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Abstract 

 

 

Objectives: Achieving complete tumour resection is one of the main goals of surgery for head and 

neck squamous cell carcinoma (HNSCC) tumours. Whether biological characteristics of tumours 

contribute to the surgical resectability and the presence of positive surgical margins (SM) after 

resection of HNSCC is unclear. We aimed to address this issue.  

Materials and Methods: We used data from The Cancer Genome Atlas (TCGA) to relate the SM 

status of 356 HNSCC tumours covering five major primary locations (tongue, larynx, tonsils, floor of 

mouth and buccal mucosa) with data from multiple omics approaches (transcriptomic, genomic and 

proteomic analyses). 

Results: We identified three differentially expressed genes whose expression was significantly 

associated with the presence of positive SM in tongue tumours (n=144). The three genes (CCDC66, 

ZRANB2 and VCPKMT) displayed significantly higher mRNA levels in tongue tumours with positive 

SM compared to tumours with negative SM. The corresponding gene expression signature identified 

tongue tumours with a positive SM with high sensitivity and specificity (85% and 76%, respectively, 

Area Under the Curve (AUC)=0.84). Tongue tumours with this signature were characterised by a high 

grade, elevated proliferation levels and a tumour stroma with fewer fibroblasts and endothelial cells.  

Conclusion: Positive SM were found to be strikingly associated with tumour biology in tongue 

tumours. These findings offer interesting perspectives for biomarker identification and precision 

surgery in these tumours. 

(223 words)  

 

 

Key words: Head and neck squamous cell carcinoma; The Cancer Genome Atlas (TCGA); gene 

expression; Surgical Margins; Tongue tumours.  
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Introduction 

 

 

Head and neck squamous cell carcinomas (HNSCC) are a group of tumours with 

heterogeneous clinical presentation that arise from the mucosal epithelia of the head and neck [1,2]. 

Surgical resection of the primary tumour is often the first line of treatment for HNSCC, and complete 

tumour resection (R0, negative margins) is the major aim of surgery [1-3]. However, the extent of 

resection is usually restrained because of the proximity of vital organs and anatomical structures. The 

surgical procedure is therefore not only guided by oncological, but also anatomical considerations and 

the sequels that will impact the patient’s quality of life [1-3]. Among the parameters that define tumour 

aggressiveness, surgical margins (SM) pose a unique problem. Positive SM are one of the strongest 

determinants of prognosis for HNSCC patients, making the final SM status an essential element in the 

decision of whether to apply adjuvant therapy [3,4]. In addition, compared to angiolymphatic invasion 

(ALI), lymph node extracapsular spread (ECS) or perineural invasion (PNI), SM are intimately related 

to the surgical procedure. Because of this, SM have been the focus of recent investigations, aiming for 

example to define an optimal margin that is considered safe for resection [5-9]. New studies have also 

investigated optimised tools and strategies to rapidly and unambiguously explore the SM status, using 

for example spectral properties for optimal detection of tumour cells [10]. Finally, molecular analyses 

hold considerable promise for a better understanding of SM in HNSCC [11-14] and could ultimately 

lead to the identification of clinically-applicable biomarkers.  

 

In this context, the emergence of omics technologies and the rise of systems biology have 

provided powerful tools for the identification of the molecular events associated with HNSCC [15]. 

Exploring the molecular alterations present in each tumour is made easier thanks to these powerful 

techniques. The increasing availability of the data also facilitates the advancement of studies exploring 

novel strategies for personalised medicine. The Cancer Genome Atlas (TCGA), an integrated effort 

coordinated by the National Cancer Institute (NCI), offers for example free access to clinical and 

biological characteristics for more than 500 HNSCC tumours [16,17]. The accessibility of this large 

collection of surgically-resected HNSCC tumours, combined with extensive characterisation of tumour 
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biology, provides an unprecedented opportunity to study the determinants of the outcome of surgery at 

the molecular level. In the present study, we addressed the possibility that SM might arise as a 

consequence of tumour biology, rather than solely due to anatomical constraints or the surgeon’s 

ability. Using data available from TCGA, we compared genomic, transcriptomic and proteomic data of 

HNSCC tumours with different SM status in different primary locations. Our findings point to the 

existence of a link between SM and tumour biology in tongue tumours.  
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Materials and Methods 

 

 

Patient data and tumour stratification. Basic clinical, pathological and RNA expression data (RNA 

SeqV2 data normalised using RNA-Seq by Expectation Maximization: RSEM) were retrieved for 528 

HNSCC patients using cBioportal at: http://cbioportal.org [18,19] in December 2018. Information 

regarding the SM status was available for 469 patients. « Negative » SM status indicates that the 

tumour is more than 2mm from specimen surface, « Close » SM: tumour is less than or equal to 2mm 

from specimen surface, « Positive » SM: tumour on specimen surface. For this study, we defined 

tumours with positive SM as those noted as “positive” or “close”. Importantly, SM status reflects the 

status of the main resection sample, and not the additional resections eventually performed after 

extemporaneous pathological examination. Tumours were stratified according to the primary tumour 

location, keeping only those anatomical locations with data for more than 20 patients (i.e. floor of 

mouth, larynx, tonsil, buccal mucosa and tongue) (Table 1).  

 

Identification of Differentially Expressed Genes (DEG) associated with SM. A non-parametric 

unpaired Wilcoxon-Mann-Whitney test was used to compare the groups with positive / negative SM for 

each anatomical location. For each gene, the p value was adjusted using the False Discovery Rate 

(FDR) Benjamini-Hochberg procedure to control for Type I error. Genes with a p<0.05 FDR were 

retained for further analysis. Gene methylation, copy number and proteomic Reverse Phase Protein 

Array (RPPA) data were retrieved from cBioportal in December 2018. Aneuploidy scores and data 

regarding mutational burden were obtained for all HNSCC tumours from the study by Taylor et al. [20].  

 

Analysis of tumour grade, proliferation and pathological examination. Tumour grade was 

classified from G1 to G4 (G1 corresponding to well-differentiatied tumours, and G4 to undifferentiated 

tumours). The assessment of tumour proliferation was based on the study by Wolf et al. [21], which 

used gene expression data to identify a proliferation module consisting of 120 genes, co-regulated 

across multiple datasets and closely correlated to cancer cell proliferation [21]. For pathological 

examination of tumour samples, digitised whole-slide images of HNSCC frozen sections, taken from 
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regions adjacent to the tissue used for molecular analysis and scanned at 20X resolution, were 

retrieved from Cbioportal and analysed by a local pathologist (L.G.).  

 

 

Tumour microenvironment analysis. The STROMAL and IMMUNE scores were used to evaluate 

tumour purity, i.e. the infiltration levels of stromal and immune cells based on gene expression data 

(http://bioinformatics.mdanderson.org/estimate/) [22]. The Microenvironment Cell Population-counter 

(MCP counter) method was also used to quantify the absolute abundance of immune and stromal cell 

populations [23]. The MCP counter analyses the presence of gene signatures specific for 8 types of 

immune cells, fibroblasts and endothelial cells [23].  

 

Statistics: Comparisons of two groups of numeric data were done using the unpaired Wilcoxon-Mann-

Whitney test. Chi-squared test was used for comparisons of categorical data. p<0.05 after FDR was 

the threshold of significance. All analyses were done with R version 3.4.2 (https://www.r-project.org).  
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Results 

 

 

In order to relate SM with tumour biology, we used data for 469 HNSCC tumours from TCGA 

for which the SM status was available. Because the location of any primary tumour is a key 

determinant of the surgical procedure used, we organised all tumours according to five major 

locations for which data on the SM status were available for more than 20 tumours (Table 1). The 

tumour locations retained were: tongue (n=144, 18.7% SM+), tonsil (n=30, 43.3% SM+), floor of mouth 

(n=61, 24.6% SM+), larynx (n=98, 13.3% SM+) and buccal mucosa (n=23, 43.5% SM+). The 

Wilcoxon-Mann-Whitney statistical test with FDR correction was applied in order to identify all DEG 

linked to the SM status. Using this strategy, we did not find any DEG associated with the SM status in 

tumours of the tonsils, floor of mouth, larynx or buccal mucosa. On the other hand, for tongue 

tumours, we have identified three genes with significantly different mRNA expression levels according 

to the SM status (CCDC66, p=0.017 FDR ; ZRANB2, p=0.048 FDR and VCPKMT, p=0.048 FDR) (Fig. 

1A,B). Other aspects of tumour biology were explored in parallel, using the various Omics data 

available. An analysis centered on the frequency of mutations and copy number variations (CNV) of 

the genes reported to be key drivers in HNSCC progression [24] showed no statistically significant 

association between SM and specific genomic alterations in tongue tumours (Suppl. Table 1). 

Similarly, we found no differences in total DNA methylation, mutational burden or aneuploidy between 

tongue tumours depending on their SM status (Suppl. Fig. 1). The three differentially expressed 

genes, CCDC66, ZRANB2 and VCPKMT are located on distinct chromosomes (3p14, 1p31 and 

14q21, respectively), with infrequent mutations or CNV in HNSCC tumours (frequency <3%, data not 

shown). Further analyses showed no correlation between the expression levels of CCDC66, ZRANB2 

and VCPKMT mRNA levels and DNA methylation at specific loci, global mutational burden or 

aneuploidy (data not shown).  

 

In order to examine the association between the three genes CCDC66, ZRANB2 and 

VCPKMT and the SM status, we calculated a SM signature score by averaging the z scores for the 

three genes for each individual tongue tumour (Fig 1C). A ROC analysis was used to investigate the 

potential ability of this score to predict positive SM, giving an AUC of 0.84 [0.76-0.93, 95% CI, 
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p<0.0001] (Fig. 1D). At the optimal cutoff point of 0.085, the SM signature score stratified patients with 

tongue tumours into two groups: 50 patients with a positive SM signature (high SM score) (35.5%) and 

91 patients with a negative SM signature (low SM score) (64.5%). With this optimal set up, the SM 

signature identified the SM+ tumours with a surprisingly high specificity (76%) and sensitivity (85%). 

We further examined the SM signature according to the TCGA annotation of « positive » or « close » 

SM. No statistical difference in the SM signature score was found between the subgroups « positive » 

and « close » (Suppl Fig. 2). The performance of the SM signature for margins classified as  « close » 

was AUC = 0.82 [0.72-0.93, 95% CI, p<0.0001]. Overall, these findings highlight a strong and specific 

association between the expression of the three DEGs and the SM status in tongue tumours.  

 

We pursued our investigation by exploring the pathological significance of the SM signature in 

tongue tumours. We found no significant correlation between the SM signature score and Tumour (T) 

or Node (N) status (Fig. 2A). The SM signature score was not associated with the presence of 

Angiolymphatic Invasion (ALI), Lymph node Extracapsular Spread (ECS) or Perineural Invasion (PNI) 

(Suppl. Fig. 3). The three genes were not part of the transcriptional signatures reported for ALI, ECS 

or PNI in HNSCC tumours from TCGA [25]. We found no significant difference in tumour weight or 

longest dimension between tongue tumours with a high value of the SM score (high SM score) vs the 

rest (low SM score) (Suppl. Fig. 4). Conversely, tumours with high histological grade had a 

significantly higher SM signature score compared to low grade tumours (p<0.01, Wilcoxon-Mann-

Whitney test) (Fig. 2A). When tongue tumours were sorted according to their SM signature (using the 

previously defined optimal cut-off), we also noticed a significant positive association between the SM 

signature and tumour proliferation, determined according to Wolf et al. [21] (Fig. 2B). Considering the 

potential importance of the tumour microenvironment in the aggressiveness of tongue tumours, we 

examined the possibility that the SM signature might be linked to the tumour content of stromal and 

immune cells (Fig. 2C). To address this possibility, we used the STROMAL and IMMUNE scores, 

reported by Yoshihara et al. [22]. This analysis revealed that tumours with high vs low SM signature 

score did not differ in terms of inflammatory / immune cell infiltration (Fig. 2C). However, tumours with 

high SM signature score had a significantly lower Stromal Score (median=-178 for low SM score vs -

526 for high SM score, p=0.006) (Fig. 2C).These findings were confirmed with a separate algorithm, 

the MCP counter, which showed that tongue tumours with a high SM signature score had lower levels 
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of fibroblasts and endothelial cells. (Suppl. Fig. 5). Overall, this analysis suggested that a high SM 

signature score identifies tongue tumours with higher grade, higher proliferation levels and lower 

stromal cell content. These findings were supported by the histological examination of the pathological 

sections of tongue tumours with a high SM signature score (Fig. 2D).  
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Discussion 

 

 

The primary aim of the present study was to examine whether tumour biology might in some 

cases contribute to positive SM and failure to perform a successful HNSCC resection. Because of the 

different clinical situations generated by the complex anatomy of the head and neck [1-3], we stratified 

patients according to the primary tumour location for further data analysis. Only with tongue tumours 

did we observe a significant association between SM and tumour biology, with the expression of three 

genes (CCDC66, ZRANB2 and VCPKMT) linked to the SM status. Taking these three genes into 

consideration, a gene expression signature was constructed, and found to be closely associated with 

SM in tongue tumours (sensitivity: 85%, specificity: 76%). Our findings are important because the 

tongue is the most frequent primary location for HNSCC tumours [1-3]. Tongue tumours are often 

treated by surgery with the main goal of achieving a complete tumour resection, but little is known 

regarding the biological parameters that dictate the behaviour and response to treatment of this 

subtype of tumours [26,27]. Interestingly, our findings suggest that surgical resectability might be 

linked to biological tumour characteristics in a large fraction of tongue tumours.  

 

 

Why we found a link between tumour biology and SM in the tongue and not in tumours from 

other primary locations is still speculative at this stage. The homogeneous nature of the tongue tissue, 

consisting essentially of muscle cells, and the lack of anatomical constraints might account for the 

apparent contribution of tumour biology to SM in tongue tumours. This does not necessarily exclude 

the contribution of tumour biology to surgical resectability in other primary tumour locations. For 

example, HNSCC tumours of the larynx are highly heterogeneous in their biological and clinical 

presentation [28]. A further level of complexity comes from the different surgical procedures that can 

be used, ranging from total to partial laryngectomy, as well as the use of laser or transoral robotic 

surgery [29]. This heterogeneity constitutes an obstacle to studies aiming to relate tumour biology to 

surgical resectability. The number of patients in TCGA is likely too small to address the contribution of 

tumour biology for specific tumour sublocations, such as for example glottic tumours.   
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To the best of our knowledge, the present study is the first to suggest that tumour biology is 

linked to surgical resectability for a subtype of HNSCC. Our study nevertheless suffers from some 

limitations, such as the lack of an independent validation cohort. Another important point is the fact 

that the SM status was defined on the initial tumour sample. The SM status that we analysed in the 

present study more closely reflects tumour resectability than the final outcome of surgery, considering 

that additional resections were performed in almost half of the patients with positive SM in tongue 

tumours in our study (data not shown). How tumour biology could contribute to positive SM remains 

unclear at this stage. None of the three genes that we identified here is an established oncogene or a 

gene reported to play a role in HNSCC aggressiveness [15,24]. Little has been reported about 

ZRANB2 and VCPKMT in cancer. However, a couple of recent studies have addressed the 

contribution of CCDC66 to tumour growth and the acquisition of locally invasive properties in lung and 

colon tumours [30,31]. These properties were linked to the induction of an Epithelial-Mesenchymal 

Transition (EMT) in cancer cells, an evolutionarily conserved process that converts an epithelial cell 

into a mobile, presumably more aggressive mesenchymal state [31]. Irrespective of their cellular 

function, the expression of the three genes appeared to be related to some important biological 

characteristics of these tumours : i) a higher grade, i.e. the presence of less differentiated cancer 

cells ; ii) higher proliferation levels ; iii) a tumour stroma with fewer fibroblasts and endothelial cells. 

Considering these elements, we propose that the SM score might identify aggressive tongue tumours, 

with an invasive growth pattern [32,33]. Another possibility, not mutually exclusive to the previous one, 

is that the biological properties reported here might interfere with the diagnosis and staging of tongue 

tumours. For example, a less-dense stroma might reduce the chances of detecting tumours by 

palpation or compromise tumour detection by magnetic resonance imaging [34,35]. Taken together, 

our study provides a proof of principle that tumour biology may be an important determinant of tumour 

resectability for HNSCC. An important goal of future studies should be to extend the conclusions of the 

present study in a separate cohort, ideally providing more detail regarding clinical parameters and 

tumour imaging.  

 

 



11 

 

 

 

Provided that the conclusions of our study can be independently validated, we propose that 

molecular analysis of tongue tumours could help to predict the resectability, and perhaps even the 

success of surgical resection, as has been suggested for example for colorectal and ovarian tumours 

[36-38]. The concept of precision surgery, i.e. the possibility of choosing a surgical approach based on 

molecular analysis of the tumour is promising for HNSCC, especially considering the recent progress 

made in functional genomics for this tumour type [39]. RNA sequencing of tumour material, obtained 

either through tumour biopsy or body fluids (blood or saliva), may be helpful in the prospective 

assessement of tumour resectability [40]. Interestingly, the remarkable property of CCDC66, which 

was reported to form circular RNA with high stability as a consequence of its splicing [30], might be an 

advantage for the clinical transposition of this type of analysis. Whether this analysis will in the end 

help physicians to improve clinical staging, risk assessment and decision making in surgery of tongue 

tumours is an interesting possibility that deserves further investigation.  
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Figure legends 

 

 

Figure 1: Identification of Differentially expressed genes (DEG) associated with the surgical 

margin (SM) status in surgically-resected HNSCC tumours from TCGA.  

A. A Wilcoxon-Mann-Whitney test was carried out to identify the genes that are differentially 

expressed in tumours with positive vs negative SM in five primary locations. Note that the analysis 

was performed after tumour stratification according to primary tumour location, retaining only those 

locations for which data were available for more than 20 tumours (Tongue n=144; Tonsils n=30, Floor 

of mouth n=61; Larynx n=98; Buccal mucosa n=23). The illustration indicates the number of DEG with 

p<0.05 (FDR corrected) in tumours +/- SM. For tongue tumours, three genes were identified with 

different mRNA levels according to SM (CCDC66, ZRANB2 and VCPKMT). B. Violin plots showing the 

mRNA expression (RSEM) of CCDC66, ZRANB2 and VCPKMT, the three genes significantly 

associated with positive SM in tongue tumours with positive or negative SM. ***p<0.001. C. Heatmap 

showing the expression of the three genes, CCDC66, ZRANB2 and VCPKMT (high expression=red, 

low expression=blue) and their co-occurrence with positive SM (black) and negative SM (green). D. 

ROC analysis for the prediction of positive SM, using the SM signature score i.e. the average z score 

for the three genes CCDC66, ZRANB2 and VCPKMT. AUC (Area under the curve) = 0.84 [0.76-0.93, 

95% CI] p<0.0001.   

 

Figure 2: Pathological tumour characteristics associated with the SM signature. 

A. Boxplots showing the SM signature score in tongue tumours according to tumour size (T), lymph 

node involvement (N) and grade (G). B. Tumour proliferation was estimated using gene expression 

analysis centered on the tumour proliferation module (n=120 genes) in tumours stratified according to 

the SM signature score (high SM score: n=50, low SM score: n=91). C. Stromal and immune cell 
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tumour content was assessed using the corresponding algorithms in tumours stratified according to 

the SM signature score (high SM score: n=50, low SM score: n=91). **p<0.01, ***p<0.001. D. A 

representative histological slide from a tongue tumour with a high SM score. Note the poor 

differentiation of the HNSCC cells, assembled into trabeculae of immature cells with minimal 

keratinisation (arrow heads).  

  







Table 1: Clinical characteristics of HNSCC patients, stratified according to primary tumor location and surgical margin (SM) 

status 
 

 

Tongue (n=144)   Larynx (n=98)  Tonsils (n=30)  Floor of mouth (n=61)  Buccal Mucosa (n=23) 

     ______________     _______________     _______________  __________________  ___________________ 

     SM- SM+   SM- SM+   SM- SM+   SM- SM+   SM- SM+  

     (n=117) (n=27)   (n=85) (n=13)   (n=17) (n=13)   (n=46) (n=15)   (n=13) (n=10) 

 

  

Patients    Male  79 (68%) 16 (59%)  72 (85%) 11 (85%)  13 (76%) 10 (77%)  32 (70%) 14 (93%)  8 (62%) 8 (80%) 

Female   38 (32%) 11 (41%)  13 (15%) 2 (15%)  4 (24%) 3 (23%)  14 (30%) 1 (7%)  5 (38%) 2 (20%) 

  

Age (median years)     59    63  61 62  51 57  60 56  66 70  

 

 

HPV status *   Negative   21 (18%) 2 (7%)  13 (15%) 2 (15%)  1 (6%) 0 (0%)  5 (11%) 3 (20%)  4 (31%) 2 (20%) 

Positive   3 (3%) 4 (15%)   1 (1%) 1 (8%)  9 (53%) 5 (38%)  0 (0%) 1 (7%)  0 (0%) 0 (0%) 

N/A   93 (80%) 21 (78%)  71 (84%) 10 (77%)  7 (41%) 8 (62%)  41 (89%) 11 (73%)  9 (69%) 8 (80%) 

 

 

T Stage    T1  19 (16%) 6 (22%)  5 (6%) 1 (8%)  5 (29%) 1 (8%)  3 (7%) 0 (0%)  0 (0%) 0 (0%)  

   T2  41 (35%) 9 (33%)  13 (15%) 0 (0%)  11 (65%) 8 (62%)  11 (24%) 4 (27%)  7 (54%) 1 (10%) 

   T3  34 (29%) 8 (30%)  20 (24%) 3 (23%)  0 (0%) 2 (15%)  10 (22%) 2 (13%)  1 (8%) 6 (60%) 

   T4  16 (14%) 4 (15%)  44 (52%) 9 (69%)  0 (0%) 1 (8%)  19 (41%) 9 (60%)  4 (31%) 3 (30%) 

N/A  7 (6%) 0 (0%)  3 (4%) 0 (0%)  1 (6%) 1 (8%)  3 (7%) 0 (0%)  1 (8%) 0 (0%) 

 

 

Angiolymphatic Invasion Yes   21 (18%) 10 (37%)   26 (31%) 7 (54%)  4 (24%) 4 (31%)  7 (15%) 10 (67%)  6 (46%) 3 (30%) 

   No   69 (59%)  9 (33%)   39 (46%) 2 (15%)  5 (29%) 3 (23%)  31 (67%) 5 (33%)  6 (46%) 5 (50%)  

N/A   27 (23%)  8 (30%)   20 (24%) 4 (31%)  8 (47%) 6 (46%)  8 (17%) 0 (0%)  1 (8%) 2 (20%) 

 

 

Extracapsular spread  Gross   4 (3%) 6 (22%)  3 (4%) 3 (23%)  1 (6%) 3 (23%)  3 (7%) 3 (20%)  0 (0%) 2 (20%) 

   Micro   20 (17%) 2 (7%)   15 (18%) 4 (31%)  1 (6%) 4 (31%)  7 (15%) 4 (27%)  3 (23%) 1 (10%) 

  None   73 (62%) 12 (44%)   47 (55%) 3 (23%)  6 (35%) 3 (23%)  27 (59%) 5 (33%)  7 (54%) 7 (70%) 

N/A   20 (17%) 7 (26%)   20 (24%) 3 (23%)  9 (53%) 3 (23%)  9 (20%) 3 (20%)  3 (23%) 0 (0%) 

 

      

Perineural Invasion  Yes   48 (41%)  14 (52%)   17 (20%) 6 (46%)  0 (0%) 2 (15%)  18 (39%) 7 (47%)  6 (46%) 7 (70%) 

   No   42 (36%)  7 (26%)   44 (52%) 3 (23%)  10 (59%) 8 (62%)  20 (43%) 8 (53%)  6 (46%) 3 (30%) 

N/A   27 (23%)  6 (22%)   24 (28%) 4 (31%)  7 (41%) 3 (23%)  8 (17%) 0 (0%)  1 (8%) 0 (0%) 

  

 

 

 

* Positive HPV status based on p16 or ISH; N/A: data not available. Data show are n (%).  




