
Immunotherapy for head and neck cancer

H. Carter Davidsona, Michael S. Leibowitzb, Andres Lopez-Albaiteroa, Robert L. Ferrisa,b,c,*

aDepartment of Otolaryngology, University of Pittsburgh, School of Medicine, Hillman Cancer 
Center Research Pavilion, 5117 Center Avenue, Suite 2.26, Pittsburgh, PA 15213, United States

bDepartment of Immunology, University of Pittsburgh, School of Medicine, PA, United States

cCancer Immunology Program, University of Pittsburgh, Cancer Institute, PA, United States

SUMMARY

Overall survival for patients with squamous cell carcinoma of the head and neck (SCCHN) 

has not improved appreciably over the past few decades. Novel therapeutic approaches, such 

as immunotherapy, are under clinical investigation since the standard treatments are toxic 

and have not successfully controlled this disease with sufficiently high success rates. Cancer 

immunotherapy describes various techniques to expand and activate the immune system to control 

tumor growth in vivo, and clinical evaluation has so far demonstrated low toxicity. Immunotherapy 

appears to have the most applicability in settings of minimal residual disease and to reduce 

distant metastases after other therapeutic interventions, and its potential clinical value is now 

receiving intensive evaluation. Emerging forms of SCCHN immunotherapy involve both the use 

of monoclonal antibodies (mAb) that target growth factor receptors where immune activation 

appears to contribute to tumor cell lysis, as well as various forms of active vaccination strategies 

which activate and direct the patient’s cellular immunity against the tumor. This article reviews 

immunotherapeutic strategies currently in clinical trials or under development for patients with 

SCCHN.
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Introduction

The long-term survival for patients with squamous cell carcinoma of the head and neck 

(SCCHN) is <50%.1 Standard treatments have failed to impact long-term survival in this 

patient population and are increasingly toxic. Adjuvant therapy has long been considered 

as a potential treatment modality to eradicate local, regional and metastatic microscopic 

disease.2,3 Cancer immunotherapy is also being evaluated for adjuvant treatment of SCCHN, 
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involving techniques to utilize the patient’s anti-tumor immune response to recognize and 

reduce metastasis, recurrence, and incipient second primary tumors.4

Immunotherapeutic approaches usually require identification of tumor antigens (TA) 

expressed by SCCHN cells. Numerous TA have been identified as potential targets for 

immunotherapy in SCCHN cells, but very few are tumor specific, and usually there is 

some level of expression in surrounding tissues. In general, TA are short peptide sequences 

generated from unique or shared proteins expressed by the cancer cells, recognized by either 

the humoral or cell mediated components of the immune system.5

Briefly, TA fall into a few broad categories. Some antigens, such as CASP-86, are uniquely 

expressed by SCC, whereas CEA7 and MAGE8 are associated with different stages or 

differentiation lineages. A third class of TA are over-expressed in tumor cells, such as p539 

or EGFR.10 Immune recognition is possible due to higher levels of wild-type sequence TA 

peptides expressed by malignant and premalignant cells compared to normal tissues. Still, 

some antigens are mutated forms of proteins found in normal cells, for example p5311 and 

CDK4.12 Finally, viral encoded oncoproteins, like the well studied human papillomavirus 

(HPV)-derived E6 and E713,14 proteins or Epstein barr virus (EBV)-derived antigens15, are 

unique to SCCHN cells, providing strong rationale for immune targeting through cancer 

therapy or prevention.

TA should possess certain characteristics such as unique or differential expression on 

malignant cells. Broadly applicability TA would be expressed at a sufficient level in a 

majority of patients’ tumors and are important for tumor survival or malignant behavior. 

This ensures that antigen loss, to avoid immune detection, produces a negative effect 

on tumor cell growth and survival. Finally, a targeted antigen must generate a potent 

immunologic response, or a means to augment this response must accompany the 

immunotherapy. The discovery of the identity, antigenic source, and molecular sequence 

of TA has led to the design of a number of targeted immunotherapeutics for SCCHN. This 

article provides a brief review of emerging forms of immunotherapy for SCCHN, with 

a specific focus on recent advances in anti-tumor vaccines and their effectiveness in oral 

oncology.

Antibody therapy

Targeting tumor cells with high-affinity antibodies is successfully utilized in the treatment 

of SCCHN. mAb with high affinities for TA are relatively feasible to manufacture in large 

quantities and have been shown to be clinically efficacious16,17 and less toxic in comparison 

to traditional chemotherapeutic agents.18 These factors have led to the recent use of TA 

specific mAb immunotherapy targeting the epidermal growth factor receptor (EGFR)10 and 

vascular endothelial growth factor (VEGF).19

TA specific targeting of EGFR has been accomplished by two different FDA-approved 

mAb, cetuximab and panitumumab. More than 90% of SCCHN overexpress EGFR, and 

its importance in cell proliferation and survival, invasion and angiogenesis make it an 

attractive target for immunotherapy.20,21 Cetuximab, a chimeric mAb targeting EGFR, was 

Davidson et al. Page 2

Oral Oncol. Author manuscript; available in PMC 2022 April 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



approved by the FDA in 2006 for use in combination with radiation therapy for treatment of 

locally advanced SCCHN. Phase II clinical trials have addressed the efficacy of combination 

cetuximab and radiation therapy,22 as well as cetuximab and chemotherapy for locally 

advanced or recurrent SCCHN. In a Phase III trial of combination cetuximab, radiation 

therapy and cisplatin demonstrated 3 year overall survival, progression free survival and 

locoregional control rates of 76%, 56% and 71%, respectively.23 Panitumumab has also been 

used in a Phase I trial with chemoradiation, showing clinical efficacy.24 At the University 

of Pittsburgh, a Phase II trial of adjuvant panitumumab, cisplatin and radiation (UPCI 

06-120) (Ferris, PI) is testing the ability of mAb panitumumab immunotherapy to reduce 

microscopic disease recurrence in high-risk, resected SCCHN patients.

Antibody mediated TA specific immunotherapy can may function through several 

mechanisms of action.32,33 First, mAb may inhibit tumor growth by inhibiting signaling 

pathways involved in proliferation, differentiation and survival.25 Second, mAb may serve 

as immunostimulants and induce innate (complement-mediated) immunity26 or antibody-

dependent cellular cytotoxicity (ADCC),27,28 as well as inducing antigen-specific CTL via 

cross-priming.29 Third, antibodies may serve as vehicles for the delivery of conjugated 

chemotherapeutic toxins to the tumor bed.10 Fourth, mAb target SCCHN cell derived TA to 

DC for enhanced processing and cross-priming of T lymphocytes to broaden the anti-tumor 

immune response.30,31

Despite well documented clinical efficacy of EGFR specific mAbs16 their mechanism of 

action is poorly understood. Clinical response to cetuximab therapy does not correlate with 

level of expression of EGFR, the targeted TA,25 and likely involves more than simple 

competitive antagonism of receptor ligands. These mAb and cetuximab, the EGFR specific 

chimeric IgG1 mAb,27 likely owe their clinical efficacy at least partly to antibody-dependent 

cell cytotoxicity (ADCC).34,35 Natural killer (NK) cells participate in ADCC through 

binding of their NK FcγR (see Fig. 1 panel A) and polymorphisms at this FcγR have 

been implicated in clinical response.34,36 Induction of TA specific T lymphocyte responses 

may also contribute to clinical responses. A number of investigators have demonstrated 

the importance of various arms of the immune system in clinical efficacy, and ultimately 

responses are likely multifactorial.

Vaccine strategies for SCCHN

Generation of an anti-tumor immune response involves many elements of the immune 

system, with T lymphocytes considered critical cellular effectors involved in anti-tumor 

activity. T cells recognize short peptide fragments (TA of 8–10 amino acids in length), 

derived from cellular protein antigens. These TA peptides are expressed by tumor cells and 

are also processed in antigen presenting cells from much larger proteins. These antigen 

presenting cells, such as dendritic cells (DC), display surface complexes composed of TA 

peptides bound to human leukocyte antigens (HLA) on the cell surface for recognition by 

T cells. It is these HLA:peptide complexes and adjacent costimulatory molecules which 

activate the T cells and ultimately produce anti-tumor activity (see Fig. 1 panel B). A major 

challenge of T cell based immunotherapies has been to find the both the appropriate TA and 
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optimal method of delivery into professional APC, such as DC, to initiate the most efficient 

and persistent immune response.

Multiple approaches have been explored to develop clinically efficacious specific 

immunotherapies, including the use of DNA, bacterial or viral vectors, peptide, whole 

protein, DC or tumor cell based vaccines. Below we outline current SCCHN vaccine 

strategies and outcomes undergoing clinical evaluation or in development.

Peptide vaccines

Antigenic peptides can be directly delivered to cancer patients to generate immunologic 

responses to tumor cells. Precisely designed TA peptides can associate with HLA class I 

or II molecules on the cell surface of antigen presenting cells (DC) and trigger anti-tumor 

effector mechanisms by activating helper T cell (Th) or cytotoxic T cells (CTL). Peptide-

based vaccines have been shown to be safe and easy to produce on a large scale for clinical 

grade vaccines. The main obstacle, aside from identifying the appropriate immunogenic 

epitope on the TA, is the identification of cognate HLA alleles that will bind with the 

synthetic peptide and generate an immune response. In general high binding to these 

HLA roughly correlates with in vivo immunogenicity. Disadvantages of peptide vaccines 

include their relative weak immunogenicity when compared to viral and bacterial vaccine 

strategies.37 In addition, once a TA peptide is selected, its use is limited to the population 

of individuals expressing the appropriate restricting HLA molecule, which can present the 

antigenic peptide to T cells. This HLA restriction associated with peptide-based vaccines is 

circumvented by the use of larger protein-based or multi-peptide vaccines, where multiple 

TA peptides are presented in polyvalent fashion.

Currently, a clinical trial at the University of Maryland (NCT00257738) (Strome, PI) is 

enrolling patients with advanced recurrent SCCHN, using a vaccine containing MAGE-A3 

and HPV-16 E7 proteins administered to HLA-A2 positive patients.38 This multi-epitope 

vaccine contains both CD4 and CD8 epitopes that are cleaved and released by the Golgi 

apparatus. This strategy utilizes a basic Trojan peptide sequence derived from HIV-I Tat 

protein to deliver peptide epitopes intracellularly directly into the endoplasmic reticulum, 

and lead to the generation of CTL and Th responses.39

One of the major benefits of peptide-based vaccines is the ability to monitor specific 

immunologic response to vaccination; however in most cases the immune response detected 

has not been correlated with clinical responses. Given the discordance between immunologic 

and clinical responses, as well as the above mentioned restrictions on HLA haplotype, many 

researchers are utilizing peptide-pulsed DC, the addition of helper peptides (see below), as 

well as depletion of regulatory T cell (Treg) subsets to improve the effectiveness of peptide 

vaccines.

DNA vaccines

One of the simplest means of eliciting antigen-specific immune response is through the 

introduction of naked DNA/RNA. After transfection, nucleic acid vaccines rely on host 

cellular machinery to generate TA. Nucleic acid vaccines have the advantage of being 
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relatively easy to manufacture in large quantities and have inherent stability in a wide range 

of conditions over an extended period of time. Furthermore, nucleic acid based vaccines 

have little inherent risk to the patient and are safe in immunosuppressed individuals. 

However, nucleic acid based vaccines have their drawbacks. Most notably, DNA vaccines 

generate relatively weak immune responses when compared to their viral or bacterial vector 

counterparts.

Several animal models have demonstrated the ability of DNA plasmid-based vaccines 

to elicit immune responses to the HPV-16 E7 protein.40 Based on these data, an HPV-

E7-specific clinical trial has been completed at Johns Hopkins University administering 

naked DNA encoding HPV-16 E7 linked to M. tuberculosis HSP70 protein to patients 

with advanced HPV-16 associated SCCHN. Eighteen oropharyngeal SCC patients were 

vaccinated after chemoradiation and had documented HPV-16+ disease by fluorescence in 

situ hybridization (FISH). Clinical results are being correlated with induction of E7-specific 

immunity.

One of the obstacles of DNA vaccine therapy lies in the route of administration of naked 

nucleic acid vaccines. Most commonly, intramuscular or intratumoral injections are used in 

the delivery of DNA based vaccines which may not target DC, the optimal cell type for 

induction of strong anti-tumor immunity. As mentioned, the immune response generated by 

DNA vaccines may be diminished when compared to viral and bacterial vaccine strategies. 

However, plasmid DNA has been shown to activate innate immune responses42 through its 

own cognate immunostimulatory sequences which can stimulate inflammatory signals and 

cytokines via CpG motifs and toll-like receptors (TLR).41

Dendritic cell based vaccines

Strategies to circumvent drawbacks in peptide and nucleic acid based vaccines have led to 

autologous DC loaded with tumor peptides, tumor lysates, or tumor DNA for generation of 

antigen-specific immunity. Given their high level of expression of HLA and costimulatory 

molecules, these DC become potent stimulators of anti-tumor immune responses. The 

most commonly used strategy for DC vaccination is the loading of HLA class I and 

II molecules with peptides from TA.43 However, this strategy has inherent drawbacks 

including HLA restriction, limited numbers of TA, rapid turnover of exogenous peptide–

HLA complexes, and potential for skewing T cells toward tumor-permissive regulatory or 

terminal differentiation phenotypes. Therefore, loading DC with total antigen preparations, 

as in apoptotic tumor fed DC has been utilized to circumvent these restrictions, combined 

with DC cytokine maturation to reduce regulatory T cells (Treg).

Antigen fed dendritic cell vaccines

Two strategies for utilizing polyvalent tumor antigen-loaded DC were investigated at 

the University of Pittsburgh. The first trial utilized autologous DC incubated for 18 h 

with surgically resected, irradiated tumor cells. The resulting, cytokine-matured apoptotic 

tumor fed DC (UPCI 00-046) were delivered intranodally and anti-tumor immune effects 

measured. As a phase I feasibility vaccine there was little toxicity in the four SCCHN 

patients treated. Although, immune responses were observed and patients are without 
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evidence of recurrent disease, over 50 patients had to be screened. Frequent bacterial 

contamination of the DC: tumor cell incubation culture was due to oral flora brought by 

the tumor cells. Secondly the requirement for sufficient cellular numbers and tumor products 

limited accrual to the trial. Third after intensive surgery and/or chemoradiation to eradicate 

their tumor, patients had a psychological resistance to having tumor products delivered back 

into their body, even after assurance that the tumor cell specimens were lethally irradiated. 

Lessons learned from this phase I trial led to the design of a currently open trial, utilizing 

autologous tumor DNA transfected into the patient’s DC. UPCI 04-178 (Johnson, PI) uses 

lysed resected tumor specimens to obtain tumor DNA, transfected into autologous DC to 

express a wide variety of public and private TA. However, sufficient numbers of resected 

tumor cells are still necessary, limiting the applicability for this reason, as well as the 

logistical issues involved with tumor procurement. In addition the lack of specific identified 

TA to be monitored for determining vaccine efficacy ultimately limits these approaches.

The common over-expression of p53 in many tumor cells44 has led to the development of 

multi-valent p53 loaded DC vaccines. At the University of Pittsburgh (UPCI 03-156) (Ferris, 

PI), a total of 17 patients have been treated in the adjuvant setting with a multiepitope, 

wild-type p53-based vaccine using autologous peptide-loaded DC. To date, it has been 

used on SCCHN patients of all clinical stages, including early-stage disease, with low 

toxicity and promising immunologic responses. These p53 peptide-loaded DC are then 

infused intranodally in SCCHN patients with early or advanced disease at risk for recurrence 

or second primary tumor. Immunologic responses have been observed in several patients 

without evidence of residual/recurrent disease in 15/17 vaccinated patients to date.

Viral and bacterial vectors

Delivery of TA has also been achieved using bacterial (Listeriolysin O) or viral vectors.45,46 

A recent study demonstrated the feasibility and safety of an autologous tumor cell-New 

Castle disease virus (ATV-NDV) vaccine for SCCHN.47 In this study, autologous tumor 

cells from twenty patients with SCCHN were cultured and infected with NDV prior to 

subcutaneous injection to stimulate cross-reactive TA immunity. Survival of patients with 

stage III and IV tumors was 61% at five years, and immune monitoring revealed significant 

anti-tumor delayed type hypersensitivity (DTH) responses. Tumor-reactive T cells were 

present in peripheral blood up to seven years post-vaccination. However a potential risk 

of disseminated viral infection exists, though no major side effects were seen in the study. 

Although bacterial and viral vectors produce robust immunologic responses, the potential 

presence of neutralizing antibodies and limited ability for repeat treatment, due to potential 

toxicity, remain their drawbacks. Concern for disseminated infection in immunosuppressed 

individuals or direct close patient contacts remains a concern.

Hurdles to successful immunotherapy

Tumors are inherently defective targets for immune recognition and their ability to evade 

recognition by the host immune system, by a variety of mechanisms, is collectively known 

as tumor immune escape (see Fig. 1 panel C). Alterations in the processing and presentation 

of endogenous TA represent a major mechanism of tumor immune escape. Downregulation 
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of antigen processing machinery (APM), such as TAP 1/2 and HLA class I antigen leads 

to ineffective recognition by CTL in SCCHN.48 Clinical efforts to restore APM and HLA 

class I antigen expression in SCCHN are being studied, in particular, administration of 

IFN-γ which functions to upregulate APM and HLA molecules and restores the ability 

of CTL to recognize tumor cells.49 A second tumor escape mechanism with implications 

in the development of cancer immunotherapies involves Treg cells, which function to 

downmodulate immune responses. Tumor cells are postulated to recruit Treg and suppress 

anti-tumor immunity.50 Continuing investigation on the biology of Treg and the potential 

benefits or toxicities associated with removing regulatory immune elements from the 

tumor microenvironment will likely contribute to improving cancer immunotherapeutics. 

As mentioned, the efficacy of antibody therapy relies, at least in part, on ADCC for 

effective anti-tumor activity. Bevacizumab, a vascular endothelial growth factor (VEGF) 

specific mAb may enhance dendritic cell (DC) maturation and play a role in tumor escape 

mechanisms51, supporting an additional immunologic role. Much as cetuximab activity is 

dependent on the host immune system through the NK expressing FcγR, bevacizumab may 

increase host anti-tumor activity through the reduction of immunosuppressive effects of 

VEGF on DC.

Conclusions

Numerous strategies have been and are currently being employed to develop new methods 

of vaccination as well as augment currently available vaccine delivery systems. The use of 

immunotherapy has been most commonly in the realm of adjuvant therapy, and may be 

most promising in early-stage or premalignant SCCHN, given the patient’s lower tumor 

burden, and decreased the likelihood of tumor-associated immune dysregulation. Preferably 

the ideal vaccine would be an “off the shelf” product that ultimately reduces recurrence 

and improves overall survival. Various immunomodulatory strategies are likely necessary to 

augment current methods of targeting TA in an attempt to optimize the patient’s immune 

response to tumor vaccines and to determine the most clinically relevant application of 

immunotherapy in head and neck oncologic care.
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Figure 1. 
Schematic representation of ADCC, the effector mAb has a constant fragment [Fc] that 

interacts with immune effector cells, and a variable fragment [F(ab)] that is antigen (EGFR) 

specific. During cross presentation, tumor antigens are degraded in the cytoplasm of 

dendritic cells (DC), and presented to T cells producing a cellular immune response. Panel 

A: schematic representation of ADCC. The TA specific mAb has a constant fragment [Fc] 

that interacts with immune effector (NK) cells through a polymorphic FcγR, and a variable 

fragment [F(ab)] that is TA specific. This binding of mAb coated SCCHN cells to the FcγR-

bearing NK cell leads to cytolysis. Panel B: during cross presentation, TA are transferred 

(taken up) into DC, degraded in the cytoplasm (termed TA processing), and presented to T 

cells producing a cellular anti-tumor immune response. Panel C: anti-tumor immune activity 

can be circumvented through multiple immune escape mechanisms, preventing SCCHN cell 

lysis and tumor outgrowth.
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