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Summary of the thesis 

Squamous cell carcinoma of the head and neck (SCCHN) is a common malignancy with a poor prognosis in case of 

unresectable locally advanced, or metastatic disease. The deciphering of its immuno-oncological landscape is fueled by 

the continuous investigation of the immune infiltrate, blood-based biomarkers, and genomic profiles. However, despite 

recent therapeutic successes (e.g. implementation of modern radiotherapy techniques, immunotherapy…) diagnostic, 

prognostic, and predictive biomarkers have delivered limited contributions the last two decades. Newly identified 

biomarkers need to be validated before becoming implemented in clinical practice and these biomarkers should ideally be 

assessed via standardized methodologies. 

This dissertation starts with a comprehensive overview of the state-of-the-art concerning immuno-oncological biomarkers 

in SCCHN, which is followed by an intense evaluation of two well-known tissue biomarkers. 

Firstly, we explored a standardized method for tumor infiltrating lymphocyte (TIL) quantification introduced by the 

International Immunology Biomarker Working Group (IIBWG). TILs were retrospectively evaluated on haematoxylin-eosin 

(HE) tissue slides in a population of oropharyngeal squamous cell carcinoma (OPSCC) for its practicality, feasibility, and 

correlation to outcome. In this study, we found patients with high density of TILs in the stromal (TILstr, ≥30% of total area) 

and/or intratumoral (TILtum, ≥5% of total area) compartments to have an improved outcome in comparison to patients 

having a tumor with low TIL density. Interestingly, it seems a high density of TILstr outranked p16, a surrogate marker for 

human papilloma virus (HPV)-driven OPSCC, as an independent prognostic factor. We concluded that the quantification of 

TILs according to the IIBWG was a feasible method to apply in OPSCC. Its universal implementation in clinical practice may 

deliver valuable prognostic information.  

In a next chapter, we focused on the immune checkpoint molecule, programmed death-ligand 1 (PD-L1). Herein, we 

investigated the spatiotemporal heterogeneity of PD-L1 expression of SCCHN on immunohistochemistry (IHC) by exploring 

concordance between paired tissue samples using the PD-L1 Combined Positive Score (CPS) – assay. Intratumoral 

heterogeneity was assessed between paired primary tumor samples (biopsy versus resection), whereas intertumoral 

heterogeneity was determined between samples of primary tumor and paired metastates (lymph node and/or distant 
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metastases). Lastly, in a proof of concept we explored if a temporal relationship of PD-L1 expression could be observed 

between paired samples. Our findings revealed major discordance of CPS between primary tumor biopsies and resected 

samples for up to 44% of paired samples. PD-L1 intertumoral heterogeneity was also present, revealing a discordance in 

up to 28% of paired samples. Based on these findings, we suggested some criteria that tissue samples should fulfill before 

PD-L1 CPS can be evaluated. 

As a last objective, we explored both the correlation and the clinical impact of PD-L1 CPS and TIL quantification, concurrently 

assessed in a study cohort of SCCHN. Tissue samples from 80 patients were included for assessment of TILstr and PD-L1 CPS. 

We found TILstr to be moderately correlated with CPS. TILs were highly represented in OPSCC and tended to be higher in 

patients with absent history of excessive alcohol abuse. Higher CPS was associated with tumor dedifferentiation and 

restricted smoking behaviour. High TILstr (≥20%) and PD-L1 + status (CPS ≥ 1) was associated with improved outcome 

regarding overall survival (OS) and disease-free survival (DFS). Performing a multivariate analysis showed PD-L1 status 

and TIL density to be prognostic factors. 

In summary, we concluded that the IIBWG-designed protocol for TIL quantification is reproducible, feasible and has 

significant prognostic value in SCCHN. Additionally, we observed spatiotemporal heterogeneity may affect PD-L1 scoring in 

SCCHN which should always be taken into account by clinicians when making decisions on further treatment. For both 

techniques, sample selection can influence the outcome of the scores and should be thought-out according to the 

suggested criteria stated in this dissertation. To strengthen and validate our observational findings, these biomarkers 

should ideally be applied in a prospective fashion to evaluate their prognostic and predictive value in SCCHN.
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Samenvatting van de thesis 

Spinocellulair carcinoma van het hoofdhalsgebied is een frequent voorkomende kanker met povere prognose in het geval 

van inoperabele en lokaal geavanceerde, of gemetastaseerde ziekte. Het ontcijferen van het immuunoncologisch 

landschap in deze kanker blijft voortbouwen op onderzoek naar immuuninfiltrerende cellen, bloedbiomerkers en tumor 

genetica. Echter, ondanks de recente therapeutische successen (e.g. nieuwe technieken in de radiotherapie, 

immuuntherapie), deden weinig nieuwe diagnostische, prognostische en predictieve biomerkers hun intrede de voorbije 

twee decennia. Immers, weinig van deze nieuwe biomerkers worden gevalideerd waardoor ze niet kunnen 

geïmplementeerd worden in de klinische praktijk. Dit komt deels door het gebruik van veel verschillende methodologieën 

terwijl deze biomerkers idealiter geëvalueerd moeten worden via gestandardiseerde methodes. 

Deze dissertatie start met een huidige stand van zaken betreffende immuunoncologische biomerkers in spinocellulaire 

hoofdhalscarcinomen, gevolgd door een grondige analyse van twee welgekende weefselbiomerkers. 

Allereerst wordt een gestandardiseerde methode om tumor infiltrerende lymfocyten (TILs) te kwantificeren, ontwikkeld 

door de “International Immunology Biomarker Working Group” (IIBWG), bestudeerd. TILs werden retrospectief gescoord op 

weefselcoupes uit een patiëntengroep met orofarynxcarcinomen, waarbij de praktische haalbaarheid, het gebruiksgemak 

en de correlatie met de overleving werden geëvalueerd. We observeerden dat patiënten met een hoge densiteit aan TILs 

in het stroma (TILstr, ≥30% van het totale gebied) en binnenin de tumor (TILtum, ≥5% van het gebied) een betere overleving 

hebben ten opzichte van patiënten met tumoren met een lage TIL densiteit. Bovendien noteerden we dat een hoge densiteit 

aan TILstr de p16-status, een surrogaat merker voor identificatie van humaan papillomavirus (HPV)-positieve 

orofarynxcarcinomen, overtreft als onafhankelijke prognostische merker. We concludeerden dat de IIBWG-methode voor 

TIL kwantificatie een haalbare manier is om TILs op een gestandaardiseerde manier te evalueren. Het universeel 

implementeren van deze techniek kan ons alleszins waardevolle prognostische informatie verschaffen.  

In een volgend hoofdstuk werd gefocust op de ‘immuun checkpoint molecule’, PD-L1. Hierin werd de spatiotemporele 

heterogeniteit van PD-L1 expressie onderzocht in spinocellulaire hoofdhalscarcinomen. Hierbij werd PD-L1 gekwantificeerd 

op basis van de “Combined Positive Score” (CPS) scoringsmethode en werd de concordantie van PD-L1 expressie tussen 
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verschillende gepaarde weefselstalen nagegaan. Zo werd de intratumorale heterogeniteit tussen gepaarde biopsie- en 

resectiestalen van primaire tumoren bestudeerd, alsook de intertumorale heterogeniteit betreffende primaire tumoren en 

gepaarde metastasen (lymfeknoopmetastasen of metastasen op afstand). Ten laatste werd nagegaan of de factor tijd de 

CPS kan beïnvloeden. Onze resultaten toonden aan dat discordantie van PD-L1 kan optreden in 44% van de biopsies ten 

opzichte van gepaarde resectiestukken. Ook intertumorale heterogeniteit kon de PD-L1 score beïnvloeden waar tot 28% 

discordantie werd waargenomen. Op basis van bovenstaande bevindingen werden extra criteria geformuleerd waaraan 

weefstelstalen zouden moeten voldoen vóóraleer de CPS kan worden toegepast. 

Als laatste doelstelling werden zowel de interne correlatie als de klinische impact van TILs en PD-L1 CPS onderzocht in een 

cohorte patiënten met spinocellulaire hoofdhalscarcinomen. Weefselstalen van 80 patiënten werden geëvalueerd naar 

densiteit van TILstr en PD-L1 CPS. Onze resultaten toonden aan dat TILs matig gecorreleerd zijn aan de PD-L1 CPS. Verder 

bleek de densiteit van TILstr hoger in orofarynxtumoren en mogelijks meer uitgesproken bij patiënten zonder 

voorgeschiedenis van alcoholmisbruik. Een hogere CPS werd ook genoteerd in gededifferentieerde tumoren en patiënten 

met beperkt rookgedrag. Na dichotomizeren van beide biomerkers observeerden we dat hoge TILstr densiteit (>20% van 

het totale gebied) en PD-L1 positiviteit (CPS ≥ 1) geassocieerd kunnen worden met een betere prognose voor patiënten op 

vlak van algemene overleving en ziektevrije overleving. Na uitvoering van een multivariabele analyse kwamen zowel TILstr 

densiteit als PD-L1-status naar voor als prognostische factoren betreffende algemene overleving. 

Samengevat kunnen we concluderen dat de IIBWG een reproduceerbare en haalbare methode heeft voorgesteld om TILs 

in spinocellulaire hoofdhalscarcinomen te bestuderen die alsook waardevolle prognostische informatie kan verschaffen. 

Tevens bemerkten we dat de spatiotemporele heterogeniteit de PD-L1 CPS kan beïnvloeden en clinici zouden hiervoor 

steeds bedachtzaam moeten zijn. Voor beide merkers kan het resultaat beïnvloed worden door het gekozen weefselstaal 

waarop de test wordt uitgevoerd. Het is dan ook zéér belangrijk om deze staalselectie weldoordacht uit te voeren, o.m. 

aan de hand van criteria geformuleerd in deze dissertatie. Om onze onderzoeksresultaten te valideren zouden beide 

methodes idealiter geïmplementeerd moeten worden in een prospectief studieverband, waarbij niet alleen aandacht 

wordt geschonken aan de prognostische waarde, maar ook de mogelijks predictieve waarde van beide biomerkers. 
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1.1 Background 

Head and neck cancers may originate from various anatomical locations including the lip, oral cavity, oropharynx, 

hypopharynx, larynx, nasopharynx, sinonasal cavities and the salivary glands. Squamous cell carcinoma (SCC) of the head 

and neck (SCCHN) is the most common histological subtype comprizing 90% of all head and neck malignancies. It originates 

from the neoplastic development of the mucosal epithelium within the oral cavity, oropharynx, hypopharynx or larynx (Fig. 

1.1). These malignancies may typically be induced by excessive tobacco use, and / or alcohol consumption [1]. Betel quid 

chewing has also been linked to oral cavity cancer in Australasian countries [1-2]. Furthermore, the development of 

oropharyngeal squamous cell carcinoma (OPSCC) has been associated with prior infection of human papilloma virus (HPV), 

with HPV-16 and HPV-18 being the most important oncogenic strains. HPV positivity in anatomical locations outside the 

pharynx is considered rare (<6%).  

 

Fig. 1.1 | Anatomical regions for the development of SCCHN. SCCHN may manifest as a primary tumor in the oral cavity, oropharynx, 

hypopharynx and larynx. Adapted from Cancer.gov. SCCHN, squamous cell carcinoma of the head and neck. 

To this day, OPSCC has been subdivided into two distinct entities based on their HPV status due to their biological and 

prognostic differences [3,4]. There are also less common mucosal malignancies that may arise in the head and neck region 

such as salivary gland cancers, nasopharyngeal carcinoma, sinonasal undifferentiated carcinoma, olfactory neuroblastoma, 

malignant melanoma and lymphoma [5]. 
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1.2 Epidemiology and pathophysiology 

SCCHN is a common malignancy with worldwide 878,348 new cases and 444,347 mortalities in 2020 and the incidence is 

expected to rise in the future [6-7]. Furthermore, there seem to be disparities of SCCHN incidence according to the 

geographical regions: Asian and Australian countries have higher prevalence of abovementioned carcinogenic-induced 

SCCHN, while Western-European and North-American countries have more increasing rates of HPV-associated OPSCC. 

Additionally, males have a 2-4 times increased risk of non-virally induced SCCHN compared to females. The median ages 

of diagnosis of non-viral induced and HPV-induced SCCHN are 66 and 53 years, respectively [1,8]. 

The 5-year overall survival (OS) rate of SCCHN has reached up to 65.9% when analyzed across all anatomical sites and age 

groups. Satisfactory results are achieved for tumors detected in early stages when receiving appropriate (local) treatment. 

Unfortunately, the majority of patients (50%-60%) will present with loco-regional advanced (stage III-IV) disease. Despite 

advances in multimodal treatment approaches, the disease control rate in this subgroup remains around 40% at 5 years. 

For OPSCC, the 5-year OS is estimated to be higher compared to SCCHN at other anatomical subsites (oral cavity, 

hypopharynx, larynx), namely 82% for HPV + and 35% for HPV – disease [9]. 

When affected by aforementioned carcinogens or HPV, various genetic alterations may occur that gradually enable 

histological progression from healthy squamous epithelium into SCC. The surface epithelium may undergo several 

neoplastic alterations such as nuclear enlargement, increased mitotic activity and abnormal cell architecture. Generally, 

normal epithelial cells may progress into cell dysplasia, carcinoma in situ and, eventually, invasive carcinoma as the last 

stage (Fig. 1.2) [10]. Although these pathological stages are well characterized in SCCHN, patients will mostly be diagnosed 

with invasive SCC as symptoms mainly arise and / or patients will only consult a physican in locally advanced stages [1,11]. 

 

Fig. 1.2 | Progression of hyperplastic squamous epithelium into invasive (non-keratinizing) SCC. Courtesy of the British Columbia Oral 
Cancer Prevention Program (www.orcanet.ca). CIS, carcinoma in situ; SCC, squamous cell carcinoma. 
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1.3 Symptoms and diagnostic work-up 

Patients may experience a variety of symptoms such as persisting swelling of the tongue, non-healing oral ulcerations or 

white/red patches, dysphagia, referred otalgia, sore throat, chronic hoarseness and swollen neck lymph nodes. Evidently, 

these symptoms require a prompt clinical evaluation. 

SCCHN is a complex disease in terms of diagnosis and treatment. Therefore, a multidisciplinary approach is highly advisable. 

Patients should be subjected to a swift diagnostic workup comprising a clinical examination by a head and neck-specialized 

physician, blood analysis, histological biopsy, and imaging (local imaging of the head and neck, ultrasound of the neck, 

computed tomography [CT] or Magnetic resonance imaging, and chest imaging). Clinical examination and biopsy are mostly 

carried out during endoscopy under general anesthesia when the suspected lesion is located in the oropharynx, 

hypopharynx or larynx. In case of visible, intraoral lesions, biopsies can be performed transorally under local anesthesia. 

Stomatological examination (with tooth extraction if necessary) is highly recommended, especially when radiotherapy-

based treatment is considered [11,12]. In case of imaging, fluorine-18 fluorodeoxyglucose – positron emission tomography 

– computed tomography (18F FDG-PET-CT) is now extensively being integrated as a diagnostic tool for initial staging of 

loco-regional and distant disease, and for response assessment in patients who underwent radio(chemo)therapy [13-15].  

1.4 Staging 

After the diagnostic work-up, tumors will be assigned a clinical stage according to the American Joint Committee on Cancer 

(AJCC) Tumor Node Metastasis (TNM) staging system which functions as a vital prognostic parameter. The system makes 

use of different compartments to classify patients into different categories that predict outcome. The size in greatest 

dimension and invasive properties of the tumor will describe the T stage. Lymph node involvement is represented by the 

N stage, while presence of distant metastasis is represented by the M stage. We will not elaborate on the TNM staging of 

each anatomical site in SCCHN, as this falls beyond the scope of this dissertation. However, the most recent TNM staging 

update has made some adjustments in the staging paradigms of OPSCC, more specifically in the distinction between HPV + 

and HPV – OPSCC, based on the HPV-based surrogate marker p16 (cfr. chapter 2). As an example, we briefly describe the 

updated prognostic staging criteria for OPSCC (Table 1.1) but for a more detailed description, we refer to the 8th edition of 

the AJCC TNM staging manual [16]. 
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Table 1.1 | Prognostic staging criteria for OPSCC 

Stage 
p16 + OPSCC p16 - OPSCC 

T N M T N M 

0 Tis N0 M0 Tis N0 M0 

I T0, T1, T2 N0 or N1 M0 T1 N0 M0 

II T0, T1, T2 N2 M0 T2 N0 M0 

 T3 N0, N1, or N2 M0    

III T0, T1, T2, T3, or T4 N3 M0 T1, T2, or T3 N1 M0 

 T4 N0, N1, N2 or N3 M0    

IV Any T Any N M1    

IVa    T4a N0 or N1 M0 

    T1, T2, T3, or T4a N2 M0 

IVb    Any T N3 M0 

    T4b Any N M0 

IVc    Any T Any N M1 

Prognostic staging according to the 2018 8th edition TNM Classification of Malignant Tumors, Union for International Cancer Control 
(UICC); OPSCC, oropharyngeal squamous cell cancer; TNM, Tumor Node Metastasis; Tis, Tumor in situ. 

 

1.5 Management 

As stated in the previous sections, SCCHN is a complex disease requiring a multimodal therapy which has been discussed 

by a multidisciplinary team consisting of surgeons, radiation oncologists, medical oncologists, dentists, pathologists, 

nuclear medicin physicians and radiologists. Subsequently, supportive roles are required before, during and post-treatment 

by nurses, nutritionists, speech therapists and psychologists [11]. Preferably, treatment should occur in hospital centres 

with high case volume thresholds (>165 cases/year), as this has been associated with increased survival rates for SCCHN 

patients [17].  

The fundamental therapeutic strategy is based on surgery, radiotherapy, chemotherapy and other systemic treatments. 

However, these modalities depend on several factors such as the anatomical location, tumor stage, comorbidities, age, 

performance status, general prognosis, team expertise, and of course patient preferences [1, 11, 18]. 
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1.5.1 Curative treatment 

In low-risk, low-stage disease (stage I/II), patients can be treated with a single-modality approach, be it surgery or 

radiotherapy. This is the preferable approach for pharyngeal or laryngeal tumors as both modalities deliver similar survival 

rates. In case of local recurrence, salvage treatment with the alternative modality may be performed to maximize chances 

of curation and survival.  

However, the majority of patients (60%) will present with locally advanced (LA)-SCCHN. High-stage disease (stage III/IV) 

may be assessed as resectable, but local control is unlikely to be achieved. Consequently, adjuvant therapy may be 

recommended and added to the treatment schedule. Adjuvant treatment consists of radiotherapy, whether or not in 

combination with cisplatin chemotherapy as a radiosensitizer. This can be administered in a weekly (40mg/m2) or three 

weekly dose (100mg/m2), the latter having a higher level of clinical evidence [1,11,17-19]. Alternatively, the epidermal growth 

factor receptor (EGFR) inhibitor ‘cetuximab’ can be employed as radiosensitizer in certain cases of platin-ineligible SCCHN 

[20,21]. If the tumor is initially assessed as unresectable, the standard treatment consists of primary concomitant 

radiochemotherapy [22].  

1.5.2 Non-curative treatment 

Patients diagnosed with recurrent and/or metastatic (R/M) SCCHN only have a handful of treatment options. At first, 

systemic palliative treatment was predominantly based on administering single agent chemotherapy, resulting in poor 

overall response rates (ORR) of 15% to 30% with a response duration ranging between three to five months. The 

introduction of combination chemotherapy delivered higher ORR but decreased quality-of-life due to severe toxicity [19]. 

In 2008, Vermorken et al. [23] introduced the EXTREME regimen in which cetuximab was added to the first-line 

chemotherapy schedule based on cisplatin and 5-fluorouracil (5-FU). The addition of cetuximab was associated with a 2.7 

month increase in median OS in comparison to chemotherapy alone (10.1 months vs. 7.4 months) and, importantly, 

cetuximab did not negatively affect quality-of-life in these patients [19,23]. 
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 1.5.3 The rise of immune checkpoint inhibitors (ICI) 

These last few years, immunotherapy based on ICI has been validated as a standard treatment regimen in several 

hematologic and solid malignancies. Well-known immune checkpoints are the cytotoxic T-lymphocyte-associated antigen 

4 (CTLA-4), programmed death 1 (PD-1) and its ligand (PD-L1) [24-26]. These function as negative regulators of the T cell 

immune function, restraining overactivity of the immune system by inducing T cell anergy and/or apoptosis. Evidence has 

been provided that tumor cells escape recognition by the immune system by exploiting the function of these immune 

checkpoints, e.g. by over-expressing the ligands or components (PD-L1 of the PD-1 / PD-L1 interaction, B7-1 or B7-2 of the 

B7 / CTLA-4 interaction) to avoid potential anti-tumor immune responses (Fig. 1.3) [26].  

 

Fig. 1.3 | General principle of immune checkpoints and their inhibitors (monoclonal anti-PD-1 and anti CTLA-4 antibodies) in tumors. 

Reproduced with the permission from C.G. Drake 2014 [26]. 

Therapeutic inhibition of these immune checkpoints can be obtained by administration of manufactured monoclonal 

antibodies (Abs) against PD1 (pembrolizumab, nivolumab), PD-L1 (atezolizumab, avelumab, durvalumab) or CTLA-4 

(ipilimumab). In turn, this may result in an overactivity of the immune system by enhancing a T cell response and, 
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subsequently, an anti-tumor response by increased tumor antigen recognition. Unlike other biologicals (cfr. cetuximab) 

these administered Abs do not directly cause an antineoplastic response, but they mediate tumor recognition of the 

antigen-specific T cells by blocking the PD-1 / PD-L1 and B7 / CTLA-4 interactions [27]. 

ICI have recently been implemented as a first- and / or second-line treatment in R/M SCCHN, as they have proven to be 

effective in recent trials with disease control rate of approximately 40% [11]. The CheckMate 141 reported that treatment 

with nivolumab prolongs OS of patients by 2.4 months in comparison to the standard-of-care (Fig. 1.4) [28]. Based on these 

findings, nivolumab was implemented as standard second-line treatment in patients who progressed after or during first-

line chemotherapy. 

 
Fig. 1.4 | OS curve for nivolumab in SCCHN. Comparison between standard therapy (after cisplatin-based therapy) and nivolumab 

monotherapy in patients with R/M SCCHN (second- or further-line therapy) [28]. OS, overall survival; R/M, recurrent or metastatic; 

SCCHN, squamous cell carcinoma of the head and neck. 

In the KEYNOTE-048 trial, monotherapy with pembrolizumab was found to be superior to the standard EXTREME 

chemotherapy regimen (Fig. 1.5) [29]. Patients receiving pembrolizumab achieved a significant survival benefit 

(approximately 2.5 months), a longer duration of response and a better safety profile compared to patients who received 
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standard treatment. Recently (anno 2019), pembrolizumab in monotherapy has been approved for first-line treatment in 

R/M SCCHN, whether or not in combination with (poly)chemotherapy (cisplatin + 5-FU) [28,29].  

 
Fig. 1.5 |. OS curve for pembrolizumab in SCCHN. Comparison between standard-of-care EXTREME regimen versus and pembrolizumab in 

patients with R/M SCCHN (first-line therapy) [29]. OS, overall survival; R/M, recurrent or metastatic; SCCHN, squamous cell carcinoma of 

the head and neck. 

Both trials integrated biomarker-analysis into their study design for post-hoc exploratory analysis (CheckMate 141) or 

treatment stratification (Keynote-048). Two tissue biomarkers were explored for their prognostic and predictive value: 

PD-L1 expression assessed by immunohistochemistry (IHC) and, in case of OPSCC, HPV status defined by p16 IHC testing. 

These will be broadly discussed in the next chapters of the thesis. 
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2.1 Background 

2.1.1 The concepts of immunosurveillance and immunoediting in cancer 

Since the 1900’s, the role of the immune system as a surveillance system against cancer formation has been debated. 

Historically, scientists formally agreed the immune system would prevent carcinogenesis by three ways: (1) protection 

agains viral pathogens, thus minimalizing the risk of virus-induced tumors (e.g. HPV + OPSCC), (2) preventing and resolving 

sites of chronic inflammation, which may induce tumorigenesis, (3) elimination of transformed cells via both the innate 

and adaptive immune system through recognition of tumor-specific antigens [1]. However, further research revealed the 

immune system does not only control tumor cell quantity, but also tumor ‘quality’ through its immunogenicity [1-3]. This 

was firstly observed in an experimental design using murine animal models: carcinogen-induced tumors injected in 

immunodeficient mice significantly differed in composition compared to carcinogen-induced tumors retrieved from 

immunocompetent mice. The injection of the acquired tumor cell lines in naïve wild-type murine recipients revealed that 

tumor cells (TCs) collected from the immunodeficient mice were much more immunogenic: the probability of an immune-

mediated host rejection was much higher (unedited regressor) in contrast to injected tumor cell lines obtained from the 

immunocompetent mice. The latter tumors were referred to as ‘immunoedited’ tumors (Fig. 2.1) [4].  
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Fig. 2.1 | Tumor growth in immunocompetent versus immunodeficient mice. Tumors grown in immunocompetent mice (blue) have 

significantly different compositions compared to tumors grown in immunodeficient mice (purple and red). When injecting the 

established tumor cell lines into naïve WT (immunocompetent) recipients, the probability of tumor progression was much lower for 

’unedited’ cell lines collected from tumors of immunodeficient mice. Here, the progressing tumors are mentioned as ‘unedited 

progressors’ (purple) while the regressing tumors are ‘unedited regressors’ (red). Adapted from Schreiber et al. [3] WT, wild-type 

Indeed, the immune system will exert its host-protective function by preventing TC formation while, conversely, it shapes 

the immunogenicity of the transformed cells via immuno-editing, promoting cancer development as TCs try to bypass or 

resist elimination. In essence, the immunoediting process is based on three sequential phases (Fig. 2.2): 

(1) Elimination: through an activated innate or adaptive immune system, malignant cells are identified and 

eradicated by mostly natural killer (NK), natural killer T (NKT) cells and cytotoxic T cells.  

(2) Equilibrium: immune cells (ICs) eliminate TCs or have reached a dormant state of immune tolerance (T cell 

anergy) towards TCs by heavy selection pressure. Eventually, the tumor survives through immunoediting within a 

chronically inflammed environment.  
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(3) Escape: TCs recruit immunoregulatory cells (myeloid-derived suppressor cells [MDSCs], macrophages, regulatory 

T cells [Tregs]) and create an immunosuppressive environment. Eventually, these TCs escape detection and elimination of 

the immune system, allowing for further oncological progression. 

 

Fig. 2.2 | The three sequential phases of immunoediting. Figure as depicted by Schreiber et al. [3] 

In summary, immunoediting leads to TC selection pressure: transformed cells with loss of immunogenicity will have a 

higher likelihood of surviving and progressing. To maintain survival, TCs will estabilish an ecosystem that neutralizes 

potential immune responses but delivers oxygen, nutrients, and growth factors. This ecosystem is called the ‘tumor 

microenvironment’ (TME), which is further outlined below.  

2.1.2 The tumor microenvironment 

Transformed and host cells dictate survival and growth of the tumor through a continuous dynamic, bidirectional 

interaction. During the stages of carcinogenesis, this intercellular communication creates a complex cellular environment. 

Interestingly, the cellular development, activities, and structures within this tumoral niche are closely related to conditions 
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associated with chronic inflammation and wound-healing processes [11,12]. Although the composition of the TME can be 

extremely heterogeneous, it mainly consists of neoplastic cells, host cells, connective tissue or extracellular matrix (ECM), 

stromal cells and cells from the vascular, lymphatic and immune system (Fig. 2.3). 

 

Fig. 2.3 | Overview of the TME and its most essential cellular components that contribute to tumor development. A complex, dynamic 

network of infiltrating ICs composed of lymphocytes, macrophages, dendritic cells and granulocytes (not shown), aiding TCs to bypass 

immunosurveillance and avoid cell death. Cancer-associated fibroblasts modify the stromal compartment to promote tumor growth, 

invasion and metastasis. Figure adapted from [17] with permission. TME, tumor microenvironment; IC, immune cell; TC, tumor cell; ECM, 

extracellular matrix; NK, natural killer. 

Stromal cells originate from mesenchymal stromal cells which are pluripotent progenitor cells produced in the bone 

marrow. These cells can differentiate into various tissue-specific support cells such as fibroblasts, osteoclasts, 

chrondrocytes, and adipocytes. Essentially, they are programmed to deliver structural support and nutrients to epithelial 

cells [13]. 

Pathologists refer to the stroma as the compartment that surrounds the epithelial cells. It is mainly composed of ECM and 

stromal cells but harbors most of the blood and lymph vessels, and (infiltrating) ICs (Fig. 2.4). 

As the tumor develops, the tumor-associated stroma evolves and is manipulated to support neoplastic progression. TCs 

will recruit specialized myofibroblasts, also known as cancer-associated fibroblasts, to stimulate cell growth, invasion, 

inflammation and vasculogenesis, while inducing architectural changes that facilitate tumor progression through the ECM 

[13, 14]. 
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Fig. 2.4 | HE stained histological illustration of an invasive SCC within the oropharyngeal region. Two main compartments are to be 

distinguished: (1) the TC compartment, harboring the proliferating TCs and some infiltrating ICs (arrows). (2) The (tumor-associated) 

stromal compartment (arrowheads), comprising of ECM, stromal cells), ICs, blood and lymph vessels. SCC, squamous cell carcinoma; TC, 

tumor cell; IC, immune cell; ECM, extracellular matrix; HE, haematoxylin-eosin. 

The immune infiltrate is another major cellular component of the TME and varies significantly according to the tumor 

stage, patient, or cancer type. Basically, the immune infiltrate is composed of various ICs such as tumor-infiltrating 

lymphocytes (TILs), tumor-associated macrophages (TAMs), dendritic cells (DCs) and granulocytes. These ICs are 

coordinated and manipulated by the TCs to bypass immunosurveillance and avoid cell death. It is well-known that different 

strains of lymphocytes have a pivotal immunoregulatory function and are characterized by spatial heterogeneity within 

the TME. In this matter, the invasive border of the tumor predominantly consists of different T cell subsets, whereas B cells 

are abundantly present in lymphoid structures adjacent to the TME, and NK-, and NKT cells infiltrate the tumoral stroma 

to fully execute their anti-tumoral function. In addition, TAMs, DCs and myeloid-derived suppressor cells (MDSCs), derived 

from the myeloid-cell lineage, are equally important components of the immune infiltrate as they exert both anti-, and 

pro-tumorigenic activity, functioning as antigen presenting cells (APCs) or as pro- or anti-inflammatory mediators (Fig. 
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2.2) [15-19]. An extensive overview and description of the immune infiltrate applied to SCCHN will be provided in Section 

2.2. 

According to the immunoediting process, TCs will attempt to avoid elimination by the immune system through several 

mechanisms such as inhibition of inflammatory cytokines, downregulation of interferon (IFN) regulatory factors, 

acquisition of mutations or loss of expression in the antigen processing machinery (APM) or human leukocyte antigen 

(HLA) encoding genes, and reduced antigen expression [19,20]. Several therapeutic agents have been developed that target 

a specific aspect of the TME and, despite its heterogeneity in composition, these agents have their application across 

different cancer types. In particular, targeting immune checkpoint molecules (e.g. PD-L1, PD-L2, CTLA-4, indoleamine 2,3-

dioxygenase, killer-cell immunoglobulin-like receptors, T cell immunoreceptor with Ig and ITIM domains) has led to one of 

the most revolutionary oncological treatments of this century [21,22]. Nowadays, clinical trials are focusing on 

combinational strategies for targeting multiple elements of the TME. Attaining and sustaining our knowledge about the 

TME seems to be of increasing interest for raising the chances of gaining an anti-tumor response, whether by inducing a 

synergistic effect or by maintaining a potential anti-tumor response. 

Indeed, the deciphering of the TME has been a breakthrough in the field of immuno-oncology. It has delivered vital 

information about the role of the immune system in its battle against cancer, opening new avenues to exciting therapeutic 

strategies. This has led to the description and exploration of multiple biomarkers that reflect the TME status and provide 

valuable prognostic and/or predictive information [12,23]. In the next section, we provide a comprehensive overview of 

several immuno-oncological biomarkers associated to the TME, specifically in the setting ofSCCHN. 
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Simple Summary: Squamous cell cancer of the head and neck is a common malignancy with poor
prognosis. Despite the success of PD-L1 expression, the landscape of diagnostic, prognostic, and
predictive biomarkers has delivered limited contributions to the clinic in the last decade. The
dissection of the immunological landscape through investigation of the immune infiltrate, blood-
based biomarkers, and genetic profiling has shown substantial scientific potential but all are yet to
be validated. Further exploration is warranted though implementation of biomarkers. This should
ideally be performed through prospective studies using standardized methods with harmonization
of technical requirements. This review serves as a comprehensive overview for state-of-the-art
knowledge and biomarkers in squamous cell cancer of the head and neck (SCCHN) that may prove
their worth in future clinical practice.

Abstract: The era of immune checkpoint inhibitors has altered the therapeutic landscape in squamous
cell cancer of the head and neck (SCCHN). Our knowledge about the tumor microenvironment has
fueled the research in SCCHN, leading to several well-known and less-known prognostic and predic-
tive biomarkers. The clinical staging, p16/HPV status, and PD-L1 expression are currently the main
tools for assessing the patients’ diagnosis and prognosis. However, several novel biomarkers have
been thoroughly investigated, some reaching actual significant clinical contributions. The untangling
of the immune infiltrate with the subtyping of tissue-associated tumor infiltrating lymphocytes,
tumor-associated macrophages, and circulating blood-based biomarkers are an interesting avenue to
be further explored and prospectively assessed. Although PD-L1 expression remains the most impor-
tant response predictor for immune checkpoint inhibitors, several flaws impede proper assessment
such as technical issues, different scoring protocol, and intra-, inter-, and temporal heterogeneity. In
addition, the construction of an immune-related gene panel has been proposed as a prognostic and
predictive stratification but lacks consensus. Recently, the role of microbioma have also been explored
regarding its systemic and antitumor immunity. This review gives a comprehensive overview of
the aforementioned topics in SCCHN. To this end, the integration of these clinically advantageous
biomarkers via construction of an immunogram or nomogram could be an invaluable tool for SCCHN
in future prospects.

Keywords: squamous cell cancer of the head and neck; immunology; immune checkpoint inhibitors;
biomarkers; tumor microenvironment; human papilloma virus; immune infiltrate; genetics; microbiome
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1. Introduction

Squamous cell carcinoma of the Head and Neck (SCCHN) globally affects more
than 750,000 new cases (estimated 4 percent of the global cancer incidence) and 360,000
deaths annually [1,2]. In Europe (EU-27), approximately 70,000 new cases and around
40,000 deaths have been registered in 2020 [3–5]. The majority of patients (50–60%) presents
with loco-regional advanced stage III–IV disease. Major risk factors that induce carcinogen-
esis in the head and neck region are excessive alcohol and tobacco abuse, and account for
over 80% of all diagnosed SCCHN [6,7]. Human Papillomavirus (HPV) status also plays an
important role in the development of SCCHN, and HPV positivity is observed in around
20% of all SCCHN cases, of which nearly 70% is situated in oropharyngeal squamous
cell carcinoma (OPSCC). Several studies have correlated HPV + cancer, especially in the
oropharyngeal region, to improved therapy response and increased 5-year overall survival
(OS; 83% versus 37% HPV+ versus HPV− cancer) [8,9]. Patients who are diagnosed with
recurrent or metastasized (R/M) SCCHN have a poor prognosis with only a handful of
systemic therapeutic options, mostly platin-based chemotherapies [10,11].

Unmistakable evidence has been gathered in recent years regarding the pivotal role of
the immune system in cancer development and progression, which is commonly referred
to as the tumor microenvironment or TME. General concordance exists that a deficient
immune-surveillance is largely induced by neoplastic cells. Plausible theories are the lack
of proper antigen recognition and/or presentation, enhanced production of immunosup-
pressive mediators, e.g., cytokines, and an overall reorganization of the cellular constituents
to sustain tumoral formation [12–14]. Immunotherapy based on immune checkpoint inhi-
bition (ICI) made its entry in SCCHN and has recently been implemented as a first and/or
second line treatment in R/M SCCHN, as proven effective in recent trials in SCCHN with
overall response rate (ORR) reaching up to 18.2% [12,15–17]. ICI responsive patients do
have a longer duration of response and a better safety profile compared to patients who
receive standard treatment [18]. Therefore, the implementation of ICI has been consid-
ered a successful step in the treatment of SCCHN. However, the low response to ICI can
partially be explained due to the heterogenous nature of SCCHN in regards to its genetic,
molecular, and immunological profile. The precise mechanisms that induce immune escape
remain undefined.

It is without question that TME has established a dominant role in the oncological
treatment landscape [19–21]. As ICI have been integrated in daily oncological practice, the
necessity for further diagnostic and therapeutic stratification is of vital importance [7]. To
address this issue, several attempts have been made to dissect the immunological signa-
ture of SCCHN via the exploration and identification of feasible, robust biomarkers. The
common definition states as a biomarker being a measurable characteristic of normal bio-
logical processes, pathological processes, or responses to certain exposures or therapeutic
interventions [22]. For cancer research, biomarkers can be grossly divided into (1) diag-
nostic markers, aiding in the (early) detection and diagnosis of the disease, (2) prognostic
markers, delivering information about the patients’ health outcome, and (3) predictive
markers, informing about the response probability of a certain therapeutic intervention.
Before a biomarker assay can undergo the steps of discovery, verification, and clinical
validation, an extensive collection of high-quality patient samples or biospecimen should
be assembled. Various types of biospecimen exist, though they are mostly comprised
of tissue samples (fresh, frozen, or Formalin Fixed Paraffin Embedded [FFPE]), blood
and blood derivates (whole blood, plasma, serum, peripheral blood mononuclear cells
(PBMC) . . . ), biofluids (urine, synovial, and cerebrospinal fluid . . . ) and other derivatives,
molecules, or non-specified formats (DNA, RNA, proteins, stained tissue slides, swabs,
etc.). These biospecimen are to be collected from patients retrospectively or prospectively.
An ideal biomarker should be feasible, robust, cost-effective, and of significant clinical
value. The application and interpretation should be widely available. In case of prognostic
and predictive biomarkers, especially in cancer research, these should be defined on the
basis of clinically valid surrogate endpoints such as response rate or survival rates [22–25].
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In this review, we will comprehensively elaborate on some general aspects of the
TME while discussing several crucial diagnostic, prognostic, and/or predictive biological
markers that have been extensively explored in SCCHN. Finally, some suggestions and
future perspectives will be presented that may inspire researchers and clinicians to integrate
the immunological profile in the diagnostic and therapeutic landscape of SCCHN.

2. General Concepts of Tumor Immunology

The tumor microenvironment or TME is a complex, dynamic environment that is
shaped during cancer progression and may dictate tumor survival and growth by a con-
tinuous, bidirectional interaction between tumor and host cells. The eventual goal is to
sustain paracrine and juxtacrine (contact-depending signaling) growth factor, nutrient- and
oxygen supply, and the neutralization of an anti-neoplastic immune response, assuring
tumor survival and progression. It is commonly built of neoplastic cells, supportive tissue
(extracellular matrix) and cells (fibroblasts), and an immune infiltrate consisting of a grand
variety of immune cells, such as neutrophils, natural killer (NK) cells, tumor associated
macrophages (TAMs) myeloid derived stem cells (MDSC), dendritic cells, and several
subsets of lymphocytes such as CD4+ T helper cells, CD8+ cytotoxic T cells, and regula-
tory CD4+Fox(forkhead box)P3+ Tcells (Treg). The immunosuppressive cell recruitment
is accompanied by increased secretion of immunosuppressive cytokines (tumor necrosis
factor alfa (TNFα), tumor growth factor beta (TGFβ), interleukin (IL)-10, interferon gamma
(IFNγ), etc.), enzymes (arginase 1 (Arg1), inducible nitric oxide synthase (iNOS), reac-
tive oxygen species (ROS), etc.) and upregulated expression of several surface molecules
that enhance immunosuppression [26]. On this matter, expression of immune checkpoint
molecules (e.g., programmed death ligand 1 and 2 (PD-L1/PD-L2), cytoxic T-lymphocyte
associated protein 4 (CTLA-4), indoleamine 2,3-dioxygenase (IDO), T cell immunoglobulin
and mucin domain-containing protein 3 (TIM-3), Killer-cell immunoglobulin-like receptors
(KIR), T cell immunoreceptor with Ig and ITIM domains (TIGIT)) on tumor cells, antigen
presenting cells (APCs), and several immune cells have led to additional proof that tumors
up-regulate an immunosuppressive environment as they function as negative regulators
of the T cell immune function [12]. An important finding was discovery of the positive-
feedback loop between Treg cells and TAMs which is essential to maintain or promote
immunosuppression within the TME (Figure 1) [27].

Furthermore, the PD-1/PD-L1 axis is an essential mechanism for maintaining periph-
eral tolerance and restraining over-activity of self-reactive immune cells from causing harm
by inducing T cell anergy, exhaustion, and apoptosis. Alternatively, blockade of the CTLA-
4/B7 axis via CTLA-4 antibodies (Abs) has been correlated with expansion of the T cell
antigen-recognition repertoire, restraining the over-activity of the immune system by induc-
ing T cell anergy and/or apoptosis, thus maintaining self-tolerance [7,12,17,28–31]. CTLA-4
and PD-1 may be both expressed by CD4+/FoxP3− T helper cells, (CD4+/FoxP3+ regula-
tory Tcells (Tregs)) and CD8+ cytotoxic T cells, while PD-1 is also present on macrophages,
B-cells, NK cells, myeloid derived stem cells (MDSCs), and other APCs. Subsequently,
tumor cells may overexpress the immune checkpoint-associated ligands or components
(PD-L1 and B7-1 or B7-2), thus avoiding potential anti-tumor immune responses (Figure 1).
Therefore, inhibition of these proteins could lead to the recovery of the immune system,
enabling the cytotoxic properties of f.i. NK cells and lymphocytes, as seen with the current
ICI immunotherapeutic Abs, while increasing the risk for presence of T cell clones with
potentially auto-reactive characteristics [15,16,32–34].
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Figure 1. A simplified overview of interactions between tumor cells and TME-associated immune cells. CD4+(FoxP3−) and
CD8+ T cells are designed for tumor cell elimination, though their function can be altered by recruitment of pro-tumorigenic
(M2) TAMs and FoxP3+ Treg, who interact in a positive feedback-loop. TNFα = Tumor necrosis factor alfa. TGFβ = Tumor
growth factor Beta; IL = Interleukin; IFNγ = Interferon gamma; Arg1 = Arginase 1; iNOS = inducible nitric oxide synthase;
ROS = reactive oxygen species, PD-1 = programmed death 1, PD-L1 = programmed death ligand 1, CTLA-4 = cytoxic
T-lymphocyte associated protein 4, MHC = major histocompatibility complex, TCR = T cell receptor.

As mentioned earlier, a continuous bidirectional interaction between immune cells
and neoplastic cells takes place: during progression of carcinogenesis, cancer cells resist
elimination via the immune editing process. This concept in tumor biology is based on the
principles of immunosurveillance, which has been profoundly described by several authors
the last few decades [26,31,35,36]. As the processes of immune-editing leads to potential
selection of tumor cells, some may become less immunogenic. This is mostly achieved via
acquisition of mutations and/or loss of expression in the antigen processing machinery
or human leukocyte antigen (HLA) encoding genes, reducing antigen expression through
major histocompatibility complex (MHC) molecules, hence resisting T cell recognition and
elimination [7,26]. Indeed, data from the cancer genome atlas (TCGA) has indicated that
these mutations have been observed on large scale in SCCHN. Furthermore, it seems this
process does not only occur during tumor progression, but can also be reinitiated while
under treatment with (ICI-based) immunotherapy, thus inducing potential resistance to
these agents [36]. It is without question that the TME is a complex matter of which our
current knowledge remains insufficient. Understandably, current clinical trials now have
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their focus on combinational strategies for targeting multiple elements of the TME, but
with a main focus on implementation of ICI. Nonetheless, extensive knowledge regarding
the TME in SCCHN can only be beneficial in our search for raising the chances of gaining
an anti-tumor response with immunomodulating agents [37].

3. The TME in SCCHN

SCCHN is a heterogeneous disease with a variety of genetic alterations and is generally
associated with an immunosuppressive environment. Overall, the latter is known to restrict
survival in cancer patients which could partially explain the relatively poor survival statis-
tics of SCCHN. OPSCC has the most favorable prognosis of SCCHN subsites, which may
be attributed to its typical inflammatory environment and high immune infiltration [20].
Literature grossly divides the TME of SCCHN in two immunogenic phenotypes. Firstly,
the inflamed, virus-driven phenotype, which is characterized by high immune-infiltration,
increased radio-and chemotherapy sensitivity, and prolonged survival. In fact, according to
Mandal et al. [28], these subtypes have one of the highest rates of immune cell infiltration
in solid cancers, of which the highest Treg and (CD56dim) NK cell infiltration [38]. Next, the
alcohol/tobacco-induced, immunosuppressive TME has overall low immune-infiltration
and lower survival rate. It seems that this subgroup of patients have a suppressed CD8
mediated anti-cancer response, objectified by a lower IFNγ-signaling and reduced concen-
tration of immune effectors granzyme and perforin [39]. Furthermore, this is complicated
by the “mutational smoking signature,” originating from Alexandrov et al. [40], which
may exert immunomodulatory changes to both phenotypes. This has also been described
in non-small cell lung cancer, as patients with smoking signatures seem to induce pro-
inflammatory effects on the TME and benefit from a higher response rate to ICI [39,41].
This topic will not be discussed in further detail as this is beyond the scope of this review.

Nevertheless, a diagnostic and prognostic assessment in SCCHN should not be re-
stricted to the tumor’s clinical stage, differentiation grade, or P16/HPV status [7,42–44].
In the following sections, several relevant topics connected to the immunological phe-
notype in SCCHN are described that may provide valuable diagnostic, predictive, and
prognostic information.

This manuscript will be unable to cover all multi-omic biomarkers within SCCHN, but
gives an overview of several state-of-the-art biological factors that have been extensively
explored, assessed, or (nearly) implemented in clinical practice. Several of these are or
could be valuable for clinicians when utilizing immunotherapeutic agents. We will cover
several tissue-based and genetic biomarkers and explore the role of circulating blood cells
while also giving brief consideration to the oral microbiome in SCCHN.

3.1. Tissue-Based Biomarkers
3.1.1. HPV/P16 Status

It has been sufficiently demonstrated that patients presenting with HPV+ OPSCC show
improved response to treatment and have a better disease-specific as well as disease-free
survival (DFS). High-risk HPV is associated with malignancy, mostly in the cervix, vulva,
vagina, penis, anus, rectum, and oropharynx (including the base of tongue and tonsil) [35].
The WHO currently identifies 12 high-risk cancer-causing HPV strains (types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, and 59). HPV 16 has been acknowledged as the causative
strain for development of OPSCC [45,46]. HPV types 31, 33, 45, 52, and 58, combined, are
linked to approximately 10% of all HPV+ cancers. An indicator that is typically associated
with HPV infection in OPSCC is the immunohistochemical overexpression of the P16
protein (CDKN2A). This tumor suppressive protein directly and indirectly regulates RB
(Retinoblastoma protein) and P53 function, two crucial elements involved in normal cell
homeostasis that can be affected by HPV-related oncoproteins E6 and E7, which promote
degradation of RB and P53 [47]. Detection of HPV is achieved through polymerase chain
reaction, in situ hybridization, or immunohistochemical techniques using P16 overexpres-
sion. The latter serves as a surrogate marker for SCCHN, especially OPSCC with sensitivity
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and specificity reaching up to 94 and 83%, respectively [45,48,49]. In non-oropharyngheal
SCCHN, however, the HPV-positivity rate is lower and P16 positivity is correlated to lower
specificity. In addition, it seems that oral squamous cell cancer (OSCC) does frequently
over-express P16, but is only rarely HPV-driven [50,51]. Consequently, this may lead to
discordant results when P16+/HPV− are incorporated as truly HPV-driven SCCHN in
survival analyses [50].

P16/HPV positivity has a considerable effect on the TME of SCCHN, as HPV positivity
may be correlated with expression of foreign virus-related antigens, thus inducing a higher
inflammatory response compared to P16/HPV negative SCCHN. Indeed, P16 and/or
HPV positivity in OPSCC is correlated with better response to radio- and chemotherapy, a
more favorable OS and lower likelihood of relapse in comparison to OPSCC with negative
P16 and/or HPV status. Nonetheless, the relationship between P16/HPV status and
lymphocyte infiltration remains controversial, as patients with high lymphocyte infiltration
have better OS and DFS (especially in OPSCC), but this was considered independent of
HPV status [8,47,52,53]. However, a higher viral load in HPV+ OPSCC is correlated with
increased immune infiltration, implicating that a HPV+ status does attribute to but is not
solely responsible for an induced higher local tumor inflammation [46]. Furthermore, a
research paper from Lechner et al. [54] prospectively investigated primary tumoral tissue
and blood (PMBC) of treatment naïve SCCHN patients (n = 34) and control patients (n = 15),
observing no significant alterations in tissue-related T cell subsets when comparing HPV+

and HPV− SCCHN
It is indisputable that HPV+ SCCHN has a better prognosis than HPV− strains. This

may be explained by the presence of an intact (non-mutated) P53 gene in HPV+ SCCHN,
rendering them more vulnerable to therapies than HPV− SCCHN, which are known for
their higher mutational burden [55–57]. As mentioned earlier, the recent implementation of
ICI have increased the OS of therapy responding patients with R/M SCCHN significantly.
Several ICI-based clinical trials have investigated if the overall response rate (ORR) is
altered regarding P16 and/or HPV status. The phase Ib KEYNOTE 012 trial (n = 60) and
phase II KEYNOTE 055 trial (n = 171) treated R/M SCCHN patients with the ICI pem-
brolizumab and noted a 22% and 32% ORR in HPV+ SCCHN compared to 16% and 14% in
HPV− SCCHN, respectively [58,59]. In a multicentre phase I/II study from Segal et al. [60],
62 R/M SCCHN patients were treated with the ICI durvalumab, of which 40.2% were
HPV+. Remarkably, these patients had worse ORR than HPV− SCCHN (0% versus 8%),
though cohort size was rather limited (n = 50). Regarding survival, the CHECKMATE
141 was a phase III trial that enrolled 361 patients with platinum-resistant R/M SCCHN
who were treated with the ICI nivolumab or with the investigator’s choice at a 2:1 ratio.
In the nivolumab-treated cohort, patients with P16+ tumors had significantly higher OS
than P16− tumors (9.1 versus 7.5 months) [60]. Future prospective trials should further
investigate the relationship between HPV/P16 status and PD-L1 expression, and if HPV
status affects ORR or prognosis in ICI-treated SCCHN patients (cfr. 3.1.5) [61].

Nevertheless, HPV status and/or its surrogate marker, P16, remain of indisputable
value during the diagnostic process of SCCHN. However, the relationship between HPV-
status and the TME of SCCHN remains somewhat vague. Although HPV+ SCCHN seems
to be significantly higher infiltrated by tumor infiltrating lymphocytes (TILs) than HPV−

SCCHN, no significant differences in TIL subsets have been observed. Further investigation
is nonetheless required in correlating P16/HPV status to the TME [53].

3.1.2. Tumor Immune Infiltration: Subtyping and Quantification
Tumor Infiltrating Lymphocytes (TILs)

TILs have been thoroughly investigated and acknowledged as a key part of the
immune infiltrate and include NK cells, γδ T cells, NKT cells, CD4+ T cells, CD8+ T cells,
and B cells. There is global consensus that mainly TILs are deregulated regarding number
and functionality in SCCHN. The identification and quantification of several subsets of
TILs in the TME has been thoroughly examined in SCCHN. The most investigated and
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clinically relevant subsets are CD3+, CD4+, and CD8+ T cells, visualized on tumoral tissue
sections using immunohistochemistry (IHC) (Figure 2).
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Figure 2. Stained squamous cell cancer of the head and neck (SCCHN) sections. (A,B) comparison of
low versus high stromal tumor infiltrating lymphocyte (TIL) presence, stained with haematoxilin-
eosin; (C,D) comparison of low versus high stromal CD3+ T cells, stained with CD3 primary antibody
clone F7.2.38 (Dako, Glostrup, Denmark); and (E,F) comparison of low versus high PD-L1 expressing
tumor and/or immune cells, stained with the PD-L1 clone 22C3 (Agilent-Dako, United States). A + C
and B + D represent sections from the same patients.

CD3 is a pan-T cell marker functioning as a co-receptor for the T cell receptor, which
is required for T cell activation. CD3+ infiltration can be deducted as a general marker for
T cell infiltration, and several reports have correlated it with beneficial clinical outcome in
SCCHN in comparison to low CD3+ infiltrated tumors by IHC-based staining and semi-
quantification (Figure 2C,D) [62–64]. This again was contradicted by Lechner et al. [54] as
no OS difference was found in high CD3+ infiltrated SCCHN tissue, not in the primary
tumor nor in metastatic lesions.

The CD4 glycoprotein is a surface immunoglobulin (IgD) expressed on T helper strains
while functioning as a co-receptor for the MHC class II complex. The prognostic value of
CD4+ T cells remains questionable. A well-known subpopulation are CD4+ FoxP3+ T cells
or Tregs which are associated with hosting an immunosuppressive environment, promotion
of tumor survival and progression [65]. However, several retrospective studies evaluated
the infiltration rate of CD4+ FoxP3+ on mainly OPSCC. FFPE tissue slides were stained by
IHC and analyzed by conventional pathological quantification or digital image analysis.
All articles concurred Treg cell density did not affect clinical outcome in OPSCC [66–68].

The cytotoxic T cells are a subpopulation of T cells that act as suppressors of tumor
growth. By means of IFNγ production, expression of MHC class I tumor-related antigens
is upregulated, allowing swift recognition and elimination by production of cytotoxic
granzymes and perforin. These T cells are typically identified by expression of the CD8
membrane glycoprotein [69]. To this end, several articles reported increased infiltration
of CD8+ lymphocytes by IHC retrospectively performed on tissue slides revealed a signif-
icantly better prognosis in SCCHN [52,63,66,67,70–72]. Studies from our research group
revealed an increased CD8 expression in the immune infiltrate to be an independent prog-
nostic variable in OPSCC, while CD3, and CD4-FoxP3 expression were not correlated to
survival. Furthermore, these results were independent of P16/HPV-status [73]. Finally, a
systematic review and meta-analysis from De Ruiter et al. [74] confirmed elevated CD3+

and CD8+ infiltration can be correlated with better prognosis in SCCHN, independent of
HPV status.
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Current findings regarding the prognostic value of TILs in SCCHN seem to be discor-
dant. The factors that might enhance these differences have been elaborated in a previous
review provided by our research group and are briefly summarized here, namely (1)
biological heterogeneity: HPV status, topical heterogeneity; (2) technical factors: type
of tissue specimen (biopsy/resection/metastasis) or employed antibody for IHC; and
(3) the lacking of a standardized method of scoring TILs, the latter being a recurrent
pitfall that impedes TILs from being implemented as additional diagnostic or prognos-
tic markers. Several attempts have been made to develop standardized methods for
TIL assessment. For instance, the Immunoscore is a method for (semi-) quantification
of CD3+ and CD8+ infiltrating T cells introduced in renal cell carcinoma and colorec-
tal cancer but has not been utilized in SCCHN as a potential diagnostic or prognostic
biomarker [54,75–78]. Recently, the international immunology biomarker working group
(IBWG) has designed a guideline-based protocol to assess (stromal and intratumoral) TILs
on single slide haematoxilin-eosin (HE) stained sections in several types of solid carcinoma,
including SCCHN (Figure 2A,B) [79–81]. Our research group has investigated current
methodology in OPSCC in a retrospective fashion, showing a high amount of stromal TILs
was an independent prognostic factor as patients with a high amount of stromal TILs has
better OS compared to patients with low or absent stromal TILs, independent of P16 status
(unpublished data).

In conclusion, TILs remain an important aspect in the TME and should not be neglected
when assessing SCCHN as they may conceal interesting prognostic information. Several
TIL subsets have been thoroughly investigated by different research groups, and although
TIL subtyping and quantification show promising potential as biomarkers, there is a lack
of prospective trials to validate these findings.

Tumor-Associated Macrophages (TAMs)

Another strain of infiltrating immune cells are macrophages. These are recruited from
the bone marrow as peripheral monocytes or originate from TME-attracted MDSC and
polarize into two different macrophage phenotypes, M1 and M2 TAMs, depending on
the received stimuli from the TME. M1 macrophages, which will primarily develop in
presence of IFNγ, are acknowledged as potent effector cells for eliminating tumor cells by
production of several pro-inflammatory cytokines and activating Th1 cells, thus inhibiting
tumor progression [53,82,83]. More specifically, they induce activation of CD8+ cytotoxic
cells and differentiation of naïve CD4+ T cells into Th1 effector cells [53]. Activated M1
macrophages can be distinguished by general expression of surface proteins HLA-DR and
CD80/86, but numerous others have also been described (CD64, CD16, CD120b, TLR2,
and SLAMF7 etc.) The activated M2 macrophages on the other hand are considered to
be predominantly tumor associated, as they are characterized by the ability to produce
anti-inflammatory cytokines (e.g., IL-10, TGFβ, etc.) and pro-angiogenic factors (e.g., VEGF,
TNFα, etc.). They enhance differentiation of Tregs, thus promoting tumor growth and
sustaining local immunosuppression (cfr. Figure 1). They are mostly distinguished by
surface expression of proteins CD163, CD204, and CD206 (Macrophage Mannose Receptor
or MMR), but are accompanied by several other receptors (stabilin-1, CD1a, CD1b, CD23,
CD93, CD226) [84–89]. TAMs may indeed induce carcinogenesis and disease progression
as they affect angiogenesis, tissue invasion, and metastasis [85]. Both TAM phenotypes
carry the general surface markers CD68, which has been, together with the M2-specific
CD163, commonly used for TAM quantification in various solid cancers (breast, colorec-
tal, non-small cell lung, prostate, and ovarian cancer) [84,89]. It seems that high TAM
infiltration based on these markers has been correlated to aggressive tumor behavior and
increased therapy resistance in breast, ovarian, and prostate cancer [84]. However, differ-
entiating macrophages into anti-tumorigenic M1 and anti-tumorigenic M2 seems to be
oversimplified in some cases. Several authors observed the ratio between anti-tumorigenic
versus pro-tumorigenic or M1/M2 index TAMs acts as an independent prognostic factor
in several malignancies f.i.lung and ovarian cancer [84]. The employed markers used for
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TAM identification varies as per indication [89,90]. Oral squamous cell cancer (OSCC)
in particular shows increased TAM infiltration (CD68+, CD11c+ or CD163+), which was
indeed correlated to poor prognostic factors such as increased lympho-vascular invasion
and lymph node metastasis [91–93]. Furthermore, Weber et al. [94] retrospectively observed
that transforming leukoplakic regions (n = 50) had a higher amount of infiltrating TAMs
with a significant shift to M2 polarization, based on the M2/M1 ratio via the C163/CD11c
index, in comparison to non-transforming leukoplakic regions (n = 53; p < 0.001). Similar
results were discovered in a population of small OSCC (pT1/pT2, n = 34), in which tumoral
samples with lymph node metastasis (N+) showed a higher TAM infiltration and M2/M1
index (based on the IHC staining of CD68, CD11c, CD163, and CD206) than samples from
N0 OSCC (p = 0.05) [95]. A similar tendency was observed in OSCC and IHC expression of
CD206: patients with high infiltration of CD206+ cells had more locally advanced disease
and lymph node metastasis prognosis [96]. This indicates that the M2 polarization may
contribute to malignant transformation and disease progression [94–97].

A recently published meta-analysis investigated the overall association of TAM to
SCCHN based solely on the markers CD68 and CD163, concluding that increased stromal
CD168+ detection of M2 TAMs was correlated with worse OS. However, the included
studies took no account of HPV status in these SCCHN samples [52,90]. Interestingly,
recent research from Faustino et al. [97] revealed TAM infiltration (through CD68 and
CD163 expression) in OSCC (n = 123) did not affect survival, based on disease-specific
survival, but was positively correlated to elevated PD-L1 expression (>10%; clone 22C3, cfr
Section 3.1.3, confirming its potential immunosuppressive capacities in SCCHN [98].

TAM assessment could have potential value as a prognostic marker in addition to
the well-known TIL evaluation. We observed the TAM assessment in SCCHN is mainly
based on IHC expression on FFPE-tissue material while using a restricted set of monoclonal
staining antibodies (mostly CD68 and CD163). To make a clear distinction between M1 and
M2 TAMs, other markers should be incorporated in future studies.

Other Immune Cells

Several other immune cells have been investigated in SCCHN regarding their prognos-
tic and predictive value. These comprise of neutrophils and NK cells (innate immune cells),
dendritic cells and MDSC (myeloid cells), and the B cells as lymphocyte subset. Literature
regarding these topic remains restricted and is therefore currently of lesser importance as a
potential clinical attribute. For a deeper understanding regarding the role of these immune
cell subsets, we refer to a recent review from Wondergem et al. [52].

- Neutrophils and NK cells are innate effector cells recruited as first line of defense
in case of tissue damage. Although they have been well-described in blood as a
marker for inflammation, few data exist regarding their anti-tumor function. Generally,
tumor-associated neutrophils or TANs are subdivided in anti-tumorigenic (N1) or
pro-tumorigenic (N2) [99]. Two papers viewed high infiltration of polymorphonuclear
cells in SCCHN being generally associated with advanced disease, cancer progression,
and lower OS [100,101]. NK-cells are lymphocytes that engage in both the innate
immunity as an effector cell, and as a regulator of the adaptive immunity due to
their IFNγ secretion [102]. Karpathiou et al. [103] investigated NK-infiltration in
152 SCCHN tissue slides using the CD57 protein surface marker. High CD57+ cell
density in SCCHN was correlated to a lower rate of metastasis and better survival
by means of OS and DFS. These CD57+ cells were mostly present in OPSCC subsites.
Additionally, based on the NK-related transcriptome from the TCGA database, it
seems CD56dim marked NK cells are a major part of the immune infiltrate in SCCHN,
and has been correlated to increased OS [28]. Reports regarding NK infiltration in
SCCHN seems limited; thus, this topic requires further investigation.

- Dendritic cells (DC) are myeloid cells functioning as antigen-presenting cells for
inducing T-cell activation. General discordance exists about the prognostic role of DC
within the immune landscape of SCCHN. Some papers linked higher DC infiltration
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with positive HPV-status, though this needs to be further elaborated [104]. MDSCs
function as suppressors of the native and adaptive immune system. One study
depicted MDSC’s are more prevalent in SCCHN-tissue samples than healthy oral
tissue via an IHC-based human MDSC marker, MPO [100]. In addition, the number of
MPO-stained MDSC also linearly increased according to pathological stage [105]. The
value of these myeloid cells, next to TAMs, needs to be further elucidated in SCCHN.

- Although B-lymphocytes are key-players in humoral immunity through immunoglobin
production, its role in tumor progression is ill-defined. B cells can participate in anti-
tumor immunity by enhancing cytotoxic T-cell responses or anti-neoplastic cytokine
production, while also being capable of inducing cancer immune evasion [106]. This
translates in discrepant findings in literature regarding its prognostic role, for which
we refer reader to Wondergem et al. [52]. To this end, we concur that these immune
cells are understudied in all types of solid carcinoma.

3.1.3. PD-L1 Status

As stated earlier, the targeting of immune checkpoints, in particular the PD-1/PD-L1
axis, has been a landmark event in the therapeutic field of SCCHN. Anti-PD-1/PD-L1
agents in monotherapy have been implemented as standard first- and second-line treatment
in patients with R/M SCCHN [18,53]. Generally, expression of PD-L1 can be observed on
tumor cells as well as immune cells, though several studies point out that PD-L1 expression
is caused in two different ways. Firstly, PD-L1 expression is temporarily elevated due
to T cell induced inflammation. SCCHN is characterized by its high infiltration of TILs,
including cytotoxic CD8+, which is considered an important prognostic factor [107]. IFNγ

secretion from mainly CD8 T cells induces an increased anti-tumor response by stimulating
antigen expression and chemokine production (Figure 1), though also induces increased
expression of the transmembrane protein PD-L1 as a self-protective mechanism to avoid
excessive damage from the inflammation. This generates a pro-carcinogenic environment,
as chronic expression of PD-L1 can induce T cell anergy, sustain survival of the transformed
cells, thus functioning as a regulator in the dynamic, bidirectional relationship between
tumor and TILs [16,73,108]. In this matter, intratumoral CD8+ T cells were seemingly
inversely associated with PD-L1 expression in OSCC from one retrospective study [109],
while Sanchez-Cantelli et al. [110] noticed an increased infiltration of CD8+ TILs in HPV−

SCCHN with high PD-L1 expression. This finding was associated with better prognosis in
terms of disease specific survival (DSS). Then again, these findings were contradicted by
other research groups, in which no relationship was found between CD8+ T cell infiltration
and PD-L1 expression, both studies again performed in retrospective fashion [54,111].

The assessment of PD-L1 expression on a tumor specimen by immunohistochemistry
has been acknowledged as a prognostic and predictive biomarker for tailoring use of PD-
1/PD-L1 targeting agents in solid cancers, including SCCHN [77]. When treated with ICI,
R/M SCCHN patients with elevated PD-L1 expression have higher ORR and increased post-
therapy survival compared to low PD-L1 expressing patients [27,58,59,108,112,113]. Still,
there are some well-known caveats to be considered when employing PD-L1 expression
as a response predictor for ICI that also apply in SCCHN. First, PD-L2 expression is not
covered using this PD-L1 assay although PD-L2 has similar function as PD-L1; it interacts
with PD-1, induces T cell inactivation and cytokine release, though this is mainly restricted
to APC (macrophages, dendritic cells, bone marrow derived mast cells, and peritoneal B
cells). Subsequently, high PD-L2 expression is associated with promotion of metastasis and
poor prognosis (DFS, DSS) in various solid cancers [114–116]. Second, patients with PD-L1
overexpression do not necessarily respond to ICI, while patients with limited or even
absent PD-L1 expression did respond to ICI [117]. Third, evaluation of PD-L1 expression
has been technically challenging due to the implementation of different (trial-validated)
PD-L1 assays depending on the pharmacy-developed ICI agent, while also employing
different types of platforms used for the immunohistochemical staining. In addition, the
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PD-L1 evaluation method for every immunostaining antibody has their own threshold and
cut-off value for defining PD-L1 positivity (Table 1).

Fourth, a significant degree of intratumoral heterogeneity exists in regard to tumor cell
staining: PD-L1 positive cells tend to be located at the periphery of the tumor adjacent to
the peritumoral stroma. Immune cell staining has been noted to be similarly heterogeneous:
immune cell staining seems primarily localized to the peritumoral stroma with few TILs in
most cases. This pattern of cuffing of tumor by a PD-L1 positive immune cell infiltrate has
been noted to be particularly characteristic of HPV-driven oropharyngeal carcinoma [118].
This may be a possible explanation for the underscoring of aspirate cell blocks and core
biopsies relative to resected specimens and excisional biopsies is a failure to sample the
peritumoral stroma in small biopsies reported in several articles [119–121]. Lastly, PD-L1 ex-
pression is subjected to temporal heterogeneity: immune and tumor cells are continuously
shifting shape and functionality during cancer development and progression. An assess-
ment of PD-L1 expression is only one specific time-frame and insufficiently apprehends
the dynamic evolution TME of the tumor, making PD-L1 expression a time-dependent
biomarker [122].

Table 1. Different antibodies and platforms for ICI tested in SCCHN.

ICI Agent Complement
PD-L1 Ab Ab Host Species Platform Detection System Diagnostic Cut-Off

Pembrolizumab [59,112] 22C3 murine Dako autostainer
Link 48

EnVision FLEX
visualization system TC or IC ≥1% (CPS)

Nivolumab [18] 28-8 rabbit Dako Autostainer
Link 48

OptiView DAB IHC
Detection Kit TC >1%, TC >5%

Atezolizumab [123] SP142 rabbit Ventana Benchmark
Ultra

OptiView DAB IHC
Detection Kit

TC: ≥ 5%,
IC: ≥ 5%

Durvalumab [60] SP263 rabbit Ventana Benchmark
Ultra

OptiView DAB IHC
Detection Kit/

OptiView
Amplification Kit

TC: ≥ 25%

Avelumab [124] 73-10 rabbit Dako autostainer
Link 48

OptiView DAB IHC
Detection Kit N/A

Ab = antibody; CPS = combined positive score; IC = immune cells; ICI = immune checkpoint inhibition; IHC = immunohistochemistry;
N/A = not applicable; SCCHN = squamous cell carcinoma of the head and neck; TC = tumor cells.

Altogether, the scoring and interpretation of PD-L1 expression has been made com-
plex. It is without question that PD-L1 expression is an interesting player in the field
to assess the TME and tailoring use of ICI, but this biomarker lacks robustness, and its
assessment is complicated due to several technical issues. As mentioned earlier, there
remains controversy regarding the potential prevalence of discrepancies in PD-L1 scoring
due to interspecimen and temporal heterogeneity (biopsy, resection, or lymph node or
organ metastasis). To our knowledge, intratumoral heterogeneity has only been assessed
in SCCHN by two studies: both evaluated PD-L1 expression by means of the Combined
Positivity Score (CPS) in biopsy material versus the matching resection material. Results
showed significant discordance in material with absent PD-L1 expression, confirming the
risk of underscoring in biopsy specimen [121,125]. Two studies investigated PD-L1 expres-
sion on primary SCCHN versus associated (non-recurrent) lymph nodes and found a clear
correlation in expression pattern [125,126]. Nonetheless, literature remains scanty in this
domain: further specimen-subsite analysis is required and aforementioned results should
be validated by additional studies. Exploring the association between PD-L1 expression,
HPV-status, and other TME-associated biomarkers (TILs and TAMs) should be elucidated.

3.2. Genetic Biomarkers
3.2.1. Micro-Satellite Instability (MSI)

The DNA mismatch repair (MMR) system is an indicator for genomic (in)stability
as DNA repair gene products. It makes use of different enzymatic protein complexes
(MutS, MuH, and MutL) to bind at damaged DNA, repairing base pair mismatches or in-
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sertion/deletion loops. Afflicted genetic damage (through transmitted germline mutations
or epigenetic changes) to this DNA MMR system or loss of function may eventually lead to
formation of MSI. Indeed, several types of solid carcinoma, mostly subsets of colorectal can-
cer, have been associated with MSI via dysfunctional expression of several MMR proteins
(formed as proteins complexes such as MSH2-6, MSH2-3, PMS1-MLH1, MLH1-3) [127].
Subsequently, MSI-high tumors may be correlated with a higher tumor mutational burden
(TMB), and thus, an increased production of neo-antigens, leading to higher T cell reactivity.
From this perspective, MSI-high tumors may have better ORR towards treatment with ICI.
In SCCHN, MSI has not been implemented in routine testing [128]. The prevalence of MSI
positivity in SCCHN has been estimated at 1%–26% [129–132]. The prognostic value of MSI
in SCCHN remains unclear due to low sample-size and few studies, thus lacking statistical
power. Initially, it seemed that MSI positivity in SCCHN was correlated with a higher
probability of local recurrence in tissue specimen with negative resection margins [133]. A
recent study investigated the role of MMR deficiency as a response predictor for anti PD-1
agents in twelve different solid carcinoma, though SCCHN was not included. Nonetheless,
a radiological ORR was observed in 53% of patients, of which almost half of them reaching
a complete response [134]. An interesting report described a patient with metastasized
SCCHN, low PD-L1 expression, and high MSI, who was submitted to a PD-L1 inhibitor.
This patient experienced a durable and complete response [135]. The role of MSI as a
potential biomarker for tailoring ICI use in SCCHN has not been thoroughly investigated
as a predictor of ICI-responsiveness. Current reports indicate that incidence of MSI is fairly
low in SCCHN, which reduces its potential implementation as a routine diagnostic test in
SCCHN. Nevertheless, its role should be elaborated in future clinical research.

3.2.2. Genetic Screening

• Type of material

Genetic-based prognostication and classification have been a major part in the unrav-
elling of the immune contexture of SCCHN. Classically, tissue specimen are utilized for
DNA/RNA extraction and genetic analysis using next-generation sequencing techniques
(NGS) to identify the mutational landscape. Nonetheless, (repetitive) tissue biopsies are
an invasive and costly procedure, which has increased the popularity for applying collec-
tion of liquid biopsies. The introduction of cell-free (cf) DNA and circulating tumor (ct)
DNA testing have been welcomed as innovative techniques of genetically profiling solid
carcinoma. Furthermore, electronic platforms such as the TCGA database and cBioPortal
displays the patterns of gene expression and clinical data from several clinical trials in
(solid) malignancies. This allows universal access to genetic information, and thus can func-
tion as useful tools in the development of a genetic prognosticator for (future) prospective
trials [136,137].

• Tumor mutational burden (TMB)

The TMB can be utilized to quantify the neoantigen load via the number of (non-
synonymous) mutations present in a specific tumor (mut/mB) [20,127,138]. TMB can
be acquired through whole-exome or whole-genome DNA sequencing (mostly done on
tumoral tissue material). In non-squamous cell lung cancer, patients with higher TMB
were correlated to significant clinical benefit when treated with ICI [139,140]. SCCHN is
considered one of the (tobacco-related) solid malignancies with the highest TMB, around 5-
10mut/MB [20]. Several clinical trials confirmed that presence of high TMB was correlated
to better prognosis when treated with ICI [137,138,141,142]. However, this was mostly in
case of virus-negative (HPV−/EBV−) SCCHN, which have higher TMB due to prevalence
of secondary risk factors (smoking/alcohol consumption). Furthermore, TMB seems to be
independent of PD-L1 expression and gene expression profiles in the tumor, confirming that
the TME is a very dynamic but complex entity [142]. There is high interest in integrating
TMB as a prognostic or predictive biomarker in patients with SCCHN, especially before
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initiating treatment with immunomodulating agents (f.i. ICI), but this should be further
investigated in future prospective trials.

• Gene signatures

In SCCHN, several genes have been correlated to carcinogenesis and the generation
and modulation of anti-tumor immune response. As mentioned earlier, SCCHN is genet-
ically heterogeneous, which has complicated the search for an evident immune-related
gene signature. Multiple studies investigated different sets of immune genes signatures to
predict prognosis in the population while also tailoring the use of immunotherapy through
assigning different immune-gene based subgroups to various immunotherapy based strate-
gies [7,140,143–156]. Results from these studies have generated an immune-related gene
panel or signature based on 10 to 27 different genes (cfr. Table 2), which were mostly DNA
and/or RNA based (mRNA, lncRNA, miRNA). An extensive elaboration for each acquired
gene signature falls beyond the scope of this paper. Nonetheless, these genetic signatures
might be insightful in regard to their predictive and prognostic value, especially when
considering treatment with ICI.

Table 2. Overview of some potential gene signatures in SCCHN.

Study Reference Associated Genes

[7] AJUBA (−), CASP8 (−), CD56 (+), CD8 (+), CDKN2A (−), EGFR (−), FAT1 (−), FGFR2 (+), HRAS
(−), LAG3 (+), NOTCH1 (−/+), PIK3CA (−/+), TP53 (+), TP63 (−/+), TRAF3 (+)

[140] CCL5, CD27, CD274, CD276, CD8a, CMKLR1, CXCL9, CXCR6, HLA-DOA, HLA-DRB1, HLA-E,
IDO1, LAG3, NKG7, PDCD1GL2, PSMB10, STAT1, TIGIT

[143]
AVPR2, BTC, CCL22, CCR6, CHGB, DKK1, HBEGF, HRG, ICOS, IL20RA, INHBB, KLRK1, LCNL1,

MASP1, OLR1, PDGFA, PTX3, RBP4, RFXAP, ROBO1, RORB, SH3BP2, TMSB4Y, TNFRSF4,
TNFRSF18, TNFRSF25, ULBP1

[147] BATF, CCL11, CCR4, CCR7, CD27, CD79B, CMA1, CNR2, CTLA4, CTSG, GZMM, IL16, IL19, MASP1,
PGLYRP4, SAA1, TNFAIP3, TREML1

[149]
AJUBA (−), CASP8 (−), CCND1 (−), CDKN2A (−), EGFR (−/+), FAT1 (−), FGFR1 (−), FGFR3 (+),
HLA-A (−/+), HRAS (−), KMT2D (−), MYC (−), NOTCH1 (−/+), NSD1 (−), PIK3CA (−/+), TP53

(−), TP63 (−/+), TRAF3 (+)

[150] CDKN2A (−), CUL3 (−), FGFR3 (+), FLG (−/+), MLL2 (−/+), MLL3 (+), NOTCH1 (−/+), NOTCH2
(−), NSD1 (−), PIK3CA (−/+), TP53 (−), UBR5 (−)

[151]
AJUBA (−), B2M (+), CCND1 (−), CDK4 (−), CDK6 (−), CDKN2A (−), CUL3 (−), E2F1 (+), FAT1

(−), FGFR2 (+), FGFR3 (+), HLA (+), HRAS (−), KEAP1 (−), KRAS, NF1, NF1 (+), NFE2L2 (−),
NOTCH1 (−/+), NRAS, PIK3CA (−/+), RB1 (−), TP53 (−), TP63 (−/+), TRAF3 (+)

[152] GZMA (+), GZMB (+), IDO1 (+), IFNG (+), LAG3 (+), PRF1 (+)

[153] CYLD (+), EP300 (+), FGFR3 (+), KMT2D (+), NFE2L2 (+), PEG3 (+), PIK3CA (+), RB1 (+), STAT3
(+), TSC2 (+)

[154] ADGRV1 (−), CCND1, CDKN2A (−), CDKN2B (−), EGFR (−), FAT1 (−), FAT2 (−), FAT4 (−),
KMT2C (−/+), KMT2D (−), NFE2L2 (−), NOTCH1 (−), PIK3CA (−/+), RELN (−), TP53 (−)

[155] AKNA, ARHGAP9, CCR7, CORO1A, GIMAP4, GIMAP7, IL10RA, ITGAL, ITK, P2RY8, PPP1R16B,
PRKCB, SASH3, SP140, TBC1D10C, TRAF3IP3

All genes are ordered alphabetically per study. (−) = common mutation in HPV negative tumors; (−/+) = common mutation irrespective
of HPV status; (+) = common mutation in HPV positive tumors; SCCHN = squamous cell carcinoma of the head and neck.

Again, before clinical implementation of the gene signature could take place, unifor-
mity should exist regarding the in-and exclusion of relevant genes and the type of material
used for genetic screening (primary tumor versus metastasis, tissue versus liquid biopsy).
Integration of a gene signature should go hand in hand with an extensive examination
of the abovementioned TME-associated biomarkers. In this regard, SCCHN may be sub-
divided based on their immunogenic properties into low, moderate, or highly inflamed
phenotypes [12]. An interesting approach would be the construction of immune-related
nomogram or immunogram in SCCHN providing important prognostic and predictive
with the potential of tailoring use of immunotherapeutic agents [148].
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3.3. Circulating Blood Cells

As systemic inflammatory responses may be reflected using blood parameters, some
of them may be beneficial as predictive and prognostic biomarkers for minimal invasive
and clinical monitoring of patients. Several peripheral blood parameters have been in-
vestigated and explored: absolute lymphocyte count (ALC), absolute neutrophil count
(ANC), absolute eosinophil count (AEC), absolute monocyte count (AMC), or neutrophil
to lymphocyte ratio (NLR) being the most noteworthy parameters. However, literature
describes various discrepancies of these parameters between studies, thus its clinical value
is yet to be portrayed [156–162]. Interest has therefore shifted to the characterization of
immune and non-immune-inflamed phenotypes using flow cytometric analysis (FCA).
This is a common and widely available technical approach to quantify and identify immune
cell profiles using cell surface-expressed markers in blood and blood derivates [163]. As
mentioned in Section 3.1.2, SCCHN is known to have an immunosuppressive environment
with lower absolute T cell counts, in particular CD4+ and CD8+ T cells, and dysfunc-
tional CD8+ effector cells. On the other hand, immunosuppressive Tregs and MDSCs are
elevated [162,164,165].

Indeed, unravelling the immune-profile in SCCHN of circulatory blood cells is promis-
ing and may go hand in hand with abovementioned (tissue-based) parameters. For instance,
identifying and quantifying the repertoire of different T cell subsets by FCA, of which CD4+

and CD8+ T cells are the main players on the pitch, could be accompanied by an IHC-based
TIL subtyping in tumoral tissue. Below, we describe some currently known dysregulations
in blood and blood-derivates observed via FCA detected surface markers in SCCHN.

As mentioned earlier, an important subset of CD4+ T cells in solid carcinoma are Tregs.
These are grossly divided into three main groups according to the surface marker-based
phenotype and their function: (1) immunosuppressive resting (CD45RA+ FoxP3low) Tregs;
(2) activating (CD45RA− FoxP3high) Tregs; and (3) non-immunosuppressive (CD45RA−

FoxP3low) T cells [166].
Effector CD8+ T cells on the other hand, should be divided into naïve T cells, central

memory T cells, effector memory T cells, and effector T cells, the latter being responsible
for cancer cell elimination after antigen stimulation [165].

A prospective study analyzed base-line T-cell populations by FCA on peripheral blood
of 85 oropharyngeal and laryngeal cancer patients compared to healthy controls. A shift
was noted from naïve CD8+ T cells into effector memory T cells, while the total amount of
effector T cells and effector memory T cells was elevated in HPV+ in comparison to HPV−

OPSCC [167].
A preliminary prospective study from Boucek et al. [168] compared the Treg frequency

(determined as CD4+CD25+ Tcells) in the blood of SCCHN patients (n = 112) at the time of
diagnosis compared to healthy donors. A general increase in Tregs in the SCCHN group
was observed. Furthermore, a significantly higher level of circulatory Tregs was associated
with recurrent disease for SCCHN.

Lechner et al. [54] observed Tregs (identified as CD4+/FoxP3+ CD127low) in blood
(PBMC’s) to be elevated in the SCCHN group compared to healthy donors. These results
were equally confirmed on paired tissue samples. Subsequently, a decrease in circulat-
ing CD4+ naïve T cells (CD4+/CD45RO−/CD27+) and an increase of memory T cells
(CD4+/CD45RO+) were observed in comparison to control groups. Of notice, CD45RO+ is
a glycoprotein that represents the prevalence of tumor-infiltrating memory T lymphocytes,
and thus the activation status of T cells in general [169].

Attention has also been brought to the migratory capacity of circulating CD4+ and
CD8+ T cells by Andrade et al. [170]. Based on the expression of surface proteins CD18,
CD54, and CD62L, significant alterations were noted on CD4+ T cells and particularly,
CD8+ T cells. These migratory lymphocytes could be an essential component for the
local and/or systemic inflammatory response during carcinogenesis, but this needs to be
further elaborated. Furthermore, a reduced number of circulating CD38+/CD8+ T cells
was observed in patients with highly advanced/metastatic SCCHN, CD38 being a both
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sensitive and specific marker for immune activation in various diseases. Again, its clinical
role needs to be defined in future research [170].

Circulating NK cells only provide little data regarding their role in SCCHN. It seems
the total amount of (CD16/56+) NK cells is substantially lower compared to control groups.
Low amounts of invariant NK Tcells were correlated to poor outcome in SCCHN [168,171].
Essentially, aforementioned authors concur the phenotypic analysis of circulating lympho-
cytes could be interesting for assessing the immunological status, monitoring the clinical
course, or as prognostic and predictive tools for patients with SCCHN.

As mentioned in Section 3.1, MDSC are immature immune cells known for negatively
regulating immune responses in pathological conditions, including carcinogenesis. MDSCs
comprise of different subsets expressing various myeloid markers such as CD11b, CD33,
CD14, CD15, and CD16, while lacking the expression of HLA-DR. These surface markers
are crucial for identification by FCA. Several reports indicate CD14+ HLA-DR− cells induce
immunosuppression by inhibiting T cell proliferation through augmented expression of
immune checkpoint molecules, increased release of cytokines (TGFβ, IFN-γ) and enzymes
(ROS, NOS, Arg1) [41,172]. Of course, these mechanisms differ according to the type of
solid carcinoma. In SCCHN, (CD14+ HLA-DR-) MDSCs obtain their immunosuppressive
effects through upregulated expression of PD-L1 and an increased release of TGFβ [173].
Regarding clinical significance, it seems the amount of circulating MDSCs quantified by
FCA is substantially lower in peripheral blood samples of SCCHN and concentrations are
correlated to the tumoral burden in SCCHN, which is in concordance with abovementioned
tissue-related results [174–176]. Hereby, MDSCs may indeed be of biological importance
during tumor progression.

Lastly, the detection of immune checkpoint molecules on circulating T cells via FCA
has also been introduced. Immune checkpoints (f.i. PD-1) expressed on T cells have low
sensitivity using immunohistochemical detection on tumoral tissue, hence the recommen-
dation of combining both techniques in the future for adequately assessing the PD-L1 status
of SCCHN [54,177]. In summary, aforementioned data about circulating blood cells and
their expressed surface proteins seem worthwhile for contemporary evaluation, providing
further insight in tumor biology and the immunological profile of SCCHN.

3.4. Oral Microbiota

Microbiota have an indisputable role in the development and maturation of the host
immune system. Mounting evidence has correlated its dysregulation to several health is-
sues, the most common being systemic auto-immune, inflammatory bowel, cardiovascular,
and metabolic diseases [178,179]. In addition, the immunomodulatory role of gut micro-
biota has been extensively described in malignancies, it being associated with immune
dysregulation, disease progression, and as a regulator of immunomodulotary therapeutics
such as ICI [180–182]. As of today, no data have linked squamous cell cancer in the head
and neck to gut microbiota. However, exciting evidence has been presented concerning
oral microbiota. The earliest paper found significant discrepancies in oral bacteria composi-
tions between healthy and OSCC subjects, the latter being colonized species and strains
that induce chronic inflammation, hence potentially inducing carcinogenesis and cancer
progression. Furthermore, smoking and excessive alcohol abuse, two major risk factors for
SCCHN, seem to reduce bacterial heterogeneity [183]. To this end, Shin et al. [184] observed
an increased colonization of Lactobacilli while Haemopilus, Neisseria, Gemellaceae, or Aggregat-
ibacter were downregulated. Recently, it was shown that enrichment of the Fusobacterium, F.
nucleatum in SCCHN patients showed lower tumor stage, lower rate of recurrence, and
lymph node metastasis. Generally, a shift seems to occur (in SCCHN compared to healthy
tissue) in which Streptococci seem to be replaced by Fusobacterial strains [184]. Although
the clinical significance of microbiota in regard to therapeutics within SCCHN needs to
be further elaborated, a respectable attempt has been made by Ferris et al. [185]. As a
sub-investigation of the CHECKMATE 141-trial, the saliva of 82 ICI-treated R/M SCCHN
patients were assessed for distinctions in bacterial colonization by profiling using high-
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throughput 16S ribosomal RNA sequencing, and compared to healthy controls. Although
no prognostic nor predictive correlation could be made (partially explained due to the
limited sample size and low ORR), these are welcoming attempts that should incite further
investigation [20,185].

4. General Conclusions and Future Perspectives

As ICI have found their way in the standardized practice of oncology medicine, there
is a necessity of obtaining a better understanding regarding the TME to further personalize
ICI treatment. We know that there is an indisputable correlation between the TME and
the recognition and elimination of neoplastic cells. Further deciphering of the TME may
thrive discovery of potential diagnostic, prognostic biomarkers or additional targets for
enhancing the effectiveness of ICI, as ICI-resistant clones have also been observed in cancer
patients [146]. In SCCHN region, there is no denying that the TME is of major importance
regarding prognosis and response prediction to ICI. Until today, only p16/HPV status and
PD-L1 expression have been integrated in routine clinical practice as clinicians and scientists
agree that these biomarkers harbor important prognostic value [108]. Identification and
quantification of the immune infiltrate, in particular TIL subsets, have been thoroughly
investigated these last decades in SCCHN. However, due to its great inconsistencies
regarding predictive and prognostic information, no consensus has been reached for
designing a universal methodology in TIL scoring, nor integrating TILs in the diagnostic
landscape of SCCHN. Although some potential may lie in the evaluation of TAMs in the
TME, there is still a lack of solid scientific evidence in SCCHN; thus, further exploration
is warranted. As ICI have been integrated in the therapeutic landscape of cancer, the
clinical value of PD-L1 expression in SCCHN has been skyrocketing. However, next to the
well-known technical issues (different methodologies, immunostainers, and platforms),
temporal, and intra- and intertumoral heterogeneity do further complicate the assessment.
Currently, PD-L1 expression lacks specificity and robustness to be employed as a sole
predictor of ICI-response in SCCHN. We are in desperate need of additional biomarkers to
adequately profile the TME in SCCHN and tailor the use of immune checkpoint inhibitors.

When considering genetic-based biomarkers, TMB and MSI may be valuable predic-
tors of response to immunomodulating agents, but fall short due to the low prevalence in
this population. Gene signatures hold more potential for a personalized strategy, though
current studies lack uniformity on which SCCHN-and/or immune-related genes should be
targeted for screening. The same accounts for circulating blood biomarkers, holding prog-
nostic or predictive information but lacks uniformity in methodology and, consequently, in
results. Lastly, as the microbiome has recently emerged as a popular mediating factor of
immunology and cancer, the oral microbiota and its link to SCCHN could be another path
worth exploring for additional biomarkers.

In general, SCCHN prognosis prediction should not only be based on the clinical
staging system (TNM or AJCC), differentiation grade, and HPV and PD-L1 status. Ide-
ally, future studies should partially integrate above described biomarkers to construct a
unanimous TME-based classification that includes the assessment of tissue-infiltrating
and circulating immune cells and gene signatures. An interesting approach would be
the construction of an immunogram as suggested by Blank et al. [148], assigning SCCHN
into different immunoprofiles based on their immunogenic properties. SCCHN remains a
complex and heterogeneous cancer. Several biomarkers have already been investigated,
demonstrating their worth in SCCHN, but are prone to flaws due to retrospective study
designs, lack in uniformity of assessment, no standardization, and discordancy in pub-
lished results. Therefore, improving our understanding of the TME and the dynamic
tumor-immune cell interactions will be crucial to explore, identify, develop, and ultimately
integrate new prognostic and predictive biomarkers into clinical care.
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The general objective of this research project is to expand our knowledge of the immune infiltrate in SCCHN by focusing 

on two distinct biomarkers: (1) TILs, known for their prognostic value in several malignancies; (2) PD-L1, now commonly 

used as an immunohistochemical biomarker to stratify patients to treatment with ICI. Although it is clear from numerous 

studies in literature that both biomarkers can be of clinical value, the implementation of these markers in daily clinical 

practice is still associated with major drawbacks, (at least partly) due to methodological issues. For TILs, the lack of 

consistent data on its prognostic role can be partially explained by the use of a plethora of different scoring methods in 

the studies reported in literature. Both scoring (semi-quantitative scoring, counting under the microscope, digital image 

analysis…) as areas of interest (intratumoral or stromal compartment, whole slide analysis or counting in high power 

fields…) differ in studies, making it difficult to draw unequivocal conclusions from this heterogeneous data set in literature. 

In contrast, PD-L1 IHC is already up and running as a predictive marker for PD-1/PD-L1 targeted therapy, but many questions 

on its practical use remain unanswered. The goal of this thesis was to contribute to the knowledge on TILs and PD-L1, 

mainly from a practical point of view.  

Firstly, we evaluated a standardized scoring technique for TILs developed by the IIBWG. Although initially designed for 

breast carcinoma, several attempts have been made to extrapolate the quantification method to other solid tumors. Our 

research group retrospectively performed the scoring assay in OPSCC, in order to evaluate its practicality and prognostic 

value while describing the encountered morphological pitfalls during interpretation (Chapter 4).  

In the second part, we explored the spatiotemporal heterogeneity of PD-L1 expression in a general SCCHN population to 

evaluate its possible impact on therapeutic decisions in oncological practice. The diagnostic kit PD-L1 22C3 IHC was scored 

with the method currently applicable for SCCHN: the Combined Positive Score (CPS). The main research objective was to 

describe the concordance of PD-L1 expression in different sample types, firstly within primary tumors comparing biopsy 

material versus resection material (intratumoral heterogeneity) and secondly, comparing material from primary tumor 

and paired metastatic lesions (intertumoral heterogeneity). Additionally, we examined if temporal heterogeneity could 

additionally affect PD-L1 CPS in paired samples. Lastly, the internal correlation and clinical relevance of both TILs and the 

PD-L1 expression were evaluated in this general SCCHN population (Chapter 5).



 

 
 



 

 
 



 

 
 

 

 



 

 
 

 

 

 

 

Chapter 4 

TIL quantification and prognostic value in OPSCC 

  



 

 
 

 



Chapter 4 | TIL quantification and prognostic value in OPSCC 

 

 
75 

4.1 Background 

The immune cell infiltrate is known to serve as a protagonist during neoplastic transformation, as host and transformed 

cells are coordinating innate and adaptive immune cells to deliver a (predominantly) dysfunctional immune response [1-

2]. A large body of evidence points out that TILs are dysregulated in number and functionality in several solid tumors. In 

SCCHN, the identification and quantification of several subsets of TILs have been thoroughly examined, of which the most 

clinically relevant subsets are CD3 +, CD4 +, and CD8 + T cells, visualized on tumoral tissue sections using IHC [3-9]. Although 

several of these subsets hold relevant prognostic information, TILs have not yet been implemented in daily clinical practice. 

This has been partially attributed to the lack of a uniform scoring methodology. Studies differ in scoring technology 

(microscope, digital imaging, flow cytometry), scoring method (semi-quantitative eyeballing, counting under the 

microscope, computer-assisted digital image analysis) and scoring areas (high power fields, tissue macroarrays, whole 

slide analysis) and compartments ((intra)tumoral or stromal compartment), leading to useful and interesting yet 

incomparable data. Moreover, if we want to introduce TILs scoring successfully in daily clinical practice, this will require a 

standardized, universally accepted,and validated method.  

The IIBWG conceptualized a method for evaluating TILs on HE tumor tissue slides. This protocol may be an important 

cornerstone toward its standardized assessment. Initially, TILs, assessed according to this method, were found to be a 

strong prognostic factor in triple negative breast cancer. This encouraged the extrapolation of this uniform protocol to 

other solid malignancies [10]. In the current chapter, we tested this methodology on a retrospective cohort of OPSCC. The 

end points of this study were first to describe the feasibility and reproducibility of this TIL scoring technique by evaluating 

the inter-observer variability and reporting possible confounding factors in the interpretation and second, to correlate the 

obtained scores with clinicopathological parameters and outcome. 
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Summary
Tumour infiltrating lymphocytes (TILs) have been
described as a biomarker for the host immune response
against the tumour with prognostic properties. The Inter-
national Immuno-Oncology Biomarkers Working Group
(IBWG) proposed a standardised method for quantifying
TILs in solid tumours to improve consistent and repro-
ducible scoring. In this study, the methodology was tested
in a retrospective population of oropharyngeal squamous
cell carcinoma (OPSCC).
TIL quantification was performed on 92 OPSCC samples
(2004–2013) by four independent observers as described
by the IBWG. Interobserver variability was assessed and
results were correlated with clinicopathological variables
and survival.
TIL evaluation turned out to be challenging in OPSCC due
to heterogeneity of TILs distribution, presence of pre-
existing lymphoid tissue, surface ulceration or erosion
and insufficient amount of intertumoural stroma in bi-
opsies. Nonetheless, interobserver variability proved to be
good to excellent. High stromal TILs (TILstr) and intra-
tumoural TILs (TILtum) were both correlated to favourable
overall survival and multivariate analysis showed TILstr to
be the sole independent prognostic factor in OPSCC.
The IBWG-proposed TIL quantification method is feasible
and reproducible in OPSCC and provides valuable prog-
nostic information regarding clinicopathological character-
istics and overall survival. The use of this standardised
methodology may facilitate implementation of TILs scoring
as a prognostic biomarker in OPSCC.

Key words: Oropharyngeal cancer; tumour microenvironment; biomarkers;
tumour infiltrating lymphocytes; overall survival.
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INTRODUCTION
The tumour microenvironment (TME) is a complex dynamic
bidirectional system of cells shaped during cancer development.

Essentially, it consists of tumour cells and host cells, an extra-
cellular matrix (ECM), endothelial cells, fibroblasts and an
immune infiltrate consisting of lymphocytes, macrophages,
dendritic cells and granulocytes.1–3 Tumour infiltrating lym-
phocytes (TILs) are an important component of this immune
infiltrate and include lymphocytes recruited from both the
adaptive and innate immune system such as B cells, CD4+
regulatory T cells, CD8+ cytotoxic T cells, natural killer cells
and gd T cells. These subsets of TILs have been thoroughly
investigated and correlated with outcome, survival and therapy
sensitivity (e.g., to immune checkpoint inhibition) in several
malignancies, including squamous cell cancer of the head and
neck (SCCHN).3–10

SCCHN is the sixth most common malignancy in the
world with the oropharynx being the most affected anatom-
ical subsite.11,12 The majority of patients with SCCHN has a
history of tobacco and alcohol abuse, though HPV infection
has also been involved in the pathogenesis of oropharyngeal
squamous cell carcinoma (OPSCC),13–15 having a preva-
lence rate ranging between 23–73%, depending on the
geographical region and time period.16 Curative treatment
strategies mainly comprise a combination of surgery, radia-
tion therapy and platin-based systemic therapy. Unfortu-
nately, as recurrence and metastasis are common events,
SCCHN has a high mortality rate, ranging up to 50% with a
median overall survival (mOS) of 6–8 months.17–20

Recently, immune checkpoint inhibition (ICI) was success-
fully implemented as a first and/or second line treatment in
recurrent or metastatic SCCHN improving mOS up to 14.5
months when administered in monotherapy. Nonetheless, the
overall response rate of ICI remains relatively low reaching a
mere 18%.12,21

Aforementioned data have incited scientists to further un-
ravel the TME and investigate potential biomarkers or tar-
gets. These may aid oncologists to tailor use of therapy in
which TILs may play their own part. TIL evaluation is mostly
assessed via microscopic evaluation of tumour tissue sec-
tions. Identification of TILs is based on morphological
assessment on haematoxylin and eosin (H&E) staining or
immunohistochemical labelling of different subtypes of TILs.
Quantification of TILs can be done semi-quantitatively by
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categorical scoring or quantitatively using digital imaging
analysis. Although many studies report a prognostic value for
TILs in head and neck cancer, TIL scoring has not yet found
its way to daily clinical practice.22–26 The different reasons
for this are reviewed elsewhere8 but the main problem resides
in the lack of uniform scoring of TILs. Different methodol-
ogies, often study group-specific, lead to different and poorly
comparable results, eventually leaving the question about
clinical utility unanswered.
To address this issue, the International Immuno-Oncology

Biomarkers working group (IBWG) proposed a standardised
methodology for TIL assessment in solid tumours.9 This
method is affordable, accessible, easily and widely appli-
cable, and has been demonstrated to be reproducible, reliable
and of prognostic and predictive value in invasive breast
carcinoma. The clinical validity and utility of this stand-
ardised approach of TIL quantification has already been
explored in other solid tumours such as melanoma and lung
cancer but remains to be investigated in SCCHN. The pur-
pose of this retrospective study was to apply the standardised
methodology for the scoring of TILs, as proposed by the
IBWG, in a population of patients diagnosed with OPSCC.
The study had two main objectives: first, to assess the
analytical validity of the scoring system by identifying
confounding factors and determining inter-observer vari-
ability, and second, to assess its clinical usefulness by
analysing its prognostic value in this patient population.

MATERIALS AND METHODS
Study population

Ninety-two treatment-naive patients with biopsy-proven OPSCC
(2004–2013) were selected from the archival database of the Department of
Pathology, Ghent University Hospital. The study was approved by the local
ethics committee of the Ghent University Hospital (Belgian registration
number B670201420039). Tissue sections were derived from biopsies (n=74)
or resections (n=18). Immunohistochemistry (P16, CD8) was performed and
scored as previously described.27

The majority of patients were male (n=76) and older than 60 years (n=55).
Patients were staged applying the 8th edition of TNM classification, with P16
immunohistochemistry as surrogate marker for HPV+ tumours.28 Patients
were classified as clinical stage I/II (n=16), III (n=14) or IV (n=62). We
adapted the topographic classification of OPSCC suggested by Tham et al.29

in our manuscript. In this meta-analysis OPSCC was divided into: (1) tonsil
related area (TRA) comprising the base of the tongue, lingual tonsil, tonsillar
fossa and tonsillar pillar, and tonsil not otherwise specified; (2) non-tonsil
related area (nTRA) comprising the soft palate, uvula, lateral and posterior
oropharyngeal wall; and (3) overlapping area (OA) comprising of overlapping
lesions of OPSCC or OPSCC not otherwise specified. The most commonly
affected anatomical region was TRA (n=56), followed by nTRA (n=25) and
OA (n=11). OPSCCs were classified as well (n=7), moderate (n=57), poor
(n=21), or basaloid differentiated (n=7). Eight poorly differentiated OPSCCs
had the morphological aspect of a lymphoepithelioma-like carcinoma
(LELC). HPV positivity was determined via P16 CINtec P16 Histology on a
BenchMark XT automated stainer (both from Ventana Medical Systems,
USA) under ISO15189:2012. We identified 28 cases (30%) that were P16+.
An additional HPV CISH was performed retrospectively on this cohort of
older paraffin blocks. However, as the results were variable, and therefore
possibly false negative, (only 17 of 28 P16+ samples were HPV positive), P16
was considered the most reliable discriminator for HPV status in this study
population.30–34

All patients received primary therapy based on surgery (n=49), radio-
therapy (n=22), or radio- and chemotherapy (cisplatin minimum dose 200 mg/
m2) (n=21). Forty-four patients that were primarily treated with surgery
received adjuvant therapy based on radio(chemo)therapy, of which only one
patient did not reach the full described dose of radiotherapy. Of patients that

were prescribed primary treatment with radio- and chemotherapy, four pa-
tients were ineligible for platinum: two received cetuximab (250 mg/m2)
during radiotherapy and two were unfit for cisplatinum and were treated with
primary radiotherapy. Three patients did not complete the full dose of radio-
and chemotherapy, as treatment was withheld early due to diagnosis of a
second primary tumour, and two patients had rapid disease progression with
death eventually.

TIL scoring

TILs were evaluated following the protocol from the IBWG (Supplementary
Table 1, Appendix A). Briefly, H&E stained sections containing invasive
squamous cell carcinoma were scored for mononuclear inflammatory cells,
including lymphocytes, plasma cells and macrophages in stromal and intra-
tumoural tissue, while granulocytes were excluded from evaluation. TILs
were reported as a continuous variable (%) for the stromal and intratumoural
compartment separately. The percentage of stromal TILs (TILstr) is the area of
stromal tissue occupied by mononuclear inflammatory cells over the total
stromal area. For intratumoural TILs (TILtum), the area covered by mono-
nuclear inflammatory cells over the amount of tumoural cells covering the
area had to be assessed.2,9,35 In the current study, TIL scoring was performed
by four independent observers, three of which were senior pathologists and
one PhD fellow. All observers were blinded from each other’s assessment
and patient outcomes. Fig. 1 depicts illustrative OPSCC HE sections used
for TIL assessment (Fig. 1A–D). Per patient, only one H&E section with
representative tumour tissue was selected and assessed. Attention was paid
to possible confounding factors that may complicate reproducible TIL
scoring. These factors include site-specific characteristics such as pres-
ence of pre-existing lymphoid stroma, superficial ulcerations or erosions
(Fig. 1F) or tissue-specific factors such as insufficient intertumoural
stroma that may hamper adequate TILstr evaluation in biopsy specimens.
Particularly, pre-existing lymphoid tissue may serve as an issue in TIL
assessment as it is commonly present in TRA of OPSCC. In case of the
latter, the IBWG suggests to focus primarily on tumoural TILs instead of
stromal TILs.9

Statistical analysis

TIL density was assessed as a continuous variable and was dichotomised as a
categorical variable (‘high’ versus ‘low’ density) at the cut-off value deter-
mined through receiver operating characteristic (ROC) curve analysis.
Missing values (e.g., not evaluable tumour tissue section by at least one
observer) were replaced by the mean value of all scoring observers. The inter-
observer validity in TILstr and TILtum was firstly determined by means of the
intraclass correlation coefficient (ICC) using TILs as continuous variable.
Next, the inter-observer validity was assessed via the overall percentage
agreement (OPA), the inter-rater reliability (IRR)36 and Fleiss’ k. Associa-
tions between TILs and clinicopathological characteristics were determined
via Chi-square test or Fisher’s exact tests when necessary. Univariate hazard
ratio (HR) of each baseline and clinical parameter on OS was determined by a
log-rank (Mantel–Cox) test. OS was calculated from time of (biopsy-proven)
diagnosis until date of death or final follow-up. The survival curves were
plotted using the Kaplan–Meier method. Multivariate analyses were con-
ducted using the Cox regression model. Decision curve analysis was
performed to evaluate the added prognostic value of TIL assessment to
standard clinicopathological parameters. All tests were calculated as two-
sides and a p value reached statistical significance if <0.05.

RESULTS
Ninety-two OPSCC tissue samples were evaluable for TIL
assessment. TIL density was assessed for both stromal and
intratumoural compartment as a continuous variable (%). The
scoring of each observer therefore was quite arbitrary when
commencing quantification, as the observers applied different
thresholds for assessment (lowest score being <5% or <1%)
or using intervals (5–10%, 10–15%, etc.). This made sta-
tistical analysis more complex, thus the lowest cut-off value
for TILstr and TILtum was set at <5% and <1%, respectively.
Intervals were assessed as median values for each observer.
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To perform survival analysis and interpretation, the TIL
percentages of all scoring observers for each sample were
calculated as median percentages.
An overview of all scores (TILstr and TILtum) per case for

each observer is shown in Fig. 2. We observed that TILstr
positively correlated to TILtum (R2=0.46; p<0.001), indepen-
dently from P16 status; Supplementary Fig. 1, Appendix A.

Inter-observer validity

Inter-observer variance was firstly determined for TILs as a
continuous variable through the ICC by means of absolute
agreement. Concordance was observed as excellent between
all observers for TILstr (ICC=0.90, p<0.001) and TILtum
(ICC=0.89, p<0.001). Presence of any confounding factor
only slightly reduced inter-observer concordance (TILstr
ICC=0.88, p<0.001; TILtum=0.86, p<0.001). Of all
confounding factors, ICC was considerably lower in samples
with restricted intertumoural stroma (TILstr ICC=0.75;
TILtum=0.76). All ICCs are given in Supplementary Table 2
(Appendix A).

Similarly, the inter-observer validity for TIL density was
evaluated as a dichotomised variable. Cut-off was set at 30%
for TILstr and 5% for TILtum as these were the thresholds
retrieved by ROC curve analysis. Other cut-offs were equally
assayed for determining the highest inter-observer concor-
dance in TILstr (10%–20%–30%–40%) and TILtum
(1%–5%–10%–20%). For TILstr, inter-observer concor-
dance was moderate when based on Fleiss’ k for all thresh-
olds (<20%, k=0.450; <30%, k=0.484; <40%, k=0.479)
except <10% (k=0.314). Moderate concordance was
observed for TILtum regarding classes <10% (k=0.446) and
<20% (k=0.460), though only fair and poor agreement was
noted for <5% (k=0.353) and <1% (k=0.114), respectively.
The OPA ranged between 51.1% and 59.8% for all TILstr
thresholds and between 43.5 and 84.8% for all TILtum classes,
of which lowest cut-offs (5% and 10%) had the poorest
agreement (43.5% each). The IRR was excellent for both
TILstr and TILtum, ranging from 83.7 to 87.8% for TILstr and
78.5–91.3% for TILtum. All inter-observer validating pa-
rameters seemed to improve when only using samples with
no confounding factor present in comparison to samples with

Fig. 1 Microscopic evaluation of oropharyngeal squamous cell carcinoma (OPSCC) (tonsil). (A,B) High tumour infiltrating lymphocyte (TIL) density versus low TIL
density is seen (black arrowheads, intratumoral compartment; white arrowheads, stromal compartment). (C,D) Higher power images. (E) Heterogenous dissemination of
high (arrow) and low (arrowhead) TIL infiltration can be present. (F) Presence of polymorphonuclear cells (arrow) due to ulceration and/or erosion can make TIL
assessment more complex.
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presence of any confounding factor. No differences in inter-
observer variability were detected when comparing TIL
scoring on biopsy or resection material. An overview of the
inter-rater agreement for the dichotomised variables is shown
in Supplementary Tables 3–7 (Appendix A).

TIL density and clinicopathological characteristics in
OPSCC

An overview of all clinicopathological features is given in
Table 1.A correlationwas observedbetweenTILtum and tumour
topography: TRA OPSCC had higher TILstr and TILtum infil-
tration than other sites. Similarly, low T-stage (T1/T2) tumours
had higher TILtum infiltration. A positive P16 status correlated
with augmented TILstr and TILtum infiltration. Regarding dif-
ferentiation grade, basaloid and poorly differentiated (particu-
larly LELC-variant) OPSCC had higher TIL infiltration
compared to well and moderately differentiated OPSCC.

Survival analysis

OS was analysed using thresholds of 30% and 5% for TILstr
and TILtum, respectively. Median OS was 1.90 years for low
TILstr and 3.04 years for high TILtum, while being 9.75 years
for both high TILstr and high TILtum. Kaplan–Meier plotted
OS curves clearly indicate a survival benefit for high TILstr
and high TILtum versus low TILstr and TILtum (Fig. 3).
On univariate analysis, high TILstr (p<0.0001) and TILtum

(p=0.0022) correlated with longer survival. The same applied
for a positive P16 status (p=0.0060) and a high stromal CD8
count (p=0.0058) which also correlated with better OS
(Supplementary Fig. 2, Appendix A).

Multivariate analysis to determine which type of TIL count
should be used for OS proved that high TILstr achieved the
best OS benefit (Supplementary Table 8, Appendix A). Using
TILstr in a multivariate model next to P16 status, showed that
high TILstr was an independent prognostic predictor for OS
(p<0.0001), being superior to P16 status. In addition, we
replaced TILstr by TILtum for the subset of patients where pre-
existing lymphoid tissue was present (n=26). However, this
exerted no effect on the observed OS benefit (p<0.0001;
Supplementary Fig. 2, Appendix A).
All univariate and multivariate HRs are given in Table 2.
The impact of this observation that TILstr is an independent

prognosticator for OS was further demonstrated. Firstly, high
TIL count was always associated with improved OS, when
stratifying for P16 status. This was significantly associated
for TILstr but not for TILtum (Supplementary Fig. 3, Appendix
A). Based on this observation, P16 status was combined with
TILstr to evaluate the effect on OS outcome. Herein, it is
noticed that the highest survival curves reached are those for
P16+/high TILstr and for P16

–/high TILstr (p<0.0001; Fig. 4).
In addition, a decision curve analysis was performed to

evaluate the added value of TILstr in the current clinical
model. An experimental model, which included TILstr next to
all other clinicopathological parameters, clearly showed an
increase in net benefit for prognostic use in OPSCC
(Supplementary Fig. 4, Appendix A).

DISCUSSION
To our knowledge, this is the first study in which the stand-
ardised TIL scoring methodology proposed by the IBWG

Fig. 2 TIL score distribution plot for all observers. X-axis, case number; Y-axis, score (%) for each observer (coloured dot). Scoring is shown for (A) Tumour
infiltrating lymphocyte stromal (TILstr) and (B) tumour infiltrating lymphocyte tumoural (TILtum). Trend lines are shown for each observer. Observers 3 and 4 tend to
underscore TILstr, in comparison to observers 1 and 2. The same applies for observer 4 regarding TILtum.
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was applied in a cohort of patients diagnosed with OPSCC,
assessing both its analytical validity and clinical utility.
The four observers of this study agreed that this method of

TIL quantification is quite challenging in OPSCC. This was

mainly due to the large proportion of samples (62%) with one or
more confounding factors such as pre-existing lymphoid tissue
(28%), restricted intertumoural stroma (19%) and presence of
ulcerations or erosions (35%). These characteristics are specific

Table 1 Association between tumour infiltrating lymphocytes and clinicopathological variables

Parameter N TILstr (%) TILtum (%)

Median (IQR) p value Median (IQR) p value

Age 0.0885 0.2953
�60 years 37 30.0 (9.7–50.0) 3.0 (0.5–7.5)
>60 years 55 15.0 (7.5–39.4) 1.0 (0.5–3.5)

Gender 0.9835 0.7066
Female 16 21.3 (10.0–43.8) 1.0 (0.5–4.0)
Male 76 21.3 (7.5–45.0) 1.5 (0.5–5.0)

Tumour site 0.0328 0.0014
nTRA 25 22.5 (9.7–45.0) 1.0 (0.5–3.1)
OA 11 7.5 (5.4–17.5)a 0.5 (0.1–1.0)b

TRA 56 25 (7.5–45.0)a 3.0 (0.8–6.9)b

T 0.3374 0.0150
1 20 27.5 (11.3–47.5) 3.5 (1.3–8.8)c

2 31 17.5 (8.1–65.0) 3.0 (0.5–6.0)
3 18 25.0 (5.8–45.0) 0.8 (0.5–1.5)
4 23 10.0 (7.5–30.0) 1.0 (0.5–2.9)c

N 0.4597 0.4766
0 27 20.0 (10.6–30.0) 1.0 (0.6–3.4)
1 13 10.0 (6.9–31.9) 1.0 (0.5–3.5)
2 45 25.0 (7.5–50.0) 3.0 (0.5–7.5)
3 7 22.5 (8.8–27.9) 1.0 (0.5–3.0)

Prognostic stage 0.8633 0.7566
I/II 16 16.3 (11.3–27.5) 1.3 (0.5–3.3)
III 14 21.3 (7.5–37.5) 1.0 (0.5–5.0)
IV 62 25.0 (7.5–45.0) 1.3 (0.5–5.0)

Grade of differentiation 0.0009 <0.0001
Good 7 10.0 (6.2–14.4)d 0.5 (0.0–0.9)g,h

Moderately 57 17.5 (7.5–32.5)e 1.0 (0.5–3.0)i

Poor 13 20.0 (6.0–45.0)f 3.0 (0.5–10.6)
Poor - LELC 8 60.0 (47.5–72.5)d,e,f 10.0 (5.7–20.0)g,i

Basaloid 7 30.0 (22.5–45.0) 3.5 (2.3–10.6)h

P16 status 0.0002 <0.0001
Negative 63 15.0 (7.5–30.0) 1.0 (0.5–3.0)
Positive 29 37.5 (20.0–58.8) 5.0 (1.8–12.5)

Therapy 0.1235 0.7777
Surgery 49 20.0 (7.5–38.8) 1.5 (0.5–5.3)
Chemotherapy + radiotherapy 21 12.5 (7.5–29.1) 1.5 (0.5–5.0)
Radiotherapy 22 37.5 (12.5–65.0) 1.0 (0.5–3.1)

IQR, interquartile range; LELC, lymphoepithelial-like carcinoma; str, stromal; TIL, tumour infiltrating lymphocyte; tum, tumoural.
Bold values are statistically significant.
a– i Letters indicate which subgroups are statistically significantly different.

Fig. 3 Effect of tumour infiltrating lymphocyte (TIL) scores on overall survival (OS) in oropharyngeal squamous cell carcinoma (OPSCC) patients. X-axis, survival
time (in years); Y-axis, cumulative OS probability. OS is shown for (A) TILstr [9.75 years versus 1.90 years; HR=0.33 (0.20–0.53); P<0.0001] and (B) TILtum [9.75
years versus 3.04 years; HR=0.46 (0.28–0.75); P=0.0022]. TIL scores were dichotomised between high (dashed line) and low scores (full line). Number at risk for each
group (high versus low infiltration) has been indicated beneath each OS curve.

840 DE KEUKELEIRE et al. Pathology (2021), 53(7), December



to OPSCC tumour samples and are not commonly encountered
in breast cancer, the tumour type for which this scoring method
was initially developed. Biopsies often displayed a restricted
amount of intertumoural stroma (22% versus 0% in resection
material), making adequate scoring of TILstr sometimes difficult.
All observers concurred that lack of intertumoural stromal tissue
was subjectively the most disturbing problem to adequately
assess TILs. One may therefore suggest resection material to be
superior for TIL quantification. However, surgical management
is not always an option in OPSCC patients, who are alternatively
treated with radio(chemo)therapy, with biopsy material being

the only available tumour tissue for additional analyses or
testing. In resection specimens, heterogeneity in TILs distribu-
tion may complicate the overall assessment of TIL density
(Fig. 1E). Despite these difficulties, we noticed that the inter-
observer variance was only slightly affected by the limited
intertumoural stroma and remained considerably well for other
confounders.
The current IBWG-designed method states that TIL quanti-

fication should be assessed as a continuous variable. However,
this methodology could be simplified and made more practi-
cable for the pathologist by quantifying TILs as a non-

Table 2 Univariate and multivariate analysis depicting independent prognostic factors for OS in OPSCC

Parameter Univariate Multivariate

Median survival
(95% CI)

HR (95% CI) p value HR (95% CI) p value

TILtum Low 3.04 (1.72–4.39) 1 1
High 9.75 (3.80–9.75) 0.46 (0.28–0.75) 0.0022 1.60 (0.69–3.71) 0.2772

TILstr Low 1.90 (1.57–4.09) 1 1
High 9.75 (4.31–9.75) 0.33 (0.20–0.53) <0.0001 0.31 (0.17–0.56) 0.0001

CD8tum Low 4.09 (1.59–5.08) 1
High 6.35 (2.45–9.75) 0.60 (0.35–1.06) 0.0778

CD8str Low 2.45 (1.58–4.39) 1 1
High 9.75 (4.31–9.75) 0.46 (0.27–0.80) 0.0058 0.66 (0.29–1.50) 0.3189

p16 status Negative 2.58 (1.72–4.44) 1 1
Positive Not reached 0.44 (0.27–0.72) 0.0013 0.52 (0.27–1.00) 0.0504

CI, confidence interval; HR, hazard ratio; OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival; str, stromal; TIL, tumour infiltrating lymphocyte;
tum, tumoural.
Bold values are statistically significant.

Fig. 4 Effect of tumour infiltrating lymphocyte (TIL) infiltration (TILstr) on overall survival (OS) in oropharyngeal squamous cell carcinoma(OPSCC) according to P16
status. High TILstr infiltration in P16+ and P16– status has better OS than low TILstr infiltration in P16+ and P16– status.

A STANDARDISED METHOD FOR TIL ASSESSMENT IN OPSCC 841



continuous variable. Therefore, assessing and validating the
ideal threshold to differentiate between high or low TIL infil-
tration is needed as most reported cut-offs are study-dependent.
Here we have assessed the inter-observer variability for cate-
gorical variables (Fleiss’ k, IRR) when implementing various
cut-off values. The inter-observer variability proved moderate
to excellent, depending on the employed statistical parameters.
The variability can of course be attributed to the fact that results
were based on the observers’ scores as a continuous variable
and not as a dichotomous variable, as every observer has
scaling differences or uses different cut-offs. Therefore, further
exploration, harmonisation and standardisation is needed
before considering binary scoring in the future.
In line with other studies, our results showed that stromal

and intratumoural count of TILs, P16 status and stromal CD8
infiltration were correlated with longer survival when
performing univariate analysis. However, multivariate anal-
ysis showed stromal TIL count to be the only independent
prognosticator for mortality in OPSCC. Moreover, adding
TILstr to a clinical model of currently known clinicopatho-
logical parameters clearly results in an increased net benefit
for OS prognosis (see Supplementary Fig. 4, Appendix A).
As we showed with this study that the IBWG method is
reproducible for future research in OPSCC, standardised TIL
quantification could be an additional diagnostic modality to
be used for routine pathological assessment.
It is well known that P16/HPV+ OPSCC is correlated with a

better response to radio(chemo)therapy, a favourable OS and
lower likelihood of relapse. It is characterised by a highly
cellular TME due to augmented expression of foreign virus-
related antigens, thus provoking a higher inflammatory
response than P16/HPV– SCCHN with higher TIL counts.
This is considered to contribute to the more favourable
outcome of this type of tumour.37–45 As expected, our anal-
ysis found P16+ status to be correlated with an increased
survival benefit (see Supplementary Fig. 3, Appendix A), and
a significantly higher infiltration of TILs (Fig. 4). However, in
multivariate analysis, P16 was not withheld as an independent
prognostic factor in our cohort. In fact, TILs scoring turned
out to be the most important prognostic factor, resulting in
survival benefit of P16– tumours with high TILs infiltration
compared to p16+ tumours with low TILs infiltration. This
suggests that the better prognosis of HPV+ tumours is mainly
determined by the TILs infiltration that is induced by HPV
infection, and that HPV+ tumours without high TILs infiltra-
tion lose a significant portion of this survival benefit (Fig. 4).
As mentioned above, pre-existing background lymphoid

stroma may be abundantly present in OPSCC, especially TRA,
and complicate TIL assessment. Indeed, 33% of TRA samples
contained lymphoid tissue, and TRA subsites were charac-
terised by both higher TIL infiltration (both stromal and intra-
tumoural) and better prognosis than SCCHN at other
anatomical regions. However, no significant correlation was
observed in the presence of pre-existing lymphoid tissue and
topography (p=0.1052) in our cohort. We performed an addi-
tional analysis by replacing TILstr with TILtum, as recommended
by the IBWG, in all patients with pre-existing lymphoid tissue.
This did not result in any changes to our main conclusion about
TILs as a prognostic factor in OPSCC (Supplementary Fig. 2,
Appendix A). Our data suggest that, regardless of the fact that
the higher TIL counts are tumour-related or site-related, high
TILs seem to contribute to a better prognosis compared to other
OPSCC subtypes.

In this cohort, poorly differentiated OPSCC had increased
stromal and intratumoural TIL infiltration in comparison to
well and/or moderately differentiated OPSCC, suggesting a
prognostic benefit for this subset. This contradicts the fact that
dedifferentiation is an indicator of poor prognosis, which
prompted us to re-classify the poorly differentiated group in
conventional poorly differentiated squamous cell carcinomas
and tumours with LELC morphology. LELC is a non-
keratinising undifferentiated carcinoma that most commonly
arises in the nasopharyngeal region as an Epstein–Barr virus
(EBV)-related carcinoma, characterised by a dense lympho-
plasmocytic cell infiltrate. This type of malignancy may also
develop in other mucosal sites of the head and neck, prefer-
ably the oropharynx. In case of the latter, they are considered a
variant of HPV-associated OPSCC and are mostly P16/HPV+.
The prognosis of LELC is considered good, comparable to
other HPV-associated OPSCC. In our cohort of poorly
differentiated OPSCCs, 8/13 poorly differentiated carcinomas
turned out to be LELC. In this subgroup, five were HPV+ and
two were EBV+. One patient was HPV– and EBV-status
could not be assessed due to technical issues. The foregoing
explains the higher TIL scores and the better prognosis in the
group of poorly differentiated carcinomas in our cohort.46,47

Finally, we should comment on the limitations of the
current study. These are mainly the retrospective nature of
our research and the rather limited cohort size of 92 patients.
The fact that the majority of samples were biopsy-based
tissue samples (n=75) while the IBWG guidelines recom-
mend the use of resection material as this ensures a better
average assessment of TILs, may be considered a limitation
as well. However, this disproportionate distribution of biopsy
versus resection material reflects the real-life samples of
OPSCC that are available for the pathologist and this should
be also regarded as a strength of this study.

CONCLUSION
Despite specific confounding factors characteristic of OPSCC,
the IBWG proposed method is a reproducible way of assessing
stromal and intratumoural TILs in OPSCC with significant
prognostic value.Thismethod for quantification ofTILs could be
implemented in future research in SCCHN for further validation.
This should preferably be covered in prospective trials exploring
its association with other prognosticators such as PD-L1, smok-
ing and viral status, its impact on survival, disease relapse, ther-
apy responsiveness (especially for immune-modulating-based
therapies), and its role in daily clinical practice.
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Supplementary Table 1: Proposed guidelines for the assessment of TILs in solid tumors: recommendations by an International Immuno-Oncology Biomarker Working Group 

1. TILs should be reported separately for the stromal compartment (= % TILstr) and the tumor cell compartment (=% TILtum). The reasons are 1) in many tumors the TIL density in both 
compartments is different, and 2) if the TILs are evaluated simply per tumor area, the density and growth pattern of tumor cells (= a non-immune parameter) will affect the TIL count. 
The denominator used to determine the % TILstr is the area of stromal tissue (i.e. area occupied by mononuclear inflammatory cells over total stromal area), not the number of stromal 
cells (i.e. fraction of total stromal nuclei that represent mononuclear inflammatory cell nuclei). Similarly, for TILtum the tumor cell area is the denominator. In some tumor types, e.g. 
breast cancer, it might be decided to evaluate only the TILstr. 

2. TILs should be evaluated within the borders of the invasive tumor, including both “central tumor” and “invasive margin”. These areas may be reported separately when required. 

3. The “invasive margin” is defined as a 1mm region centered on the border separating the malignant cell nests from the host tissue. The “central tumor” represents the remaining 
tumor area. 

4. Exclude TILs at a distance outside of the tumor borders. TILs immediately adjacent to the invasive margin, i.e. “peri-tumoral TILs”, may be evaluated when required. 

5. Exclude TILs in tumor zones with crush artifacts, necrosis and regressive hyalinization, as well as in previous biopsy sites. 

6. All mononuclear cells (including lymphocytes and plasma cells) should be scored, but polymorphonuclear leukocytes (neutrophils) should be excluded. 

7. One section (4–5 μm, magnification 200–400x) per patient can be considered to be sufficient for practical purposes. However, assessing additional sections for each case whenever 
possible and reporting the number of sections reviewed per case specifically in the manuscript is recommended since the extent of heterogeneity for different tumor types is unknown. 

8. Full sections are preferred over biopsies whenever possible. Cores can be used in the pre-therapeutic neoadjuvant setting; currently no validated methodology has been developed 
to score TILs after neo-adjuvant treatment. 

9. A full assessment of average TILs in the tumor area (central tumor and invasive margin) should be used. Do not focus on hotspots. 

10. TILs should be assessed as a continuous variable, as this may provide more biologically relevant information and allow more accurate statistical analyses. However, in daily practice 
most pathologists will report discrete estimates, for example 13.5% will be rounded to 15%. Pathologists should report their scores in as much detail as the pathologist feels 
comfortable with. 

11. For assessment of percentage values, the dissociated growth pattern of lymphocytes needs to be taken into account. The percentage of stromal TILs is a semi-quantitative parameter 
for this assessment, for example, 80% TILstr means that 80% of the stromal area shows a dense mononuclear infiltrate. Lymphocytes typically do not form solid cellular aggregates, 
therefore the designation “100% stromal TILs” would still allow some empty tissue space between the individual lymphocytes. 

12. No formal recommendation for a clinically relevant TIL threshold(s) can be given at this stage. A valid methodology is currently more important than issues of thresholds for clinical 
use, which will be determined once a solid methodology is in place. 

str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral. 
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Supplementary Table 2a: ICC between 4 independent observers for TILstr 

Type Measure 

All samples Any confounding factor PLT Low amount of stroma Ulceration / erosion Type of tissue P16 status 

N = 92 
No 

(N = 35) 
Yes 

(N = 57) 
No 

(N = 66) 
Yes 

(N = 26) 
No 

(N = 75) 
Yes 

(N = 17) 
No 

(N = 60) 
Yes 

(N = 32) 
Biopsy 

(N = 74) 
Resection 
(N = 18) 

Negative 
(N = 63) 

Positive 
(N = 29) 

Absolute 
agreement 

Single 
0.691 

0.576-0.781 
0.749 

0.591-0.858 
0.649 

 0.516-0.761 
0.707 

 0.577-0.805 
0.655 

 0.478-0.805 
0.738 

 0.610-0.827 
0.432 

 0.195-0.690 
0.670 

 0.536-0.778 
0.739 

 0.582-0.852 
0.697 

0.577-0.791 
0.645 

0.419-0.827 
0.685 

0.565-0.784 
0.619 

0.404-0.785 

Average 
0.899 

0.844-0.935 
0.923 

0.853-0.960 
0.881 

 0.810-0.927 
0.906 

 0.845-0.943 
0.884 

 0.786-0.943 
0.918 

 0.862-0.950 
0.752 

 0.492-0.899 
0.891 

 0.822-0.933 
0.919 

 0.848-0.959 
0.902 

0.845-0.938 
0.879 

0.743-0.950 
0.897 

0.839-0.935 
0.867 

0.731-0.936 

Consistency 

Single 
0.735 

0.660-0.802 
0.798 

0.693-0.881 
0.688 

 0.580-0.783 
0.754 

 0.669-0.828 
0.684 

 0.519-0.823 
0.788 

 0.716-0.849 
0.446 

 0.202-0.703 
0.715 

 0.616-0.802 
0.782 

 0.665-0.874 
0.740 

0.656-0.813 
0.696 

0.497-0.854 
0.720 

0.624-0.803 
0.699 

0.548-0.826 

Average 
0.917 

0.886-0.942 
0.941 

0.900-0.967 
0.898 

 0.847-0.935 
0.925 

 0.890-0.951 
0.897 

 0.812-0.949 
0.937 

 0.910-0.957 
0.763 

 0.503-0.904 
0.909 

 0.865-0.942 
0.935 

 0.888-0.965 
0.919 

0.884-0.946 
0.902 

0.798-0.959 
0.911 

0.869-0.942 
0.903 

0.829-0.950 

Supplementary Table 2b: ICC between 4 independent observers for TILtum 

Type Measure 

All samples Any confounding factor PLT Low amount of stroma Ulceration / erosion Type of tissue P16 status 

N = 92 
No 

(N = 35) 
Yes 

(N = 57) 
No 

(N = 66) 
Yes 

(N = 26) 
No 

(N = 75) 
Yes 

(N = 17) 
No 

(N = 60) 
Yes 

(N = 32) 
Biopsy 

(N = 74) 
Resection 
(N = 18) 

Negative 
(N = 63) 

Positive 
(N = 29) 

Absolute 
agreement 

Single 
0.604  

 0.498-0.700 
0.593  

 0.434-0.741 
0.606  

 0.470-0.726 
0.576 

 0.452-0.691 
0.666  

 0.486-0.814 
0.511 

 0.383-0.632 
0.444  

 0.183-0.705 
0.590 

 0.464-0.707 
0.628  

 0.462-0.774 
0.640 

0.525-0.740 
0.495 

0.265-0.728 
0.579 

0.455-0.695 
0.526 

0.338-0.706 

Average 
0.859  

 0.799-0.903 
0.854  

 0.754-0.919 
0.860  

 0.780-0.914 
0.845 

 0.767-0.900 
0.889  

 0.791-0.946 
0.807 

 0.713-0.873 
0.761  

 0.472-0.906 
0.852 

 0.776-0.906 
0.877  

 0.774-0.932 
0.877 

0.815-0.919 
0.797 

0.590-0.915 
0.846 

0.770-0.901 
0.816 

0.672-0.906 

Consistency 

Single 
0.633  

 0.542-0.719 
0.615 

 0.460-0.756 
0.644  

 0.529-0.750 
0.605 

 0.492-0.711 
0.705  

 0.546-0.836 
0.635 

 0.534-0.730 
0.558  

 0.321-0.778 
0.617 

 0.500-0.726 
0.661  

 0.508-0.794 
0.671 

0.575-0.759 
0.507 

0.272-0.738 
0.604 

0.489-0.713 
0.567 

0.388-0.735 

Average 
0.874  

 0.825-0.911 
0.865  

 0.773-0.925 
0.879  

 0.818-0.923 
0.860 

 0.795-0.908 
0.905  

 0.828-0.953 
0.874 

 0.821-0.915 
0.835  

 0.654-0.933 
0.866 

 0.800-0.914 
0.886  

 0.805-0.939 
0.891 

0.844-0.927 
0.804 

0.599-0.919 
0.859 

0.793-0.909 
0.840 

0.718-0.917 

For each ICC, the 95% CI is given. CI, confidence interval; ICC, intraclass correlation coefficient; PLT pre-existing lymphoid tissue; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral. 
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Supplementary Table 3: Inter–rater agreement, OPA and IRR for TIL count (all samples) 
A)

 
TI

L s
tr
 

Cut–off value < 10% < 20% < 30% < 40% 

Ob
se

rv
er

 re
su

lt
s 

4x low 3 19 35 43 

3x low, 1x high 10 14 10 16 

2x low, 2x high 18 15 15 8 

1x low, 3x high 13 16 15 13 

4x high 48 28 17 12 

N 92 92 92 92 

Fleiss κ 0.314 0.450 0.484 0.497 

95% CI 0.230 – 0.397 0.367 – 0.533 0.400 – 0.567 0.414 – 0.581 

OPA (%) 55.4 51.1 56.5 59.8 

95% CI 44.7 – 65.7 40.5 – 61.6 45.8 – 66.7 49.0 – 69.7 

IRR (%) 84.0 83.7 85.1 87.8 

95% CI 74.5 – 90.5 74.2 – 90.3 76.8 – 91.3 78.9 – 93.4 

B)
 

TI
L t

um
 

Cut–off value < 1% < 5% < 10% < 20% 

Ob
se

rv
er

 re
su

lt
s 

4x low 0 28 61 78 

3x low, 1x high 7 23 15 5 

2x low, 2x high 27 14 5 4 

1x low, 3x high 18 15 7 5 

4x high 40 12 4 0 

N 92 92 92 92 

Fleiss κ 0.114 0.353 0.446 0.460 

95% CI 0.032 – 0.197 0.270 – 0.435 0.364 – 0.529 0.378 – 0.542 

OPA (%) 43.5 43.5 70.7 84.8 

95% CI 33.3 – 54.2 33.3 – 54.2 60.1 – 79.5 75.4 – 91.1 

IRR (%) 78.5 82.1 91.3 91.3 

95% CI 68.5 – 86.1 72.4 – 89.0 83.1 – 95.9 87.9 – 98.3 

IRR was calculated according to McHugh et al., Biochem Med 2012;22:276. CI, confidence interval; IRR, inter–rater reliability; OPA, 
overall percent agreement; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral 
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Supplementary Table 4: OPA and IRR for TIL count (samples with no confounder present) 
A)

 
TI

L s
tr
 

Cut–off value < 10% < 20% < 30% < 40% 

Ob
se

rv
er

 re
su

lt
s 

4x low 2 8 13 14 

3x low, 1x high 4 6 4 7 

2x low, 2x high 9 5 4 2 

1x low, 3x high 4 4 6 7 

4x high 16 12 8 5 

N 35 35 35 35 

Fleiss κ 0.320 0.520 0.556 0.490 

95% CI 0.184 – 0.455 0.385 – 0.656 0.421 – 0.691 0.335 – 0.625 

OPA (%) 51.4 57.1 60.0 54.3 

95% CI 34.3 – 68.3 39.5 – 73.2 42.2 – 75.7 36.9 – 70.8 

IRR (%) 81.4 85.7 87.1 87.1 

95% CI 64.1 – 91.9 69.0 – 94.6 70.6 – 95.5 70.6 – 95.5 

B)
 

TI
L t

um
 

Cut–off value < 1% < 5% < 10% < 20% 

Ob
se

rv
er

 re
su

lt
s 

4x low 9 9 20 26 

3x low. 1x high 8 8 6 3 

2x low. 2x high 6 6 2 3 

1x low. 3x high 6 5 5 3 

4x high 6 7 2 0 

N 35 35 35 35 

Fleiss κ 0.149 0.363 0.458 0.494 

95% CI 0.014 – 0.284 0.228 – 0.498 0.323 – 0.593 0.359 – 0.630 

OPA (%) 45.7 42.9 62.9 74.3 

95% CI 29.2 – 63.1 26.8 – 60.5 45.0 – 78.0 56.4 – 86.9 

IRR (%) 79.3 81.4 89.3 91.4 

95% CI 61.8 – 90.5 64.1 – 91.9 73.2 – 96.7 75.8 – 97.8 

IRR was calculated according to McHugh et al., Biochem Med 2012;22:276. CI, confidence interval; IRR, inter–rater reliability; OPA, 
overall percent agreement; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral 
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Supplementary Table 5: OPA and IRR for TIL count (samples with any confounder present) 
A)

 
TI

L s
tr
 

Cut–off value < 10% < 20% < 30% < 40% 

Ob
se

rv
er

 re
su

lt
s 

4x low 1 11 22 29 

3x low, 1x high 6 8 6 9 

2x low, 2x high 9 10 11 6 

1x low, 3x high 9 12 9 6 

4x high 32 16 9 7 

N 57 57 57 57 

Fleiss κ 0.298 0.406 0.437 0.497 

95% CI 0.192 – 0.404 0.300 – 0.512 0.331 – 0.543 0.391 – 0.603 

OPA (%) 57.9 47.4 54.4 63.2 

95% CI 44.1 – 70.6 34.2 – 60.9 40.8 – 67.4 49.3 – 75.2 

IRR (%) 85.5 82.5 83.8 88.2 

95% CI 73.2 – 93.0 69.7 – 90.8 71.1 – 91.8 76.2 – 94.8 

B)
 

TI
L t

um
 

Cut–off value < 1% < 5% < 10% < 20% 

Ob
se

rv
er

 re
su

lt
s 

4x low 0 19 41 52 

3x low, 1x high 4 15 9 2 

2x low, 2x high 17 8 3 1 

1x low, 3x high 12 9 2 2 

4x high 24 6 2 0 

N 57 57 57 57 

Fleiss κ 0.094 0.337 0.410 0.310 

95% CI 0.000 – 0.198 0.233 – 0.441 0.306 – 0.514 0.207 – 0.414 

OPA (%) 42.1 43.9 75.4 91.2 

95% CI 29.4 – 55.9 31.0 – 57.6 62.0 – 85.5 80.0 – 96.7 

IRR (%) 78.1 82.5 92.5 97.4 

95% CI 64.8 – 87.5 69.7 – 90.8 81.6 – 97.5 88.1 – 99.7 

IRR was calculated according to McHugh et al., Biochem Med 2012;22:276. CI, confidence interval; IRR, inter–rater reliability; OPA, 
overall percent agreement; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral 
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Supplementary Table 6: OPA and IRR for TIL count (biopsy samples) 
A)

 
TI

L s
tr
 

Cut–off value < 10% < 20% < 30% < 40% 

Ob
se

rv
er

 re
su

lt
s 

4x low 3 14 26 32 

3x low, 1x high 6 12 9 13 

2x low, 2x high 16 13 13 7 

1x low, 3x high 11 10 11 10 

4x high 38 25 15 12 

N 74 74 74 74 

Fleiss κ 0.303 0.459 0.482 0.523 

95% CI 0.210 – 0.396 0.366 – 0.552 0.389 – 0.575 0.430 – 0.616 

OPA (%) 55.4 52.7 55.4 59.5 

95% CI 43.4 – 66.8 40.8 – 64.3 43.4 – 66.8 47.4 – 70.5 

IRR (%) 83.4 83.8 84.5 87.5 

95% CI 72.6 – 90.7 73.0 – 91.0 73.8 – 91.5 77.3 – 93.7 

B)
 

TI
L t

um
 

Cut–off value < 1% < 5% < 10% < 20% 

Ob
se

rv
er

 re
su

lt
s 

4x low 0 21 50 64 

3x low, 1x high 14 11 4 4 

2x low, 2x high 20 11 4 3 

1x low, 3x high 7 20 12 3 

4x high 33 11 4 0 

N 74 74 74 74 

Fleiss κ 0.138 0.357 0.472 0.506 

95% CI 0.046 – 0.23 0.266 – 0.449 0.380 – 0.564 0.415 – 0.597 

OPA (%) 44,6 43.2 73.0 73.0 

95% CI 33,2 – 56,6 31.9 – 55.2 61.2 – 82.3 61.2 – 82.3 

IRR (%) 79,4 82.1 91.9 91.9 

95% CI 68,1 – 87,6 71.1 – 89.7 82.6 – 96.7 82.6 – 96.7 

IRR was calculated according to McHugh et al., Biochem Med 2012;22:276. CI, confidence interval; IRR, inter–rater reliability; OPA, 
overall percent agreement; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral 
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Supplementary Table 7: OPA and IRR for TIL count (resection samples) 
A)

 
TI

L s
tr
 

Cut–off value < 10% < 20% < 30% < 40% 

Ob
se

rv
er

 re
su

lt
s 

4x low 0 5 9 11 

3x low, 1x high 4 5 1 2 

2x low. 2x high 2 2 2 1 

1x low. 3x high 2 3 4 4 

4x high 10 3 2 0 

N 18 18 18 18 

Fleiss κ 0.298 0.406 0.405 0.445 

95% CI 0.192 – 0.404 0.300 – 0.512 0.299 – 0.510 0.339 – 0.551 

OPA (%) 55.6 44.4 61.1 61.1 

95% CI 31.4 – 77.6 22.4 – 68.7 36.1 – 81.8 36.1 – 81.8 

IRR (%) 86.1 83.3 87.5 88.9 

95% CI 60.8 – 96.9 57.8 – 95.6 62.3 – 97.5 63.9 – 98.1 

B)
 

TI
L t

um
 

Cut–off value < 1% < 5% < 10% < 20% 

Ob
se

rv
er

 re
su

lt
s 

4x low 0 7 11 14 

3x low. 1x high 0 4 3 2 

2x low. 2x high 7 3 1 1 

1x low. 3x high 4 3 3 1 

4x high 7 1 0 0 

N 18 18 18 18 

Fleiss κ 0.106 0.340 0.407 0.314 

95% CI 0.000 – 0.212 0.234 – 0.446 0.301 – 0.513 0.126 – 0.503 

OPA (%) 38.9 44.4 61.1 77.8 

95% CI 18.3 – 63.9 22.4 – 68.7 36.1 – 81.8 51.9 – 92.6 

IRR (%) 75.0 81.9 88.9 93.1 

95% CI 49.1 – 91.0 56.2 – 94.9 63.9 – 98.1 68.9 – 99.4 

IRR was calculated according to McHugh et al., Biochem Med 2012;22:276. CI, confidence interval; IRR, inter–rater reliability; OPA, 
overall percent agreement; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral 
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Supplementary Table 8: Multivariate analysis for TIL prognostic scores in OS 

Parameter HR (95% CI) P 

TIL tum 
Low 1 0.9717 

High 1.02 (0.40 – 2.61)  

TIL str 
Low 1 < 0.0001 

High 0.29 (0.17 – 0.52)  

Combined TIL count 
Low 1 0.8858 

High 0.87 (0.12 – 6.25)  

CI, confidence interval; HR, hazard ratio; OS, overall survival; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral 
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Supplementary Fig. 1 | Correlation between TILtum and TILstr. 

Y-axis depicts TILtum, X-axis depicts TILstr. A clear correlation is found between TILtum and TILstr for A. all samples (N = 92; R2 = 0.46; P < 0.001; regression line equation: Y = 0.222 + 0.0894x + 0.00101x2); B. P16 – 

specimens (n = 63; R2 = 0.35; P < 0.001; regression line equation: Y = 0.888 + 0.00452x + 0.00152x2); and C. P16+ specimens (n = 29; R2 = 0.47; P < 0.001; regression line equation: Y = -1.576 + 0.278x – 

0.000902x2). str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral. 
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Supplementary Fig. 2 | Effect of TIL count, P16 status and CD8 score on OS in OPSCC patients. 

X-axis depicts survival time (in years), Y-axis depicts the cumulative OS probability. OS has been depicted for (A) Combination of stromal and tumoral TIL count, depending on the presence of pre-existing 

lymphoid tissue (cut-off ≥30% and ≥5%, respectively; not reached versus 2.06 years; HR = 0.35 [0.21 – 0.57]; P < 0.0001); (B) P16 status (not reached versus 2.58 years; HR = 0.43 [0.27 – 0.72]; P = 0.0013); (C) 

CD8tum (6.35 years versus 4.09 years; HR = 0.60 [0.35 – 1.06]; P = 0.0778); and (D) CD8str (9.75 years versus 2.45 years; HR = 0.46 [0.27 – 0.80]; P = 0.0058). CD8 was evaluable in 85/92 and 81/92 of the samples 

for CD8str and CD8tum, respectively. CD8 scores and TIL count were dichotomized between high (full line) and low scores (dashed line). Number at risk for each group is indicated beneath each OS curve. OPSCC, 

oropharyngeal squamous cell carcinoma; OS, overall survival; str, stromal; tum, tumoral.  
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Supplementary Fig. 3 | Effect of TIL count on OS in OPSCC patients, stratified according to P16 status. 

X-axis depicts survival time (in years), Y-axis depicts the cumulative OS probability. OS has been depicted for (A) TILtum in P16 – patients (5.08 years versus 1.90 years; HR = 0.64 [0.33 – 1.26]; P = 0.1978); (B) 

TILtum in P16 + patients (not reached versus 3.50 years; HR = 0.40 [0.13 – 1.28]; P = 0.1229); (C) TILstr in P16 – patients (7.45 years versus 1.83 years; HR = 0.41 [0.24 – 0.72]; P = 0.0020); and (D) TILstr in P16 + patients 

(not reached versus 3.31 years; HR = 0.30 [0.09 – 0.99]; P = 0.0478). TIL scores were dichotomized between high (dashed line) and low scores (full line). Number at risk for each group (high versus low TIL 

count) has been indicated beneath each OS curve. OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral.  
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Supplementary Fig. 4 | Decision curve analysis for the added prognostic value of TILstr for death in OPSCC. 

X-axis depicts the risk threshold for death, Y-axis depicts the standardized Net Benefit. Decision curves have been depicted for a clinical model containing age, gender, grade of differentiation, TNM classification, 

prognostic score, type of therapy and p16 status (A); TILstr (B); an experimental model combining all parameters from the clinical model and TILstr (C); and the comparison for the clinical versus the experimental 

model (D). Adding TILstr to the clinical model clearly demonstrates a gain in Net Benefit. OPSCC, oropharyngeal squamous cell carcinoma; str, stromal; TIL, tumor infiltrating lymphocyte. 
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4.4 Epilogue 

Abovementioned cohort of OPSCC was staged according to the AJCC 7th TNM-edition. When implementing the TNM 8th 

edition, stage IV p16 + OPSCC patients are discarded and identified as stage III. Applying this adaptation induced a 

redistribution within our cohort: twenty (n= 20) stage IV OPSCC-patients were transferred to the stage III group. 

Consequentially, patients with stage III OPSCC were correlated to significantly higher density of TILstr (P = 0.026) with a 

tendency to have a higher amount of TILtum, though the latter was not statistically significant (P = 0.067) (Fig. 4.1). As 

recalled earlier, virally induced p16 + OPSCC are correlated to higher density of TILs which explains this phenomenon.  

 

Fig. 4.1 | TIL distribution among prognostic stages according to the AJCC 8th TNM edition. Boxplot revealing patients with prognostic 

stage III had significantly higher TILstr (P = 0.026) than other stages. For TILtum a same tendeny was observed, yet this lacked statistical 

significance (P = 0.067). AJCC, American Joint Committee on Cancer, TNM, Tumor Node Metastasis; TIL, tumor infiltrating lymphocyte; 

str, stromal; tum, tumoral TIL. 

Furthermore, this adaptation revealed the true prognostic benefit of the AJCC staging in our cohort, being a prognosticator 

upon univariate and multivariate analysis. This relationship was confirmed when employing prognostic stage as a 

trichotomous (stage I/II versus stage III versus stage IV) or as a dichotomous (stage I/II/III versus stage IV) variable (Table 

4.1). As indicated in the Kaplan Meier-survival curve (Fig. 4.2), patients with stage I-III OPSCC (independent of p16 status) 

were correlated to a significantly improved outcome in terms of OS compared to stage IV disease.  
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Table 4.1 | Univariate and multivariate analysis depicting independent prognostic factors for OS in OPSCC 

Parameter Univariate Multivariate a Multivariate b 

 
Median OS 
(95% CI) 

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value 

TILtum 

Low 
3.04 

(1.72–4.39) 
1  1  1  

High 
9.75 

(3.80–9.75) 
0.46 

(0.28–0.75) 
0.0022 

1.30 
(0.57–2.94) 

0.5301 
1.31 

(0.58–2.94) 
0.5176 

TILstr 

Low 
1.90 

(1.57–4.09) 
1  1  1  

High 
9.75 

(4.31–9.75) 
0.33 

(0.20–0.53) 
< 0.0001 

0.31 
(0.17–0.56) 

0.0001 
0.31 

(0.17–0.56) 
0.0001 

CD8tum 

Low 
4.09 

(1.59–5.08) 
1      

High 
6.35 

(2.45–9.75) 
0.60 

(0.65–1.06) 
0.0778     

CD8str 

Low 
2.45 

(1.58–4.39) 
1  1  1  

High 
9.75 

(4.31–9.75) 
0.46 

(0.27–0.80) 
0.0058 

0.73 
(0.32–1.63) 

0.4387 
0.72 

(0.32–1.62) 
0.4299 

Prognostic 
stage 

I/II 
5.46 

(1.83–8.25 
1  1    

III 
5.85 

(3.31–7.80 
0.80 

(0.43–1.51) 
0.0010 

1.05 
(0.49–2.25) 

   

IV 
1.77 

(1.2–9.88) 
2.07 

(1.06–4.05) 
2.20 

(1.32–3.65) 
0.0023   

I/II/III 
5.85 

(3.80–8.25 
1    1  

IV 
1.77 

(1.2–9.88) 
2.65 

(1.58–4.44) 
0.0002   

2.20 
(1.32–3.65) 

0.0023 

p16 status 

Neg 
2.58 

(1.72–4.44) 
1  1    

Pos Not reached 
0.42 

(0.25–0.69) 
0.0006 

0.85 
(0.40–1.84) 

0.6858 
0.86 

(0.40–1.84) 
0.6930 

Median survival is indicated in years. 
a multivariate OS analysis using prognostic stage as a trichotomous variable. 
b multivariate OS analysis using prognostic stage as a dichotomous variable. 
CI, confidence interval; HR, hazard ratio; OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival; str, stromal; TIL, tumor infiltrating 
lymphocyte; tum, tumoral. 



Chapter 4 | TIL quantification and prognostic value in OPSCC 

 

 
103 

 

Fig. 4.2 | Distribution of OS stratified according to prognostic stage in OPSCC (AJCC TNM 8th edition). Patients within stage III-disease 

subgroup, predominantly containing p16 + tumors, had increased long-term OS compared to patients with stage I, II or IV OPSCC. AJCC, 

American Joint Committee on Cancer, OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival; str, stromal; TIL, tumor 

infiltrating lymphocyte; tum, tumoral; TNM, Tumor Node Metastasis. 

Upon multivariate analysis, both TILstr and prognostic stage were considered independent prognostic variables in our cohort 

of OPSCC. Subsequently, this allowed for a prognostic stratification via integration of both biomarkers. Indeed, low-stage 

tumors with high density of TILstr were correlated to best overall outcome while high-stage tumors with low density of 

TILstr had worse overall outcome (Fig. 4.3). These results again emphasize the prognostic relevance of TILs during disease 

staging of OPSCC, implying the introduction of an ‘immune TNM-classification’ could be an exceptional improvement to the 

risk stratification of patients with OPSCC.  
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Fig. 4.3 | Effect of TILstr on OS in OPSCC according to prognostic stage (AJCC TNM 8th edition). Patients with low-stage and high TILstr OPSCC 

had best overall outcome. The benefit declined for higher clinical stages (III and IV). This effect was further enhanced in patients with 

low TILstr, as high-stage and low TILstr tumors had worse outcome within our cohort. AJCC, American Joint Committee on Cancer, OPSCC, 

oropharyngeal squamous cell carcinoma; OS, overall survival; str, stromal; TIL, tumor infiltrating lymphocyte; tum, tumoral; TNM, Tumor 

Node Metastasis. 
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5.1 Background 

Since 2019, the anti-PD-1 agent pembrolizumab has been added to the therapeutic armamentarium in R/M SCCHN. The 

scoring of PD-L1 IHC with the CPS method is currently the only approved predictive biomarker for this therapy. Patients 

assigned PD-L1 + tumors (CPS ≥ 1) will be allowed treatment with pembrolizumab, while patients with CPS <1 are to be 

treated with standard-of-care [11-14].  

Although this biomarker exerts a detrimental impact on clinical decision making, its robustness has been repeatedly 

questioned as PD-L1 testing does come with several limitations. 

1) Technical issues such as different antibodies, staining platforms, scoring methods and thresholds of PD-L1 

positivity according to tumor type and therapeutic agent complicate the use of this biomarker.  

2) High PD-L1 expression does not guarantee a tumor response, while absent PD-L1 expression does not exclude a 

tumor response to ICI.  

3) Spatiotemporal heterogeneity in PD-L1 expression may influence the result of PD-L1 scoring in different samples 

and sample types of the same patient. To this day, it is not clear how this affects patient outcome and how this should be 

dealt with [15,16]. 

Given the potential of the standardized IIBWG TIL quantification technique in OPSCC and the technical difficulties for 

determining PD-L1 CPS, our last research chapter was dedicated to evaluating the clinical usefulness of both biomarkers 

(CPS and TILs) in a population of patients with SCCHN located in various sites (oral cavity, oropharynx, hypopharynx, and 

larynx). 

First, we investigated the spatiotemporal heterogeneity of PD-L1 CPS, by examining concordance within primary tumors by 

comparing biopsy material versus resection material and between primary tumors and paired metastatic lesions. Second, 

we defined the relationship between TIL scoring and PD-L1 expression, as well as to several well-known clinicopathological 

variables. Lastly, the effect of TILs and CPS on the prognostic outcome in terms of OS and DFS was assessed. Therefore, 

tissue samples were pre-selected based on the concordance results in order to minimize morphological confounding 

factors and spatiotemporal heterogeneity which may hamper the interpretation of these biomarkers.  
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Simple Summary: In patients with relapsed or metastasized squamous cell cancer of the head and
neck (R/M SCCHN), the PD-L1 Combined Positive Score (CPS) is currently the only predictive
biomarker for treatment with anti-PD-1 agents. However, ambiguous results have been determined
regarding the overall response rates of immunotherapeutic agents based on PD-L1 status, which may
be partially attributed to spatiotemporal heterogeneity. Furthermore, tumor-infiltrating lymphocytes
(TILs) have proven to be of significant prognostic value, yet lack of a standardized method for
quantification impedes their integration into the current armamentarium of biomarkers in SCCHN. In
this paper, concordance of PD-L1 CPS and stromal TILs was investigated in different paired samples
of SCCHN subtypes. The results were then linked to well-known clinicopathological variables and
prognosis.

Abstract: Background: The clinical significance of tumor-infiltrating lymphocytes (TILs) and pro-
grammed cell death-ligand 1 (PD-L1) expression has been thoroughly researched in squamous cell
carcinoma of the head and neck (SCCHN). To address the impact of intra- and intertumoral hetero-
geneity in these biomarkers, we explored the concordance of PD-L1 combined positive score (CPS)
and stromal TILs in different paired tissue sample types, while evaluating their internal relationship
and prognostic impact. Methods: A total of 165 tissue blocks from 80 SCCHN patients were reviewed
for TILs and PD-L1 CPS. Concordance between paired tissue samples was evaluated, and their
association with several clinicopathological variables, overall survival (OS), and disease-free survival
(DFS) was determined. Results: Biopsies and paired resection material were severely discordant
in 39% and 34% of samples for CPS and TIL count, respectively, of which CPS was underscored in
27% of biopsies. In paired primary tumor–metastatic lesions, the disagreement was lower for CPS
(19%) but not for TIL count (44%). PD-L1 CPS was correlated with prolonged OS when calculated
from tissue acquirement, while extended OS and DFS were observed for high TIL density. Con-
clusion: Intertumoral and, especially, intratumoral heterogeneity were confounding factors when
determining PD-L1 CPS and TIL count on paired tissue samples, indicating the increasing necessity of
assessing both biomarkers on representative tissue material. Although TILs hold valuable prognostic
information in SCCHN, the robustness of PD-L1 as a biomarker in SCCHN remains ambiguous.

Keywords: squamous cell carcinoma of head and neck; TILs; PD-L1; CPS; spatiotemporal hetero-
geneity; concordance; prognosis
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1. Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is a heterogeneous disease
characterized by a wide variety of genetic alterations, residing in a largely immunosuppres-
sive environment. Patients with SCCHN have a 5-year overall survival (OS) probability
of 65% when considered across all patients’ ages and stages. However, the majority will
present with locally advanced or recurrent/metastatic (R/M) SCCHN, carrying poorer
prognosis [1,2].

The blockade of the programmed cell death-1 (PD-1)/programmed cell death-ligand 1
(PD-L1) axis by means of ICI is considered a landmark event in several malignancies, includ-
ing SCCHN, resulting in clear survival benefit for patients [2–5]. In Europe, pembrolizumab-
based therapy is implemented as a first-line therapy in patients with R/M SCCHN, be it in
monotherapy or in combination with platin-based chemotherapy. To increase the response
rate to pembrolizumab, PD-L1 immunohistochemistry (IHC) was brought in as a predictive
biomarker. Tumors with a combined positive score (CPS), i.e., the combined scoring of
PD-L1-expressing tumor cells (TCs) and all immune cells (ICs), of ≥20, and to a lesser
extent ≥1, have an increased objective response rate and post-therapy survival [6–10].

Next to the CPS, the immune infiltrate, of which TILs are a crucial component, has
been proven to harbor significant prognostic value. To this end, the International Immuno-
Oncology Biomarker Working Group (IIBWG) has introduced a standardized method for
tumor-infiltrating lymphocyte (TIL) quantification in clinical practice, encompassing several
types of solid malignancies, including SCCHN [11,12]. Recent evidence from our research
group demonstrated that using this standardized scoring method, high TIL count is an
independent prognostic factor in oropharyngeal squamous cell carcinoma (OPSCC) [13].
Although the importance of TILs has been presented in literature, this tissue biomarker is
yet to be implemented in daily clinical practice.

Although it has been recognized that both CPS and TILs play an important role in the
tumor microenvironment of SCCHN, further investigation is still needed. Several reports
have described spatiotemporal heterogeneity of PD-L1 expression in various solid carcino-
mas, with subsequent impact on the treatment choice and outcome [14–22]. This suggests
that the PD-L1 CPS results can vary depending on the size and origin of the tissue sample
that is available for immunohistochemical testing (biopsy/resection, specimen/metastasis).
Moreover, limited to no information is available on the internal relationship between TILs
and the CPS, and on how this could affect the scores.

In the current section, we investigated the heterogeneity of PD-L1 CPS on three levels:
(1) intratumoral; between different sample types (biopsies vs. resection of primary tumors),
(2) intertumoral; between different tissue types (primary tumor vs. lymph node and distant
metastases), and (3) temporal; as time progresses during the disease course. Next, the
correlation between TILs and CPS is defined, as well as their correlations with several
well-known clinicopathological variables. Lastly, the clinical benefit of TIL scoring and CPS
as prognostic biomarkers is determined.

2. Materials and Methods
2.1. Population and Sample Selection

Eighty patients with histologically confirmed SCCHN at any primary site (oral cavity,
oropharynx, hypopharynx, or larynx) were included when ≥2 different tissue samples
were available. Tissue specimens were retrieved between January 2017 and December 2019
at the department of Pathology, University Hospital, Ghent. Nine patients were IHC p16+,
of which seven were OPSCC. Patient characteristics are shown in Table 1. According to
current recommendations in the literature, IHC PD-L1 was performed on archival blocks
that did not exceed three years of age [23]. Cytological material as well as formalin-fixed
paraffin-embedded blocks that underwent decalcification, were excluded [24,25]. Tissue
material originated from primary tumors, as biopsies or resected material, and metastatic
lesions. A total of 163 tissue blocks were available: 58 biopsy specimens, 63 resected
specimens, 36 lymph node metastases, and 6 distant metastases. Paired tissue samples were
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available between biopsy and resection material (n = 44), resection material and lymph
node metastasis (n = 27), biopsy and lymph node metastasis (n = 18), or any material from
primary tumor and any metastatic lesion (n = 36). For 11 patients, we retrieved paired
biopsy, resection, and lymph node specimens. The study was approved by the ethics
committee of the University Hospital, Ghent.

Table 1. Clinicopathological parameters.

Age, Years (Median (Range)) 62 (42–82)

Gender Female 13 (16)
Male 67 (84)

Smoking history ≥20 PY 63 (79)
<20 PY 17 (21)

Alcohol abuse (≥30 U/week) Yes 50 (63)
No 30 (68)

Tumor site Oral cavity 39 (49)
Oropharynx 12 (15)

Hypopharynx 13 (16)
Larynx 16 (20)

T stage 1 24 (30)
2 20 (25)
3 18 (23)
4 18 (23)

N stage 0 46 (58)
1+ 34 (42)

Prognostic stage I 16 (20)
II 12 (15)
III 14 (18)
IVa 32 (40)
IVb 4 (5)
IVc 2 (3)

Grade of differentiation Good 7 (9)
Moderate 42 (53)

Poor 26 (33)
Basaloid 5 (6)

Primary therapy Surgery 56 (70)
Radiotherapy 11 (14)

Radiochemotherapy 12 (15)
Chemotherapy 1 (1)

Data denote numbers (%), unless otherwise indicated. PY, pack-years.

2.2. Evaluation of the Tumor Microenvironment

Tumor slides were evaluated for PD-L1 expression (CPS) and the presence of TILs.
All slides were evaluated by two senior pathologists and one trained PhD fellow. Tissue
slides were additionally checked for possible confounding factors, such as the presence of
inflammatory sites (erosion, ulceration, and/or necrotic debris) and insufficient amount of
tumoral stroma (defined as a ratio of tumoral stroma/TCs of <10%) (Figure 1).
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Figure 1. Effect of insufficient stroma present on PD-L1 CPS in paired specimens. All samples
were derived from the same SCCHN patient and stained with HE (A,C) or PD-L1 (B,D). (A,B)
Biopsy from the primary tumor with insufficient tumor stroma and absent PD-L1 staining (CPS = 0).
(C,D) Resection specimen from the primary tumor with adequate amount of tumor stroma. PD-L1
staining was absent on TCs but partially present on ICs (CPS = 5). CPS, combined positive score;
HE, hematoxylin–eosin; IC, immune cell; IHC, immunohistochemistry; PD-L1, programmed cell
death-ligand 1; SCCHN, squamous cell cancer in head and neck; TC, tumor cell.

2.2.1. PD-L1 IHC

Paraffin sections were immunohistochemically stained for PD-L1 using the 22C3
antibody (Dako/Agilent, Santa Clara, CA, USA) on the Ventana (Roche, Basel, Switzerland)
staining platform using the protocol described by Neuman et al. [26]. Blocks were sectioned
at a thickness of 3 µm and stained on positively charged glass slides. The CPS is described
as the number of positive tumor cells, lymphocytes, and macrophages, divided by the
total number of viable tumor cells multiplied by 100. CPS was considered valid when
>100 viable TCs were present. PD-L1+ cells were scored when (partial) membranous
staining was noted in the case of TCs, while ICs (lymphocytes and macrophages) were
allowed membranous or cytoplasmic staining. In the case of lymph nodes, PD-L1+ ICs were
included if within 0.5 mm of the TCs [27,28]. CPS was further categorized based on the
median CPS of all three observers. The threshold of PD-L1 positivity was set at 1 (CPS < 1
vs. CPS ≥ 1). PD-L1+ tumors were further distinguished in moderate (1–19) and high (≥20)
CPS. Automated image analysis or computational histological assessment have gained
interest in the field of IHC markers, and although this may improve the accuracy and
reproducibility of PD-L1 assessment in tumor specimens, tissue slides were all manually
scored by all three observers in this study [29,30].

2.2.2. TIL Scoring

TILs were evaluated according to the protocol of the IIBWG. For the extensive method-
ology, we refer the reader to the article from our research group [13]. Briefly, HE-stained
sections containing invasive SCC were scored for mononuclear inflammatory cells, includ-
ing lymphocytes, plasma cells, and macrophages in stromal tissue, while granulocytes
were excluded from evaluation. We calculated the percentage of TILs in the area of stromal
tissue occupied by mononuclear inflammatory cells over the total stromal area. TILs were
reported as a continuous variable (%) and were further categorized based on the median
TILs of all three observers.
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2.3. Statistics

TILs and CPS were assessed as both continuous and categorical variables. Dichotomiza-
tion of TILs was determined via Receiver operating curve analysis, using ‘death’ as the
classification variable. Interobserver variability was assessed using the intraclass correlation
coefficient (ICC) or Fleiss multirater κ for continuous and categorical variables, respectively.
Concordance of CPS and TILs for paired tissue samples was assessed by determining
the difference between paired tissue samples using a Wilcoxon test (two categories) and
Friedman test (three categories). Furthermore, concordance for CPS and TILs as categorical
variables was assessed using chi-square (χ2) or Fisher’s exact test. Temporal PD-L1 and
TILs heterogeneity was assessed by calculating the correlation (Pearson’s r) between change
in CPS (∆CPS) and change in TIL count (∆TILs) of paired samples, and ∆time. Next, the
associations between CPS, TILs, and several well-known clinicopathological variables
were determined by Pearson’s correlation, and Kruskal–Wallis and χ2 tests. The preferred
tissue to be used in the survival analysis was selected based on the concordance results,
tissue availability, criteria from recommendations in the literature, and our own experience.
Herein, resection specimens were considered superior over biopsies in the case of primary
tumors and, when available, metastatic specimens were preferred as they delivered the
most recent PD-L1 status. Lymph node metastases were not the preferred sample types
due to the possible impact of the abundant presence of non-TIL lymphocytes on PD-L1
and TIL scoring. As a result, the following tissue blocks were used in the survival analysis:
62 resections, 10 biopsies, 4 distant metastases, and 2 lymph nodes. OS was calculated as:
(1) from time of (biopsy-proven) diagnosis, and (2) from time of tissue acquirement until
date of death by any cause or final follow-up. Disease-free survival (DFS) was calculated
from time of tissue acquirement until date of relapse, death by any cause, or final follow-up.
Four patients did not qualify for DFS analysis as metastatic disease was observed at time
of tissue acquirement. The survival curves were plotted using the Kaplan–Meier method.
Univariate HR of each baseline and clinical parameter of OS and DFS was determined by a
log-rank (Mantel–Cox) test. Multivariate analyses were conducted using the Cox regression
model on the variables that were statistically significant upon univariate analysis. All
applied tests were calculated as two-sided with a statistical significance level of 0.05.

3. Results
3.1. PD-L1 CPS and TIL Scores

Median CPS was highest for lymph node metastases, followed by primary tumor
resection material, distant metastases, and lastly, primary tumor biopsies. PD-L1 positivity
(CPS ≥ 1) was noticed in 69%, 86%, 86%, and 50% of cases for primary tumor biopsies,
primary tumor resection, lymph node metastases, and distant metastases, respectively.
Otherwise, TIL score was highest in both primary tumor resection material and lymph
node metastases, followed by primary tumor biopsies, whereas distant metastases showed
the lowest TIL count. The median TIL score was 20% (range 0–90%) for all samples. The
cut-off point for further analysis was set at 20% to discriminate between high and low TIL
density, which was determined post hoc (Table 2).

Table 2. Tissue specimen characteristics.

Tissue Type Blocks TILs * TILs ≥ 20% CPS * CPS < 1 CPS 1–19 CPS ≥ 20

Biopsy 58 15 (1–90) 24/53 § 2 (0–60) 18 35 5
Resection 63 20 (0–80) 36 5 (0–100) 9 39 15

Lymph node 36 20 (0–80) 15/26 § 8 (0–100) 5 22 9
Distant metastasis 6 4 (0–26) 1 3 (0–30) 3 3 0

Data denote numbers. * TILs and CPS are denoted as median (range). § Tissue samples that could not be evaluated
because TILs were not included. Cut-off for TILs was determined post hoc for survival analysis. CPS, combined
positive score; TIL, tumor-infiltrating lymphocyte.
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For the evaluation of all tumor tissue, irrespective of the tissue origin, the interobserver
variability in terms of ICC showed excellent concordance for CPS assessed as a continuous
variable (n = 161, ICCabsolute agreement = 0.908, ICCconsistency = 0.910) as well as for TIL count
(n = 137, ICCabsolute agreement = 0.747, ICCconsistency = 0.767). When evaluating the inter-rater
concordance in terms of categorical variables, substantial agreement was reached between
observers for CPS as a dichotomous variable (CPS < 1 vs. CPS ≥ 1, κ = 0.753, p < 0.001) and
for CPS as a trichotomous variable (CPS < 1 vs. CPS 1–19 vs. CPS ≥ 20, κ = 0.694, p < 0.001),
whereas only moderate agreement was achieved for TIL count (κ = 0.406, p < 0.001).

A lack of sufficient stroma was observed in 28/58 biopsies, and was associated with
lower median CPS (3.5 vs. 1.0, p = 0.0399) but not lower number of TILs (15.0 vs. 16.5,
p = 0.7408). For resection material, stromal insufficiency was observed in 9/63 specimens,
and was not associated with alterations in CPS (5.0 vs. 5.0, p = 0.5772), although a trend
towards significance was observed for TILs (20.0 vs. 10.0, p = 0.0828). No p value was
obtained for (lymph node or distant) metastases due to the restricted sample size.

3.2. Tissue Concordance
3.2.1. CPS

A significant difference in CPS was observed between biopsy and resection material
(intratumoral heterogeneity, p = 0.0085), between resection and lymph node material
(intertumoral heterogeneity, p = 0.0495), and between biopsy and lymph node material
(intra- and intertumoral heterogeneity, p = 0.0076). Interestingly, no difference was seen
when comparing primary tumor tissue with metastatic tissue (p = 0.3669). For patients with
available paired biopsy, resection, and lymph node material (n = 11), a significantly lower
CPS for biopsies was observed (p = 0.0017; Table S1; Figures S1 and S2). A comparison
between paired tissue samples (biopsy vs. resection vs. lymph node) for a concordant
and discordant PD-L1 CPS is illustrated in Figure 2. Despite the objectified differences in
CPS shown for paired tissues, the correlation of CPS between paired tissue specimens was
determined. Here, it was clear that a positive correlation could be observed between biopsy
and resection specimens, between resection and lymph node specimens, and between
primary tumor material and metastatic lesions. Interestingly, no correlation could be found
between biopsy and lymph node specimens (Table S2; Figure S3).

When using CPS as a dichotomous variable, 27/44 (61%) paired biopsy–resection
samples had concordant PD-L1 status. Five biopsies (11%) were considered to be PD-
L1+, although the corresponding resection sample was considered PD-L1−. Conversely,
12 biopsies (27%) were PD-L1−, whereas the paired resection specimens were found to
be PD-L1+. Consequently, no association was found between CPS of paired resection and
biopsy material (p = 1.000). When using CPS as a trichotomous variable (CPS < 1, CPS 1–19,
CPS ≥ 20), 20/44 (45%) of samples had a fully concordant CPS, showing no association
between paired resection material and biopsies (p = 0.1986; Table 3A and Table S3A).
Likewise, it was noticed that biopsy material underestimated the CPS when comparing
corresponding lymph node material. Here, 5/18 biopsies were considered to be PD-L1−,
while the paired lymph node was PD-L1+ (p = 0.0686; Table 3B and Table S3B). Next,
an association was observed between resection material and lymph nodes for CPS as a
trichotomous variable (p = 0.0016). Considering the dichotomized variable, 24/27 (89%)
of samples were attributed similar scores, with only three lymph nodes being PD-L1−,
whereas the paired resection specimens were all PD-L1+ (p = 0.1481, Table 3C and Table S3C).
An association was also seen between primary tumor material and metastatic tissue for CPS
as a trichotomous variable (p = 0.0082), but not as a dichotomous variable (p = 0.1858). In
the latter, 4/36 and 3/36 of metastatic samples were over- and underestimated, respectively,
with regard to the primary tumor material (Table 3D and Table S3D). Lastly, 11 patients
had paired specimens from primary tumor biopsy, resection, and lymph node material. As
a dichotomous variable, CPS was concordant in 6/11 (55%) of paired samples. Moreover,
paired samples reached poor agreement when applying CPS as a trichotomous variable,
with 3/11 (27%) samples having a fully concordant CPS (Table S4).
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Table 3. Association for dichotomous CPS and TILs between paired tissue material.

A. Biopsy vs. resection

CPS Biopsy

<1 ≥1 p

Resection
<1 2 (14) 5 (17) 1.0000
≥1 12 (86) 25 (83)

TILs Biopsy

<20% ≥20% p

Resection
<20% 14 (56) 3 (19) 0.0251
≥20% 11 (44) 13 (81)

B. Biopsy vs. lymph node

CPS Biopsy

<1 ≥1 p

Lymph
node

<1 3 (38) 0 (0) 0.0686
≥1 5 (63) 10 (100)

TILs Biopsy

<20% ≥20% p

Lymph
node

<20% 2 (50) 4 (40) 1.0000
≥20% 2 (50) 6 (60)

C. Resection vs. lymph node

CPS Resection

<1 ≥1 p

Lymph
node

<1 1 (14) 3 (17) 0.1481
≥1 0 (86) 23 (83)

TILs Resection

<20% ≥20% p

Lymph
node

<20% 3 (43) 5 (46) 1.0000
≥20% 4 (57) 6 (54)

D. Primary tumor vs. metastasis

CPS Primary tumors

<1 ≥1 p

Metastasis
<1 2 (40) 4 (13) 0.1858
≥1 3 (60) 27 (87)

TILs Primary tumors

<20% ≥20% p

Metastasis
<20% 5 (56) 7 (44) 0.6882
≥20% 4 (44) 9 (56)

Data denote numbers (% per column). p value for bicategorical variables was calculated using Fisher exact test,
and for tricategorical variables using a chi-square test. CPS, combined positive score; TILs, tumor-infiltrating
lymphocytes.
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Figure 2. PD-L1 IHC of paired SCCHN tissue samples. Paired specimens of two patients (A–C
vs. D–F) are shown: primary tumor biopsies (A,D), resected primary tumors (B,E) and lymph
node resections (C,F). In the upper row (A–C), all paired tissue samples had concordant PD-L1 CPS
between 1 and 5. In the lower row, discordant PD-L1 CPS was noticed with biopsy CPS = 1–5 (D) vs.
resection and lymph node CPS ≥ 20 (E,F). CPS, combined positive score; IHC, immunohistochemistry;
PD-L1, programmed cell death-ligand 1; SCCHN, squamous cell cancer in head and neck.

3.2.2. TIL Count

Comparable to CPS, the concordance of TIL scoring was assessed between different
tissue samples. No significant discordance was observed among paired samples (Table S5;
Figures S2 and S4). Furthermore, a positive correlation could only be observed between
biopsy and resection specimens, whereas this was absent between resection and lymph node
specimens, biopsy and lymph node specimens, and primary tumor material and metastatic
lesions (Table S6; Figure S5). When using TILs as a dichotomous variable (TILs < 20%
vs. TILs ≥ 20%), an association was found between paired biopsy and resection samples
(p = 0.0251), with concordant scoring in 27/41 samples (66%). Comparable to the CPS,
the majority of discordant samples were underscored in biopsy specimens (11/41, 27%;
Table 3A). No associations were observed in the comparison between paired biopsy and
lymph node samples (p = 1.0000; Table 3B), paired resection and lymph node samples
(p = 1.0000; Table 3C), or between paired primary tumor and metastatic samples (p = 0.6882;
Table 3D). Among patients with paired specimens from primary tumor biopsy, resection,
and lymph node samples, TIL concordance was seen in 4/11 samples (36%; Table S7).

3.3. Temporal Heterogeneity

Temporal heterogeneity and its effects on CPS and TILs were assessed in all paired
specimens. To our knowledge, no standardized evaluation method for assessing temporal
heterogeneity has thus far been described in literature. We investigated ∆CPS and ∆TILs
over time between paired tissue samples as the correlation between ∆CPS/∆TILs and
∆time for all specimen types using both linear and exponential models. No significant
correlations were found. All correlations are given in Table S8.

3.4. Correlation between CPS, TILs, and Clinicopathological Parameters

As continuous variables, several correlations could be found between CPS and TILs.
A positive correlation between CPS and TILs was present between all samples, irrespec-
tive of their origin or the implemented correlation model (Table S9, Figure S6). Further
stratification according to tissue sample type indicated that the observed correlation was
mostly valid for resection specimens, less so for distant metastases, and not at all for biopsy
and lymph node specimens. The correlation between CPS and TILs held up for tissue
specimens selected for the survival analysis (Table S9). As categorical variables, on the other
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hand, CPS and TILs were not associated with each other, neither for CPS as a trichotomous
variable (p = 0.1934) or as a dichotomous variable (p = 0.1242).

Secondly, the association between CPS/TILs and several well-known clinicopathologi-
cal parameters was evaluated (Table 4). Notably, patients who had smoked frequently (≥20
pack-years) had a higher CPS compared to patients with less pack-years (PD-L1 positivity
of 87% vs. 76%, respectively). In addition, patients with moderately or poorly differentiated
tumors also had more PD-L1+ tumors (86% and 96%, respectively) in comparison with
patients with tumors differentiated as good or basaloid (57% and 60%, respectively). This
was also true for CPS as a continuous variable (Figure S7). None of the clinicopatholog-
ical parameters could be linked to the TIL status. Tumors located in the oral cavity and
oropharynx tended to have augmented TIL counts, but this was not statistically significant
(p = 0.1328; Figure S7).

Table 4. Clinicopathological variables vs. CPS and TILs status.

Variables CPS < 1 CPS 1–19 CPS ≥ 20 p TILs < 20% TILs ≥ 20% p

Age < 65 years
No 7 (14) 30 (61) 12 (24) 0.8614 22 (45) 27 (55) 0.7960
Yes 5 (16) 20 (65) 6 (19) 13 (42) 18 (58)

Second primary
No 7 (12) 37 (64) 14 (24) 0.4686 26 (45) 32 (55) 0.8051 *
Yes 5 (23) 13 (59) 4 (18) 9 (41) 13 (59)

Smoker
<20 PY 4 (24) 6 (35) 7 (41) 0.0310 9 (53) 8 (47) 0.4208 *
≥20 PY 8 (13) 44 (70) 11 (17) 26 (41) 37 (59)

Alcohol abuse
No 5 (17) 15 (50) 10 (33) 0.1501 9 (30) 21 (70) 0.0657 *
Yes 7 (14) 35 (70) 8 (16) 26 (52) 24 (48)

P16 status
Negative 10 (14) 45 (63) 16 (23) 0.8060 31 (44) 40 (56) 1.0000 *
Positive 2 (22) 5 (56) 2 (22) 4 (44) 5 (56)

Topography
Oral cavity 6 (15) 24 (62) 9 (23) 0.8115 14 (36) 25 (64) 0.1328

Oropharynx 1 (8) 9 (75) 2 (17) 4 (33) 8 (67)
Hypopharynx 1 (8) 8 (62) 4 (31) 6 (46) 7 (54)

Larynx 4 (25) 9 (56) 3 (19) 11 (69) 5 (31)

Differentiation
Good 3 (43) 4 (57) 0 (0) 0.0007 2 (29) 5 (71) 0.8106

Moderate 6 (14) 31 (74) 5 (12) 20 (48) 22 (52)
Poor 1 (4) 12 (46) 13 (50) 11 (42) 15 (58)

Basaloid 2 (40) 3 (60) 0 (0) 2 (40) 3 (60)

AJCC stage
I/II 4 (14) 19 (68) 5 (18) 0.7316 11 (39) 17 (61) 0.5572

III/IV 8 (15) 31 (60) 13 (25) 24 (46) 28 (54)

T stage
1–2 7 (16) 29 (66) 8 (18) 0.5927 19 (43) 25 (57) 0.9104
3–4 5 (14) 21 (58) 10 (28) 16 (44) 20 (56)

N stage
0 10 (22) 26 (57) 10 (22) 0.1406 19 (41) 27 (59) 0.6103

1+ 2 (6) 24 (71) 8 (24) 16 (47) 18 (53)

Data denote numbers (% per row). * p values determined via chi-square tests or via Fisher exact test. CPS,
combined positive score; PY, pack-years; str, stromal; TILs, tumor-infiltrating lymphocytes.
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3.5. Effect of CPS and TILs on Survival Outcome
3.5.1. DFS

Patients with only a metastatic lesion available (n = 4) were excluded from the DFS
analysis. Forty-four patients (58%) experienced any event (relapse, disease progression, or
death). In contrast to OS, T stage did not have any influence on the duration of DFS since
time of therapy, nor did any of the other clinicopathological parameters (Table S10). Next,
trichotomous CPS showed no association with DFS outcome (median DFS of 1.5 years,
2.7 years, and not reached, for CPS < 1, CPS 1–19, and CPS ≥ 20, respectively, p = 0.6426;
Figure S8A). Comparably, dichotomous CPS showed no prognostic value for DFS (median
DFS 1.5 years vs. 2.7 years, hazard ratio (HR) CPS ≥ 1 = 0.68 (0.27–1.70), p = 0.4070;
Figure S8B). The only variable linked to DFS was TIL count. Similar to OS, having a high
TIL count was associated with a 55% decrease in risk of any disease event (median DFS
1.4 years vs. 4.0 years, HR TILs ≥ 20% = 0.45 (0.24–0.84), p = 0.0126; Figure S8C). An
overview of the univariate DFS outcome is given in Table S10.

3.5.2. OS since Time of Diagnosis

A total of 35 patients (44%) had died at time of analysis. For all clinicopathological
variables, only a low T stage (T1–2) was associated with prolonged OS in this SCCHN
patient cohort (p = 0.0310). None of the other variables showed prognostic properties in
the case of OS outcome, although alcohol abuse and smoking history both showed a trend
towards significance (Table S11). Patients with high PD-L1 expression tended to live longer
(median OS of 1.4 years, 4.4 years, and not reached, for CPS < 1, CPS 1–19, and CPS ≥ 20,
respectively) although this was not statistically significant (p = 0.1056; Figure 3A), nor
was it significant when CPS was implemented as a dichotomous variable (median OS
1.4 years vs. 5.0 years, HR CPS ≥ 1 = 0.33 (0.11–1.01), p = 0.0516; Figure 3B). TILs, on the
other hand, proved to be a significant prognosticator for OS, with patients possessing a
high TIL count (≥20%) surviving twice as long compared to those with a low TIL count
(<20%; median OS 2.4 years vs. 5.0 years, HR TILs ≥ 20% = 0.41 (0.21–0.80), p = 0.0098;
Figure 3C). Multivariate analysis showed that both T stage and TILs are independent
prognosticators for OS (Table S11). Combining these together into one prognostic marker
proved significant, with T1–2 tumors possessing a high TIL count having the best outcome
(p = 0.0069; Figure 4A).

3.5.3. OS since Time of Tissue Acquirement

A major time difference may exist between the time of diagnosis and the moment of
tissue acquirement and analysis (as in the case of lymph node specimens or metastatic
lesions), which may hamper OS analysis. Therefore, OS was also calculated from time of
tissue acquirement. In the univariate analysis, the trichotomous CPS again only showed
a trend towards significance for OS outcome (median OS of 1.4 years, 4.9 years, and not
reached, for CPS < 1, CPS 1–19, and CPS ≥ 20, respectively, p = 0.0818; Figure 3D). Using the
dichotomous CPS, on the other hand, high CPS was indicative of an improved OS (median
OS 1.4 years vs. 4.9 years, HR CPS ≥ 1 = 0.31 (0.10–0.95), p = 0.0406; Figure 3E). T stage
and TILs remained significant prognosticators for OS (Table S12; Figure 3F). Moreover, CPS
was not withheld in the multivariate analysis, alongside T stage and TIL count (Table S12).
Similar to OS since time of diagnosis, the combination of T stage and TIL count was
significant for OS outcome (p = 0.0011; Figure 4B).
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Figure 3. Effect of CPS and TIL count on OS in SCCHN patients. x-axis depicts survival time
(in months), y-axis depicts the cumulative OS probability. OS since diagnosis is depicted for (A)
trichotomous CPS, (B) dichotomous CPS, and (C) TILs. OS since time of tissue acquirement is
depicted for (D) trichotomous CPS, (E) dichotomous CPS, and (F) TILs. Number at risk for each
group is indicated beneath each OS curve. CPS, combined positive score; HR, hazard ratio; OS,
overall survival; SCCHN, squamous cell carcinoma of the head and neck; TIL, tumor-infiltrating
lymphocyte.



Cancers 2022, 14, 2431 12 of 18

Figure 4. Effect of combination of T stage and TIL count on OS in SCCHN patients. x-axis depicts
survival time (in months), y-axis depicts the cumulative OS probability. Survival curves are depicted
for (A) OS since diagnosis and (B) OS since time of tissue acquirement. Number at risk for each group
is indicated beneath each OS curve. HR, hazard ratio; OS, overall survival; SCCHN, squamous cell
carcinoma of the head and neck; TILs, tumor-infiltrating lymphocytes.

4. Discussion

In this heterogeneous population of SCCHN, we assessed both PD-L1 expression and
TILs, according to a standardized methodology, on several tissue specimens. Our first goal
was to elucidate the concordance of PD-L1 CPS and TIL quantification between different
SCCHN tissue sample types. Next, we evaluated their internal relationship and association
with routinely used clinicopathological variables. Lastly, we determined the prognostic
properties of both parameters in terms of survival outcome, especially OS and DFS.

Firstly, we demonstrated that intratumoral heterogeneity can be a major confounding
factor when assessing PD-L1 status in SCCHN: a substantial amount of primary tumor
biopsies were found to have discordant CPS compared to their paired resection specimens.
Indeed, biopsy samples had a higher risk of being underscored (27%), and to a lesser extent,
overscored (11%). In clinical practice, this would mean that treatment decisions would be
different in two out of five patients (38%) when performing PD-L1 IHC on biopsy samples
instead of on larger resection specimens. One out of four patients will be excluded from
PD-L1-targeted therapy due to this impact of heterogeneous PD-L1 expression, while they
would have received the therapy if the test was executed on resection material. These
results are similar to previous reports: Rasmussen et al. [14] evaluated concordance of PD-
L1 expression between paired biopsy and resection material. After completion of surgery,
multiple core biopsies were performed on the ‘en bloc’ resected tumor. Indeed, around
half of the biopsies were falsely assigned a PD-L1− status (CPS cut-off = 1) [14]. Next,
Paintal et al. [24] found the PD-L1 status of biopsies to be discordant in 30% compared
to paired resection material [24]. Comparable results were found for the intratumoral
concordance of TIL assessment, where the evaluation of the biopsy specimens, in the case
of discordance, mostly resulted in a lower number of high TIL samples (27%) compared to
resection specimens.

Additionally, we discovered that a lack of tumoral stroma (in our study defined as
a ratio of tumoral stroma/TCs of <10%) negatively affects the CPS in biopsies. When
evaluating PD-L1 according to the CPS assay, ICs contribute to the final PD-L1 status,
especially in samples with a low amount of PD-L1+ TCs. Lack of stroma may therefore
preclude adequate scoring of ICs and enhance the risk of underscoring CPS in biopsy
samples. Indeed, Paintal et al. [24] reported that the discordance between biopsies and
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resection samples was mainly noticed for PD-L1-expressing ICs, while TC staining was
mostly similar in paired samples [24]. Therefore, a sufficient amount of TCs (>100), together
with an adequate amount of tumoral stroma, should count as essential prerequisites to
perform PD-L1 CPS on tissue samples, particularly in biopsy material. Interestingly, the
lack of tumoral stroma did not affect the TIL count.

As for intertumoral heterogeneity of PD-L1 expression, we observed significant dis-
cordance between primary tumors (independent of specimen type) and paired metastatic
lesions, reaching up to 19% for dichotomous, and 33% for trichotomous CPS. For the TIL
count, this was even worse, with a discordance of up to 44%. In SCCHN, only scarce
data are available regarding PD-L1 concordance in different tumor sample types. Previous
reports from other cancer types have shown PD-L1 CPS in lymph nodes to be overscored
due to a higher prevalence of PD-L1+ ICs residing in pre-existing lymphoid tissue [15–18].
In our cohort, the observed mean CPS was indeed highest in lymph nodes. However,
lymph nodes and resected primary tumors were distributed equally when categorizing
CPS as a di- or trichotomous variable. In line with our data, Straub et al. [19] reported that
primary tumors of patients with OSCC had discordant PD-L1 status (expressed on TCs
only) in 28% of paired cervical lymph node metastases [19]. Concerning distant metas-
tases, Okada et al. [20] analyzed PD-L1 expression in primary tumors and paired resected
pulmonary metastases, revealing significant discordance in PD-L1-expressing TCs. PD-L1
status conversion was shown in 16/26 (62%) paired samples: 10 metastatic lesions were
PD-L1+ though were identified as PD-L1− on paired primary tumor resections, and the re-
verse occurred in six metastatic lesions [20]. A recently published meta-analysis confirmed
that metastatic lesions in SCCHN have the highest rate of PD-L1 conversion of all solid
tumors [21]. In our study cohort, three out of four distant metastases indeed showed PD-L1
conversion, yet the small sample size of this group limits the importance of this finding.
The abovementioned studies predominantly reported PD-L1 discordances assessed on
TCs only, while limited consideration is given to PD-L1+ ICs. Scognamiglio et al. [31]
demonstrated poor concordance (56%) for PD-L1-expressing TCs in paired primary tumors
and cervical lymph node metastases, although when adjusting for PD-L1-expressing ICs,
agreement significantly improved (77%) [31].

Assessing the temporal heterogeneity of PD-L1 is a complicated procedure. PD-L1
expression is considered a time-dependent biomarker prone to longitudinal fluctuations.
However, it cannot be ruled out that the current findings in the literature regarding tempo-
ral heterogeneity may be partially explained by PD-L1 discordance due to intra- and/or
intertumoral heterogeneity, especially as biopsy tumoral material is the most common tis-
sue sample used for diagnosing recurrence in daily oncological practice and for performing
subsequent additional testing, such as PD-L1 CPS. We explored temporal heterogeneity by
correlating the variables time and change in CPS (∆CPS), using both linear and exponential
models. No significant correlation was observed for any of the sample types, irrespective
of the implemented model, indicating the high variability associated with temporal het-
erogeneity. Ideally, temporal heterogeneity should be prospectively assessed at multiple
sequential time points using high-quality tissue samples to determine the variations in
PD-L1 CPS. However, this would be an unfeasible study protocol in this setting.

As a second objective, an investigation into the mutual association between the CPS
and TIL count, as well as the association of each of these separate pathological markers with
other clinicopathological biomarkers, was attempted. A positive but modest correlation
between PD-L1 CPS and TILs was observed for both linear and exponential models. This
was almost exclusively found among resection specimens, whereas no correlation could
be found for biopsy or lymph node samples. Other studies have also reported PD-L1
expression to be higher in areas with increased immune infiltration. As the CPS assay allows
the scoring of PD-L1-expressing ICs, this can be regarded as an evident relationship [32,33].
However, we detected a significant group of cases that were PD-L1+ (CPS ≥ 1) with low
TIL density, and vice versa. Consequently, theories correlating high PD-L1 expression
to a pro-tumorigenic immunosuppressive environment, or associating high TIL density
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as a prerequisite of anti-tumor immunity, seem oversimplified [34,35]. Scognamiglio
et al. [31] reported that the PD-L1 expression in SCCHN may be distinguished as two
phenotypes. Firstly, the induced expression mediated by adaptive immunity and attributed
to IFNγ signaling between TCs and ICs; PD-L1 expression is induced and dependent on the
immunogenicity, the tumor mutational burden, and/or local TIL density within the tumor.
Alternatively, there is the constitutive expression: PD-L1 expression is not correlated with
immunogenicity or TIL density, but exhibits the innate, or constitutive, expression of PD-L1
of TCs [31]. This is an interesting assumption that could partially explain the different
patterns between TIL density and PD-L1 expression that were noticed in several samples,
especially in the lymph node samples (Figure S9).

Regarding clinicopathological variables, we found that patients with absent to mod-
erate tobacco use were associated with a higher CPS (≥20). Furthermore, it seems that
those with restricted alcohol consumption tend to have tumors with increased TILs (≥20%).
These well-known behavioral risk factors may exhibit a potential impact on the shaping of
the tumor microenvironment in SCCHN, which has been similarly described in previous
publications [36,37]. We reported PD-L1+ tumors to be highly represented in moderately
and poorly differentiated tumors compared to other phenotypes. Indeed, expression of PD-
L1 has been associated with histopathological grade in various malignancies [38]. Similar
observations have been reported in patients with NSCLC, and in one study, for patients
with OSCC, in which low PD-L1 expression was correlated to well-differentiated tumors
(<4 cm in size) [39–41]. These findings suggest that PD-L1 expression could co-function as
a mediator of tumoral progression. Concerning TILs, no other significant association was
displayed in regard to histological grade, although well-differentiated tumors tended to
have higher immune infiltration, which is in line with the current literature [33,42]. The
anatomical site of SCCHN was unrelated to CPS, while higher TIL density was observed in
OPSCC compared to other subsites. This comes as no surprise, due to the abundance of
lymphoid tissue in the oropharyngeal region [13].

In terms of survival, the current research mainly intended to answer the foregoing
research query: this led to selection bias in our patient population, as patients were not
included in the study unconditionally, but according to the availability of tissue samples.
We acknowledge this as a weakness of our study. Nonetheless, we found T stage to be
the only routinely used clinicopathological variable that was associated with OS, but not
with DFS. PD-L1 CPS showed no association with DFS outcome, and only a trend towards
improved outcome for OS calculated from time of diagnosis. These results are controversial
to previous publications in SCCHN, which report a survival benefit for PD-L1+ tumors,
although none of these used the validated CPS scoring method [35,43–46]. Comparable
to our study, Hirshoren et al. [45] investigated PD-L1 CPS in a small cohort of OSCC and
laryngeal SCC patients, and reported no association in terms of OS and DFS according to
different CPS categories. Surprisingly, PD-L1 CPS could be significantly associated with
prolonged OS when calculated from time of tissue acquirement. Therefore, the prognostic
relevance of PD-L1 CPS should always be carefully interpreted. TILs, on the other hand,
are well known for being deregulated regarding number and functionality in SCCHN,
while holding relevant prognostic information. When assessing TILs according to the
IIBWG-constructed protocol, we observed that tumors with high TIL density (cut-off 20%)
were correlated to significantly improved outcome. This was confirmed after multivariate
analysis, in which high TIL count and low T stage were considered independent prognostic
factors, superior to PD-L1 status. The combination of both parameters indicated that pT1-2
tumors displaying high TIL count had the best OS outcome compared to other phenotypes.
Moreover, TIL density was demonstrated to be the sole discriminating factor to determine
outcome regarding DFS.

This retrospective study has some limitations. Firstly, we did not account for treatment-
related bias in paired samples. PD-L1 expression may be affected when exposed to anti-
neoplastic therapies, such as radiotherapy and/or chemotherapy. This has been initially
described in lesions collected post-therapy in non-squamous cell lung cancer [22]. To
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this end, patients in this cohort were not treated with immunotherapy, thus the current
study cannot be acknowledged as a clinical validation study, as the predictive value of
PD-L1 expression regarding ICI response was not assessed. Secondly, we did not con-
sider whether metastatic lesions were collected synchronously or metachronously with
primary tumors or other lesions. Thirdly, we were unable to assess the predictive impli-
cations of both biomarkers in this cohort, which is the main application of PD-L1 testing.
Lastly, we are aware that this study can only report on the technical and analytical issues
of CPS discordances. Whether our results are of true clinical relevance should be con-
firmed by correlating them with the overall response rate of SCCHN patients treated with
pembrolizumab. Unfortunately, these data were not available for this study population.

5. Conclusions

In summary, this is the first study that assessed concordance of the standardized PD-L1
CPS assay and IIBWG TIL quantification method in different paired sample types. We
noticed that CPS and TILs were clearly affected by intratumoral heterogeneity as paired
biopsy–resection samples delivered poor concordance. Ultimately, treatment decisions
may be different when testing different tissue samples, hereby withdrawing patients from
potential therapy response or exposing them to harmful side-effects. Our data suggest that
intertumoral and temporal heterogeneity may also be causing discordances in PD-L1 CPS
status in different sample types. Therefore, re-biopsy for performing CPS may be justified
to gain knowledge of the most recent PD-L1 status, especially when only inferior-quality
tissue material is available [22].

Taking current guidelines and our results into account, one should be aware that the
result of PD-L1 testing for a certain patient (and thus the eligibility of anti-PD-1/PD-L1
treatment) is not only determined by the tumor biology, but also in a high degree by several
technical issues: (1) sample type; resection material of primary tumor and lymph nodes
seem more often to be PD-L1+ than the paired biopsy material, and, to lesser extent, distant
metastases, (2) if the tissue contains insufficient stroma, PD-L1 CPS positivity will not
be reached in tumors with low PD-L1 expression in their cells, such as in SCCHN, (3)
utilizing the most recent samples to overcome temporal heterogeneity, while considering
prior treatments, and (4) technical requirements to guarantee high-quality IHC staining,
such as exclusion of decalcified tumor tissue, aspirate cell blocks or paraffin blocks older
than 3 years [23–25,28]. The fact that these factors can cause variation in PD-L1 status, and
that it is not clear how this affects response rates, may explain to some extent why PD-L1
CPS has repeatedly been proven to lack robustness as a stand-alone predictive biomarker
in tailoring treatment with ICI.
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Table S1 | Paired analysis for CPS 

Tissue N Median (range) P 

Biopsy ↔ resection 44 2 (0 – 60) ↔ 5 (0 – 70) 0.0085 

Resection ↔ lymph node 27 5 (0 – 100) ↔ 8 (0 – 100) 0.0495 

Biopsy ↔ lymph node 18 1 (0 – 15) ↔ 8 (0 – 45) 0.0076 

Primary tumor ↔ metastasis 36 5 (0 – 100) ↔ 8 (0 – 100) 0.3669 

Biopsy ↔ resection ↔ lymph node 11 1 (0 – 10) ↔ 5 (1 – 30) ↔ 5 (0 – 20) 0.0017 * 

* Significant difference for biopsy versus resection and for biopsy versus lymph node. CPS, combined positive score. 
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Table S2 | Correlation for CPS between paired tissue material 

Correlation n r P 

Biopsy versus resection 44 0.3537 0.0185 

Resection versus lymph node 27 0.8592 < 0.0001 

Biopsy versus lymph node 18 – 0.0281 0.9119 

Primary tumor versus metastasis 36 0.7512 < 0.0001 

CPS, combined positive score. 
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Table S3 | Association for CPS between paired tissue material 

A. Biopsy versus resection 

  Biopsy  

  < 1 1 – 19 ≥ 20 P 

Resection 

< 1 2 (14) 5 (19) 0 (0) 0.1986 

1 – 19 11 (79) 16 (59) 1 (33)  

≥ 20 1 (7) 6 (22) 2 (67)  

B. Biopsy versus lymph node 

  Biopsy  

  < 1 1 – 19 ≥ 20 P 

Lymph node 

< 1 3 (38) 0 (0) 0 (0) 0.1054 

1 – 19 4 (50) 8 (80) 0 (0)  

≥ 20 1 (13) 2 (20) 0 (0)  

C. Resection versus lymph node 

  Resection  

  < 1 1 – 19 ≥ 20 P 

Lymph node 

< 1 1 (100) 3 (18) 0 (0) 0.0016 

1 – 19 0 (0) 13 (77) 3 (33)  

≥ 20 0 (0) 1 (6) 6 (67)  

D. Primary tumor versus metastasis 

  Primary tumors  

  < 1 1 – 19 ≥ 20 P 

Metastasis 

< 1 2 (40) 0 (0) 4 (18) 0.0082 

1 – 19 1 (20) 6 (67) 2 (9)  

≥ 20 2 (40) 3 (33) 16 (73)  

Data denote numbers (% per column). P value for bicategorical variables calculated using Fisher Exact test, for tricategorical 
variables using Chi Square test. CPS, combined positive score. 
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Table S4 | Association of CPS between primary tumor-based biopsy, primary tumor-based resection and lymph node material 

Case 
Biopsy Resection Lymph node 

Continuous Categorical. Continuous Categorical. Continuous Categorical. 

1 0 < 1 5 1–19 0 < 1 

2 0 < 1 5 1–19 0 < 1 

3 0 < 1 1 1–19 2 1–19 

4 0 < 1 4 1–19 5 1–19 

5 0 < 1 5 1–19 8 1–19 

6 1 1–19 10 1–19 8 1–19 

7 2 1–19 2 1–19 5 1–19 

8 2 1–19 25 ≥ 20 8 1–19 

9 3 1–19 3 1–19 2 1–19 

10 4 1–19 30 ≥ 20 20 ≥ 20 

11 10 1–19 28 ≥ 20 15 1–19 

Samples with perfect concordance according to categorical CPS are indicated in green. Perfect concordance was found in 3/11 (27%) 
cases. CPS, combined positive score. 
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Table S5 | Paired analysis for TILstr 

Tissue N Median (range) P 

Biopsy ↔ resection 41 15 (1 – 90) ↔ 20 (0 – 80) 0.2363 

Resection ↔ lymph node 18 20 (1 – 80) ↔ 20 (0 – 65) 0.8871 

Biopsy ↔ lymph node 14 30 (5 – 90) ↔ 20 (0 – 50) 0.1167 

Primary tumor ↔ metastasis 25 20 (0 – 80) ↔ 20 (1 – 65) 0.6263 

Biopsy ↔ resection ↔ lymph node 8 30 (5 – 90) ↔ 20 (5 – 80) ↔ 18 (0 – 50) 0.4630 

str, stromal; TIL, tumor infiltrating lymphocyte. 
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Table S6 | Correlation for TILstr between paired tissue material 

Correlation n r P 

Biopsy versus resection 41 0.4807 0.0015 

Resection versus lymph node 18 0.1394 0.5811 

Biopsy versus lymph node 14 0.0713 0.8087 

Primary tumor versus metastasis 25 0.1671 0.4247 

str, stromal; TIL, tumor infiltrating lymphocyte. 
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Table S7 | Association of TILstr between primary tumor-based biopsy, primary tumor-based resection and lymph node material 

Case 
Biopsy Resection Lymph node 

Continuous Categorical. Continuous Categorical. Continuous Categorical. 

1 15 < 20 40 ≥ 20 20 ≥ 20 

2 20 ≥ 20 20 ≥ 20 10 < 20 

3 10 < 20 5 < 20 4 < 20 

4 – – 20 ≥ 20 65 ≥ 20 

5 5 < 20 20 ≥ 20 20 ≥ 20 

6 18 < 20 50 ≥ 20 – – 

7 40 ≥ 20 20 ≥ 20 50 ≥ 20 

8 60 ≥ 20 50 ≥ 20 15 < 20 

9 20 ≥ 20 – – 20 ≥ 20 

10 15 < 20 70 ≥ 20 – – 

11 60 ≥ 20 8 < 20 50 ≥ 20 

Samples with perfect concordance according categorical TILstr are indicated in green. Perfect concordance was found in 4/11 (36%) 
cases. Of note, TILs could not be determined for 4 cases (one biopsy, one resection and two lymph nodes). str, stromal; TIL, tumor 
infiltrating lymphocyte. 
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Table S8 | Correlation between pathological parameters and time 

Samples n r P value 

A. ΔCPS – Δtime     

All samples 56 -0.0784 0.5658 

Biopt versus resection 44 0.1820 0.2370 

Biopt versus lymph node 18 0.1217 0.6305 

Resection versus lymph node 9 0.0687 0.8605 

B. ΔCPS – log(Δtime)    

All samples 56 -0.0758 0.5789 

Biopt versus resection 44 0.1492 0.3339 

Biopt versus lymph node 18 0.1778 0.4804 

Resection versus lymph node 9 -0.0492 0.9000 

C. ΔTILstr – Δtime    

All samples 53 -0.1646 0.2389 

Biopt versus resection 41 0.1505 0.3476 

Biopt versus lymph node 13 -0.1479 0.6296 

Resection versus lymph node 8 -0.0919 0.8287 

D. ΔTILstr – log(Δtime)    

All samples 53 -0.1428 0.3076 

Biopt versus resection 41 0.1167 0.4676 

Biopt versus lymph node 13 -0.1463 0.6335 

Resection versus lymph node 8 -0.0444 0.9169 

ΔCPS, ΔTILs and Δtime were calculated as the difference in CPS, in TILs and in time, respectively, between the second and the first 
specimen type. For ‘all samples’, the specimens with the longest Δtime were selected. CPS, combined positive score; str, stromal; 
TIL, tumor infiltrating lymphocyte. 
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Table S9 | Correlation between CPS and TILstr 

Correlation n r P 

A. All samples    

CPS versus TILstr 146 0.2067 0.0123 

CPS versus log (TILstr) 144 0.2151 0.0096 

Log (CPS) versus TILstr 116 0.2274 0.0141 

Log (CPS) versus log (TILstr) 116 0.2692 0.0035 

B. Biopsy    

CPS versus TILstr 53 0.0550 0.6959 

CPS versus log (TILstr) 53 0.0853 0.5438 

Log (CPS) versus TILstr 39 0.1799 0.2732 

Log (CPS) versus log (TILstr) 39 0.1835 0.2634 

C. Resection    

CPS versus TILstr 62 0.2680 0.0352 

CPS versus log (TILstr) 61 0.2331 0.0707 

Log (CPS) versus TILstr 53 0.2508 0.0701 

Log (CPS) versus log (TILstr) 53 0.2698 0.0507 

D. Lymph node    

CPS versus TILstr 25 0.1584 0.4494 

CPS versus log (TILstr) 25 0.2338 0.2607 

Log (CPS) versus TILstr 21 0.2291 0.3177 

Log (CPS) versus log (TILstr) 21 0.3983 0.0737 

E. Distant metastasis    

CPS versus TILstr 6 0.9757 0.0009 

CPS versus log (TILstr) 5 0.8293 0.0825 

Log (CPS) versus TILstr 3 0.9737 0.1464 

Log (CPS) versus log (TILstr) 3 0.9081 0.2750 

F. Samples selected for survival analysis    

CPS versus TILstr 80 0.2332 0.0373 

CPS versus log (TILstr) 77 0.2134 0.0623 

Log (CPS) versus TILstr 68 0.2396 0.0491 

Log (CPS) versus log (TILstr) 68 0.2870 0.0177 

For log (TILstr), all cases with TILs = 0% were excluded. For log (CPS), all cases with CPS = 0 were excluded. For log (TILstr) and log 

(CPS), all cases with no TILstr = 0% and / or CPS = 0 were excluded. CPS, combined positive score; str, stromal; TIL, tumor infiltrating 

lymphocyte. 
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Table S10 | DFS analysis since time of tissue acquirement 

Parameter Univariate analysis 

 Median DFS (95% CI) HR (95% CI) P 

T stage    

1 – 2 3.7 (1.5 – 4.0) 1  

3 – 4 1.6 (0.9 – 4.9) 1.42 (0.78 – 2.59) 0.2520 

N stage    

0 2.4 (1.4 – 4.0) 1  

1+ 3.7 (1.2 – 4.9) 0.78 (0.43 – 1.42) 0.4212 

AJCC stage    

I – II 2.8 (1.0 – 3.4) 1  

III – IV 2.7 (1.4 – 4.9) 1.15 (0.62 – 2.12) 0.6562 

Alcohol abuse (≥ 30 U / week) 

No 2.7 (1.0 – 4.9) 1  

Yes 2.4 (1.3 – 3.7) 1.21 (0.66 – 2.24) 0.5335 

Smoking history 

< 20 PY 3.4 (0.8 – 3.4) 1  

≥ 20 PY 2.6 (1.3 – 4.0) 1.34 (0.66 – 2.70) 0.4141 

TILstr    

< 20% 1.4 (0.8 – 2.3) 1  

≥ 20% 4.0 (2.6 – 4.9) 0.45 (0.24 – 0.84) 0.0126 

CPS    

< 1 1.5 (0.1 – 3.4) 1  

≥ 1 2.7 (1.5 – 4.9) 0.68 (0.78 – 1.70) 0.4070 

Parameters that reached significance on univariate analysis, were included in the multivariate analysis. CI, confidence interval; CPS, 
combined positive score; DFS, disease-free survival; HR, hazard ratio; PY, pack-years; str, stromal; TIL, tumor infiltrating lymphocyte. 
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Table S11 | OS analysis since time of diagnosis 

Parameter Univariate analysis Multivariate analysis 

 Median OS (95% CI) HR (95% CI) P HR (95% CI) P 

T stage      

1 – 2 NR 1  1  

3 – 4 3.8 (1.9 – 5.0) 2.12 (1.07 – 4.18) 0.0310 2.06 (1.05 – 4.03) 0.0351 

N stage      

0 NR 1    

1+ 4.4 (2.4 – 5.0) 1.09 (0.55 – 2.14) 0.8055   

AJCC stage      

I – II NR 1    

III – IV 4.2 (2.6 – 5.0) 1.73 (0.88 – 3.43) 0.1148   

Alcohol abuse (≥ 30 U / week) 

No 5.0 (3.9 – 5.0) 1    

Yes 3.8 (2.4 – 4.4) 1.82 (0.92 – 3.61) 0.0867   

Smoking history 

< 20 PY NR 1    

≥ 20 PY 4.2 (2.6 – 5.0) 2.00 (0.92 – 4.35) 0.0815   

TILstr      

< 20% 2.4 (1.6 – 4.4) 1  1  

≥ 20% 5.0 (3.9 – 5.0) 0.41 (0.21 – 0.80) 0.0098 0.42 (0.21 – 0.83) 0.0123 

CPS      

< 1 1.4 (0.4 – 1.6) 1    

≥ 1 5.0 (3.8 – 5.0) 0.33 (0.11 – 1.01) 0.0516   

Parameters that reached significance on univariate analysis, were included in the multivariate analysis. CI, confidence interval; CPS, 
combined positive score; HR, hazard ratio; OS, overall survival; PY, pack-years; str, stromal; TIL, tumor infiltrating lymphocyte. 

  



Chapter 5 | Evaluating PD-L1 and TILs according to standardized methodologies in SCCHN: concordance, correlation and clinical impact 

 

 
143 

Table S12 | OS analysis since time of tissue acquirement 

Parameter Univariate analysis Multivariate analysis 

 Median OS (95% CI) HR (95% CI) P HR (95% CI) P 

T stage      

1 – 2 NR 1  1  

3 – 4 3.3 (1.5 – 4.9) 2.07 (1.05 – 4.09) 0.0363 2.17 (1.11 – 4.27) 0.0241 

N stage      

0 4.1 (2.6 – 4.1) 1    

1+ 4.9 (1.8 – 4.9) 1.06 (0.54 – 2.09) 0.8589   

AJCC stage      

I – II NR 1    

III – IV 3.7 (1.9 – 4.9) 1.63(0.82 – 3.28) 0.1664   

Alcohol abuse (≥ 30 U / week) 

No 4.9 (3.7 – 4.9) 1    

Yes 3.3 (1.8 – 3.3) 1.92 (0.97 – 3.80) 0.0603   

Smoking history 

< 20 PY NR 1    

≥ 20 PY 3.7 (2.4 – 4.9) 2.02 (0.93 – 4.42) 0.0766   

TILstr      

< 20% 1.7 (1.3 – 2.4) 1  1  

≥ 20% 4.9 (3.7 – 4.9) 0.36 (0.20 – 0.72) 0.0038 0.36 (0.18 – 0.71) 0.0033 

CPS      

< 1 1.4 (0.1 – 1.5) 1  1  

≥ 1 4.9 (3.6 – 4.9) 0.31 (0.10 – 0.95) 0.0406 0.49 (0.21 – 1.15) 0.1000 

Parameters that reached significance on univariate analysis, were included in the multivariate analysis. CI, confidence interval; CPS, 
combined positive score; HR, hazard ratio; OS, overall survival; PY, pack-years; str, stromal; TIL, tumor infiltrating lymphocyte. 
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Fig. S1 | Comparison for CPS between paired tissue specimens. Median CPS is indicated in the Y-axis, type of tissue in the X-axis. 
Comparisons are illustrated for (A) biopsy versus resection material (P = 0.0085), (B) resection versus lymph node material (P = 
0.0495), (C) biopsy versus lymph node material (P = 0.0076), and (D) primary tumor versus metastatic material (P = 0.3669). CPS, 
combined positive score. 
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Fig. S2 | Comparison for CPS and TILstr between patients for who biopsy, resection and lymph node material is present. Median CPS or TILstr 
count is indicated in the Y-axis, type of tissue in the X-axis. Comparisons are illustrated for (A) median CPS (P = 0.0017), (B) TILstr count 
(P = 0.4630). CPS, combined positive score; str, stromal, TIL, tumor infiltrating lymphocyte. 
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Fig. S3 | Correlation for CPS between paired tissue specimens. Correlations are illustrated for (A) biopsy versus resection material (r = 
0.3537; P = 0.0185), (B) resection versus lymph node material (r = 0.8592; P < 0.0001), (C) biopsy versus lymph node material (r = – 
0.0281; P = 0.9119), and (D) primary tumor versus metastatic material (r = 0.7512; P < 0.0001). CPS, combined positive score. 
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Fig. S4 | Comparison for TILstr count between paired tissue specimens. Median TILstr count is indicated in the Y-axis, type of tissue in the 
X-axis. Comparisons are illustrated for (A) biopsy versus resection material (P = 0.2363), (B) resection versus lymph node material (P 
= 0.8871), (C) biopsy versus lymph node material (P = 0.1167), and (D) primary tumor versus metastatic material (P = 0.6263). str, 
stromal, TIL, tumor infiltrating lymphocyte. 
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Fig. S5 | Correlation for TILstr between paired tissue specimens. Correlations are illustrated for (A) biopsy versus resection material (r = 
0.4807; P = 0.0015), (B) resection versus lymph node material (r = 0.1394; P = 0.5811), (C) biopsy versus lymph node material (r = 0.0713; 
P = 0.8087), and (D) primary tumor versus metastatic material (r = 0.1671; P = 0.4247). str, stromal; TIL, tumor infiltrating lymphocyte. 
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Fig. S6 | Correlation between CPS and TILstr, irrespective of tissue origin. Correlations are illustrated for (A) CPS versus TILstr (r = 0.4807; 
P = 0.0015), (B) CPS versus log (TILstr) (r = 0.1394; P = 0.5811), (C) log (CPS) versus TILstr (r = 0.0713; P = 0.8087), and (D) log (CPS) versus 
log (TILstr) (r = 0.1671; P = 0.4247). CPS, combined positive score; str, stromal; TIL, tumor infiltrating lymphocyte. 
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Fig. S7 | Comparison for CPS and TIL str count according to tumor differentiation and topography. Median CPS / TILstr count is indicated in 
the Y-axis, tumor differentiation / topography in the X-axis. Comparison are illustrated for (A) CPS according to tumor differentiation 
(P = 0.0101), (B) CPS according to topography (P = 0.5130), (C) TILstr count according to tumor differentiation (P = 0.8128), and (D) TILstr 
count according to topography (P = 0.1234). CPS, combined positive score; str, stromal, TIL, tumor infiltrating lymphocyte. 
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Fig. S8 | Effect of CPS and TIL str count on DFS in SCCHN patients.  X-axis depicts survival time (in months), Y-axis depicts the cumulative 
DFS probability. DFS has been depicted for (A) trichotomous CPS (median DFS of 1.5 years, 2.7 years and not reached for CPS <1, CPS 1-19 
and CPS ≥20; respectively; P = 0.6426), (B) dichotomous CPS (median DFS 1.5 years versus 2.7 years, HR CPS ≥1 = 0.68 [0.78 – 1.70], P = 
0.4070), and (C) TILstr (median DFS 1.4 years versus 4.0 years, HR TILstr ≥20% = 0.45 [0.24 – 0.84], P = 0.0126). Number at risk for each group 
has been indicated beneath each DFS curve. CPS, combined positive score; DFS, disease-free survival; HR, hazard ratio; SCCHN, squamous 
cell carcinoma of the head and neck; str, stromal; TIL, tumor infiltrating lymphocyte. 
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Fig. S9 | Histological sections of SCCHN depicting the heterogeneous profiles of PD-L1 staining and immune infiltration. The upper and lower row indicate paired HE and PD-L1 IHC slides, respectively. Profiles are 
shown for (1) high TILstr (A) and high PD-L1 (D), (2) high TILstr (B) and low PD-L1 (E), (3) low TILstr (C) and high PD-L1 (F). Arrows: compartment with tumoral stroma. HE, haematoxilin-eosin; IHC, 
immunohistochemistry; PD-L1, programmed cell death-ligand 1; SCCHN, squamous cell cancer in head and neck; str, stromal; TIL, tumor infiltrating lymphocyte. 
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6.1. Immuno-oncological biomarkers in SCCHN 

The introductory chapter of this thesis (section 2.2) provided an enumeration of several diagnostic, prognostic, and 

predictive biomarkers for SCCHN. Naturally, several other well-known clinical biomarkers were not elaborated in this thesis. 

In this matter, performance status, smoking status, alcohol abuse, patient’s skeletal muscle mass, and findings on FDG-PET 

CT imaging (during diagnosis or treatment) are all covariates that may provide insights on the clinical behavior of these 

tumors [1,2]. Furthermore, the importance of an accurate pathological evaluation cannot be stressed enough. Primary 

tumor resections should be assessed for tumor size, tumor differentiation, presence of lymphovascular or perineural 

invasion, and evaluation of resection margins (R0/R1). For lymph node resections, the number of (positive) lymph nodes 

should be recorded, including assessment of extracapsular growth. This allows for an accurate prognostic staging while 

determining the necessity of adjuvant treatment in patients who underwent surgical resection [1]. For decades, these 

biomarkers have been integrated during work-up for diagnosis and staging of SCCHN. Despite receiving several updates, 

the survival rates have not significantly improved. In 2011, Braakhuizen et al. [3] reported the 5-year OS of all SCCHN-sites 

increased from 70% to merely 72% over a 20-year period in the Netherlands, while Léon et al. [4] recently noted the 5-year 

DSS in SCCHN has increased from 63.5% to 72% over a 30-year period. Additionally, there is a general lack of robust 

prognostic and predictive biomarkers to improve risk stratification and therapy planning in patients with SCCHN. The 

immuno-oncological biomarkers explored in the introduction of the thesis may be of use to address these issues.  

In Table 6.1, earlier-discussed immuno-oncological biomarkers of prognostic and/or predictive value are listed in a more or 

less hierarchical order based on the current level of evidence in literature. 

To this day, p16 / HPV status and PD-L1 expression are the only validated biomarkers that have been incorporated into daily 

clinical practice.  

The HPV status, mostly assessed by p16 IHC, correlates strongly with beneficial prognosis in OPSCC. Therefore, de-escalation 

strategies have been proposed in locally advanced HPV + OPSCC (cfr. 7.2.2). These allow for de-intensification of concomitant 

radiochemotherapeutic regimens, reducing toxicity, but maintaining or improving the patient’s prognostic outcome while 

increasing quality-of-life. Alas, these clinical trials have failed to show improvement regarding OS and tumor control and 

the expected predictive role for HPV status in de-escalation therapy could not be confirmed [5,6]. Similarly, HPV status was 
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thought to influence the outcome of immunotherapy assuming that in the context of viral infection, therapies targeting 

the immune response would be more effective. Although initial studies investigating PD-L1 blockers in R/M SCCHN claimed 

p16 + tumors had better ORR and prolonged survival compared to p16 - tumors, the additional predictive role for HPV status 

in immunotherapy remains controversial [8-10].  

PD-L1 expression is currently the sole validated predictive biomarker to tailor treatment with anti-PD-1 agents. Its 

prognostic relevance remains disputed (cfr. chapter 2.2). Furthermore, its implementation into daily clinical practice has 

been associated with inconsistent scoring results due to the biological heterogeneity of PD-L1 expression and several 

technical issues (multiple scoring assays, staining Abs and platforms) [5]. 

TILs have been widely evaluated with regard to their prognostic and predictive roles. However, TIL quantification has not 

reached clinical implementation due to various reasons such as inconsistent results in literature and most importantly the 

lack of uniform scoring methodologies. There is, however, no questioning that a highly inflamed tumor, thus a high density 

of TILs, is correlated to better overall prognosis [11-13]. In terms of response-prediction to immunomodulating agents, 

literature on TILs remains scanty in SCCHN. The Immunoscore is currently under validation for response prediction to anti-

PD-1 agents in melanoma and NSCLC [14]. In SCCHN, the association to response prediction and prognosis is yet to be 

investigated [2,5,14], although the use of a uniform scoring methodology could further improve these investigations. 

As the future of personalized medicine through genome-sequencing is making a breakthrough in oncology, genomic 

biomarkers are considered attractive (but expensive) strategies for risk and treatment stratification. The same applies for 

patients with SCCHN [3,5]. When considering gene-related biomarkers, several are known to harbor prognostic information 

(e.g. TP53, NOTCH1 and CDKN2A) but the success rate of immunomodulating agents has predominantly awakened the 

search for predictive biomarkers in this field [15]. The T cell-inflamed gene expression profile (GEP) has been proposed as 

an indicative biomarker for T cell inflammation (next to PD-L1 expression), while TMB and MSI depict tumor antigenicity 

generated by somatic tumor mutations [16,17]. Throughout the major KEYNOTE clinical trials, both TMB and GEP have been 

retrospectively assessed as potential response predictors to anti-PD-1 agents [18,19]. For GEP however, no uniformity in 

literature exists regarding the selection of gene sequencing panels that should be performed. The same applies for TMB, 

as universal detection methods and thresholds for determining mutational burden are yet to be established [5]. Next, MSI, 
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although lowly prevalent in SCCHN (around 8%), has been linked to contribute to the progression of pre-malignant lesions 

into SCCHN [20]. Furthermore, it was reported that MSI-high tumors in SCCHN patients treated with anti-PD-1 agents had 

more durable responses [21,22]. Lastly, the value of blood-circulating biomarkers and oral microbiota as predictive or 

prognostic biomarkers is still under investigation. The data in literature on this subject are currently too scarce to allow us 

to make statements on the matter. Future studies will have to determine which of these immuno-oncological biomarkers 

are considered feasible and may be incorporated into the armamentarium of prognostic and predictive biomarkers of 

SCCHN. 

Table 6.1 | Immuno-oncological biomarkers in SCCHN 

Biomarker Assay Prognostic role Predictive role Level of evidence 

HPV 

IHC p16 

HPV-CISH 

HPV-PCR 

Yes 

De-escalation (radio- chemotherapy): 

conflicting 

Anti-PD-(L)1 agents: conflicting 

Validated 

PD-L1 IHC Conflicting *Anti-PD-(L)1 agents: yes Validated 

TILs 
H&E slide 

IHC 
Yes 

*Anti-PD-(L)1 agents: conflicting 

(HPV- only) 

*radiochemotherapy: 

yes 

Retrospective findings 

GEP DNA sequencing No anti-PD-(L)1 agents: yes Retrospective findings 

TMB DNA sequencing Conflicting 
anti-PD-(L)1 agents: yes 

(tumor samples only) 
Retrospective findings 

MSI 

IHC 

PCR 

DNA sequencing 

Conflicting anti-PD-(L)1 agents: conflicting Retrospective findings 

Circulating 

blood cells 
Flow cytometry TBI TBI 

Retrospective findings, 

limited published data 

Oral microbiota 
16S rRNA sequencing 

on saliva 
TBI TBI 

Retrospective findings, 

limited published data 

CISH, chromogenic in situ hybridization; GEP, gene-expression profiles; H&E, hematoxylin-eosin; HPV, human papilloma virus; IC, 
immune cell; IHC, immunohistochemistry; MSI, micro-satellite instability; NGS, next generation sequencing; PCR, polymerase chain 
reaction; PD-L1, programmed death-ligand 1; rRNA, ribosomal ribonucleic acid; SCCHN, squamous cell carcinoma of the head and 
neck; TBI, to be investigated; TC, tumor cell; TILs, tumor infiltrating lymphocytes; TMB, tumor mutational burden. 
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6.2 TIL quantification in SCCHN 

6.2.1 Practicality and feasibility 

As demonstrated in foregoing chapters, the IIBWG–designed protocol for TIL quantification is a standardized scoring 

technique that was tested in OPSCC, and eventually extrapolated to all sites of SCCHN. The technique requires no 

sophisticated technical equipment as only routine HE slides are used. Therefore, this easily accessible, inexpensive scoring 

assay can be universally performed by any pathologist. However, we encountered two morphological issues that may 

specifically complicate the assessment in SCCHN:  

(1) Differentiating TILs from a pre-existing immune infiltrate and other ICs 

First, this can be attributed due to the presence of PLT, most notably in the oropharyngeal / tonsillar region but 

also in other (sub)sites of the head and neck region. Therefore, distinguishing tumor-associated from pre-existing 

mononuclear cells may be challenging. Second, regions with ulcerations or erosions are seeded with infiltrating 

ICs which consist predominantly polymorphonuclear cells, thereby obscuring the appraisal of TILs in the TME. 

Evidently, these regions should be identified and excluded from the overall evaluation. 

(2) Inadequate tumor material for evaluation 

In SCCHN, the tissue specimens available for biomarker testing are typically small diagnostic biopsies. Inevitably, 

a part of these biopsies will lack significant amounts of stroma, the compartment where TILs are located. This 

may hamper their correct quantification. Ideally, resection specimens are used to perform quantification of TILs 

but are usually not available for patients diagnosed with recurrent and unresectable or metastasized SCCHN who 

will not undergo surgical treatment [23]. 

In our studies, we found lack of stroma subjectively to be a confounding factor for TIL evaluation in OPSCC samples, but 

this could not be statistically confirmed for all SCCHN sites (cfr. chapter 5). Even so, biopsy samples did have significantly 

lower amounts of TILs compared to paired resected specimens, and a significant discordance for TIL density was found 

between primary tumor and metastatic lesions. In addition, determining the conversion rate of TILs (high to low TIL density 

or vice versa) between primary tumors and paired cervical lymph nodes seemed unfeasible due to the presence of PLT in 

the latter. Our findings have demonstrated that tissue specimens considered for performing TIL quantification should 

firstly be checked for adequate amounts of stroma. Furthermore, if multiple tissue blocks or specimens are available from 

the same tumor, the specimen having the highest amount of stroma together with the lowest amounts of lymphoid tissue 
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and/or ulcerative regions should be the preferred sample for evaluation of TILs. Naturally, aforementioned criteria are 

mostly to be expected from whole-tumor resected slides. 

Despite these (rather minor) limitations, we are optimistic regarding the practicality and feasibility of the IIBWG 

methodology for TIL quantification, which could be a first step in paving the way towards the integration of TILs into daily 

clinical practice for SCCHN. For now, TILs should preferably be assessed as a continuous variable to allow more accurate 

statistical analysis. If the TIL assay would be gradually used and fine-tuned in future trials, we may eventually discover 

universally validated cut-off value(s) that will result in dichotomous or polychotomous variables (e.g. TIL–inflamed versus 

TIL–non inflamed tumors). This may contribute to a more comfortable, user-friendly assessment of TILs which may allow 

for faster dispersion and implementation of the technique. In this matter, the organization of symposia and workshops are 

essential for increasing awareness of the assay and educating fellow pathologists or other clinicians [23,24].  

6.2.2 How can TILs aid in clinical decision making: potential clinical scenarios  

6.2.2.1 TILs as a prognosticator: Introduction of the TNM-I? 

In line with other studies, our results showed that TILstr, TILtum, p16 and disease stage were correlated to a prolonged survival 

in OPSCC. In addition, prognostic stage and stromal TIL density were found superior over p16 as the two major independent 

prognostic factors for OS. Similar findings were found when extrapolated to other anatomic subsites, indicating TILs have 

substantial prognostic value in SCCHN. Subsequently, SCCHN may indeed benefit from a TNM-I (immune) classification by 

dividing tumors into ‘hot’ or ‘cold’ tumors depending on their TIL density. A similar concept has been proposed in colorectal 

cancer via the Immunoscore. According to this methodology, immune cell density is assessed per patient using a digital 

pathology-based assay which quantifies the CD3 + and CD8 + lymphocytes seeded at the invasive border and tumor center. 

Patients with high immune score in both areas were associated with a lower recurrence rate and a better prognosis for 

their colorectal cancer [2,13].  

The AJCC TNM 8th edition has improved the risk stratification in SCCHN by introducing a separate classification for p16 + 

OPSCC but is yet to incorporate pivotal scientific evidence regarding the TME. As the era of immunomodulatory agents is 

rapidly progressing, the introduction of immune-related features such as TILs in the staging systems can be considered. It 
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should be investigated to what extent these characteristics could aid in more accurate risk stratification and therefore 

prognostic staging and clinical decision making [25].  

6.2.2.2 TILs and de-escalation strategies in SCCHN 

De-escalation strategies are currently being considered in several malignancies. The goals of de-escalation are (1) reducing 

therapy-related toxicity, (2) increasing or maintaining survival outcomes and (3) improving the patient’s quality-of-life 

[26]. Indeed, the multimodal therapeutic approaches applied in SCCHN, including surgery, radiotherapy and/or 

chemotherapy, are associated with acute and long-term toxicity. Selecting patients for de-escalation may depend on 

several prognostic biomarkers such as histopathological characteristics (gradation, lymphovascular or perineural 

invasion), molecular markers (p16 / HPV status) and clinical risk stratification (TNM, performance status) [25]. De-ESCALaTE 

HPV and RTOG 1016 were two major trials to introduce de-escalation in HPV + OPSCC treated with primary 

radiochemotherapy. The goal was to reduce treatment-related toxicity by replacing cisplatin with cetuximab, an anti-EGFR, 

while preserving its high survival rates. Unfortunately, both trials revealed inferior tumor control rates and reduced 5-year 

OS in patients treated with primary radiotherapy and cetuximab compared to patients who received concomitant 

radiochemotherapy [6,7]. 

The question therefore arises if morphological characteristics of the TME, thus the immune infiltrate, may be of additional 

value to risk stratification and improving therapeutic planning. Our study reported an increased infiltration of mononuclear 

cells in OPSCC to be correlated to superior survival, independent of the p16-status. If prospective trials would validate our 

retrospective findings, establishing de-escalation trials, e.g. based on the concurrent evaluation of both HPV-status and 

TIL density in OPSCC, could be worth considering [11]. 

6.2.2.3 TILs as predictive biomarkers for immuno-modulating agents 

Its predictive role, however, needs to be further elucidated as few reports have made contributions regarding this topic. 

Essentially, tumors should be subdivided in an immune-inflamed phenotype or a non-inflamed phenotype as described in 

The Hallmarks of Cancer [11]. A preserved immunity is characterized by an adequate amount and diversity of well-

functioning ICs recruited from both the innate and adaptive immune system, which are major prerequisites to potentially 
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benefit from treatment with ICI. During tumoral progression, a proportion of transformed cells will not survive, allowing 

APCs to detect and pick up tumor-related antigens from dead neoplastic cells. Through MHC, tumor-related antigens are 

presented to (CD4 + and CD8 +) T cells which activates the well-known cascade of tumor-cell recognition, activation and 

expansion of effector cells that will induce a tumor-specific immune response. Therefore, patients with inflamed tumors 

are more likely to benefit from an improved immune-mediated elimination of TCs [27-28]. In melanoma patients for 

instance, tumor response to anti-CTLA-4 treatment was more likely to be observed in patients with an increased TIL density 

at baseline [29]. When applied to SCCHN, Mandal et al. [50] reported an increased immune infiltrate, specifically CD56+ NK 

cells, was correlated with better ORR in patients treated with a variety of ICI. Hanna et al. [14] reported that prominent 

CD8 + lymphocyte infiltration and high PD-1 expression were correlated to improved ORR in SCCHN patients treated with 

anti-PD-1 / PD-L1 agents. Nowadays, PD-L1 IHC is the only validated predictive biomarker to determine eligibility for 

treatment with ICI. In light of the abovementioned findings, patients and clinicians might benefit from the evaluation of 

TILs as an additional parameter to assess (tumor) immune response. The implementation of a standardized methodology 

for TIL assessment, as investigated in chapter 4 and 5, may be a first step towards concurrent evaluation of TILs and other 

predictive biomarkers such as PD-L1 IHC. This will enable us to fully comprehend their predictive and prognostic role and 

to eventually tailor treatment with ICI in SCCHN. 

6.3 PD-L1 expression in SCCHN 

In R/M SCCHN, the CPS is a widely applied scoring assay designed for the companion diagnostic PD-L1 22C3 pharmDx and 

has emerged as the main response predictor to treatment with the anti-PD-1 agent pembrolizumab [9,30]. As PD-L1 scoring 

is now universally performed, its robustness as a biomarker has been repeatedly questioned. Not only does the predictive 

power of PD-L1 seems inconsistent, but its expression may also suffer from substantial spatial heterogeneity: between 

different regions in the same tumor (intratumoral) and between different tumor sites (intertumoral). In addition, temporal 

variance together with the exposure to prior antineoplastic therapies (radiotherapy, chemotherapy, immunotherapy) may 

induce changes to the TME. During the course of their disease, patients may be subjected to multiple (sequential) surgical 

procedures for specimen retrieval. Bearing foregoing confounding factors in mind, the timing of tissue specimen retrieval 

seems of vital importance during therapy decision making. More specifically, when commencing expensive, toxic 
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immunotherapeutic agents, one may ask what the effect would be of these pre-analytical issues on the predictive abilities 

of the PD-L1 score, and the outcome of the patient. Being aware of this possible spatiotemporal heterogeneity is the first 

step in understanding to what extent the PD-L1 biomarker can offer us useful information [31-32].  

Indeed, findings in our cohort study confirmed that the spatial heterogeneity interferes with the concordant assessment 

of PD-L1. Biopsies from primary tumors were found to have severely discordant PD-L1 CPS compared to paired resected 

samples. These results are in line with reports in literature but differ in terms of scoring assays and tissue samples that 

were applied [33-34]. Nonetheless, all concurred that the risk of PD-L1 underscoring in (small sample) biopsies can be 

partially attributed to the failure of evaluating the peritumoral PD-L1 expressing ICs, which is again related to a lack of 

tumoral stroma (cfr. chapter 5). 

Next, it was depicted in the meta-analysis from Zou et al. [35] that the PD-L1 conversion rate among primary and (any) 

metastatic pair attend to be one of the highest in SCCHN compared to other solid tumors, with a conversion from positive 

to negative PD-L1 status occurring more frequently than vice versa. The same applies for the number of TILs, as a conversion 

from high to low TIL count was predominantly observed in paired metastatic lesions. This could indicate that tumors may 

become immunologically ignorant when turning metastatic, as stated by Gonzalez et al. [36]. In addition, it is difficult to 

determine the impact of spatial and temporal heterogeneity on the results of this study, as this is inevitable for this kind 

of study design (e.g. samples of distant metastases are often small biopsies and metachronous in a later phase of the 

disease). In our research project, we observed an equally distributed PD-L1 conversion rate between primary and metastatic 

lesions [36-37]. 

With regard to temporal variance, the PD-L1 expression is clearly prone to shifts and alterations during the course of the 

disease. Accurate recording of these variations should require serial tissue sampling at different time points, but this seems 

unauthorized and even unethical if not intended for diagnostic or therapeutic goals. In chapter 5, we attempted to assess 

the temporal relationship of PD-L1 CPS in paired samples. However, no significant changes in CPS were objectified over 

time. Naturally, as the type and number of prior therapy lines were not taken into consideration during our analysis, this 

may limit the value of our findings. However, increasing understanding of temporal heterogeneity of PD-L1 should be 

warranted in future research, thus exposition of prior therapies should always be taken into account before tissue 

acquisition [38-39]. 
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6.4 Concurrent evaluation of TILs and PD-L1 CPS 

Our research revealed a modest but positive correlation between TILs and PD-L1 CPS. Considering both biological features 

and the PD-L1 scoring assay, the observed relationship seemed evident. However, several phenotypes with various PD-L1 

expression and TIL density were to be distinguished in our study cohort. These findings challenge the well-known theories 

that high PD-L1 expression is correlated to a pro-tumorigenic immunosuppressive environment and high TIL density is a 

pre-requisite of anti-tumor immunity [11]. The immunobiological mechanism behind our findings needs further clarification 

but this falls beyond the scope of this dissertation.  

As mentioned earlier, extrapolating the TIL quantification technique performed in OPSCC to all sites of SCCHN confirmed 

its prognostic value: TILstr remained to be an independent prognosticator upon binary classification (TILstr ≥ 20%). The same 

applied for PD-L1 status, being an independent prognostic factor for OS, yet we remain skeptical about proposing PD-L1 

CPS as a prognostic biomarker, as several previous reports have contradicted these findings [40-45].  

A next step would be to assess the clinical usefulness of both TILs and PD-L1 CPS as predictive biomarkers in patients 

treated with anti-PD-1 agents. However, when setting up clinical trials for concurrent evaluation of both biomarkers, we 

advise clinicians to pay careful attention to the spatiotemporal heterogeneity of utilized tissue samples while avoiding 

potential selection bias. Depending on the study concept, limiting a study population to exclusively resection specimens 

may promote selection of a group of patients that underwent surgery who have limited tumor burden, may be in better 

general condition thus having improved prognosis [46].  

6.5 Limitations of our methods and study designs 

Although we are enthusiastic about the significance of our results in this dissertation, our retrospective studies are 

subjected to several limitations. First, we acknowledge the cohort sizes in our studies are rather small and should be 

expanded in future studies to validate our findings. Second, our population was mainly based on the availability of tissue 

material in the human tissue bank from our hospital rather than clinical characteristics of patients: tissue specimens 

retrieved from a patient had to fulfill several criteria (adequate stroma, ≥ 2 paired samples; limited storage time etc.) 

before inclusion could be justified. Third, prior therapies of patients and the potential bias it may inflict to our results were 
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not considered during statistical analysis. In addition, we were unable to record if spatiotemporal heterogeneity of PD-L1 

could be translated into differences in response predictiveness as most patients from our cohort were not even treated 

with ICI. 

6.6 Strengths and novel findings of our study 

Despite foregoing limitations, we are enthusiastic about the delivered results from this dissertation. Firstly, as noted in 

various solid malignancies, TILs failed to be incorporated in clinical practice due to its biological heterogeneity, the use of 

different scoring techniques, the lack of standardized scoring methodologies, and the statistical processing of results that 

were predominantly based on univariate analyses. In light of previous and current literature, the findings from our TIL-

study merit credit as we were the first to employ a standardized method for TIL quantification in a population of SCCHN 

patients. In addition, we were successful in validating the practicality and reproducibility of this proposed methodology as 

well as demonstrating the prognostic value of TILs for SCCHN in a multivariate analysis next to other known 

clinicopathological factors. 

Secondly, it is an open secret that the PD-L1 (and TIL) methodology suffers from several confounding factors. In this 

dissertation, by describing biological and technical issues that may impact the result of PD-L1 scoring, we provided 

additional information on the limitations of these biomarkers that were not yet investigated in depth in current literature. 

The first major oncological phase III trials, that utilized PD-L1 IHC for tailoring ICI response, did not address foregoing issues 

as the methodological description of sample collection and characteristics was rather limited [8,9]. Nevertheless, we have 

now clearly demonstrated that the assessment of PD-L1 expression is not as clear-cut as one would hope. Our work shows 

that the result of the scoring may depend on factors such as sample type and sample size. These are factors that the 

oncologist is often not able to control and that are determined by the course of the disease of the patient. Now that we 

are aware of these possible variations in PD-L1/TIL scoring, the next logical step is to investigate to what extent these 

variations influence the prognostic and/or predictive value of these biomarkers, as this has not been studied yet. Therefore, 

we encourage accurate registration of the specimens used for PD-L1 (and TIL) assessment in future clinical trials and 

reporting of the possible impact, in order to complement our findings with practical recommendations for everyday 

practice. 
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6.7 Future perspectives 

6.7.1 The future of PD-L1 immunohistochemistry  

Our analysis showed PD-L1 CPS assessment to be highly affected by biological and technical issues which could be (at least 

partially) responsible for its lack of robustness as a predictive biomarker. The next step would be to accordingly adapt the 

current guidelines and manuals for PD-L1 IHC scoring to overcome these deficits. It seems likely that the first prospective 

clinical trials on ICI in SCCHN (and other malignancies) never considered spatial heterogeneity when performing predictive 

stratification based on PD-L1 expression. Consequently, the investigated tissue samples may be predominantly biopsy-

based, retrieved from unknown anatomical sites without any notion of prior therapies. This may contribute to the observed 

ambiguous results regarding PD-L1 expression as a predictor of ICI response [8,9,19,47].  

Nonetheless, small biopsy specimens are mostly the only available tissue samples in SCCHN as surgical resection is not 

always the preferred therapeutic option in this population. The question whether performing multiple biopsies would 

overcome the issue of intratumoral heterogeneity remains debatable. Rasmussen et al. [33] showed that PD-L1 evaluation 

on double biopsies may increase the true negative predictive value, as the ratio of subjects truly diagnosed as PD-L1- to all 

patients initially assessed as PD-L1-. However, we remain doubtful on how to translate this into clinical practice. How many 

biopsies are to be performed? For anatomical sites that are difficult to reach, should the surgeon take unwanted risks that 

may harm the patient? Is it even ethical to expose patients to this procedure, only to retrieve extra information about an 

imperfect predictive biomarker? 

Likewise, would performing the PD-L1 assay on a (recent) metastatic lesion be superior to biopsy material if no resected 

material was available? Reports from other solid tumors have observed the PD-L1 conversion rate of metastatic lesions 

may depend on the location of the metastasis. In breast cancer, PD-L1 positivity was observed the highest in lymph node 

metastases (>60%), followed by lung (50%) and brain metastases (45%). Bone metastases had the lowest rate of PD-L1 

positivity (15%) [48-50]. In renal cell carcinoma, PD-L1 expression was the highest in lymph node and lung metastases, but 

the lowest in brain and bone metastases [51]. Lastly, Schoenfeld et al. [52] provided a similar report in lung cancer but is 

one of the only studies that associated its results with the ultimate golden standard: response to ICI. To this end, they 

found the predictive value of PD-L1 IHC to be substantially different according to the anatomical site that was biopsied. 
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PD-L1 expression was highest in lymph nodes and distant metastatic lesions (liver, brain, pleural, soft tissue), yet the lowest 

in primary tumors and bone metastases. However, the predictiveness of PD-L1 to ICI treatment was observed for primary 

tumors and all distant metastases, but not for lymph node and bone metastases [52].  

With this knowledge, it is worthwhile to speculate on how the design of future trials that use PD-L1 IHC can overcome some 

of these hurdles. Because after all, since the introduction of PD-L1 IHC as a predictive maker for ICI, it was clear that this 

was far from an ideal biomarker. But after several years of extensive research, this biomarker is still the only one that is 

used in clinical practice, and it is a prerequisite for receiving the therapy and its financial compensation. Despite its 

imperfections, PD-L1 IHC is part of the algorithm in clinical oncological decision-making today and will still remain so for 

a considerable amount of time. The more information we gather on how to enrich (or nuance) its predictive value, the 

better.  Therefore, we propose several recommendations for future clinical trials that may improve (knowledge of) PD-L1 

IHC assessment. 

 Allow for extensive registration of the characteristics of tissue specimen used for PD-L1 testing, e.g. 

o type of specimen (biopsy, resection, metastasis) 

o fresh tissue versus archival material 

o age of collected tissue 

o type of PD-L1 IHC testing kit (scoring assay, platform, antibody) 

 Centralize PD-L1 testing during clinical trials. Collection of all tumoral material for PD-L1 testing in a (university) 

laboratory while performing continuous research for new predictive biomarkers. 

 Construct an algorithm for determining the final PD-L1 result based on type and age of material, sampling time-

point, prior treatment, etc. e.g. fresh tissue from primary tumors preferred over archival metastatic tissue. 

 During clinical decision making and/or before commencing ICI treatment: if possible, retrieve new, fresh biopsies 

to evaluate PD-L1 IHC to gain insight of its true predictive value.  

 Ultimately, consider inclusion of only a single sample type used as final PD-L1 score depending on the clinical 

situation, e.g. archival biopsy material of primary tumor at first diagnosis. 
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6.7.2 Integrating immuno-oncological biomarkers in a clinical trial design 

Before any clinical biomarker can be integrated in daily clinical practice, it consecutively must proceed through to several 

phases of development, as depicted in Fig. 6.1 [53]. This dissertation was focused on phase III, in which the prognostic value 

of TILs and PD-L1 were retrospectively assessed in a pre-selected SCCHN cohort.  

 

Fig. 6.1 | Phases of biomarker development: adapted from Pepe et al. [53] 

To validate the potential of both biomarkers, extrapolation in a prospective fashion using multicentric observational 

(cross-sectional) study is mandatory. Quantifying TILs and PD-L1 using standardized protocols can provide as basic immune 

parameters before primary treatment is initialized in patients with SCCHN. Here, we introduce a feasible clinical trial design 

to assess both biomarkers in a prospective manner (Fig. 6.2). 

In a first study design, newly diagnosed patients with SCCHN that are considered for curative treatment based on surgery 

and / or radio(chemo)therapy are to be included. In a second study design, patients with R/M SCCHN that are eligible for 

palliative systemic treatment including immune checkpoint inhibitors (anti-PD-(L)1 agents) can be included. Both patient 

groups are subjected to a standard of care diagnostic assessment of which both TILs and PD-L1 CPS can be explored for 

their predictive and/or prognostic value. 

Phase I

• Preclinical exploratory
biomarker discovery

Phase II

• Clinical assay
clinical assay detects/characterizes estabilished disease

Phase III
• Retrospective longitudinal validation

Phase IV
• Prospective longitudinal validation 

Phase V

• Clinical implementation
biomarker delivers diagnostic/prognostic/predictive information resulting in health and cost benefits
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Fig. 6.2 | Integrating TILs and PD-L1 in a clinical design: potential study concept for a prospective observational study in SCCHN. Left: focus 
on prognostic impact of clinicopathological characteristics in patients with newly diagnosed SCCHN. Right: focus on prognostic and 
predictive impact of clinicopathological characteristics (mainly TILs and PD-L1) in patients with R/M SCCHN eligible for palliative 
systemic treatment based on chemotherapy and/or ICI*. DFS, disease-free survival; MFS, metastasis-free survival; ORR, overall response 
rate; OS, overall survival, PD-L1, programmed death-ligand 1; PFS, progression free survival; RFS, relapse-free survival; R/M, 
recurrent/metastasized; SCCHN, squamous cell cancer of the head and neck; TILs, tumor-infiltrating lymphocytes. 

Briefly summarized, the diagnostic assessment may consist of  

 Clinical factors, as described in section 6.1: 

performance status, behavioral risk factors (alcohol / smoking status), patient’s weight or skeletal muscle mass, 

findings on (FDG-PET) CT imaging, etc. 

 Pathological examination on recently acquired tissue specimens (whole-tumor resected specimens or 

representative biopsy samples) 

Tumor differentiation and size, lymph node involvement and / or presence of extracapsular growth, 

lymphovascular or perineural invasion, assessment of resection margins (R0 / R1), p16 / HPV status (if applicable) 

and prognostic stage based on the 2018 AJCC TNM staging  

 Assessment of TILs and/or PD-L1 IHC on representative tissue slides 

- TIL density based on stromal TILs is evaluated on H&E slides using the IIBWG methodology. 

- PD-L1 IHC using CPS (if applicable). 
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As described in the last paragraph of section 6.6.1, an extensive registration of the characteristics of the investigated tissue 

material can be of exceptional value to analyze spatiotemporal heterogeneity in both PD-L1 as in TILs. We refer to the same 

recommendations as stated in this paragraph. To this end, acquired tissue specimens may fulfill the following criteria: 

 Fresh material is superior to archival tissue blocks 

 Resected material from the primary tumor is preferred over biopsies.  

 If no resected material is available, consider re-biopsy from the primary tumor or, preferably, a metastatic lesion 

(distant metastasis > lymph node metastasis)  

 Perform an extensive registration of the characteristics of the tissue material (type of specimen, available tissue 

blocks, date of specimen retrieval, methods of tissue processing, type and number of stains…) 

In this project, the research objectives can be described as the following: 

Primary objective:  

In patients with primary diagnosis of SCCHN 

- How do TIL density and, to lesser extent, PD-L1 expression correlate with 

o survival (OS, DFS)  

o disease control (RFS, MFS) 

In patients with R/M SCCHN 

- How do TIL density and PD-L1 expression correlate with 

o treatment response (ORR) e.g. ICI and/or chemotherapy 

o survival (OS, PFS) 

Secondary objectives:  

- How do the basic immune parameters TIL density and PD-L1 expression correlate with other clinicopathological 

factors?  

- How does spatiotemporal heterogeneity affect TIL density and PD-L1 expression? How does it affect their 

prognostic and/or predictive value? 

An additional research query could be if the introduction of a TNM-I can be of additional value compared to conventional 

TNM-staging? Staged tumors could be subsequently assigned into ‘cold’ or ‘hot’ tumors depending on their TIL density and 

correlated to prognosis or therapy response. 

Abovementioned clinical trial design should ideally be performed on a representative training cohort. If results from the 

interim analysis are considered beneficial, a validation cohort could be recruited to strengthen initial findings. As earlier 
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mentioned, this prospective observational study should be organized by multiple national reference centers of head and 

neck oncology to maximize patient recruitment and inclusion rates. In this matter, we have performed a sample size 

calculation for the first part of this registry study. This as we can use our own retrospective study as a guide. Herein, the 

overall percentage of events was equal to 43.8 % (31.8% and 58.3% in patients with high and low TIL density, respectively). 

Based on a similar distribution in the prospective registry trial, to achieve a statistical significance of α=0.025 and a power 

of 80%, a total of 146 events (deaths in this case) are needed. Hence, 334 patients are needed to validate our current 

findings in a prospective SCCHN cohort. 

As a result, our knowledge regarding spatiotemporal heterogeneity, and the implications on prognostic and predictive 

value of these biomarkers can be expanded based on these registry trials. Consequently, (new) reference values can be 

assigned to determine the immunological status of patients, while TILs could be finally integrated in routine pathological 

reporting during diagnostic work-up and potentially be used as selection criteria to tailor immunotherapy in SCCHN. 

Furthermore, if the current study design is considered feasible, other promising immuno-oncological biomarkers, as 

described in 6.1, can be gradually integrated into this clinical model. Ultimately, this may result in a multi-modal nomogram 

to predict survival, disease control, and therapy response, improve quality-of-life and raise cost-effectiveness in patient 

diagnosed with SCCHN. Once a nomogram is ready for clinical practice, this should be introduced to the routine labs in a 

qualitative way by providing information, education and guidance on its employment. The parameters of the nomogram 

should become subject of continuous quality evaluation. Regular participation in external quality control assessments is 

mandatory. 

We are aware that this prospective registry trial will mainly deliver information on the prognostic and predictive 

implications of TILs and PD-L1 in SCCHN. However, this information is highly necessary to start any subsequent prospective 

interventional trial. For instance, if we assume that the TIL density will have major prognostic significance in this 

population, we may, based on our registry trial, introduce an ad-hoc calculated definitive threshold to differentiate high 

versus low TIL density in collected fresh tissue specimen. Next, as an example, we could hypothetically design a prospective 

de-escalation trial for adjuvant radiochemotherapy in patients with high-risk LA-SCCHN, who have higher probability of 

developing locoregional recurrence (Fig 6.3). In the SCCHN patient population, high-risk tumors can be identified as having 

one or more of the following factors [1]: 
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 pT3 or T4 tumors (AJCC TNM 8th edition) 

 positive resection margin (tumor presence < 1mm from the margin) 

 close resection margin (1-5mm from the margin) 

 presence of peri-neural and/or lymphovascular invasion 

 presence of extracapsular lymph node infiltration  

 > 1 invaded lymph nodes 

Eligible patients will be randomised 1:1 to standard-of-care (radiotherapy 60-66 Gray total dose + cisplatin 100mg/m2 

every 3 weeks) versus de-escalation strategy (radiotherapy only). Due to the known prognostic value of the HPV status, 

patients will be stratified according to HPV-status and anatomical location. The primary endpoint would be OS, while 

secondary endpoints are RFS and MFS. Sample size calculation is currently not possible in this hypothetical prospective 

trial and will depend on the results retrieved from our initially proposed registration trial. 

 

Fig. 6.3 | Integrating TILs in a clinical design: hypothetical de-escalation study concept for high-risk LA-SCCHN eligible for adjuvant 
treatment. Radiation therapy dosage may depend on the physician’s choice. HPV, human papilloma virus; LA, locally advanced; MFS, 
metastasis-free survival; OS, overall survival, p, pathological; q3w, every 3 weeks; RFS, relapse-free survival; SCCHN, squamous cell 
cancer of the head and neck; T, tumor; TIL, tumor-infiltrating lymphocyte. 
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6.8 Concluding remarks  

As our understanding of the TME advances and ICI have been integrated in the treatment of several malignancies, there is 

an urgent necessity of discovering potent and robust biomarkers that improve risk stratification and therapy planning. 

Currently, HPV-status and IHC PD-L1 expression stand alone as validated biomarkers in SCCHN [2,5,54]. For years, the 

identification and quantification of the immune infiltrate was a research topic of high priority. Although possessing 

relevant prognostic information, a feasible, cost-effective and universal scoring methodology for TILs was never 

conceptualized [56]. The IIBWG–designed protocol seems to be a right step towards harmonizing TIL evaluation in SCCHN. 

Improving prognostic stratification by the introduction of an TNM-I could be a worthwhile approach, especially for (re-) 

enabling (de-)escalation strategies as performed in OPSCC [7,8].  

Although PD-L1 assays have firmly took their place as the putative predictors for response to anti-PD-(L)1 agents, we should 

take account of their biological heterogeneity. We are all aware that PD-L1 is an imperfect predictive biomarker that, as 

demonstrated in this dissertation, can be substantially affected by spatiotemporal heterogeneity. Nonetheless, near future 

trials will still employ this biomarker when evaluating response prediction of treatment with anti-PD-(L)1 agents. We 

encourage clinicians to remain vigilant for its flaws and attempt to counter these flaws by considering our 

recommendations during PD-L1 IHC assessment. This could maximize its predictive value while we await new players on 

the block as a replacement or as an addition to the current armamentarium of response predictors. Indeed, we emphasize 

that further optimization of patient selection for ICI treatment is required by continuing search for better and stronger 

biomarkers or for combining several biomarkers such as PD-L1, TILs, TMB, MSI and T cell inflamed GEP in an optimal, 

integrated panel [55]. 

As a closing remark, we encourage future studies to integrate and further improve above-described biomarkers using 

standardized methodologies. This may allow for the construction of a unanimous TME-based classification that includes 

the proper evaluation of the immune infiltrate. The development and validation of an all-encompassing nomogram, 

integrating TME-based biomarkers, demographic characteristics and several clinicopathological parameters may become 

an invaluable tool for risk stratification and determining individualized treatment strategies in patients with SCCHN. 
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