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Abstract

Evidence gleaned from recent studies on the role of tumor-infiltrating lymphocytes (TILs) 

suggests that cancer is not only a genetic disease but also an immunologic disease. Head and Neck 

Squamous Cell Carcinoma (HNSCC) has been a significant model to study cancer cell-immune 

cell interactions. First, immune cell infiltration is an important feature of these tumors. Second, 

HNSCC frequently develops resistance to immunogenic cytotoxicity, which provides a window to 

decipher how tumors engage the immune system to establish immune tolerance. Finally, 

chemoradiation therapy, as a central modality for HNSCC treatment, has been shown to elicit 

immune activation. The presence of effector immune cells in the tumor microenvironment is often 

associated with superior clinical response to adjuvant therapy. On the other hand, an activated 

immune system, in addition to limiting tumor initiation and progression, could also exert selective 

pressure to promote the growth of less immunogenic tumors, as a pivotal immunoediting process. 

But it remains unclear how cancer cell signaling regulates tumor immunogenicity and how to 

mitigate HNSCC-potentiated TIL suppression. In this review, we will revisit the prognostic role of 

TILs in HNSCC, and collectively discuss how cancer cell machinery impacts upon the plasticity of 

TILs.
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Head and Neck Squamous Cell Carcinomas (HNSCC) are comprised of a number of 

epithelial malignancies arising in the mucosa of the upper aerodigestive tract. Immune cell 

infiltration is a prominent pathologic feature of HNSCC. First, due to the close proximity of 

these tumors to lymphoid tissue in the Waldeyer’s ring, dense infiltrates of immune cells are 

frequently an integral component of the lesion. In addition, some types of HNSCC are 

driven by viral infection, such as human papillomavirus (HPV)-associated oropharyngeal 

squamous cell carcinoma, and Epstein-Barr virus (EBV)-associated nasopharyngeal 

carcinoma. Both types of HNSCC contain dense lymphocytic infiltrates and are believed to 

evolve with immune cells specific for viral antigens. In fact, some of the earliest literature on 

TILs were focused on the B- T- cell subpopulation characterization in nasopharyngeal 

carcinoma [1]. Last but not least, standard care of HNSCC patients, such as chemoradiation 

therapy, could elicit anti-tumor immune response. Classification of tumors based on the 

dynamics and phenotypes of TILs is rapidly emerging as a powerful prognostic tool to guide 

treatment. Initial descriptions of TILs appeared in the literature about 40 years ago [1], this 

review will discuss some of the most commonly studied historical topics on the clinical 

value of TILs, and the most urgent questions that challenge tumor immunology research 

related to HNSCC.

Does the number of T-cells in the tumor microenvironment matter?

Although TILs had been appreciated as a component of solid tumors in 1976, it was not until 

10 years later that the subpopulations of TILs in HNSCC were characterized [2]. In the 

initial cohort, 40 patients with HNSCC were included, and short-term disease-free interval 

and actuarial survival were correlated with the number of CD4+ infiltrating T-cells [2]. In 

addition, the earlier stages of HNSCC were associated with greater number of TILs [2, 3]. 

These findings promoted enthusiasm for designing novel neoadjuvant clinical trials for 

immunotherapy. Early attempts of immunotherapeutic approaches focused on the elicitation 

and expansion of effector cells. These trials frequently employed an IL-2-based regimen, 

aiming to promote the expansion of effector immune cells. Peritumoral injection of IL-2 

indeed increased the percentage of CD3−CD56+ NK cells [4]. Although one study showed 

that perilymphatic IL-2 injection did not change the number of T-cells in peripheral blood 

and restore suppressed immune function [5], another group showed that regional 

perilymphatic injections of a mixture of cytokines significantly increased the total 

lymphocyte counts, CD3+ T-cells, CD4+ T-cells, and CD8+ T-cells. The overall lymphocytic 

infiltration increased 4.7 fold [6]. Guided by a similar philosophy of promoting the 

proliferation of effector immune cells, tumor vaccine clinical trials were later developed to 

increase the specificity and intensity of anti-tumor immune response. Unfortunately, these 

clinical trials did not appear to significantly improve the survival of HNSCC patients, which 

has remained almost unchanged in the past several decades [7, 8]. These observations may 
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be in part due to the fact that cytokines and the components of early vaccines have a 

relatively short half-life, and cannot continuously elicit an “inflamed” tumor 

microenvironment to promote effector immune cell homing to the tumor.

The recent revitalized interest in immunotherapy prompts many studies on the prognostic 

value of TILs. The results are remarkably consistent with what was found 40 years ago. A 

recent study examined formalin-fixed paraffin-embedded (FFPE) HNSCC tissues from 161 

patients with a median follow-up of 48 months. High CD3 or CD8 expression on TILs was 

considered an independent factor for favorable overall survival, local progression-free 

survival, and distant metastases-free survival [9]. Although in a small cohort of oral cavity 

carcinoma patients, the number of CD4 or CD8 T-cells was not associated with overall 

survival [10], a recent larger retrospective study with 278 patients showed that increased 

CD4 and CD8 TIL levels were significant independent prognostic variables associated with 

favorable overall survival and recurrence-free survival [11]. A comprehensive meta-analysis 

of the prognostic value of the number of TILs for HNSCC patients has not been published; 

but meta-analyses for patients with lung cancer and breast cancer showed that high TIL 

numbers were independently associated with a favorable outcome in both cancer types [12, 

13]. Notably, HPV-driven HNSCC has a distinct clinical response profile to chemoradiation 

therapy. Although HPV+ HNSCC is often accompanied by nodal metastasis, the overall 

survival and progression-free survival are usually longer than HPV− tumors. One hypothesis 

is that the immune response against viral antigens could drive the elimination of tumor cells 

[14, 15]. In a recent study, the number of TILs was used to classify HPV+ tumors into 

different risk groups, with the most dense immune infiltrates being associated with a 

significantly improved survival [16]. Specifically, CD8+ and FOXP3+ T-cells were positively 

associated with disease-specific survival in patients with HPV+ oropharyngeal cancer [17].

Radiotherapy and chemotherapy are two major treatment modalities for HNSCC patients. In 

addition to the direct induction of DNA damage in tumor cells with irradiation or a 

platinum-based regimen, anti-tumor immune activation has been repetitively identified as an 

important mechanism underlying the treatment efficacy [18]. In agreement with this notion, 

high levels of CD3+ CD8+ T-cell infiltration are indicative of a favorable response to 

chemoradiotherapy [19]. A study shows that the prognostic value of CD3+ and CD8+ T-cells 

depends on the infiltration pattern. It is the TILs that are within the tumor cells or in close 

proximity to tumor parenchyma that would bear prognostic value. In contrast, CD3+ T-cells 

in the tumor stroma or the periphery of the tumor islands do not exhibit a prognostic value 

[20]. In our recent study, we noticed that above median levels of CD4+, CD8+, and FOXP3+ 

T-cell infiltration was correlated with extended survival in patients who received 

chemoradiation therapy. Interestingly, in patients receiving surgery, only a modest 

improvement in overall survival was noticed in those with high CD8 counts [11]. We have 

also previously noted that T-cells in peripheral blood also bear prognostic value. In an 

induction chemotherapy Phase II trial to identify HNSCC patients that were sensitive to 

chemoradiation therapy, CD4+ T-cells in the peripheral blood could predict response to 

neoadjuvant chemotherapy in patients with laryngeal cancer, but not with oropharyngeal 

tumors [21]. In an analysis of 124 articles that focus on the prognostic values of T-cells, the 

presence of CD8 cytotoxic T-cells appears to be generally associated with an improved 

survival [22].
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Regulatory T (Treg) cell infiltration is another frequently studied biomarker for prognosis. 

Most studies use CD4+CD25+FOXP3+ population as markers for Tregs. Treg shares many 

common activation markers with effector T-cells, such as OX40, CTLA4, and PD-1. But due 

to its intrinsic immunosuppressive function, checkpoint blockade in this population of T-

cells does not reverse its suppressive property, in contrast to functional restoration of 

“exhausted” effector T-cells. Despite its inhibitory impact on the anti-tumor Tc1/TH1 

response, FOXP3+ Tregs were associated with favorable outcome in several types of solid 

tumors [23]. In a small cohort of 35 HNSCC patients, FOXP3+ Tregs were found to be 

related to prolonged overall survival [24]. A more recent study using FFPE specimens from 

278 patients also suggested that high level of FOXP3+ cells were associated with a favorable 

prognosis [11]. In addition, CD4+ FOXP3+ T-cells were positively correlated with superior 

locoregional control [25]. Consistently, in a pan-solid tumor analysis, Treg infiltrates 

appeared to be associated with a favorable survival outcome [23]. Although it is not entirely 

unclear why higher Treg infiltrates were found to be beneficial in clinical outcomes, Tregs 

are usually enriched in a pro-Tc1/TH1 environment so that immune activation is kept in 

check. Thus the presence of high level of Tregs may suggest a background of high Tc1/TH1 

response that promotes a favorable outcome. Indeed, multiple immunosuppressive markers, 

such as indoleamine-2,3-dioxygenase (IDO), programmed death ligand 1 (PD-L1), and 

FOXP3, were associated with T-cell-inflamed tumors and a better prognosis [26, 27]. 

FOXP3+CD4+ T-cells were found to be in the same area as CD8+ T-cells [26]. As these 

immunosuppressive markers are downstream targets of both type I and type II interferon 

[28], the evidence collectively suggests that these inhibitory markers were induced because 

of the presence of a functional effector T-cell infiltrate and a favorable “inflamed” tumor 

microenvironment. A meta-analysis of the prognostic value of Treg numbers in HNSCC 

would be confirmative of these reported associations.

T helper 17 (TH17) cells inform a T-cell subpopulation that promotes anti-tumor immunity. 

A recent phenotypic analysis of TH17 cells revealed that they resembled terminally 

differentiated memory T-cells, and strongly promoted long-term anti-tumor immunity [29]. 

Increased TH17 population was associated with a better prognosis in patients with cervical 

adenocarcinoma [30]. A cytokine macrophage inhibitory factor (MIF) that strongly 

promoted the generation of TH17 was significantly associated with a better survival in 

patients with nasopharyngeal carcinomas [31].

T-cell-based immunoscore represents an emerging dimension for cancer classification. 

Although a T-cell-centered immunoscore for oral cancer is still under development, it has 

shown promising prognostic value in colorectal cancer. The presence of high density of 

CD45RO+ memory T-cells was significantly correlated with an increased expression of 

Tc1/TH1 genes [32]. A combinatorial assessment of CD8+ and CD45RO+ T-cells in the 

center of the tumor and invasive margins showed that high densities of these tumor-

associated T-cell populations were indicative of a significantly improved overall survival and 

disease-free survival [32]. Intriguingly, the T-cell-based stratification system was found 

superior to conventional histopathologic methods [33]. Microsatellite instability is a genetic 

feature in a subset of colorectal tumors, and it is often linked to a favorable prognosis. 

Notably, microsatellite-instable tumors exhibited increased densities of TH1, effector, and 

memory T-cell populations. A T-cell-based immunoscore could even better predict patients’ 
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prognosis than microsatellite instability [34]. A cytotoxic immune signature was inversely 

correlated with distant metastasis in colorectal cancer patients [35]. One potential challenge 

of using a T-cell-based immunoscore as a prognostic marker is that the quantitation methods 

of T-cells usually vary among different research groups and institutions. Recent advances in 

digital pathology encourage the utilization of quantitative immunohistochemistry and 

quantitative multiplex immunofluorescence as part of the scoring practice. This effort also 

confirmed the correlation between a high CD8+ T-cell count and a favorable clinical 

response of melanoma patients to treatment [36].

Are immune cells in the tumor microenvironment different from those in the 

peripheral blood?

As early as in late 1980s, effector immune cells in tumors were found to be more suppressed 

than those in peripheral blood [37]. For example, NK cells-mediated tumor lysis activity was 

severely damaged in TILs and those from the tumor-containing draining lymph nodes [37]. 

About the same time, significant differences in effector function were noted between TILs 

and lymphocytes from the peripheral blood in oral cancer patients [38]. The past several 

decades have witnessed a significant increase in our knowledge of the sub-classification of 

T-cell populations, markers of different T-cell subsets, and checkpoint receptor signaling 

pathways. In agreement with previous findings, a recent study showed that TILs of HNSCC 

demonstrated significantly suppressed Tc1/TH1 phenotype in comparison with CD8+ T-cells 

from matching patients’ peripheral blood [39]. Importantly, a phosphatase SHP-2 was found 

to be overexpressed in TILs and correlated with the checkpoint receptor PD-1 expression. In 

addition, SHP-2 activation suppressed phospho-STAT1/T-bet-mediated Tc1/TH1 response 

[39]. Consistent with these findings, the subpopulations positive for the checkpoint 

receptors, such as CTLA-4, TIM-3, and PD-1, were significantly more frequent in the Tregs 

within the tumor microenvironment, compared to the Tregs in circulating blood [40]. Tregs 

from the TILs also exhibited more potent inhibitory effect than those from the peripheral 

blood [40]. However, the pro-TH1 population TH17 cells in the TILs demonstrated enhanced 

capability of producing IFN-γ compared to their counterparts in the peripheral blood [31].

Are non-T-cell TILs bystanders?

Despite the predominance of T-cells in the TIL population, almost all types of immune cells 

including natural killer (NK) cells, neutrophils, B-cells, macrophages, and dendritic cells are 

present in the tumor microenvironment. The presence and functional significance of these 

subsets remain to be fully elucidated, but there is increasing evidence that B cells, 

neutrophils and complex crosstalk via cytokines may influence whether the environment is 

tumorigenic or cytotoxic. The relationship between cancer and inflammation is complex and 

usually context-dependent. Although pro-inflammatory responses and chronic inflammation 

mediated by the aforementioned immune cells have been reported to promote cancer 

initiation [41], proper inflammatory response is critical in establishing an effective anti-

tumor Tc1/TH1 response in established tumor cells.

In a recent study of neutrophils in the TIL, an analysis of 90 patients with squamous cell 

carcinoma of the esophagus showed that an increased neutrophil infiltrate was a poor 
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prognostic factor, and that the peritumoral neutrophil-to-lymphocyte ratio was significantly 

associated with disease progression in patients who received curative surgery [42]. 

Interestingly, a recent comprehensive bioinformatics study involving ~18,000 human tumors 

of 39 types of malignancy revealed consistent results that neutrophils were markers for poor 

clinical responses. In the same study, increased level of T-cells was correlated with improved 

survival; and intra-tumoral γδT-cells emerged as the most significant biomarker for a 

favorable prognosis across all cancer types [23]. Importantly, this study employed a new 

machine learning tool to interrogate the clinical association of 22 leukocyte subsets. Aside 

from T-cell subsets, intra-tumoral plasma cells were identified as novel immune biomarkers 

indicative of superior survival [23]. In agreement with these findings, tumor-infiltrating 

immune cell profile exhibited distinct patterns between early stage and advanced stage 

colorectal cancers; and the number of B-cells was positively correlated with survival [43].

How do tumor cells modulate the intensity of immune response?

Pilot clinical results suggested that the response rates to checkpoint inhibitor pembrolizumab 

in HNSCC patients were about 20%, with the majority of patients non-responsive [44]. 

There are two major challenges that curb the efficacy of current immunotherapy. (1) How do 

cancer cells inhibit a “T-cell-inflamed” tumor microenvironment? (2) How do cancer cells 

establish immune tolerance by interfering with immunogenic cytotoxicity?

One of the most important conceptual advances in tumor immunology is the emerging 

classification of cancer into immunogenic “hot” tumors and hypoimmunogenic “cold” 

tumors. Compelling evidence suggests that IFN-I signaling in cancer cells and tumor 

microenvironment critically modulates the recruitment and activation of effector T-cells. 

Indeed, IFN-I have been shown to alleviate tumor burden in a wide spectrum of tumor 

models [45–47]. Cancer cell autonomous IFN-I is indispensable for chemotherapy-induced 

anti-tumor immunity, and IFN-I signatures in cancer cells were associated with superior 

prognosis [48]. Similarly, the efficacy of radiotherapy also depends on the activation of IFN-

I signaling [49–51]. Mechanistically, radiotherapy triggers DNA damage, which may cause a 

release of damaged DNA into the cytoplasm [52, 53]. Cytoplasmic DNA is detected by a 

class of DNA sensors such as cyclic GMP-AMP synthase (cGAS), which produces a second 

messenger cyclic GMP-AMP (cGAMP) [54, 55]. This second messenger activates the 

adaptor protein Stimulator of Interferon Genes (STING) to trigger IFN-I signaling (Figure 1) 

[56, 57]. A number of IFN-I downstream target genes are chemokines, such as CXCL9 and 

CXCL10, which promote the recruitment of T-cells to tumor bed. Indeed, significantly lower 

expression levels of CCL1, CCL26, CCR6, CXCL2, CXCL12, CXCL13, and CXCL16 were 

noticed in cancer; and patients with CXCL13 deletion showed a lower density of B-cells and 

follicular helper T-cells [43]. Importantly, patients with chemokine defects are more likely to 

present with disease relapse [43]. Epigenetic silencing of TH1 cytokines CXCL9 and 

CXCL10 in cancer cells severely compromised the recruitment of effector T-cells, and 

blockade of epigenetic repression improved checkpoint-targeted immunotherapy [58].

In addition to IFN-I signaling in tumor cells, IFN-I activation in the tumor 

microenvironment separates “T-cell-inflamed” tumors from “non-T-cell-inflamed” tumors 

[59]. IFN-I potently activates antigen-presenting cells and promotes dendritic cell cross-
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priming. In fact, implantation of tumors in IFN-I receptor-deficient Ifnar1−/− mice lead to 

significantly increased tumor burden [45]. This IFN-I-primed inflamed status facilitates the 

T-cell trafficking to tumors. Notably, IFN-I-inducing STING agonists have demonstrated 

promising adjuvant potential in improving melanomas response to checkpoint block therapy 

[60]. In addition, because IFN-I and IFN-γ both induce immunosuppressive markers 

including IDO, PD-L1 and FOXP3+ Tregs, checkpoint blockade may be most effective in 

tumors with an inflamed microenvironment [46].

Due to the significance of IFN-I signaling in promoting tumor immunogenicity, cancer cells 

could employ a set of mechanisms to suppress STING-mediated IFN-I activation. However 

it remains elusive how cancer inhibits IFN-I induction. The discovery of cancer cell factors 

that modulate IFN-I will likely reveal key molecular machinery underlying tumor 

immunogenicity. We and others have identified a group of IFN-I “checkpoint” NLRs (NOD-

like receptors, also known as nucleotide-binding domain, lots of leucine rich repeats-

containing proteins). For example NLRX1, NLRC3, and NLRP4 could all dampen IFN-I 

signaling [61–67]. This NLR subset usually exhibits broad tissue expression pattern, 

including cancer cells. Better understanding how these molecules regulate pro-inflammatory 

signaling in tumor will reveal key mechanistic candidates that dampen T-cell trafficking to 

tumor microenvironment.

It has been suggested that the genomic mutations in melanoma drive the presentation of 

tumor-associated mutant neoantigens on the cell surface, which promotes the clonal 

diversity of anti-tumor immunity and underlies the successful clinical outcome of 

immunotherapy [68]. Recent studies of HNSCC cancer genomics showed that every HNSCC 

cell harbors more than 200 mutations [69, 70]; yet patient responses to immunotherapeutic 

agents are not optimal [71, 72]. Besides possible inhibition of IFN-I signaling, HNSCC may 

employ other mechanisms to establish immune tolerance. Autophagy, an evolutionarily 

conserved process that recycles damaged organelles and protein aggregates, has been closely 

associated with tumor initiation and response to treatment [73]. Most previous studies on 

autophagy heavily focus on its role in protecting tumor cells from treatment-induced 

metabolic crisis. Indeed, independent groups have found that autophagy promotes resistance 

in tumor cells to chemoradiation therapy [73]. Recently, it is increasingly appreciated that 

selective autophagy could potently promote cancer resistance to activated effector immune 

cells. Both NK and CD8+ CTL deliver cytotoxic proteins, including perforin and GMZB, to 

tumor cells and activate the extrinsic apoptotic caspase cascade. GMZB is a target of 

autophagosomes, and can be rapidly degraded by autophagy [74–76]. Deficiency in 

autophagy-promoting proteins, such as BECN1 or TUFM, increased cancer cell sensitivity 

to NK-mediated cytotoxicity [63, 77]. Conceptually in agreement, hypoxia-induced 

autophagy also promoted cancer cell resistance to both NK cells and CTL. Knocking down 

autophagy-promoting proteins restored the level of GMZB in tumor cells and sensitized 

tumor to effector immune cells [74, 76].

Autophagy has a context-dependent role in cancer. Genetic evidence shows that autophagy 

prevents tumor initiation, as disruption of an autophagy-promoting gene BECN1 resulted in 

increased tumorigenesis [78]. But in established tumors, autophagy promotes resistance to a 

variety to cytotoxic mechanisms, including immunogenic cytotoxicity [79, 80]. Interestingly, 
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a group found that autophagy may regulate tumor cell immunogenicity through the 

regulation of the release of danger-associated molecular patterns (DAMP). DAMPs may be 

secreted by dying tumor cells such as adenosine triphosphate (ATP). ATP could activate the 

NLRP3-dependent inflammasome, which controls the secretion of mature IL-1β in a 

caspase-1-dependent fashion [81, 82]. IL-1β and other IL-1β-dependent pro-inflammatory 

cytokines promote the maturation of dendritic cells. Thus autophagy may regulate cell 

immunogenicity in an ATP-inflammasome-IL1-β-dependent fashion [83]. In particular, 

since an autophagy-defect could drive spontaneous tumor development [78], it is possible 

that evasion from autophagy-dependent immunosurveillance contributes to tumor initiation. 

Evidence gleaned from TIL studies suggest that cancer is not only a genetic disease, but also 

an immunologic disease. From an immuno-oncology point of view, the dual roles of 

autophagy in cancer initiation and response to treatments can be, at least partially, attributed 

to its impact on cancer cell-immune cell interaction. During the tumor initiation stage, 

autophagy-regulated ATP release from transforming cells could alert the innate immune 

system, which protects the host from cancer development. Should this immunosurveillance 

mechanism fails and tumors become established, autophagy is promoting resistance to 

immunogenic cytotoxicity by targeting the effector molecule GZMB.

Last but not least, immunogenic cell death is initiated by the effector immune cells, and its 

outcome depends on the successful activation of the pro-apoptotic caspases cascade [84]. 

Importantly, recent genomic characterization of HNSCC revealed novel mutations involving 

cell death pathways, especially mutations affecting CASP8 [85]. The encoded protein 

Caspase-8 is responsible for activating the extrinsic apoptotic pathway. Mutations of CASP8 
in HNSCC were found to be diffuse and suggestive of loss-of-function in nature [85]. 

Interestingly, these mutations were also associated with cytolytic activity of immune cells 

through a bioinformatics analysis [86]. This evidence suggests that changes in CASP8, 

either through genetic mutations or transcriptional regulations could have a major impact on 

the outcome of cell death, in response to immunogenic cytotoxicity.

How do cancer initiating cells (CICs) respond to TILs?

The recent evolving theme in CICs suggests this subset of cancer cells is highly tumorigenic 

and more resistant to treatments [87]. There have been excellent reviews regarding the 

response profiles of CICs to chemoradiation therapy [88]. A general consensus is such that 

CICs represent a small resistant population in tumor cells, with high ALDH activity and 

CD44 expression. The initial characterization of HNSCC CICs is evidenced by the fact that 

HNSCC cells with high ALDH activity showed superior tumorigenic potential when 

implanted as a xenograft [89]. Interestingly, several human HNSCC cell lines harbor a CIC-

like population, which could be harnessed as a tool to investigate whether this small 

population of tumor cells represent as a major hurdle against a successful neoadjuvant 

therapy [87, 90]. The studies on the interaction between CICs and immune system are 

beginning to emerge. Interestingly, CD44+ HNSCC cells exhibited lower levels HLA-A2 

and TAP2 expression, the latter of which is essential for assembling the MHC Class I-tumor 

antigen peptide complex [91]. These data indicate that CIC-like cells in HNSCC may be less 

immunogenic than the bulk of the tumor cells. Notably, CD44+ HNSCC cells exhibited 

selective PD-L1 expression compared to CD44− cells; and the decreased immunogenicity of 
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CD44+ HNSCC cells can be partially restored by PD-1 blockade [92]. As CICs are 

functionally defined by the increased tumorigenic potential of a subset of tumor cells, it is 

very likely that the maintenance and renewal of these CICs could vary depending on the 

nutrient condition and treatments. In addition, it is noteworthy that CICs can be effectively 

targeted by immune cells, as this population has shown susceptibility to co-culture with NK 

cells [93, 94]. CICs also present specific tumor-associated antigens on the cell surface, 

which can be potentially targeted by effector T-cells [95]. But one factor that limits the 

efficacy of immunotherapy is the CICs-potentiated immuno-suppressive environment [96]. 

The general mechanisms that tumor cells employ to suppress TIL infiltration could be 

applied to CICs as well. Future studies on how unique signaling pathways in CICs suppress 

immune cell trafficking and interfere with immunogenic cytotoxicity would be essential in 

the design of immunotherapeutic approaches targeting this population.

What are the challenges of using TIL as prognostic markers for HNSCC?

As we have discussed above, TILs number and functional subsets are indicative of host anti-

tumor immune response, and associated with patients’ clinical outcomes. A worldwide task 

force has been committed to classify colorectal tumors based on the TIL profile [97]. The 

Society for Immunotherapy of Cancer (SITC) has launched an Immunoscore Validation 

Project to verify the prognostic significance of the T-cell-based immunoscore in more than 

5,000 colon cancer patients. These effort will complement the clinical benefits of the 

American Joint Committee on Cancer (AJCC) staging system, and provide a reference value 

that not only predicts patients’ survival but also response to treatments.

Importantly, TILs are not only telltale markers for tumor response to treatment, but also 

represent a new dimension for therapeutic intervention. However there are several urgent 

scientific challenges that need to be addressed to realize the potential of precision medicine-

informed immunotherapy: (1) Although high CD3+ CD8+ T-cell and Treg counts appear to 

be prognostically beneficial, the current immunoscore scheme has not yet fully taken into 

account cancer cell factors that modulate tumor immunogenicity. The significance of cancer 

cell autonomous IFN-I signaling in establishing an “inflamed” microenvironment has been 

established from studies in several types of solid tumors, but its role in HNSCC remains 

elusive. In addition, IFN-I signatures involve a complex set of genes, detailed analysis of 

high throughput sequencing data would be essential to determine which IFN-I pathways are 

associated with a favorable cytotoxic T-cell response. (2) HNSCC is often used as an 

umbrella terminology to describe a number of histologic subtypes, which may include 

conventional squamous cell carcinoma, verrucous carcinoma, basaloid squamous cell 

carcinoma, papillary squamous cell carcinoma, lymphoepithelial carcinoma, spindle cell 

carcinoma, adenosquamous carcinoma adenocarcinoma, and sinonasal undifferentiated 

carcinoma. Although some of these subtypes are not as common as conventional squamous 

cell carcinoma, different histologic subtypes are associated with varied prognosis; for 

example, basaloid squamous cell carcinoma is usually associated with a worse prognosis, 

while papillary squamous cell carcinoma and verrucous carcinoma may behave better over 

time [69]. The interpretation of TILs associated with different histologic subtypes needs to 

be further refined. (3) The number and functions of TILs are dynamic in nature. After TIL is 

initially evaluated in a biopsy specimen, subsequent treatments, such as chemoradiotherapy, 
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may significantly change the infiltrating profile. Thus the prognostic value of initial 

interpretation on a biopsy specimen may be also confounded by the dynamics. Thus 

development of an expanded panel including TIL and cancer cell factors that underlie its 

immunogenic potential would hold key to realize the potential of precision immunotherapy. 

(4) Although autophagy promotes resistance to immunogenic cytotoxicity, selective 

inhibition of autophagy in tumor cells is technically challenging. The current inhibitor of 

autophagy, such as hydrochloroquine, has an unfavorable pharmacologic dynamics [98]. In 

addition, it potently interferes with dendritic cell activation, which dampens adaptive 

immunity [99, 100]. Thus in order to bypass this limitation in tumors with high level of 

autophagy, alternative approaches to promote a T-cell-inflamed tumor microenvironment and 

increase effector immune cell density would be critically beneficial and more practical.

In conclusion, an immunoscore based on TIL phenotype has demonstrated great promise in 

complementing the current AJCC staging system to better classify patients. A coordinated 

effort in developing an immunoscoring system to integrate both TIL phenotypes and cancer 

biomarkers for immunogenicity would have a significant impact on the staging system of 

HNSCC. Discovery of major cancer cell machinery that impedes a favorable “inflamed” 

tumor microenvironment holds key to expand the patient pool who respond to novel 

adjuvant immunotherapy. Approaches that center on the improvement of TIL trafficking and 

activation will synergize with a checkpoint-blockade-based regimen.
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Figure 1. IFN-I signaling in cancer regulates its immunogenicity
“Hot” immunogenic tumors could be better recognized by the immune system than “cold” 

tumors. IFN-I-derived from cancer cells could launch a large interferon-stimulated genes 

(ISG) transcriptional program and promote effector immune cell trafficking to the tumor 

bed. In addition, IFN-I could also promote APC cross-priming of T-cells.
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