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ABSTRACT 

Head and neck squamous cell carcinoma (HNSCC) is a 
common and aggressive malignancy. It includes the tumors 
arising in the head and neck area with oral cancer representing 
one of the most common types. Intraorally, squamous cell 
carcinomas arising from the tongue (OTSCC) are the most 
frequent. The multimodality treatment regime includes 
surgery, radio and/or chemotherapy depending on the spread 
of the disease. Unfortunately, the five-year survival rates in the 
Nordic countries remain between 50-60% for oral cancer, with 
the incidence of OTSCC increasing without clear etiology.  

The newest addition to the treatment regime of recurrent 
and/or metastasized oral squamous cell carcinoma (OSCC) 
patients is immune checkpoint inhibitors (ICIs), namely anti-
PD-1. These ICIs provide improved survival rates, and the 
expression of the immune checkpoints (ICs) are being 
investigated as potential prognostic factors. In premalignant 
lesions such as dysplasia, inflammation has been suggested as 
a carcinogenesis promoting factor that enables potentially 
malignant cells to avoid immune-mediated destruction and 
develop into cancer cells. ICs have been recognized as key 
regulators of immune reactors and play an essential role in the 
antitumoral response.   

This dissertation aimed to investigate the role of ICs in the 
development of oral carcinogenesis. Our first project was to 
explore the expression of selected ICs, indoleamine 2,3-
dioxygenase 1 (IDO1), and programmed death-ligand 1 (PD-L1) 
in oral dysplasia, a potentially malignant oral lesion. We 
retrospectively gathered 63 archival oral dysplasia samples 
from Oulu and Tampere University Hospitals from 2005 to 
2016, with 9 samples extracted during wisdom tooth 
extractions to act as healthy controls. The samples were stained 
for anti-PD-L1 and anti-IDO1 and scored for the expression of 
both immune checkpoints, dysplastic grade, and immune cell 
infiltration. The expression of the ICs was modulated during 
the development of dysplastic changes associated with 
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inflammatory cell infiltration. Eight patients were followed up 
to 36 months and biopsies were taken more than once. The 
expression of ICs fluctuated over time, suggesting that they are 
not useful as biomarkers for malignant transformation.   

Since the start of our first project, several articles have been 
published on the prognostic value of ICs in OSCC. Our second 
project aimed to systematically review the prognostic value of 
ICs in OSCC. By the end of 2017, 12 ICs had been studied for 
their prognostic value in OSCC. Seven of them (ALHD1, 
FKBP51, PD-L1, B7-H3, B7-H4, B7-H6, and IDO1) had been 
reported as adverse prognostic factors and five (CTLA-4, PD-1, 
PD-L2, TLT-2 and VISTA) did not have prognostic value. Only 
two molecules, PD-L1 and B7-H3, had sufficient data for 
conducting a meta-analysis. PD-L1 had controversial findings 
as a prognostic marker, with weak evidence suggesting high B7-
H3 expression was an adverse prognostic factor for overall 
survival.  

Based on the systematic review results, we aimed to validate 
B7-H3 as an adverse prognostic factor in OTSCC. 323 OTSCC 
samples from Brazil, Finland, and Norway were retrospectively 
gathered and stained for B7-H3. The protein expression was 
scored manually and digitally. High B7-H3 expression was not 
significantly associated with patient survival in the whole 
OTSCC cohort.The immune status/phenotype of the Brazilian 
and Finnish cases (n=191) was analyzed by the amount of 
tumor infiltrated lymphocytes (TILs), classifying the cases into 
‘immune hot’ and ‘immune cold’. In the immune hot group, B7-
H3 was associated with poor disease-specific survival in the 
Finnish cohort (n=89) by manual visual scoring and with poor 
overall survival in the Brazilian cohort (n=27) by automated 
digital scoring. The immune status of the patient (n=191) was 
significantly associated with patient survival, with immune 
cold patients having an adverse outcome in univariate and 
multivariate survival. Our findings suggest that the immune 
status of the tumor should be considered when investigating 
the prognostic value of ICs and could be an individual 
prognostic factor aiding in identifying potential high-risk cases.  
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Based on studies I and II, a research question arose 
regarding what would be the functional effect of the ICI on 
lymphocyte infiltration in the presence of cancer cells and what 
would happen to the cross-talk between lymphocytes and 
cancer cells. In a newly developed microfluidic chip model, we 
injected OTSCC cells (HSC-3) embedded in a 3D human 
tumor-derived matrix “myogel/fibrin” together with different 
lymphocyte populations (CD4+ T, NK and CD8+ T cells). The 
chips were incubated with different ICIs, anti-PD-1, nivolumab 
or the IDO1 inhibitor, epacadostat. Lymphocyte migration, 
apoptotic cancer cell percentage and cancer cell proliferation 
were observed for three days under fluorescence microscopy, 
and the media supernatant was collected on the last day of the 
experiment. The supernatant was analyzed for cytokine release 
using the FirePlex Human Discovery Cytokines Immunoassay.  

Study IV revealed that each subpopulation of lymphocytes 
responded differently to ICI therapy with the release of specific 
cytokines. The IDO1 inhibitor significantly increased the 
migration of CD4+ T and NK cells towards the OTSCC cell line. 
This could potentially reverse the immune cell exclusion firing 
up cold tumors to hot. Anti-PD-1 significantly increased the 
release of IL-6, IL-8, and MIP-1α from CD4+ T, NK and CD8+ 
T cells, respectively. The elevation of IL-6 and IL-8 serum 
levels after ICI therapy in patients has been associated with 
nonresponding tumors. The blockage of these cytokines may be 
a promising direction for future studies.  
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TIIVISTELMÄ 

Pään ja kaulan alueen levyepiteeli karsinooma on 
kahdeksanneksi yleisin syöpä maailmassa sisältäen suun 
alueen levyepiteelisyövän. Suuontelon levyepiteelisyövistä 
kielisyövät ovat yleisimpiä. Uusista syöpähoidoista huolimatta 
viiden vuoden eloonjäämisennuste Pohjoismaissa on kuitenkin 
vain 50–60 % suusyöville uusien kielisyöpä tapausten 
lukumäärän kasvaessa ilman selkeää etiologista syytä.   

Perinteinen hoitomuoto suusyövälle on kasvaimen poisto 
kirurgisesti ja isommissa tai laajalle levinneissä syövissä joko 
sädehoito ja/tai solunsalpaajahoito. Uusin lisäys 
metastoituneiden tai uusiutuneiden suusyöpien hoitoon ovat 
immuunivasteen sääteljämolekyylien estäjät. Tällä hetkellä 
kaksi PD-1-vasta-ainetta, pembrolitsumabi ja nivolumabi ovat 
hyväksyttyjä potilaiden hoidossa parantaen 
eloonjäämisennustetta.  

Immuunipuolustus on luokiteltu yhdeksi syövän 
tunnusmerkeistä ja kasvaimen leviämistä tukeva tulehdus 
pidetään tähän mahdollistavana tekijänä. Suusyövän esiaste 
leesioissa esimerkiksi dysplasioissa nähdäänkin usein jonkin 
asteista tulehdusta. Tämän pohjalta immuunivasteen 
säätelijämolekyylejä on ruvettu tutkimaan myös ennustavina 
tekijöinä suusyövän kehitykselle. Immuunivasteen 
säätelijämolekyylejä pidetään pääsäätelijöinä 
tulehdusreaktioille ja ovat keskeisiä tekijöitä immuunivasteen 
aktivoinnissa syöpäsoluja vastaan. 

 Tämän väitöskirjan tavoitteena oli tutkia immuunivasteen 
säätelijämolekyylejä syövän esiasteissa ja niiden kykyä 
ennustaa syövän kehitystä. Ensimmäisessä julkaisussa 
tutkittiin immuunivasteen säätelijä molekyylien, indoleamiini 
2,3-dioksygenaasi 1 (IDO1) ja ohjattu solukuolema ligandi 1 
(PD-L1) proteiini-ilmentymiä suusyöpä vaaraa mahdollisesti 
lisäävissä muutoksissa, dysplasioissa. Keräsimme arkistosta 
63, formaliinifiksoituja parafiini-imeytettyjä suunlimakalvojen 
dysplasia näytettä Oulun yliopistollisesta sairaalasta vuosilta 
2005–2016. Kontrolleiksi saimme yhdeksän limakalvonäytettä 
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alveoliharjanteen ikeneltä. Dysplasia ja kontrolli näytteet 
värjättiin IDO1 ja PD-L1 vasta-aineilla sekä pisteytettiin 
proteiini-ilmentymien, dysplastisen asteen ja immuuni solujen 
infiltroinnin mukaan. Immuunivasteen säätelijämolekyylien 
ilmentymät muovaantuivat dysplasia asteen edetessä ja 
korreloivat immunisolu infiltraatin kanssa. Kahdeksaa 
potilasta seurattiin useammalla biopsialla aina 36 kuukauteen 
asti. Immuunivasteen säätelijämolekyylien ilmentymät 
vaihtelivat tarkoittaen, etteivät ne todennäköisesti sovi 
ennustaviksi tekijöiksi syövän kehitykselle.  

Toisessa julkaisussa halusimme arvioida systemaattisesti 
immuunivasteen säätelijämolekyylien ennustavaa arvoa 
suusyövissä. Vuoden 2o17 loppuun mennessä, 12 
immuunivasteen säätelijämolekyyliä oli tutkittu ennustavana 
tekijän suusyövässä. Seitsemän molekyyliä (ALHD1, FKBP51, 
PD-L1, B7-H3, B7-H4, B7-H6, ja IDO1) oli raportoitu 
suusyövän ennustetta huonontaviksi tekijöiksi, kun taas 
viidellä tutkitulla molekyylillä (CTLA-4, PD-1, PD-L2, TLT-2 ja 
VISTA) ei ollut ennustavaa arvoa. Ainoastaan PD-L1 ja B7-H3 
molekyyleillä oli tarpeeksi julkaistua tietoa suorittaa meta-
analyysi. PD-L1 oli ristiriitaisia tuloksia ennustavana tekijänä, 
kun taas korkea B7-H3 proteiini-ilmentymä näytti olevan 
ennustava tekijä huonontuneelle potilaan 
kokonaiseloonjäämisennusteelle.   

Varmentaaksemme meta-analyysin tulokset keräsimme 
arkistosta 323 kielisyöpä näytettä Brasiliasta, Suomesta ja 
Norjasta ja värjäsimme ne B7-H3 vasta-aineilla. Proteiini-
ilmentymä pisteytettiin manuaalisesti ja digitaalisesti 
automatisoituna. Korkea B7-H3 proteiini-ilmentymä ei 
korreloinut tilastollisesti merkittävästi potilaan ennusteen 
kanssa koko tutkitussa kielisyöpä populaatiossa. Tuumoreiden 
immuuniaktiivisuus pisteytettiin Brasilian ja Suomen 
tapauksista (n=191) analysoimalla tuumoria infiltroivien 
lymfosyyttien lukumäärän jakaen tapaukset 
immuuniaktiivisiin ja immuuniepäaktiivisiin ryhmiin. 
Immuuniaktiivisessa ryhmässä, B7-H3 korreloi tilastollisesti 
merkittävästi huonontuneeseen syöpä spesifiseen 
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eloonjäämisennusteeseen suomalaisissa kielisyövissä (n=89) 
manuaalisella pisteytyksellä ja 
kokonaiseloonjäämisennusteelle brasilialaisissa kielisyövissä 
(n=27) digitaalisesti automatisoidulla pisteytyksellä. 
Tuumorin immuuniaktiivisuus (n=191) korreloi merkittävästi 
potilaiden eloonjäämisennusteen kanssa epäaktiivisten 
tuumoreiden heikentäessä potilaan ennustetta.  

Aiempien julkaisujen pohjalta, meille heräsi 
tutkimuskysymys, että miten immuunivasteen 
säätelijämolekyylien estäjät vaikuttaisivat lymfosyyttien 
infiltraatioon syöpäsolukudoksessa ja syöpäsolujen ja 
lymfosyyttien väliseen kommunikaatioon. Viljelimme 
kielisyöpäsoluja (HSC-3) istutettuina myogeeli/fibriini 3D 
matriisiin eri lymfosyytti populaatioiden (CD4+T, luonnolliset 
tappaja ja CD8+ T solut) kanssa mikrofluidiseen siruun. 
Siruihin lisättiin solujen jälkeen joko PD-1-vasta—ainetta, 
nivolumabia tai IDO1-inhibiittoria, epacadostatia. 
Lymfosyyttien siirtymää, apoptoottisten syöpäsolujen 
prosenttia ja syöpäsolujen proliferaatiota seurattiin kolmen 
päivän ajan fluoresenssimikroskoopilla. Kolmantena päivänä 
solujen kasvuliuos eristettiin ja hyödyntäen FirePlex Human 
Discovery Cytokines Immunoassay -metodia analysoitiin eri 
sytokiinipitoisuuksia. Jokainen testattu lymfosyyttipopulaatio 
reagoi eri tavalla immuunivasteen säätelijämolekyylin estäjiin 
erittäen eri viestimolekyylien pitoisuuksia. IDO1-inhibiittori 
lisäsi merkittävästi CD+ T ja luonnollisten tappaja solujen 
migraatiota kielisyöpäsoluja kohti. Tämä voisi potentiaalisesti 
tehdä immuuniepäaktiivisesta tuumorista aktiivisen. PD-1-
vasta-aine nosti merkittävästi interleukiini 6, 8 ja MIP-1α 
sekreetiota CD4+ T, luonnollisten tappaja ja CD8+ T soluista. 
Interleukiini 6 ja 8 seerumikonsentraatin nousu 
immuunivasteen säätelijämolekyylien estäjä terapian jälkeen 
on havaittu korreloivan hoitoresistenssin kanssa. Näiden 
sytokiinien estämistä kombinaationa immuunivasteen 
säätelijämolekyylien estäjien kanssa tulisi tutkia 
tulevaisuudessa. 
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1 INTRODUCTION 

Head and neck squamous cell carcinoma (HNSCC) is the eighth 
most common cancer worldwide, responsible for 
approximately 3% of cancer-related deaths (Bray et al. 2018, 
Kim et al. 2020). In Finland 2020, HNSCC was also the eighth 
most common cancer responsible for approximately 1.7% of 
cancer related deahts (Finnish Cancer Registry, accessed 
28.7.2022). HNSCC includes tumors arising from the oral 
cavity, larynx, hypopharynx, and oropharynx. HNSCC arising 
from the oral cavity is identified as oral squamous cell 
carcinoma (OSCC) characterized by early metastasis and 
recurrence (Haddad & Shin 2008, Canning et al. 2019). The 
most common types of OSCC diagnosed are those arising from 
the tongue (OTSCC; Miranda-Filho & Bray 2020).  

In early-stage tumors, surgery is the main treatment, with 
locally spread, metastasized, or recurrent tumors receiving 
adjuvant radio or/and chemotherapy (Sacco et al. 2015). 
Despite improvement in the overall survival (OS) in recent 
years for oral cancer, the five-year survival rate is still 50-60% 
in the Nordic countries (Hakulinen et al. 2010).  This highlights 
the need to identify new therapeutic and prognostic targets to 
improve survival outcomes.  

The newest addition to the treatment regime of 
metastasized and recurrent HNSCC resistant to first-in-line 
chemotherapy, high-dose cisplatin, are immune checkpoint 
inhibitors (ICIs; Mei et al. 2020). The two ICIs approved for 
the clinic are both programmed death receptor 1 (PD-1) 
antibodies (Mei et al. 2020). PD-1 is an inhibitory receptor 
expressed on the surface of lymphocytes, and when bound to 
its ligand, PD-L1, it transduces a signal resulting in 
deactivation of the lymphocytes (Yang et al. 2018). Tumor cells 
have been shown to hijack this mechanism safeguarding the 
natural homeostasis to mediate immune escape by expressing 
a high abundance of PD-L1 (Yang et al. 2018). Although anti-
PD-1 therapies were approved for clinical use, only a minority 
(13-18%) of patients benefit from this costly treatment (Galvis 
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et al. 2020, Vasiliadou et al. 2021). No prognostic markers exist 
to identify patients who would benefit from these treatments 
with the PD-L1 tumor expression and mutational tumor 
burden having controversial results (Oliva et al. 2019).  

Especially after the success of anti-PD-1 treatments in the 
clinic, immune checkpoint receptors have been identified as 
key regulators of immune reactions and found to play a critical 
role in the antitumor immune response (Butt and Mills 2014, 
Sharpe 2017). Thus, ICs protein and  gene expression are being 
considered targets for drug development and as prognostic 
biomarkers.  Therefore, the aim of this doctoral dissertation 
was to explore the possible prognostic role of immune 
checkpoints in potentially malignant lesions and OSCC lesions. 
Additionally, we wanted to identify the effect of ICIs on 
possible crosstalk between lymphocytes and OTSCC cells. 
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2 REVIEW OF THE LITERATURE 

2.1 ORAL CANCER 

Oral cancer is applied to define any cancer arising in the oral 
cavity, including buccal and labial mucosa, the palate, alveolar 
ridge, floor of the mouth, and the two anterior thirds of the 
tongue, also known as the mobile tongue (Wong & Wiesenfield 
2018). Cancer in the base (posterior third) of the tongue is not 
considered an oral cancer but rather an oropharyngeal cancer 
(Conway et al. 2018). Approximately 90% of oral cancers are 
oral squamous cell carcinomas (OSCCs) derived from the oral 
stratified squamous epithelial cells (Coletta et al. 2020).  The 
remainder consist primarily of adenocarcinomas (Dhanuthai et 
al. 2018). OSCCs commonly arise from the mobile tongue's 
lateral borders (OTSCC; Miranda-Filho & Bray 2020). 

OSCC has an annual worldwide estimated incidence of 
approximately 378 000 with a mortality of 178 000 (Globocan 
WHO estimates 05/2021). The highest cancer incidences are in 
Asian countries (Globocan WHO estimates 05/2021), and one-
fourth of all oral cancer deaths occur in India (Laprise et al. 
2016). In Finland, there were 415 OSCC cases in 2019, resulting 
in 117 deaths (Finnish cancer registry). The incidence of OSCC 
increases with age, with the majority of the cases occurring in 
males over 40 years of age (Rivera et al. 2014, Globocan WHO 
estimates 05/2021).  

Traditionally, the carcinogenesis of OSCCs in Europe is 
associated with tobacco use and alcohol abuse (Moreno-López 
et al. 2000, Llwellyn et al 2004). Worldwide, other harmful 
substances such as betel nuts have been associated with 
carcinogenesis (Niaz et al. 2017). OSCCs arising from the lip are 
linked to ultraviolet light exposure. Furthermore, incidence-
wise, Australia and Papua New Guinea are leading the statistics 
for lip SCCs (Shield et al. 2016). Genetic alterations in DNA 
repair mechanisms and other changes in intracellular signal 
transduction pathways may increase the likelihood of 
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developing OSCC within specific populations such as in 
Pakistan (Zakiullah et al. 2015).  

Other potential risk factors for OSCC include poor 
nutritional status, poor oral hygiene, viral or fungal infections 
and chronic traumatic lesions (Marur et al. 2010, Piemonte et 
al. 2010, Sankari et al. 2015, Marthur et al. 2019, Bao et al. 
2020). Candida albicans, one of the most prevalent Candida 
species of the oral cavity, has been linked to the development 
of oral carcinogenesis (O’Grady et al. 1992, Sankari et al. 2015). 
Human papilloma virus (HPV), especially types 16 and 18, has 
an increased risk for head and neck cancers (HNSCC), of which 
OSCC is a subcohort (Marur et al. 2010, Isayeva et al. 2012, 
Johnson et al. 2020). However, OSCCs are mostly HPV 
negative (Isayeva et al. 2012, Sundberg et al. 2020, Søland et 
al. 2021).  

Despite the decreasing tobacco consumption in Finland 
(THL, accessed 17.09.2021), the incidence of OSCC and OTSCC 
cases are increasing (Finnish cancer registry, accessed 
17.9.2021). A similar trend has been observed in several 
national registries showing an increasing incidence of OTSCC 
cases without clear carcinogenic etiology (Ng et al. 2016). 
Adeoye et al. (2021) investigated these types of ‘never-smoking, 
never-drinking’ OSCC patients in a systematic review 
describing them as a group of old, female patients with early-
stage lesions involving gingivobuccal mucosa or anterior 
tongue. Some have theorized a related link with increased 
HPV-positive tumors, but that has not been verified for the 
OTSCCs as they are primarily HPV-negative tumors (Miller & 
Johnstone 2001, Lafaurie et al. 2018, Kim & Kim 2020, 
Sundberg et al. 2020, Søland et al. 2021). Environmental 
factors such as nuclear and air pollution and genetic factors 
might also be explanatory factors for these tumors arising 
without any specific carcinogenic substance abuse (Anand et al. 
2008, Adeoye et al. 2021). In addition, increased intensity of 
tumor-infiltrating lymphocytes (TILs) and PD-L1 
overexpression was identified to be strongly associated with the 
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non-smoking and never-drinking patient group (Adeoye et al. 
2021). 

2.2 HISTOLOGY OF ORAL MUCOSA 

The oral cavity acts as a border between the outer environment 
and the body where a mucous membrane called the oral 
mucosa acts as the barrier (Groeger & Meyle 2019). The 
epithelia possess structural properties such as cornification 
and stratification of the keratinocytes with specific cell-to-cell 
interactions to maintain the barrier functions (Groeger & 
Meyle 2019). The epithelial cells are not just passive bystanders 
but, through metabolism, can react to external stimuli by 
synthesizing several cytokines, chemokines, growth factors, 
matrix-metalloproteases, and adhesion molecules (Dale 2002, 
Groeger & Meyle 2015).  

Depending on the location and function, the oral mucosa 
can be divided roughly into specialized, non-keratinized, and 
keratinized mucosa (Rautava et al. 2007). Quantitatively, non-
keratinized lining mucosa accounts for approximately 60% of 
the total area, keratinized masticatory mucosa occupying 
approximately 25% and specialized mucosa 15% (Collins & 
Dawes 1987, Squier & Kremer 2001). 

The mucosa that lines the structures with mobility, such as 
lips, cheeks, soft palate, alveolar mucosa, and vestibular fornix, 
is nonkeratinized (Rautava et al. 2007). Areas needing 
mechanical stress resistance, such as the hard palate and 
attached gingiva, are para-keratinized or keratinized (Squier & 
Kremer 2001, Groger & Meyle 2019). Here, the mucosa is rigid 
and bound tightly to the underlying bone to endure the stress 
it is subjected to during mastication (Groger & Meyle 2019). 
The mucosa on the dorsum of the tongue is considered 
specialized mucosa that can be either keratinized or non-
keratinized with various papillae and taste buds (Groeger & 
Meyle 2015).   
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Histologically, the oral mucosa is composed of two distinct 
layers: a stratified squamous cell epithelial layer, oral 
epithelium and an underlying connective tissue, lamina 
propria (Winning & Townsend 2000, Squier & Kremer 2001). 
In regions of looser connective tissues such as buccal mucosa 
and the soft palate, a dense irregular connective tissue 
submucosa resides under the oral mucosa containing 
accessorial salivary glands, fat and blood vessels (Figure 1; 
Winning & Townsend 2000, Nanci 2013). In more tightly 
bound connective tissue areas such as the anterior parts of the 
hard palate and gingiva, the lamina propria is attached to the 
periosteum (Winning & Townsend 2000).  

The oral epithelium is a highly organized, cellular tissue 
whose degree of differentiation, keratinization and thickness 

Figure 1. Representative image of histological layers of hematoxylin and eosin 
(HE) stained oral mucosa and epithelium. 
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varies depending on the location and functional requirements 
(Winning & Townsend 2000, Squier & Kremer 2001, Nanci 
2013). The cells that form the epithelium are attached by 
desmosomes and gradually flattened from the base layer 
upwards to the top, where they acquire a squamous appearance 
(Preslan & Juveric 2002, Nanci 2013, Brizuela & Winters 
2021). Rete pegs, billowy projections of the epithelium, attach 
to the underlying papillary projection of the lamina propria 
(Winning & Townsend 2000, Nanci 2013, Brizuela & Winters 
2021). A basement membrane separates these two tissues 
(Winning & Townsend 2000).  

Besides the squamous cells, the oral epithelium comprises 
up to 10% of a heterogenous group called nonkeratinocytes, 
including melanocytes, Merkel cells, Langerhans cells, and 
inflammatory cells such as lymphocytes (Jain et al. 2016). 
These cells except for Merkel cells, lack desmosomal 
attachments to the adjacent cells (Jain et al. 2016). While 
melanocytes participate in melanin production, the role of 
Langerhans cells is in antigen presentation (Nanci 2013, 
Upadhyay 2013). The Langerhans cells can move in and out of 
the epithelium participating in recognizing and presenting 
foreign antigens to lymphocytes (Upadhyay 2013). Merkel cells 
are sensory cells responding to touch and pressure (Squier & 
Kremer 2001).  

The epithelium is predominantly cellular, while the 
connective tissue, lamina propria, is primarily composed of 
collagen fibers and ground substances, proteoglycans and 
glycoproteins (Nanci 2013). Lamina propria supplies the oral 
mucosa with nutrients and innervation through blood vessels 
and nerves (Winning & Townsend 2000, Squier & Kremer 
2001). There are also various cell types, including immune 
cells, fibroblasts, and endothelial cells (Nanci 2013). 

As mentioned earlier, under the oral mucosa, there is a 
more rigid collagenous layer, submucosa containing fat, blood 
vessels and minor salivary glands (Nanci 2013). The main 
function of the submucosa is to support the superficial layers 



 

23 

and join them to the muscular layer, muscularis propria 
underneath it (Squier & Kremer 2001). In addition, the minor 
salivary glands of the submucosa reach the surface of the oral 
mucosa via small ducts and these have an essential role in 
maintaining a moist surface containing a variety of 
antimicrobial substances, mucins, and epidermal growth 
factors (Squier & Kremer 2001).  

2.3 IMMUNE TOLERANCE OF THE ORAL 
CAVITY 

Despite the oral tissue having a high microbial burden, healthy 
individuals tend to have minimal inflammation (Aas et al. 
2005, Groeger & Meyle 2015). The state of unresponsiveness of 
the immune system to potential antigenic substances is 
described as immune tolerance (NIH 2014). The tolerance can 
be either central, meaning that in the training phase of the 
lymphocytes, self-reactive cells undergo apoptosis, or 
peripheral, meaning that functional B and T cells become 
functionally inactivated through self-reactive regulatory T cells 
(Tregs; Alberts 2014).   

In the oral cavity, tolerance is maintained through 
specialized antigen presenting cells (APC) such as dendritic 
cells (DCs), which include Langerhans cells, and macrophages 
(Janeway et al. 2001). They capture harmless antigens from the 
epithelium or lamina propria and present them to a highly 
diverse population of Tregs located in the mucosa-associated 
lymphoid tissue (MALT; Janeway et al. 2001, Wu et al. 2014). 
MALT has mucosal induction sites such as lymph nodes, 
adenoids, and tonsils of the head and neck region and includes 
about half of the immune system's lymphocytes (Janeway et al. 
2001, Cesta 2006). The induction of Tregs through DCs has 
been shown to involve a mechanism depending on 
indoleamine-2,3 dioxygenase 1 (IDO1) and transforming 
growth factor beta (TGF-β; Coombes et al. 2007, Matteoli et al. 
2010).  



Review of the literature 

24 

2.4 ORAL POTENTIALLY MALIGNANT 
DISORDERS  

Oral potentially malignant disorders (OPMDs) describe clinical 
mucosal lesions with an increased statistical probability of 
cancer progression (Iocca et al. 2019). Their worldwide 
prevalence ranges from 1 to 5% (Ranganathan & Kavitha 2019, 
Mello et al. 2018), and their cumulative malignant 
transformation rates from 1.4 to even 49.5% (Iocca et al. 2019). 
The prevalence is greatest in Asia, with men being generally 
affected more than women (Mello et al. 2018). OPMDs include 
leukoplakia, erythroplakia, oral submucous fibrosis, palatal 
lesions in reverse smoking, submucous fibrosis, actinic 
keratosis, discoid lupus erythematosus (DLE), oral lichen 
planus (LP), and some genetic disorders such as dyskeratosis 
congenita, and Fanconi anemia (Iocca et al. 2019, Prime et al. 
2021).  

The gold standard of OPMDs diagnosis is the clinical and 
histopathological examination (Hadzic et al. 2017, Wong & 
Wiesenfield 2018). Biopsies can be incisional, extracting part 
of the lesion, or excisional, removing the whole lesion (Wong & 
Wiesenfeld 2018). Diagnosis of some oral diseases does not 
require just a histopathological analysis (biopsy in formalin), 
but they might need fresh tissue to be sent for additional tests 
(frozen biopsy; Wong & Wiesenfeld 2018). Based on the 
histological and clinical findings, clinicians can establish a 
diagnosis, prognosis, and appropriate treatment plans for the 
patient (Mello et al. 2018).  

The most common OPMD is oral leukoplakia, with an 
estimated prevalence of 4% (Celentano et al. 2020, Mello et al. 
2018). It is characterized by white mucosal patches/plaques 
which cannot be scraped off and attributed to any other 
pathology (Warnakulasuriya et al. 2007). Leukoplakia has 
several subtypes, such as homogenous and non-homogenous, 
with proliferative verrucous leukoplakia (PVL) being the most 
aggressive form (Figure 2; Celentano et al. 2020). 

The distinction of leukoplakias is purely clinical based on 
the surface color and morphology: homogenous lesions are 



 

25 

uniformly flat and thin, exhibiting shallow cracks on the 
superficial keratin with a low risk of malignancy. In contrast, 
non-homogenous lesions are a varied bunch with a higher risk 
of malignant transformation (Warnakulasuriya et al. 2007). 
PVL initially appears as a white focal flat lesion that gradually 
starts spreading and is characterized by even a 50% risk of 
malignant transformation (Upadhyaya et al. 2018).  

Erythroplakias (also termed erythroplasia) are defined as 
red, even velvety mucosal areas possibly with erosion which 
cannot be attributed to another pathology (Warnakulasuriya et 
al. 2007). Their prevalence is approximately 0.17% and they 
affect mostly Asians (Mello et al. 2018). Erythroplakias seem 
relatively uncommon, especially in western populations, and 
are often present as mixed lesions of white and red denoted as 
erythroleukoplakias (Warnakulasuriya et al. 2007). Tobacco 
use is the most common risk factor for oral leukoplakia and 
erythroplakia (Quieroz et al. 2014). 

Submucous fibrosis is a chronic disease characterized by 
juxtaepithelial inflammatory reactions followed by fibroelastic 
changes of the lamina propria and epithelial atrophy leading to 
stiffness of the oral mucosa and trismus, usually resulting in 
difficulties with mastication (Mello et al. 2018). Mello et al. 
(2018) reported submucous fibrosis as the most prevalent 
OPMD with oral leukoplakia based on a recent systematic 
review. Its prevalence is high in the Asian population as its 

Figure 2. Representative images of proliferative verrucous leukoplakia 
courtesy of Dr. Villa et al. 2018 (reprinted with permission from reference). 
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appearance is associated with areca nut usage (Mello et al. 
2018). 

Actinic keratosis with an estimated prevalence of 2% 
represents an OPMD of the lip and is associated with solar 
radiation affecting mostly white outdoor working males (Mello 
et al. 2018). The epithelium of the lip vermillion may be 
hyperplastic or atrophic, showing disoriented maturation with 
cytological atypia and increased mitotic activity 
(Warnakulasuriya et al. 2007). The estimated rate of malignant 
transformation of actinic keratosis is approximately 0.025 – 21 
% per year per lesion (Quaedvlieg et al. 2006, Ahmady et al. 
2022). 

DLE is a chronic autoimmune disease and the most 
common form of chronic lupus erythematosus (Liu et al. 2011, 
Walling & Sontheimer 2009). It is characterized by uni- or 
bilateral, generalized or localized, generally well-defined 
skin/mucosal lesions appearing as anthropic, erythematous, 
scaly, or purplish with edematous plaques that spread slowly 
and heal with central hyper- or hypopigmentation and scarring 
(Walling & Sontheimer 2009). The most common sites include 
sun-exposed skin areas of the head and neck such as lips, face, 
scalp, and ears, but reports have also shown sun-protected 
mucosa, such as tongue, to be affected (Arvanitidou et al. 2018, 
Liu et al. 2011). Generally, mucosal lesions are accompanied by 
skin lesions but seldom appear alone (Arvanitidou et al. 2018). 
Mucosal changes of DLE can be clinically hard to differentiate 
from LP and are characterized by central zones of ulceration or 
erythema surrounded by white striae (Liu et al. 2011).   

DLE has an unknown etiology, but common triggers include 
UV radiation, trauma, infection, exposure to the cold, burns, 
and dermatitis (Walling & Sontheimer 2009). In 2011, Liu et al. 
estimated DLE’s malignant transformation risk to be 7% of the 
lip/oral cavity, with areas exposed to UV radiation most often 
affected.  
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2.4.1.1 Lichen Planus 
Lichen planus (LP) is a chronic, autoimmune disease 
characterized histologically by a band of inflammatory cells 
under the epithelium. Sir Erasmus Wilson first described it in 
1869 (Farhi & Dupin  2010). LP is of unknown etiology 
mediated by CD8+ T-cells accumulating beneath the oral 
epithelium and increasing the epithelium's differentiation rate, 
resulting in hyperkeratosis and erythema with or without 
ulceration (Warnakulasuriya et al. 2007). Histologic features 
also include degeneration of basal cells and colloid bodies 
known as civatte and sawtooth rete ridges (Yardimci et al. 
2014). CD4+ T cells overlay the infiltrate of the lamina propria 
with an increased number of Langerhans cells in the epithelium 
(Farhi & Dupin 2010).  

The estimated prevalence of LP globally is approximately 
1%, with the highest prevalence in Europe (1.4%) and the 
lowest in India (0.49%; Gonzáles-Moles et al. 2020). LP has 
been reported to affect more females, and its prevalence 
increases from the age of 40 (Farhi & Dupin 2010, Gonzáles-
Moles et al. 2020). The diagnosis of LP is typically given 
through clinical appearance and biopsy with varying criteria 
(Yardmici et al. 2014, Gonzáles-Moles et al. 2020). LP most 
frequently affects the oral mucosa, with the buccal mucosa 
being its most common subsite followed by the tongue (Farhi 
& Dupin 2010, Gonzáles-Moles et al. 2020). LP lesions can also 
occur outside the oral cavity, in locations such as the skin, other 
mucosal membranes, hair, and nails (Yardmici et al. 2014).  

Clinically, LP can appear in six forms or as a mixture: 
reticular, atrophic, erosive, plaque, papular, and bullous (Farhi 
& Dupin 2010). The most common form, reticular LP, appears 
as a bi-lateral, white lace-like pattern, also known as 
Wickham’s striae on buccal mucosas (Figure 3, Yardmici et al. 
2014). The white borders of the reddish lesions typically on 
gums and lips are categorized as the atrophic/erosive LP and 
usually present as the most painful lesions (Eisen et al. 2005). 
Plaque LP is usually seen in smokers and clinically exhibits 
confluent white patches similar to oral leukoplakia (Yardmici 
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et al. 2014). The seldom-seen papular pattern is characterized 
by small, white elevated papules with fine white striae at the 
periphery of the lesion. The bullous pattern is the rarest form 
of LP featuring bullae formation ranging from a few 
millimeters to several centimeters in diameter (Yardmici et al. 
2014).   

The estimated malignant transformation risk of LP varies, 
with even some studies proposing no risk. Meta-analytically, 
reticular LP does not present an increased risk of malignancy, 
while the risk is associated with erosive and atrophic lesions 
(Gonzáles-Moles et al. 2019).  Rates differ from 1.1 to 2.6%, 
with tongue localization, tobacco/alcohol abuse, and hepatitis 
c virus infection being common risk factors for malignancy 
(Gonzáles-Moles et al. 2019, Warnakulasuriya et al. 2011). The 
most recent meta-analysis by Idrees et al. (2021) went through 
12 838 cases of LP, reporting that only 151 progressed to 
carcinoma (1.2%).  

Figure 3. Representative clinical image for reticulated lichen planus with 
erythematous lesion on buccal mucosa (A) and plaque-like lacy lesions on lateral 
border of tongue (B). The microscopic images show the band of leukocytes (C).   
Photography for lichen planus (A&B) courtesy of Dr. Eisen (reprinted with 
permission from Eisen et al. 2005). Microscopy images (C) courtesy of Dr. 
Schloesser (reprinted with permission from Schloesser 2010). 
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2.4.1.2 Oral Dysplasia 
While OPMDs are mainly clinical diagnoses, a biopsy's 
histological diagnosis might include hyperkeratosis, 
hyperplasia, or oral epithelial dysplasia (Ranganathan & 
Kavitha 2019). Hyperkeratinization is defined as the excessive 
formation of keratin by the epithelium resulting from friction 
(Müller 2019).  Hyperplasia is characterized by an increased 
number of squamous cells resulting in increased thickness of 
the epithelium, usually resulting from mechanical abrasion 
(Kumar et al.  2017). 

Oral dysplasias are determined from a biopsy if a mucosal 
change exhibits abnormal cytologic and architectural changes 
in its epithelium (Iocca et al. 2019). Oral pathologists grade oral 
epithelial dysplasias as mild levis, moderate moderata, and 
severe gravis by utilizing criteria of architectural and cytologic 
changes from the World Health Organization (WHO; Table 1). 
 

Table 1. Cytologic and architectural features exhibited by oral dysplasias. 
Criteria determined by the World Health Organization (Ranganathan & Kavitha 
2019).  

Cytologic Features Architectural Features 

Abnormal variation in cell size anisocytosis Loss of basal cell polarity 

Abnormal variation in nuclear size 

anisonucleosis 

Increased number of mitotic figures 

Abnormal variation in nuclear shape 

nuclear pleomorphism 

Irregular epithelial stratification 

Atypical mitotic figures Drop-Shaped rete ridges 

Abnormal variation in cell shape cellular 

pleomorphism 

Abnormally superficial mitoses 

Increased cytoplasmic/nuclear ratio Premature keratinization in single cells 

dyskeratosis 

Hyperchromasia Keratin pearls with rete ridges 

Increased number and size of nucleoli Loss of epithelial cell cohesion 

 
In mild dysplasia, architectural disturbances are generally 

confined in the lower third of the epithelium exhibiting 
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cytological atypia (Figure 4A; Ranganathan & Kavitha 2019). 
Moderate dysplasia display architectural disturbance 
extending into the middle third of the epithelium with 
cytological atypia (Figure 4B; Ranganathan & Kavitha 2019). 
Depending on the degree of cytological atypia, the lesion might 
be categorized as moderate or even severe. Severe dysplasia 
exhibits architectural disturbance greater than two-thirds of 
the epithelium with cytological atypia (Figure 4C; 
Ranganathan & Kavitha 2019). Carcinoma in situ, a lesion with 
cancerous features but without invasion, is graded as severe 
dysplasia in the current grading system (Ranganathan & 
Kavitha 2019). 

At present, the potential progression to malignancy is 
assessed by biopsy and histological assessment based on the 
WHO criteria (Hadiz et al. 2017, Warnakulasuriya 2020). 
Generally, features alarming to clinicians include the size of 
lesions, color, texture, site, sex, age, habits, and degree of 
epithelial dysplasia (Prime et al. 2021).  Reported annual 
transformation rates vary based on the severity of dysplasia: 
1.7% mild and 3.57% severe (Iocca et al. 2019). 

However, the accuracy might be confounded due to 
subjectivity from the incisional biopsy site to the pathologist 
analysis and the presence of reactive epithelial atypia due to 
other pathogens such as Candida albicans (Warnakulasuriya 
2020). Clinical overlap between OPMD and OSCC makes it 
hard or even impossible to determine if the OSCC was preceded 
by an OPMD (Warnakulasuriya 2020, Wong & Wiesenfeld 
2018). The nature of progression might not be linear, e.g., with 
mild dysplasia progressing to malignancy while severe 
dysplasia stays dormant (Warnakulasuriya 2020). 
Furthermore, it is now recognized that OSCC can be present de 
novo without precursor lesions (Johnson et al. 2020).  
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Figure 4. Histological representations of mild dysplasia (A), moderate (B) and severe (C). 
Microscopic images courtesy of Dr. Johanna Peltonen. 
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2.5 CARCINOGENESIS  

Hanahan and Weinberg in 2000 described six principal 
hallmarks for carcinogenesis that separated cancer cells from 
their healthy counterparts: (1) unlimited replicative potential, 
(2) self-sufficient growth signals, (3) evasion of programmed 
cell death, (4) resistance to growth-inhibitory signals, (5) 
sustained angiogenesis and (6) invasion and metastasis of 
other tissues (Hanahan & Weinberg 2000). In 2011, Hanahan 
and Weinberg added two emerging hallmarks: (1) deregulation 
of cellular energetics and (2) avoiding immune destruction, 
and two enabling characteristics: (1) genome instability and 
mutation and (2) tumor-promoting inflammation (Hanahan & 
Weinberg 2011).  The hallmarks were updated again in 2022 
with two new emerging: (1) senescent cells and (2) unlocking 
phenotypic plasticity, and two new enabling hallmarks: (1) 
polymorphic microbiomes and (2) nonmutational epigenetic 
programming (Hanahan 2022). These hallmarks highlight 
different functional features thought to be acquired by 
developing cancers, ultimately leading to malignancy (Choi & 
Myers 2008).  

OSCCs arise from the accumulation of genetic changes 
leading eventually to invasion mainly due to carcinogens 
(Johnson et al. 2020, Rivera & Venegas 2014). In a simplified 
model, a single cell first develops specific driver-gene 
mutations and begins dividing abnormally, resulting in the 
breakthrough phase (Vogelstein & Kinzler 2015). The second 
expansion phase occurs when a second driver-gene is mutated, 
enabling the cell to thrive in its environment despite the lack of 
growth factors, oxygen, nutrients, and appropriate cell-to-cell 
contacts (Vogelstein & Kinzler 2015). Histologically, increased 
proliferation and disappearance of architectural hierarchy may 
be observed in dysplastic lesions (Riviera & Venegas 2014). 
Shah et al. (2007) showed that specific genes, such as EGFR, 
STAT3, and CDKN2A, were altered with dysplastic changes.  

As the tumorigenesis progresses, the specificity of the key 
mutation is lost, and a great number of driver genes can 
transform the cell from the expansion phase to the invasive 
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phase (Vogelstein & Kinzler 2015). The crossing of the 
basement membrane by epithelial cells characterizes the first 
step of invasion and transformation of a potentially malignant 
lesion into cancer (Speight & Farthing 2018). The following 
steps in mutations are involved with cell motility and 
angiogenesis, leading eventually to metastasis (Vogelstein & 
Kinzler 2015). Unfortunately, no specific mutation or pathway 
has been discovered to differentiate cancer’s ability to 
metastasize (Shah et al. 2007). 
Based on the Genomic Data Commons Portal of the National 
Cancer Institute database with 250 OSCC samples, the three 
most frequent mutations in OSCC are in the following tumor 
suppressor genes: tumor protein p53 (TP53; 79.51%), FAT1 
(28.69%), and cyclin-dependent kinase inhibitor 2A 
(CDKN2A; 25.41%; Table 2; Grossman et al. 2016). TP53 and 
CDKN2A encode genes affecting the cell cycle resulting in 
potential uncontrolled DNA replication and cell proliferation 
(Kastan et al. 1992, Eliyahu et al. 1985, Surget et al. 2014, Zhao 
et al. 2016). The p53 protein is one of the major transcription 
factors in charge of cell cycle control and apoptosis, and its gene 
TP53 is mutated in 38 to 72% of HPV-negative OSCC or 
HNSCC patients (Van Houten et al. 2002, Fan et al. 2006, 
Johnson et al. 2020, Mashhadiabbas et al. 2018).  The 
CDKN2A gene encodes the p16INKA4A protein, which plays an 
executional role in the cell cycle and can disrupt cell cycle 
controlling cyclin 9 and cyclin CDDK4/6 complexes (Zhao et al. 
2016).  

Another highly mutated gene in OSCC (20.90%) is 
neurogenic locus notch homolog protein 1 (NOTCH1; Table 2; 
NCI 2021). Together with the FAT1 gene, they are part of the 
Wnt signaling pathway that determines cell fate and stem cell 
behavior (Morris et al. 2013, Pickering et al. 2013). They both 
are frequently altered in OSCC and HNSCC as noted also in 
previous studies (India Project Team of the International 
Cancer Genome Consortium 2013, Pickering et al. 2013) 
 

 



Review of the literature 

34 

Table 2. The five most frequently mutated genes in OSCC (n=250) belong to the cancer 
gene census. Data extracted from Genomic Data Commons (GDC) Portal of National Cancer 
Institute (NCI) database (Grossman et al. 2016, NCI 2021) with search criteria for OSCC 
(palate, lip, gum, floor of mouth, other and unspecified part of tongue, other and unspecified 
part of the mouth). Database accessed on 13.1.2022 

Gene Protein Gene type No of 
mutation 

Mutation 
(%) 

Cellular 
process 

TP53 p53 Tumor 
suppressor 194 79.51 % Cell cycle 

FAT1 Protocadherin 
FAT1 

Tumor 
suppressor 70 28.69 % WNT signaling 

CDKN2A p16 and 
p14arf 

Tumor 
suppressor 62 25.41% Cell cycle 

NOTCH1 NOTCH 1 Tumor 
suppressor 51 20.90% WNT signaling 

PIK3CA Catalytic 

subunit of 
class 1 PI3Ks 

Oncogene 42 17.21 % Cell survival 

 
PIK3CA, HRAS, and STAT3 are part of signaling pathways 

(PI3K/AKT, RAS/RAF/MAPK, and JAK/STAT) for epidermal 
growth factor coordinating cell survival, proliferation, and 
migration (Rampias et al. 2014). All have been shown to be 
altered significantly in OSCC (Table 2; Shah et al. 2007, 
Pickering et al. 2013, NCI 2021).   

In addition to primary cancer, approximately 3% of patients 
with OSCC have additional cancer in their oral cavity, upper 
gastrointestinal tract, or upper air tract (Muto et al. 2005). This 
phenomenon is explained by the oral field cancerization theory 
proposed originally by Slaughter and colleagues in 1953. The 
theory suggests that oral cancer does not arise as an isolated 
incidence, but rather the entire area of the adjacent mucosa 
reacts to the carcinogen accumulating genetic alterations 
developing abnormal epithelial changes (Choi & Myers 2008). 

2.6 ESCAPE FROM IMMUNE-MEDIATED 
DEATH 

As mentioned before, it is widely accepted that tumor-
promoting inflammation and evasion of immune destruction 
are required for malignant transformation (Hanahan 2022). 
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The malignant transformation from healthy epithelium to 
OSCC is a multistep process that consists of complex 
interactions between the tumor-microenvironment (TME) and 
the epithelial cells (Sun et al. 2016). The TME is a term used to 
describe the adjacent environment to the tumor that results 
from the interaction of host tissue and tumor cells during 
carcinogenesis. It includes a heterongenous batch of stromal 
(e.g. fibroblasts, vascular endothelial cells) and inflammatory 
cells (e.g. macrophages, T and dendritic cells).  

Within the TME, entities associated with inflammation such 
as cytokines and growth factors released by immune cells can 
directly affect potentially malignant and cancer cells increasing 
their proliferation, stem-like cell behavior, and resistance to 
stress and apoptosis, resulting in promoting tumor growth 
(Greten & Givennikov 2019). Moreover, induction of 
inflammation might lead to increased mutagenesis with an 
accumulation of nitrogen and reactive oxygen species via 
neutrophils and macrophages (Carrichon et al. 2011, Canli et 
al. 2017, Greten & Grivennikov 2019). For example, chronic 
intestinal inflammation leads to the accumulation of mutations 
in the TP53 gene and other cancer-related genes (Robles et al. 
2016).  

  The dynamic process of the immune system, either 
promoting or protecting from cancer development, is termed 
immune editing and consists of three phases: (1) elimination, 
(2) equilibrium, and (3) escape (O’Donell et al. 2019, 
Mortezaee 2020). Other names for immune editing are 
immune escape, immune suppression, immune evasion, or 
immune modulation (Mortezaee 2020). The elimination phase 
consists of the immune system targeting and successfully 
destroying mutated cells that have escaped the regulatory 
mechanism of cell growth (O’Donell et al. 2019). In 
equilibrium, some subpopulations of mutated cells manage to 
escape the immune-mediated destruction while in immune 
escape the mutated, tumor cells proliferate and form an 
immunosuppressive TME (O’Donell et al. 2019).  
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Tumors arising from the oral cavity tend to bear a high 
microbial load with associative ulcers and, in most cases, 
abundant tumor-infiltrating lymphocytes (TILs; Aas et al. 
2005, Troiano et al. 2020). The number of TILs affects oral 
cancer progression (Shaban et al. 2019). Furthermore, tumors 
with low amounts of TILs tend to have a weaker response to 
immune-based therapies (Galon & Bruni 2019). Together, 
these findings have led to several different classification 
systems for the tumor’s immune phenotype/status to describe 
the immune activity of the tumor. This is also supported by an 
immune gene expression profile analysis for 1368 SCC patients, 
where six reproducible immune subtypes were associated with 
molecular characteristics and clinical outcomes (Li et al. 2019). 

The immune status of solid tumors can be histologically 
classified based on a two or three-tier system (Galon & Bruni 
2019, Heikkinen et al. 2019, Kather et al. 2018, Mortezaee 
2020, Troiano et al. 2020).  In the two-tier system, tumors are 
divided into inflamed ‘hot’ and non-inflamed ‘cold tumors 
based on the quantification of TILs (Heikkinen et al. 2019). In 
the three-tier system, tumors are categorized further: immune-
inflamed, immune-excluded, and immune-desert phenotypes 
(Galon & Bruni 2019). TILs are present in the tumor and its 
surrounding stroma in the immune-inflamed type, while 
immune-excluded tumors only have TILs outside the tumor in 
the surrounding stroma (Troiano et al. 2020). The immune-
desert phenotype matches the two-tier immune cold type with 
only a negligible number of TILs in the tumor-associated 
stroma and tumor mass (Galon & Bruni 2019).   

2.7 IMMUNE CHECKPOINTS 

Immune checkpoints (ICs) are a group of molecules 
regulating the inhibitory pathways of the immune system 
that maintain self-tolerance and modulate the duration and 
amplitude of the physiological immune responses in 
peripheral tissues to minimize collateral damage (Pardoll et 
al. 2012). The ICs can either promote the activation of naïve 
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T cells, effector, memory, and regulatory T cell responses or 
inhibit the threshold for T cell responses (Sharpe 2017).  

Most ICs affect T cell activation through the second 
costimulatory signal as explained below (Toor et al. 2020). 
CD8+ T cells can interact on almost any cell expressing major 
histocompatibility complex (MHC) class I containing 
endogenous antigens (Bonilla & Oettgen 2010). The TCRs of 
CD4+ T cells engage peptides bearing MHC class II, which are 
only present on APCs and induced by innate immune stimuli 
such as ligands for TLRs (Bonilla & Oettgen 2010).  

The T cell activation is initiated when the TCR and its 
associated proteins recognize a peptide/MHC complex on an 
APC leading to the rapid clustering of the TCR-associated 
molecules forming an immunological synapse between the 
APCs and T cells (Bonilla & Oettgen 2010). The T cell side of 
the synapse is focused around a central cluster of CD3 and TCR, 
which bind specifically to the peptide/MHC complex and CD8 
or CD4 molecules that stabilize this interaction by binding 
either to MHC I or MHC II (Bonilla & Oettgen 2010). This 
forms the first signal of activation (Sharpe 2017). The second 
signal of T cell activation is an antigen-independent 
costimulatory signal between costimulatory receptor CD28 and 
its ligands CD80 and CD86 that results in either stimulation or 
inhibition of the first activation signal (Figure 5A&B, Sharpe 
2017).  

The T cell costimulatory pathways can be separated into two 
major groups: the Ig superfamily including CD28, CD226, 
ICOS, and the TNF:TNR receptor family including Ox40 and 4-
1BB (Sharpe 2017). The Ig superfamily members include ICs 
such as LAG-3 and TIM-3 (Sharpe 2017). One of the most 
studied families is the B7:CD28 superfamily (Yang et al. 2020). 
B7:CD28 family members include CTLA-4, PD-1/PD-L1 (B7-
H1), B7-H3 (CD276), B7-H4 (B7S1/VTCN1/B7x), B7-H5 
(HHLA2/B7H7), and VISTA (PD-1H) (Sharpe 2017).  
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Figure 5. In healthy tissue, the interaction between T cell and dendritic cell either deactivates 
the T cell (A) or activates (B) based on the costimulatory signals expressed on the antigen 
presenting cells. Cancer cells adapt to use these inhibitory pathways, immune checkpoints 
to deactivate T cells (C). However, with the adequate immune checkpoint inhibitors the 
immune cells are reactivated (D). Created with BioRender.com. 
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2.7.1.1 PD-1/PD-L1 
Programmed death receptor (PD-1) and its ligand 

programmed death ligand 1 (PD-L1), also known as B7-H1 or 
CD274, are among the most studied ICs (Akinleye & Rasool 
2019). PD-1 is expressed on nearly all activated immune cells; 
however, its expression is mainly upregulated on exhausted T 
cells (Bagchi et al. 2021). PD-L1, the ligand of PD-1, is 
expressed on APCs and cancer cells (Bagchi et al. 2021). 

Immune cells having PD-L1 bound to their PD-1 receptor 
experience dephosphorylative signaling, which affects the TCR 
engagement and results in the effector cell deactivation and 
inhibition of their proliferation (Figure 5A; Freeman et al. 
2000, Sharpe et al. 2017, Yang et al. 2018). The PD-1/PD-L1 
axis plays an essential role in inducing and maintaining self-
tolerance (Freeman et al. 2000). Tumors exploit this pathway 
to promote anti-tumor immunity and escape immune-
mediated destruction (Burr et al. 2017, Sharpe et al. 2017).  

PD-L1 is highly expressed in OSCC (Cho et al. 2011, Chen et 
al. 2015a, Ahn et al. 2017). Its upregulation protects the cancer 
cells from activated host immune cells resulting eventually in T 
cell exhaustion, apoptosis and anergy (Figure 5C; Zou et al. 
2016). The two approved ICIs for oral cancer, pembrolizumab, 
and nivolumab, are monoclonal IgG4κ PD-1 antibodies (Mei et 
al. 2020, Yang et al. 2018). Pembrolizumab and nivolumab 
compete for the same PD-1 receptor of the immune effector 
cells as the tumor secreted PD-L1 resulting in blockage of the 
PD-1/PD-L1 binding and T cell inhibition (Figure 5D; Yang et 
al. 2018, Mei et al. 2020). 

In 2016 Seiwert et al. showed in a cohort of 60 recurrent or 
metastatic HNSCC patients with positive PD-L1 status (>1% of 
tumor cells positive for PD-L1) an overall response rate (ORR) 
of 18% with anti-PD-1, pembrolizumab therapy. Patients with 
HPV-positive tumors (ORR 25%) responded better to the 
treatment than those with HPV negative tumors (ORR 14%; 
Seiwert et al. 2016). Later clinical trials have shown similar 
ORRs (Chow et al. 2016, Ferris et al. 2016, Baum et al. 2017). 
In 2019, Cohen et al. compared standard-platinum-based 
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therapy to pembrolizumab in 495 recurrent or metastatic 
HNSCC patients and showed that the HR for pembrolizumab 
versus standard-of-care was 0.82 (95% CI 0.67-1.01, p=0.032).  

2.7.1.2 B7-H3  
B homolog like 7 (B7-H3), also known as CD276, is an 

intramembranous ligand that is part of the B7 superfamily 
(Yang et al. 2020). Its specific receptor has not been 
discovered, but B7-H3 has been shown to bind to T-cell trem-
like transcript 2 (TLT-2) in mice (Kontos et al. 2021, 
Hashiguchi et al. 2008).   

The role of B7-H3 in immunological functions has not been 
fully understood yet, but it has been recognized as a co-
stimulatory molecule for T cell activation and IFN-gamma 
production (Chapoval et al. 2001, Yang et al. 2020, Kontos et 
al. 2021). In vitro, soluble B7-H3 has been shown to be able to 
bind to different lymphocytes, such as CD4+ T, NK, and CD8+ 
T cells, and inhibit NK and CD8+ T cell-mediated destruction 
(Castriconi et al. 2004, Lee et al. 2017, Cai et al. 2020). 
Furthermore, recently B7-H3 was shown to inhibit CD4+ and 
CD8+ T cell proliferation (Suh 2003). 

The expression of B7-H3 mRNA is found in various healthy 
tissues. However, the protein is expressed at low levels, 
suggesting tight post-transcriptional regulation (Karlsen et al. 
2018). Conversely, B7-H3 is overexpressed in several kinds of 
human cancers and is correlated with a worse prognosis (Mao 
et al. 2017a, Varki et al. 2018, Zhao et al. 2013). Despite the B7-
H3 receptor remaining unknown, new antibody-based 
strategies are being investigated for B7-H3 based therapies 
(Kontos et al. 2021). 

2.7.1.3 IDO1 and IDO2  
IDO1 is an intracellular heme-containing enzyme that 

regulates immunity through metabolism (Lin et al. 2021, Zhai 
et al. 2018). It catalyzes the initial, rate-limiting step of 
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tryptophan (Trp) oxidation, resulting in the subsequent 
production of kynurenines (Kyn; Lin et al. 2021). Trp is the 
rarest amino acid and essential in the diet, thus its levels are 
tightly controlled through catabolism in the serotonin and 
kynurenine pathways (Prendergast et al. 2018).  

Depleting local Trp can activate the stress-response kinase 
GCN2 to which CD8+ T cells react by decreasing proliferation, 
mature CD4+ T cell undergo apoptosis, and more naïve CD4+ 
T-cells differentiate into Tregs (Vesley et al. 2011). 
Accumulation of Kyn and its downstream metabolites may 
activate the aryl hydrocarbon receptor (AhR), promoting Tregs 
differentiation and immunosuppressive phenotypes of 
macrophages and dendritic cells (Jochems et al. 2016, 
Litzenburger et al. 2014). AhR also induces more production of 
IDO1 through a DC feedback loop (Mezrich et al. 2010). 
Additionally, accumulation of the Trp catabolites induces T cell 
apoptosis and limits NK function (Chiesa et al. 2006, Greeme 
et al. 2019).  

The pathway of IDO1 has immunoregulatory roles 
associated with both tolerogenic, creating acquired antigen-
specific tolerance in T cells, and counter-regulatory responses, 
controlling the inflammation (Munn & Mellor 2016). The IFN- 
ƴ/IDO1 axis is essential in generating and sustaining the 
function of Foxp3+ Tregs during the activation of adaptive 
immunity (Fallarino et al. 2006). It also enhances tissue-
reparative effects of inflammation and limits tissue-destructive 
effects (Munn & Mellor 2016). 

In addition to IDO1 enzymatic immunosuppression, TGF-β 
can activate nonenzymatic IDO1 signaling, turning DCs into a 
regulatory phenotype (Palotta et al. 2011, Fallarino et al. 2012).  
In this DC loop, kinase Fyn mediates tyrosine phosphorylation 
of IDO1-associated immunoreceptor tyrosine-based inhibitory 
motifs that result in downstream gene expression regulation 
and shifts in the homeostatic balance of immune tolerance 
(Fallarino et al. 2012). The regulatory DCs generate and sustain 
the function of Tregs (Fallarino et al. 2012).   
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 In normal physiological conditions, IDO1 is not expressed 
in many tissues or cell types. IDO1 is mainly expressed in 
mucosal tissues, especially on APCs (Tang et al. 2021). Most 
Trp is catabolized by IDO1 and can be induced by IFN-ƴ 
stimulation (Werner et al. 1987, Ye et al. 2019). The two other 
molecules capable of degrading Trp, indoleamine 2,3-
dioxygenase 2 (IDO2) and tryptophan-2,3-dioxygenase (TDO), 
show lower catalytic efficiency than IDO1 (Pantouris et al. 
2014, Ye et al. 2019). TDO, expressed mainly in the liver, is 
highly specific to the L-isomer of Trp, while IDO1 catabolizes 
several versions of Trp (Knox 1955, Watanabe et al. 1980, 
Takikawa 2005, Pantouris et al. 2014, Ye et al. 2019). Some 
gastric cancer research shows that despite IDO2 being 
expressed by tumor cells, IDO1 seems to be the main catabolic 
enzyme for Trp (Loeb et al. 2009).  

IDO1 is an IC highly expressed in OSCC, and its 
expression is associated with poor prognosis and tumor 
chemoresistance (Laimer et al. 2011). IDO1 has been shown 
to play an essential role in inducing tolerance to apoptotic 
cells in systemic disease (Ravishankar et al. 2012). Several 
IDO1 inhibitors are being tested in clinical trials, such as 
epacadostat and indoximod (Van den Eyden et al. 2020). 
Epacadostat is an orally active hydroxylamine molecule, 
which inhibits the enzymatic activity of IDO1 by 
competitively binding to it instead of Trp (Figure 5D, 
Jochems et al. 2016). This inhibition would result in 
reaccumulation of Trp to the TME and lack of Kyn and its 
metabolites (Jochems et al. 2016).  

Based on previous preclinical studies, the kynurenine 
pathway is involved in tumor-associated 
immunosuppression, and IDO1 expression is associated 
with poor prognosis in many  cancers, such as breast, 
cervical, colorectal and esophageal cancers(Yu et al. 2018, 
Tang et al. 2021). The results of epacadostat clinical trials 
for melanoma were promising until phase III clinical trial 
(#NCT02752074) and several studies were discontinued for 
not reaching the wanted overall survival (OS) endpoint (Van 



 

43 

den Eynde et al. 2020). At present, investigations have been 
resumed for the potential of using IDO1 inhibition in 
treating various solid cancers, such a endometrial cancer, 
melanoma and HNSCC, in combination with anti-PD-1 
(#NCT04463771, #NCT05233397; Tang et al. 2021). 

2.8 HISTOPATHOLOGY  

Oral cancer is traditionally graded histologically from 1 to 3: 
well, moderately, or poorly differentiated, based on how closely 
they mirror the architecture of the healthy oral mucosa they 
derive from (Figure 6; Barnes 2005). The role of 
differentiation, however, in prognostication is controversial 
with several studies finding no poorer outcome with poorly 
differentiated tumors (Brown et al. 2007a, Kim et al. 2016, 
Yanamoto et al. 2012), while some studies reported survival 
was influenced by histological grade (Rogers et al. 2009, 
Sklenicka et al. 2010). Moreover, the grading scheme is 
subjective, with most lesions being moderately differentiated 
(approximately 60%), giving the system low prognostic power 
(Speight and Farthing 2018).  

Other newer histological prognostic factors include depth of 
invasion (DOI), tumor budding and perineural invasion (PNI). 
DOI is a count in millimeters taken from the basement 
membrane of the adjacent normal mucosa to the deepest point 
of the tumor (Warnakulasuriya & Greenspan 2020). Tumor 
budding is a measure of active invasive movement and loss of 
cellular cohesion and is a total count of a cluster of <5 cancer 
cells or a single cell in the stroma of the invasive front 
(Almangush et al. 2013). DOI of ≥4mm and tumor budding (≥5 
clusters of 1-4 cells at the invasive front of the tumor) are 
associated with worse survival in early stage OTSCC patients 
after multivariate analysis (Almangush et al. 2014). Whab et al. 
(2020) showed that in the combined model of DOI and tumor 
budding (BD), the higher score, scoring ranging from 0 to 2 (0 
- <4mm and fewer than five buds; 1 – <4 mm and ≥5 buds or 
≥4mm and <5 buds; 2 - ≥4mm and ≥5 buds), is significantly 
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associated with OSCC disease-free survival. In the newest 
edition of the Union for International Cancer Control (UICC) 
manual for staging cancer, DOI is one criterion but used with 
5mm, and 10mm cut-off values (Brierley 2017, Mercante et al. 
2021). 

Figure 6. Representative microscopic images of different grade 1 to 3 OSCC tumors. Grade 
1 tumor (A) shows cohesive invasion, keratin pearls and well-formed basal cell layers 
surrounding the tumor islands. The grade 2 tumor (B) shows less keratinization with fewer 
keratin pearls and a greater degree of cellular atypia. The grade 3 tumor (C) shows 
considerable cell atypia, non-cohesive patterns, and small islands invading through the 
lamina propria. A is stained with anti-B7-H3 while Figure B and C are stained with HE. 
Figures B and C courtesy of Dr. Johanna Peltonen.   
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PNI tumors are defined as tumors growing in close 
proximity to the nerve and involving at least 33% of its 
circumference or tumor cells within any of the nerve sheath’s 
layers (Warnakulasuriya & Greenspan 2020). PNI is associated 
with recurrent lymph node metastasis and is associated with 
poor survival (Alkhadar et al. 2020). 

2.9 DIAGNOSIS AND TREATMENT IN 
FINLAND 

In Finland, there is no specific screening for OSCC. Dentists 
routinely examine the oral mucosa during dental check-ups. 
Any mucosal changes persisting over two weeks should be 
provided for a biopsy (Wong & Wiesenfeld 2018). A non-
healing extraction socket (over six weeks) should also raise 
suspicion of a carcinoma (Wong & Wiesenfeld 2018). Early 
stages of OSCC tend to be either irregular, verrucous mucosal 

Figure 7. Representative clinical images of OSCC originating from different 
sublocations: (A) alveolar ridge OSCC, (B) floor of the mouth, (C) lateral border of 
the tongue, and (D) lateral border of the tongue. Clear cancer suspects should be 
referred without biopsies to the respective hospital (A-C). Unfortunately, not all 
mucosal changes are clearly malignant (D) and might require further investigations 
before referral. Clinical photos courtesy of Dr. Bagan et al. 2010 (reprinted with 
permission from: Bagan et al. 2010). 
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thickenings or firm, raised, red/white plaques with a slight 
roughness and non-healing ulcers, with patients typically 
reporting them trivial (Figure 7; Kumar et al. 2017).  More 
advanced stages might include swelling, pain, bleeding, 
cervical lymph node enlargement, and mobility of teeth due to 
unknown reasons (Wong & Wiesenfeld 2018).  

The initial biopsy of the mucosal change will determine the 
diagnosis, and in case of malignancy, the patient is referred to 
a Finnish University hospital for further treatment. The 
referral might also be done without a biopsy if the change is 
probably malignant by clinical examination. However, the 
diagnosis is always based on a biopsy and histopathological 
diagnosis (Wong & Wiesenfeld 2018). 

At the hospital, a multi-professional oral cancer specialist 
team will conduct further clinical and radiological 
examinations and plan the treatment regime (Wong & 
Wiesenfeld 2018). Distribution of the lesion and excluding the 
possibility of other tumors are critical factors for the success of 
OSCC treatment (Mroueh et al. 2017) Due to the high risk of 
neck metastasis, the neck should always be clinically inspected 
(Wong & Wiesenfeld 2018). The distribution of the OSCC is 
investigated by either magnetic resonance imaging (MRI) or 
computed tomography scan (CT), where the tumor size, 
location, and invasion depth are estimated (Wong & 
Wiesenfeld 2018).  

The tumor staging is based on the UICC’s latest TNM 
classification, where the OSCCs can be categorized into four 
different stages based on tumor size and metastasis (Table 3-
4; Brierley 2017). The stages are from 0 to IV, clinical staging 
is based on the score obtained before treatment (cTNM), and 
pathological classification (pTNM) is conducted post-surgically 
to estimate and guide the need for potential adjuvant therapy 
(Brierley 2017). The TNM staging and HPV status are the major 
determinants of the prognosis (Johnson et al. 2020, Wong & 
Wiesenfeld 2018). In Finland, the treatment of OSCC is based 
on the recommendations of the Finnish Head and Neck 
Oncology (FSHNO) working group and the European Society 
for Medical Oncology (Machiels et al. 2020, FSHNO 2020). 
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Treatment of OSCC consists either of surgery or surgery and 
(chemo)radiation therapy depending on the TNM and general 
health status of the patient (Prelec & Laronde 2014, Machiels 
et al. 2020). 

Table 3. The TNM classification system for HPV negative cancer of the oral cavity 
by UICC (table based on Brierley 2017, Huang & O’Sullivan 2017, Mercante et al. 
2021). 
T (Tumor) Describes the primary tumor site and size 

Tis Carcinoma in situ 
Tx Primary tumor cannot be assessed 
T0 No evidence of primary tumor 
T1  

T2   
or size 2-  

T3 Size 2-4cm or DOI> 1.0cm  
T4a Size >4cm and DOI >1.0cm 

T4b Tumor invades masticatory space, skull base or pterygoid plates or 
encases internal carotid artery 

N (Lymph node) Describes the regional lymph node involvement 
cN - Clinical  pN  Pathological 

Nx Regional lymph node cannot be assessed 
N0 No regional lymph node metastasis 

N1 Single ipsilateral lymph node 
 without ENE 

N2a Single ipsilateral lymph node 3-
6cm without ENE cm with ENE or 3-6 cm without 

ENE 

N2b Multiple ipsilateral lymph 
 6 cm, no ENE 

N2c Bi-/contralateral lymph nodes 
 

Bi/-
cm without ENE 

N3a Any lymph nodes > 6cm 
without ENE  

Any lymph nodes >6cm without 
ENE 

N3b Any lymph nodes with clinical 
ENE 

A single lymph node >3cm with 
pathologic ENE or any multiple 
ipsi-/bi-/contralateral lymph nodes 
with ENE 

M (Metastasis) Describes the presence or otherwise of distant metastatic 
spread 

M0 No distant metastasis 
M1 Distant metastasis 

ENE=extranodal extension  DOI=depth of invasion 

 
Small OSCC cases (T1-2) are usually surgically removed, 

and a minimally invasive sentinel lymph node biopsy is 
considered (Figure 8; Prelec & Laronde 2014, Machiels et al. 
2020, FSHNO 2020).  Resection surgery aims to remove oral 
cancer with a margin of normal tissue around the cancer in all 
three dimensions (Wong & Wiesenfield 2018). The current  
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Table 4. The TNM based staging system for OSCCs (based on Brierley 2017). 

Stage T N M 

0 Tis N0 M0 

I T1 N0 M0 

II T2 N0 M0 

III 
T1-T3 N1 M0 

 T3 N0 

IV 

IVA 
T4a N0-N1 M0 

 T1-T4a  

IVB 
Any T N3 M0 

T4b Any N M0 

IVC Any T Any N M1 
 
Tis=carcinoma in situ, T=tumor size, n=regional lymph node metastasis, m=distant 
metastasis   
 
 

 
 
 

Figure 8. Management of primary OSCC (stages I-IVB) excluding carcinomas of 
the lip. Based on Machiels et al. 2020.  
BSC=best supportive care, CT=chemotherapy, CRT=chemoradiotherapy, 
IT=immunotherapy, M=metastasis, N=lymph node, RT=radiotherapy, T=tumor.  

cT1-2 cN0 cM0

Standard:
•Surgery (T and N) 

followed by 
postoperative CRT or 
RT if indicated

Options: 
•Radical RT (T and N)
•Brachytherapy for 

primary tumor 
(selected T1)

cT3-4a cN0-3 cM0 
cT1-4a cN1-3 cM0

Standard:
•Surgery (T and N) 

followed by 
postoperative CRT or 
RT if indicated

Options: 
•Definitive CRT (T and 

N) (contraindications 
to surgery, including 
functional 
unresectability)

cT4b and/or unresectable 
lymph nodes cM0

Options: 
•Concomitant CRT (T 

and N)
•Induction CT followed 

by RT or CRT for 
responders (T and N)

•Palliative treatment: 
Systemic CT/IT and/or 
palliative RT and/or 
BSC
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recommendation is a 5 mm 
microscopic margin of normal 
tissue around the tumor (Figure 9, 
Wong & Wiesenfield 2018).  

Neck dissection can be 
performed electively if the risk of 
metastasis is high enough (Mroueh 
et al. 2017). Approximately 23% of 
early OSCC cases, T1-2cN0, have 
occult lymph node metastasis 
(Abu-Ghanem et al. 2016). 
Sentinel lymph node biopsies are 
an alternative diagnostic 
technique for neck staging in 
cT1N0 OSCC patients (Mroueh et 
al. 2017).   

In cases of local metastasis 
(cN+), the patient undergoes a therapeutic neck dissection 
covering all neck levels affected clinically with at least levels I-
III (FSHNO 2020).  In large local/broadly distributed neck 
metastasis (N2 or N3), radiation therapy is usually also utilized 
(Machiels et al. 2020). 

Postoperative radiation therapy (RT) and 
chemoradiotherapy (CRT) are utilized in T3 and T4 patients, 
narrow/positive resection margins, vessel or perineural 
invasion, and cervical lymph node metastasis (Figure 9; 
FSNO 2020, Machiels et al. 2020). RT is usually given as 
intensity-modulated radiation therapy to the initial tumor site 
or/and neck with a total dose of 65-81 Gy depending on the 
stage and is generally administered conventionally 
hyperfractioned 1.8 to 2.0 Gy daily for 5.5 to 6 weeks (Mrouh 
et al. 2017, Machiels et al. 2020).  

Platinum-based chemotherapy is recommended in the 
presence of positive margins in the tumor specimen, 
extranodal extension in neck dissection, and in metastatic or 
recurrent tumors (Figure 8; Mroueh et al. 2017, Osborn et al. 
2017, Machiels et al. 2020). The first in-line therapy is a high 

Figure 9. The outer ring on the OTSCC 
lesion represents the intended resection 
area while the inner purple ring is the 
intraoperative assessment of the extent 
of the tumor. Photo courtesy of Drs. 
Wong and Wiesenfield (originally from 
Wong & Wiesenfield 2018, reprinted 
with permission). 
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dose-cisplatin treatment (Mroueh et al. 2017, Machiels et al. 
2020). 

When the disease is unresponsive to the therapies with 
curative treatment, life-prolonging and palliative treatments 
are indicated (Figure 10; Mroueh et al. 2019). Approximately 
40% of HNSCC cases are present with advanced stage disease 
and in 10% it is incurable (Roland & Patrick 2014). Life-
prolonging treatments, also called disease-stabilizing or 

No Pt-based CT 
during the last 6 

months and PD-L1 
status positive

Standard:
• Pembroli-

zumab
• Pembrolizuma

b plus Pt/5-FU

Option:
• Pt/ 5-FU/ 

Cetuximab if 
contraindica-
tion to IT and fit 
for Pt

•Methotrexate, 
taxane, 
cetuximab 
and/or BSC if 
contraindication 
to IT and unfit 
for Pt

No Pt-based CT 
during the last 6 

months and PD-L1 
assessment not 

carried out

Standard: 
• Pembrolizuma

b + Pt/5-Fu

Option:
• Pt/5-

FU/Cetuximab if 
contraindication 
to IT and fit for Pt

•Methotrexate, 
taxane, cetuximab 
and/or BSC if 
contraindication 
to IT and unfit for 
Pt

No Pt-based CT 
during the last 6 

months and PD-L1 
status negative

Standard: 
• Pt/ 5-FU/ 

Cetuximab

Option:
• Pembrolizumab 

plus Pt/5-FU
• TPEx
•Methotrexate, 

taxane, 
cetuximab and/or 
BSC if 
contraindica-tion 
to IT and unfit for 
Pt

Pretreated with Pt-
based CT within 

the last 6 months 
& IT naive

Standard:
•Nivolumab or 

pembroli-
zumab

Option:
•Methotrexate, 

taxane, cetuximab 
and/or BSC if 
contraindication 
to IT and unfit for 
Pt

Pretreated with Pt-
based CT within 

the last 6 months 
with prior 

immunotherapy

Option:
•Methotrexate, 

taxane, cetuximab 
and/or BSC

Figure 10. Management of metastatic or recurrent disease not amenable to curative 
treatment OSCC (stages I-IVB) excluding carcinomas of the lip. Based on Machiels et 
al. 2020.  
5-FU=5-fluorouracil, BSC=best supportive care, CT=chemotherapy, 
CRT=chemoradiotherapy, FU=fluorouracil. IT=immunotherapy, M=metastasis, N=lymph 
node, Pt=platinum, RT=radiotherapy, TPEx=docetaxel plus cetuximab, T=tumor 
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disease-modifying treatments, include chemotherapy, 
immunotherapy, RT, or CTR (Mroueh et al. 2019). Palliative 
treatment is multidisciplinary management of the disease as 
the patients tend to have complex and prolonged illnesses due 
to the alteration to the upper airway, senses and 
gastrointestinal tract (Sullivan et al. 2020). It is highly variable 
ranging from telecommunication, homecare to surgery and RT 
that aims to reduce the bulk of the primary tumor, reduce 
bleeding, alleviate pain, secure the airway, and improve 
function (Roland & Patrick 2014).  

2.10 IMMUNE THERAPY IN OSCC 

Immunotherapy aims to reverse the immune escape of the 
tumor cells by interfering with the tumor’s ability to suppress 
the anti-tumor immune responses and allowing the patient’s 
immune response to eliminate the tumor cells (Almangush et 
al. 2021). Escape from immune-mediated cell death can occur 
from changes directly inhibiting tumor recognition and 
cytolysis by immune effector cells or tolerance (Vesley et al. 
2011). Tolerance can be either central where the self-reactive T 
cells are eliminated or converted to a regulatory phenotype in 
the thymus, or peripheral, where T cells reactive with self-
antigens that are not expressed in the thymus, are rendered 
nonresponsive or deleted (Vesley et al. 2011). In some cases, 
immune evasion is absolute, and the immune system has little 
impact on tumor progression, whereas, in other cases, the 
tumor progression might be delayed before the immune system 
is overwhelmed (Vesley et al. 2011). One well-studied strategy 
of tumor cells to combat the cytotoxic action of the effector 
immune cells after tumor cell recognition is to express 
immune-inhibitory ligands, ICs (Figure 5C, Vesley et al. 
2011). 

Immunotherapies can be roughly divided into two main 
categories: active and passive (Mohan et al. 2019). The active 
immunotherapies involve extracting the patient’s immune 
cells, training them, and reintroducing them back into the host 
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to attack the cancer cells directly (Mohan et al. 2019). CAR-T 
cells are one form of these active immunotherapies. In turn, 
passive immunotherapies, such as ICIs, enhance the existing 
immune response to react more strongly to the cancer cells 
(Mohan et al. 2019). At present, ICIs are the only approved 
immunotherapy against OSCC (Machiels et al. 2020). 

Despite nivolumab and pembrolizumab being approved for 
clinical usage, only a few HPV-negative HNSCC patients 
(including OSCC patients) benefit from the treatment, 
providing a strong rationale to find other ICIs to enhance their 
effect or molecular markers to identify patients who would 
benefit from these costly treatments (Galvis et al. 2020, 
Vasilidaou et al. 2021). According to Vasiliadou et al. (2021) 
only 13-18% of HNSCC patients respond to the approved ICI 
therapies, with up to 60% of patients across different tumor 
types displaying primary resistance to the therapies (Oliva et 
al. 2019, Vasiliadou et al. 2021). Unfortunately, there is no 
reliable way to identify patients benefiting from ICIs (Oliva et 
al. 2019). The ones used (PD-L1 expression and tumor 
mutational burden) remain controversial (Oliva et al. 2019).   

Furthermore, immunotherapies have been associated with 
immune-related adverse effects, which result from 
overstimulation of the immune system, leading to unintended 
physiological responses (Gerson et al. 2018, Galvis et al. 2020). 
Such responses include loss of appetite, diarrhea, nausea, and 
other symptoms associated with autoimmunity (Gerson et al. 
2018). Even more severe reactions have been reported, leading 
to death. According to Galvis et al.'s systematic review on 
HNSCC in 2020, immune-related adverse effects are not rare, 
occurring in 62% of the patients, which is less than in standard 
therapy (86%).   

Two immune checkpoint inhibitors (ICIs), pembrolizumab 
(Keytruda ©) and nivolumab (Opdivo®) have been approved 
as the second line therapy for metastatic and/or recurrent 
OSCCs after the platinum-based chemotherapy (Suzuki et al. 
2020). Following the Finnish guidelines, patients who receive 
pembrolizumab treatment must be in good condition, PD-L1 
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combined positive score (CPS; Figure 11) 1 or over and 
without contraindications for immune-oncological treatment 
(FSHNO 2020). Pembrolizumab can be given as a 
monotherapy or in combination with the platinium based or 5-
fluorouracil therapy (FSHNO 2020). In Finland, the usage of 
immunotherapy in OSCC is always case-based decided by the 
treating oncologist and it is not applicable to all patients 
meeting the ESMO criteria (Aro & Kainulainen 2020). 

Despite the currently available therapeutic strategies, 
patient survival, especially incidences with metastatic or 
recurrent cancer, has only marginally increased in the past 
decades, with a 5-year survival rate of approximately 50% 
(Mroueh et al. 2017, Ren et al. 2020). In the early stages, oral 
cancers rarely have any symptoms, which might delay patients 
from seeking treatment (Mroueh et al. 2017, Ren et al. 2020). 
Unfortunately, OSCCs tend to spread quickly and metastasize 
early to the local lymph nodes of the neck (Haddad & Shin 
2008, Canning et al. 2019). The multifocal nature of oral 
carcinogenesis might also be a reason for treatment failure 
(Kumar et al. 2017). Although the primary tumor excision can 
be a success, the genetically altered field in the adjacent mucosa 
may remain, giving rise later to a second primary tumor, which 
might be indistinguishable from a local recurrence (Choi & 
Myers 2008).  

 

  

Figure 11. PD-L1 combined positive score (CPS) definition. Area stained of the slide 
will be scored with a minimum of 100 viable tumor cells. Any convincing complete or 
partial linear membrane staining on tumor cells distinct from cytoplasmic staining is 
considered PDL1 staining as is any membrane/cytoplasmic staining of lymphocytes and 
macrophages within tumor nests or/and adjacent supporting stroma. Scoring is done on 
20x magnification of the intended area (Agilent Dako 2019).  
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3 AIMS OF THE STUDY 

The main aims of this thesis focus on exploring the role of the 
ICs in oral carcinogenesis and clarifying their prognostic value 
in potentially malignant lesions and HPV negative OSCC. To 
achieve these aims, the following objectives were set:  

 
I. Explore the expression of selected ICs, IDO1 and PD-L1, 

in oral dysplasia; and investigate the possible association 
between these molecules, dysplasia grade, and the 
inflammatory cells infiltrate. Additionally, study the possible 
correlation between the disease progression and the expression 
of these molecules over time in oral dysplasia samples. 

 
II. Conduct a systematic review to study the prognostic 

value of immune checkpoints in OSCC. 
 
III. Validate B7-H3 as an adverse prognostic marker, based 

on Study II results, in a large-scale international study. Based 
on the results of study II, B7-H3 is an adverse prognostic factor 
in OSTCC and can be used as a biomarker. 

 
IV. Investigate the effect of ICIs on the behavior of different 

lymphocyte populations (CD4+ T, NK, and CD8+ T cells) in 
terms of migration and cytotoxicity in the presence of HPV 
negative OSCC cells. 
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4 MATERIAL AND METHODS 

4.1 ETHICAL PERMITS (STUDIES I-IV) 

Study I was approved by the Ethics committee of the 
Ostrobothnian Hospital District (46/2013). Study II as a 
systematic review and meta-analysis, did not require an ethical 
permit. Study III gathered OTSCC samples from Brazil, 
Finland, and Norway. In Brazil, the data and sample inquiry 
was approved by the Human Research Ethics Committee of the 
Piracicaba Dental School, University of Campinas. The 
National Supervisory Authority for Welfare and Health 
(VALVIRA) and the Ethics Committee of the Northern 
Ostrobothnia Hospital District (statement #8/2006, 
amendment 19/10/2006) approved the OTSCC sample 
collection in Finland. The Institutional Review Board of the 
Northern Norwegian Regional Committee for Medical 
Research Ethics (REK Nord) approved the study in Norway for 
all the hospitals (Protocol number REK Nord; 2013/1786 and 
2015/1381). The ethical committee of the Finnish Red Cross 
approved buffy coat collection for Study IV (42/2020). All 
patient samples were coded to assure anonymity and 
safeguarded. 

4.2 PATIENT SAMPLES (STUDIES I, III) 

All patient samples were fixed in 10% neutral-buffered 
formalin and embedded in paraffin (FFPE). Study I 
retrospectively gathered 63 oral dysplasia FFPE whole-section 
samples from 47 patients obtained from biopsies (mainly 
incisional) at the Oulu University Central Hospital from 2005-
2016. Eight patients were followed with more than one biopsy 
from 3 to 36 months. Nine of the patients had been diagnosed 
with epithelial dysplasia with lichenoid features, and the 
remaining patients were clinically diagnosed with 
erythroplakia, erythroleukoplakia, or leukoplakia. Nine 
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clinically normal alveolar mucosal samples were taken during 
impacted wisdom tooth extractions from healthy donors and 
used as control. The clinical parameters of the patients are 
presented in Table 5. 

Study III retrospectively gathered a total of 323 OTSCC 
samples from three different countries obtained during tumor 
surgery: 44 FFPE whole-section samples from Brazil (CEONC 
and UOPECCAN Cancer Hospitals in Cascavel-Parana, 
collected during 2008-2014), 147 FFPE whole-section samples 
from Finland (Tampere and Oulu University Hospitals, 
collected during 1990-2010) and 132 FFPE tumor microarray 
(TMA) samples from Norway (the University Hospitals of 
Bergen, Oslo, Tromsø and Trondheim, collected during 2005-
2009). The clinical parameters of the patients are presented in 
Table 6. Unfortunately, the HPV status of the patients or other 
ailments were not reported. The 323 OTSCC patients were 
followed-up for 252 months (median follow-up time 40) from 
three countries (Brazil, Finland, Norway). During that time, 
120 patients (37%) died of OTSCC, 56 patients (17%) died of 
other causes, and in the end, 147 patients (46%) were alive. 
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Clinical data 
Dysplasia (%) 

ntot=47 
Control (%) 

nc=9 

Age, years     
≤ 50 13 (27.7) 2 (22) 
> 50 34 (72.3) 7 (78) 

Mean 60.7 32.6 
Median 65 26 

Sex   
Female  25 (53.2) 5 (56) 

Male  22 (46.8) 4 (44) 
Smoking  

N/A  Smoker 14 (29.8) 
Non-smoker 33 (70.2) 

EDLF   

Yes 9 (19.1) 0 (0) 
No 38 (80.9) 9 (100) 

Site of Biopsy   
Tongue 35 (74.5) 0 (0) 

Palate 2 (4.3) 0 (0) 
Floor of the mouth 2 (4.3) 0 (0) 

Buccal or labial gingiva 8 (17.0) 0 (0) 
Alveolar mucosa 0 (0)  9 (100) 

Cancer Recurrence 
All cancers 18 (38.3) 0 (0) 

Oral squamous cell carcinoma 16 (34)  
Oropharyngeal cancer 1 (2.1)  

Urinary bladder cancer 1 (2.1)  
Melanoma 1 (2.1)  

Grade of Dysplasia   

Mild 18 (38.3) 
N/A Moderate 18 (38.3) 

Severe 11 (23.4) 
EDLF=Epithelial dysplasia with lichenoid features  

  

Table 5.  Clinical parameters of patients for Study I. 
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Table 6. Clinical and demographic parameters of patients for Study III. 

Clinical data All (%) 
ntot=323 

Finland 
(%) 

nf=147 

Brazil 
(%) 

nb=44 

Norway 
(%) 

nn=132 
Age, years         

< 60 135 (40.8) 63 (42.9) 29 (65.9) 43 (32.6) 

≥ 60 188 (56.8) 84 (57.1) 15 (34.1) 89 (67.4) 

Range 17-99 17-99 31-83 25-90 

Mean 62.60 63.1 48.4 64.3 

Median 63 65 49 65 
Sex     

Female  131 (39.6) 71 (48.3) 7 (15.9) 53 (40.2) 
Male  192 (58.0) 76 (51.7) 37 (84.1) 79 (59.8) 

Tumor stage     

 T1-T2 233 (72.1) 89 (60.5) 37 (84.1) 102 (77.3) 

T3-T4 79 (24.5) 58 (39.5) 7 (15.9) 10 (7.6) 

Missing* 11 (3.4) 0 (0) 0 (0) 11 (8.3) 
Tumor grade     

I-II, Mild to moderate 265 (82.0) 114 (77.6) 38 (86.4) 113 (85.6) 

III, Poor 52 (16.1) 33 (22.4) 6 (13.6) 13 (9.8) 

Missing* 6 (1.9) 0 (0) 0 (0) 6 (4.5) 
Neck metastasis     

N0 204 (63.2) 72 (49.0) 25 (56.8) 93 (70.5) 

N1 108 (33.4) 74 (50.3) 19 (43.2) 28 (21.2) 

Missing* 11 (3.4) 0 (0) 0 (0) 11 (8.3) 

Treatment 
    

Surgery 116 (35.9) 73 (49.7) 13 (29.5) 30 (22.7) 

Surgery and Radiotherapy 131 (40.6) 22 (15.0) 15 (34.1) 94 (71.2) 
Surgery,  

Radio- and 
Chemotherapy 

76 (23.5) 52 (35.3) 16 (36.4) 8 (6.1) 

Recurrence     

Recurrence 91 (28.2) 58 (39.5) 11 (25.0) 21 (15.9) 
No recurrence 224 (69.3) 88 (60.0) 33 (75.0) 103 (78.0) 

Missing* 8 (2.5) 0 (0) 0 (0) 8 (2.5) 
*11 samples had missing clinical data in Norwegian cases  
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4.3 IMMUNOSTAINING (STUDIES I, III) 

Immunohistochemical Staining (I, III) 
The FFPE samples were first cut into fresh 5 μm thick sections 
for immunohistochemistry (IHC). In studies I and III, we 
utilized different staining methods and antibodies (Table 7). 
In Study I for IDO1 staining, a fully automated BOND-MAX 
staining robot (Leica Microsystems, Wetzlar, Germany) and a 
horseradish peroxidase-labeled dextran polymer method 
(Bond Polymer Refine Detection Kit) stained the slides. 
Mounting was performed manually.  

Table 7.  Primary antibodies and their staining methods utilized in Studies I 
and III. 

conc. =concentration, m=monoclonal, p=polyclonal 

 
For the rest of the IHC staining (PD-L1 Study I and B7-H3 

Study III), we deparaffinized the slides with a descending series 
of xylene and alcohol. For PD-L1 staining (Study I), we 
performed the antigen retrieval in a microwave using Abcam 
Universal Heat-Induced Epitope Retrieval antigen -retrieval 
reagent (cat. no. AB2085r72; Abcam, Cambridge, United 
Kingdom) for 14 minutes. Afterwards, the slides were cooled 

Antibody 
Source 
(clona-

lity) 

Catalogue 
no 

Manufacture
r of antibody 

Conc. Staining 
method 

Manufacturer 
of staining 

method 

Study I 

IDO1 
Mous

e  
(m) 

MAB5412 
Millipore, 

USA 
1:200 

  
Bond 

Polymer 
Refine 

Detection Kit 

Leica 
Microsyste
m, German 

PD-L1 
Rabbi

t  
(m) 

AB2085r7
2 

Abcam,  
UK 

1:400 

Dako 
Advance 

HRP K4068 
detection kit 

Dako, 
Denmark 

Study III 

B7-H3 
(1) 

Rabbi
t  

(m) 
D9M2L 

R&D-
systems, 

USA 
1:200 

Dako Real 
EnVision 
Detection 

system 
K5007 kit  

Dako, 
Denmark 

B7-H3 
(2) 

Goat  
(p) 

AF1027 

Cell 
Signaling 

technology, 
Netherland

s 

1:100
0 

 Goat on 
rodent 
HRP-

polymer 
detection kit  

Biocare 
Medical,  

USA 
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down to room temperature for 10 minutes. Endogenous 
peroxidase activity was blocked with Dako Peroxidase Blocking 
Solution S2023 for 15 minutes. The slides were then incubated 
at room temperature for one hour with anti-PD-L1 (Table 7). 
For staining, we used Dako Advance Highly Cross Adsorbed-
Peroxidase Antibody Produced in Goat (HRP; Dako, Glostrup, 
Denmark) and Lab Vision Autostainer (Thermo Fisher). 
Counterstaining of the slides was performed using Mayer’s HE 
solution (Dako) and mounted manually.  

In Study III for the rabbit anti-B7-H3, antigen retrieval was 
performed with Tris-EDTA buffer (pH 9) for 15 minutes using 
a microwave followed by 20 minutes of cooling at room 
temperature.  Endogenous peroxidase activity was blocked 
with Dako Peroxidase Blocking solution S2023 for 15 minutes. 
Next, the sections were incubated in primary anti-B7-H3 rabbit 
antibody for 1 hour at room temperature. Dako HRP was then 
applied for 30 minutes at room temperature. 

For the goat anti-B7-H3, antigens were retrieved with 
citrate buffer (Dako) for 15 minutes using a microwave 
followed by a 20-minute cooling at room temperature. 
Endogenous peroxidase activity was blocked with Dako 
Peroxidase Blocking solution S2023 for 15 minutes. Slides were 
then incubated in primary antibody for 30 minutes. Next, the 
goat probe (Dako) was added for 15 minutes, followed by the 
use of Goat on Rodent HRP polymer (Dako) for 15 minutes at 
room temperature.  

For the color formation of B7-H3, we incubated both rabbit 
and goat antibody stained slides in chromogen 3,3’-
diaminobenzidine (DAB) for 15 minutes and washed them in 
dH2O for 5 minutes. Counterstaining of the slides was 
performed using Mayer’s HE solution (Sigma-Aldrich, St. 
Louis, MO, USA). The slides were then mounted in Mountex 
(HistoLab, Gothenburg, Sweden).            
For negative controls, we used slides without the primary 
antibody (IDO1, PD-L1, or B7-H3). In Study I, for positive 
controls to confirm the quality of PD-L1 staining, we used slides 
of tonsil tissue (data not shown). In Study III, we used slides of 
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prostate cancer as positive controls to confirm the quality of the 
B7-H3 staining as, according to the literature, B7-H3 is highly 
expressed in prostate cancer (data not shown; Yuan et al. 2011).  
 
Evaluation of Positive Immunohistochemical Staining (I, III) 
Study III utilized the main REMARK guidelines for tumor 
marker prognostic studies (Table 8; Mcshane et al. 2005). We 
used a fully automated Leica DM6000 microscope with a Leica 
DFC365-FX camera (Leica microsystems) to image and 
evaluate the stained samples in Studies I and III. We used a 
Leica Aperio AT2 (Leica Biosystems) for scanning in Study III 
to enable automated computer analysis.  
 
Table 8. REMARK criteria utilized in Study III (table based on Mcshane et al. 2005 and 
used with permission). 

Item to be reported Checklist 

INTRODUCTION  

1 State the marker examined, the study objectives, and 
any hypotheses.   

X 

MATERIALS AND METHODS  

Patients  

2 Describe the characteristics (e.g., disease stage or co-
morbidities) of the study patients, including their 
source and inclusion and exclusion criteria.   

X 

3 Describe treatments received and how chosen (e.g., 
randomized or rule-based).   

 

Specimen characteristics  

4 Describe type of biological material used (including 
control samples) and methods of preservation and 
storage. 

X; Storage and 
preservation are 
standard so not 

described 

Assay methods  

5 Specify the assay method used and provide a detailed 
protocol, including specific reagents used, quality 
control procedures, reproducibility assessments, 
quantitation methods, and scoring and reporting 
protocols. Specify how assays were performed blinded 
to the study endpoint. 

X; Quality controls 
for B7-H3 staining 
were done but not 

reported in full detail 

Study design  

6 State the method of case selection, including whether 
prospective or retrospective and whether stratification 
or matching was used. Specify the time period from 
which cases were taken, the end of the follow-up period, 
and the median follow-up time.   

X; Stratification or 
matching was not 
used and was not 

reported. 

7 Precisely define all clinical endpoints examined.  X 

8 List all candidate variables initially examined for 
inclusion in models.  

X 
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9 Give rationale for sample size; if the study was designed 
to detect a specified effect size, give the target power 
and effect size.  

 

Statistical analysis methods  

10 Specify all statistical methods, how model assumptions 
were verified, and how missing data were handled.  

X 

111 Clarify how marker values were handled in the 
analyses; if relevant, describe methods used for 
cutpoint determination. 

X 

RESULTS  

Data   

12 Describe the flow of patients through the study, 
including the number of patients included in each stage 
of the analysis (a diagram may be helpful) and reasons 
for dropout. Specifically, both overall and for each 
subgroup extensively examined report the numbers of 
patients and the number of events. 

X 

13 Report distributions of basic demographic 
characteristics (at least age and sex), standard (disease-
specific) prognostic variables, and tumor marker, 
including numbers of missing values.  

X 

Analysis and presentation   

14 Show the relation of the marker to standard prognostic 
variables. 

X 

15 Present univariable analyses showing the relation 
between the marker and outcome, with the estimated 
effect (e.g., hazard ratio and survival probability). 
Preferably provide similar analyses for all other 
variables being analyzed. For the effect of a tumor 
marker on a time-to-event outcome, a Kaplan-Meier 
plot is recommended.  

X 

16 For key multivariable analyses, report estimated effects 
(e.g., hazard ratio) with confidence intervals for the 
marker and, at least for the final model, all other 
variables in the model.  

Not reported as we 
did not have 

significant results 

17 Among reported results, provide estimated effects with 
confidence intervals from an analysis in which the 
marker and standard prognostic variables are included, 
regardless of their statistical significance.  

Not reported as we 
did not have 

significant results 

18 If done, report results of further investigations, such as 
checking assumptions, sensitivity analyses, and 
internal validation. 

 

DISCUSSION  

19 Interpret the results in the context of the hypotheses 
and other relevant studies; include a discussion of 
limitations of the study. 

X 

20 Discuss implications for future research and 
clinical value.  

X 

 
Manual Visual Scoring 
For Study I, the dysplastic samples were diagnosed by two 
experienced oral pathologists (F.P-S. and T.S.) according to the 
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WHO classification as mild (1), moderate (2), or severe (3). The 
staining positivity of IDO1, PD-L1, and immune cell infiltrate 
were scored independently by two researchers (M.S. and R.A.) 
who were blind to any clinical data and outcomes. An oral 
pathologist (F.P-S) settled discrepancies in the scoring. IDO1 
staining intensity (in epithelium and lamina propria) and the 
inflammatory cell infiltrate were scored as negative (0), weak 
(1), moderate (2), or strong (3). PD-L1 positivity was found in 
the lamina propria, and it was counted as the number of 
positive cells from three 20x magnification hot spot fields per 
slide. The hot spot fields had the highest number of positive 
PD-L1 cells. The healthy control samples were also confirmed 
for the absence of pathology by clinical and histological 
examination by the pathologists (F.P-S. and T.S.).  

For Study III, we optimized the staining protocol by testing 
two different antibodies for B7-H3. The antibodies were 
selected based on two published articles (Mao et al. 2017b, 
Chen et al.2015b). Three researchers (A.A-S., senior trainee, 
M.S., junior trainee; and T.S., oral pathologist) evaluated the 
staining: Both antibodies had the same staining pattern.  

Only slight differences in staining intensity were noted; 
therefore, both were utilized in this study. The Brazilian and 
Norwegian samples were stained with the goat anti-human 
antibody, while Finnish samples were stained with the rabbit 
anti-human antibody. 

To evaluate the positive B7-H3 expression, two researchers 
for each country (Brazil: P.R. senior trainee, P.Å. senior 
trainee; Finland: A.H. junior trainee, M.S. junior trainee; 
Norway: A.W. senior trainee, E.H-O. senior trainee) assessed 
all scanned samples while being blind to any clinical data. The 
assessment was done first independently and then jointly for 
consensus. A senior trainee (A.A-S) resolved discrepancies 
between junior trainees.  

Staining intensity was scored from 0 to 3 (0 – negative, 1 – 
weak, 2 – moderate, and 3 – strong; Figure 12). Area of 
staining was evaluated also from 0 to 3 (0: 0%, 1: 0-25%, 2: 25 
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- >50%, 3: >50%). We calculated a staining index as the sum of 
the two scores.  

 
For TILs, two researchers assessed the Brazilian and 

Finnish scanned samples for the presence of TILS while being 
blind to any clinical data. The assessment was done first 
independently and then jointly for consensus. A senior trainee 
(A.A-S) resolved discrepancies between junior trainees. 

Figure 12. Different staining intensities of B7-H3 positive expression: A strong, 
intensity=3; B moderate, intensity=2; C weak, intensity=1; D negative, intensity=0. 
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TILs were scored from 0-≥50% by the percentage of stroma 
occupied by lymphocytes. Areas of artifact, central necrosis, or 
fibrosis were excluded. We only included the areas directly 
related to the invasive front.  Based on this, the samples were 
divided into immune hot (≥20%) and cold tumors (<20%). The 
scoring was based on a previous study (Heikkinen et al. 2019), 
and only stromal TILs were evaluated.  

Unfortunately for the Norwegian cases, we could not 
evaluate the area of staining and TILs as the samples were 
tumor microarrays representing only a small area of the tumor 
slide. We only reported the staining intensity for these cases.   
 
Digital Scoring (III) 
Two researchers (M.S. and P.C.) with relevant coding 
experience developed an automated scoring protocol to a free, 
automated analysis software QuPath. Estimation of color was 
done by calibrating the detector vectors. All of the analyzed 
FFPE whole and TMA samples had similar modal DAB and 
Red-Green-Blue (RGB) values. The classifier was then taught 
to recognize different cell types (stromal, cancer) by choosing 
five representative areas of cancer and stroma. Following the 
developer’s instructions, we utilized cell and membrane 
detection.  

To calibrate the classifier, both researchers independently 
compared the mean DAB Optical Density (OD) values for 
different slides from all countries. Subsequently, the 
researchers jointly determined the thresholds to be used for all 
slides. The classifier was saved based on the thresholds and the 
script generated.   

For cohorts with the whole sample FPPE slides, one 
researcher (Brazil: P.C. and Finland: M.S.) selected five 
representative areas of the invasive front to be analyzed. For 
the TMAs, the whole area was taken for analysis. The 
automated software then generated the staining results in the 
form of an H-score, and these were extracted for survival 
analysis.  
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4.4 SEARCH STRATEGY AND DATA 
EXTRACTION FOR SYSTEMATIC 
REVIEW (STUDY II)  

The Preferred Reporting Items for Systematic Review and 
Meta-analysis (PRISMA) were applied in Study II (Moher et al. 
2009). We combined a search strategy with the following 
terms: (“immune checkpoint” OR “CTLA-4” OR “IDO-1” OR 
“PD-1” OR “PD-L1” OR “B7-H4” OR “VISTA” OR “VTCN-1” OR 
“A2AR” OR “B7-H3” OR “KIR” OR “LAG-3”) AND (“oral 
cancer” OR “oral squamous cell carcinoma” OR “mouth 
neoplasms”). The search terms were entered into the Cochrane 
Library, Ovid Medline, and Scopus (1.1.1985-31.12.2017) with 
no language restrictions.  We used both the full name and 
abbreviated form of each immune checkpoint. In addition, for 
Ovid Medline, we used exploded mesh words for each immune 
checkpoint combined with the different oral cavity sites. In the 
advanced search, we included the following search fields: title, 
abstract, subject heading, and keywords. Only the most recent 
publication was included in several publications on the same 
patient cohort.  

For publications to be included in this systematic review, 
they needed to pass the exclusion and inclusion criteria listed 
in Table 9. Two independent researchers (MS and RA) 
screened the retrieved hits, discarded duplicates, and verified 
that the included studies met the criteria. In addition, a recent 
review article on PD-L1 expression in OSCC was screened for 
studies possibly missed in the systematic search (De 
Meulenaere et al. 2017).  

For the studies meeting the inclusion and exclusion criteria, 
we extracted the following information: (1) elementary article 
information (publication year, first author, study period, and 
follow-up duration), (2) patient and tumor information 
(number of patients included in the analysis, age, gender, 
tumor size, disease stage, antibody information, method of 
samples preservation and total patient number), (3) 
measurement of outcome (survival data, hazard ratios [HR], 
95% confidence intervals [CI], p-values, Kaplan-Meier curves, 
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number of events, metastasis and recurrence) and (4) other 
relevant variables (positive cut-off point and methods of 
quantitative immune checkpoint measurement). To analyze 
the quality of the included studies, we used adapted REMARK 
guidelines as described previously (Almangush et al. 2017).   

 
Table 9. Criteria for inclusion and exclusion of Study II systematic review. 

Inclusion  Exclusion  

+ Histological human 
tissue sample 

- The retrieved record was: 
 Book reference 
 Case Reports 
 Commentary 
 Errata 
 Letter 
 Review 

+ Patients with confirmed 
diagnosis of OSCC  

+ Samples were analyzed 
immunohistologically for 

relevant immune 
checkpoint expression 

- Insufficient information of the 
correlation between survival 

outcomes and clinical features 

+ The study reported the 
association between 
immune checkpoint 
expression and the 
survival outcomes 

- Original language not English 

 

4.5 CELL CULTURE & MICROFLUIDIC CHIP 
(STUDY IV) 

OTSCC cell culture 
An HPV negative oral tongue squamous cell carcinoma cell line 
(HSC-3) was cultured with Dulbecco’s modified Eagle’s 
medium (DMEM)/F-12 (Gibco Paisley, UK) supplemented 
with 10% heat-inactivated fetal bovine serum (FBS, Gibco 
Paisley), 100 U/ml penicillin (Gibco Paisley), 100 μg/ml 
streptomycin (Gibco Paisley), 5 μg/ml amphotericin b (Sigma-
Aldrich, USA) and 50 μg/ml ascorbic acid (PanReac 
AppliChem, Darmstadt, Germany) in 75m2 flasks.  
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At 80% confluence, the cells were detached and divided 
with trypsin/EDTA 10% (#15400-054, Gibco Paisley, UK). All 
experiments were done within passages 17-30, and the cell line 
was authenticated by FIMM Technology Center 09/2020 
before usage. The cells were tested negative for mycoplasma 
with a PromoKine PCR Mycoplasma Test Kit I/C (#PK-CA91-
1048, PromoCell, Germany). 

 
Lymphocyte isolation (CD4+ T cells, NK and CD8+ T cells)   
The Finnish Red Cross provided us with 6 buffy coats from 
health donors (median age 53 years, Table 10). The ethical 
committee of the Finnish Red Cross approved the sample 
collection (permission number 42/2020). The buffy coats were 
diluted with sterile phosphate-buffered saline (PBS) without 
calcium and magnesium (#21-040-CVR, Corning, USA). We 
then isolated the peripheral blood mononuclear cells (PMNCs) 
with a density gradient technique, Ficoll-Paque™ Premium (lot 
10301780; Sigma-Aldrich) by centrifugation at 800RPM, 
acceleration 1, and deceleration 0 for 30 minutes. The 
leukocyte ring then was collected in a fresh falcon tube and 
washed twice with sterile PBS.   

We utilized a MACS system (Miltenyi, Biotec, Germany) for 
negative isolation of CD4+ T cells (CD4+ T Cell Isolation Kit 
human, lot 5200807352, Miltneyi), natural killer (NK) cells 
(NK Cell Isolation Kit human, lot 5160331815, Miltneyi), and 
CD8+ T cells (CD8+ T cell Isolation Kit human, lot 
5160408165, Miltneyi) according to the manufacturer's 
protocol. The purity of the isolated lymphocytes was confirmed 
with a panel of fluorescent antibodies and flow cytometry. The 
panel included antibodies for CD3-APC, CD56 PE-Cy7, CD4 
PE, CD8 PE, and CD14 (BD Biosciences, USA). Subsets for 
CD4+ T-cells were identified as CD3+CD56-CD4+CD8-, NK 
cells as CD3-CD56+CD8-CD4-, and CD8+ T-cells as 
CD3+CD56-CD4-CD8+. The cells were calculated with FACS-
Verse (BD Biosciences) and analyzed using the BD FacSuiteTM 
software. Purities above >90% were accepted.  
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Table 10. Clinical parameters for the six buffy coat donors in project IV. 

Clinical data 
Buffy coat donors 

(%) 
ntot=6 

Age, years   

≤ 50 3 (50) 
> 50 3 (50) 

Mean 51 
Median 53 

Sex  
Female  3 (50) 

Male  3 (50) 
Cells extracted  

 CD4+ T-cells Donor 1,3,4,6 
CD8+ T-cells 

Natural Killer cells 
Donor 1,2,3,6 
Donor 4,5,6 

  
 
Drug viability assay  
To optimize our drug dosage for the OTSCC cell line, we seeded 
a 96-well plate with HSC-3 cells at a density of 1000 cells/well 
in 100 μL of complete medium and incubated the plate 
overnight. The following day, four different concentrations of 
epacadostat (lot HY-15689, FIMM - Institute for Molecular 
Medicine, Finland/MedChem Express, USA): (1) 1.3, (2) 0.13, 
(3) 0.013 and (4) 0.0013 μM, and nivolumab (Opdivo®, lot 
AAZ6192, Selleck Chemicals, USA): (1) 0.5, (2) 0.05, (3) 0.005 
and (4) 0.0005 μM, were added to the media. The plate was 
incubated until the fifth day, then placed at room temperature 
for 15 minutes, after which 100 μL of CellTiter-Glo was 
dispensed into each well. The plate was then shaken at 450 
RPM for 5 minutes and rotated at 1000 RPM for 5 minutes. Cell 
viability was measured with BMG Pherastar FS (BMG Labtech, 
Germany). 

The different concentrations of epacadostat and nivolumab 
did not affect HSC-3 cell viability (p-value>0.05, data not 
shown).  Based on the literature, we decided to use 1.3 μM and 
0.5 μM concentrations of epacadostat and nivolumab, 
respectively, to equal the concentration of the drugs in the 
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blood circulation with a standard clinical dose (Ilijima et al. 
2019, Mitchell et al. 2018).  
 
Myogel 
Study IV utilizes Myogel, lab-made at Oulu University 
developed by Professor Salo et al. (2015). Myogel is a 3D 
organotypic matrix for in vitro experiments mimicking the 
TME. It is made from human uterus leiomyoma tissues 
obtained frozen with liquid nitrogen from histopathological 
analysis with patient consent from Oulu University. The 
myomas are ground into a powder with a CryoMill (Retsch, 
Germany) and suspended in 20 mL of cold 3.4 M, pH 7.4 NaCl 
buffer. The mixture is then centrifuged, and the pellet 
homogenized in another 20mL of the NaCl buffer using a T18 
Ultra-Turrax (IKA®-Werke GmbH & Co. KG, Germany). The 
Myogel is then stored in 1 mL 
aliquots at -20 ºC for later use. 
 
Microfluidic chip 
Our previously published 
protocol (Al-Samadi et al. 
2019) was utilized for the 
Probiont™ microfluidic assays 
(Figure 13A). Per the 
manufacturer's instructions, 
we counted one million HSC-3 
cells using Cell Scepter 
(Millipore, Germany) and 
stained them with CellTrace™ 
Far Red (#C34563; 
Invitrogen, Thermo Fisher, 
USA). The cells were 
suspended in Myogel/fibrin 
gel with the following 
concentrations: 2.4 mg/ml 
Myogel (lab-made, lot 12129), 
0.5 mg/ml fibrinogen (lot 

Figure 13. Schematic of the microfluidic 
chip. One slide contains three microfluidic
chips (A) into which cancer cells were 
injected into the smaller channels (B) and 
lymphocytes into the larger channels (C).
The slides were imaged daily under a 
fluorescence microscope to obtain a 
multichannel image, which was then cropped
for analysis to contain only the cancer cell 
channel (D  purple rectangle). Scale bar 50
μm. 
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3166065; Merck, Darmstadt, Germany), 0.3 U/ml thrombin 
(#T6884-100UN; Sigma-Aldrich) and 33.3 μg/ml aprotinin 
(#A629-10ML; Sigma-Aldrich) diluted in DMEM/F12 media 
with 10% of FBS. We added 0.3μL of IncuCyte Caspase-3/7 
Green (#4440, Essen BioScience, USA) to work as the 
apoptotic marker. The suspended cells were divided into four 
different groups: (1) 1.3 μM epacadostat with HSC-3 cells and 
lymphocytes, (2) 0.5 μM nivolumab with the HSC-3 cells and 
lymphocytes, (3) control with lymphocytes without drug and 
(4) control without lymphocytes and drug. Approximately 
1000 cells in gel, 2 μL of each cell suspension were loaded into 
separate small channels (Figure 13B). 

According to the manufacturer's instructions, one million 
viable lymphocytes (either CD4+ T, NK, or CD8+ T cells) were 
stained with CellTrace™ Violet (#C34571, Invitrogen). Cell 
viability and number were measured with trypan blue solution 
utilizing CellCountess (Invitrogen). In combination chips of 
CD8+ T-cells and CD4+ T-cells, one million viable CD4+ T-
cells and CD8+ T-cells were stained with CellTrace Violet and 
CellTracker Orange (#C2927; Invitrogen), respectively, 
according to the manufacturer's instructions.  

The cells were then suspended in DMEM/F12 media 
supplied with 10% FBS, 0.5 μL Caspase-3/7 green and, 10 
ng/ml Recombinant Human IL-2 (#589102; BioLegend, 
Sweden) for their activation (Al-Samadi et al. 2017). The 
lymphocytes were divided into three different groups: (1) 
lymphocytes with 1.3 μM epacadostat; (2) lymphocytes with 0.5 
μM nivolumab and (3) control without the drug. 50 μL of cell 
suspension (containing approximately 100 000 viable 
lymphocytes) was added to the larger channel of the chip 
(Figure 13C). 100 μL of DMEM/F12 media supplemented 
with 10% FBS and 0.2μL Caspase-3/7 green was injected into 
the controls without the lymphocytes. 
 
Immunofluorescence (IV) 

The chips were imaged from day one to three under a 
fluorescence microscope, Nikon Ti-E with Alveole Primo 
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(Nikon, USA), connected to a Hamamatsu Orca Flash 4.0 LT 
B&W camera (Hamamatsu, Japan) and Lumencor Sola SE II 
365 (Lumencor, USA). We acquired images using transmitted 
light and fluorescent filters: DAPI (Semrock 5060C, excitation 
377/50, emission 447/60), GFP (Semrock 3035D-NTE, 
excitation 472/30, emission 520/35), TxRed (Semrock 4040C, 
excitation 531/40, emission 593/40) and Cy5 (excitation 
640/20, emission 700/75). The NIS-Elements Advanced 
Research -program was automated to image at 20x 
magnification with 1x10 pictures to form a complete 
representation of the channel producing a multi-channel 
composite image. On the third day of the experiment, the 
supernatants were extracted for further analysis and stored at 
-80C.  

 
Evaluation of Positive Immunofluorescence Staining (IV) 
A semi-automated algorithm was developed to analyze the 
number of immune, cancer, and apoptotic cancer cells using 
Image J (NIH, National Institutes of Health, USA). First, the 
multichannel images obtained from the microscope were 
cropped to contain just the cancer cell channel (Figure 13D). 
The algorithm then used Image-J’s built-in function to separate 
cancer and immune cells from the background based on 
intensity and morphology (Figure 14). All detected cancer 
cells were analyzed for a positive green intensity to identify 
apoptotic cancer cells. 
In the four-dye system of co-culturing CD4+ and CD8+ T cells, 
the number of cancer cells, apoptotic cancer cells, and CD4+ T 
cells were calculated as in the three-dye system. CD8+ T cells-
stained orange were calculated separately. First, the CD8+ T 
cell channel-stained orange and the cancer cell channel-stained 
red were separated from the rest of the color channels. Then 
the orange staining of the CD8+ T cells was changed to blue to 
visualize the staining better as the cancer cells stained red 
overlapped the orange channel. The positive count of the CD8+ 
T cells was done through the same parameters as CD4+ T cells, 
but the number of overlapping cancer cells and CD8+ T cells 
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was excluded from the count. For result visualization of the 
four-dye system, the cancer cell channel was changed to 
greyscale from red and CD8+ T cells to magenta while CD4+ T 
cells and apoptotic cancer cells remained blue and green, 
respectively. The regions of interest (ROIs) were saved 
automatically and examined manually for any artifacts. 
 

Figure 14. Schematic of the three-dye system automated analysis. The figure obtained from the 
microscope is a multichannel image, where cancer cells are shown in red, lymphocytes in blue 
and apoptotic cells in green or yellow if overlaying cancer cells. Using the in-built features of 
ImageJ, our algorithm then separates the different channels for analysis and starts by counting 
the positive cells for the red channel (A) based on a minimum threshold, size and shape. The 
red channel is then overlayed with the green channel and apoptotic cancer cells are counted as 
red intensities overlaying with a green intensity based on a minimum threshold. The blue 
channel (C) positive count is based on minimum threshold, size and shape. Scale bar A-C 300 
μm. 



Material and Methods 

74 

4.6 CYTOKINE PROFILING 

The conditioned media from the microfluidic chip was 
collected on the last day of the experiment, centrifuged at 1000 
RPM for 10 minutes, diluted 1:1 with cell culture media, and 
frozen. The samples were sent in dry ice to Abcam FirePlex 
Service (Boston, USA) and analyzed with FirePlex®-96 Key 
Cytokines (Human) Immunoassay Panel (Abcam, Cambridge, 
UK), which detects the following 17 cytokines: granulocyte-
macrophage colony-stimulating factor (GM-CSF), interleukin-
(IL-)1β, -2, -4, -5, -6, -8, -9, -10, -12p70, -13 and 17-A, IFN-γ, 
monocyte chemoattractant protein-1 (MCP-1), macrophage 
inflammatory protein one alpha (MIP-1α), macrophage 
inflammatory protein one beta (MIP-1β), and tumor necrosis 
factor-alpha (TNF-α). Each sample was analyzed in duplicate. 

4.7 STATISTICAL ANALYSIS (I-IV) 

In all studies, P-values <0.05 were regarded as significant and 
are presented as follows: * <0.05, ** < 0.01, *** <0.001, and 
****<0.0001. 
 
Interrater reliability  
The agreement between evaluators was checked by the kappa 
coefficient test. The κ coefficient was based on the Landis and 
Koch 1977 interpretation: poor agreement: less than 0.20, fair 
agreement: 0.20-0.40, moderate agreement: 0.40-0.60, 
substantial agreement: 0.60-0.79, and almost perfect 
agreement: 0.80-1.00; McHugh 2012).  

Study I achieved moderate agreement on the dysplasia 
grade (κ =0.45). Oral dysplasia grading has been reported to be 
poorly reproducible between observers (El-Naggar et al. 2017).  

In Study III, almost perfect agreement was achieved on B7-
H3 staining intensity and area for Norwegian (κ = 0.84, 95% 
confidence interval 0.81-0.89) and Brazilian cases (κ = 0.83, 
95% confidence interval 0.70-0.97). Finnish cases had 
moderate agreement (κ = 0.57, 95% confidence interval 0.51-
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0.59). Moderate agreement was achieved for TILs scoring 
between the evaluators (κ = 0.55, 95% confidence 0.51-0.59).  

 
Data analysis 
For studies I, III and IV, we used SPSS (IBM SPSS Statistics for 
Windows, version 21.0; Armonk NY, IBM Corporation) for data 
analysis.   

In Study I, for patients with multiple samples, only the 
initial one was included in the statistics. We utilized the 
nonparametric statistical methods due to the small range and 
categorical nature of the study groups. Mann-Whitney U test 
and Wilcoxon rank-sum test were used to compare the study 
groups. Spearman’s rank correlation was computed to observe 
the strength and direction of the association among the 
variables. We utilized chi-square association tests due to the 
small number of observations to further categorize the 
variables.  

In Study II, some studies only reported Kaplan-Meier 
curves without HR estimates. We extrapolated Kaplan-Meier 
curves for these missing HR values with Engauge Digitizer 
version 10.6 software. The HR, its standard errors, and 95% CI 
were calculated by following the approach presented by 
Tierney et al. 2007. These estimates are presented in italic font 
style.  

In Study III, patient survival analysis was conducted using 
the Kaplan-Meier method and survival curve comparison 
through the log-rank test. We performed univariate and 
multivariate survival analysis with Cox’s proportional hazard 
models for overall survival (OS) and disease-specific survival 
(DSS) on an average of 40 months of follow-up. In the 
multivariate analysis, HR ratios were adjusted for sex, age, 
stage, grade, and lymph node metastasis. 

In Study IV, OneWay ANOVA was utilized to compare the 
statistical difference between the microfluidic chip 
experiments' different parameters. All experiments were done 
in duplicated and repeated three times. The proliferation rate 
of the cancer cells was calculated by dividing the number of 
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cancer cells on days 2 and 3 by the number on day 1. Flow 
cytometer output for cytokine release was analyzed using 
FirePlex™ Analysis Workbench software. The cytokine 
concentration from samples was interpolated from the 
standard curve obtained in duplicates. Due to donor variation, 
we log-normalized and processed the data as fold changes. The 
One-Sample t-test was utilized for comparing cytokine results. 
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5 RESULTS 

5.1 IMMUNE CHECKPOINT (IDO1 AND PD-
L1) EXPRESSION IN HEALTHY AND 
DYSPLASTIC ORAL TISSUE (STUDY I) 

Positive IDO1 expression was mainly cytoplasmic. In the 
dysplastic oral epithelium, IDO1 was either negative or weakly 
positive (Figure 15A). On the other hand, in healthy controls, 
IDO1 expression was moderate to strong in all oral epithelial 
layers except the basal layer (Figure 15B). The difference 
between the IDO1 positive expression in dysplastic and healthy 
tissues was significant (p<0.0001, Figure 15C).  

Figure 15. Figure 15. IDO1 expression is downregulated in the dysplastic epithelium 
compared to the epithelium of healthy samples. *** P-value <0.0001. The scale bar is 100 
μm. 
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Furthermore, 14 of our samples had non-dysplastic and 
dysplastic areas within the same sample (Figure 16A). Even 
in the same sample, IDO1 expression in the epithelium of the 
dysplasia-free areas was significantly higher than that of the 
dysplastic epithelium (p=0.004, Figure 16B). Interestingly, 
in the lamina propria, IDO1 was similarly expressed in oral 
dysplastic and healthy samples (p>0.05, data not shown).  

PD-L1 expression was negative in the epithelium of 
dysplastic samples and healthy controls. However, in the 
lamina propria, inflammatory cells were positive for PD-L1 in 
dysplastic samples (Figure 17A&B). In healthy controls, PD-

Figure 16. IDO1 expression is downregulated even within the same sample in dysplastic 
epithelial areas compared to the non-dysplastic areas (A). ** P-value =0.004.  Scale bar is 
100 μm. 
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L1 expression was primarily negative and only a few cases 
showed slight positivity in the lamina propria (Figure 17C). 

 
Table 11. Associations of dysplastic grade, epithelial and lamina propria IDO1 expression, 
inflammatory cell infiltration, and PD-L1 expression. Significant results are bolded and 
highlighted with green. 

Associations 

(correlation 

coefficient, 

p-value) 

Dysplastic 

Grade  

Epithelial 

IDO1 

expression 

Inflammatory 

cell infiltration 

Lamina 

propria 

IDO1 

expression 

Dysplastic 

Grade  

 -0.3, 

0.05 

0.4, 

0.003 

0.3, 

0.01 

Epithelial IDO1 

expression 

-0.3, 

0.05 

 -0.2,  

0.2 

0.05, 

0.8 

Inflammatory 

cell infiltration 

0.4, 

0.003 

-0.2,  

0.2 

 0.06, 

0.6 

Lamina propria 

IDO1 

expression 

0.3, 

0.01 

0.05, 

0.8 

0.06, 

0.6 

 

PD-L1 

expression 

0.4,  

0.005 

-0.2, 

0.3 

0.6, 

< 0.0001 

0.1, 

0.5 

 

Figure 17. PD-L1 IHC expression in (A&B)
dysplastic lamina propria and (C) in healthy
control. Scale bar is 100 μm. 
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Dysplasia grade was positively associated with 
inflammatory cell infiltration, PD-L1 positive cell count, and 
lamina propria IDO1 positive expression (Table 11). In 
addition, PD-L1 positive cell count and inflammatory cell 
infiltration were positively associated. Interestingly, epithelial 
IDO1 positive expression was negatively associated with the 
dysplastic grade (Table 11).  

 
Table 12. Associations of clinical features with epithelial IDO1 expression, inflammatory 
cell infiltrate, dysplastic grade, lamina propria IDO1 expression and PD-L1 expression.  

Associations  

(correlation 

coefficient, 

p-value) 

Age 

(≤50) 
Smoking  

Field 

cancerization 

Lichen 

planus Gender 

( ) 

Site 

(Tongue) 

Epithelial 

IDO1 

expression 

-0.07, 

0.09 

0.1, 

0.6 

-0.06, 

0.8 

0.08, 

0.7 

0, 

0.3 

0, 

0.9 

Inflammatory 

cell 

infiltration 

-0.06, 

0.9 

-0.1, 

0.4 

0.09, 

0.6 

0.4, 

0.03 

0.1, 

0.2 

-0.06, 

0.2 

Dysplastic 

Grade 

-0.07, 

0.4 

-0.1, 

0.2 

-0.08, 

0.7 

0.4, 

0.03 

-0.4, 

0.01 

0.09, 

0.7 

Lamina 

propria IDO1 

expression 

-0.1, 

0.6 

0.2, 

0.3 

-0.1, 

0.4 

0.07, 

0.5 

-0.2, 

0.1 

-0.06, 

0.3 

PD-L1 

expression 

-, 

0.5 

-, 

0.06 

-, 

0.9 

-, 

0.05 

-, 

0.6 

-, 

0.1 

 
Patients with dysplasia were categorized according to their 

gender, age (≤50 years or <50), presence of lichenoid features, 
and presence of previous cancer (Table 12). From the immune 
checkpoints studied, only PD-L1 was slightly associated with 
the presence of lichenoid features. However, the presence of 
lichenoid features was associated positively with the dysplastic 
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grade and inflammatory cell infiltration. The dysplastic grade 
was higher in male patients.   

Eight of the patients had more than one biopsy taken and were 
followed from 3 to 36 months. The immune checkpoints expression, 
dysplasia grade, and inflammatory cell infiltration fluctuated over 
time (data not shown). No stable progression was detected in any of 
the studied criteria.   

5.2 PROGNOSTIC VALUES OF IMMUNE 
CHECKPOINTS IN OSCC (STUDY II, III) 

 
 
Figure 18. PRISMA flow chart of systematic database search showing studies included and 
excluded.  
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Systematic search (Study II) 
In our systematic search, we retrieved a total of 284 studies 
from three different electronic databases: Ovid Medline 159 
studies, Scopus 119 studies, and Cochrane libraries 6 studies 
from 1985 to 2017 (Figure 18). After the application of 
exclusion and inclusion criteria, 25 studies were left. Only four 
immune checkpoints (B7-H3, IDO1, PD-1, and PD-L1) had 
been studied more than once. In eight of the studies, the 
immune checkpoint had been studied only once.   

Out of the 12 molecules retrieved in our search, seven 
(ALHD1, FKBP51, B7-H3, B7-H4, B7-H6, IDO1, and PD-L1) 
were associated with poorer OSCC patient survival at least in 
one study. The other five molecules retrieved (CTLA-4, PD-1, 
PD-L2, TLT-2, and VISTA) did not have significant prognostic 
value. PD-L1 had controversial results. 
 
Table 13. Summary of studies (1.1.1985-31.12.2017) evaluating the positive expression and 
prognostic value of IDO1 in OSCC.  

Study T 
Cut-off 
value 

Case
s in 
IHC 

IDO1
+ 

cases 

Surviva
l 

analysi
s 

Result 
interpretatio

n 

REMAR
K 

Kuales 
et al. 
2011 

T1
-

T2 

Not 
reporte

d 
47 26% 

IDO1+: 
12 alive, 

0 † 
IDO1-: 

34 alive, 
1 † 

No analytic 
data to 

interpret. 

Checklist 
no 3-6 not 

fulfilled 

Laimer 
et al. 
2011 

T1
-

T4 
10% 88 56% 

OS: 
RR 1.7 

(95% CI 
1.27-
3.23), 

p =0.03 

Prognostic 
evidence 

Checklist 
no 1 not 
fulfilled 

Seppäl
ä et al. 
2016 

T1
-

T4 
1% 58 35% 

OS & 
DSS: 

p>0.05 

No effect on 
survival 

Checklist 
no 5,6 not 

fulfilled 

Notes: T=tumor size; IHC=immunohistochemistry; OS=overall survival, DSS=disease-
specific survival; RR=relative risk; CI=confidence interval; ber.  

Bold font style represents adjusted survival values, while normal is unadjusted. Italic font 
style was used to separate calculated HRs and CIS. For better and worse prognosis, 
significant survival values are shown in green and red, respectively.  
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Table 14. Summary of studies (1.1.1985-31.12.2017) evaluating the positive expression and 
prognostic value of PD-L1 in OSCC.  

Study S/T Cut-
off 

value 

Cases 
in IHC 

PD-L1+ 
cases 

Survival 
analysis: 

HR, 
(95%CI), 
p-value 

Result 
interpretation 

REMARK 

Ahn et al. 
2017 

I-IV 10% 68 66% DFS: 0.3, 
(0.06-1.1), 

p=0.07 
OS: 0.3, 

(0.1-0.9), 
p=0.04 

PD-L1+ 

expression was 
associated with 

better OS  

Fulfilled all 
items 

Chen et al. 
2015a 

III-IV >5% 218 64% DFS: 27,4%a, 
p=0.02 

OS: 27.6%, 
p=0.11 

PD-L1+ 
expression was 
associated with 
worse DFS and 

OS 

Checklist 
no 3, 5 not 

fulfilled 

Cho et al. 
2011 

I-IV >0% 45 87% CS: 0.6,  
(0.3-1.4), 

p=0.3, p=0.5 

No prognostic 
evidence. 

Checklist 
no 1,5 not 
fulfilled 

Hanna et 
al. 2018b 

T1-T4 10%  32 87% OS: 0.6, 
(0.5-0.7), 
p<0.001 

PD-L1+ 

membranous 
expression was 
associated with 

better OS 

Checklist 
no 5 not 
fulfilled 

Kogashiwa 
et al. 2017 

III-IV 5% 84 52% PFS: 0.5, 
(0.2-0.9), 

p=0.03 
OS: 0.3, 

(0.1– 0.7), 
p=0.008 

PD-L1+ 

expression was 
associated with 
better DFS and 
OS 

Fulfilled all 
items 

Lin et al. 
2015 

I-IV - 305 44% OS: 1.3  
(1.0-1.8), 
p=0.06 

No prognostic 
evidence. PD-
L1+ expression 
was associated 

with distant 
metastasis 

Checklist 
no 3 not 
fulfilled 

Mattox et 
al. 2017 

I-II >1% 53 73% OS: PD-L1+ 
64 months 

vs. PD-L1- 81 
months, 
p=0.8 

No prognostic 
evidence. 

Checklist 
no 1,5 not 
fulfilled 

Oliveira-
Costa et al. 

2015 

T1-T4 5% 96 56% DSS: 0.4 
(0.2-1.0), 

p=0.04 

PD-L1+ 

cytoplasmic 
expression was 
associated with 

better OS 

Fulfilled all 
items 

Satgunase
elan et al. 

2016 

I-IV >5% 217 18% DSS: 1.2, 
(0.7-1.9),  

p=0.6, 
p=0.6 

No prognostic 
evidence. 

Checklist 
no 5 not 
fulfilled 

Stasikows
ka-

Kanicka et 
al. 2018 

G1-G3 - 78 79% - PD-L1+ 

expression was 
associated with 
poor prognosis 

(p<0.01) 

Checklist 
no 5 not 
fulfilled 

Takakura 
et al. 2017 

I-IV >0% 18 78% - - Checklist 
no 4-6 not 

fulfilled 
Troeltzsch 
et al. 2017 

T1-T4 5% 88 30% DSS: p=0.9 No prognostic 
evidence. 

Checklist 
no 5,6 not 

fulfilled 

Notes: S=stage; T=tumor size; IHC=immunohistochemistry; HR=hazard ratio; 
CI=confidence interval; no=number; OS=overall survival, DFS=disease free survival; 
PFS=progression-free survival; DSS=disease-specific survival.  
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Bold font style represents adjusted survival values, while normal is unadjusted. Italic font 
style was used to separate calculated HRs and CIS. For better and worse prognosis, 
significant survival values are shown in green and red, respectively.  
aThe study reported only Kaplan-Meier rates in percentage. 
bThe study reported survival data only for female subjects which values are represented in 
the table.  

In our systematic search, the prognostic value of IDO1 
expression was studied in three articles (Table 13; Kuales et 
al. 2011, Laimer et al. 2011 and Seppälä et al. 2016). IDO1 
expression was studied through IHC staining and was 
expressed positively in 26-56% of patient samples with a cut-
off value of 1-10%.  

 Kuales et al. (2011) did not present a statistical analysis of 
their data, only clinical data, from which IDO1 positive 
expression did not affect survival. Laimer et al. (2011) found 
weak evidence for IDO1 as a prognostic marker, providing an 
adjusted relative risk ratio of 1.7 (95% CI 1.267–3.230) with a 
p-value of 0.030. Approximately 56% of the OSCC cases in this 
study were positive, and the cut-off value was determined at 
10%. On the other hand, a research team led by Seppälä et al. 
(2016) could not validate the previous results. Approximately 
35% of the patients were positive for IDO1 with a cut-off value 
of 1% in this study.  

Four articles investigated PD-1 expression in OSCC, with 
two studies providing survival data (Ahn et al. 2017, Mattox et 
al. 2017, Straub et al. 2016, Troeltzsch et al. 2017). PD-1 
positivity was calculated based on the stained TILS, ranging 
from 3-100% of the samples with varying cut-off points. Both 
studies that provided prognostic data (Ahn et al. 2017, Straub 
et al. 2016) reported an association between patient survival 
and positive PD-1 expression, statistically insignificant. The 
studies concluded that PD-1 is not valid for prognostication.  

13 articles studied the expression and prognostic value of 
PD-L1 in OSCC (Table 14). PD-L1 positive expression ranged 
from 18 to 87%, with varying cut-off points from >0 – 10%. In 
terms of prognostic value, PD-L1 had controversial results. 
Four studies (31%) showed that high PD-L1 expression was 
associated with better patient survival, and two studies (15%) 
reported the opposing results. Five studies (38%) showed 
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insignificant data for PD-L1 as a prognostic marker, and the 
two (15%) remaining studies did not provide survival data.  

Six studies (Ahn et al.2017, Cho et al. 2011, Kogashiwa et al. 
2017, Lin et al. 2015, Straub et al. 2016, Hanna et al. 2017) were 
eligible for meta-analysis of PD-L1. The analysis was performed 
twice (Figure 19A&B) to minimize the bias since authors 
Hanna et al. (2017) reported only survival data for female 
patients.  In the first analysis (Figure 19A), the pooled data 
for PD-L1 showed that higher expression of PD-L1 is associated 
with better survival, and the fixed-effect analysis reported a HR 
of 0.74 (95%CI 0.61-0.88). The studies of PD-L1 were 
heterogeneous (I2 = 79%), and a random-effect analysis 
accounting for this heterogeneity did not report sufficient 
evidence for PD-L1 (Figure 19A) as a prognostic marker (HR 
0.66, 95%CI 0.40-1.11). In the second analysis that considered 

Figure 19. Forest plots with pooled hazard ratios of PD-L1 positive expression studies (A) 
with biased Hanna et al. 2017 study included and (B) without biased study.  
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only full-patient cohort survival (Figure 19B), PD-L1 did not 
show prognostic relevance. 

Based on the Study II systematic review, B7-H3 was studied 
in three articles, two providing survival data (Table 15; Chen 
et al. 2015b, Zhang et al. 2015, Mao et al. 2017b). B7-H3 IHC 
staining is overexpressed in OSCC compared to healthy oral 
mucosa and oral dysplastic tissue (Zhang et al. 2015, Mao et al. 
2017b). The studies reported B7-H3 to be overexpressed in 50-
67% of the studied tumor samples (Chao et al. 2017, Mao et al. 
2017b).  
 
Table 15. Summary of studies (1.1.1985-31.12.2017) evaluating the positive expression and 
prognostic value of B7-H3 in OSCC. 
 

Notes: T=tumor size; IHC=immunohistochemistry; HR=hazard ratio; CI=confidence 
interval; OS=overall survival, DSS=disease-specific survival; no=number. Italics indicated 
HR estimates from Kaplan Meier curves. All survival analyses were unadjusted. 

Bold font style represents adjusted survival values, while normal is unadjusted. Italic font 
style was used to separate calculated HRs and CIS. For better and worse prognosis, 
significant survival values are shown in green and red, respectively.  

Study T Cut-off 

value 

Cases 

in 

IHC 

B7-H3 

positive 

cases 

Survival 

analysis: 

HR, 

(95%CI), 

p-value 

Result 

interpretation 

REMARK 

Chen 

et al. 

2015b 

T1-

T4 

Labeling 

score 

≥55% 

72 48  

(67%) 

OS: 3.9,  

(1.1-13.3), 

p=0.03, 

p=0.005 

High B7-H3 

expression was 

associated with 

poor survival 

Checklist 

no 5,6 not 

fulfilled 

Mao 

et al. 

2017b 

T1-

T4 

- 165 83 

(50%) 

OS:  1.5,  

(0.9-2.4), 

p=0.1, 

p=0.039 

High B7-H3 

expression was 

associated with 

poor OS 

Checklist 

no 1-3, 5,6 

not 

fulfilled 

Zhang 

et al. 

2015 

T1-

T4 

- 76 - - High B7-H3 

expression was 

associated with 

OSCC but not 

with normal 

mucosa 

Checklist 

no 4-6 not 

fulfilled 
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In the systematic review, B7-H3 prognostic value was 
studied in three articles with two providing survival data. The 
two studies reported B7-H3 as an adverse prognostic factor for 
overall survival. The three studies were eligible for meta-
analysis, which revealed weak evidence that high expression of 
B7-H3 associated with adverse prognosis (fixed-effect HR 1.69, 
95% CI 1.08-2.65; random effect HR 2.01, 95% CI 0.85-4.75; 
Figure 20). 

 
 
 
 
 
 
 
 

Validation of the B7-H3 prognostic value in OTSCC (Study III) 
In Study III, B7-H3 expression was mainly membranous in the 
OTSCC samples (Figure 21A), matching our positive control 
of the prostate tissue (Figure 21B) and the representative 
images of previous studies (Chen et al. 2015b, Mao et al. 
2017b). However, some samples exhibited staining also in the 
cytoplasm (Figure 21C). The staining was mainly focused on 
the peripheries of the tumor islands (Figure 21D). However, 
in some heavily stained samples, staining was positive for the 
whole tumor island (Figure 21E). Weak or negative staining 
was observed in the lamina propria (not shown).    

323 OTSCC patients were followed up to 252 months 
(median 40 months), with 147 patients alive at the end of their 
follow-up period. 176 patients died during this time, with 120 
patients succumbing to OTSCC. Unlike our systematic review 
results, we did not observe a significant association between 
high B7-H3 expression and the OS or DSS of the whole 
OTSCC cohort (Table 16). We separately analyzed each 
country to determine if differences in laboratories or 

Figure 20. Forest plots with pooled hazard ratios of B7-H3 positive expression.  
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populations would affect the results. All national subgroups 
showed similar results to the pooled data, which indicates that 
B7-H3 expression is not significantly associated with OTSCC 
mortality. Furthermore, we tried using optimal cut-off points 
for the positive expression, but no significance was found in 
any subgroup (Table 16). 

As previously described in the literature, tumors responding 
ICIs tend to have a higher level of immune infiltrate, 
categorizing them as immune hot tumors (Vareki et al. 2018). 
Based on Heikkinen et al. (2019), we decided to divide the 
samples into immune hot and cold groups (high or low of TILs, 
respectively) to investigate if it would affect the results. Only 
191 (59%) cases from Finland and Brazil were eligible for this 
subanalysis as the TMA Norwegian samples did not have 
enough stroma to score their TILs.   

Of the total cases eligible, 116 (61%) cases were immune hot 
(TILs in tumor invasive front >20%), while a minority of 85 
(39%) cases were cold (TILS<20%). In univariate analysis, the 
immune status in the Finnish subcohort (n=147) significantly 
affected the OS (HR 0.51, 0.32-0.81, p-value=0.003; Table 17) 
with DSS results not reaching significance. A high TIL count 
indicated better patient survival. In the Brazilian subcohort 
(n=44), the immune status of the tumor did not affect survival 
(Table 17).  
  

Figure 21. In our OTSCC samples, B7-
H3 positive staining was mainly 
membranous (A - arrow) similar to our 
positive control from prostate cancer (B). 
Some samples also had cytoplasmic 
staining (C). In most cases, the 
peripheries of the tumor islands were 
only stained (D) but there were also 
whole tumor islands stained (E).  
Scale bar (A-C) 50 μm; (D), (E) 250 μm. 
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Table 16. Univariate survival analysis for B7-H3 overexpression effect on disease-specific 
and overall survival in the whole patient cohort and each subpopulation (low B7-H3 as 
reference).  

ALL SAMPLES 
(ntot=323) 

  Scoring method 

DSS OS 

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

Digital 
BCP N/A                                    N/A  0.96 (0.71-1.29)  0.76  

Median 0.91 (0.63-1.30)  0.58  1.00 (0.75-1.35)  0.98  

Manual 
Visual 

Index N/A                                    N/A  N/A                                               N/A  

Intensity 0.97 (0.67-1.40)  0.88  1.07 (0.79-1.45)  0.64  

FINLAND (n1=147) 
Scoring method 

DSS  OS  

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

Digital 
 

BCP N/A                            N/A  0.95 (0.58-1.54)  0.83  

Median 1.19 (0.67-2.12)  0.55  1.05 (0.67-1.65)  0.82  

Manual 
Visual 

 

Index 1.4 (0.78-2.5)  0.25  1.32 (0.84-2.09)  0.22  

Intensity 0.75 (0.42-1.34)  0.33  0.74 (0.47-1.17)  0.20  

Area 1.72 (0.97-3.39)  0.10  1.54 (0.91-2.58)  0.10  

BRAZIL (n2=44) 
Scoring method 

DSS  OS  

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

Digital 
 

BCP N/A                                    N/A  1.78 (0.84-3.78)  0.13  

Median 1.29 (0.56-2.94)  0.55  1.91 (0,89-4.11)  0.10  

Manual 
Visual 

 

Index 1.02 (0.45-2.33)  0.97  1.17 (0.56-2.48)  0.68  

Intensity 0.97 (0.43-2.21)  0.94  1.24 (0.59-2.62)  0.57  

Area 1.13 (0.49- 2.57)  0.77  1.21 (0.57-2.56)  0.61  

NORWAY (n3=132) 

Scoring method 

DSS  OS  

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

Digital 
 

BCP N/A                                    N/A 1.10 (0.68-1.82)  0.69 

Median 1.16 (0.67-2.03)  0.60 1.26 (0.79-2.01)  0.33 

Manual 
Visual 

 

Index N/A  N/A N/A 
                

N/A 

Intensity 0.91 (0.52-1.59)  0.75 1.01 (0.63-1.6) 0.97 

Area N/A  N/A N/A 
                

N/A 
Notes: BCP=Best cut-off point; DSS=disease-specific survival; OS=overall survival; 
HR=Hazard ratio; CI=confidence interval; N/A=not applicable. For manual visual scoring, 
the median was used as the cut-off point.    
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In the whole subcohort (n=191), the immune status 
significantly associated with better DSS (HR 0.62, 95% 
confidence interval 0.38-0.99, p-value=0.04) and better OS 
(HR 0.51, 95% confidence interval 0.35-0.76, p-value=0.001; 
Table 17, Figure 23A&B). The association reached 
significance in the multivariate OS analysis (p=0.000008, 
Figure 22). Additionally, age, neck metastasis, recurrence, 
and grade were significantly associated with patient OS. 

In the immune hot group, high B7-H3 expression was 
associated significantly with lower OS in Brazilian digital 
scored cases and lower DSS in manual visually scored Finnish 
cases (scoring of index and area; Figure 23, Table 17). The 
association was not significant in the multivariate analysis 
(Figure 22). In the immune cold group, B7-H3 expression was 
not significantly associated with the OTSCC mortality (data not 
shown). 

 

 

 

 

 

 

Figure 22. Multivariate overall survival analysis of Finnish and Brazilian cohort (n=191) 
based on immune status, clinical characteristics and B7-H3 overexpression (measured by 
automated scoring in cold and hot tumors). 
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Table 17. Univariate survival analysis for B7-H3 overexpression effect on disease specific 
and overall survival in the whole patient cohort and each subpopulation (low B7-H3 and 
immune cold as reference).  

IMMUNE HOT ALL     
(ntot=116) 

  Scoring method 

DSS OS 

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

Digital Median 1.05 (0.56-1.97)  0.87  1.01 (0.59-1.72)  0.96  

Manual Visual 

Index 1.85 (0.97-3.53)  0.06  1.47 (0.89-2.49)  0.15  

Intensity 0.71 (0.38-1.33)  0.29  0.71 (0.41-1.19)  0.19  

Area 1.78 (0.90-3.51)              0.09 1.42 (0.82-2.46)                            0.21 

Immune status of tumor 

(hot + cold=191) 

0.62 (0.38-0.99)              0.04 0.51 (0.35-0.76)                       0.001 

Notes: BCP=Best cut-off point; DSS=disease-specific survival; OS=overall survival; 
HR=Hazard ratio; CI=confidence interval. For manual visual scoring, the median was used 
as the cut-off point. Bolded font style represents significant survival values. Adverse 
prognostic factors are colored in red while factors associated with better survival are in green.  

IMMUNE HOT FINLAND 
(n1=89) 
Scoring method 

DSS  OS  

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

Digital Median 1.30 (0.60-2.83)  0.50  1.12 (0.60-2.09)  0.71  

Manual Visual 
 

Index 2.50 (1.07-6.06)  0.03  1.68 (0.89-3.19)  0.10  

Intensity 0.61 (0.28-1.33)  0.21  0.58 (0.31-1.07)  0.08  

Area 3.30 (1.14-9.57)  0.02  1.85 (0.90-3.79)  0.08  

Immune status of tumor  

(hot + cold=147) 

0.62 (0.34-1.10)              0.10 0.51 (0.32-0.81)                     0.003 

IMMUNE HOT BRAZIL  

(n2=27) 

Scoring method 

DSS  OS  

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

Digital Median 3.14 (0.92-10.66)  0.06  4.24 (1.30-13.82)  0.01  

Manual Visual 
 

Index 0.84 (0.28-2.52)  0.76  0.85 (0.31-2.36)  0.76  

Intensity 1.44 (0.48-4.33)  0.50  1.52 (0.54-4.22)  0.41  

Area 1.37 (0.43- 4.35)  0.58  1.08 (0.36-3.23)  0.88  

Immune status of tumor  

(hot + cold=44) 

0.62 (0.27-1.43)              0.26 0.53 (0.25-1.13)                       0.10 
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Figure 23. Kaplan-Meier survival curves of results of interest in analysis of B7-H3 high and 
low expression based on immune status of the tumor. The curves represent the whole cohort 
based on immune status of the tumor  - for disease 
specific (A) and overall survival (B), Finnish subcohort in immune hot group for disease 
specific survival (C), Brazilian subcohort in immune hot group for overall survival (D) and 
all cases for diseasespecific survival (E).  
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5.3 THE EFFECT OF IMMUNE CHECKPOINT 
INHIBITORS ON CROSSTALK OF 
LYMPHOCYTES AND OTSCC CELLS 
(STUDY IV) 

IDO1 inhibition through epacadostat increases CD4+ T and 
NK cell migration to the HSC-3 cells 

In a previous publication by Al-Samadi et al. (2019), it was 
reported that IDO1 inhibition enhances the migration of 
PBMNCs towards carcinoma cells. Here, we aimed to 
investigate this effect further by studying specific lymphocyte 
subgroups. Lymphocyte (CD4+ T cell, NK, and CD8+ T cell) 
migration was observed in the microfluidic chip model from 

Figure 24. Epacadostat, IDO1 inhibitor, activates CD4+ T cell (A; day 1 *p=0.027, day 2 
**p=0.003, day 3 *p=0.033) and NK cell (B; day 3 p-value=0.033) migration towards HSC-
3 cancer cells during the 3 days.  
Notes: CD4=CD4+ T cells; NK=natural killer cell. 
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day zero to three. Epacadostat, an IDO1 inhibitor, significantly 
induced the migration of CD4+ T cells and NK cells to the 
cancer cells side compared to the respective lymphocyte 
control (Figure 24). For the CD4+ T cells, the effect was 
significant from day 1 to 3 (day 1 p-value=0.027, day 2 p-
value=0.003 and day 3 p-value=0.033, Figure 24A). The 
effect was significant only on day 3 for the NK cells (p-value 
0.009, Figure 24B). CD8+ T-cell migration was scarce and 
did not show any clear response to epacadostat (data not 
shown). As shown by Al-Samadi et al. (2019), PD-1 blockage 
through nivolumab did not affect the migration of the 
lymphocytes. 

As CD8+ T cells require a costimulatory signal, we tested if 
adding CD4+ T cells could enhance the migration. Co culture 
of CD8+ T cells and CD4+ T cellsfrom 2 donors increased the 
migration of CD8+ T cells approximately ten fold compared 
with CD8+ T cells alone (data not shown).  

 

Figure 25. Apoptotic cell percentage and proliferation rate of HSC-3 with CD4+ T cells (A), 
NK cells (B) or CD8+ T cells (C).  
Notes: Proliferation rates are reported as mean ± SD. The experiments were repeated three 
times, each time using a different donor and each in duplicate. CD4=CD4+ T cells; 
NK=natural killer cell; CD8=CD8+ T cells. 
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The increased migration of lymphocytes did not 
significantly affect cancer cell apoptosis or proliferation 
(Figure 25). There was a mild but not significant effect of 
increased HSC-3 apoptosis cells after adding lymphocytes, 
especially in the presence of epacadostat (Figure 25B). 
Proliferation was not affected by ICI or lymphocytes. Co-
culture of CD8+ and CD4+ T cells did not affect apoptosis nor 
proliferation of the cancer cells (data not shown). 

 
Nivolumab had a mild effect on cytokine release 
To investigate the effect of ICI on the cytokine release of the 
lymphocytes in the presence of the HSC-3 cells, a FirePlex®-
96 Key Cytokines (Human) Immunoassay Panel was utilized. 
Only the cytokine fold changes of NK cell experiments showed 
clustering based on the ICI stimulation, while CD4+ and 
CD8+ T cells did not (Figure 26). Donor 6 clustered 
separately for NK cells due to donor variation.   

From the 17 cytokines measured, the release of 3 cytokines 
was significantly increased with nivolumab incubation: IL-8 
from CD4+ T cells (p-value=0.011, Figure 27A), IL-6 from 
CD8+ T cells (p-value=0.038, Figure 27B), and MIP-1α from 
NK cells (p-value=0.016, Figure 27C). Some other cytokines 
and treatments exhibited similar trends but did not reach 
statistical significance (Figure 27). 

Figure 26. Heatmaps of CD4+ T (A), NK (B) and CD8+ T (C) cells based on cytokine 
expression from conditioned media. The cytokine concentrations were plotted as fold 
changes from the HSC-3 control.  
Notes: The experiments were repeated three times, each time using a different donor and 
each in duplicate. CD4=CD4+ T cells; NK=natural killer cell; CD8=CD8+ T cells; D=donor;
IL- -beta; IL-6=interleukin 6; IL-8=interleukin 8; MCP-1=monocyte 
chemoattractant protein-1; MIP- ; MIP-

a; -alpha. 



Results 

96 

 
Figure 27. Cytokine analysis results for IL-6 (A), IL-8 (B), MIP-1 MCP-1 (D) and 
MIP- (E). Significant results marked with asterisk. With nivolumab treatment, IL-8 levels 
were significantly elevated for CD4+ T cells (A; *p=0.011) while CD8+ T cells significantly 
elevated IL-6 levels (B; *p=0.038). In addition, MIP-
NK cells with nivolumab treatment (C; *p=0.01).  
Notes: The experiments were repeated three times, each time using a different donor and 
each in duplicate. Grey box color indicates nivolumab and orange indicates epacadostat. 
Each dot represents one donor; the mean is presented as a small empty box and median as a 
black line. CD4=CD4+ T cells; CD8=CD8+ T cells; NK=natural killer cells; IL-
8=interleukin 8; IL-6=interleukin 6; MIP- ; 
MCP-1=monocyte chemoattractant protein-1; MIP-
beta. 
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6 DISCUSSION 

Study I showed that the IDO1 and PD-L1 expression are 
modulated during the oral epithelial dysplastic changes. IDO1 
expression of the epithelium was negatively correlated with the 
dysplastic epithelial changes, while the IDO1 expression of the 
lamina propria was positively associated with the dysplastic 
changes. PD-L1 positive staining was not observed in the oral 
epithelium, only in the lamina propria. PD-L1 positive cells 
were seldom observed in controls, mainly in dysplastic 
samples. The expression of the IDO1 and PD-L1 was associated 
with inflammatory cell infiltration in the lamina propria. 
Unfortunately, the IDO1 and PD-L1 expressions fluctuated over 
time, so we could not use them as biomarkers.  

Study II continued to systematically review what had 
already been published on the IC expressions and their 
prognostic value in OSCC. From 1985 to 2017, 12 ICs/immune 
modulators were studied for their prognostic value in OSCC 
patients. Of these, 7 (58%) had been reported to be associated 
with poor patient survival at least in one study, and 5 (42%) did 
not have significant prognostic value. PD-L1 had controversial 
results. Based on our analysis, only B7-H3 showed weak 
evidence of being an adverse prognostic marker.  

We tried to validate B7-H3 as an adverse prognostic marker 
in our multicentre international Study III based on Study II 
results. We revealed that B7-H3 expression has prognostic 
potential for immune hot tumors, meaning patients with 
tumors highly infiltrated by lymphocytes. Unfortunately, we 
could not verify B7-H3 as a prognostic factor in the whole 
OTSCC cohort studied. Study III showed that the immune 
activity of the OTSCC patient predicts survival. 

In Study IV, we aimed to use a new 3D microfluidic chip 
model to investigate the effect of ICIs on individual lymphocyte 
populations based on the results of Al-Samadi et al. 2019 and 
previous studies which show that the subpopulations of TILs 
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may affect tumor prognosis in different ways (Al-Samadi et al. 
2019, Lequerica-Fernández et al. 2021). Study IV sought to 
explore the effect of ICI on different lymphocyte populations in 
the presence of cancer cells.  

 We showed that epacadostat in vitro could promote CD4+ 
T cell and NK cell migration to the OSCC tumor site. 
Interestingly, nivolumab did not display any effect on the 
lymphocytes’ migration. Nivolumab induced CD4+ T cells to 
produce higher amounts of IL-8, NK cells to produce MIP-1α, 
and CD8+ T cells to produce IL-6.  

6.1 IMMUNE CHECKPOINTS AFFECT ORAL 
CARCINOGENESIS (STUDY I) 

In 2011, Hanahan and Weinberg identified tumor-promoting 
inflammation as an enabling hallmark for cancer progression, 
but the association between chronic inflammation and 
epithelial malignancies was already recognized in 1965 (Triolo 
1965, Hanahan & Weinberg 2011). Immunosurveillance 
eliminates many potentially malignant cells (Solomon et al. 
2018). The early elimination can also contribute to the 
selection of a subpopulation of the premalignant cells that can 
then later evade antitumor responses (Shankaran et al. 2001, 
Schreiber et al. 2011). The ICs are several mechanisms that the 
tumor cells can hijack to escape antitumor responses by 
extinguishing the effector immune cell response (Sharpe 2017). 
In most studies until 2017, when we began Study I, ICs had 
been studied in fully developed tumors where the tumor cells 
had already escaped immunosurveillance. While OPMDs do 
not always precede malignant lesions (Dost et al. 2014), they 
still show various genetic abnormalities with increased 
inflammatory infiltrate making them an excellent study point 
to understand the IC effect on oral carcinogenesis. Study I 
investigated 63 oral dysplasia samples for IDO1 and PD-L1 
expression.  

Study I revealed a significant association between the 
dysplastic grade, expression of IC molecules (PD-L1 and IDO1), 



 

99 

and immune cell infiltration. The associations were negative or 
positive depending on the IC studied and the layer of its 
expression (lamina propria or epithelium). However, the 
expression, dysplastic grade, and inflammatory cell infiltration 
fluctuated over time.  

IDO1 was heavily expressed in the epithelium of the healthy 
control in comparison to dysplastic samples. Furthermore, the 
same phenomena could be observed in samples with non-
dysplastic and dysplastic areas. Even though IDO1 protein 
expression has been shown to be overexpressed in 26-56% of 
193 OSCC lesions (Kuales et al. 2011, Laimer et al. 2011, 
Seppälä et al. 2016), we observed the opposite in the epithelium 
of our dysplastic samples with IDO1 expression being 
downregulated with the dysplastic changes. This could be 
explained by loss of immune tolerance (Sun et al. 2016). 

 Oral immune tolerance is essential for the oral mucosa 
because it acts as an outside barrier. IDO1 induction has been 
shown to promote immune tolerance by inducing the 
suppressive activity of circulating Tregs, suppressing effector T 
cells, and recruiting more Tregs from naïve T cells (Frumento 
et al. 2002, Chung et al. 2009, Yan et al. 2010, Munn & Mellor 
2013). Loss of immune tolerance could increase immune cell 
infiltration and activate the circulating effector cells 
(Oppenheim et al. 2002).  Our results support this as we 
observed the dysplastic grade significantly associated with the 
inflammatory cell infiltration.  

Interestingly, IDO1 protein expression in the lamina 
propria increased in correlation with the dysplastic grade, 
which might be due to the production of proinflammatory 
cytokines and interferons (such as INF- , IL-6) and associated 
inflammation (Werner et al. 1987, Munn & Mellor 2013, Ito et 
al. 2014, Sun et al. 2016). Such immunosuppression induced by 
chronic inflammation has been suggested to promote 
tumorigenesis in OSCC (Figure 28; Munn & Mellor 2013, Sun 
et al. 2016). Based on this, IDO1 has a role in promoting chronic 
inflammation and possibly in carcinogenesis. 
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In contrast to IDO1 protein expression, we observed 

negative PD-L1 protein expression in the epithelium for all 
samples. PD-L1 has been shown to be overexpressed in 18 to 87 
% of the 1302 OSCC samples (Cho et al. 2011, Chen et al. 2015a, 
Kogashiwa et al. 2017, Lin et al. 2015, Oliveira-Costa et al. 2015, 
Satgunaseelan et al. 2016, Ahn et al. 2017, Mattox et al. 2017, 
Takakura et al. 2017, Troeltzsch et al. 2017, Hanna et al. 2018, 
Stasikowska-Kanicka et al. 2018). In study I, we observed PD-
L1 positive staining in the lamina propria of the dysplastic 
samples but seldom on healthy samples.  

PD-L1 positive expression was significantly associated with 
dysplastic grade and inflammatory cell infiltration. These 
results are consistent with other studies: A study in 2017 
suggested a positive correlation between PD-L1 expression in 
oral dysplasia and the risk of malignant transformation 
(Yagyuu et al. 2017). Later in 2020, a research team led by Dave 
reported that PD-L1 positive expression in epithelium and 
lamina propria could distinguish lesions that progressed to 
OSCC (Dave et al. 2020). Even in OSCC lesions, high 
infiltration of TILs has been shown to be significantly 
associated with PD-L1 positive tumors (Lequerica-Fernández 
et al. 2021). 

We observed almost no correlation between patient 
characteristics and the studied ICs. Only PD-L1 positive 
expression was associated significantly with the presence of 
lichenoid features. This might be explained by severe 
inflammatory infiltration associated with the lichenoid 
features. Previously, non-smoking and female gender have 

Figure 28. Schematic on the changes in IDO1 protein expression and inflammation during 
oral carcinogenesis. Figure based on Study I results, Munn & Mellor 2013, Sun et al. 2016. 
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been associated with PD-L1 positive expression in OSCC 
(Ahmadi et al. 2019, Foy et al. 2017). 

Interestingly, the dysplastic grade was significantly 
associated with lichenoid features and male sex. These results 
should be interpreted with caution, as most biopsies were taken 
due to clinical cancer suspicion. Based on previous studies, 
dysplasia tends to transform into cancer more often in females 
than in men; however, oral cancer affects more men than 
women worldwide (Warnakulasuiya & Ariyawardana 2015). 
Several factors, such as smoking or hormones, might explain 
this.  Even though 40% of the males were smokers, we could 
not observe any association between dysplastic grade and 
smoking.  

Study I was explorative, and we aimed to investigate as 
many possible associations as possible in the data. However, 
future studies with specific aims to investigate these associates 
are required to confirm any of our results. In addition, Study I 
was limited by a small sample size without any positive PD-L1 
protein expression in the epithelium, which has been linked to 
significant malignant free survival (Yagyuu et al. 2017). 

We had follow-up biopsies from 6 months to 36 months for 
eight patients. The experimental parameters (dysplastic grade, 
IC expression, and inflammatory cell infiltrate) fluctuated over 
time without any observable patterns. This matches previous 
reports that progression of dysplasia might not be linear in the 
oral cavity (Thomson 2012). Thus patients with lesions 
exhibiting dysplastic features should be carefully followed 
regardless of their dysplasia grade.  

6.2 IMMUNE CHECKPOINTS HAVE 
POTENTIAL PROGNOSTIC VALUE IN 
OSCC (STUDY II, III) 

Hundreds of prognostic markers have been introduced as 
potential prognosticators with none in clinical usage 
(Almangush et al. 2017, Søland & Brusevold 2013). OSCCs are 
a heterogenous group of cancers arising mainly from mutations 
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caused by carcinogens such as tobacco and alcohol (Johnson et 
al. 2020, Rivera & Venegas 2014). Excluding mutations in the 
TP53 gene, under 30% of the other mutated genes are shared 
by the tumors making it hard to determine which tumors are 
the most aggressive (Severino et al. 2008, Grossman et al. 
2016, Coletta et al. 2020, Gabusi et al. 2020, NCI 2021). 
Predicting the outcome of OSCC patients when planning 
treatment is crucial, as recurrence is quite common (33%) and 
associated with worse overall survival despite using the latest 
treatment modalities (Coletta et al. 2020, Wang et al. 2021). 
Our best measure for prognostic and patient management in 
the clinic is still TNM classification and HPV status, mainly 
based on tumor size and metastasis status, with a few 
clinicopathological features showing prognostic relevance 
(Machiels et al. 2020, FSHNO 2020). 

One newly emerging field of potential prognostic markers 
lies in immunology. After the release of ICI to the clinic, studies 
have investigated more in-depth the potential of ICs and the 
immune response to determine patient survival. By the start of 
2018, Study II identified 12 different ICs/modulators studied 
in OSCC for their prognostic value. Seven of the studied 
molecules (ALHD1, B7-H3, B7-H4, B7-H6, FKBP51, and IDO1) 
were associated with poorer OS in OSCC. On the other hand, 
PD-L1 had controversial results. The other five molecules 
(CTLA-4, PD-1, PD-L2, TLT-2, and VISTA) did not present 
prognostic value in OSCC. Four molecules (PD-L1, PD-1, IDO1, 
and B7-H3) were analyzed more than once. Sufficient data for 
the meta-analysis was available only for PD-L1 and B7-H3. 

Surprisingly, our meta-analysis revealed that PD-L1 has a 
protective prognostic value when it is highly expressed on 
cancer cells. The protective effect of PD-L1 gene overexpression 
has been shown previously in colorectal and breast cancer; 
however, results from protein expression analysis vary (Dunne 
et al. 2015, Baptista et al. 2016, Matikas et al. 2019). 
Unfortunately, these data are not conclusive due to the 
heterogeneity of the studies. To increase the accuracy, we 
performed the meta-analysis twice for PD-L1 with and without 
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the study that included only female patients (Hanna et al. 
2018). This exclusion led to a loss of prognostic significance of 
PD-L1. This result was also supported by the two studies that 
were excluded due to unsuitable survival endpoints 
(Satgunaseelan et al. 2016, Mattox et al. 2017).  

At present, several new studies have been published on the 
effect of PD-L1 overexpression on OSCC (Furukawa et al. 2021, 
Lenouvel et al. 2020, Miranda-Galvis et al. 2020, Takamura et 
al. 2022). One recent study of 169 OSCC patients associated 
PD-L1 overexpression with worse survival based on univariate 
analysis (Takamura et al. 2022). Furukawa et al. (2021) also 
confirmed these results in a multivariate analysis for 98 OTSCC 
cases, where PD-L1 and PD-L2 overexpression were 
significantly associated with worse DSS. However, two more 
studies reported that PD-L1 overexpression did not affect the 
patient survival in 178 OSCC tumor cases (Lenouvel et al. 2020, 
Miranda-Galvis et al. 2020).  

The prognostic value of IDO1 was studied in three different 
studies (Kuales et al. 2011, Laimer et al. 2011, Seppälä et al. 
2016). One study did not report any evidence for IDO1 as a 
prognosticator (Kuales et al. 2011). The other two studies 
reported weak evidence for IDO1 being an adverse prognostic 
factor in the whole OSCC cohort (Laimer et al. 2011) and in a 
subcohort of early-stage OTSCC (Seppälä et al. 2016). This 
suggests that IDO1 does not have prognostic value in developed 
OSCC despite being modulated during carcinogenic 
development.  

B7-H3 is an immune checkpoint first identified in 2001 with 
immune regulatory properties affecting activation of T cells 
(Loos et al. 2010). Its exact mechanisms are still unknown, but 
there is evidence for the co-stimulatory and co-inhibitory 
signaling for the adaptive immune system activation under 
different tumor contexts (Wang et al. 2014). B7-H3 was the 
most promising prognostic marker of the ICs investigated by 
31.12.2017 based on our systematic review (Chen et al. 2015b, 
Mao et al. 2017b). Both studies reported consistent, albeit 
weak, evidence for its prognostic value. Unfortunately, both 
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articles had mentioned oral cancer or oral samples being 
studied in their article but reported using HNSCC samples 
without appropriate clinical data. Keeping in mind this 
limitation and marking it in our quality analysis, we decided to 
include these studies in the analysis.  

The meta-analysis and systematic review results should be 
interpreted with caution due to many limitations in the original 
publications. First and foremost, the sample sizes of the studies 
were primarily small, and heterogeneity was evident in study 
designs and reporting (cut-off values in immunohistochemical 
staining, survival data end points). Furthermore, the number 
of original studies for each IC was small. A lack of multicenter 
studies and validation was noted.  

In some studies, where survival data were not reported, we 
had to extrapolate the HR values, which are only estimates and 
leave room for bias. Unadjusted survival values for classical 
prognostic factors provide an unknown amount of bias for the 
present meta-analysis due to uncontrolled confounding. With 
these limitations in mind, the present meta-analysis 
demonstrated that B7-H3 might be a good prognostic 
biomarker candidate to separate high-risk from low-risk OSCC 
patients; however, further confirmation is required in well-
designed prospective studies. 

In Study III, we aimed to validate the results of our 
systematic review and meta-analysis from Study II and 
investigate the B7-H3 prognostic value in an international, 
multicenter study. High B7-H3 expression is associated with 
worse survival in some national subgroups in our OTSCC 
cohort, but only for those tumors with a high TIL count 
(immune hot). Our findings indicate that without the effector 
cells (in this case TILs) in the tumor, the studied IC's prognostic 
power (B7-H3) might be lost. Therefore, the immune 
status/phenotype should be determined when assessing the 
prognostic value of any IC. 

Unfortunately, B7-H3 failed to serve as a marker in the 
entire cohort. Moreover, a significant association was only 
found in the univariate but not multivariate survival analysis. 
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We believe that our result highlights a common but serious 
problem in prognostic marker studies called the “replication 
crisis.” Several recent systematic reviews have suggested 
hundreds of potential prognostic markers without any being 
adopted into clinical usage, which we believe is due to missing 
or failed validation (Almangush et al. 2017, Søland et al. 2013). 

The two previous studies on B7-H3 investigated patient 
cohorts from Asian origins: Taiwan and Wuhan (Chen et al. 
2015b, Mao et al. 2017b). As mentioned before, the clinical 
parameters and lesion origins were not reported with mixed 
use of HNSCC and oral cancer, whereas our samples all 
originated from the tongue. Additionally, national subcohorts 
tend to have different risk factor exposures and genetics, such 
as (outside of Europe) betel nut and chewing tobacco use as 
discussed previously (2.1 Oral Cancer, p.14). Despite the 
possible effect on the results, we gathered samples from three 
nations to obtain a high sample size and combat statistical bias. 
As Study III was retrospective, we did not obtain information 
on the HPV status of our patients, and the two other studies did 
not report it, which could be a confounding factor.  

The κ score was used to measure our inter-rater reliability 
for manual visual scoring. An almost perfect agreement was 
achieved between senior trainees, while junior trainees had 
only a moderate agreement. Extra care should be taken when 
selecting the experts for scoring of the stained slides by 
favoring pathologists at least to settle discrepancies or, if 
possible, complete the whole scoring.   

One way to combat bias by manual visual scoring is 
automated digital scoring and artificial intelligence. In addition 
to the manual visual scoring, we sought to utilize the free 
automated software Qupath for analysis compared to the 
traditional analysis. One of the significant challenges presented 
by this software was differences in the settings between 
laboratories and investigators. As a new reporting standard to 
ease validation and replication, we propose that authors 
publish all adjustable settings. In Study III, the digital 
automated and traditional manual visual scoring went hand-
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by-hand in most of the cases, with some differences calling for 
still better manual and automated scoring protocols.  

Another possible bias in prognostic marker studies and 
validation is antibody variation. In theory, even from different 
manufacturers, all antibodies should give sufficiently similar 
staining to validate the results. Nonetheless, in practice, there 
are huge variations between different antibodies from different 
manufacturers and between lots of the same antibody from the 
same manufacturer. This is one of the reasons for using two 
different antibodies in this study which did produce similar 
staining patterns.  

6.3 IDO1 INHIBITION COULD TURN IMMUNE 
COLD TUMORS INTO HOT (STUDY III, IV) 

Different studies have aimed to identify if the trafficking of 
TILs or individual immune cell populations could predict 
patient survival. In HNSCC generally, CD8+ T cells and CD4+ 
T cells are involved in antitumor immunity and a more 
favorable prognosis, while FOXP3+ Tregs are associated with 
immune suppression but are still associated with improved 
patients’ survival (Ngyuen et al. 2016, Shimizu et al. 2019, 
Ruiter et al. 2017). In OSCC lesions, infiltration of CD8+ T cells 
and CD57+ NK cells associate with better patient survival, 
while Tregs have an unclear role in prognostics, and CD163+ 
tumor-associated macrophages associate with worse patient 
survival (Hadler-Olsen & Wirsing 2019, Huang et al. 2019).  

Despite Study III failing to validate B7-H3 as a prognostic 
factor, it validated that the immune status affects survival. We 
showed that hot immune status was a significant individual 
prognostic factor in the univariate and multivariate analysis for 
the combined cohort of 191 Brazilian and Finnish OTSCC cases 
associated with better overall survival. Initially this was shown 
by Heikkinen et al. in 2019 and verified later by Troiano et al. 
2020. It should be noted that Study III was not done to evaluate 
the prognostic value of the immune status in OTSCC, meaning 
that the data should be interpreted with caution. Additionally, 
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as mentioned before (6.2 Immune Checkpoint Inhibitors Have 
Prognostic Value in OSCC, p.74), the interrater reliability was 
moderate between the junior trainees though a senior trainee 
settled the discrepancies.  

Immune cold cancers have been theorized to produce anti-
inflammatory cytokines and have a low mutational burden (low 
MHC I expression), resulting in low de novo antigens allowing 
the tumors to evade recognition by the host immune system 
(Mortezaee 2020). They are associated with low IC expression, 
poor TIL infiltration, and low mutational burden and have 
been likened to ICI therapy resistance (Hamid et al. 2011, Ji et 
al. 2012, Jacquelot et al. 2017, Mortezaee 2020). The resistance 
to ICIs can be either developed during treatment or intrinsic 
(Jenkins et al. 2018).  

Immune cold tumors could be turned into hot by 
stimulating trafficking of infiltration of lymphocytes “firing up 
cold tumors” (Liu & Sun 2021). Al-Samadi et al. (2019) showed 
previously that IDO1 inhibition increases migration of PMNCs 
towards cancer cells. To our knowledge, Study IV is the first to 
report that IDO1 inhibition via epacadostat increased 
migration of CD4+ T and NK cells towards cancer cells. If 
confirmed in vivo, this could reverse T cell exclusion in ICI-
resistant cold tumors, turning them hot.   

In spite of epacadostat-induced lymphocyte migration, 
Study IV did not observe significant differences in cancer cell 
proliferation or apoptotic percentage, suggesting a more 
complex underlying mechanism. In previous in vitro studies, 
the ratio of cancer cells to lymphocytes has ranged from 1:5 to 
1:10, favoring the lymphocytes (Mazorra et al. 2017, Lemos et 
al. 2019, Paterson et al. 2021). The study IV cancer cell 
lymphocyte ratio was set at 1:100; however, too few 
lymphocytes migrated to the cancer cell site yielding a ratio of 
approximately 7:1. To improve the microfluidic model, we 
would consider reducing the cancer cell count and increasing 
the lymphocytes to improve their ratio. Additionally, it would 
prevent crowding of the cancer cells in the chip, as by day three, 
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they may start proliferating on top of each other in the 3D 
environment. 

Another proposed strategy to combat ICI resistance are 
cytokine-based drugs (Berraondo et al. 2019). As discussed 
previously (2.2.1 Innate immunity, p.34), cytokines are a 
potent group of signaling molecules capable of modulating the 
inflammatory response through suppressive and stimulatory 
effects (Berraondo et al. 2019, Fares et al. 2019). In the TME, 
the elevation of IL-8 has been shown to be associated with the 
reduction of T cells in a tumor, while the decrease of MIP-1β 
and CCL5 has been shown to lead to T cell exclusion (Fares et 
al. 2019).  

In Study IV, cytokine levels from the conditioned media 
were analyzed to investigate the effect of ICIs on the signaling 
between cancer and immune cells. Samples for NK cells 
clustered based on the ICI treatment used with the exception 
of donor 3. Again, this was confirmed as we observed high 
concentrations of nearly all cytokines for donor 3, hinting that 
this donor already had their immune system activated due to 
an underlying disease. Both epacadostat and nivolumab had 
mild effects on cytokine levels, but only the effect of nivolumab 
reached statistical significance. The highest cytokine 
concentrations for all donors were for TNF-α, IL-6, IL-8, MIP-
1-α, MIP-1β, and MCP-1. The concentration of TNF-α varied 
without any trends.  

IL-6 and IL-8 levels were significantly elevated after 
nivolumab treatment of CD8+ T cells and CD4+ T cells 
compared with the respective lymphocyte control.  To our 
knowledge, we are the first to report the actual lymphocytes 
mediating the increased IL-6 and IL-8 levels. Previously, 
increased IL-6 and IL-8 signaling in the TME has induced 
STAT3 activation, inhibiting antigen presentation by 
suppressing MHC class II and activating tumor angiogenesis 
(Huang et al. 2016, Catar et al. 2017, Lee et al. 2018, Xu et al. 
2020). In combination with nivolumab, blockage of IL-6 and 
IL-8 are being investigated in phase 1 clinical trials for several 
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carcinomas, including HNSCC for IL-8 (clinical trial identifiers 
#NCT03400332, #NCT04848116, #NCT03999749). 

As discussed before (2.10 Immunotherapy in OSCC, page 
39), there is no reliable predictive way to identify patients 
benefiting from ICIs. In addition to the therapeutic potential of 
cytokines, cytokines are suggested to activate the effector 
immune cells after ICI initiation, implying that they might 
provide predictive value (Lim et al. 2020). In various solid 
cancers, elevated tumor-associated and systemic levels of IL-6 
and IL-8 are associated with the reduced clinical benefit of 
anti-PD-1/PD-L1 treatment (Weber et al. 2019, Yuen et al. 
2020). Moreover, after initiation of anti-PD-1/PD-L1 
treatments, elevations in IL-6 and IL-8 serum levels are 
associated with non-responders in melanoma and non-small 
cell lung carcinoma patients (Keegan et al. 2020, Laino et al. 
2020, Lim et al. 2021).  

Systemic IL-6 and IL-8 serum levels have been shown to be 
elevated in OSCC patients (Gokhale et al. 2005, Cloudhary et 
al. 2016, Schiegnitz et al. 2018). To our knowledge, only one 
case report by authors Merhi et al. from 2018 has reported 
cytokine concentrations before and after anti-PD-1 treatment 
for OSCC. Similar to our observations, the patient had 
increased IL-6 and IL-8 levels after nivolumab treatment 
which was associated with disease progression (Merhi et al. 
2018).  

 Conversely, the role of proinflammatory chemokines (MIP-
1α, MIP-1β, and MCP-1) remains controversial, as explained 
below. The mRNA expression of MIP-1α is increased compared 
to healthy gingival tissue, and its serum level has been 
significantly associated with tumor size (Ding et al. 2014). For 
nivolumab treatment of NK cells, we observed a significant 
increase in the MIP-1α levels, while epacadostat showed a 
similar trend of increase. One of the MIP-1α receptors, CCR5, 
has been shown to increase migration of Tregs, promoting 
potential immune evasion (Jiao et al. 2019).  Furthermore, 
blockage of CCR5 in hepatocellular carcinoma via maraviroc 
(initially a drug for human immunodeficiency ‘HIV’) is showing 
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therapeutic potential in a clinical trial (#NCT01736813; 34 Jiao 
et al. 2019).   At least three trials are at present ongoing to 
investigate the combination of maraviroc and pembrolizumab 
for metastatic carcinomas (Jiao et al. 2019). 

Previously, plasma levels of MIP-1β were shown to be 
downregulated in OSCC patients compared to the healthy 
controls (Lee et al. 2018). Its high expression was linked to 
anti-tumor responses through chemoattraction of lymphocytes 
in colorectal adenocarcinomas and esophageal squamous cell 
carcinoma (Luo et al. 2004, Liu et al. 2015, Lee et al. 2018). 
Here, no significant results were obtained for the MIP-1β 
levels, but epacadostat incubation showed a trend of increased 
secretion from NK cells, and nivolumab, a trend of increased 
production from NK and CD4+ T cells. By contrast, 
overexpression of MIP-1β in colorectal carcinomas and lung 
adenocarcinomas is associated with tumor development and 
progression through pro-tumorigenic macrophage recruitment 
(De la Fuente López et al. 2018, Li et al. 2018). This suggests 
that the functional mechanisms of MIP-1β require further 
studies.  

MCP-1 is a potent attractor for monocytes, especially to the 
TME promoting HNSCC progression (Ji et al. 2014). MCP-1 
has been identified as the signaling molecule for 
protumorigenic features of OSCC-associated fibroblasts (Li et 
al. 2014). Nevertheless, in vivo MCP-1 has been shown to elicit 
effector T cell chemotaxis (Brown et al. 2007b), but its role in 
recruiting T cells to the TME is still unclear (Yoshimura 2018). 
MCP-1 levels in Study IV showed a trend of increase for 
epacadostat treated NK and CD8+ T cells. 

Despite the promising results of our study, there are some 
limitations. First and foremost, we used only one commercial 
OTSCC cell line with lymphocytes extracted from three healthy 
donors due to the low availability of OTSCC patient carcinoma 
cells and blood samples. Unfortunately, obtaining enough 
lymphocytes from patient blood and cancer cells from the same 
patient is not feasible. Similar strategies have been used before 
where immune cells have been isolated from healthy 
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individuals (Mazorra et al. 2017, Ayuso et al. 2019, Paterson et 
al. 2021). Furthermore, early in the study, we had to choose to 
either use several OSCC cell lines or several immune cell 
donors due to budgetary reasons and time as the microfluidic 
chip is not a high-throughput technique. We chose different 
immune cell donors as the effect was tested previously between 
different OSCC patient cells by Al-Samadi et al. in 2019. The 
cytokine analysis performed was explorative and needs future 
confirmation with more specialized tests such as an enzyme 
linked immunosorbent assay and in vivo samples. 
Additionally, OTSCC cell migration and apoptosis need further 
validation in in vivo experiments.  
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7 CONCLUSIONS  

To summarize, this doctoral dissertation explores the role of IC 
in the development of OSCC lesions and their potential 
prognostic value. IC expression, IDO1 and PD-L1 are 
modulated during oral carcinogenesis with inflammatory cell 
infiltrate associating with dysplastic features and hence 
tumorigenesis. Unfortunately, IC expression, dysplastic grade 
and inflammatory cell infiltrate fluctuated during the follow-up 
of nine dysplasia patients providing no evidence of potential 
predictive value to differentiate lesions progressing to cancer. 

Studies II and III highlight two serious problems in the field 
of prognostic biomarkers: missing validation and replication 
failure. By the end of 2017, our systematic review identified 
twelve ICs reported as promising prognostic factors; however, 
only four had been studied more than once. We aimed to 
validate the prognostic value of the promising IC identified by 
our meta-analysis, B7-H3, in a large-scale multicenter cohort 
study utilizing automated and manual visual scoring. Despite 
the promising results in previous studies, we failed to validate 
B7-H3 as a prognostic factor in the whole OTSCC patient 
cohort. B7-H3 showed prognostic value in tumors that were 
highly infiltrated with lymphocytes, ‘immune hot’. The 
immune status of the tumor showed predictive value in the full 
cohort of Finnish and Brazilian samples, although we were 
unable to analyze the TMA samples for lymphocyte infiltration.  

In study IV, IDO1 inhibition through epacadostat 
stimulated CD4+ T cells and NK cells infiltration towards 
tumor cells, potentially firing up cold tumors to hot. Nivolumab 
showed no similar effect. Unfortunately, the signaling pathway 
through which epacadostat mobilized the lymphocytes is still 
unrecognized, but in the presence of nivolumab, CD4+, CD8+ 
T cells and NK cells secreted increased levels of IL-8, IL-6 and 
MIP-1α, respectively. In the clinic, elevated serum levels of IL-
8 and IL-6 after anti-PD-1 treatment has been associated with 
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a failed ICI response meaning their blockage could be a 
potential target for future HNSCC clinical trials. Furthermore, 
the levels of these interleukins could be potential biomarkers to 
predict patient response to anti-PD-1 treatments if validated in 
future studies. Blockage of MIP-1α and its receptors also shows 
promise as a therapeutic target in future studies.  
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8 FUTURE PROSPECTIVES  

The ICs and their inhibitors are a hot topic in the research 
community with the achieved success of pembrolizumab and 
nivolumab in the clinic. Despite the ongoing research effort, 
many questions are still left unanswered. ICs seem to have 
some sort of prognostic value at least in the tumors with high 
immune activity. After Study I, another study later by Dave et 
al (2020) showed that PD-L1 had the prognostic power to 
identify the dysplastic lesions progressing to cancer. 
Unfortunately, our data lacked lesions progressing to cancer. It 
would be interesting to confirm these results in Finnish 
dysplasia and OSCC cohorts. Furthermore, overexpression of 
B7-H3 has been shown to be associated with OSCC lesions in 
comparison to healthy oral mucosa (Zhang et al. 2015, Mao et 
al. 2017b). B7-H3 could also provide prognostic power to 
evaluate dysplastic lesions that need to be followed-up more 
closely by clinicians.  

In Study III we only saw significant prognostic results for 
B7-H3 in tumors with immune activity and that low immune 
activity was an individual prognostic value for worse patient 
survival. Several studies have been published with similar 
results with the individual role of the trafficking cells being still 
unclear. This might provide a focus for further study. 
Furthermore, the immune activity seems to correlate with the 
prognostic value of the IC but the correlation with ICI response 
has yet to be explored.  

The results of Study IV would be interesting to confirm with 
patient cells and in vivo experiments especially for 
epacadostat. For the ICI approved for clinic use (mainly 
pembrolizumab), our research group has been using the chip 
methodology for patient derived cells. Additionally, the 
prognostic value of the interleukin expression for ICI response 
would be interesting to explore more in-depth. 
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