
HISTOLOGIC PATTERN OF INVASION AND EPITHELIAL-
MESENCHYMAL PHENOTYPE PREDICT PROGNOSIS IN 
SQUAMOUS CARCINOMA OF THE HEAD AND NECK.

Gregory T Wolf1, William Winter1, Emily Bellile3, Ariane Nguyen1, CR Donnelly4, Jonathan 
B. McHugh2, Dafydd Thomas2, Lahin Amlani1, Laura Rozek5, Yu L Lei4, and Head and Neck 
SPORE Program
1Departments of Otolaryngology-Head and Neck Surgery, University of Michigan, Ann Arbor, MI 
48176.

2Departments of Pathology, University of Michigan, Ann Arbor, MI 48176.

3Departments of Biostatistics, University of Michigan, Ann Arbor, MI 48176.

4Departments of Periodontics and Oral Medicine, University of Michigan, Ann Arbor, MI 48176.

5Departments of Environmental Health Sciences, University of Michigan, Ann Arbor, MI 48176.

Abstract

Introduction: Disruption of E-cadherin function and increased expression of vimentin and the 

transcriptional oncogene, SOX2, are thought to characterize epithelial to mesenchymal transition 

(EMT) in HNSCC that contributes to invasive and metastatic behavior. To determine if such 

changes relate to prognosis or host immune response, expression of these markers and correlations 

with clinical characteristics, histologic worst pattern of invasion (WPOI) and tumor infiltrating 

lymphocytes (TIL) and survival were assessed.

Methods: Immunohistologic expression of markers was determined in tissue microarrays from 

274 previously untreated HNSCC patients. Expression was correlated with levels of TILs in 

microcores and WPOI in biopsy specimens. Correlations were assessed by Kruskal-Wallis testing 

and Spearman correlation coefficients where appropriate. Overall and relapse-free survival were 

analyzed with Cox proportional hazards models. Median follow up was 60.0 months.
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Results: Loss of E-cadherin expression was significantly associated with low or absent SOX2 

expression (R=0.433, p<0.0001). SOX2 expression and low grade WPOI were significantly 

associated with favorable overall (OS) and relapse free (RFS) survival in multivariable analysis. E-

cadherin expression did not correlate with TILs, however WPOI score correlated indirectly with 

CD4, CD8, and FoxP3 levels. When grouped by primary treatment, lower grades (1,2) of WPOI 

predicted improved RFS and OS in patients treated with primary surgery but not for patients 

treated with chemoradiation.

Conclusion: The findings suggest that SOX2 expression and WPOI are significant prognostic 

factors and that WPOI correlates with decreased T cell infiltration. The combination of markers 

and TILs might be useful in selecting patients for primary surgery.
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Introduction:

Of the various phenotypic changes that characterize carcinogenesis in head and neck 

squamous carcinoma (HNSCC), the transition from an epithelial to a mesenchymal 

phenotype (EMT) is a hallmark in the ability of individual cancer cells to migrate, invade 

and metastasize [1–5]. This transition is thought to be associated with cellular plasticity and 

loss of the epithelial adhesion marker, E-cadherin, and gain in expression of mesenchymal 

markers such as N-cadherin and vimentin [5,6–8]. These changes have been termed 

“cadherin switching” and have been associated with poor prognosis [4,7, 9–12]. EMT is also 

a characteristic of cancer initiating stem cells that may be responsible for tumor recurrence 

and treatment resistance [13,14]. The identification of cancer stem cells in HNSCC [15] that 

are associated with epithelial to mesenchymal transition and tumor invasiveness, metastasis 

and resistance to therapy prompted us to hypothesize that the degree of EMT in a tumor 

could reflect the growth characteristics manifest by histologic patterns of invasion and the 

microenvironment immune response and perhaps overall prognosis and response to therapy 

[16].

E-cadherin is an adhesion protein that plays a pivotal role in epithelial cell behavior in many 

cancers including HNSCC [11, 17–19]. The loss of E-cadherin expression occurring with 

EMT is thought to be primarily due to methylation of its promoter or upregulation of 

SNAIL, SLUG or ZEB1 genes that are markers of “stemness”. Similarly, stability of the 

stem cell population is thought to be regulated in part by the important regulatory oncogene, 

SOX2 [3, 20–22]. SOX2, is a transcription factor located on chromosome 3p26 and thought 

to be an oncogene in HNSCC that functions at various levels of tumor growth involving 

proliferation, cell survival and stem cell maintenance [20, 21, 23, 24]. Reports of 

correlations of SOX2 expression with clinical outcome have been conflicting with some 

suggesting high expression as favorable [21, 23,24] and others suggesting the opposite [22, 

25, 26]. Gene expression is believed to induce cell motility via increased vimentin and to 

play a role in regulation of other transcription factors critical in cell proliferation, wound 

healing and cancer [20]. Knock down of SOX2 dramatically reduces tumor formation in 

HNSCC tumor models [27]. Silencing of SOX2 leads to upregulation of several genes 
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including VIM (vimentin), CDH2 (N-cadherin), FN1, NLRP3, IL1R and functional 

pathways involved in programmed cell death, immune activation and cell motility suggesting 

that SOX2 could potentiate an immunosuppressive tumor microenvironment [21]. Indeed, 

we found that SOX2 promotes HNSCC development by suppressing host 

immunosurveillance [25].

Although EMT is a characteristic of increased motility and invasiveness, it remains unclear 

if EMT and tumor “stemness” are associated with the host immune response or 

immunosuppression in the tumor microenvironment [4,28,29]. The relationship of markers 

of EMT and potentially important prognostic factors such as pattern of invasion [30–33] and 

tumor infiltrating lymphocytes [34–38] remains largely unknown. We hypothesized that 

markers of EMT could be associated with levels of TILs and with aggressive patterns of 

invasion and could be predictive factors for therapy. To determine the potential prognostic 

importance of such tumor phenotypic changes and interactions with tumor immune response 

and clinical outcomes, immunohistologic staining densities for E-cadherin, vimentin, and the 

expression of SOX2, were assessed in biopsy specimens from a large cohort of patients with 

previously untreated HNSCC. Correlations with clinical tumor characteristics, histologic 

worst pattern of invasion (WPOI) and levels of TILs and patient survival were determined.

Methods:

Patient Population:

From November 2008 through June 2012, a total of 291 of subjects were enrolled in this 

longitudinal epidemiology study and signed a written, Human Subjects Institutional Review 

Board approved informed consent and had paraffin-embedded tissue biopsy blocks available 

with sufficient tissue to create a tissue microarray. Some subjects were excluded because of 

uncommon tumor sites (unknown primary, nasopharynx, salivary gland, paranasal sinus). 

The final count of cohort subjects was 280 patients. The cohort included 72% males and 

28% females with median age 59 years. All patients were evaluated and discussed at our 

tumor board where standardized treatment recommendations were made. A total of 164 

patients underwent definitive surgery, 82 underwent primary chemoradiation and 14 received 

radiation alone (Table 1). Twenty patients received palliative treatment, chemotherapy alone, 

or no treatment. Detailed epidemiologic and clinical data were collected at enrollment and 

annually until death or when patients were lost to follow-up. Median patient follow-up was 

60.0 months.

Tissue Microarray:

Tissue microarrays from the 280 patients consisted of 42 Stage 1, 35 Stage 2, 43 Stage 3, 

and 160 Stage 4 patients representing larynx (18%), oral cavity (50%), oropharynx (30%), or 

hypopharynx (3%). HPV testing [39,40] was available for 257 patients of which 168 were 

negative and 89 were positive. A total of 62 patients were never smokers, 132 were current 

smokers and 86 were former (quit>12 months) smokers. Representative hematoxylin and 

eosin stained slides from each block were reviewed by an expert head and neck pathologist 

(JBM) and a central area of non-necrotic tumor was marked for tissue microarray sampling. 

For tissue array construction, blocks were transferred to a central lab (DT) for creation of the 
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tissue array and map where triplicate 0.7mm diameter cores for each sample were selectively 

punched/extracted from the most representative, non-necrotic tumor areas marked on the 

blocks, and transferred to a recipient tissue array block [41]. Worst pattern of invasion 

grading (Scale 1–5) was performed and recorded from the H and E slides according to 

published guidelines, [31–33] and summarized as Type 1=pushing border; Type 2=finger-

like growth; Type 3=large separate islands, more than 15 cells per island; Type 4=small 

tumor islands, 15 cells or fewer which were discontiguous, and Type 5=tumor satellites, 

more than 1 mm from main tumor or next closest satellite in a dispersed, discontiguous 

growth pattern. There were only 3 patients with pattern 5 invasion and therefore patterns of 

invasion Type 4 and 5 were combined for analysis to be similar to the four-tiered system 

originally proposed for pattern of invasion by Anneroth et al. and modified by Bryne, et al 

[42,43]. Although the prognostic significance of invasion grading was established in early 

stage oral cancers, here we applied this methodology to a variety of tumor sites and stages 

which is a novel application.

Immunohistochemistry:

The TMA slides were incubated in hot-air oven at 65°C overnight, deparaffinized, 

rehydrated with xylene, graded alcohols, and buffer immersion steps. Antigen retrieval was 

carried out by HIER (heat-induced epitope retrieval) method. Slides were incubated in a 

preheated pressure cooker with Citrate buffer pH6 or Tris-EDTA buffer pH9 and blocked 

with horse serum (30 minutes at 25oC) followed by liquid strepavidin biotin (Dako Biotin 

detection kit) detection using antibodies specific for E-cadherin (Zymed #13–1700, clone 

HECD-1 at concentration 1:200) or vimentin (Dako MO725, clone V9 at concentration 

1:500). Immunohistochemical staining was completed on the DAKO autostainer (DAKO, 

Carpinteria, CA) using LSAB+ and DBA (DAKO labeled avidin-biotin-peroxidase kits) as 

the chromogens. Appropriate negative (without primary antibodies) and positive (tonsillar 

tissue and various carcinomas) controls were stained concurrently on the same slides. HPV 

status was determined by an ultrasensitive method using real-time competitive polymerase 

chain reaction and matrix-assisted laser desorption/ionization time of flight mass 

spectroscopy with separation of products on a matrix loaded silicon chip array, as described 

previously [36]. The stained TMA slides were digitally imaged, scanned (200x 

magnification), and retrieved with Aperio ImageScope version 12 software and assessed by 

a technician naive to patient outcome. CD104 staining (beta-4 integrin) for each core was 

examined to locate and confirm the extent and location of the carcinoma within the tissue 

cores.

E-cadherin expression was scored semiquantitatively by intensity grading from 0 to 3+ 

according to 0= no staining, 1= weak patchy cytoplasmic staining with little membrane 

staining, 2= strong membrane staining with outlining of tumor nodules, and 3= intense 

uniform staining. Vimentin positive cells present in tumor parenchyma only were manually 

counted and averaged for 3 tissue micro-cores per patient. If the core was not completely 

present or did not consist entirely of tumor, the percentage of tumor was calculated and the 

vimentin positive cell counts were normalized to the number of cells that would be present if 

100% of the core was tumor. Expression was correlated with prior data available on levels of 

TILs (CD4, CD8, FoxP3, CD68 cells) in each core that were previously shown to correlate 
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with patient survival using counting methods described by Nguyen et al [36]. Based on 

extensive prior experience [35–37] only TILs infiltrating in tumor parenchyma were 

quantified and included in analysis.

SOX2 Expression:

Five micron sections were stained with anti-SOX2 antibody (Cell Signaling Technologies 

#23064) at a dilution of 1:300. Biotinylated goat anti-rabbit antibody (diluted 1:100), was 

applied and incubated for 30 minutes. Slides were incubated with Avidin-Biotinylated HRP 

Complex (ABC reagent) for 30 minutes, followed by a 5-minute incubation with the HRP 

substrate, DAB (3,3’-diamnobenzidine) from the Vectastain ABC HPR kit (Cat. PK-4001, 

Vector Laboratories, Burlingame, CA). SOX2 staining densities within cancer cores were 

quantified using Aperio ImageScope by an experimenter naïve to clinical information. The 

immunohistochemical score of a given specimen was averaged from all optimally stained 

cores. Cores with inadequate representation of tumor tissue were omitted from further 

analysis. H-Scores were determined using the nuclear quantification algorithm according to 

the following formula: H score = [(3×strong%)+(2×moderate%)+(weak%)]. Continuous 

variable scoring was used to evaluate correlations with other markers but we also looked at 

the dichotomous versions for SOX2, but not e-cadherin or vimentin. Low expression of 

SOX2 was defined as scores of 0 or 1. SOX2 expression scores were available on 195 

patients.

Statistical Analysis:

Correlations with clinical characteristics were tested with the Kruskal-Wallis test and 

correlations among markers were assessed with Spearman correlation coefficients. Overall 

and relapse-free survival from date of diagnosis were analyzed with the Kaplan-Meier 

method, log-rank test and multivariable Cox proportional hazards models. Multivariable 

models included marker(s) plus a set of variables known to be associated with outcome (age, 

tumor stage, tumor site, comorbidity, HPV status and smoking status). Because of potential 

confounding of the analysis by HPV status and tumor site, interaction models were also 

considered for specific markers by HPV status interaction.

Results:

EMT Markers and Survival in HNSCC:

Loss of E-cadherin expression was significantly associated with low or absent expression of 

SOX2 (R=0.43, p<0.01). Increased vimentin expression was inversely associated with loss 

of E-cadherin (R=−0.22; p<0.01), but was not significantly associated with survival 

outcomes (correlation of markers is shown in Supplementary Table 1). A total of 82% 

(152/185) of patient tumors showed SOX2 expression. The percentage of patients showing 

SOX2 expression score >1 was 65% (120/185). Interestingly, SOX2 expression (expression 

score >1) was significantly associated with favorable OS and RFS in univariable analysis 

and in multivariable analysis even after controlling for age, tumor stage, tumor site, 

comorbidity, HPV status and smoking status. (Figure 1 and Table 2, HR for RFS=0.40; 95% 

C.I.= 0.21, 0.76; p=0.005). Further, when the known prognostic variable of CD4 T cell 

infiltration was also accounted for, SOX2 expression remained a significant prognostic 
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factor in multivariable analysis for RFS (HR 0.40; 95% C.I. = 0.21, 0.76; p=0.005) and a 

trend for OS (HR 0.59; 95% C.I.=0.32, 1.06; p=0.07). Because of the importance of HPV 

status and prognosis and the association of tumor site with HPV status, we tested for 

interaction between markers and HPV status in all of our multivariable analysis to determine 

if HPV status was an effect modifier. We found no significant interactions (data not shown) 

and left the interaction terms out of the reported models because the term was essentially 

null.

EMT Markers, Histologic Pattern of Invasion (WPOI) and Tumor Infiltrating Lymphocytes:

Vimentin expression was the only EMT marker that directly correlated with TIL tumor 

infiltration by CD4, CD8, and FoxP3 positive cells (p<0.01, for all; rho: 0.33 to 0.43; 

Supplementary Table 1). E-cadherin expression and SOX2 scores did not correlate with 

levels of any of the TILs. TIL infiltration by CD4, CD8, and FoxP3 positive cells correlated 

indirectly with worst pattern of invasion score (p=0.02, p<0.01, and p<0.01, respectively; 

rho: −0.15 to −0.24). Tumors with higher grades of invasion had lower levels of T cell 

infiltrates. Consistent with this finding, WPOI was also found to be a significant prognostic 

factor for overall and RFS survival (Logrank p=0.0025 and p=0.0157, respectively, Figure 2) 

and in univariable Cox regression analysis, (Supplementary Table 2). In multivariable 

analysis (Supplementary Table 3) including all biomarkers and adjusting for age, tumor 

stage, tumor site, HPV status, comorbidity and smoking, WPOI remained a significant 

predictor of OS (Grade 4 vs. 1: HR =3.3; 95% CI 1.1, 9.9, p=0.04). SOX2 expression was 

not directly related to WPOI even though both variables predicted survival outcomes. When 

considered together, SOX2 score remained significant for OS and RFS while WPOI lost 

prognostic significance in multivariable analysis (SOX2 OS: HR=0.48; 95% CI 0.26, 0.89, 

p=0.02; RFS: HR=0.40; 95% C.I.= 0.21, 0.76, p=0.005 Table 2 and Supplementary Table 3).

EMT Markers and Response to Treatment:

When patients were grouped by primary treatment modality (surgery or radiation/

chemoradiation) and analyzed for survival by WPOI grade, significant differences in 

predicting outcome were found. The distribution of treatment assignment (Table 1) is shown 

according to clinical characteristics and biomarkers in Supplementary Table 4. Lower 

patterns of invasion (grade 1,2) were predictive of improved recurrence free and overall 

survival in patients treated with primary surgery compared to patients with more aggressive 

WPOI (grade 3,4) (Figure 3). This contrasted with patients treated with radiation or 

chemoradiation, where WPOI was not significantly associated with predicted outcomes. 

This lack of predictive difference appeared due in part to better than expected outcomes 

among patients with aggressive patterns of infiltration (grades 3,4) and worse outcomes for 

patients with the least invasive patterns (grades 1,2). We performed a similar analysis of 

treatment outcomes by primary therapy for SOX2 expression and also found that SOX2 

expression tended to predict favorable OS (p=0.04) and RFS (p=0.006) for patients treated 

with surgery. However, we had only one patient with SOX expression score <1 who was 

treated with chemoradiation and could not evaluate whether SOX2 expression would be 

prognostic in this group.

Wolf et al. Page 6

Oral Oncol. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Correlations of EMT Markers with Clinical Characteristics:

E-cadherin and vimentin scores varied by disease site and HPV status. E-cadherin 

expression was significantly lower in patients with oral cavity and hypopharyngeal cancers 

(p<0.0001) compared to larynx or oropharynx while vimentin scores were higher in patients 

with oropharyngeal cancers (p=0.0007). Both E-cadherin expression (p=0.0006) and 

vimentin scores (p=0.002) were higher in patients with HPV+ cancers. SOX2 scores were 

also significantly higher in patients with HPV+ cancers (p =0.0001). Vimentin scores were 

lower in patients with advanced T stage (p=0.009), higher in patients with advanced N stage 

(p=0.07) and in never smoking patients (p=0.01). E-cadherin expression was higher among 

Stage 4 patients (p=0.02) and did not differ by smoking status. Vimentin scores correlated 

directly and significantly with levels of CD4, CD8, FoxP3 and CD68 TIL levels in tumor 

and stroma (Supplementary Table 1). These correlations may have been related to higher 

levels of infiltrating T lymphocytes in patients with oropharyngeal cancers previously 

reported [34,36].

Discussion:

As we try to better individualize treatment approaches for patients with HNSCC, we 

continue to search for appropriate phenotypic markers that can guide therapy selection and 

avoid unnecessary morbidity. Classically, clinical measures of tumor extent (size, volume) 

and biologic growth properties (proliferation, pattern of invasion, extranodal extension, 

lymph node metastases, etc.) have been used to guide the selection and aggressiveness of 

treatment. Difficulties in reproducibility and uniform application of a variety of other 

phenotypic biomarkers and lack of validated correlations with treatment response and 

outcomes have limited the clinical usefulness of such biomarkers. A recent exception has 

been the rapid acceptance of Human Papilloma Virus (HPV) testing as a marker of less 

aggressive oropharyngeal cancers which has led to exploration of treatment intentsity de-

escalation for selected HPV+ patients. Thus, the identification of other new markers 

reflecting individual tumor biology for the majority of patients remains a high priority and 

holds clinical promise.

Epithelial to mesenchymal transition (EMT) has been associated with tumor heterogeneity 

and with the acquisition of properties characteristic of cancer initiating cells (stem cells) 

including increased motility, invasiveness and resistance to therapy [13]. Studies in HNSCC 

have implicated cancer stem cells with prognosis [1,5,17, 21,22], but considerable plasticity 

of the stem cell population and heterogeneity in expression of stem cell markers within 

tumors has limited any practical usefulness in therapy selection. Genetic analyses have also 

implicated a mesenchymal tumor phenotype with poor prognosis [44,45]. Our current 

findings of a significant association of SOX2 expression with clinical outcomes extend and 

confirm prior tumor marker observations and support a role for SOX2 assessment as a 

potentially useful and independent marker compared to other established EMT markers such 

as E-cadherin or vimentin. As expected, expression of E-cadherin and vimentin were 

inversely related and uniquely, vimentin positive cells were directly related to tumor 

infiltration by multiple T cell subsets. This is the first time vimentin positive tumor 

infiltrating cells (mesenchymal phenotype) have been associated with T cell infiltration and 
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could reflect a population of vimentin positive immune reactive cells. Despite this finding, 

vimentin expression was not a significant prognostic factor and was not associated with 

SOX2 expression or histologic pattern of invasion. Neither vimentin score nor E-cadherin 

expression were significantly associated with overall or relapse free survival after controlling 

for age, stage, site comorbidities, HPV and smoking status. This contrasts with other studies 

that have suggested a relationship of these markers with patient prognosis [11,12,17]. One 

limitation of interpretation of our findings is potential heterogeneity in expression of EMT 

markers within the tumor microenvironment. Since a TMA samples only a small 

representative portion of the central tumor, differing expression in other areas, such as the 

invasive front could have prognostic significance that would not be detected with this 

methodology. A similar concern could be raised for determining TIL levels in TMA cores 

since most studies have also characterized TILs at the invasive front. It is important to note 

that it appears that abundant TILs in central tumor tissue cores is a strong enough signal of 

favorable prognosis to overcome potential shortcomings of sampling heterogeneity.

The SOX family of transcription factors are important regulators of stem cell fate [20]. Some 

authors have found improved prognosis for patients with tumors with high SOX2 expression 

[21,23,24] while others reported worse prognosis for patients with tumors showing 

amplification or overexpression [26]. SOX2, in particular, is thought to have bifunctional 

properties where too little or too much may inhibit proliferation [22]. In the current cohort, 

we found SOX2 expression to be a strong prognostic factor. Using a continuous scale, SOX2 

expression scores >1 predicted improved survival compared to low or no expression, 

however, if patients were grouped by median score, survival curves were similar. Thus, it 

remains unclear what very high expression may reflect. Our recent study using a syngeneic 

HNSCC mouse model found that Sox2 potently promoted tumor growth in 

immunocompetent hosts. As a mechanism, we found that high Sox2 inhibited Sting-

mediated type I interferon signaling and potentiated immune escape. Through robust TIL 

deconvolution using 519 HNSCC specimens in the TCGA [44], we recently confirmed that 

tumors with high levels of SOX2 expression contained significantly higher frequencies of 

inhibitory regulatory T cells and lower M1-like macrophages, both of which suggest a 

phenotype of immune suppression [25]. In agreement, other investigators have shown that 

CD44 overexpression is associated with worse prognosis [49] and that CD44 positive 

HNSCC stem cells could induce immunosuppression via PDL-1 expression and loss of 

interferon-γ production [30] which suggests that regulation of stem cell phenotype via 

SOX2 or other stem cell regulators such as Twist, BMI1, ZEB1 or SNAIL could have 

immunologic sequelae [29,47]. The possible reasons underpinning the phenotypic 

discrepancy between SOX2-driven immunosuppression in the tumor microenvironment and 

patient survival are multifactorial. SOX2 is thought to stabilize stem cell phenotype and 

prevent EMT [1]. However, besides a role potentiating immunosuppression in the 

microenvironment and modulating cancer stemness, SOX2 could promote mesenchymal-

epithelial transition (MET) which is consistent with its correlation with E-cadherin in this 

study and would attenuate the invasive phenotype [48]. In addition, the mechanisms 

regulating tumor development and host response to treatment do not always overlap. Thus, 

expanded analyses of SOX2 function in controlled disease models and clinical trials would 

be very useful to better dissect its role in regulating the immune microenvironment and 
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tumor response to treatments. In our multivariable analysis that included TIL levels, SOX2 

expression remained significant supporting its role as an independent prognostic factor that 

could be useful in prognostication in addition to measures of TILs. Thus, levels of TILs do 

not appear to be influenced directly by changes in EMT or transcription factors regulating 

EMT, but since our investigations did not determine the functional status of TILs, it is still 

possible that EMT changes could affect microenvironment cytokines, PD1 and PD-L1 

expression and the function of TILs.

A second major finding was confirmation that histologic pattern of invasion is an important 

prognostic factor. Higher grades of invasion also correlated with less tumor infiltration by 

CD4, CD8 and FoxP3 positive T cells indicating a correlation of invasion and immune 

response and further supporting the negative prognostic association of WPOI with overall 

and relapse free survival. Although WPOI has previously been reported to be prognostically 

significant in patients with cancers of the oral cavity, [30–33] we reported that WPOI was a 

significant prognostic factor in our prior work in patients with laryngeal cancer [49] and 

extended and confirmed these findings in the current study that included patients with 

multiple sites of cancer including the oropharynx and hypopharynx. Interestingly, WPOI 

was found to be independent of SOX2 expression even though both were associated with 

survival. Also, WPOI did not correlate with expression of E-cadherin or vimentin although 

there was a trend for lower E-cadherin expression in tumors with invasive pattern 4 and 5 

grades. This is likely due to loss of adhesion proteins among those most invasive cells. 

Importantly, SOX2 remained prognostically significant after adjusting for WPOI. Further, 

when patients were group by primary treatment modality, WPOI was prognostically 

significant for patients undergoing primary surgery and not significant for patients treated 

with primary chemoradiation. This differential in predicting outcome according to primary 

treatment is consistent with our findings in the VA Laryngeal Cancer randomized trial where 

we analyzed outcomes according to pattern of invasion for each of the treatment arms 

(laryngectomy vs. chemoradiation) [49]. Our current confirmation of WPOI as a predictive 

factor for type of treatment modality success lends support to the contention that histologic 

pattern of invasion could be a useful marker for selection of primary therapy. In prior work 

analyzing TILs and prognosis, we also found that low levels of CD8+ cells tumor infiltrates 

predicted poor prognosis regardless of initial therapy, however, a low level of CD4+ 

infiltrating cells was a negative prognostic factor only for patients treated with 

chemoradiation but not for primary surgery [36]. Because of the interaction of tumor site 

and treatment selection, we should caution that it remains unclear if the associations of these 

markers with treatment response are due primarily to the effectiveness of the treatment and 

tumor phenotype or to biologic differences due to tumor site. Large studies of patients with 

tumors of a single site may be needed to better address this issue. It is noteworthy that we 

have consistently found that markers of less aggressive tumor growth seem predictive of 

good outcomes with primary surgical treatment and more aggressive markers predict better 

response to radiation or chemoradiation [50].

In conclusion, we believe this is the first study to directly evaluate TILs and expression of 

EMT-MET markers along with histologic patterns of tumor invasion in patients with 

HNSCC. SOX2 expression and WPOI were clearly significant prognostic factors and WPOI 

correlated inversely with decreased T cell infiltration. Additional confirmatory studies will 
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be necessary to determine if the combination of SOX2 expression, low WPOI grade and low 

CD4 TIL counts might be useful in selecting patients for primary surgical resection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• E-cadherin expression correlated inversely with increased vimentin 

expression.

• Vimentin positive cells correlated with levels of tumor infiltrating 

lymphocytes.

• Loss of E-cadherin was associated with low or absent SOX2 expression.

• SOX2 expression and pattern of invasion predicted favorable overall and 

relapse free.

• Pattern of invasion correlated inversely with tumor infiltrating lymphocytes.

• Low grade invasion predicted improved survival for primary surgery but not 

chemoradiation.
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Figure 1. 
Overall survival by SOX2 expression score comparing any expression to no expression, 

Logrank p=0.0047. By multivariable Cox regression analysis, the Hazard Ratio was 0.43; 

95% CI = 0.25, 0.74; p= 0.002, Supplementary Table 2.
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Figure 2. 
Overall and recurrence free survival by worst pattern of invasion grade (WPOI). Grading of 

histologic WPOI was a highly significant prognostic factor for overall (left panel) and 

recurrence free survival (right panel) by univariable analysis (Kaplan Meier Logrank 

p=0.0025 and p=0.0157 respectively). In multivariable analysis adjusting for age, tumor 

stage, tumor site and comorbidity, WPOI remained a significant predictor of OS.
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Figure 3. 
Overall survival by worst pattern of invasion grade (WPOI) in surgery vs radiation/

chemoradiation cohorts. Grading of histologic WPOI was a significant prognostic factor for 

OS in the surgical cohort (left panel) but not in the radiation/chemoradiation cohort (right 

panel) by univariable analysis (Kaplan Meier Logrank p=0.0287 and p=0.1724 respectively). 

Markedly better than expected survival was evident for higher grades WPOI among 

radiation/chemoradiation patients.
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Table 1:

Patient population and clinical and treatment characteristics

Variable Level N (%)

Gender Male 202 (72%)

Female 78 (28%)

Stage 0/1 42 (15%)

2 35 (13%)

3 43 (15%)

4 160 (57%)

Disease Site Larynx 49 (18%)

Oral Cavity 139 (50%)

Oropharynx 83 (30%)

Hypopharynx 9 (3%)

ACE Comorbidities Score, n=279 none 82 (29%)

mild 126 (45%)

moderate 48 (17%)

severe 23 (8%)

HPVstat, n=257 negative 168 (65%)

positive 89 (35%)

Drinker never 26 (9%)

current 186 (66%)

former (quit >12 months) 68 (24%)

Smoker (cigarettes) never 62 (22%)

current 132 (47%)

former (quit >12 months) 86 (31%)

Initial Treatment Surgery 164 (59%)

Radiation 14 (5%)

Chemotherapy 5 (2%)

Chemoradiation 82 (29%)

Palliaffigtion/no treatment 15 (5%)
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Table 2:

Multivariable outcome models with clinical factors, HPV status, Worst Pattern of Invasion (WPOI) and SOX2 

score

OS RFS

Parameter HR 95% Hazard Ratio 
Confidence

p-value HR 95% Hazard Ratio 
Confidence

p-value

Age 10 years 1.15 0.9 1.48 0.27 0.95 0.72 1.27 0.75

Stage
a 1 (ref)

2 1.31 0.3 5.8 0.72 0.67 0.09 4.93 0.7

3 3.32 0.86 12.87 0.08 4.63 0.86 24.77 0.07

4 2.45 0.7 8.58 0.16 3.1 0.64 14.87 0.16

Disease Site Larynx (ref)

Oral Cavity 1.72 0.79 3.78 0.17 1.4 0.54 3.64 0.49

Oropharynx 3.29 1.15 9.4 0.03 5.16 1.61 16.59 0.006

Hypopharynx 9.96 2.53 39.3 0.001 11.3 2.76 46.32 0.0008

HPV status Negative (ref)

Positive 0.3 0.11 0.78 0.01 0.14 0.04 0.42 0.0005

invalid/missing 0.79 0.32 1.98 0.62 0.81 0.27 2.48 0.72

Comorbidities none (ref)_

mild 2.27 1.05 4.92 0.04 1.56 0.71 3.44 0.27

moderate 1.3 0.47 3.61 0.61 0.88 0.29 2.68 0.83

severe 4.57 1.61 12.96 0.004 3.39 1.13 10.16 0.03

Smoking never (ref)

current in past 12 mos 2.87 1.09 7.54 0.03 0.95 0.36 2.49 0.91

former smoker > 12 
mos

1.26 0.47 3.38 0.65 0.52 0.2 1.38 0.19

WPOI 1 (ref)

2 1.41 0.38 5.3 0.61 0.76 0.23 2.54 0.66

3 2.1 0.55 8.03 0.28 0.8 0.23 2.83 0.73

4 1.5 0.36 6.31 0.58 0.73 0.2 2.7 0.64

SOX2 >1 0.48 0.26 0.89 0.02 0.4 0.21 0.76 0.005

a
American Joint Committee on Cancer - 7.0 Edition; OS = Overall Survival, RFS = Recurrence Free Survival, HR = Hazard Ratio
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