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Abbreviations: HNSCC, head and neck squamous cell cancer; NGS, next generation sequencing; PCR, polymerase chain reaction; T-stage, tumor stage; rDNA, recombinant deoxyribonucleic acid; rRNA, ribo
ribonucleic acid.

Flora Technique Notes

Bacillus, Enterococcus, Parvimonas, Peptostreptococcus, and
Slackia

16S rDNA V4 sequencing of saliva
samples

Increased in cases of malignancy when
compared to oral potentially

malignant disorders

Parvimonas
16S rDNA sequencing of paired normal

and tumor resections
Concentration of Parvimonas positively

correlated to T-stage

Peptostreptococcus, Fusobacterium, Alloprevotella, and
Capnocytophaga

16S rRNA sequencing of salivary samples
More abundant when comparing the microbiome of cancer patients

to the control patients

Fusobacterium nucleatum, Pseudomonas aeruginosa, and
Campylobacter

16S rRNA V1-V3 s
equencing of tissue samples

An overabundance of these microbiota were noted in tumor tissue
when compared to healthy tissue

Fusobacterium nucleatum, Capnocytophaga sputigena,
Porphyromonas endodontalis, and Gemella haemolysans

NGS of oral swabs
The relative concentration of P. endodontalis, Gemella morbillorum,

and G. haemolysans related to increased depth of invaision

Schlegelella and Methyloversatilis 16S rRNA sequencing Relative abundance of these organisms related to worse prognosis

Prevotella, Stomatobaculum, and Bifidobacterium
16S rRNA V1-V3

sequencing of salivary samples
With a relative loss of Fusobacterium

Capnocytophaga gingivalis, Prevotella melaninogenica, and
Streptococcus mitis

NGS of salivary
samples

Examiners were able to reliably predict the presence of malignancy
based upon these

organisms

Oribacterium 16S rRNA sequencing of oral rinse
Examiners were able to reliably predict the presence of oral cavity

cancer and oropharyngeal cancers based on the presence of
Oribacterium
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Anti-programmed cell death protein 1 (PD-1) agents have become the standard of care for platinum-refractory recurrent/
metastatic head and neck squamous cell carcinoma (HNSCC) and are currently being evaluated in various disease settings.
However, despite the gain in overall survival seen in some of the clinical trials, the majority of patients display primary resistance
and do not benefit from these agents. Taking into consideration the potentially severe immune-related toxicities and their high
cost, the search for predictive biomarkers of response is crucial. Besides Programmed death ligand-1 (PD-L1) expression, other
biomarkers such as immune infiltration, tumor mutational burden or immune-gene expression profiling have been explored,
but none of them has been validated in this disease. Among these, the microbiota has recently garnered tremendous interest
since it has proven to influence the efficacy of PD-1 blockade in some tumor types. With the accumulating evidence on the
effect of the microbiota in HNSCC tumorigenesis and progression, the study of its potential role as a predictive immune
biomarker is warranted. This review examines the available evidence on emerging immune predictive biomarkers of response
to anti-PD-1/PD-L1 therapy in HNSCC, introducing the microbiota and its potential use as a predictive immune biomarker in this
disease.

Key words: head and neck squamous cell carcinoma, immune checkpoint inhibitors, anti-PD-1/PD-L1, biomarkers,
microbiota

Introduction

Immune-checkpoint inhibitors (ICI) targeting cytotoxic T-

lymphocyte antigen 4 and programmed cell death protein-1 (PD-

1) and its ligands, programmed death ligand-1 (PD-L1)/2, have

shown a significant and consistent benefit in survival when com-

pared with standard therapies in prospective randomized clinical

trials, leading to their regulatory approval in multiple tumor

types [1–5]. In head and neck squamous cell carcinoma

(HNSCC), anti-PD-1 antibodies are the first immunotherapeutic

agents to demonstrate evidence of response durability and sur-

vival benefit in platinum-pretreated recurrent and metastatic (R/

M) disease [6–9]. However, despite the encouraging results

which led to the approval of nivolumab and accelerated approval

of pembrolizumab by the US Food and Drug Administration

(FDA) for platinum-refractory R/M HNSCC, the overall re-

sponse rates (ORRs) of these agents ranged from only �13%–

18% [9, 10].

Up to 60% of patients across different tumor types, including

HNSCC, display primary resistance to anti-PD-1/PD-L1 agents

[11]. Several mechanisms have been suggested such as poor

tumor immunogenicity, limited intratumoral immune cell infil-

tration, coexpression of multiple inhibitory receptors, and induc-

tion of immunosuppressive pathways within the tumor

microenvironment (TME) [12–14]. To overcome this resistance,
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many ongoing clinical trials are evaluating combination strategies

with other immunotherapies, targeted agents, chemotherapy and

radiotherapy, not only in R/M HNSCC, but also in the locore-

gionally advanced setting (NCT02952586, NCT03040999) [15].

This is of particular relevance as a proportion of patients with R/

M HNSCC might experience rapid progression and decreased

survival when treated with single-agent anti-PD-1/PD-L1 [16].

However, the potential immune-related toxicities of ICI and

their high cost have urged the search for prospectively validated

predictive biomarkers of response including PD-L1 protein ex-

pression, intratumoral immune cell infiltration, immune-gene

expression profiling, and tumor mutational burden (TMB) [13,

14, 17]. Specifically, in HNSCC, none of them have been vali-

dated and ongoing exploration continues [9, 18].

Recently, the immunomodulatory role of the gut microbiota,

defined as the collective microorganisms inhabiting the gastro-

intestinal tract, has raised a special interest, since its composition

has proven to influence anti-PD-1 efficacy in preclinical models

and has been associated with treatment responsiveness in patients

with melanoma and some epithelial-derived tumors [19–22].

Interestingly, many retrospective studies in HNSCC have sug-

gested that the oral microbiota might also be crucial for tumor

development and progression, treatment-related toxicity and dis-

ease recurrence [23–25].

This review examines the available evidence on emerging im-

mune predictive biomarkers of response to ICI in HNSCC, intro-

ducing the microbiota and its potential use as a predictive

immune biomarker in this disease (Table 1).

Overview of emerging immune biomarkers

in HNSCC

Is PD-L1 expression a reliable biomarker of re-
sponse in HNSCC?

PD-L1þ tumors in general tend to demonstrate improved re-

sponse rates to anti-PD-1/PD-L1 therapies, in comparison to

PD-L1– tumors [26]. This correlation has been consistent with

different anti-PD-1/PD-L1 drugs across many tumor types [5, 27,

28]. Most clinical trials evaluating ICI in R/M HNSCC suggested

a similar pattern [29–31], and data from phase III randomized

trials investigating pembrolizumab in the R/M setting

Table 1. Emerging immune biomarkers of response to anti-PD-1/PD-L1 agents in HNSCC

Immune biomarkers Assay Predictive value in HNSCCa Evidence available

HPV– HPV1

PD-L1 expression PD-L1 staining by immunohisto-
chemistry in tumor cells/immune
cells (different cut-offs)

Positiveb Positiveb Prospective randomized clinical tri-
als (Table 2).

Smoking • Smokers versus nonsmokers
• Smoking mutational signatures in
tumor samples

Negative
No data

Uncertain
No data

Retrospective analysis of prospective
trials [9].

Retrospective studies [67].

Tumor immune-cell infiltration Presence of CD8þ T cells
PD-1þ TIM-3þ CD8þ T cells
PD-1þ LAG-3þ CD8þ T cells

Positive
Negative
Negative

Retrospective analysis of noncon-
trolled cohorts [73].

Circulating immune cells PD-1þ CD8þ T cells
FoxP3þ Tregs

Negative
Negative

Prospective analysis in a random-
ized clinical trial[102].

Tumor mutational burden Number of somatic coding missense
mutations.

• Tumor samples
• Blood samples

Positive
No data

Uncertain
No data

Retrospective analysis of prospective
clinical trial [74, 75].

Retrospective analysis from a non-
controlled cohort [73].

T-cell-inflamed phenotype Immune-related gene expression
signatures

Positive Positive Retrospective analysis of prospect-
ive clinical trial [74, 75, 104].
Retrospective analysis from a
noncontrolled cohort [73].

Microbiota 16S rRNA high throughput sequenc-
ing of saliva and stool

Oral microbiota: nonpredictive
Intestinal microbiota: no data yet

Retrospective analysis of prospect-
ive randomized clinical trial
[133].

aPredictive values in HPV– and HPVþ subgroups were defined positive or negative if a statistically significant correlation between response and the im-
mune biomarker was described in the referenced studies; uncertain if no significant correlation was found; no data if no studies had evaluated the role of
the biomarker in this setting at the time of this publication.
bThe positive correlation between PD-L1 expression and treatment response was not consistent across the studies.
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(KEYNOTE-040 and KEYNOTE-048) endorsed this trend by

demonstrating significantly increased survival in PD-L1þ

patients [8, 32, 33]. However, CHECKMATE-141 failed to show

a significant correlation between PD-L1 expression and tumor re-

sponse or survival when evaluating nivolumab in the platinum-

refractory R/M setting [9, 34] (Table 2).

The discordance of the results across studies might be

explained by several reasons. One of the most relevant is the lack

of uniformity in the assays and the variability in the thresholds

used to define PD-L1 positivity, which have led to the launch of

harmonization projects on PD-L1 assays by the scientific com-

munity and regulatory agencies [28, 35, 36]. This inconsistency is

evident in the development of anti-PD-1/PD-L1 agents investi-

gated to date in R/MHNSCC, including pembrolizumab, nivolu-

mab, atezolizumab, durvalumab and avelumab, thus impairing

cross-study comparisons and undermining the value of PD-L1 as

a biomarker [6, 9, 30–32, 37, 38]. Importantly, PD-L1 expression

seems to be regulated by multiple signaling pathways, including

MAPK, PI3K and Akt/PKB that are commonly altered in HNSCC

[39–41]. As a consequence of these molecular crosstalks, PD-L1

is a dynamic biomarker that is subject to temporal variations and

spatial heterogeneity. Its expression may change from the point

of initial diagnosis to recurrence or progression, and may differ

between primary and coexisting metastatic lesions [42–45].

Published reports on the intratumoral heterogeneity of PD-L1

expression in HNSCC demonstrate conflicting results [46, 47].

In HNSCC, PD-L1 is highly expressed not only by tumor cells,

but also by immune cells present in the TME, including regula-

tory T cells (Tregs), natural killer (NK) cells and antigen

presenting cells (APCs) [18, 48–51]. Across various cancer types,

it remains unclear whether PD-L1 expression and thresholds

should take into consideration all or only selected cell popula-

tions. Both pembrolizumab and atezolizumab used combined

scores based on the ratio between tumor cells and immune cells

expressing PD-L1 to define tumor PD-L1 positivity, and pembro-

lizumab did show a positive correlation with response and sur-

vival in the phase III KEYNOTE-040 study when using the

combined positive score (CPS) [52]. Recently, the results from

the phase III KEYNOTE-048 study in first line R/M HNSCC

revealed that pembrolizumab monotherapy improved OS when

compared with the EXTREME regimen in patients whose tumors

had PD-L1 expression �1% and �20% by CPS [hazard ratio

(HR) 0.78 (0.64–0.96), P¼ 0.0086 and HR 0.61 (0.45–0.83),

P¼ 0007, respectively] [33]. However, in KEYNOTE-040, the

correlation with clinical outcome was also strongly positive when

using PD-L1 expression in tumor cells only (TPS� 50%), con-

gruent with the experience in non-small-cell lung cancer

(NSCLC) in KEYNOTE-010 [53, 54]. In contrast, there was no

correlation in the nivolumab CHECKMATE-141 study where

PD-L1 expression was exclusively determined in tumor cells, al-

though the thresholds used were different (>1%, 5% and 10%)

[9]. These divergent results and the limited data available suggest

no firm conclusion can be made in this regard, although CPS

seems to be more predictive than TPS in HNSCC, and the

required cut-off for the latter appears to be higher in the men-

tioned studies.

Nonetheless, it is noteworthy that, although relevant in a

smaller percentage, PD-L1– tumors also benefit from ICI [9].

Table 2. Anti-PD-1/PD-L1 agents tested in R/M HNSCC [6–9, 29–31, 33, 34, 52, 134]

Agents Target Phase/study N PD-L1
expression
Location

Cut-off ORR (%) OS (HR)a

Overall PD-L11 PD-L1- Overall PD-L11 PD-L1–

Nivolumab PD-1 III (CHECKMATE-141) 240 TCs >1% 13.3% 17% 11.8% 0.68 0.55 0.73

Pembrolizumab PD-1 I (KEYNOTE-012) 132 TCsþICs
TCs only

>1%
>1%

18% 22 %
17 %

4%
7%

NA NA NA

III (KEYNOTE-040) 247 TCsþICs(CPS)
TCs (TPS)

CPS > 1%
TPS > 50%

14.6% 17.3%
26.6%

Ø
Ø

0.80 (P 0.016) 0.74 (P 0.0049)
0.53 (P 0.0014)

Ø
Ø

III (KEYNOTE-048) 882 TCsþ ICs (CPS) CPS>1
CPS>20

Ø 19.1%
23.3%

Ø
Ø

Ø 0.78 (P 0.0086
0.61 (P 0.0007)

Ø
Ø

Durvalumab PD-L1 I (MEDI4736-1108)
II (HAWK)
II (CONDOR)

62
112
67

TCs
TCs
TCs

>25%
>25%
<25%

10%
NA
NA

18%
16.2%
NA

8%
NA
6%

NA
NA

0.99 (P 0.89)

NA

Atezolizumab PD-L1 I (GO27831) 32 ICs IC2/3: >5%
IC0/1: <5%

22% 24% 14% NA NA

aHR for OS resulting from: nivolumab and pembrolizumab versus investigator’s choice of chemotherapy (Docetaxel, Methotrexate and Cetuximab) in the
CHECKMATE-141 and KEYNOTE-040 studies, respectively; pembrolizumab monotherapy versus EXTREME regimen in the KEYNOTE-048 study; durvalumab
versus tremelimumab plus durvalumab in the CONDOR study.
ORR, overall response rate; OS, overall survival; HR, hazard ratio; TCs, tumor cells; ICs, immune cells; CPS, number of PD-L1-positive cells (tumor cells, lym-
phocytes, macrophages) divided by total number of tumor cells � 100; TPS, percentage of tumor cells with membranous PD-L1 expression; NA, not ap-
plicable; Ø, no data available.
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Therefore, additional factors beyond PD-L1 expression, such as

human papillomavirus (HPV) status, tumor immune infiltration

or TMB, might also contribute to treatment response.

Are HPV1 tumors more responsive to
immunotherapy?

HPVþ oropharyngeal squamous cell carcinoma (OPSCC) is a

biologically distinct disease with better prognosis and improved

treatment responsiveness when compared with HPV– disease at

the same or similar stage [55–57]. Virus-related tumor types are

postulated to be more responsive to ICI due to intrinsic charac-

teristics including baseline tumor immunogenicity, increased

immune infiltration and increased PD-L1 expression [58, 59].

HPVþ OPSCC have been shown to have a less immunosuppres-

sive TME when compared with HPV– HNSCC, as it harbors

greater infiltration by tumor infiltrating lymphocytes (TILs),

higher proportion of CD8þ T cells, increased levels of interferon

gamma (IFN-c), decreased CD4þ/CD8þ ratio, and lower num-

bers of Tregs [60–64]. These findings can be explained by a preex-

isting adaptive host immune response against viral and tumor-

specific antigens, which may in turn lead to PD-L1 expression in

immune cells. Indeed, a recent retrospective study showed that

not only CD8þ TILs (�30%) but also high PD-L1 expression in

immune cells (�5%) were both favorable prognostic factors in

HPVþ disease regardless of stage [65, 66].

Altogether these findings suggest a potentially higher sensitiv-

ity of HPVþ disease to immune-checkpoint blockade. This hy-

pothesis was initially supported by the results from the HNSCC

cohort of the multibasket phase I KEYNOTE-012 trial in which

HPVþ tumors had increased ORR to pembrolizumab compared

with those that were HPV– (25%–32% versus 14%) [6, 7].

However, these results were not reproduced in the phase III

KEYNOTE-040 trial, and further studies investigating other anti-

PD-1/PD-L1 agents have reported mixed results. For instance,

increased response rates were observed among HPVþ patients

treated with durvalumab while no differences were seen with ate-

zolizumab [30, 31]. In the CHECKMATE-141 study, nivolumab

did not yield significant differences in ORR or OS between HPVþ

and HPV– patients [HR for OS 0.60 (0.37–0.97) versus 0.59

(0.38–0.92), respectively] [9, 32, 34].

The inconsistencies in the abovementioned trials might be

explained by other coexisting factors beyond PD-L1 expression

and immune infiltration. Smoking, mutational signatures and

TMB are thought to influence response to ICI in HNSCC al-

though their relevance differs between HPVþ and HPV– disease

(Table 1).

Smoking seems to contribute to a more immunosuppressive

TME and negatively impact on anti-PD-1/PD-L1 efficacy in

HNSCC. In CHECKMATE-141 study, the subgroup analysis

reported a trend toward decreased survival benefit from nivolu-

mab among smokers when compared with nonsmokers [9].

Similarly, a retrospective analysis of 81 HNSCC patients treated

with anti-PD-1/PD-L1 showed that former/current smokers were

less responsive to these agents when compared with never smok-

ers. However, this correlation only remained significant among

HPV– patients, suggesting the immunosuppressive effects of

smoking may not be as significant in HPVþ tumors [67]. In sup-

port of this, a genomic analysis of 287 HNSCC tumor samples

revealed that smoking history and tumors with high smoking

mutational signatures were correlated with decreased immune

infiltration and downregulation of immune-signaling pathways

in HPV– but not HPVþ tumors [67].

Conversely, the presence of other mutational signatures unre-

lated to smoking such as APOBEC (apolipoprotein B mRNA

editing enzyme, catalytic polypeptide-like) is of particular rele-

vance in HPVþ disease. Reduced exposure to exogenous carcino-

gens such as tobacco seems to favor the emergence of tumors

with APOBEC-driven mutations such as PI3KCA [68, 69].

Moreover, APOBEC activity is known to be crucial for innate and

adaptive immune responses, and HPV infection is thought to en-

hance it in an attempted host immune response against the virus.

In a study analyzing over 500 HNSCC tumor samples, APOBEC

mutational signatures were associated with upregulation of

immune-signaling pathways [69]. APOBEC-driven mutagenesis

might alter tumor immunogenicity in HPVþ disease impacting

on immune checkpoint efficacy. Parenthetically, the presence of

APOBEC signatures has been associated with increased immune

infiltration and PD-L1 expression in other tumor types [70–72].

Increased TMB and neoantigen load have been shown to cor-

relate with response to ICI in HPV– HNSCC, whereas most of the

studies conducted to date have refuted their predictive value in

HPVþ patients [73–75]. TMB is a quantitative measure of the

total number of coding mutations in the tumor genome.

Theoretically, the higher the number of missense mutations, the

higher expression of tumor neoantigens which can elicit the

greatest antitumor immune response and increase sensitivity to

ICI. A retrospective analysis from KEYNOTE-012 and -055 dem-

onstrated a stronger correlation between response to pembrolizu-

mab and high TMB and neoantigen load in the HPV– subgroup

than HPVþ subgroup [75]. As a matter of fact, in virally induced

tumors such as HPVþ tumors orMerkel-cell carcinoma, response

rates to ICI are higher than expected when adjusted for TMB and

compared with other tumors types, suggesting immune

responses may also be triggered by virus-specific antigens rather

than by tumor-neoantigens alone [39, 76–78]. In support of this,

a retrospective study analyzing a cohort of 126 patients with R/M

HNSCC treated with anti-PD-1/PDL-1 agents showed that

HPVþ patients had, as expected, lower TMB (8.2 versus 4.7 mut/

MB, P< 0.01) when compared with HPV– disease, while the

number of responses was similar (7 versus 10 responses,

P¼ 0.54) [73]. More importantly, among HPVþ patients, res-

ponders had increased CD8þ TILs regardless of TMB.

Overall, with the current available data, it is not possible to de-

termine whether HPVþOPSCC have higher (or lower) sensitivity

to ICI when compared with HPV– disease. HPV positivity alone

does not seem to be a reliable biomarker of response to ICI and

needs to be interpreted along with other companion clinical and

molecular biomarkers.

Is there a role for tumor immune infiltration and T-
cell-inflamed phenotypes?

Tumor immune infiltration implies initial recognition by the im-

mune system and might indicate an antitumor immune response

[79]. Multiple immune cells coexist within the TME, including

TILs (CD8þ T cells and Tregs), NK cells, macrophages, APC and

myeloid-derived suppressor cells. The composition of these

Review Annals of Oncology
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immune cells within TME, recently defined as immune contex-

ture, has prognostic implications but can also be predictive of re-

sponse to therapies [17, 61, 80]. For instance, CD8þ T-cell

infiltration at baseline has been correlated with increased re-

sponse to anti-PD-1/PD-L1 agents in melanoma [81, 82].

HNSCC tumors are highly immune-infiltrated but overall

characterized by an immunosuppressive TME [48, 83]. Many

retrospective studies have attempted to assess the prognostic and

predictive value of tumor immune cell infiltration (supplemen-

tary Table S1, available at Annals of Oncology online) [18, 62, 63,

84–89]. Despite the heterogeneity of these studies, increased infil-

tration by CD8þ T cells is the only immune cell type in HNSCC

consistently proven to be correlated with increased survival re-

gardless of tumor location, stage and treatment [61, 65]. A retro-

spective evaluation of 126 patients diagnosed with R/M HNSCC

treated with anti-PD-1/PD-L1 agents showed that increased

tumoral infiltration by CD8þ T cells and an increased ratio CD8þ

T cells/Tregs were positively correlated with treatment response,

indicating their potential role as predictive biomarkers [73].

In addition, the relative proportion of the various immune cell

subsets and their location within the TME may be of relevance in

predicting response to ICI. The immunoscore (IS) is a tool quan-

tifying the density of CD8þ T cells within the tumor center versus

the invasive margin. Increased number of CD8þ T cells in the

tumor center (high IS) is thought to indicate an effective antitu-

mor immune response and has been proven to be an independent

prognostic biomarker in early stage colorectal cancer, melanoma

and NSCLC [80, 90–92]. In HNSCC, a high IS is associated with

lower levels of Tregs, increased PD-L1 and MHC type I expres-

sions in tumor cells [62, 93], suggesting its potential to identify a

subset of tumors with increased sensitivity to anti-PD-1/PD-L1

therapy. However, the predictive role of IS in HNSCC has not

been explored yet.

The coexpression of other inhibitory immune-checkpoint

molecules such as TIM-3 (T-cell immunoglobulin and mucin

domain-containing protein 3), lymphocyte-activating gene 3

(LAG-3) and T-cell immunoreceptor with Ig and ITIM domains

(TIGIT) has also shown to impair immune T-cell-mediated

responses, conferring resistance to anti-PD-1/PD-L1 agents in

preclinical models and in patients across different tumor types

such as melanoma and NSCLC [15, 94–99]. In HNSCC, a recent

study showed intratumoral exhausted PD-1þ CD8þ T cells

expressing TIM-3 or LAG-3 were higher among nonresponders

to anti-PD-1 therapy [73]. In this regard, the predictive value of

response to ICIs offered by immunophenotyping of circulating

T-cell subsets versus TILs has demonstrated relevance in melan-

oma and NSCLC but it is still unknown in HNSCC [100, 101]. In

a substudy of CHECKMATE-141 evaluating treatment with

nivolumab beyond progression, responders had significantly

lower levels of circulating PD-1þ CD8þ T cells at baseline and

lower levels of PD-1þ Tregs at day 43, indicating circulating

exhausted T cells could be a negative predictive biomarker to

anti-PD-1/PD-L1 agents [102]. Although the available data are

still limited and should be interpreted with caution, determining

the coexpression of inhibitory checkpoint molecules in intratu-

moral and/or circulating T-cell subsets could be predictive of re-

sistance to anti-PD-1/PD-L1 agents and potentially indicate the

need for ICI combinations in selected cases of HNSCC.

Gene-expression profiling (GEP) signatures that identify

tumors with a T-cell-inflamed phenotype have shown promising

results in predicting response to anti-PD-1/PD-L1 agents [103,

104]. A 18-gene T-cell-inflamed signature including genes that

reflect an ongoing adaptive Th1 and cytotoxic CD8þ T-cell re-

sponse (including IFN-c signaling, cytolytic activity, antigen

presentation and T cell trafficking) has been tested in two

HNSCC cohorts from prospective clinical trials (KEYNOTE-012

and KEYNOTE-055) treated with single-agent pembrolizumab

showing a positive correlation with response and survival, re-

gardless of HPV status [74, 75]. This signature has been recently

validated in additional tumor cohorts from KEYNOTE-012 and -

028 studies, including melanoma and HNSCC. The study con-

firmed its predictive value as a biomarker of response to pembro-

lizumab and also revealed a positive correlation with PD-L1

expression by CPS [105].

Despite the prognostic implications and early data suggesting a

correlation between TILs and response to anti-PD-1/PD-L1 ther-

apy, prospective validation is needed. Moreover, identifying a T-

cell-inflamed phenotype and determining coexisting immune

cells and coexpression of other inhibitory immune checkpoint

molecules beyond PD-1/PD-L1 within the TME could be instru-

mental to differentiate tumors that will likely be responsive to

anti-PD-1/PD-L1 antibodies as single agents from those that may

benefit from combined ICI for efficacy.

Tumor mutational burden and HNSCC mutational
landscape

TMB has been recently evaluated as a potential biomarker of re-

sponse to immune checkpoint blockade in prospective clinical

trials and across many tumor types [77, 106–109]. An initial

retrospective analysis of 27 tumor types and subtypes among

patients who received PD-1/PD-L1 inhibitors demonstrated a

significant correlation between TMB and response rate to these

agents [77]. In this study, TMB was reported as a median number

of coding somatic mutations per megabase (N mut/MB).

Melanoma and squamous cell carcinoma of the skin (15–50mut/

MB) followed by tobacco-related cancers including NSCLC, uro-

thelial cell carcinoma and HNSCC (5–10mut/MB) comprised

malignancies with the highest TMB [77]. Retrospective subset

analyses of clinical trials evaluating pembrolizumab, atezolizu-

mab and nivolumab in metastatic melanoma, NSCLC, urothelial

carcinoma and HNSCC have demonstrated not only increased

ORR but also improved survival in patients with high TMB [75,

106–108, 110]. These results were consistent across the studies,

tumor type and anti-PD-1/PD-L1 agents. However, the cut-off

and measure used to define a high TMB differed between studies,

thus precluding direct comparisons. These results were further

supported by a retrospective analysis of 126 HNSCC patients

treated with anti-PD-1/PD-L1 agents. TMB was found to be sig-

nificantly higher among responders (21.3 versus 8.2mut/MB,

P< 0.01) and was correlated with increased median OS

(20months if TMB> 10mut/MB versus 6months if

TMB< 5mut/MB, P¼ 0.01) in HPV– disease [73]. A combined

biomarker analysis of multiple studies evaluating the correlation

between TMB, T-cell-inflamed GEP, PD-L1 expression by CPS

and response to pembrolizumab in HNSCC showed no
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significant correlation between TMB and inflammatory bio-

markers (i.e. GEP or PD-L1). While this analysis did not stratify

by HPV status, it suggests TMB and inflammatory biomarkers

have distinct and independent predictive values, and may be used

orthogonally to identify responders to pembrolizumab [105].

In addition to TMB, the specific tumor mutational landscape

might be of biological relevance. Tumors characterized by muta-

tions affecting DNA damage response, such as those with micro-

satellite instability high (MSI-H) or mismatch repair deficiency

(dMMR), have the highest mutational load [77, 111]. These

tumors have been shown to be particularly sensitive to ICI in pro-

spective clinical trials, leading to the FDA approval of pembroli-

zumab for patients with dMMR or MSI-H tumors, regardless of

histology [112, 113]. The estimated incidence of MSI-H tumors

among HNSCC has been reported to be about 8% [114].

However, a recent study identified a subgroup of HNSCC res-

ponders to anti-PD-1/PD-L1 whose tumors were enriched with

somatic mutations derived from frameshift events in tumor sup-

pression genes such as NOTCH and SMARCA4 [73]. These cases

are similar to what has been described in tumors with dMMR,

with baseline increased mutational burden and greater sensitivity

to ICI. The authors suggested this finding might represent a novel

mutational signature in HNSCC with potential predictive value,

although further validation is warranted.

HNSCC genomic classification described by the TGCA might

be considered as well [39]. Four subtypes have been defined on

the basis of gene expression: atypical, mesenchymal, basal and

classical. The mesenchymal subtype, e.g. characterized by altera-

tions in genes related to innate immunity, downregulation of

MHC type I expression and deficient antigen-presentation ma-

chinery, would unlikely respond to anti-PD-1/PD-L1 agents.

Overall, while the predictive role of the specific molecular sub-

types is yet to be explored, TMB has shown promising results and

might become a useful predictive biomarker of immune-

checkpoint blockade efficacy in HNSCC. However, similar to

what occurred with the PD-L1 assay, the lack of uniformity in the

methods used to determine the mutational burden (e.g. meas-

ured in the tumor or in the blood) and the variability of the

thresholds used across studies are hampering the interpretation

and extrapolation of the results obtained. Thus, standardization

should be pursued when designing biomarker-validating studies

using TMB. Moreover, TMB has not shown to correlate with PD-

L1 expression or GEP signatures [73, 75, 105], again indicating

the interactions between the tumor, TME and the immune sys-

tem are complex and dynamic.

Introducing the microbiota as a potential

immune biomarker for HNSCC

The microbiota in head and neck cancer

The composition of the microbiota present in the oro-

gastrointestinal tract has been associated with immune dysregu-

lation and initiation and progression of many cancers [23, 115–

118]. The precise mechanisms of these associations are not

known, but compositional and functional changes in the micro-

biota can induce or exacerbate chronic inflammation, resulting

in cell damage and alteration of local and systemic immune

homeostasis, which may affect local and distant carcinogenesis,

ultimately dampening or enhancing antitumor immune

responses [116, 119]. HNSCC arise from an epithelium and

mucosae located in the oral cavity and the pharynx; both sites are

constantly exposed to environmental factors that can alter the

oral microbiota [120, 121]. Retrospective cohort studies have

shown different microbiota composition in the saliva of HNSCC

patients compared with healthy controls, while the presence of

specific bacteria has been associated with reduced risk of develop-

ing HNSCC [23, 122–124]. Moreover, differentially enriched

microbiota found in HPVþ and HPV– OPSCC and oral cavity

SCC indicates the existence of specific microbiota according to

tumor location and HPV status [24]. Nonetheless, some authors

have underlined the challenge of distinguishing whether the

changes observed in the oral microbiota from HNSCC patients

are influenced by the TME and/or by local and systemic cancer

therapies, since most of the studies to date have retrospectively

evaluated small, heterogeneous and noncontrolled cohorts of

patients comprising different tumor sites, variable disease stages,

and treatment with multiple modalities [23]. In this regard, a

study analyzing the oral microbiota present in the saliva of

HNSCC patients before and after treatment [including surgery,

chemoradiotherapy (CRT) and ICI] showed an association be-

tween specific oral bacteria composition (Fusobacterium and

Lactobacillus), down-regulation of immune-signaling pathways

and upregulation of oncogenic Wnt/Beta-catenin pathways

[125]. Altogether these findings suggest that the oral microbiota

might represent a promising prognostic and predictive biomark-

er in this disease (Figure 1).

Exploiting the microbiota as a biomarker of
response to immunotherapy

Accumulating evidence has implicated that intestinal micro-

biota can modulate host anticancer immune responses and alter

the efficacy of anticancer therapies, including immunotherapy

[19, 126–131]. Two preclinical studies using mouse models of

melanoma and lung cancer revealed a correlation between the

presence of specific commensal intestinal bacteria

(Bifidobacterium) and response to ICI [20, 132]. This was fur-

ther supported by two recent publications evaluating the gut

microbiome in patients with melanoma and epithelial-derived

tumors, showing improved anti-PD-1/PD-L1 efficacy among

patients harboring specific intestinal bacteria (the species of

Akkermansia muciniphila and members of the Ruminococcaceae

family) and higher microbial diversity [21, 22]. Remarkably,

these microbiota were also correlated with enhanced local and

systemic immune response, reduction in tumor growth and res-

toration of response to anti-PD-1/PD-L1 therapy in germ-free

mice transplanted with fecal microbiota from responding

patients. These latter findings indicate the potential modulation

of the microbiota as a viable therapeutic target to increase re-

sponse to ICI.

Whether the microbiota has a role in predicting response to

immunotherapy in HNSCC is yet to be determined. Only one

substudy from CHECKMATE-141 explored the role of the oral

microbiota measured in the saliva as a predictive biomarker in

patients with R/M HNSCC treated with nivolumab, showing no
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significant correlation with treatment efficacy or survival

[9, 133]. However, the study had several limitations, including

the lack of uniformity in sample collection, the small number of

responses for correlation and importantly, the omission of intes-

tinal microbiota. The predictive role of the oral microbiota was

also investigated in melanoma patients treated with anti-PD-1/

PD-L1 therapy, again reporting no association with treatment

outcome, in contrast to the positive correlation observed with the

intestinal microbiota composition [22]. Differential bacterial

composition between these anatomical sites suggests oral and in-

testinal microbiota likely represent distinct entities with specific

disease associations.

Considering the immunomodulatory effects of the intestinal

microbiota and the growing evidence of the oral microbiota

impacting HNSCC tumorigenesis and progression, the study of

their role as a predictive biomarker of response to ICI in this dis-

ease is warranted. Hence, our group is currently conducting a re-

search study at the Princess Margaret Cancer Centre to

prospectively evaluate the oral and intestinal microbiota in a

homogeneous cohort of patients diagnosed with locoregionally

advanced OPSCC treated with definitive chemoradiotherapy.

The overarching goal of this project is to characterize and explore

the correlation with both oral and intestinal microbiota meas-

ured in the saliva and stool, respectively, by using 16S rRNA

sequencing, in order to obtain a deeper understanding of their

relationship with treatment response. The results of this ongoing

study will serve as a fundamental basis to evaluate oral and intes-

tinal microbiota signatures and their role as predictors of re-

sponse to ICI in patients treated within the CCTG HN.9 clinical

trial, a multicenter phase II noncomparative randomized study

evaluating ICI plus RT followed by maintenance ICI versus

standard chemoradiotherapy in intermediate-risk, HPVþ locore-

gionally advanced OPSCC (NCT034106615).

Discussion

Conclusion

Anti-PD-1 agents have become the standard of care for the

platinum-refractory R/M HNSCC. Results from clinical trials

evaluating their role in additional disease settings are pending,

but clearly such compounds are already an important therapeutic

backbone in this malignancy. As such, appropriate selection of

patients who will benefit from these therapies is crucial. To date,

there are no validated predictive biomarkers of response that are

applicable uniformly to all HNSCC patients, although many can-

didate biomarkers with promising results are undergoing investi-

gations. A systematic computational analysis of all clinically
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Figure 1. Interactions between the oral and intestinal microbiome, immune responses and the HNSCC TME. The composition of the oral micro-
biota alters the oral mucosae contributing to tumor development and progression in the context of other coexisting factors such as HPV infec-
tion. Intestinal and oral microbial composition and diversity regulate systemic and local immune responses modulating the TME along with other
immune biomarkers such as TMB or immune checkpoint protein expression, ultimately dampening or enhancing antitumor immune responses.
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annotated biomarker data would be invaluable to further the

knowledge in this field.

Most of the biomarkers in HNSCC have been explored retro-

spectively, often using baseline archival tumor samples at a single

time point which may not reflect the impact of spatial and tem-

poral intratumoral heterogeneity. Also, standalone evaluation of

potential biomarkers without considering interactions with other

factors is likely oversimplifying the complexity of immune re-

sponse. The microbiota is a dynamic and complex ecosystem that

interrelates the immune system and the TME, thus, potentially

representing an ideal biomarker that reflects the interactions be-

tween these biological entities in totality. Both oral and intestinal

microbiota may be important regulators of local and systemic

immune responses induced by environmental factors, shaping

the TME and ultimately modulating the efficacy of cancer thera-

pies. Considering the emerging immunomodulatory effects of

the microbiota, the study of its role as a predictive immune bio-

marker in HNSCC is of special interest and should be integrated

into prospective clinical trials.
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Abstract Background: To evaluate the impact of cisplatin cumulative dose (CDDP-D) and

smoking pack-years (PYs) on cause-specific survival (CSS) and overall survival (OS) in human

papillomavirusepositive (HPVþ) oropharyngeal carcinoma (OPSCC) using the eighth edition

tumour-node-metastasis (TNM) staging classification (TNM8).

Patients and methods: We reviewed patients with HPVþ OPSCC treated with high-dose

CDDP and intensity-modulated radiotherapy between 2005 and 2015 at Princess Margaret

Cancer Centre. CSS and OS were compared according to CDDP-D <200/Z200/>200 mg/

m2 stratified by TNM8.

Results: A total of 482 consecutive patients were evaluated (stage I/II/III: N Z 189/174/119;

CDDP-D <200/Z200/>200 mg/m2: N Z 112/220/150). Median follow-up duration was 5.1

years (range: 0.6e12.8). Five-year CSS and OS differed by stages I/II/III: 96%/85%/88%

(pZ0.005) and 93%/84%/78% (p Z 0.001), respectively. Five-year CSS by CDDP-D <200/

Z200/>200 mg/m2 was similar in stage I (98%/95%/95%, p Z 0.74) and stage II (88%/84%/
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84%, p Z 0.86) but different in stage III (76%/98%/84%, p Z 0.02). Five-year OS by CDDP-D

<200/Z200/>200 mg/m2 did not differ significantly among stages. In the multivariable anal-

ysis, CDDP-D <200 mg/m2 did not influence CSS in the whole cohort versus Z 200/>200 mg/

m2 (pZ0.53/0.79, respectively) but was associated with reduced CSS in stage III subgroup

versus Z200 mg/m2 (Z200 mg/m2 versus < 200 mg/m2 hazard ratio [HR] Z 0.08; 95% con-

fidence interval [CI]: 0.01e0.67; p Z 0.02). Higher smoking PYs had no effect on CSS

(p Z 0.34) but reduced OS in the whole cohort (HR Z 1.14 [95% CI: 1.02e1.27], pZ0.01).

Conclusion: CDDP-D correlated with neither survival nor disease-specific outcomes in this

large and homogeneous HPVþ cohort, although reduced CSS was observed in stageIII

HPVþ OPSCC receiving CDDP-D <200 mg/m2. Smoking PYs were negatively associated

with OS but not with CSS.

ª 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Human papillomavirusepositive (HPVþ) oropharyn-

geal squamous cell carcinomas (OPSCCs) present a

unique biological behaviour characterised by increased

radiosensitivity and improved overall survival (OS)

when compared with HPV-negative (HPVe) head and

neck squamous cell carcinomas (HNSCCs) [1,2]. This
disparity in prognosis was not captured in the 7th edi-

tion of American Joint Committee on Cancer (AJCC)

and Union for International Cancer Control (UICC)

tumour-node-metastasis (TNM) staging system and led

the head and neck community to develop new staging

criteria for HPVþ OPSCC [3]. The 8th edition TNM

(TNM8) provides a more accurate prognostic classifi-

cation that could lead to a better patient selection and
tailored therapeutic approach in the era of de-escalation

clinical trials for HPVþ OPSCC [4e7].

Concurrent chemoradiotherapy (CRT) with high-

dose cisplatin (CDDP) remains the standard of care

for locoregionally advanced OPSCC (LA-OPSCC)

regardless of HPV status [8]. The modest survival benefit

of CRT versus radiation is accompanied by significant

acute and long-term toxicity that often compromises
treatment tolerance, with a considerable number of pa-

tients unable to receive all 3 cycles of CDDP during

standard fractionation radiotherapy [9e11]. A pooled

analysis of more than 600 patients with LA-HNSCC

treated at the Princess Margaret Cancer Centre in

Canada and Istituto Nazionale Tumori in Italy showed

that CDDP cumulative dose (CDDP-D) <200 mg/m2

was associated with reduced OS in HPVe but not
HPVþ disease with only a trend observed in patients

with HPVþ OPSCC within the T4/N3 subgroup [12]. In

addition, smoking pack-years (PYs) was shown to

reduce OS in the HPVþ patients, consistent with other

studies [13e15]. However, the end-point of OS can be

confounded by the comorbid effects of long-term

smoking and, as such, cause-specific survival (CSS)

may be more appropriate to differentiate deaths due to

cancer from tobacco-associated comorbidities and

mortalities. Likely for the aforementioned reasons,
smoking PYs was not included in the TNM8 classifica-

tion of HPVþ OPSCC, and continued evaluation of the

impact of smoking in this patient population is needed

to understand its prognostic relevance.

In this study, a retrospective analysis of a large and

homogeneous cohort of patients with HPVþ LA-OPSCC

originally staged by TNM7 and treated with concurrent

CDDP-based CRT was conducted to evaluate the impact
of CDDP-D and smoking PYs on OS and CSS across

TNM8 stages. In addition, the effect of smoking expo-

sure on the risk of local, regional and distant recurrence

as well as cause of death was examined.

2. Patient and methods

2.1. Study population and design

Newly diagnosed HPVþ OPSCC and carcinoma of

unknown primary (CUP) with HPVþ cervical lymph-

adenopathy treated with concurrent high-dose CDDP-

based CRT between 2005 and 2015 were identified from

our in-house Anthology of Outcome Database [16].

Patient receiving other chemotherapy agents or weekly

schedule were excluded. A retrospective chart review of

CDDP-D and toxicity was conducted by a single rater,
with 50 patients independently audited by a second

rater. Concordance was 96%. Discordance was settled

by consensus. HPV status was determined by p16

staining and classified as positive if there is 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 initially staged and treated according to
TNM7 and re-classified by TNM8 for this study. This

study was approved by the institutional research ethics

board and included 283 patients from our previously

reported analysis [12].
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Table 1
Cohort characteristics and outcomes stratified by CDDP-D.

Variables All patients (NZ482) CDDP-D (mg/m2) p value

<200 (NZ112) Z200 (NZ220) >200 (NZ150)

Median age (range) 57.1 (31.3, 74.4) 59.6 (40.8, 71.5) 57.5 (34.6, 74.4) 56.7 (31.3, 73.5) <0.001

Gender (%) 0.074

Male 408 (85) 87 (78) 190 (86) 131 (87)

Female 74 (15) 25 (22) 30 (14) 19 (13)

ECOG (%) 0.51

0e1 466 (97) 109 (97) 215 (98) 142 (95)

>/ Z 2 16 (3) 3 (3) 5 (2) 8 (5)

Smoking status (%) 0.4

Current 122 (25) 31 (28) 47 (21) 44 (29)

Former 194 (40) 42 (38) 97 (44) 55 (37)

Non-smokers 165 (34) 39 (35) 75 (34) 51 (34)

Unknown 1 0 1 0

Smoking pack-years (%)

Median (range) 10 (0, 100) 8 (0, 80) 9 (0, 100) 10 (0, 90) 0.75

�10 versus > 10 255 (53) versus 226 (47) 60 (54) versus 52 (46) 116 (53) versus 103 (47) 79 (53) versus 71 (47) 0.99

�20 versus > 20 333 (69) versus 148 (31) 74 (66) versus 38 (34) 155 (71) versus 64 (29) 104 (69) versus 46 (31) 0.67

�30 versus > 30 393 (82) versus 88 (18) 82 (73) versus 88 (27) 185 (84) versus 34 (16) 126 (84) versus 24 (16) 0.035

Median LDH (range) 299 (111, 502) 196 (125, 502) 204 (111, 429) 194 (128, 419) 0.42

Primary (%) 0.75

Tonsil 255 (53) 53 (47) 121 (55) 81 (54)

Base of the tongue 189 (39) 50 (45) 83 (38) 56 (37)

Other 9 (2) 1 (1) 5 (2) 3 (2)

CUP 29 (6) 8 (7) 11 (5) 10 (7)

T 8th Ed. (%) 0.91

T0-2 273 (57) 62 (55) 124 (56) 87 (58)

T3 128 (27) 28 (25) 62 (28) 38 (25)

T4 81 (16) 22 (20) 33 (15) 25 (17)

N 8th Ed. (%) 0.33

N0 11 (2) 5 (4) 4 (2) 2 (1)

N1 287 (60) 70 (62) 132 (60) 85 (57)

N2 137 (28) 29 (26) 65 (30) 43 (29)

N3 47 (10) 8 (7) 19 (9) 20 (13)

TNM8 (%) 0.6

I 189 (39) 45 (40) 84 (38) 60 (40)

II 174 (36) 39 (35) 87 (40) 48 (32)

III 119 (25) 28 (25) 49 (22) 42 (28)

TNM7 (%) 0.25

III 18 (4) 7 (6) 7 (3) 4 (3)

IVA 407 (84) 92 (82) 192 (87) 123 (82)

IVB 57 (12) 13 (12) 21 (10) 23 (15)

RT completion-70Gy (%) 0.19

No 2 (0) 0 (0) 2 (<1) 0 (0)

Yes 480 (100) 112 (100) 218 (99) 150 (100)

RT break (%) 0.11

No 400 (83) 89 (79) 180 (82) 131 (77)

Yes 82 (17) 23 (21) 40 (18) 19 (13)

Median GTV cc (range) 21.9 (1.1, 219) 22.9 (2.8, 153) 23.9 (1.2, 151) 20.2 (1.1, 219) 0.7

CDDP-D <0.001

Median (range) 200 (80, 300) 175 (80, 190) 200 (200, 200) 280 (225, 300)

Median follow-up (range) 5.1 (0.67, 12.8) 5.5 (2.3, 11.1) 4.6 (0.6, 12.1) 5.4 (0.7, 12.8) 0.01

5-year OS (95% CI) 86% (82e89) 82% (75e91) 88% (83e93) 86% (80e92) 0.31

5-year CSS (95% CI) 90% (86e92) 89% (81e94) 91% (86e94) 88% (82e93) 0.66

5-year DFS (95% CI) 83% (79e86) 77% (69e85) 85% (80e90) 84% (78e90) 0.14

5-year LRC (95% CI) 96% (94e97) 97% (93e99) 97% (92e98) 93% (87e97) 0.77

5-year DC (95% CI) 89% (85e91) 87% (78e92) 89% (84e93) 90% (83e94) 0.88

5-year late toxicity (95% CI) 21% (17e25) 18% (12e27) 24% (18e31) 20% (14e28) 0.70

2-year PEG dependency (95% CI) 5% (3e7) 6% (3e13) 5% (3e9) 4% (2e9) 0.32

Cause of death (%) 0.22

Index cancer 47 (65) 12 (52) 18 (67) 17 (77)

Other cancer 10 (14) 4 (17) 3 (11) 3 (14)

Other cause 15 (21) 7 (31) 6 (22) 2 (9)

Significant p values (<0.05) are highlighted in bold.

Abbreviations: TNM8Z 8th edition UICC/AJCC TNM staging criteria; TNM7Z 7th edition UICC/AJCC TNM staging criteria; CUPZ cancer

of unknown primary in the neck; RT Z radiotherapy; GTV Z gross tumour volume; CDDP-D Z cisplatin cumulative dose; OS Z overall

survival; CSS Z cause-specific survival; DFS Z disease-free survival; LRC Z locoregional control; DC Z distant control; PEG Z percutaneous

endoscopic gastrostomy.
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2.2. Treatment and follow-up assessment

All patients were treated with intensity-modulated
radiotherapy (IMRT) to a gross tumour dose of

70 Gy in 35 fractions over 7 weeks (2 Gy/fraction).

Concurrent three-weekly CDDP (100 mg/m2) was

planned on RT days 1, 22 and 43 according to insti-

tutional protocols. Local and regional recurrences were

confirmed histologically, while distant metastases were

diagnosed by unequivocal clinical/radiologic

evidence � histologic confirmation. Survival status was
further linked to the Ontario Population-Based Cancer

Registry.

2.3. Statistical analysis

For comparisons of clinical characteristics, Fisher

exact test was used for categorical variables and

Kruskal-Wallis test for continuous variables. Survival
end-points including OS, disease-free survival (DFS),

and percutaneous endoscopic gastrostomy (PEG) de-

pendency rates were estimated using Kaplan-Meier

methods. CSS (death from index cancer) was esti-

mated using the competing risk method. Locoregional

control (LRC), distant control (DC) and actuarial rate

of grade 3 and 4 late toxicity according to Radiation

Therapy Oncology Group/Eastern Cooperative
Oncology Group criteria were calculated by the

competing risk method (considering death without an

event as a competing risk). Outcome parameters were

defined from date of diagnosis to date of death or last

follow-up. Late toxicity and PEG dependency were

calculated from date of CRT completion to date of

death or last follow-up.

Clinical end-points were compared by log-rank test
between CDDP-D <200, Z 200 and > 200 mg/m2 and

stratified by TNM8 stage I, II and III. Cox propor-

tional hazards regression model was used for OS, and

Fine-Gray competing risk regression model was used

for CSS. Multivariable analyses (MVAs) were per-

formed to explore potential predictors for OS and CSS

including CDDP-D (as >200 versus Z 200

versus < 200 mg/m2, as �200 versus < 200 and
continuous), age (continuous), smoking PYs (>10

versus � 10, as >20 versus � 20, >30 versus � 30 and

continuous per 10) and stage. Power analyses were

conducted to evaluate the association between OS and

key risk factors for the entire cohort. Based on the

power calculation, this study would have 86% power to

identify a significant association with two-sided signif-

icance level at 0.05 and effect size (HR) of 0.7. We
performed exploratory MVA to evaluate the impact of

CDDP-D and smoking PYs by stage. All tests were

two-sided, and results were considered significant if the

pvalue was <0.05.

3. Results

3.1. Clinical characteristics

A total of 482 of 560 consecutive patients diagnosed

with LA-OPSCC were eligible for the study (Fig. S1).

Clinical characteristics and outcome are summarised in

Table 1. Overall, patient characteristics were similar

when stratified by CDDP-D. In the entire cohort, the
main reasons for CDDP-D reduction/delay were mye-

lotoxicity (38%), weight loss (20%) and ototoxicity

(12%). Osteoradionecrosis was the most common late

toxicity (6%) (Table S1).

3.2. Outcome stratified by stage

Median follow-up duration was 5.1 years (range:
0.6e12.8). Statistically significant differences in 5-year

CSS and OS were observed by stage I, II and III

(pZ0.005 and p<0.001, respectively) (Fig. 1A, Table S2,

Fig. S2A). While LRC remained similar across stages I,

II and III (pZ0.25), DC was significantly higher in stage

I (pZ0.015). Late toxicity and PEG dependency rate at

2 years significantly increased by stage (pZ0.005 and

p<0.001, respectively). Index cancer was the most
frequent cause of death in the entire cohort (65%).

Fifteen patients (21%) died from other causes, while

nearly one-sixth of the deaths were caused by second

primary malignancies (14%) (Table S2 and S3).

3.3. Impact of cisplatin dose

Five-year CSS and OS did not differ across patients

receiving <200, Z 200 and > 200 mg/m2 (pZ0.66 and
pZ0.315, respectively) in the entire cohort (Table 2,

Fig. 1B, Fig. S2B). Similarly, MVA results adjusted for

age, stage and smoking PYs showed that CDDP-D did

not affect OS or CSS (p Z 0.35 and pZ0.59,

respectively).

In univariable analysis, no significant differences

were observed in other outcome parameters including

DFS, LRC and DC. Late toxicity and PEG dependency
rate at 2 years also did not differ by CDDP-D

<200, Z 200 and > 200 mg/m2 (pZ0.70 and pZ0.32,

respectively) (Table 1). Cause of death by CDDP-D was

similar, although the proportion of deaths due to index

cancer trended higher among patients with CDDP-D

>200 mg/m2 (52% versus 67% versus 77%, pZ0.22).

In subgroup analysis by stage, 5-year CSS was

significantly lower in patients with stage III disease
receiving CDDP-D <200 mg/m2 (76%) than in those

receiving Z 200 mg/m2 (98%) and >200 mg/m2 (84%)

(p Z 0.022), with a trend towards decreased 5-year OS

(65% versus 89% versus 74% for <200 versus Z 200
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versus > 200 mg/m2, respectively, p Z 0.09) (Table 2,

Fig. 1C, Fig. S2C).

3.4. Impact of smoking pack-years

Smoking PYs partitioned at 10, 20 and 30 PYs did not

impact 5-year CSS in the entire cohort or by stage

(Table 2, Fig. 1D, data on 10 and 20 PYs not shown).

No consistent findings were noted in MVA results for

CSS when adjusted for age, stage and CDDP-D.
A significantly lower 5-year OS was observed among

patients with smoking PYs >30 versus � 30 (75% versus

88%, pZ0.017) in the entire cohort regardless of stage

(Table 2, Fig. S2D). In the MVA for the entire cohort

adjusted for age, stage and CDDP-D, smoking PYs

(continuous by 10) had a detrimental impact on OS

(HR: 1.14 [95% CI: 1.02e1.27] pZ0.01), and a similar

trend was observed when using smoking PYs partitioned
at 30 PYs (HR > 30 versus � 30 PY: 1.59 [95% CI:

0.92e2.74], pZ0.09). No significant correlation was seen

between smoking PYs and other outcome parameters

including SDS, LRC, DC or late toxicity.

4. Discussion

This single-institution, non-randomly assigned cohort

study of patients with HPVþ OPSCC treated with

standard-of-care CRT does not show a significant

correlation between cumulative CDDP dose and sur-

vival- or disease-specific outcomes. Increased smoking

pack-years is associated with reduced OS but not CSS.
An association between OS and CDDP-D has been

described in few retrospective analyses involving het-

erogeneous patient population with LA-HNSCC treated

with either definitive or postoperative CRT [17,18].

Whether the survival gain with increasing CDDP-D can

be attributed to improved LRC and/or DC is unclear

[12,18]. Two prospective randomised studies evaluating

the role of RT plus cetuximab versus CRT as a de-
escalation approach in HPVþ LA-OPSCC revealed

significantly higher OS, LRC and DC in the CDDP arm

regardless of stage [19,20]. However, the optimal cu-

mulative CDDP-D and the question of whether all pa-

tients with HPVþ OPSCC needed CDDP were not

addressed. The only phase III prospective study evalu-

ating CDDP dose and schedule in LA-HNSCC indi-

cated the relevance of these parameters in LRC
although it is not fully applicable to our present study

because it included mainly patients treated in the post-

operative adjuvant setting with oral cavity primaries

[21].

The overall impact of CDDP-D on treatment

outcome and survival in patients with HPVþ LA-

OPSCC remains unknown. A non-inferiority prospec-

tive comparison of two versus three cycles of CDDP-D
in HPVþ disease will unlikely be pursued given the

Fig. 1. Kaplan-Meier plots for 5-year CSS for (A) the entire cohort stratified by stage I, II and III; (B) the entire cohort stratified by

CDDP-D (>200 versusZ 200 versus < 200 mg/m2); (C) stage III stratified by CDDP-D (>200 versusZ 200 versus < 200 mg/m2) and (D)

the entire cohort stratified by smoking PYs �30 versus > 30. OS Z overall survival; PY Z pack-year; CSS Z cause-specific survival.
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Table 2
Impact of cisplatin dose and smoking pack-year on OS and CSS in the entire cohort and stratified by stage.

CDDP-D (mg/m2) Entire cohort (N Z 482) Stage (TNM8)

I (N Z 189) II (N Z 174) III (N Z 119)

OS 5-year OS (95% CI)

<200 82% (75e91) 88% (78e100) 86% (75e98) 65% (47e89)

Z200 88% (83e93) 94% (88e99) 83% (74e92) 89% (81e99)

>200 86% (80e92) 95% (89e100) 84% (74e96) 74% (61e89)

p value 0.31 0.13 0.81 0.09

MVA HR (95% CI)

Z200 versus < 200 0.66 (0.38, 1.16 pZ0.15) 0.57 (0.18, 1.75 pZ0.32) 1.20 (0.49, 2.97 pZ0.69) 0.36 (0.13, 1.03 pZ0.05)

>200 versus < 200 0.74 (0.41, 1.35 pZ0.33) 0.31 (0.07, 1.34 pZ0.12) 0.92 (0.32, 2.64 pZ0.88) 0.91 (0.38, 2.18 pZ0.83)

�200 versus < 200 0.70 (0.42, 1.15 pZ0.16) 0.46 (0.16, 1.31 p Z 0.15) 1.10 (0.46, 2.58 pZ0.84) 0.61 (0.27, 1.36 pZ0.22)

CSS 5-year CSS (95% CI)

<200 89% (81e94) 98% (84e100) 88% (70e96) 76% (49e89)

Z200 91% (86e94) 95% (87e98) 84% (72e90) 98% (85e100)

>200 88% (82e93) 95% (84e98) 84% (69e92) 84% (67e93)

p value 0.66 0.74 0.86 0.02

MVA HR (95% CI)

Z200 versus < 200 0.79 (0.38, 1.63 pZ0.53) 2.59 (0.25, 26.9 pZ0.42) 1.39 (0.52, 3.77 pZ0.51) 0.08 (0.01, 0.67 p Z 0.02)

>200 versus < 200 1.11 (0.52, 2.34 pZ0.79) 2.89 (0.23, 35.6 pZ0.41) 1.03 (0.42, 4.08 pZ0.65) 0.76 (0.2, 2.23 pZ0.62)

�200 versus < 200 0.92 (0.48, 1.77 pZ0.80) 2.71 (0.27, 26.98 pZ0.39) 1.36 (0.53, 3.51 pZ0.52) 0.38 (0.13, 1.07 p Z 0.066)

Smoking PYs

OS 5-year OS (95% CI)

�30 versus > 30 88% (85e92) versus 75% (65e86) 94% (90e98) versus 84% (71e100) 85% (80e92) versus 68% (48e97) 82% (74e91) versus 70% (54e89)

p value 0.01 0.07 0.29 0.33

MVA HR (95% CI)

Continuous per 10 1.14 (1.02, 1.27 p Z 0.01) 1.18 (0.96, 1.78 pZ0.12) 1.20 (0.97, 1.49 pZ0.1) 1.09 (0.92, 1.29 pZ0.31)

<20 versus >20 1.39 (0.85, 2.26 pZ0.19) 1.65 (0.61, 4.46 pZ0.33) 1.41 (0.62, 3.21 pZ0.41) 1.19 (0.56, 2.56 pZ0.65)

�30 versus > 30 1.59 (0.92, 2.74 pZ0.09) 2.31 (0.77, 6.9 pZ0.13) 1.66 (0.32, 2.84 pZ0.32) 1.26 (0.57e2.79 pZ0.57)

CSS 5-year CSS (95% CI)

<30 versus >30 90% (87e93) versus 86% (75e92) 97% (92e99) versus 90% (71e97) 87% (80e92) versus 68% (30e86) 86% (76e92) versus 94 (75e98)

p value 0.49 0.11 0.14 0.20

MVA HR (95% CI)

Continuous per 10 1.08 (0.92, 1.26 pZ0.34) 1.27 (0.86, 1.88 pZ0.23) 1.27 (1.01, 1.58 p Z 0.03) 0.84 (0.66, 1.06 pZ0.14)

<20 versus >20 1.26 (0.67, 2.37 pZ0.47) 1.39 (0.33, 5.81 pZ0.65) 1.78 (0.78, 4.05 pZ0.17) 0.66 (0.23, 1.90 pZ0.45)

�30 versus > 30 1.27 (0.58, 2.78 pZ0.55) 3.48 (0.79, 15.33 pZ0.09) 2.25 (0.77, 6.59 pZ0.14) 0.29 (0.07, 1.19 pZ0.08)

Abbreviations: MVA Z multivariable analysis; TNM8 Z 8th edition UICC/AJCC TNM staging criteria; CDDP-D Z cisplatin cumulative dose; PYs Z pack-years; OS Z overall survival;

CSS Z cause-specific survival; HR Z hazard ratio.

Note: MVA for OS was adjusted for age, stage and smoking PYs. MVA for CSS was adjusted for stage and smoking PYs. MVA for TNM8 subgroups includes CDDP-D and smoking PYs.

Note: Significant p-values are in bold.
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number of patients required; hence, our report repre-

sents the largest retrospective cohort specifically inter-

rogating this question.

In our previous retrospective study including more

than 600 patients with HNSCC treated with primary

CRT, we found no significant correlation between

CDDP-D and OS or other disease-control outcomes in

the HPVþ subgroup [12]. The current analysis involved
a larger, homogeneous cohort of patients with

HPV þ LA-OPSCC uniformly treated with IMRT

which excluded patients treated with weekly CDDP and

other chemotherapy agents. CDDP-D (<200 mg/m2, Z
200 mg/m2 or >200 mg/m2) had no significant effect on

5-year OS, 5-year CSS or any of the other outcome

parameters including DFS, LRC and DC in the entire

cohort, but the present study is underpowered for effect
sizes of HR < 0.7. In the exploratory subgroup MVA by

stage, CDDP-D <200 mg/m2 was associated with

reduced CSS in patients with stage III disease despite no

decrease in either LRC and/or DC was observed.

Overall, CSS remained poor in stage III subgroup

regardless of CDDP-D, mainly because of reduced DC.

These results suggest that the therapeutic benefit of

standard-of-care CRT might have reached a plateau and
support the need for chemo-additive strategies in stage

III HPVþ OPSCC such as immunotherapy-based CRT

approaches being explored in ongoing clinical trials

(NCT02952586, NCT03040999). Data on de-

intensification are not yet mature to support de-

escalation strategies outside of prospective clinical trials.

We additionally analysed the impact of smoking in

our cohort as its role as a prognostic biomarker for risk
stratification in HPVþ disease remains controversial

[1,22]. In retrospective analyses of heterogeneous co-

horts of patients with LA-OPSCC treated with different

treatment modalities, smoking negatively impacted OS

and DC, while other studies failed to show a correlation

with CSS and disease-control outcomes in

HPVþ patients [13,15,23,24]. In more than 200 patients

with TNM8 I to III HPVþ OPSCC treated with RT or
CRT, smoking status and smoking PYs partitioned at

either >10 or �20 were strong negative prognostic fac-

tors in the MVA for OS and DFS and were significantly

correlated with lower LRC and DC, but the effect on

CSS was not evaluated [14]. In our study, neither

smoking status nor PY (continuous by 10 or partitioned

at 10, 20 and 30 PYs) impacted 5-year CSS or any

disease-specific outcome parameter (DFS, LRC and
DC). However, smoking PY (continuous by 10) was

found to be an independent negative prognostic factor

in the MVA analysis for OS, and >30 PYs smoking

history was significantly associated with lower 5-year

OS. The majority of the patients in our cohort had a

history of smoking, with a quarter of them being active

smokers at the time of diagnosis, similar to previous

studies involving HPVþ patients [14,15]. The distribu-
tion of the smoking variables was also similar across

stage and CDDP-D subgroups, therefore minimising

their potential confounding effect. Our data on the dif-

ferential impact of smoking history on 5-year CSS and

OS raise the importance of considering both parameters

as efficacy end-points. Smoking has a direct impact on

overall health, and comorbidities are associated with

decreased survival in HNSCC regardless of treatment

intervention and stage [25]. Among patients with
HNSCC, smokers are at higher risk of developing sec-

ondary malignancies, especially younger patients who

more frequently present with HPVþ disease [26,27]. In

our study, 14% of the deaths were caused by second

malignancies including lung, oesophagus and head and

neck, commonly smoking-related cancers. This per-

centage remained similar across stage and CDDP-D

subgroups and might explain the differential impact of
smoking on OS and CSS. Smoking affects RT efficacy

and toxicity, which may ultimately affect CSS [28,29].

Despite the well-known implications of smoking in

carcinogenesis and immunosuppression, the role that

tobacco plays in the biology of HPVþ OPSCC has not

yet been elucidated and the few retrospective studies

comparing the genomic and immune landscapes of

HPVþ tumours in smokers versus non-smokers have
shown inconsistent results [30e32].

Despite the large, selected and homogeneously

treated patients evaluated, we acknowledge the limita-

tions inherent to the retrospective nature of this study.

While the oncologic outcomes were recorded prospec-

tively, CDDP-D and toxicity rates were collected

retrospectively and potential confounders, including

patient compliance, social and economic factors, were
unavailable. Although cause of death was prospectively

attributed based on death certificate and treating clini-

cian’s interpretation, mis-attribution could not be

entirely excluded because of the challenges in deter-

mining underlying cause of death in a few cases. The

study was underpowered to detect differences in specific

subsets given the small sample size in some subgroups.

The authors believe that the results of this study are
of particular relevance for current practice and may

contribute to guiding risk stratification and new treat-

ment strategies within clinical trials. While awaiting

prospective data, CRT should remain the standard of

care in this patient population, although treatment

intensification approaches should be pursued when

available for patients with stage III disease. Smoking

was correlated with patients’ OS but not CSS or disease-
control outcomes in HPVþ disease; hence, its role in

risk stratification and treatment selection should be

investigated in prospective studies.
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Quer M. Influence of the persistence of tobacco and alcohol use in

the appearance of second neoplasm in patients with a head and

neck cancer. A case-control study. Cancer Causes Control 2009;

20(5):645e52. https://doi.org/10.1007/s10552-008-9277-8.
[27] Levi F, Boffetta P, La Vecchia C. High constant incidence rates of

second primary neoplasms. Eur J Cancer Prev 2008;17(5):385e8.

https://doi.org/10.1097/CEJ.0b013e3282f75f57.

[28] Browman GP, Wong G, Hodson I, et al. Influence of cigarette

smoking on the efficacy of radiation therapy in head and neck

cancer. N Engl J Med 1993;328(3):159e63. https:

//doi.org/10.1056/NEJM199301213280302.

[29] Chen AM, Chen LM, Vaughan A, et al. Tobacco smoking during

radiation therapy for head-and-neck cancer is associated with

unfavorable outcome. Int J Radiat Oncol Biol Phys 2011;79(2):

414e9. https://doi.org/10.1016/j.ijrobp.2009.10.050.
[30] Mirghani H, Lacroix L, Rossoni C, et al. Does smoking alter the

mutation profile of human papillomavirus-driven head and neck

cancers? Eur J Canc 2018;94:61e9. https://doi.org/10.1016/

j.ejca.2018.02.013.

[31] JPea Zevallos. Molecular profile of human papillomavirusepositive

oropharyngeal squamouscell carcinomastratifiedbysmokingstatus.

Int J Radiat Oncol Biol Phys 2016;94(4):846. https:

//doi.org/10.1016/j.ijrobp.2015.12.022.

[32] Desrichard A, Kuo F, Chowell D, et al. Tobacco smoking-

associated alterations in the immune microenvironment of squa-

mous cell carcinomas. J Natl Cancer Inst 2018;110(12):1386e92.
https://doi.org/10.1093/jnci/djy060.

M. Oliva et al. / European Journal of Cancer 118 (2019) 112e120120



“ ” “ ”

–

–

–

–

journal homepage: www.elsevier.com/locate/ctrv 



–

+

+

+



–

κ

–

–

“ ” 

’ 

“ ” 

“ ” 

–

γ

γ

γ



γ

γ

–

–

=
–

=
–

–

–

– “ ” 

’

“ ” – 

– 



“ ” 

– “

” – 

“ ” 



– 

– 

– 

– 

–

– 



–

’



β

–

+ “ ” 

“ ” 



`

–

–

–

–

–

–

–

´ `

–

–

–

–

–

β

–

–

–

–

–

–

–

–



–

–

–

´

–

´

–

`

–

–

–

–

–

–

–

–

–

`

–

–

–

–
´ `

–

–

–

+

–

α 

–

–

–

–

–

–

´

–

–

–

–

–

–

–

–

–

–



–
`

–

–

” –

–

–

¨

–

–
¨

´

–

–

–

–

–

´

–

–

–

–

–

–

+
–

–

–
¨

–

–

˜

–

–

–

Ø

–

’ 





















































ORIGINAL ARTICLE
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Background: The intestinal microbiome has been associated with response to immune checkpoint inhibitors (ICIs) in
humans and causally implicated in ICI responsiveness in animal models. Two recent human trials demonstrated that
fecal microbiota transplant (FMT) from ICI responders can rescue ICI responses in refractory melanoma, but FMT
has specific limitations to scaled use.
Patients and methods: We conducted an early-phase clinical trial of a cultivated, orally delivered 30-species microbial
consortium (Microbial Ecosystem Therapeutic 4, MET4) designed for co-administration with ICIs as an alternative to
FMT and assessed safety, tolerability and ecological responses in patients with advanced solid tumors.
Results: The trial achieved its primary safety and tolerability outcomes. There were no statistically significant differences
in the primary ecological outcomes; however, differences in MET4 species relative abundance were evident after
randomization that varied by patient and species. Increases in the relative abundance of several MET4 taxa,
including Enterococcus and Bifidobacterium, taxa previously associated with ICI responsiveness, were observed and
MET4 engraftment was associated with decreases in plasma and stool primary bile acids.
Conclusions: This trial is the first report of the use of a microbial consortium as an alternative to FMT in advanced
cancer patients receiving ICI and the results justify the further development of microbial consortia as a therapeutic
co-intervention for ICI treatment in cancer.
Key words: intestinal microbiome, first in class microbial ecosystem therapeutic 4, immune checkpoint inhibitors,
advanced solid tumors

INTRODUCTION

The composition of the human intestinal microbiome is
implicated in response to immune checkpoint inhibitor (ICI)

treatment in cancer,1-3 and consequently a target for ther-
apeutic augmentation.4 Fecal microbiota transplantation
(FMT) is now under investigation as a co-therapy designed
to augment ICI responses in multiple trials registered on
ClinicalTrials.gov, including two trials with published results
demonstrating rescue of ICI non-response with FMT in
melanoma,5,6 indicating a broad interest in this new mo-
dality. However, FMT has practical limitations affecting its
generalizability, safety and appropriateness for use at
scale.7 Microbial consortia (multi-species mixtures of culti-
vated microbes) represent an intermediate approach
intended to balance the ecological and functional
complexity of FMT and the practical advantages of culti-
vated microbes, and have been successfully used as alter-
natives to FMT for other indications such as Clostridioides
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difficile infection,8,9 including in a phase III trial in which
efficacy similar to FMT was reported.10

Microbial Ecosystem Therapeutic 4 (MET4) is an orally
delivered defined mixture of pure live cultures of intestinal
bacteria isolated from the stool of a healthy donor, purified
and grown in conditions modeling those of the human distal
gut.8 MET4 is composed of 30 phylogenetically and func-
tionally diverse bacterial species including taxa previously
associated with ICI responsiveness in published reports
(Supplementary Table S1, available at https://doi.org/10.
1016/j.annonc.2023.02.011). MET4 is cultured in vitro and
each strain is individually characterized genotypically and
phenotypically, including for antimicrobial susceptibilities.
MET4-IO is a single-center investigator-initiated clinical trial
designed to evaluate the safety, tolerability and engraft-
ment of MET4 in patients with advanced solid tumors
receiving ICI. This study included a safety cohort (group A)
and two additional cohorts of ICI-naïve (group B) or pre-
exposed (group C) patients, randomized to receive either
standard-of-care ICI alone or in combination with MET4
(NCT03686202).

PATIENTS AND METHODS

Patient population

Adult patients with advanced solid malignancies with an
Eastern Cooperative Oncology Group performance status of
0-2, able to swallow and receiving (groups A and C) or
planned to receive (group B) standard-of-care anti-pro-
grammed cell death protein 1 (PD-1) monotherapy or anti-
PD-1 plus anti-cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) combination immunotherapy were included in the
study. Multiple tumor types were enrolled. Additional
eligibility criteria included measurable disease by computed
tomography or magnetic resonance imaging as per RECIST
v1.1 and willingness to undergo serial collection of blood
and stool samples. Gastrointestinal disorders likely to
interfere with absorption and prior treatment with immune
checkpoint blockade in group B were key exclusion criteria
(full protocol in Supplementary Material, available at
https://doi.org/10.1016/j.annonc.2023.02.011).

Study design and treatment

This single-center, open-label, investigator-initiated study
initially included three cohorts of patients (groups A, B and C).
In group A (safety cohort), MET4 was added to standard-of-
care anti-PD-1 antibody until unacceptable toxicity or pro-
gression. Upon completion of group A, groups B and C were
opened to enrollment. In group B, eligible subjects with
advanced solid tumors naïve to ICI were randomized in a 3 : 1
ratio to receive MET4 in combination with ICI (experimental
arm) or ICI alone (control arm) with a run-in period of ICI
therapy (one cycle). In group B, patients could be treated
beyond progression provided they had a clinical benefit
without clinical deterioration and did not have substantial
adverse effects, as assessed by the investigator. In group C,
eligible subjects with advanced solid tumors already on

treatment with standard-of-care ICI with first unconfirmed
progression on evaluation scans, clinically stable and suitable
to be treated beyond progression as per investigator’s
assessment were randomized in a 1 : 1 ratio to receive MET4
in addition to ICI inhibitor (experimental arm) or continue
with ICI alone (control arm) (Supplementary Figure S1A,
available at https://doi.org/10.1016/j.annonc.2023.02.011).
The protocol was amended to include group D, designed to
evaluate MET4 in high-risk melanoma patients on adjuvant
immunotherapy. Results of group D will be reported sepa-
rately once accrual is completed.

In groups A, B and C, MET4 capsules were administered
orally with an initial loading dose of 20 capsules (2-10 �
1010 colony-forming units) over 2 days, followed by a
maintenance dose of 3 capsules (6-30 � 109 colony-forming
units) continuous daily dosing for a total of 1 year or until
unacceptable toxicity, progression of disease or discontin-
uation of treatment for any cause. Standard-of-care ICI was
dependent on tumor type and included single-agent nivo-
lumab (480 mg flat dose q4w), or pembrolizumab (200 mg
flat dose q3w), or nivolumab (360 mg flat dose q3w) in
combination with ipilimumab (at either 3 mg/kg q3w or 1
mg/kg q3w for up to four infusions) followed by mainte-
nance nivolumab at 480 mg flat dose q4w as per standard
of care, until unacceptable toxicity, disease progression,
completion of therapy based on approval indication or
discontinuation for any cause.

Sample collection

In groups A and C, stool samples were collected before
initiation of MET4 (screening visit: T0); day 10-16 from
initiation of MET4 (T1); week 3-4 (window: þ2 weeks)
from MET4 initiation (T2); week 24 (window: �2 weeks)
from MET4 initiation (T3); and 1-2 weeks post-end of
treatment (EOT) (T4). Blood samples were collected at T0,
T2 and T3, based on the same timepoint definitions.

In group B, stool samples were collected before initiation
of ICI (T �1); week 3-4 post-ICI, before initiation of MET4
(window: þ2 weeks) (T0); day 10-16 from initiation of MET4
(T1); week 3-4 (window: þ2 weeks) from MET4 initiation
(T2), week 24 (window: �2 weeks) from MET4 initiation
(T3); and 1-2 weeks post-EOT (T4). Blood samples were
collected at baseline T �1, T0, T2 and T3, based on the same
timepoint definitions. Study design and timeline of sample
collection are summarized in Supplementary Figure S1B,
available at https://doi.org/10.1016/j.annonc.2023.02.011.

Outcome measures

Primary endpoints included cumulative relative abundance
of MET4 taxa at T1, changes in relative abundance of MET4
taxa between T0 and T1 and treatment-related adverse
events (AEs) assessed by the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI-
CTCAE) v5.0. For the ecological co-primary endpoint, pa-
tients were considered assessable if stool samples were
obtained at T0 and T1 (a total of two stool samples in
groups A and C and three stool samples in group B).
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Secondary endpoints included cumulative relative abun-
dances of MET4 taxa at T2-T4, changes in relative abundance
of MET4 taxa between baseline (T0) and post-randomization
timepoints and bacterial taxonomic diversity between T0
and T2-T4. Exploratory outcome measures included overall
response rate measured as per RECIST v1.1 and immune
RECIST (iRECIST).

Study assessments

Response assessments were defined according to RECIST
v1.1. Time of assessment was based on investigator evalua-
tion and tumor type and typically occurred every 2-3 cycles of
immunotherapy until disease progression or treatment
discontinuation. Patients treated beyond progression were
considered to have progressive disease at the time of the
initial progression event, as assessed by the investigator,
regardless of subsequent tumor response. Any patient who
received at least one dose of MET4 was included in the
assessment of safety. Patients were required to complete a
study diary to assess appropriate dosing and study compli-
ance. Reason for any missed doses of MET4 was recorded.
AEs attributable to immunotherapy and MET4 were graded
according to the NCI-CTCAE v5.0. Safety assessments were
carried out continuously during treatment, and up to reso-
lution or stabilization of the AEs, whichever occurred first.

Study oversight

The study protocol (Supplementary Material, available at
https://doi.org/10.1016/j.annonc.2023.02.011) and all the
related amendments were approved by the Institutional
Review Ethics Board. The study was conducted in accor-
dance with the Declaration of Helsinki and Good Clinical
Practice as defined by the International Conference on
Harmonization. Before enrollment, all patients provided
written informed consent. Established bi-weekly safety calls
occurred to provide oversight of safety. Data collection and
monitoring were carried out throughout the study and after
enrollment was completed. Monitoring of study conduct,
including all AEs, was carried out by the Princess Margaret
Cancer Centre Data Safety Monitoring Committee twice a
year and as needed.

Microbiome analysis

DNA was extracted from the patients’ frozen fecal material
using the Quick-DNA Fecal/Soil Microbe Kits (Zymo
Research, Irvine, CA) and normalized by stool weight. Li-
brary generation and next generation sequencing were
done at MR DNA Molecular Research (Shallowater, TX). The
16S ribosomal RNA gene V4 variable region was amplified
with PCR using primers 515F (GTGYCAGCMGCCGCGGTTA)
and 806R (GGACTACNVGGGTWTCTAAT), with the barcode
on the forward primer, and HotStarTaq Plus Master Mix Kit
(Qiagen, Germantown, MD). PCR consisted of 30 cycles of
94�C for 3 min, then 30-35 cycles of 94�C for 30 s, 53�C for
40 s and 72�C for 60 s, and a final elongation step at 72�C
for 5 min. After amplification, PCR products were resolved
by electrophoresis on a 2% agarose gel to determine

amplification and relative band intensity. Multiple samples
were pooled in equal proportions, on the basis of their
molecular weight and DNA concentrations and purified with
calibrated AMPure XP beads (Beckman Coulter, Brea, CA).
Pooled and purified PCR product was used to prepare an
Illumina (San Diego, CA) Nextera DNA library. Sequencing
was done by MR DNA using an Illumina MiSeq with version
3 reagents and generating 300-bp paired-end reads. Reads
in which >70% of bases had a Phred score of 30 or more
were retained and trimmed using DADA2 (v1.14.1). Taxon-
omy was assigned with a native implementation of the
naïve Bayesian classifier method and trained with the Silva
database (v132). Amplicon sequence variants were assigned
and collated to the closest related taxon using NCBI BLAST.

Targeted metabolomics

Plasma and stool samples were sent to The Metabolomics
Innovation Centre (TMIC) (Edmonton, Alberta, Canada) for
targetedmetabolomic profiling using liquid chromatography-
tandem mass spectrometry as described in the
Supplementary Methods, available at https://doi.org/10.
1016/j.annonc.2023.02.011. Samples were profiled for
panels of bile acids (BAs) and short-chain fatty acids (SCFAs).
Analytes were included in statistical analyses if they were
detectable in at least 40% of samples.

Statistical analysis

Frequencies of immune-related AEs (irAEs) between MET4
recipients and controls, and single versus combination
therapy ICI were compared by chi-square test. Ecological
outcomes (MET4 relative abundance, change from baseline,
number of taxa >1%, Shannon diversity and observed
operational taxonomic units) were compared between
MET4 recipients and controls as continuous variables with
unpaired t-tests or analysis of variance (ANOVA) with post-
tests. For alpha diversity metrics, samples were rarefied to a
sequencing depth of 35 501 reads (the lowest depth among
all the samples included in the analysis). Rarefied and
unrarefied analyses were carried out and compared. Fold
change in relative abundance between baseline samples
(pre-MET4) and post-MET4/control exposure timepoints
was generated by dividing post-treatment relative
abundance by the baseline relative abundance and log
transforming the resulting fold change, and then using one-
sample t-tests to compare the distribution of these values
to a ‘no change’ reference value of 0. Volcano plots for
changes in relative abundance in taxa after randomization
between MET4 recipients and controls were generated by
using MaAsLin2 with study participant included as a random
effect. Compositional differences in BrayeCurtis dissimi-
larity were plotted on principal coordinate analysis plots
and compared by permutational multivariate analysis of
variance (PERMANOVA).

Concentrations of metabolites were compared across
sampling timepoints for MET4-treated and control ran-
domized individuals using ANOVA with log10 trans-
formation when appropriate. Log2-fold change (L2FC) in
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metabolite concentration was calculated by dividing T2
(post-MET4) metabolite concentrations by T0 (baseline, pre-
MET4) metabolite concentration and log2 transforming the
data. Patients were defined as ecological responders
(EcoRs) if they had at least five MET4 taxa increasing by at
least log10 post-MET4 initiation. Differences between L2FC
in metabolites were compared for MET4-treated patients in
EcoRs and ecological non-responders (EcoNRs) by ANOVA.

All analyses were carried out in GraphPad Prism or R (San
Diego, CA).

RESULTS

Study patient population

Between December 2018 and December 2020, 40 patients
receiving standard-of-care monotherapy or combination ICI
were enrolled. The trial profile, total population and
assessable subjects are summarized in Supplementary
Figure S1, available at https://doi.org/10.1016/j.annonc.
2023.02.011. In an initial safety cohort (group A, n ¼ 6),
one subject was enrolled and received one cycle of anti-PD-
1 antibody within the trial. However, due to rapid disease
progression, the patient never started MET4 and was
replaced, for a total of five assessable patients. In group B
(n ¼ 30), patients were randomized 3 : 1 to the experi-
mental arm (ICI plus MET4, n ¼ 22) or control arm (ICI, n ¼
8). Accrual in group C (n ¼ 4) was discontinued before
enrollment was complete, due to the limited number of
pseudo-progression events in patients receiving ICI, clinical
deterioration at the time of disease progression and alter-
native treatment opportunities as a preferred strategy by
both patient and physician. Baseline demographics, disease
characteristics and number of previous lines of therapy are
presented in Supplementary Table S2, available at https://
doi.org/10.1016/j.annonc.2023.02.011. Head and neck
squamous cell carcinoma (HNSCC) (n ¼ 20) and melanoma
(n ¼ 16) were the most common tumor types. All patients
(cohorts A, B and C) received anti-PD-1 antibodies and 13
(33%) received anti-PD-1 and anti-CTLA-4 antibodies in
combination. Twenty-six patients (n ¼ 5 in group A, n ¼ 19
in group B and n ¼ 2 in group C) received at least one dose
of oral MET4 in combination with ICI. Patient characteristics
according to HNSCC and melanoma tumor types are sum-
marized in Supplementary Tables S3 and S4, available at
https://doi.org/10.1016/j.annonc.2023.02.011, respectively.

Median follow-up duration, defined as the time from
enrollment (for group A) and randomization (for groups B
and C) to data cut-off (22 May 2021) or last follow-up,
whichever occurred first, was 164 days (range 41-858
days) in group A, 104 days (range12-666 days) in group B
and 125.5 days (range 74-259 days) in group C. Median
MET4 duration of treatment was 38 days (range 0-334 days)
excluding missed doses. At the time of analysis at data cut-
off, three patients remained in follow-up (one in group A
and two in group B) and five patients (group B) remained on
treatment, three of them being in the experimental arm
with MET4.

MET4 was safe and tolerable in standard-of-care ICI
recipients

In total, 39 patients received at least one cycle of ICI and
were assessable for safety analysis. The ICI-related AEs
observed in our patient population were consistent with
the literature with a higher frequency of severe AEs in the
patients receiving anti-PD-1 with anti-CTLA-4 antibody
combination (10 grade 3-4 AEs in 13 patients, 77%) as
compared to single-agent anti-PD-1 antibody (6 grade 3-4
AEs in 26 patients, 23%) (Figure 1A, Supplementary
Table S5, available at https://doi.org/10.1016/j.annonc.
2023.02.011). There were no statistically significant differ-
ences between the MET4 and control groups with respect
to the number of irAEs of any grade or grade �3 only
(Figure 1B). Of the 26 patients (5 in group A, 19 in group B
and 2 in group C) who received at least one dose of MET4,
10 of them were treated with anti-PD-1/anti-CTLA-4 anti-
body combination. Within groups A, B and C, a total of 29
patients were assigned to receive MET4 either in combi-
nation with anti-PD-1 or anti-PD-1 and anti-CTLA-4. MET4-
attributed AEs occurred in 17% (5/29) of patients, were
mainly gastrointestinal, mild/moderate in severity (grade 1-
2) and all resolved without sequelae. No MET4-related
grade �3 AEs were observed in the study population.

Treatment outcomes in MET4 recipients and controls

RECIST v1.1 best treatment response in all groups is sum-
marized in Supplementary Table S6, available at https://doi.
org/10.1016/j.annonc.2023.02.011. In the entire cohort,
there were 2 patients with complete responses (1 control, 1
MET4), 7 with partial responses (PRs) (all MET4 recipients),
9 with stable disease (SD) (3 control and 6 MET4 recipients)
and 17 with progressive disease (5 control, 12 MET4 re-
cipients). Four patients were not assessable for response
assessment. RECIST treatment responses for patients
assessable for ecological primary outcomes and by tumor
types are summarized in Supplementary Tables S7 and S8,
available at https://doi.org/10.1016/j.annonc.2023.02.011,
and Figure 2 (for cohort B only, which included ICI-naïve
patients). The overall RECIST response rate for MET4 re-
cipients in cohort B was 35% (6/17) versus 14% (1/7) in
controls (Fisher’s exact P ¼ 0.37). Clinical benefit (patients
with PR or SD �6 months) was observed in 53% (9/17) of
MET4 recipients as compared to 20% (1/5) of patients in the
control arm, P ¼ 0.18. The clinical benefit could not be
assessed in two of the seven patients in the control arm
due to inadequate follow-up (<6 months).

MET4 treatment increased the number and relative
abundance of administered taxa in a subset of recipients,
but not across all recipients

A total of 147 stool samples were sequenced [113 from
MET4 recipients and 34 from subjects treated with ICI alone
(control)], of which 92 were collected after exposure to
MET4 or the control intervention post-randomization
(including all time points). A total of 30 patients [5 in
group A, 21 in group B (15 in the experimental arm and 6 in
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the control arm) and 4 in group C] were assessable for the
ecological co-primary objective. Two patients in cohort B
(B009 and B022) did not provide a stool sample at T1
window and were included only for safety/tolerability and
ecological secondary outcomes. Two patients (B011 and
B027) received only one dose of MET4 and were excluded
from analysis of all ecological outcomes (Supplementary
Figure S1, available at https://doi.org/10.1016/j.annonc.
2023.02.011).

The trial ecological co-primary outcomes, the relative
abundance of MET4 taxa at T1 (range day 10-16) and
change in relative abundance of MET4 between T0 and T1
are shown in Figure 3A and B. The mean (�standard

deviation) cumulative relative abundance of MET4 taxa on
T1 in the MET4 group was 0.30 � 0.13 versus 0.22 � 0.11 in
controls (P ¼ 0.098). The mean change in relative abun-
dance of MET4 taxa in the MET4 group was an increase of
0.033 � 0.12 versus a decrease of 0.063 � 0.10 in the
control group (P ¼ 0.059). Paired analysis of pre-/post-
MET4 alpha diversity and cumulative relative abundance in
the stool of MET4 recipients was not significantly different.
There were no differences in the secondary ecological
outcomes between MET4 recipients and controls
(Figure 3C-F), including the cumulative relative abundance
of MET4 taxa or change in cumulative relative abundance of
MET4 taxa at later timepoints, or taxonomic Shannon
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diversity (Figure 3E) or richness (observed taxa, Figure 3F) at
any timepoint. Diversity indices were not different between
rarefied and non-rarefied analyses (rarefied analysis pre-
sented). In an exploratory analysis, a greater number of
MET4 taxa comprised >0.01 relative abundance in the
MET4-treated group than in the control group at T1 (6.7 �
2.8 versus 4.6 � 1.9, P ¼ 0.035, Supplementary Figure S2A,
available at https://doi.org/10.1016/j.annonc.2023.02.011),
and the number of MET4 taxa comprising at least 0.01 of
the bacterial community following MET4 exposure was
greater in MET4 recipients than in controls at T2 (6.7 � 2.0
versus 4.4 � 2.4, P ¼ 0.025, Supplementary Figure S2B,

available at https://doi.org/10.1016/j.annonc.2023.02.011).
Fewer patients were assessable for these ecological mea-
sures at T3 and T4 and differences observed were not sta-
tistically significant.

Post-treatment changes in MET4 taxon relative abun-
dance varied significantly by individual and taxon
(Figures 4 and 5, Supplementary Figure S3, available at
https://doi.org/10.1016/j.annonc.2023.02.011). In cohort
B, 8 of 17 (47%) MET4 recipients had statistically signifi-
cant increases in MET4 taxa in at least one post-treatment
sample (defined as a one-sample t-test P < 0.05 compared
to no change), while 3 (17.6%) had decreases in at least
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one sample, compared to none with increases and 3 (50%)
with decreases in the controls. For cohort A, one patient
had an increase and one patient had a decrease in MET4

taxa, and for cohort C, one MET4 recipient and two con-
trols had a decrease. Notably, several individuals had >10-
fold increases in multiple taxa, with increases in as many
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as 16 taxa seen at some timepoints. For example, patients
B004 and B005 had >10-fold increases in the relative
abundance of 9 and 11 MET4 taxa at T1, respectively, and
16 taxa each at T2. Changes in relative abundance varied
by MET4 taxon, with significant increases in Bifidobacte-
rium, Enterococcus, Eubacterium eligens, Phascolarcto-
bacterium succinatutens, Collinsella aerofaciens and
Ruminococcus torques in MET4 recipients after treatment,
with a general decrease in MET4 taxa observed in controls
(Figure 5A and B, Supplementary Figure S3, available at
https://doi.org/10.1016/j.annonc.2023.02.011). Although
inter-individual differences in ecological responses were
evident, there were no generalizable differences in 16S
community composition between MET4 recipients and
controls, or pre-/post-MET4 treatment timepoints, and the
strongest predictor of microbial community composition
was trial participant (Supplementary Figures S4 and S5,
available at https://doi.org/10.1016/j.annonc.2023.02.011).

Collectively, these data indicate that MET4 administration
achieves measurable increases in MET4 taxa in a subset of

MET4 recipients, but not controls, including increases in >5
MET4 taxa in 35% of MET4 recipients and significant in-
creases in multiple MET4 genera, including several previ-
ously implicated in ICI responsiveness.

Baseline ecological and post-treatment metabolomic
differences in MET4 ecological responders/non-responders

Amongst MET4 recipients, variable ecological responses
were observed. We thus stratified MET4 recipients into
those with and without an ecological response, defined as
an increase of at least five MET4 taxa by at least 10-fold (a
level which was associated with greater than median post-
treatment MET4 relative abundance). We first assessed pre-
MET4 treatment samples for predictors of ecological
response/non-response. We did not observe statistically
significant differences in baseline stool microbial diversity
(Shannon diversity index, observed taxa, inverse Simpson)
between EcoRs and EcoNRs (Supplementary Figure S6A-C,
available at https://doi.org/10.1016/j.annonc.2023.02.011).
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Twenty-one of 28 MET4 taxa trended toward lower abun-
dance at pre-MET4 initiation timepoints (T �1, T0) in EcoRs
than in EcoNRs, 3 of which were significant before correc-
tion for multiple comparisons (Supplementary Figure S6D,
available at https://doi.org/10.1016/j.annonc.2023.02.011).
While not definitive in this limited dataset, pre-treatment
colonization with endogenous MET4 taxa may inhibit
MET4-induced ecological responses, or conversely that low
MET4 species relative abundance and/or alpha diversity
allows MET4 engraftment.

Recently, ICI responsiveness after FMT in patients with
refractory melanoma was correlated with changes in mi-
crobial metabolites including increased transformation of
primary to secondary BAs.5 We therefore assessed the
subset of cohort B patients in whom plasma samples were
available at T0 (n ¼ 25 samples) and T1 (n ¼ 25 samples)
and T2 (n ¼ 18 samples) by targeted metabolomics. No
significant differences were observed in plasma SCFAs and
BAs between MET4 recipients and controls, or between
MET4 recipients who had an ecological response and those
without (Supplementary Figure S7, available at https://doi.
org/10.1016/j.annonc.2023.02.011). There were no differ-
ences between timepoints or treatment groups in plasma
BAs; however, three primary BAs decreased in individuals
who had ecological engraftment (Supplementary Figure S8,
available at https://doi.org/10.1016/j.annonc.2023.02.011),
suggesting that engraftment may be associated with
measurable changes in metabolites in plasma that have
previously been associated with ICI response after FMT.5

Stool SCFA and BA levels were similarly assessed. No sig-
nificant differences in stool SCFA were observed across
timepoints between treatment groups, or were there dif-
ferences in change in SCFA levels between EcoRs, EcoNRs
and controls (Supplementary Figure S9, available at https://
doi.org/10.1016/j.annonc.2023.02.011). Similar to plasma,

stool primary BAs did not differ between treatment groups
across timepoints (Supplementary Figure S10A, available at
https://doi.org/10.1016/j.annonc.2023.02.011), but de-
creases in primary BAs were noted in EcoRs, but not in
EcoNRs or controls after treatment (Supplementary
Figure S10B, available at https://doi.org/10.1016/j.annonc.
2023.02.011), indicating that MET4-associated ecological
response is associated with metabolic changes in both
plasma and stool.

DISCUSSION

In this first-in-human trial of a cultivated microbial con-
sortium administered as a co-therapy for ICI, we found that
MET4 was well tolerated, with no high-grade AEs or wors-
ening of ICI-associated irAEs, and that MET4 administration
was associated with significant increases in therapeutic taxa
in a subset of individuals. This engraftment was associated
with peripheral metabolome changes recently associated
with response to ICI after FMT.5

Interest in FMT as a microbiome-remediating strategy for
both infectious and non-infectious diseases has increased
significantly since FMT by duodenal infusion was shown to
be effective for the treatment of recurrent C. difficile
infection in a human interventional trial.11 Multiple studies
of FMT as a co-therapy for ICI are registered on
ClinicalTrials.gov, including several phase II or phase I-II
trials.5,12-17 However, because safety, reproducibility and
barriers to production at scale significantly limit the use of
FMT, alternative strategies are needed. While single- or
limited-strain probiotics are an alternative microbiome-
targeting strategy, they have important caveats as a co-
therapy to ICI. Firstly, probiotic effects on the composition
of the microbiome do not reproduce the ecological effects
of FMT in individuals with low microbial diversity and are
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associated with decreased gut microbiome diversity
compared to no treatment or FMT.18 Secondly, in ICI re-
cipients, limited complexity probiotic use may be associated
with decreased ICI responsiveness, whereas dietary fiber,
which promotes a complex and diverse microbiome, is
associated with ICI response.19 Thirdly, in cross-cohort an-
alyses, no single species has emerged as uniformly ICI
response-associated.20 An important caveat to this obser-
vation is that the studies included were relatively small and
are thus not definitive; however, it is also possible that
‘narrow-spectrum’ microbial therapies may not adequately
reproduce the ecological and functional complexity of ICI
response-associated microbiomes. Alternatives to FMT as
an ICI co-therapy will ideally promote ecologically complex,
multi-species responses in the recipient and be safe, toler-
able and ecologically and physiologically significant in ICI
recipients. There are a total of three clinical trials registered
for evaluating microbial consortia as an ICI co-therapy,21-23

and to our knowledge, our study is the first report of a
microbial consortium used in combination with ICI in
advanced cancer patients. A randomized phase I study of
CBM588, a Clostridium butyricum-containing probiotic
designed to promote Bifidobacteria,24 in combination with
anti-PD-1 and anti-CTLA-4 antibodies in ICI-naïve metastatic
renal cell carcinoma patients, failed to meet its primary
endpoint of a change in Bifidobacterium spp. at 12 weeks.
Interestingly, statistically significant longer progression-free
survival in the investigational treatment arm as compared
to the control arm was observed in this small study. How-
ever, an imbalance in patients with poor international
metastatic database consortium risk score was noted be-
tween the two arms. In contrast to this report, we evalu-
ated a novel microbial consortium in which microbial
species function in an ecologically complex manner.

In our trial, MET4 was tolerable and delivered safely in ICI
recipients regardless of tumor type, indicating that this
novel therapeutic approach may be feasible broadly in ICI
recipients. We observed ecological response in a proportion
of MET4 recipients, which included increases in multiple
taxa that have been associated with ICI responses, such as
Enterococcus, Bifidobacterium and Phascolarctobacterium,
and we also observed changes in metabolites associated
with ecological response. These results indicate the viability
of microbial consortia as an ICI co-therapy. However, there
are several important observations and limitations of this
study and our findings are exploratory in nature.We are not
adequately powered to assess the reasons for variability in
ecological responsiveness in this small study. Notably unlike
recent trials of FMT which enrolled ICI-resistant patients,5,6

this study mainly included ICI-naïve patients receiving
immunotherapy as standard of care; therefore, a response
would be expected regardless of the addition of MET4.
Populations with prior non-response or recent antimicrobial
exposure may demonstrate different ecological responses
to MET4. The association between ecological responsive-
ness and clinical response could not be assessed in this
early-phase trial, especially given the heterogeneity of tu-
mor types and variability of ICI regimens in the enrolled

patients. We did not collect fresh tumor biopsies in this
trial, therefore unable to assess the impact of MET4
administration or ecological responsiveness on the circu-
lating or tumor immune phenotype. Finally, our sequencing
approach was not able to distinguish between endogenous
and exogenous MET4 strains. In spite of these limitations,
we believe that the presence of engraftment in some MET4
recipients, changes in plasma and stool metabolite con-
centrations associated with engraftment and safety and
tolerability of the intervention justify the pursuit of a larger
trial of microbial consortia in ICI recipients with solid tu-
mors. A pan-Canadian, randomized, placebo-controlled
phase II trial in PD-L1-selected patients with recurrent/
metastatic squamous cell cancer receiving anti-PD-1 anti-
body has been endorsed by the Canadian Cancer Trial
Group. This study will evaluate the efficacy of MET4 as an
adjunct to ICI (https://www.ctg.queensu.ca/public/head_
neck/head-neck-disease-site) with comprehensive correla-
tive predictive and pharmacodynamic biomarker evaluation
of tumor, blood and stool samples.
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ARTICLE
Molecular Diagnostics

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.

British Journal of Cancer https://doi.org/10.1038/s41416-020-01253-1

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
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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 40mg/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

A
bsent

Stage

Bacteroides faecis

Bacteroides faecis GAG 32

Sharpea azabuensis

Sellimonas inlestinalis

Eubacterium sp GAG 248

Bifidobacterium catenulatum

Ruminococcus callidus

Olsenella scatoligenes

Roseburia sp GAG 471

Asaccharobacter celatus

Enorma massiliensis

Olsenella profusa

Collinsella intestinalis

Thermoleophilum album

Collinsella stercoris

Limnochorda pilosa

Ruminococcus bromii

Paludisphaera borealis

Collinsella aerofaciens

I/II

–5 –4

Relative abundance (log)

a

b

–3 –2 –1 0

–5

–5 –4 –3 –2 –1 0

LDA SCORE (log 10)

S
ta

ge
 I/

II
S

ta
ge

 II
I

S
ta

ge
 I/

II
S

ta
ge

 II
I

LDA SCORE (log 10)

1 2 3 4

–5 –4 –3 –2 –1 0 1 2 3 4

–4 –3

Relative abundance (log)

–2 –1 0

III
I/II
III
I/II
III
I/II
III
I/II
III
I/II
III
I/II
III
I/II
III

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

III
I/II

Leptotrichia hofstadii

Bacteroides thetaiotaomicron
CAG 40

Selenomonas sp oral taxon 149

Gemella morbillorum

Selenomonas infelix

Selenomonas sputigena

Gemella haemolysans

Fusobacterium nucleatum

A
bsent

Stage

Fig. 2 Compositional differences in the oral and intestinal communities differed by disease stage. a Compositional differences in the oral
communities at baseline. The left panel indicates taxonomic features (at all taxonomic levels) different in abundance at early (stage I/II) and
advanced (stage III) disease stage (LDA > 2.0; p < 0.05). The right panel shows the difference in normalised relative abundance of enriched/
depleted species. b Compositional differences in the gut communities. The left panel highlights all differentially abundant taxonomic features
between early and advanced disease stage (LDA > 2.0; p < 0.05). The right panel shows the difference in normalised relative abundance of
identified species. The LDA score indicates the effect size of the differences observed between groups.

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

5



a

b

Streptococcus sp BS29a
Rothia sp HMSC061E04
Lactobacillus salivarius
Veillonella infantium
Veillonella parvula
Streptococcus vestibularis
Fusobacterium nucleatum
Streptococcus oralis
Prevotella sp oral taxon 306
Fusobacterium periodonticum
Porphyromonas somerae
Porphyromonas sp oral taxon 279
Haemophilus parainfluenzae
Actinomyces odontolyticus
Campylobacter concisus
Gemella sanguinis
Streptococcus infantis
Gemella haemolysans
Actinomyces sp ICM47
Megasphaera micronuciformis
Actinomyces graevenitzii
Prevotella pallens
Prevotella jejuni
Prevotella salivae
Streptococcus mitis
Prevotella melaninogenica
Rothia mucilaginosa
Veillonella dispar
Streptococcus salivarius
Streptococcus parasanguinis
Prevotella histicola
Veillonella atypica

Bacteroides coagulans
Peptoniphilus harei
Anaerosphaera sp HMSC064C01
Anaerococcus vaginalis
Bacteroides faecis CAG 32
Prevotella corporis
Peptoniphilus sp HMSC062D09
Prevotella disiens
Porphyromonas asaccharolytica
Prevotella bivia
Fusobacterium mortiferum
Campylobacter hominis
Finegoldia magna
Roseburia inulinivorans
Bifidobacterium pseudocatenulatum
Shigella sonnei
Bacteroides cellulosilyticus CAG 158
Ureaplasma diversum
Eubacterium hallii
Bacteroides massiliensis
Bacteroides stercoris CAG 120
Bacteroides finegoldii
Bacteroides stercoris
Gardnerella vaginalis
Akkermansia muciniphila
Bacteroides ovatus
Bacteroides xylanisolvens
Roseburia faecis
Kingella oralis
Streptococcus intermedius
Ruminococcus gnavus
Ruthenibacterium lactatiformans
Hungatella hathewayi
Eubacterium siraeum
Lactobacillus reuteri
Parabacteroides merdae CAG 48
Escherichia coli
Alistipes sp HGB5
Ruminococcus obeum CAG 39
Blautia obeum
Parabacteroides merdae
Oscillibacter sp CAG 241
Alistipes finegoldii
Aggregatibacter aphrophilus
Moraxella nonliquefaciens
Bacteroides faecis
Bacteroides salyersiae
Lactobacillus plantarum
Clostridium disporicum
Enterococcus faecalis
Haemophilus influenzae
Bifidobacterium longum
Neisseria subflava
Bacteroides plebeius
Prevotella sp CAG 755
Alistipes sp CAG 268
Blautia sp CAG 257
Eubacterium rectale CAG 36
Barnesiella intestinihominis
Fusicatenibacter saccharivorans
Bacteroides thetaiotaomicron CAG 40
Bacteroides cellulosilyticus
Blautia wexlerae
Eubacterium rectale
Alistipes sp CAG 29
Ruminococcus torques
Bacteroides fragilis
Bacteroides caccae
Parabacteroides distasonis
Collinsella aerofaciens
Bacteroides thetaiotaomicron
Bacteroides dorei
Alistipes putredinis
Prevotella copri
Bacteroides uniformis
Faecalibacterium prausnitzii
Bacteroides vulgatus

Baseline

End of treatment

R
10

R
15

R
24

R
04

R
01

R
06

R
11

R
19

R
25

R
20

R
20

R
18

R
12

R
09

R
07

R
26

R
07

R
04

R
16

R
25

R
21

R
12

R
13

R
11

R
16

R
10

R
22

R
13

R
19

R
06

R
23

R
09

R
22

R
26

R
05

R
05

R
18

R
17

R
01

R
17

R
15

R
24

R
21

R
23

CST3 CST2 CST1

Post-CRT

Transition

No transition

Transition

Pre-CRT

CST1

CST2
CST1

CST2

CST3

CST3

1

8

2

2

2

1

6

Fig. 3 Compositional differences in oral communities based on collection time point (baseline vs post-CRT). a Taxonomic composition of
pre-/post-treatment oral microbiome clustered using Bray–Curtis dissimilarity (columns) and Ward’s clustering method (rows). b Community
transitions observed in oropharyngeal swabs after CRT (paired samples). The number of patients which transition from one community to
another after CRT is indicated with each arrow. CRT chemoradiotherapy.

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

6



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 gutmicrobiome 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 gutmicrobiome 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-
specificmicrobial 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 gutmicrobiome following treatmentmight 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).
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