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a b s t r a c t
Background: The prognosis of patients with HPV-negative advanced stage head and neck squamous cell
carcinoma (HNSCC) remains poor. No prognostic markers other than TNM staging are routinely used in
clinic. Epithelial-to-mesenchymal transition (EMT) has been shown to be a strong prognostic factor in
other cancer types. The purpose of this study was to determine the role of EMT in HPV-negative
HNSCC outcomes.
Methods: Pretreatment tumor material from patients of two cohorts, totalling 174 cisplatin-based
chemoradiotherapy treated HPV-negative HNSCC patients, was RNA-sequenced. Seven different EMT
gene expression signatures were used for EMT status classification and generation of HNSCC-specific
EMT models using Random Forest machine learning.
Results: Mesenchymal classification by all EMT signatures consistently enriched for poor prognosis
patients in both cohorts of 98 and 76 patients. Uni- and multivariate analyses show important HR of
1.6–5.8, thereby revealing EMT’s role in HNSCC outcome. Discordant classification by these signatures
prompted the generation of an HNSCC-specific EMT profile based on the concordantly classified samples
in the first cohort (cross-validation AUC > 0.98). The independent validation cohort confirmed the association of mesenchymal classification by the HNSCC-EMT model with poor overall survival (HR = 3.39,
p < 0.005) and progression free survival (HR = 3.01, p < 0.005) in multivariate analysis with TNM.
Analysis of an additional HNSCC cohort from PET-positive patients with metastatic disease prior to treatment further supports this relationship and reveals a strong link of EMT to the propensity to metastasize.
Conclusions: EMT in HPV-negative HNSCC co-defines patient outcome after chemoradiotherapy. The generated HNSCC-EMT prediction models can function as strong prognostic biomarkers.
Ó 2020 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 147 (2020) 186–194
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-ncnd/4.0/).

About half of head and neck squamous cell carcinoma (HNSCC)
patients present with advanced stage disease. In the case of
hypopharyngeal, laryngeal and HPV-negative oropharyngeal carcinomas, chemoradiotherapy is the current treatment of choice for
these patients [1]. Disease progression occurs in around 40%,
stressing the need for additional treatment options for poor prognosis patients.

⇑ Corresponding author at: Division of Cell Biology and Department of Radiation
Oncology, The Netherlands Cancer Institute, Plesmanlaan 121, 1066CX Amsterdam,
The Netherlands.
E-mail address: c.vens@nki.nl (C. Vens).

Tumor biology studies revealed an important role for HPV and
hypoxia in HNSCC [2–4]. HPV-positive oropharyngeal tumors
represent a distinct subgroup of HNSCC that is associated with a
good prognosis whereas tumor hypoxia markers reveal patients
with a poor prognosis [5–7]. Hypoxia biomarkers are currently
being evaluated for standard clinical practice [5]. Yet, there is a
need for additional prognostic markers in advanced stage HPVnegative HNSCC.
Epithelial to Mesenchymal Transition (EMT) is the process in
which epithelial cells gain mesenchymal characteristics and has
been linked to aggressive disease or disease progression in multiple
cancer types [8,9]. Many gene expression signatures have been
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developed that capture the gene expression profile differences
between epithelial and mesenchymal tumor cells. Some have been
generated by using cell material in pre-clinical studies, others by
selecting genes highly correlated with well-known EMT markers
[10–16]. A recent study that established a pan-cancer EMT
signature helped to further characterize the role of EMT for clinical
outcome [12]. Despite this potential relevance, the role of EMT
remains ill-defined in HNSCC. TCGA data analyses using a pancancer EMT signature show that EMT expression features are
present in HNSCC [12]. However, patient outcome studies have
not been conducted [11,12,17]. Assessed individually, decreased
E-cadherin expression or increased expression of N-cadherin,
b-catenin, Vimentin, TWIST and ZEB, all factors related to EMT, have
been linked to a reduced overall survival in HNSCC [18–22]. However, others found no correlation [23], which questioned the role
of EMT in patient outcome. Likewise, Chung et al. identified a poor
prognosis expression profile which contains EMT-associated genes
thereby indirectly implicating EMT in HNSCC outcomes [24].
Taken together, despite its recognized association with unfavorable tumor characteristics in other cancer types it is not clear to
what extent EMT plays a role in HNSCC. Here we set out to determine the role of EMT and its prognostic value in advanced stage
HPV-negative HNSCC patients treated with chemoradiotherapy.
To this end we used RNA sequencing data of fresh frozen pretreatment HNSCC biopsy material and performed integrative analyses
of multiple EMT gene expression profiles to assess their prognostic
value in two HNSCC cohorts.

Inc., San Diego) which were mapped and filtered as detailed in
the Sup-Information. All expression analyses were performed in
R 3.4.3 using Rstudio 1.1. Seven different gene expression signatures were applied for epithelial or mesenchymal classifications
of the tumor samples according to the author’s protocols (specified
and listed in Sup-Table S2) [10–16]. RNA Sequencing data are
available at http://ega-archive.org under study number
EGAS00001004090 and datasets numbers EGAD00001005721,
EGAD00001005715, EGAD00001005716, EGAD00001005717.

Material and methods

Tissue microarray and immunohistochemistry

Patients cohorts and material
Three different retrospective cohorts with HPV-negative HNSCC
patients were used in this study. Specifics and patient characteristics of the two chemoradiotherapy treated patient cohorts are
listed in the Sup-Information and Sup-Table S1. The NKI-CRAD
cohort comprises 98 patients with advanced hypopharyngeal,
laryngeal or HPV-negative oropharyngeal HNSCC who were treated
with cisplatin-based chemoradiotherapy at the Netherlands Cancer
Institute (NKI), Amsterdam, between 2001 and 2014. The validation cohort DESIGN comprises 76 HNSCC patients treated at the
VUmc Cancer Center Amsterdam or NKI, between 2009 and 2014
and following identical inclusion and exclusion criteria to the
NKI-CRAD cohort [25]. NKI patients, diagnosed at the NKI between
2012 and 2017, with advanced stage HPV-negative head and neck
cancer as in the other two cohorts but whose diagnostic PET-CT
scan analyses showed distant metastasis prior to treatment. These
cases were assigned to the NKI-MET cohort (N = 7). There is no
overlap with the other cohorts. Treatment varied and distant
metastasis at diagnosis was an exclusion criterion for the
NKI-CRAD and DESIGN cohorts.
Biopsies and collection of fresh-frozen tumor material were
approved by the Institutional Review Board of the Netherlands
Cancer Institute. All patients signed informed consent for biopsy,
HNSCC material collection and analysis. Sample tumor percentage
was determined by a dedicated head and neck pathologist on
H&E-stained slides. Samples with a tumor content of less than 40%
or very low RNA quality were excluded from RNA sequencing and
further analysis. HPV-status of all oropharyngeal carcinomas was
determined by immunohistochemical assessment of p16 and RNA
sequencing and HPV-positive were excluded for this study [26].
RNA-sequencing and expression profile analyses
RNA was isolated and libraries were generated and sequenced
generating 65 base single end reads on a HiSeq2500 (Illumina

HNSCC-EMT prediction model generation
We applied different gene selection methods. Boruta [27] is a
random forest based feature selection method. It validates the
importance of each gene by comparing it to random shuffled copies
of the dataset. To increase robustness, this process is repeated
multiple times. The ‘‘AUC” method calculates a ROC curve using
the R-package pROC [28] for each gene, a measurement of how
well the gene separates groups. With a pre-defined cut-off of
0.95, we selected all genes who classified 95% of the samples correctly. For each gene selection method a model was trained using
random forest. Random forest is a machine learning algorithm
which uses multiple random decision trees that result in an accurate prediction [29]. The values as determined by the individual
models were averaged and used when combining models. The
HNSCC-EMT model is available as an R package at https://github.
com/M-tijn/HNSCCEMT.

Formalin Fixed Paraffin Embedded (FFPE) material from 92
patients was used to prepare tissue microarrays (TMA) with three
cores per sample. Stroma content and the fraction of tumor cells
positive for vimentin were assessed by a dedicated HNSCC pathologist on H&E and vimentin stained TMAs and averaged per patient
sample.
Statistics
Survival analyses were performed using a cox-proportional hazard model with the ‘‘time” from the first day of treatment to the
day the event was first detected. Tests were considered significant
when p < 0.05. Primary tumor site and cumulative cisplatin dose
were associated with patient outcome in univariate analyses
(Sup-Table S3) and were therefore included in multivariate analyses. Wilcoxon Rank Sum tests and ANOVA were used to compare
continuous variables. Correlations between continuous and categorical variables were assessed by Spearman correlation. Mean
comparison between groups was assessed by a Student’s t-test.
Results
EMT has been shown to be associated with patient outcome in
multiple cancer types, often by using EMT associated gene
expression signatures. To characterize EMT in HNSCC and its association with outcome, we performed a transcriptomic analysis
applying seven published EMT gene expression signatures (SupTable S2) on a cohort of 98 HPV-negative HNSCC patients treated
with definitive cisplatin-based chemoradiotherapy from our institute (NKI-CRAD cohort, Sup-Table S1) [10–16]. The distribution of
each signature’s classification over the samples is depicted in
Fig. 1A and shows an overall poor agreement with few tumors
being consistently classified as mesenchymal or epithelial
respectively.
To test the association of EMT with patient outcome, we
performed univariate cox proportional hazard analyses for each
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Fig. 1. Non-HNSCC EMT signatures are associated with outcome in patients with HNSCC. (A) Overview of patient sample assignment by each signature as indicated and
specified in Materials and Methods (Table S2). Columns represent individual samples (N = 98) of patients with advanced stage HPV-negative HNSCC. Only 9 and 38 tumors
were consistently classified as mesenchymal or epithelial respectively. Many of the remaining 51 tumors do however show a tendency towards either an epithelial or a
mesenchymal classification. (B) Forest plots with univariate cox proportional hazard analyses values for the epithelial versus the mesenchymal groups as determined by the
indicated signature. Hazard ratios (HR) and 95% confidence intervals are shown for all recorded outcomes: overall survival (OS), progression free survival (PFS), and distant
metastasis-free survival (DM), locoregional control (LRC) and are specified together with results from multivariable analyses in Table S4. Colors indicate statistical
significance levels as shown to the right. (C) Kaplan Meier OS, PFS, DM and LRC graphs comparing patients with mesenchymal (red) or epithelial (green) tumors as determined
by the signatures and plotted together.

individual signature (Fig. 1B, Sup-Table S4) that show a statistically
significant association with overall survival (OS) and progression
free survival (PFS) for the Byers and Rokavec signatures. All signatures link mesenchymal classified tumors with poor outcome (OS,
PFS and distant metastasis (DM)) and to a greater extent than TNM
(Sup-Table S3 and Sup-Table S4). This indicates that EMT plays a role
in HNSCC outcome (Fig. 1C). Multivariate analyses considering
T-stage and N-stage (Sup-Table S4A), primary tumor site and
cumulative cisplatin dose (Sup-Table S4B), confirmed that EMT is a
significant prognostic factor for survival outcome (HR:1.3–5.8;
p:0,001–0.219; Fig. S1, Sup-Table S4). A recent study suggests that
mesenchymal expression signals in bulk tumor material could in
part be attributed to fibroblasts in the stroma [30,31]. Correlations
between EMT scores and tumor content of the samples, as determined on H&E stained slides, were however weak (Fig. S1C) and
tumor content was also not associated with patient outcome
(p > 0.6). Taken together, although created in different tumor types
with varying methodologies, all EMT signatures consistently reveal
a poor prognosis for the mesenchymal classified HNSCC groups.
Comparing different EMT signatures, many samples did not have
a consistent epithelial or mesenchymal classification (Fig. 1A). It
should however be acknowledged that the classification of individual tumor samples by these methodologies is cohort-dependent, i.e.
a particular tumor sample, tested in a different cohort, could be
classified differently. In order to approach a cohort-independent
EMT assignment, we repeatedly selected 80% of all samples at random and re-classified these using the seven gene expression signatures. We find that all signatures provided relatively consistent
results in each repetition round, except for Choi and Byers.

(Fig. 2A, Sup-Table S2), indicating that the discrepancies were not
a result of cohort size or composition. Two groups with a high consensus in the mesenchymal (C-MES, N = 15) or epithelial (C-EPI,
N = 39) classification were identified based on these repeated
analyses. Confirming the above revealed association, patients in
the C-MES group have a significantly worse OS, PFS and DM free
survival (Fig. 2B).
Prompted by the clinical relevance and the lack of consistent
calling in nearly half of the samples, we next aimed to develop a
HNSCC-specific EMT prediction model. Expression data of the
C-MES (N = 15) and C-EPI (N = 39) samples were used to train a
HNSCC-EMT prediction model as shown in Sup-Fig. S2. Three
methods were used to identify relevant genes (Sup-Table S5):
Boruta [27], AUC or a selection based on literature (‘‘keygenes”)
and a random forest [29] model was trained on each of these gene
sets thereby obtaining three different models. A 10 times repeated
5-fold cross validation analyses reveal good performance of all
three models (AUC > 0.98, Sup-Table S6).
To evaluate whether these models still depict EMT, we tested
their performance in independent cellular data sets with a verified
EPI or MES status. All models were able to discriminate mesenchymal (MES) from epithelial (EPI) cells well when applied on publicly
available RNA-sequencing data for several epithelial and mesenchymal cell lines [32–37] (Fig. 2C). Unable to prioritize among the models, we constructed a final model that combines all three models by
using the average value of all three models (HNSCC-EMT, Fig. 2C). As
expected, when applied on the full NKI-CRAD cohort (N = 98), the
HNSCC-EMT model based classification is significantly associated
with outcome in univariate analyses (OS: HR = 1.9, p = 0.011; PFS:
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Fig. 2. Cohort dependence of signature EMT assignments and generation of HNSCCspecific EMT models. (A) Heatmap of mesenchymal (MES) classifications per sample
after repeated application of each signature (on 1000 randomly selected sample
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classified in all repetitions and by all signatures. Consensus epithelial (C-EPI) or
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HR = 1.9, p = 0.011; DM: HR = 3.4, p = 0.003; Sup-Fig. S3 and OS:
HR = 2.1, p = 0.006; PFS: HR = 2.1, p = 0.005; DM: HR = 3.8,
p = 0.002 for multivariate analysis with cumulative cisplatin dose
and tumor site, Table S4).
To summarize, an integrative EMT signature analysis provided a
set of HNSCC samples with a congruent classification to train
Random Forest models that generated a HNSCC-specific EMT prediction model.
A multicenter study cohort with samples from the NKI (N = 34)
and the VU Medical Center (N = 42) was used (N = 76) to validate
the poor prognosis association [25]. Patient characteristics and univariate outcome association analyses are provided in Sup-Table S1
and S7. Fig. 3A shows MES or EPI assignments over the 76 patient
samples as classified by the HNSCC-EMT model. We find a significant association with OS (HR = 3.2, p = 0.003) and PFS (HR = 2.89,
p = 0.006) (Fig. 3B and 3C) that is confirmed in multivariate analyses (Sup-Table S8). Consistent with the first cohort, this stresses
the relevance of EMT, i.e. mesenchymal tumor characteristics, for
poor outcome in chemoradiotherapy treated patients with HPVnegative HNSCC.
Remarkably, the previously discovered link to DM was not evident in this validation cohort. To assess whether this was due to
classification issues by the generated HNSCC-EMT prediction
model, we used the original seven EMT signatures and tested them
individually. Further confirming a role for EMT, we find a consistent
trend towards lower OS, PFS and also LRC (Fig. 3B, Sup-Table S8).
None of the signatures is however associated with DM free survival
indicating a cohort-specific issue (Fig. 3 and Sup-Fig. S4A). Comparing the DESIGN cohort with the NKI-CRAD cohort, we however
noted that consistently fewer patients were classified as mesenchymal (Fig. 3A, Sup-Table S8) indicating a lower proportion of such
tumors in the validation cohort. Guidelines changed in The Netherlands and resulted in the frequent use of PET-CT for advanced stage
tumors during the diagnostic work-up from 2011 on. The improved
detection of DM prior to treatment can therefore result in the exclusion of a fraction of patients that present with early metastatic disease at time of diagnosis. Prior routine PET-CT, these patients may
have been instead included in definitive chemoradiotherapy regimens with curative intent. In line with the decreased number of
MES-classified patients, the exclusion of such PET-CT-positive
HNSCC patients may have however biased cohort composition
against early DM cases and therefore reduced the power to reveal
an EMT association with DM in the DESIGN cohort. Together, from
this we predicted that samples from a PET-positive HNSCC cohort
might show a higher incidence of mesenchymal tumors. To test
this, we searched for patients who would have initially met the
inclusion criteria but were excluded due to distant metastasis on
the PET-CT scan during the diagnostic work-up (NKI–MET cohort).
RNA-sequencing was performed on available fresh-frozen primary
tumor material of these seven patients. When applying the
HNSCC-EMT prediction model, these showed high HNSCC-EMT
scores (Fig. 4), explaining the discrepancy between the two cohorts
and underlining the role of EMT in DM.
When further evaluating important clinical parameters and
potential discrepancies between the cohorts, we observed that
DM free survival differs most in the oropharyngeal tumor site
group (Sup-Fig. S5A). Overall survival is however similar in both
cohorts and could indicate that the higher proportion of T4b
tumors in the DESIGN cohort (p = 0.014, Sup-Fig S5B) caused
patients to decease due to local tumor progression independent
or prior to metastasis development or detection. Considering the
observed link to EMT, this might have in part also reduced EMTrelated DM events in the validation cohort.
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Fig. 3. HNSCC-EMT model performance in validation cohort. (A) Overview of HNSCC-EMT model and published EMT signature classification in the DESIGN cohort. (B)
Univariate cox proportional hazard analysis for the epithelial versus the mesenchymal group as determined by the HNSCC-EMT model and the non-HNSCC-specific signatures
for all reported outcomes. (C) Survival analysis of the epithelial versus the mesenchymal tumor patient groups as determined by the HNSCC-EMT model. Univariate cox
proportional hazard statistics are shown.

Taken together, analyses in this DESIGN cohort validated the
prognostic value of the HNSCC-EMT model. The high HNSCC-EMT
prediction model scores of primary HNSCC in metastatic patients
further highlights the strong poor prognosis association. This direct
link implicates EMT in this process, beyond previously reported
treatment resistance mechanisms.
The role of TNM, in contrast to EMT, in outcome is small and
insignificant in both cohorts (Sup-Table S3 and S7), likely due to
the advanced stage [4]. Multivariate analyses that include T-stage
and N-stage provide increased HR and confirm the EMT association
with OS and PFS in both cohorts (p < 0.05; Fig. 5; Sup-Table S4 and
S8). We further tested for associations with clinical and pathological parameters (Sup-Fig. 7A) and find that T4 or those with noncohesive growth pattern have higher HNSCC-EMT scores
(p = 0.038 and p = 0.019 respectively). The presence of circulating
tumor cells (CTC) has been linked to the occurrence of DM in many
tumor types. We therefore applied the gene expression signature
of Molloy et al. [38] that, based on transcriptomics data from
primary breast cancers, identifies patients with high CTC numbers.
CTC and HNSCC-EMT-scores correlate (R = 0.29 and p < 0.0001) and
the mesenchymal group, as classified by the HNSCC-EMT model,
has higher CTC scores than the epithelial group (p = 0.0006)
(Sup-Fig. 7B-C). Together and consistent with our patient outcome
findings and a higher propensity to metastasize, these data show
that mesenchymal HNSCC have unfavorable characteristics such
as high CTC markers, non-cohesive growth pattern and higher T
stage.
Tumor associated fibroblasts (TAF) are the largest stromal
cellular component in HNSCC specimen. Importantly, a high TAF
content has been previously associated with poor prognosis in
HNSCC [39]. We therefore questioned whether part of the poor
outcome association was related to the mesenchymal expression signals from the stroma or whether it derived from mesenchymal tumor cells. To assess tumor EMT beyond stroma content

associations (Fig. S1C), we determined the proportion of vimentinpositive tumor cells on immunohistochemistry (IHC) stained TMA
(Fig. 6). RNA-Seq vimentin expression values correlate with the
IHC-derived scores (R: 0.359, p < 0.001; Fig. 6C). The comparisons
confirm that HNSCC-EMT prediction model scores are not associated with stroma content (p = 0.567; Fig. 6D) but instead with the
proportion of vimentin-positive tumor cells in the sample
(p = 0.053; Fig. 6E), although not statistically significant. These analyses indicate that vimentin-positive tumor cells contribute to the
HNSCC-EMT prediction model scores.

Discussion
Here we set out to investigate the role of EMT in HPV-negative
HNSCC. Transcriptomic analyses using seven published EMT signatures show that many tumors have mesenchymal characteristics.
We show that EMT is associated with patient outcome in two
cohorts of advanced HNSCC patients treated with chemoradiotherapy. A HNSCC-specific EMT prediction model was developed training a random forest model on samples with a consistent
classification by all expression signatures. An independent validation cohort confirms that patient classification by this novel
HNSCC-EMT model is associated with patient outcome. These data
reveal the clinical importance of EMT in head and neck cancer.
Increased scores in metastasized patients and associations with
CTC markers and unfavorable growth pattern demonstrate an
increased potential of mesenchymal HNSCC to metastasize.
EMT has been linked to poor prognosis in many cancer types
[9–12,18]. Evidence in HNSCC has been however scarce. Here we
show that EMT, determined by multiple signatures and the novel
HNSCC-EMT prediction model, is associated with patient outcome.
The restriction to HPV-negative HNSCC, the use of transcriptomics
and the application of machine learning techniques helped to
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Fig. 5. Multivariable outcome association analysis. Forest plots show the results of
multivariate cox proportional hazard analyses with T-stage, N-stage and the
HNSCC-EMT model classification in the NKI-CRAD and DESIGN cohort as indicated.
Hazard ratios (HR) with 95% confidence intervals are shown for overall survival (OS)
and progression free survival (PFS).

reveal this link. Remarkable is the consistent poor prognosis association, independent of the used signatures and their origin and
despite the discordance in sample classification. To improve EMT

classification in HNSCC, we generated a HNSCC-specific EMT prediction model using random forest. An advantage of random forest
is the computation of class probability values for individual
patients that are therefore cohort-independent. Bound to impartial
data presentation, we combined all three models but observe in
retrospect that the performance of the three models is comparable
and equally satisfactory in the validation cohort (Sup-Fig. S6).
Importantly, we consistently observe that the HNSCC-EMT model
performs well with respect to prognosis associations across the different cohorts. This also holds true when performing multivariate
analyses using other clinical parameters such as TNM (SupTable S4 and S8) and shows the benefit of the generation of
tissue-specific (i.e. HNSCC-EMT) profiles. An improvement also
observed for hypoxia biomarkers [40].
While the role for tumor associated fibroblasts (TAF) in HNSCC
prognosis has been demonstrated in previous studies [39], here we
were not able to reveal strong links to the stroma content. In comparison however, our study was strictly limited to HPV-negative
and did not include oral cancers with a different prognostic genetic
factor profile and treatment [41–44]. It should be also noted that
the restriction to minimal 40% tumor content for RNA-Seq analyses
could have caused some bias against particularly TAF-rich tumors.
In our study these constraints led to the exclusion of about 20% of
the samples but remarkably none of the identified PET-Scan positive patients had to be excluded, further supporting a, TAFindependent, role for mesenchymal tumor characteristics. The
pathology data also indicate that the HNSCC-EMT prediction model
captures features other than related to Vimentin, contributors to
the robust and improved association with prognosis.
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Fig. 6. EMT and stromal contribution assessment by pathology. (A) Representative images of TMA samples stained for vimentin by immunohistochemistry (IHC). Examples of
samples with more than 95% (left), around 50% (middle) and no (right) vimentin positive tumor cells are shown. (B) Representative images of samples with different stroma
contents. An example with no stroma content (left), 50% (middle) and >80% (right) stroma is shown. (C) Correlation of the vimentin-positive cell scoring values by a
pathologists with the vimentin expression data (in RPKM) from RNA-Seq showing that vimentin expression from the tumor cells largely contributes to the total sample
expression values. (D) A boxplot showing the distribution of the pathologist determined stroma content values in EPI and MES classified tumors as determined by the HNSCCEMT prediction model. The lack of an association excludes that stroma content defines MES classification by the model. (E) A boxplot showing the distribution of the
percentage of vimentin-positive tumor cells in EPI and MES classified tumors as determined by the HNSCC-EMT prediction model. Student’s t-test was used to calculate pvalues.

Allowing for organ preservation, chemoradiotherapy has
become standard of care in advanced HNSCC in recent years.
Unfortunately, none of the patients in the TCGA data have been
treated with definitive chemoradiotherapy. In addition, only 25
and 5, HPV-negative oropharyngeal and hypopharyngeal respectively, tumors are currently present in the TCGA data set. Together
this impedes any expression and association outcome studies for
this patient population. Although limited to a total of 174 patients,
our study is one of the largest full transcriptome RNA-sequencing
studies in these HNSCC class. The cohorts are fairly unique in that
the HNSCC patients were relatively uniformly treated with
chemoradiotherapy which facilitates prognostic biomarker development within the context of contemporary treatment modalities.
The two cohorts differ in terms of diagnosis and treatment years,
which caused small variations in patient inclusion. The analysis

of primary HNSCC material from patients with PET-CT confirmed
early metastatic disease however confirmed the strong link to
metastasis in a treatment independent manner. Lacking comparable data in other studies it is difficult to discern treatment resistance from poor prognosis. Our data however support the notion
that mesenchymal HNSCC have a propensity to metastasize early,
also prior treatment. The existence of highly scored patients and
the association with locoregional control in the DESIGN cohort further suggests a prognostic value superior or at least complementary to PET-CT.
In conclusion, this study highlights the role of EMT for cancer
progression and patient prognosis in HNSCC. Within advanced
HPV-negative HNSCC, mesenchymal are pronounced and clinically
relevant. Our data reveal a consistent and important poor prognosis association with several expression based EMT markers in three
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cohorts that motivated the generation of an HNSCC-specific EMT
prediction model which performed well as prognostic biomarker
in the validation cohort.
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