 0.115; p= 0.001) compared to baseline samples (PERMA-
NOVA; R2= 0.203; p= 0.001). Functional analyses associated with
these taxonomic findings were attempted but could not be
performed due to insufficient sequencing depth (Supplementary
Fig. 5).

Stool microbiome. No clustering was observed in stool samples
by collection time point (baseline vs post-CRT); similar taxa
composition and alpha diversity was observed post-CRT (Supple-
mentary Fig. 6). No differences in taxonomic composition were
observed in post-treatment samples based on the use of
antibiotics (Supplementary Table 3 and Supplementary Fig. 7).
The impact of CRT (defined as collection time point: baseline

and post-CRT) on the oral microbiome remained significant when
adjusting by potential confounding factors, including smoking
status, TNM, stage subgroups, maximum grade of mucositis,
gastrostomy tube dependency 3–4 weeks post-CRT and use of
antibiotics (Supplementary Table 4).

DISCUSSION
ROMA LA-OPSCC is the first study to prospectively characterise
both oral and gut microbiomes in HPV+ OPSCC patients treated
with definitive CRT. We found that both oral and stool community
composition differed by disease stage at baseline and that the oral
but not stool microbiome composition changed after CRT. The
shift in oropharyngeal taxonomic composition after treatment was
largely driven by an increase in the relative abundance of gut-
associated obligate anaerobes. The results of this study provide a
step forward in the understanding of both microbiomes in this
disease and may be used as a benchmark as new treatments are
being investigated in this patient population.
The composition of the oral microbiome in our cohort was

comparable to that of other retrospective cohorts involving patients
with oral cavity and oropharyngeal tumours.8,23 Guerrero-Preston
et al. reported differential taxonomic composition in HPV+ OPSCC
when compared to HPV-negative OPSCC and oral cavity cancer, with
higher prevalence of Veillonella, Prevotella, Streptococcus and Gemella
genera.8,9 In our cohort involving HPV+ disease exclusively, we did
observe a similar taxonomic composition at the genus level. Our
shotgun metagenomics analysis revealed differential oral microbial
composition across stages, and patients with stage III had
significantly higher relative abundance of F. nucleatum species. F.
nucleatum had been previously described in heterogeneous cohorts
involving HNSCC patients treated with surgery and/or radiation, but
it has also been recently associated with advanced disease,
chemotherapy resistance and adverse prognosis in other tumour
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types, such as oesophageal carcinoma.9,24–26 In our cohort, the stage
differences in oral composition seemed to be associated with larger
primary tumours. Patients with stage III HPV+ OPSCC are known to
be at higher risk of recurrence despite definitive concurrent
chemoradiation and new treatment intensification approaches
including immunotherapy that are being explored in this setting
(e.g. NCT03040999).27 It remains to be tested whether these findings
have prognostic implications and therefore could be used for risk

stratification in this patient population. Interestingly, while smoking
history seems to have a role as prognostic biomarker for HPV+
disease and has also been highlighted to correlate with oral
dysbiosis, we did not observe differences in oral microbiome
composition according to smoking status in our overall cohort or by
stage.28–30

We evaluated the changes post-CRT on both oral and stool
microbiomes. Two studies involving patients with HNSCC and
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nasopharyngeal carcinoma have described changes in the oral
microbiota following radiation and an increase in opportunistic
pathogens.31,32 Our analysis revealed a significant and consistent
impact of CRT in the overall oral communities among the cohort,
with increases in the prevalence and relative abundance of
obligate anaerobes (e.g. Bacteroides species). The cause of these
shifts is unclear but may be due to treatment-induced tissue
necrosis or other changes in the tumour-adjacent mucosa, direct
effects of CRT on the microbes themselves or treatment-
associated immune or metabolic changes in the local tissues
affecting microbial ecology. The potential biological and/or clinical
impact of baseline and post-treatment composition or shifts after
CRT remains unknown and long-term follow-up is required. Of
note, one of the two patients harbouring a “gut-like” orophar-
yngeal taxa both at baseline and post-CRT experienced disease
recurrence about a year after treatment completion.
We did not observe any significant shift in the gut microbiome

composition after CRT in our cohort. While radiation is a local
therapy and thus it is not expected to specifically alter the gut
microbiome, cytotoxic chemotherapeutic agents including cispla-
tin are known to induce damage of the intestinal mucosa and
disrupt the microbiome, leading to increased risk of infections.33

The heterogeneity of gut microbiome composition at baseline and
the limited number of patients might have limited the detection
of differences due to CRT or antibiotic use. Although there were
intra-patient changes in gut microbiome composition in our study,
these changes were patient specific and no common pattern was
observed in the overall cohort.
There were no differences in the overall taxa composition

between saliva and oropharyngeal swabs taken from the tumour
site. This is particularly relevant as this patient population is
characterised by radiation-induced xerostomia,34 and thus the
swab could substitute the collection of saliva, the collection of

which can be a challenge following completion of CRT in this
patient population. Zhang et al. reported differential taxa
composition between saliva and tumour tissue from patients with
oral cavity tumours, with significantly higher levels of F. nucleatum
and Acinetobacter found in the tumour.25 Whether microbiome
data that are obtained from oropharyngeal swabs differ from
those from tumour tissue was not assessable in our study.
The limitations of our study include: inability to account for all

patient factors that may influence oral and stool microbial
community composition, such as dietary habits and dental hygiene;
short median follow-up for HPV+ OPSCC disease limiting the
evaluation of the prognostic impact of microbiome signatures; lack
of further sampling beyond 4 weeks from CRT limiting the evaluation
of long-term oral and stool microbiome alterations post-CRT31,35;
small number of patients involved, which prevents statistical power
for specific subgroup analysis. We used both 16S rRNA and shotgun
sequencing techniques for two reasons. We first wanted to assess
the level of agreement between different samples types retrieved in
the same body compartment (saliva vs oropharyngeal swabs). For
this exploratory analysis, 16S sequencing is sufficiently sensitive to
compare the overall composition between sample types with a
relatively low cost. Based on the high agreement between both
sample types, we then selected oropharyngeal swabs for shotgun
sequencing, as it has higher taxonomic resolution to observe CRT-
mediated changes at the species level. This combination of
approaches allowed us to gain the greatest amount of high-
resolution microbiome compositional data at the lowest cost. A
‘shallow’ shotgun approach was used to characterise the taxonomic
composition in the different sample types, which was sufficient for
the detection of species above relative abundance of 0.05% but it
did not allow us to conduct functional analyses.36

This pilot study shows that prospective characterisation of both
oral and stool microbiome is feasible in this patient population,

Table 1. Patient baseline and post-CRT community state types matched with clinical characteristics.

Patient ID BSL
cluster

EOT
cluster

Tumour
location

TNM Stage Smoking status Antibiotic use Grade of
mucositis

Gastrostomy
dependancya

R01 1 3 Tonsil T3N2b II Current No 3 Yes

R04 1 2 Base of tongue T1N3 III Never Yes 3 UK

R06 1 2 Tonsil T3N2 II Never No 2 Yes

R07 1 2 Tonsil T2N3 III Former Yes 2 Yes

R09 1 3 Tonsil T2N1 I Never Yes 2 Yes

R10 1 2 Tonsil T4N1 III Never No 2 Yes

R11 1 2 Tonsil T3N1 II Former Yes 3 Yes

R12 1 2 Base of tongue T2N1 I Former No 2 Yes

R15 1 3 Base of tongue T2N1 I Former Yes 3 No

R18 1 3 Base of tongue T4N1 III Former Yes 2 Yes

R19 1 2 Tonsil T2N1 I Former Yes 1 No

R20 1 1 Soft palate T1N1 I Never Yes 1 No

R24 1 3 Tonsil T3N1 II Never No 3 Yes

R25 1 2 Base of tongue T1N1 I Never No 1 No

R13 2 2 Base of tongue T3N1 II Never Yes 2 No

R16 2 2 Tonsil T4N0 III Current No 2 Yes

R21 2 3 Tonsil T4N0 III Current No 2 Yes

R22 2 3 Soft palate T4N1 III Former No 3 Yes

R05 3 3 Tonsil T1N2c II Current Yes 2 Yes

R17 3 3 Tonsil T3N0 II Former Yes 2 Yes

R23 3 2 Base of tongue T1N2 II Former No 2 No

Patient R05 (in bold) is the only patient in the cohort who experience disease recurrence.
BSL baseline, EOT end of treatment.
aG-tube dependency at the time of collection of EOT samples, up to 3 weeks from the last day of RT.
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with 100% compliance in sample acquisition and analysis. The stage-
specific microbial features in the oral and gut communities from this
cohort are hypothesis-generating and should be further investigated
to evaluate their use as a biomarker for risk stratification in patients
with HPV+ OPSCC. Additional correlation with HPV-related factors
such as serotype or viral load in saliva and comparison with a
matched-HPV-negative cohort are to be explored. These findings
might serve as a ‘control’ for the microbiome landscape as
therapeutic interventions such as immunotherapy are being
incorporated into the treatment of these patient populations.
Indeed, prospective evaluation of oral and intestinal microbiome
is currently ongoing in the setting of an international prospective
chemo-sparing approach evaluating definitive chemoradiation
vs immunoradiotherapy in HPV+ intermediate-risk OPSCC
(NCT03410615). The transitions observed in the composition of
the oral but not gut microbiome following treatment might not only
have prognostic value but also therapeutic implications to explore
gut microbiome modulation strategies in this setting. In this regard,
we are currently evaluating the feasibility of gut microbiome
intervention in the context of CRT in patients with LA-OPSCC using
an oral consortium of taxa associated with immune checkpoint
inhibitor-responsiveness (NCT03838601).

ACKNOWLEDGEMENTS
The authors would like to thank all patients and their families for their participation.
The authors acknowledge and are grateful for the support of the Head and Neck
Discovery Program, the Tomcyzk AI and Microbiome Working Group, the Bartley-
Smith/Wharton, the Gordon Tozer, the Wharton Head and Neck Translational, Dr.
Mariano Elia, Petersen-Turofsky Funds and the ‘The Joe & Cara Finley Center for Head
& Neck Cancer Research’ at the Princess Margaret Cancer Foundation.

AUTHOR CONTRIBUTIONS
M.O., L.L.S. and A.S. developed the concept and design of the ROMA LA-OPSCC study.
Patient recruitment and sample collection was performed by M.O., A.S., L.L.S., R.T. and
K.T. Clinical data collection, analysis and curation was performed by M.O. P.H.H.S. and
M.C. performed the experimental work. P.H.H.S. and M.C. performed the following
experiments: 16S qPCR quantification (M.C.), sequencing library preparation,
taxonomic profiling (with CAGEF), statistical analyses (P.H.H.S.) and figure generation

(P.H.H.S.). M.O., P.H.H.S., L.L.S., B.C. and A.S. wrote the initial manuscript and all
authors were involved in the review and finalisation.

ADDITIONAL INFORMATION
Ethics approval and consent to participate ROMA LA-OPSCC-001 was a
prospective observational study that only involved the collection and analysis of
saliva, oropharyngeal swabs and stool samples and did not determine the eligibility
to receive treatment. The study was approved by the Princess Margaret Cancer
Centre Institutional Research Ethics Board (Study ID 17-5693) and was conducted in
accordance with the Declaration of Helsinki. All patients provided written, signed,
informed consent to participate.

Consent for publication Not applicable.

Data availability The data sets generated and/or analysed during the current study
are not yet publicly available but are available from the corresponding author on
reasonable request.

Competing interestsM.O.: consultant for: Bristol-Myers Squibb Canada (compensated),
Mirati Therapeutics. Speaker’s Bureau for: None. Employee of: None. Grant/Research
support from (Clinical Trials): Mirati Therapeutics, Nubyota. L.L.S.: Consultant for: Merck
(compensated), Pfizer (compensated), Celgene (compensated), AstraZeneca/Medim-
mune (compensated), Morphosys (compensated), Roche (compensated), GeneSeeq
(compensated), Loxo (compensated), Oncorus (compensated), Symphogen (compen-
sated), Seattle Genetics (compensated), GSK (compensated), Voronoi (compensated),
Treadwell Therapeutics (compensated). Speaker’s Bureau for: None. Grant/Research
support from (Clinical Trials for institution): Novartis, Bristol-Myers Squibb, Pfizer,
Boerhinger-Ingelheim, GlaxoSmithKline, Roche/Genentech, Karyopharm, AstraZeneca/
Medimmune, Merck, Celgene, Astellas, Bayer, Abbvie, Amgen, Symphogen, Intensity
Therapeutics, Mirati, Shattucks, Avid. Stockholder in: Agios (spouse). Employee of: None.
A.S.: consultant for: Merck (compensated), Bristol-Myers Squibb (compensated), Novartis
(compensated), Oncorus (compensated). Speaker’s Bureau for: None. Grant/Research
support from (Clinical Trials): Novartis, Bristol-Myers Squibb, Symphogen AstraZeneca/
Medimmune, Merck, Bayer, Surface Oncology, Northern Biologics, Janssen Oncology/
Johnson & Johnson, Roche, Array Biopharma. Stockholder in: None. Employee of: None.
All of the other authors declare that they have no competing interests.

Funding information This study was partly supported by M.O.’s ASCO Conquer
Cancer Foundation Young Investigator Award (YIA) 2019 and by A.S.’s Division of
Medical Oncology, Department of Medicine, University of Toronto Strategic Planning

–0.6

0.4

0.2

0.0

–0.2

–0.4

–0.4 –0.2 0.0 0.2 0.4 0.6

NMDS1

BSL-OW
PERMANOVA:
ST/BSL and ST/EOT: R2 = 0.034; p = 0.064

ST and OW/BSL: R2 = 0.222; p = 0.001
ST and OW/EOT: R2 = 0.113; p = 0.001

OW/BSL and OW/EOT: R2 = 0.125; p = 0.001 BSL-ST
EOT-OW
EOT-ST

N
M

D
S

2

Fig. 4 Impact of chemoradiation therapy on oral and intestinal microbial communities. Non-metric multidimensional scaling ordination
plot based on Bray–Curtis dissimilarity with group-specific standard deviational ellipse (90%). CRT chemoradiation, BSL baseline, EOT end of
treatment, OW oropharyngeal swabs over the tumour site.

Transitions in oral and gut microbiome of HPV+ oropharyngeal squamous. . .
M Oliva et al.

1550



Innovation Grant. M.O.’s fellowship program to conduct the ROMA LA-OPSCC study
was supported by the Spanish Society for Medical Oncology Foundation (FSEOM)/
Fundación Cris Contra el Cáncer Grant and by the Princess Margaret Cancer Centre
Head & Neck Discovery Program. P.H.H.S. fellowship was partly supported by the
Tomcyzk AI and Microbiome Working Group and The Princess Margaret Cancer
Foundation.

Supplementary information is available for this paper at https://doi.org/10.1038/
s41416-020-01253-1.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Shahanavaj, K., Gil-Bazo, I., Castiglia, M., Bronte, G., Passiglia, F., Carreca, A. P. et al.

Cancer and the microbiome: potential applications as new tumor biomarker.
Expert Rev. Anticancer Ther. 15, 317–330 (2015).

2. Roy, S. & Trinchieri, G. Microbiota: a key orchestrator of cancer therapy. Nat. Rev.
Cancer 17, 271–285 (2017).

3. Garrett, W. S. Cancer and the microbiota. Science 348, 80–86 (2015).
4. Nelson, M. H., Diven, M. A., Huff, L. W. & Paulos, C. M. Harnessing the microbiome

to enhance cancer immunotherapy. J. Immunol. Res. 2015, 368736 (2015).
5. Pushalkar, S., Ji, X., Li, Y., Estilo, C., Yegnanarayana, R., Singh, B. et al. Comparison

of oral microbiota in tumor and non-tumor tissues of patients with oral squa-
mous cell carcinoma. BMC Microbiol. 12, 144 (2012).

6. Hayes, R. B., Ahn, J., Fan, X., Peters, B. A., Ma, Y., Yang, L. et al. Association of oral
microbiome with risk for incident head and neck squamous cell cancer. JAMA
Oncol. 4, 358–365 (2018).

7. Bornigen, D., Ren, B., Pickard, R., Li, J., Ozer, E., Hartmann, E. M. et al. Alterations in
oral bacterial communities are associated with risk factors for oral and oro-
pharyngeal cancer. Sci. Rep. 7, 17686 (2017).

8. Guerrero-Preston, R., Godoy-Vitorino, F., Jedlicka, A., Rodríguez-Hilario, A., Gon-
zález, H., Bondy, J. et al. 16S rRNA amplicon sequencing identifies microbiota
associated with oral cancer, human papilloma virus infection and surgical
treatment. Oncotarget 7, 51320–51334 (2016).

9. Guerrero-Preston, R., White, J. R., Godoy-Vitorino, F., Rodriguez-Hilario, A.,
Navarro, K., Gonzalez, H. et al. High-resolution microbiome profiling uncovers
Fusobacterium nucleatum, Lactobacillus gasseri/johnsonii, and Lactobacillus vagi-
nalis associated to oral and oropharyngeal cancer in saliva from HPV positive and
HPV negative patients treated with surgery and chemo-radiation. Oncotarget 8,
110931–110948 (2017).

10. Orlandi, E., Iacovelli, N. A., Tombolini, V., Rancati, T., Polimeni, A., De Cecco, L. et al.
Potential role of microbiome in oncogenesis, outcome prediction and ther-
apeutic targeting for head and neck cancer. Oral Oncol. 99, 104453 (2019).

11. Osazuwa-Peters, N., Simpson, M. C., Massa, S. T., Adjei Boakye, E., Antisdel, J. L. &
Varvares, M. A. 40-year incidence trends for oropharyngeal squamous cell car-
cinoma in the United States. Oral Oncol. 74, 90–97 (2017).

12. Chaturvedi, A. K., Engels, E. A., Anderson, W. F. & Gillison, M. L. Incidence trends
for human papillomavirus-related and -unrelated oral squamous cell carcinomas
in the United States. J. Clin. Oncol. 26, 612–619 (2008).

13. Taberna, M., Mena, M., Pavón, M. A., Alemany, L., Gillison, M. L. & Mesía, R. Human
papillomavirus-related oropharyngeal cancer. Ann. Oncol. 28, 2386–2398 (2017).

14. O’Sullivan, B., Huang, S. H., Siu, L. L., Waldron, J., Zhao, H., Perez-Ordonez, B. et al.
Deintensification candidate subgroups in human papillomavirus-related oro-
pharyngeal cancer according to minimal risk of distant metastasis. J. Clin. Oncol.
31, 543–550 (2013).

15. Huang, S. H., O’Sullivan, B. & Waldron, J. The current state of biological and clinical
implications of human papillomavirus-related oropharyngeal cancer. Semin.
Radiat. Oncol. 28, 17–26 (2018).

16. Caporaso, J. G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F. D., Costello,
E. K. et al. QIIME allows analysis of high-throughput community sequencing data.
Nat. Methods 7, 335–336 (2010).

17. Schneeberger, P. H. H., Prescod, J., Levy, L., Hwang, D., Martinu, T. & Coburn, B.
Microbiota analysis optimization for human bronchoalveolar lavage fluid.
Microbiome 7, 141 (2019).

18. Edgar, R. C. UNOISE2: improved error-correction for Illumina 16S and ITS ampli-
con sequencing. Preprint at bioRxiv https://doi.org/10.1101/081257 (2016).

19. Segata, N., Waldron, L., Ballarini, A., Narasimhan, V., Jousson, O. & Huttenhower, C.
Metagenomic microbial community profiling using unique clade-specific marker
genes. Nat. Methods 9, 811–814 (2012).

20. McMurdie, P. J. & Holmes, S. phyloseq: an R package for reproducible interactive
analysis and graphics of microbiome census data. PLoS ONE 8, e61217 (2013).

21. Oksanen, J., Kindt, R., Legendre, P., O’Hara, B., Stevens, M. H. H., Oksanen, M. J.
et al. The vegan package. Community Ecol. Package 10, 631–637 (2007).

22. R Core Team. R: A Language and Environment for Statistical Computing; 2015 (R
Foundation for Statistical Computing, Vienna, 2018).

23. Wang, H., Funchain, P., Bebek, G., Altemus, J., Zhang, H., Niazi, F. et al. Micro-
biomic differences in tumor and paired-normal tissue in head and neck squa-
mous cell carcinomas. Genome Med. 9, 14 (2017).

24. Yu, T., Guo, F., Yu, Y., Sun, T., Ma, D., Han, J. et al. Fusobacterium nucleatum
promotes chemoresistance to colorectal cancer by modulating autophagy. Cell
170, 548.e16–563.e16 (2017).

25. Zhang, Z., Yang, J., Feng, Q., Chen, B., Li, M., Liang, C. et al. Compositional and
functional analysis of the microbiome in tissue and saliva of oral squamous cell
carcinoma. Front. Microbiol. 10, 1439 (2019).

26. Yamamura, K., Izumi, D., Kandimalla, R., Sonohara, F., Baba, Y., Yoshida, N. et al.
Intratumoral Fusobacterium nucleatum levels predict therapeutic response to
neoadjuvant chemotherapy in esophageal squamous cell carcinoma. Clin. Cancer
Res. 25, 6170–6179 (2019).

27. Oliva, M., Huang, S. H., Xu, W., Su, J., Hansen, A. R., Bratman, S. V. et al. Impact of
cisplatin dose and smoking pack-years in human papillomavirus-positive oro-
pharyngeal squamous cell carcinoma treated with chemoradiotherapy. Eur. J.
Cancer 118, 112–120 (2019).

28. Wu, J., Peters, B. A., Dominianni, C., Zhang, Y., Pei, Z., Yang, L. et al. Cigarette
smoking and the oral microbiome in a large study of American adults. ISME J. 10,
2435–2446 (2016).

29. Yu, G., Phillips, S., Gail, M. H., Goedert, J. J., Humphrys, M. S., Ravel, J. et al. The
effect of cigarette smoking on the oral and nasal microbiota. Microbiome 5, 3
(2017).

30. Mirghani, H., Leroy, C., Chekourry, Y., Casiraghi, O., Aupérin, A., Tao, Y. et al.
Smoking impact on HPV driven head and neck cancer’s oncological outcomes?
Oral Oncol. 82, 131–137 (2018).

31. Schuurhuis, J. M., Stokman, M. A., Witjes, M. J., Langendijk, J. A., van Winkelhoff, A.
J., Vissink, A. et al. Head and neck intensity modulated radiation therapy leads to
an increase of opportunistic oral pathogens. Oral Oncol. 58, 32–40 (2016).

32. Xu, Y., Teng, F., Huang, S., Lin, Z., Yuan, X., Zeng, X. et al. Changes of saliva
microbiota in nasopharyngeal carcinoma patients under chemoradiation therapy.
Arch. Oral Biol. 59, 176–186 (2014).

33. Perales-Puchalt, A., Perez-Sanz, J., Payne, K. K., Svoronos, N., Allegrezza, M. J.,
Chaurio, R. A. et al. Frontline Science: Microbiota reconstitution restores intestinal
integrity after cisplatin therapy. J. Leukoc. Biol. 103, 799–805 (2018).

34. Strojan, P., Hutcheson, K. A., Eisbruch, A., Beitler, J. J., Langendijk, J. A., Lee, A. W.
M. et al. Treatment of late sequelae after radiotherapy for head and neck cancer.
Cancer Treat. Rev. 59, 79–92 (2017).

35. Ferris, R. L., Blumenschein, G., Harrington, K., Fayette, J., Guigay, J., Colevas, A. D.
et al. Evaluation of oral microbiome profiling as a response biomarker in squa-
mous cell carcinoma of the head and neck: analyses from CheckMate 141. Cancer
Res. https://doi.org/10.1158/1538-7445.AM2017-CT022 (2017).

36. Hillmann, B., Al-Ghalith, G. A., Shields-Cutler, R. R., Zhu, Q., Gohl, D. M., Beckman,
K. B. et al. Evaluating the information content of shallow shotgun metagenomics.
mSystems https://doi.org/10.1128/mSystems.00069-18 (2018).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

Transitions in oral and gut microbiome of HPV+ oropharyngeal squamous. . .
M Oliva et al.

1551

https://doi.org/10.1038/s41416-020-01253-1
https://doi.org/10.1038/s41416-020-01253-1
https://doi.org/10.1101/081257
https://doi.org/10.1158/1538-7445.AM2017-CT022
https://doi.org/10.1128/mSystems.00069-18
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Transitions in oral and gut microbiome of HPV+ oropharyngeal squamous cell carcinoma following definitive chemoradiotherapy (ROMA LA-OPSCC study)
	Background
	Methods
	Patient population and study design
	Treatment and follow-up
	Sample collection and microbiome analysis
	Statistical analysis

	Results
	Clinical characteristics and outcome
	Description of baseline oral and stool microbiome in HPV+ LA-OPSCC
	Differential baseline oral and stool microbiome composition by stage
	Impact of CRT on the oral and stool microbiome
	Oral microbiome
	Stool microbiome


	Discussion
	Acknowledgements
	Author contributions
	ADDITIONAL INFORMATION
	References




