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Abstract

Patients with squamous cell carcinoma of the head and neck (HNSCC) are usually treated by a

multimodal approach with surgery and/or radiochemotherapy as the mainstay of local–regional

treatment in cases with advanced disease. Both chemotherapy and radiation therapy have the

disadvantage of causing severe side effects, while the clinical outcome of patients diagnosed with

HNSCC has remained essentially unchanged over the last decade. The potential of immunotherapy

is still largely unexplored. Here the authors review the current status of the art and discuss the

future challenges in HNSCC treatment and prevention.
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Squamous Cell Carcinoma of the Head and Neck

Head and neck squamous cell carcinoma (HNSCC) is a serious disease with a broad impact.

It is the sixth most common cancer in the world, affecting over 500,000 people. In the

United States it accounts for more deaths annually than cervical cancer, malignant

melanoma, or Hodgkin lymphoma [1, 2]. HNSCC refers to a collection of squamous cell

carcinomas that arise from the upper aerodigestive tract epithelium, mainly the lip, oral

cavity, oropharynx, nasopharynx, hypopharynx, and larynx. In fact, 90% of cancers found in

the aerodigestive tract are squamous cell carcinomas [3]. Epidemiologically, HNSCC

incidence displays an uneven geographical distribution. This was thought to be related to

geographic differences in exposure to associated risk factors, such as alcohol or tobacco

consumption and the prevalence of HPV [4]. HPV infections are hypothesized to be

contracted during sexual activity [5, 6]. Heavy tobacco use exerts the greatest influence on

risk of developing HNSCC. Users of tobacco have a 5- to 25-fold increased risk of

developing HNSCC [3]. The male-to-female incidence rates are as high as 2:1, but this ratio

has been on a steady decline due to the increasing number of female alcohol and tobacco

users over the past two decades [3].

HNSCC remains localized to the head and neck for months to years. As the tumor

progresses and becomes invasive, local tissue invasion is mostly followed by metastasis to

regional lymph nodes. Distant lymphatic metastases tend to occur late, and hematogenous

metastases are rarely associated with large persistent tumors or immunodeficiency.
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We outline here the immunological treatment options available and envisioned for clinical

use in the treatment of HNSCC, and we propose a new possible algorithm using

immunological therapy to debulk the tumor-mass, kill micro-metastases, and allow a lower

dose of chemotherapy to achieve better cytoreduction.

Biomarkers for HNSCC

Biomarkers are very useful oncologic tools: firstly, they allow for early cancer detection in

diagnostic screenings, secondly they can be used as prognostic factors to guide clinical

decisions, and, lastly, they can be valuable monitoring tools during patients’ follow-up.

Currently, a number of potential biomarkers for HNSCC have been identified. However, as

of yet, no biomarker and assay techniques have been developed that satisfy requirements for

appropriate clinical usage.

One recent study by Lallement et al. analyzed 23 publications on biomarkers in HNSCC,

identifying 9 genes that displayed frequent alterations with clinical significance [7]. This

study highlighted 3 transcriptional markers that were of special interest: IL1RN, MAL, and

MMP1 when tested individually were shown in tissue samples to have sensitivity of 93%

and a specificity of 91%. No additional benefit was found when markers where combined

[7]. However, no clinically relevant correlations were identified between gene expression

and clinical prognostic factors. The authors suggested this could be due to the fact that the

detected biomarker deregulations occurred early in the carcinogenesis process, making them

detectable in all stages of HNSCC. The authors also analyzed the same biomarkers in saliva

washes, achieving reducing sensitivity. Here, even though MMP1 only had a sensitivity of

20%, the specificity rose to 100%, as it was never detected in a healthy patient [7]. The

authors reported that advances in saliva collection and technical changes of the procedure

may be able to increases the sensitivity of this technique in the future. This would be a large

step forward clinically, as it would possibly allow for the detection of oral HNSCC through

a mouth rinse [7]. Table 1 summarizes the principal findings concerning HNSCC

biomarkers.

Traditional Treatments and Advances

Until recently, three treatment modalities existed for HNSCC: surgery, chemotherapy, and

radiation. These three treatment options are still widely used, but a great utility has come

from changing the timing of their use and combinatorial approaches, specifically induction

chemotherapy, concurrent chemoradiation therapy (CTR), and postoperative chemotherapy.

Induction chemotherapy is given before surgery or radiation, and CRT is given during

radiotherapy. Postoperative chemotherapy is given after initial surgical or radiotherapy and

is also called adjuvant therapy. Additionally, due to the serious side effects and limited

success of traditional modalities, targeted therapies are urgently needed.

Treatment recommendation for early HNSCC, correlating to stage I or II cancer, has

remained constant over the last several years. Stage I/II cancers have a good prognosis and

have been treated successfully with single modalities. Therefore, the treatment of choice is

surgery or radiation [1, 8].
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Locally advanced and regional disease, characterized by stage III and IV HNSCC, require

multiple modalities. Locally advanced and regional disease should be treated with surgery,

radiation, and chemotherapy. In particular, chemotherapy should be given as

chemoradiotherapy (CRT). Recent studies have clearly shown the benefits of CRT

compared with radiation alone [9], and it has been proven to increase regional control and

survival, but it has not been linked to decreased metastatization [3, 8, 9]. Another treatment

option that should be strongly considered in locally advanced and regional HNSCC is

induction chemotherapy. Recently, it has been shown to increase survival by 5% [8, 10],

reduce metastases, and increase local control of the primary tumor [8, 10]. The ability of

induction chemotherapy to shrink primary tumors becomes especially important in large

advanced local disease. Here, the tumor size can be reduced enough to turn an otherwise

unresectable lesion into a tumor for which surgery may be possible [8, 10].

Although induction chemotherapy appears to be a good treatment option in stage III/IV

disease, other factors must be considered before its administration. Treatment with induction

chemotherapy is not without risk and has been associated with neutropenia, febrile

neutropenia, and diarrhea. Currently, benefits have been shown to be present only in patients

with good performance status who could withstand chemotherapy. This is concurrent with

findings that induction chemotherapy is especially useful in younger patients and shows

decreased benefits as the patient’s age increases [3, 8]. Places where the use of induction

chemotherapy should be considered by clinicians as a treatment option are in young patients

and those with good performance status, large primary or regional involvement, and

symptomatic disease [8].

Postoperative chemotherapy has gained recent acceptance in specific situations. It should be

offered to patients who have been found to have high risk factors after surgery. Factors

qualifying for postoperative chemotherapy are positive margins, extracapsular invasion and

the involvement of many lymph nodes. In cases where these risk factors have been found,

the use of postoperative chemotherapy has been demonstrated to increase progression-free

survival and decrease locoregional reoccurrence. It has shown little effect on metastasis [8].

Radiation therapy (RT) remains a key modality in treating all stages of HNSCC. However,

new techniques involving altering the dose and frequency of irradiation have been

developed with good results, yielding better local and regional control then traditional RT,

but have not been shown to reduce metastases [3]. Hyperfractionated RT consists of giving

patients treatments more often but at lower doses. A typical fractionated radiation schedule

would include 2-3 doses of 1.2 Gy of radiation for 7 weeks; a total of 81.6 Gy is delivered

by this technique [3]. It is thought that decreased levels of irradiation at increased intervals

decreases late toxicity. It has also been proven to increase survival [8].

Accelerated RT involves giving patients more irradiation in a shorter period of time. Patients

are given 1.6 Gy of irradiation twice a day for 6 weeks. This results in a total delivery of

67.2 Gy, but it is delivered in short time frame [3]. Accelerated RT is thought to work by

decreasing the time that cancer cells have to repopulate between radiation treatments [8].

Accelerated and hyperfractionated RT has been shown to increase survival compared to
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traditional RT. However, benefits from alternative RT have been found to be greater in

hyperfractionated RT than accelerated RT [8].

Recurrent or metastatic HNSCC has a dismal prognosis. This can be treated with the intent

to cure by reirradiating the site or by excision using a cyber knife [3]. Standard treatment for

high-volume reoccurrence that is inoperable or has been previously irradiated, plus

metastatic disease, consists mainly of platin-based chemotherapy [3, 9]. Combinations of

platin drugs with other traditional chemotherapeutics such as5-fluorouracil and taxols have

not been shown to improve results of treatment compared to single agent platin based

therapy[3]. Those with platin-resistant tumor have few options. New hope for treatment of

recurrent and metastatic HNSCC comes from targeted therapy. Targeted therapy has many

advantages over traditional approaches, including relative tolerability and increased activity

on metastasis [3, 8]. Cetuximab and immunotherapy are both targeted therapies and will be

addressed in this paper. Cetuximab has already been shown to improve survival in recurrent

disease when given with cisplatin and immunotherapy holds great potential for further

scientific development and application [3, 8].

Obstacles to Traditional Approaches to Treatment of HNSCC

Although great efforts have been made to improve traditional HNSCC treatments

modalities, such as surgery, radiation, and chemotherapy, many issues persist. Limited

increases in survival times have occurred over the last decade and current treatments have

serious side effects [9, 11]. Surgery and radiation may leave patients disfigured and without

the use of complex head and neck functions. Chemotherapy can be just as devastating to the

patient, resulting in severe internal organ damage and dysfunction. Platins, in particular,

have been liked to neuropathy, nephrotoxicity, hearing loss, nausea, and vomiting [12]. This

toxicity is unacceptable for some patients and limits its use. Secondly, though the advance of

chemoradiotherapy has led to large increases in local and regional control, there has been

little improvement in metastatic control [13, 14]. The solution to both of these problems may

come from the new and expanding field of immunotherapy.

Immunotherapy is more specific and less toxic than traditional therapies and it also induces

memory responses that could yield long-term tumor immunosurveillance. By continually

scanning for and destroying cancerous cells, immunotherapy may decrease the incidence of

relapses and increase long-term disease-free survival. All forms of immunotherapy rely on

the antigenic properties of the tumor.

Targeted Therapy

EGFR Treatment

The epidermal growth factor receptor (EGFR) is a cell surface receptor with tyrosine kinase

activity. This receptor has been linked to HNSCC to proliferation, angiogenesis, and

progression through the cell cycle [1, 9]. It is also a marker of poor prognosis [1, 9]. Due to

the oncologic nature of the protein, it can be inferred that a blockade of this receptor should

inhibit these cancerous properties. Cetuximab and other monoclonal antibodies of this class
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work at the external binding site while tyrosine kinase inhibitors block EGFR kinase

activity.

Cetuximab is a chimeric human-murine monoclonal antibody [3]. Its main mechanism of

action is a competitive blockade of the EGFR, hampering the binding of the ligands EGF

and TGF-α. Interestingly, both have been shown to be elevated almost universally in

HNSCC [3]. A different EGFR-targeted therapy is based on drugs of the class of tyrosine

kinase inhibitors. These include gefitinib and erlotinib. They work directly on tyrosine

kinases, preventing downstream signaling, but they have been shown to be less effective

than anti-EGFR antibodies. Cetuximab was able to improve overall survival and

progression-free survival in locally advanced and regional disease when given with other

modalities [1, 3, 9]. Cetuximab has found an important niche in platin-resistant recurrent or

metastatic disease. Here, it is the last remaining option for many patients. It is also given in

combination with cisplatin in non-platin-resistant recurrences with some increased survival

benefits [3].

The EGFRvIII is the most common genomic variant of EGFR and it is frequently detected in

human malignancies such as colorectal cancer, glioma, glioblastoma, and HNSCC [15-20].

To date, EGFRvIII is known to be expressed in a minority of HNSCC patients, compared

with EGFR, yet it is an independent prognostic marker [21]. EGFRvIII displays a unique

extracellular domain with a mutant glycine residue, which dramatically hampers the binding

affinity of monoclonal antibodies recognizing EGFR. Unlike EGFR, EGFRvIII is able to

initiate intracellular signaling in the absence of TGF-α since its protein kinase domain is

constitutively phosphorylated. EGFRvIII-mediated anti-apoptotic signals are critical for

HNSCC survival. Since EGFRvIII is selectively expressed by tumor cells, it is an ideal

immunotherapy target. Conjugating toxins to monoclonal antibodies binding the EGFRvIII

extracellular domain (such as the MR1 conjugate) has been shown to afford protection

against glioblastoma in animal models [22]. An ongoing phase I clinical trial is investigating

the use of MR-1 immunotoxin in patients with glioblastoma. The use of anti-EGFRvIII

immunotoxins in HNSCC is likely to be proven useful, since EGFRvIII signaling is the main

mechanism of resistance to anti-EGFR therapy in HNSCC [23].

Bispecific T-cell-engager (BiTE) Antibodies and Antibody–Drug Conjugates (ADCs) in
HNSCC

Tumor-specific humanized or chimeric antibodies act by triggering antibody-dependent

cellular cytotoxicity (ADCC) through Fcγ receptors on immune cells. While NK-cells,

neutrophils, or macrophages naturally bind to antibodies, T cells lack Fcγ receptors and are

therefore unresponsive to these treatments [24]. Since cytotoxic T cells are able to mount

efficacious responses against tumors, a new class of antibodies has been developed [25],

termed bispecific T-cell engagers (BiTE), which are able to activate of T cells by inducing

CD3 clustering [26]. Interestingly, most BiTEs target the same antigens that had previously

been validated with standard monoclonal antibodies, such as anti-EGFR for HNSCC [27].

ADCs are new-generation biomolecules able to specifically deliver drugs to cancer cells.

They are currently under evaluation for the treatment of HNSCC. Besides the anti-EGFRvIII

immunotoxin (discussed above), promising results were obtained using anti-CD44

Schutt et al. Page 6

Int Rev Immunol. Author manuscript; available in PMC 2014 September 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



monoclonal antibodies [28, 29]. Further improvements of the anti-CD44 antibody were

obtained by the use of mAbs specific for CD44v6, a variant overexpressed in HNSCC. An

anti-CD44v6 antibody, named U3 [30], conjugated to the radioisotope rhenium-186 (186Re),

was shown to stabilize disease in HNSCC patients [31]. To overcome the issue of antibody

immunogenicity, a humanized form of U3, named bivatuzumab (BIWA-4), was developed.

Technetium-99m (99mTC) BIWA-4 was shown to result in stabilized disease in 50% of

patients at the maximum tolerated dose [32]. BIWA-4 conjugated to the cytotoxic drug

mertansine in HNSCC patients produced dose-limiting toxicities (skin disorders, epidermal

necrolysis) [28], due to the presence of CD44v6 in the skin [33]. However, in a study on

breast cancer patients, stable disease was achieved in 50% of cases [34]. Despite BIWA-4

clinical trials were stopped because of the occurrence of skin-related toxicities, the antibody-

drug conjugate showed disease stabilization and/or tumor regression in both HNSCC and

metastatic breast cancer [35].

Immunotherapy and HNSCC

As described above, most patients with advanced disease are currently treated with a

combination of surgery, radiation, and/or chemotherapy with serious side effects. The

possibility of destroying more malignant cells by increasing the chemotherapeutic dose or

prolonging radiation exposure is limited by the nonspecific organ toxicity.

Immunological therapy is not only more specific and less toxic, but it may also induce

memory responses that could yield long-term tumor immunosurveillance and reduce the

incidence of relapses, thus increasing long-term disease-free survival. All immunotherapy

approaches rely on the antigenic properties of the tumor.

Tumor-associated Antigens

Immunotherapy is based on the theory that antigenically activated lymphocytes in the

human body patrol tissue and recognize and eliminate malignant cells. This has been

confirmed many times over the last several decades [36-38]. For lymphocytes to be able to

recognize tumors, certain antigens must either be overexpressed in tumor cells or exist only

in tumor cells and relatively few other areas. Cancer testis antigens (CTA) are a unique

group of antigens that are expressed specifically on tumor cells and are otherwise restricted

to expression in male germ cells and relatively few other locations [37, 39]. CTA are a

particular subgroup of tumor-associated antigens (TAA) [40]. Because TAA are both the

initiator of the immune response against the tumor and the target for cytotoxic T

lymphocytes (CTLs), their discovery and validation is at the backbone of immunotherapy

[40]. Table 2 references the TAAs that have been found in HNSCC and highlights the

percentage of tumor locations and their expression rate above that found in normal tissue.

Categories of Immunotherapy

All cancer immunotherapy shares the same end goal of increasing the host’s immune

response to tumor cells. It places special emphases on increasing the activity of CTLs

capable of killing cells expressing TAAs. However, different types of immunotherapy

accomplish this goal through different processes, and they potentially afford the maximal

Schutt et al. Page 7

Int Rev Immunol. Author manuscript; available in PMC 2014 September 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



benefits before, during, or after traditional treatments, while vaccinations against tumor

antigens also have a prophylactic activity. Currently, immunotherapy can be divided into

three broad categories as follows.

Increasing the Nonspecific Immune System

This type of immunotherapy relies on the theory that increases in the general activity of the

immune system will lead to increased levels of naturally occurring T cells. A number of

these T cells should be able to react to TAAs on cancerous cells causing a cell-mediated

destruction of the cancerous tissue. Previous studies showed that increased levels of T cells

in tumor tissues led to increased control of the neoplasm [36,38,41]. Therapies included in

this category are often based on cytokines such as IL-2, IL-12, and IFN-α. Some therapies,

such as IRX-2, use a combination of these cytokines. IRX-2 is a biological product that

contains multiple cytokines produced from phytohemagglutinin stimulated mononuclear

cells. In particular, it contains IL-1, IL-2, IL-6, IL-8, TNF-α, INF-γ, G-CSF, and GM-CSF.

This study consists of giving an initial dose of cyclophosphamide, a 2-week course of

IRX-2, followed by a 3-week course of indomethacin and zinc supplementation. The study

includes patients with advanced disease and those who requested this treatment for adjuvant

therapy. Initial doses of cyclophosphamide were used to inhibit T suppressor cells,

indomethacin was used to block immunosuppression due to prostaglandins synthesized by

tumor cells, and zinc was used to reverse cellular immunodeficiency [42, 43]. A trial of

IRX-2 administered prior to surgery to 27 previously untreated patients with stage II-IV

HNSCC showed great promise. IRX-2 showed minimal acute toxicity. Tumor responses

(graded as 12% decrease on blinded CT review) were seen in 16% of patients and 74% of

patient’s tumors either had reductions or remained stable in size. Decreases in lymph node

infiltration were also observed. Two-year survival was estimated at 72% and disease-free

survival estimates were 67%. Both were increased compared to the 81 treatment-matched

controls in this study [42, 43].

Active Immunization

The second broad category of immunotherapy is active immunization of the tumor-bearing

host. This strategy is designed to increase and activate preexisting anti-tumor T cells. The

approach, in general, has not been as successful as adoptive transfer of activated immune T

cells in patients with preexisting tumors [36]. However, barriers to this approach are

undergoing more intensive research, which may increase efficacy. The two most common

forms of tumor vaccines that are used to develop active immunity are based on peptides or

dendritic cells. Both work by taking advantage of TAAs to create a cell-mediated response.

Peptide-based vaccines are made of antigens which are expressed in HNSCC. When

antigens are injected into the tumor site, they are processed by APCs, such as macrophages

and dendritic cells, and are then presented to T cells. This process increases the naturally

existing subpopulation of active T cells and results in an increased cell-mediated destruction

of tumor cells. An ongoing phase I clinical trial is assessing the safety and dosing of a

peptide vaccine made of MAGE-A and HPV-16 antigens for the use in treatment of HNSCC

[38,42].
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Dendritic cell vaccines are a new generation of tumor vaccines. Currently, dendritic cell

vaccines are of more interest than peptide vaccines in the treatment of HNSCC. This is

because dendritic cell vaccines are the most powerful method of inducing active immunity

[37]. By either pulsing dendritic cells with antigens or using gene therapy to transduce genes

expressing antigens, dendritic cells can be reprogrammed to present TAAs to host

lymphocytes [44,45] after injection into the site of the tumor with a compliment of

activating adjuvants.

In April 2010, the APC–containing vaccine sipuleucel-T (Provenge) was the first cancer

vaccine approved by the FDA [46]. Currently, sipuleucel-T is approved for use in the

treatment of metastatic castration-resistant prostate cancer. This approval was based on three

phase III clinical studies, the most important of which was the IMPCAT trial. Sipuleucel-T

was shown to have a median survival improvement of 4.1 months when compared to

placebo [46-48]. Side effects appeared low, with 83% of enrolled patients able to continue

their lives without restrictions. The most common side effect was flu-like symptoms which

were found in 3.5% of those enlisted [46-48]. The approval of sipuleucel-T is a

breakthrough in the field of tumor immunotherapy. It proved that immunotherapy holds

potential in cancer treatment. Phase I clinical trials are currently exploring dendritic cell

vaccines in HNSCC (Table 3).

Adoptive T-cell Transfer

The last and most efficacious form of immunotherapy is adoptive T-cell transfer. This

involves the transfer of activated immune T cells, which are capable of recognizing cancer

cells and destroying them. This technique is so efficacious that it has been shown to induce

cancer regression in 50–70% of patients with metastatic melanoma [36,49,50].

Most of the efficacy of adoptive T-cell transfer stems from to the possibility of selecting

highly reactive T cells. In a normal host, most of the T cells capable of identifying and

destroying cancer cells have a low affinity for TAAs. This occurs because the natural

expression of TAAs in noncancerous host tissue causes TAAs to be presented to T cells in

the thymus during negative selection [36]. The process of negative selection removes T cells

that have high reactivity toward the antigens as part of the body’s natural defense against

autoimmunity. The majority of T cells that remain in the body after negative selection have

a low affinity for TAAs. Most of the highly reactive T cells undergo apoptosis [36]. Because

cancer vaccines can activate only naturally occurring T cells, a great majority of the effector

T cells activated through their use will have a low affinity for the cancer cells [36]. Adoptive

immunity can overcome this by selecting highly reactive T cells ex vivo. These cells can

then be proliferated before reinjection.

In June 2009, a phase I clinical trial assessing the safety and efficacy of adoptive T-cell

therapy in HNSCC began at the Herlev Hospital in Denmark [42]. This study is assessing

the immune response to tumor-infiltrating lymphocytes (TILs) as adjuvant treatments for

head and neck cancer after primary operation and radiotherapy. To accomplish these goals,

patients will receive a single treatment consisting of conditioning chemotherapy for 7 days

(cyclophosphamide for 2 days and fludarabine for 5 days), intravenous infusion of a high

number of in vitro expanded tumor infiltrating lymphocytes, followed by 2 weeks with daily
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low-dose IL-2. Historically, TILs have been exploited successfully in the therapy of

melanoma [51-54]. Recently, the feasibility of ex vivo expanding relevant numbers of

tumor-specific TILs from patients with HNSCC was studied. TIL bulk cultures were

established from HNSCC lesions by high-dose IL-2, then stimulated with anti-CD3 antibody

and feeder tumor cells. The study showed that TILs could be expanded from 80% of patients

in 17 days [55]. Since infection with high-risk human papilloma virus (HPV) is associated

with HNSCC and viral proteins E6 and E7 are specifically expressed by tumor cells, they

are ideal targets for T-cell adoptive transfer therapies. It has recently been shown that E6/E7

specific CD4+ lymphocytes could be generated in vitro by introduction of HPV16E6/E7-

specific TCRs into circulating CD4+ cells [56]. These findings indicate that TCR transfer is

a promising technique to generate ex vivo HPV16 specific CD4+ lymphocytes that could be

adoptively transferred to patients suffering from HPV16-induced tumors, including cervical

cancer and HNSCC. Finally, a currently ongoing clinical trial will investigate the toxicity

and immunologic response of TILs adoptive transfer as adjuvant therapy for HNSCC after

surgical debulking and radiotherapy (identifying number NCT00937300,

www.clinicaltrials.gov). Patients receive a single conditioning chemotherapy for 1 week,

followed by intravenous infusion of in vitro expanded TILs and daily low-dose

interleukine-2 for additional 2 weeks. Results from this study are expected by the end of

2012.

Solutions to Past Problems and the Current Standings of Immunotherapy

in Cancer Treatment

Although many barriers still exist to successful implementation of immunotherapy, we

believe that with the increasing knowledge of pathology and recent technological advances,

the barriers can be overcome. In particular, we feel that the invention of recent techniques,

such as profound lymphodepletion, and the concurrent use of specific cytokines and

chemotherapy with immunotherapy will allow for immunotherapy to overcome local

immunologic suppression and permit the effective destruction of cancer cells.

Lymphodepletion by total-body irradiation or chemotherapy is emerging as a key

pretreatment for immunotherapy. It allows for substantial increases in the efficacy of

adoptive cell transfer for two reasons [36,57,58]. First, lymphodepletion removes suppressor

cells, such as T regs and CD8+ suppressor cells. Without the presence of these cells creating

anergy at the tumor site, transferred cells are able to appropriately attack tumor cells

[36,57-59]. Secondly, lymphodepletion removes endogenous low-affinity CD8+ T cells and

NK cells. These cells can act as sinks by stealing important homeostatic cytokines, such as

IL-7 and IL-15, from newly transferred high-affinity T cells. Without the presence of native

cells, which possess low-affinity T-cell receptors, the high-affinity transferred T cells can

use cytokines to their full potential, increasing levels of cellular-mediated tumor destruction

[36,58].

A recently murine model showed that increases in efficacy obtained through

lymphodepletion in adoptive T-cell therapy are in direct proportion to the degree that the

subject was lympho-depleted. In this study, as the conditioning levels of lymphodepletion

increased, so did the efficacy of the adoptive T-cell transfer. Further studies must be
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completed to titrate conditioning levels in order to create an appropriate tradeoff balance

between increased efficacy of treatment and total body harm by irradiation [58].

Current clinical research, which takes into account the aforementioned barriers, is starting to

see impressive results in several clinical trials. In a phase I/II trial investigating the efficacy

and safety of immunotherapy in the treatment of malignant melanoma, a regression was seen

in 50% of the patients treated [58]. In this trial, lympho-depletion was given before adoptive

T-cell therapy with concurrent IL-2 [58].

HPV Vaccines in HNSCC Immunotherapy

A subgroup of oropharyngeal squamous-cell carcinoma is caused by HPV-16 infection [60].

These malignancies are characterized by the expression of the viral oncoproteins E6 that

blocks p53, and E7, and inactivates pRb [61]. It has been shown that HPV-positive HNSCC

patients have better prognosis than HPV-negative patients [62], but the reason for this

difference is unclear [63]. However, a recent meta-analysis study [64] focusing on HPV

infection and HNSCC risk and survival demonstrated that the prevalence of HPV-positive

HNSCC is 22% (with 86.7% of HPV-16 genotype) and that an inverse correlation exists

between HPV infection and p53 inactivating mutations. The study also highlighted that

HPV-positive HNSCC represents a separate and peculiar biologic entity that likely will

require the establishment of different therapies. In June 2009, the results of the first large

phase III international clinical trial investigating the prognostic significance of HPV and p16

status in oropharyngeal cancers were published [62]: the study confirmed that HPV-positive

patients with p16-positive tumors have better prognosis than patients with HPV-negative

and p16-negative cancers. Further, it has been reported that HPV infection reduces the

correlation between EGFR hyperexpression and poor prognosis [65]; therefore, an HPV

infection test should be included in the clinical evaluation of EGFR expression levels as a

prognostic marker.

Based on these very recent findings, HPV evaluation and stratification will be needed in

future clinical trials. Accordingly, the 2008 National Cancer Institute’s State of the Science

Meeting has clearly established that HPV status implies serious concerns in HNSCC future

clinical trial designs and statistical evaluations [66]. Finally, a highly potential treatment

opportunity comes from the observation of HPV-associated HNSCC: anti-HPV vaccines

such as Cervarix and Gardasil, currently FDA-approved for the prevention of HPV-

associated cervical cancer [67-71], are worthy of careful evaluation to prevent HPV

infections, also in HNSCC and as therapeutic tools for the management of both HNSCC

locoregional recurrence and metastatic disease. Clinical trials evaluating the association

between HPV-vaccine and HNSCC incidence and prognosis will be required to provide the

rationale for a HPV-based HNSCC preventive vaccination strategy.

Experimental Algorithm for HNSCC

The key to progress in developing immunotherapeutic treatment of HNSCC is the

development of an algorithm for its use. Because removing or not offering standard

treatment to patients is not possible based on the limited knowledge of the potential success
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that immunotherapy may possess, we suggest its use in concurrence with current standards

of care. An algorithm based on multiple therapies is also beneficial because immunotherapy

lends itself to synergy at two different levels. Firstly, it synergizes with traditional therapies

by successfully filling the deficiencies that they possesses. Here, it provides a relatively

nontoxic treatment option with the capability to control metastasis and provide long-term

immunosurveillance. By working together, almost all forms of HNSCC can be treated

efficiently. Secondly, recent studies have shown that chemotherapy and radiation can

increase CTL-mediated tumor cell destruction, increasing the efficacy of immunotherapy

[72, 73].

Stage I/II

Currently stage I/II HNSCC is treated with monotherapy of surgery or radiation with a 90%

cure rate. Though these treatment modalities offer a good prognosis, we think that the

addition of immunotherapy to either will have benefits (Figure 1). Considering the small

size of early-stage lesions, we suggest that the isolation and expansion of TILs could be

challenging, while the use of IRX-2 and/or active immunization with MAGE-A and HPV16

E6/E7 antigens are likely to be the best options. Firstly, we hope that immunotherapy can

further increase survival rates for this stage. A 90% survival rate is good unless you are the

10% not included in the statistic. Secondly, immunotherapy’s ability to debulk tumors

would allow less invasive surgery and more focused radiation. Ultimately, this leads to the

goal of decreasing morbidity during the treatment of this delicate area.

Stage III/IV

In our proposed algorithm for treatment of stage III/IV cancers, patients would first be

broken into two groups. The first arm would include young patients with good performance

status. The second arm would contain older patients with poor performance status.

The first arm, consisting of young patients, would be given induction chemotherapy

consisting of docetaxel, fluorouracil, and cisplatin. They would also receive immunotherapy

at this time. For these patients we suggest the use of dendritic cell-based tumor vaccines

closely resembling sipuleucel-T. Indeed, this approach is expected to afford a powerful and

long-lasting immune response, but it could be hampered by the immune senescence process

[74,75]; therefore it will be best exploited in young subjects with good general performance

status [76-78]. Induction chemotherapy has already been shown to increase survival when

given in this subset of patients. We feel that immunotherapy would compliment

chemotherapy by decreasing the bulk of the primary tumor and helping to destroy

micrometastasis and distant spread. By decreasing the size of the primary tumor, surgery

should result in less morbidity. Also, this cytoreduction should allow for less chemotherapy

to be used with equal results. By attacking micrometastasis and distant spread with

immunotherapy, our algorithm (Figure 2) aims to increase survival. Metastasis is one area

that is currently not attacked well by other treatment options.

After induction chemotherapy and immunotherapy, patients would undergo CRT and

surgery. This radiation treatment will help control the primary tumor and locoregional

disease. Clinicians should use hyperfractionated IMRT when giving radiation due to the

Schutt et al. Page 12

Int Rev Immunol. Author manuscript; available in PMC 2014 September 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



increased survival and decreased morbidity associated with both treatment options compared

to older techniques.

Lastly, patients would be postoperatively staged by new TNM staging guidelines. If

extracapsular spread is found, or pathology reports positive margins, the patient would be

given postoperative chemotherapy and immunotherapy. This will control disease that was

not destroyed during previous treatments. Immunotherapy will again break host anergy

against tumors and allow for body wide attack of tumor cells.

The tumors of second arm of our proposed treatment guideline, consisting of older patients

with poor performance status, would be assessed for size. Patients with large tumors, or

tumors in which surgery would be difficult, would first be given immunotherapy. This

process fulfills the role of induction chemotherapy. Induction chemotherapy cannot be given

to these patients because the added toxicities of chemotherapy outweigh the benefits.

Immunotherapy will reduce the size of the tumor, allowing for less morbidity during

surgery. It will also hopefully increase survival by its control of metastasis and locally

advanced disease. Without immunotherapy, these areas could not be adequately targeted in

this patient subpopulation. To this goal, best outcomes are likely to be obtained by a

combination of cytokines and active immunization. After immunotherapy, patients with

large tumors should be treated with CRT and surgery in the same fashion as that seen in the

guidelines for first arm of the treatment. They should also go under identical postoperative

staging and further treatment based on staging results.

Older patients with small to medium-sized tumors should directly undergo CRT and surgery.

If patients are found to have extracapsular spread or positive margins, immunotherapy and

postoperative chemotherapy should be given. If a patient’s comorbidities prevent

chemotherapy, only immunotherapy should be given (Figure 2). We suggest the use of

recombinant TCR-transduced tumor-specific T cells previously expanded from TILs, which

will be collected after surgery with high yield.

Metastatic

Metastatic HNSCC is currently treated for palliation with platin and cetuximab. We hope

that the addition of immunotherapy to this regime will extend survival and possibly treat to

cure (Figure 3). We hold that active immunization followed by adoptive T-cell transfer and

(whenever possible according to the patient performance status) supported by cytokine

therapy will be the required regimen [79] to generate a sustained and prolonged immune

response against multiple metastatic sites [80,81].

Recurrent

Recurrent HNSCC currently has a dismal prognosis and is treated the same as metastatic

HNSCC unless it is low volume. If recurrence is small, our guideline recommends

reirradiation or cyber knife excision with intent to cure. This is followed by immunotherapy,

cisplatin, and cetuximab (Figure 4). If tumor is platin resistant, platins would not be given.

Since the ultimate goal for recurrent HNSCC therapy is improving patients’ quality of life,

we suggest that the use of potentially aggressive immunotherapies would not be indicated.
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Rather, we believe that a cytokine cocktail-based support to increase naturally occurring

responses will be the best option.

Conclusions

Due to limited increases in survival time over the last decade and the severe morbidity that

is seen during the treatment of HNSCC, we urgently need to explore further therapeutic

options. This study introduces several innovations and proposes a possible future

algorithmic guideline for treatment of HNSCC through immunotherapy.

Immunotherapy has the potential to achieve great results in treating HNSCC and was

previously shown to be successful in the treatment of liver carcinomas, malignant

melanoma, and prostate carcinoma. By harnessing the host’s immune system,

immunotherapy can attack primary and secondary cancer tissues.

We believe that immunological therapy could become a new addition to the standard

treatment of HNSCC for the following reasons. (1) It can debulk the tumor mass while

destroying the tumor by means of a cellular response. This allows for decreased morbidity

during secondary treatment. It also allows for direct local and regional control of the tumor.

(2) It should be able to control the satellite lesions and micro-metastases more efficiently

because of its more cell-specific nature. This destruction of cells should increase survival

and allow for decreased levels of chemotherapy to achieve an equal response. (3) The

systemic immune response created by immunotherapy may help target distant metastasis.

This stage is currently untreatable and has a poor prognosis. (4) The possible activation of

memory responses could lead to much-needed long-term tumor immunosurveillance, and

thus reduce the incidence of relapses.
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FIGURE 1.
Experimental algorithm for stage I/II HNSCC.
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FIGURE 2.
Experimental algorithm for stage III/IV HNSCC.
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FIGURE 3.
Experimental algorithm for metastatic HNSCC
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FIGURE 4.
Experimental algorithm for recurrent HNSCC.
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TABLE 1

Potential biomarkers for HNSCC

Gene qRT-PCR Function Reference

CDH11 X Integral membrane protein: cadherin-11 (cell–cell adhesion) [82]

SPARC X Extracellular matrix-associated protein osteonectin
(influences extracellular matrix synthesis, changes cell shape)

[7, 82]

POSTN X Periostin (ligand for various intergrins) [82]

TNC X Extracellular matrix protein tenascin (regulates cell adhesion) [82]

TGM3 X Transglutaminase 3 (crosslinks intracellular structural
proteins, important in cell envelope formation)

[7, 82]

FABP5 X Fatty acid-binding protein (expressed in epidermis and
endothelial cells of microvasculature of different organs)

[83]

MIF X Macrophage inhibitory factor (works on CD74) [83]

Il1RN X Il-1 receptor antagonist [7]

MAL X Myelin and lymphocyte protein (linked to lipid raft in cell
membranes influencing membrane fluidity, fusion, adhesion
and cell signaling; associated with lack of cisplatin sensitivity
in ovarian cancer)

[7, 84]

MMP1 X Matrix metallopeptidase 1 (interstitial collagenase) [7]
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TABLE 2

CTAs found in SCHHN

Gene Function

Prevalence of
CTA in

HNSCC (%)

Average tumor
CTA

expression
level

Gene
location Reference

MAGEA1 (CT1.1) Unknown 63 100–1000× Xq28 [40, 85, 86]

MAGEA2 (CT1.2) Unknown 69 100–1000× XXq28 [40, 85, 86]

MAGEA3 (CT1.3) Unknown 69 >1000× Xq28 [40]

MAGEA4 (CT1.4) Possible
 pro-apoptotic
 activity

56 100–1000× Xq28 [40, 85, 86]

MAGEA6 (CT1.6) Unknown 63 >1000× Xq28 [40, 85, 86]

MAGEA9 (CT1.9) Unknown 63 >1000× Xq28 [40, 85, 86]

MAGEA10 (CT1.10) Unknown 63 100–1000× Xq28 [40, 85, 86]

MAGEA12 (CT1.12) Unknown 50 100-1000× Xq28 [40, 86]

MAGEB (CT3) Unknown 81 100–1000× Xp21.3 [40, 86]

MAGEB1 (CT3.1) Unknown 50 10–100× Xp21.3 [40, 86]

MAGEB2 (CT3.2) Unknown 50 >1000× Xp21.3 [40, 86]

MAGEB3 (CT3.5) Unknown 19 10–100× Xp21.3 [40, 86]

MAGEB4 (CT3.6) Unknown — — Xp21.3 [40, 86]

MAGEB6 (CT3.4) Unknown 44 100–1000× Xp21.3 [40, 86]

MAGEB18 Unknown 19 10–100× Xp21.3 [40, 86]

MAGEC1 (CT7.1) Unknown but
 reported to
 interact with
 NY-ESO-1

31 100–1000× Xq26Xq27 [40, 86]

MAGEC2 (CT10) Unknown 38 100–1000× Xq27 [40, 86]

MAGEC3 (CT7.2) Unknown 6 10–100× Xq26Xq27 [40, 86]

GAGE (CT4) Unknown 56 100–1000× Xp11.23 [40, 86]

BAGE (CT2) Unknown 6 10–100× 21p11.1 [40, 86]

SAGE (CT14) Unknown 25 100–1000× Xq26 [40, 86]

CAGE (CT26) Unknown 19 100–1000× [40, 86]

XAGE1 (CT12) Unknown 13 100,1000× Xp11.22 [40, 86]

Xp11.21

LAGE2 (CT6.1) Unknown 13 100–1000× [40, 86]

SSX (CT5) Transcriptional
 regulator

19 100–1000× Xp11.23 [40, 86]

CSAG (CT24.2) Unknown 88 100–1000 Xq28 [40, 86]

SCP1 (CT8) Unknown 25 10–100 [40, 86]

SPANXC (CT11.3) Unknown 31 100–1000 Xq27.1 [40, 86]

TPTE (CT44) Important in
 spermatogen-
 esis and
 endocrine
 function of
 testis

6 100–1000 [40]

BORIS (CT27) Unknown 31 <1000 [40, 86]
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Gene Function

Prevalence of
CTA in

HNSCC (%)

Average tumor
CTA

expression
level

Gene
location Reference

BRDT (CT9) Role in sper-
 matogenesis

31 100–1000 1p22.1 [40, 86]

ADAM2 (CT15) Participates in
 sperm-egg
 membrane
 binding

— — 8p11.2 [40, 86]

SP17 (#1)(CT22) Unknown — — [40, 86]

SP17 (#2)(CT22) Unknown — — [40, 86]

MMA (CT25) Unknown 13 100–1000 [40, 86]

HOM-TES85 (CT28) Unknown 13 10–100 [40]

TPBG (5T4) Unknown 6 10–100 [40, 86]

HCA661 (CT32) Unknown 69 100–1000 [40, 86]

MORC (CT33) Unknown but
 required for
 spermatogen-
 esis

19 10–100 3q13 [40, 86]

NXF2 (CT39) Exhibits RNA
 export
 activity in
 male germ
 cell and
 neurons

31 100–1000 Xq22.1 [40, 86]

LIP1 (CT17) Unknown — — 21q11.2 [40, 86]

CTAGE (CT21) Unknown 6 10–100 18p11.2 [40, 86]

NY-SAR-35 (CT37) Unknown — — [40, 86]

FTHL17 (CT38) Unknown 6 100–1000 Xp21 [40, 86]

Potential Non-CTA TAA Immunotherapy Targets in HNSCC

p53 [40]

Her2/Neu [40]

BCL2α [40]

Livin [40]

Surviving [40]

PHAMM [40]

Htert [40]

IL-13Rα2 [40,83]

BXL-XL [40]

MCL1 [40]

MELK [40]

DPPA2 [40]

KM-HN-1 [40]

CD24 [83]

CD44 [83]

CD74 [83]

HSP27 [83]
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