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Opinion statement

In a span of a few years, the surprising early successes of programmed cell death 1 (PD-1)
inhibitors across a vast range of tumor types have transformed our understanding of cancer
immunogenicity and provided proof of principle that T cells, if manipulated, can mediate
meaningful tumor regression. In head and neck cancer, only a minority of patients respond to
PD-1 therapy, but these small outcomes have fueled the enthusiasm for the next generation of
immunotherapy—adoptive cell therapy—which employs recent advances in genetic engineering
and cell culturing methods to generate T cells with enhanced anti-tumor efficacy for infusion
back into the patient. Head and neck cancer is comprised of biologically distinct cancers, HPV-
positive and HPV-negative, and the clinical responses to PD-1 inhibitors in both HPV-positive
and HPV-negative head and neck patients have showcased better than any other cancer type that
there are distinct pathways to immunogenicity that may lend themselves to different therapeutic
approaches. Thus, head and neck cancer is uniquely poised to benefit from the personalized
approach of adoptive cell therapy as well as provide a valuable platform to explore contrasting
T cell modalities. In this article, we will review the growing portfolio of trials of adoptive cell
therapies in head and neck cancer and discuss the future directions of this emerging new field.
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Introduction

The landscape of oncology has changed dramatically over the past few years with the
advent of immune checkpoint inhibition. Until recently, immunotherapy was considered a
niche field that carried benefit for only a handful of cancers; however, the surprising early
successes of program death protein 1 (PD-1) inhibitors across a vast range of tumor types
revealed that the immune system has a greater capacity to recognize cancers than previously
imagined. By providing proof of principle that T cells, if manipulated, are able to mediate an
anti-tumor response that can achieve clinical tumor regression in many solid cancers, PD-1
therapy has also fueled the enthusiasm and hopes for another niche therapeutic modality,
adoptive cellular therapy. As one of the early beneficiaries of PD-1 immune checkpoint
blockade, head and neck cancer has been a natural area of interest in the development of T
cell therapies that will hopefully deliver greater precision and efficacy. The distinct pathways
of oncogenesis seen in head and neck cancer lend itself particularly well to the exploration
and development of multiple T cell strategies.

Head and neck squamous cell carcinoma (HNSCC) is the seventh leading cause of cancer-
related mortality in the world [1] with an estimated 63,030 new cases and 13,360 deaths

in 2017 in the USA alone [2]. In reality, it is comprised of two clinically and biologically
distinct cancers: tobacco- and alcohol-induced HNSCC versus virally mediated HNSCC.
Numerous studies have demonstrated that the risk of head and neck cancer increases in a
dose-dependent manner from tobacco and alcohol consumption, with a fivefold to 25-fold
increase among heavy smokers and a synergistic impact from concurrent alcohol use [3,

4]. While improved public education on the health risks of smoking has led to a decline in
tobacco-associated HNSCC in the USA and other developed countries, this has been offset
by a recent rise in human papillomavirus (HPV)-associated HNSCC which is expected to
surpass the incidence of cervical cancer by 2020 [5-7]. Regardless of the type of HNSCC,
the standard-of-care treatments have been chemotherapy, radiation therapy, and surgery.
The historical 5-year overall survival rates with multimodality therapy approximate 50%
among patients with locoregionally advanced disease [8]. The prognosis for patients with
recurrent or metastatic HNSCC is especially poor with a median survival between 6 to

12 months [9], although superior outcomes have been seen in both the locally advanced

and the recurrent metastatic setting for HPV-related oropharynx cancer [10, 11¢]. HNSCC
survivors often experience significant morbidity from aggressive treatment with surgery and
radiation, including speech and swallowing dysfunction and physical disfigurement, which
substantially lowers their daily quality of life. A great deal of hope has been placed on
PD-1 therapy, with the recent approval of nivolumab and pembrolizumab in the USA for
second-line therapy in HNSCC; however, the response rates remain less than 20% [12, 13].
Thus, there is a significant need for the development of alternative therapeutic modalities
that can improve patient survival outcomes and limit the morbidity associated with treatment
in HNSCC. This review will focus on the current developments in adoptive T cell therapy as
a personalized immunotherapeutic approach for HNSCC.
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Background: HNSCC and the immune response

Initially posited by Paul Ehrlich more than a century ago, immune surveillance is now
widely accepted to be an important mechanism by which the body’s immune system
continuously detects and eliminates malignant tumor cells [14]. Ultimately, an immune-
mediated anti-tumor response relies on the ability of the T cell to recognize an antigen
present on the cancer cell that is sufficiently different from the normal antigens expressed.
Tumor outgrowth occurs when there is an acquisition of traits that allows cancer cells to
evade the host immune response.

Immune checkpoints, such as program death protein 1 (PD-1), cytotoxic T lymphocyte—
associated protein 4 (CTLA-4), T cell immunoglobulin and mucin-domain-containing 3
(TIM-3), and lymphocyte activation gene 3 (LAG-3), play a critical role in the immune
escape mechanisms utilized by cancer cells to counter their own immunogenicity. Immune
checkpoint blockade drugs targeting the T cell inhibitory receptors tip the balance of
immune activation and inhibition in favor of activation. The most successful immune
checkpoint inhibitors thus far, anti-PD1 anti-bodies, have demonstrated overall response
rates of 16-18% and have produced durable clinical responses in the clinical trial

setting (CHECK-MATE-141, KEYNOTE-012, KEYNOTE-040) in patients with recurrent/
metastatic HNSCC [12, 15, 16]. This led to the FDA approvals in 2016 of pembrolizumab
and nivolumab following progression on platinum-based chemotherapy. The ongoing
examination of the mechanisms of response and resistance to immune checkpoint blockade
is now guiding the first generation of adoptive T cell therapies that aim to target HNSCC.

Prior to the advent of PD-1 therapy, melanoma had long been considered one of the only
truly immunogenic cancers, achieving responses to the older generation of immune therapies
including 1L-2 and adoptive cellular therapy with tumor-infiltrating lymphocytes (TIL) as
well as the first immune checkpoint inhibitor, anti-CTLA-4 [17-19]. Only in recent years
was it fully appreciated that melanoma also has the highest mutational burden among solid
cancers—presumably due to years of exposure to an environmental mutagen, UV light—
and these mutations, in turn, give rise to neoantigens on tumor cells that serve as potent
stimulators of T cell-mediated anti-tumor responses within the host immune system [20].

With this understanding, efforts intensified towards developing immunotherapy against
smoking-related cancers, including HNSCC. Like melanoma, HNSCC also arises after years
of exposure to a mutagen in the form of tobacco, and sometimes alcohol, and has been found
to have a relatively high mutational burden [20, 21]. The early finding that both lung cancer
and head and neck cancer also experienced responses to PD-1 blockade further solidified

the concept that mutational burden, regardless of etiology, is an important component of
immunogenicity.

However, head and neck cancer also highlighted another important pathway to
immunogenicity. The initial studies in PD-1 checkpoint blockade in HNSCC demonstrated
responses not only in the heavy smokers but also slightly higher responses in the younger,
non-smoking, HPV-positive patient population [22¢]. Although the mutation rate of HPV-
positive HNSCC is half that of HPV-negative HNSCC by whole-exome sequencing [21], the
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HPV infection that leads to oncogenesis also provides the immune system with a convenient
tag to distinguish between self and non-self through the novel expression of viral oncogenes.
In fact, HPV-positive HNSCC has higher levels of T cell infiltration and overall immune
cell infiltration [23] and is more sensitive to standard treatments compared to HPV-negative
HNSCC. While there are other differences in tumor biology and contrasts in the patient
populations, it is speculated that the increased T cell infiltration reflects the superior activity
of the immune system against HPV-positive cancer cells and is one of the primary reasons
why more favorable outcomes are seen in patients with HPV-positive HNSCC compared to
smoking-related HNSCC.

Adoptive T cell therapy

Adoptive T cell therapy involves the collection of T cells from a patient, followed by the

ex vivo selection, manipulation, and expansion of the cells, for infusion back into a patient.
One of the limitations of immune checkpoint blockade is that it relies on the presence

of adequate endogenous tumor-reactive T cells to be unleashed by the removal of the
checkpoint. However, some patients may not have enough naturally existing, tumor-reactive
cells, or their cells may be exhausted or dysfunctional. The goal of adoptive cell therapy is to
create a population of tumor-reactive T cells that will provide a therapeutic advantage either
by the sheer number of expanded cells, or by an enhanced T cell specificity through genetic
modification of a patient’s T cells, or by additional activation of the T cell to carry superior
functional capacity.

There are several critical components to an efficacious and safe adoptive T cell therapy,
starting with target selection. The target peptide is ideally expressed by the majority of
the cancer cells and intrinsic to cancer’s survival and proliferative capacity; otherwise,
downregulation of the target could be an easy mechanism of resistance [24]. The target
peptide must also not be expressed on critical healthy tissues to avoid on-target, off-tumor
toxicity.

Another important component of cellular therapy is a lymphodepleting chemotherapy
regimen which is typically administered prior to the T cell infusion. Numerous studies

have demonstrated improved expansion and persistence of the transferred T cells and
superior efficacy when T cells are infused after a lymphodepleting regimen [25, 26]. It is
believed that the creation of a lymphopenic environment prior to the T cell infusion reduces
the competition for homeostatic cytokines, such as IL-7 and IL-15, leading to improved
proliferation of the transferred T cells. In addition, the lymphodepleting chemotherapy
reduces the numbers of immunosuppressive cells in the tumor microenvironment, such as
regulatory T cells and myeloid-derived suppressor cells, which is thought to enhance T cell
trafficking and activity.

After the T cell infusion, many adoptive cell therapy regimens incorporate a course of
interleukin-2, a cytokine that enhances the anti-tumor efficacy and persistence of the
transferred T cells [27, 28]. Both high-dose intravenous IL-2 and low-dose subcutaneous
IL-2 are used in many regimens.
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The three main modalities of adoptive cellular therapy under active development include
tumor-infiltrating lymphocytes (TIL), T cells with genetically modified T cell receptors
(TCR), and T cells inserted with chimeric antigen receptors (CAR). TIL therapy harnesses
the endogenous anti-tumor T cells naturally residing in the patient and represents a
heterogeneous population of cells with specificity against multiple targets, whereas TCR
and CAR are typically clonal T cells that have been genetically engineered to target a
specific antigen expressed by the cancer cells. Each of these types of adoptive T cell therapy
is currently being investigated in head and neck cancers (Table 1).

Tumor-infiltrating lymphocytes

TIL are comprised of a heterogeneous population of T cells that are present within a tumor’s
microenvironment. These T cells are thought to have infiltrated the tumor as a response

to neoantigen exposure, but due to complex mechanisms are ineffective at eradicating the
tumor. These mechanisms include expression of immune checkpoint ligands by tumor cells
and other cells in the tumor microenvironment, inhibition of inflammatory cytokines and
transcription factors, development of T cell tolerance to overexpressed/mutated antigens, and
downregulation or mutation of HLA class | and antigen-processing machinery components
[40]. The anti-tumor response from infiltrating T cells can be enhanced by removing these
cells from the immunosuppressive tumor microenvironment to a setting where they can be
preferentially expanded and activated in vitro and then infused back into the patient in high
enough numbers to overcome many of the inhibitory factors in the tumor microenvironment
and eliminate tumor cells [19].

The use of TIL to induce tumor regression was first carried out in a murine model

at the Surgery Branch of the NIH in 1986 by Rosenberg and colleagues, who showed

that a combination of autologous TIL and cyclophosphamide could induce regression of
metastases [41]. They then pioneered and published the first human study in 1988 using
autologous TIL to treat patients with metastatic melanoma and cause regression of cancer
[42]. Thus far, TIL therapy has demonstrated consistent success in treating metastatic
melanoma, with response rates greater than 50% and durable complete response rates of
over 20% [17], and has fueled the interest in the development of similar adoptive T cell
strategies in cancers such as head and neck. The standard regimen of TIL therapy includes
nonmyeloablative lymphodepletion with cyclophosphamide and fludarabine, followed by the
TIL infusion (comprised mostly of CD8+ and CD4+ T cells), followed by an abbreviated
course of high-dose IL-2 (e.g., up to six doses), which is a potent cytokine growth factor that
aids in the proliferation of the TIL.

In HNSCC, higher numbers of TIL are shown to be a significant independent prognostic
factor in the overall survival of patients, in both HPV-positive and HPV-negative disease [43,
441, and higher levels of infiltrating T cells also predict a more favorable clinical outcome
after adjuvant chemoradiation [23, 45-47]. Specifically, increased cytotoxic T cells (CD8+)
and helper T cells (CD4+) are most commonly associated with improved prognosis [23,

48]. There is also a strong infiltration of regulatory T cells (Treg; FoxP3+), but the impact
of these T cells on prognosis is unclear as they have been associated with improved or
worse outcomes [23, 48, 49]. Lechner et al. studied the composition of TIL in HNSCC by
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flow cytometry and found that they are mainly composed of an effector memory phenotype
(CD45RA~-, CCR7-) [50].

In a recent study by the National Cancer Institute (NCI), TIL therapy in HPV-related
cancers showed a partial response in 2 out of 11 patients (18.2%) with non-cervical HPV-
related cancer, one of which was a patient with oropharyngeal cancer with six prior lines

of treatment, who experienced a response lasting 5 months (NCT01585428) [29]. The
patients in this trial received a nonmyeloablative, lymphocyte-depleting preparative regimen
consisting of cyclophosphamide and fludarabine, followed by the TIL infusion, followed by
high-dose IV aldesleukin (IL-2), which has been the standard treatment regimen for TIL
established by the NCI. Serious adverse events occurred in 2 of 11 non-cervical cancer
patients, which included lymphopenia, febrile neutropenia, dysphagia, and syncope.

Currently, there is an ongoing phase Il prospective, multicenter, single-arm clinical trial
that is sponsored by lovance Biotherapeutics, Inc. utilizing a single autologous TIL

infusion (LN-145) as a treatment for recurrent and/or metastatic, previously treated HNSCC
(NCT03083873). The primary endpoint is the objective response rate per RECIST v1.1, and
secondary endpoints include an assessment of safety and other efficacy parameters such

as progression-free and overall survival [30]. A second lovance phase Il trial has recently
opened as well, examining a combination approach of TIL therapy plus PD-1 inhibitor
pembrolizumab with a cohort dedicated to PD-1-naive HNSCC patients (NCT03645928).
There is also a phase 1l trial studying the safety and efficacy of cisplatin concurrent
chemoradiotherapy plus TIL versus cisplatin concurrent chemoradiotherapy only with IMRT
in patients with locoregionally advanced high-risk nasopharyngeal carcinoma centered

in China (NCT02421640). The results of these ongoing trials will further elucidate the
potential benefits of TIL therapy for patients with HNSCC.

T cell receptor—engineered T cells

T cell receptor (TCR)-engineered T cells leverage the ability of clonal T cell populations

to recognize given tumor-associated antigens and eradicate tumor cells via HLA-dependent
mechanisms. These cells are engineered to express TCR a and p heterodimers that assemble
into a TCR-CD3 signaling complex, with specificity for a target antigen [51]. A TCR

may recognize either intracellular or extracellular antigens in the context of the major
histocompatibility complex (MHC). Once the target antigen is selected, then the TCR can be
genetically engineered to optimize the affinity for the specified antigen, assembled in gene
transfer vectors, and introduced into T cells from a patient of the appropriate MHC type to
deliver tumor specificity.

TCR-engineered T cells have been an attractive strategy for virally induced HNSCC given
the potent immunogenicity of associated viral antigens. A preliminary study has shown
the feasibility of expanding HPV-16 E6/E7-specific T cells from 33 of 52 oropharyngeal
cancer patients [52]. The NCI conducted a phase I/l clinical trial (NCT02280811) of
genetically engineered TCR T cells that target an HLA-A*02:01-restricted epitope of E6
in patients with metastatic HPV-16+ carcinoma, including HPV-associated oropharyngeal
cancer [31, 32]. Only one of the 12 patients in this trial had oropharyngeal cancer and the
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two partial responders had anal cancer; nevertheless, this trial validated that TCR T cell
therapy can mediate HPV-associated epithelial cancer regression [31, 32]. More recently, the
NCI reported encouraging results from another phase 1 clinical trial (NCT02858310) using
TCR T cells targeting HPV16 E7 in HLA-A0201 patients who had progressed on multiple
prior lines of treatment [33]. Of 12 patients, four of whom had oropharyngeal cancer, they
observed four confirmed responses, which included 1 patient with oropharyngeal cancer.

There are several other ongoing studies that are exploring the use of HPV-specific TCRs.

A trial at Baylor College of Medicine (NCT02379520) is investigating HPV-16/18 E6/E7—
specific T cells engineered to be TGF-beta resistant to assess the safety of this therapy in
patients with relapsed HPV-associated cancer. If the TCRs meet safety requirements, an
additional study arm will then explore the combination of nivolumab plus the HPV-specific
T cells following a lymphodepleting chemotherapy regimen. In China, a single-arm clinical
trial is planned to open to determine the safety and efficacy of E6-specific TCR T cells for
patients with HPV-16+ HNSCC and cervical cancer (NCT03578406).

TCR T cells specific for other non-viral antigens found on HNSCC are under active
investigation as well. A phase 1 collaboration between Immatics and MD Anderson explores
a personalized strategy of TCR generation through the use of a high-throughput cancer
peptide discovery platform (XPRESIDENT®) to identify cancer cell targets from a patient’s
tumor to which exogenous TCRs are then generated and engineered into autologous T cells
for infusion back into the patient (NCT03247309). This study is evaluating the safety and
clinical activity of this custom-designed TCR T cell (IMA201) in recurrent or refractory
HNSCC in addition to squamous non-small cell lung cancer [34]. A phase I clinical trial
explores the safety of MAGE-A10°7% T cells directed against cancer/testis antigen MAGE-
A10, which is expressed in 17% of HNSCC (NCT02989064) [53]. The latter trial also
includes patients with melanoma and bladder cancer, and early data from 8 patients treated
with a dosage of 0.1 x 109 cells showed no evidence of on-target or off-target toxicity and
supported continued investigation at higher doses [35].

Chimeric antigen receptor T cells

Chimeric antigen receptors (CAR) confer enhanced T cell specificity and function by
combining antibody-binding domains with T cell signaling and costimulatory domains

[51, 54]. A CAR is commonly composed of a specificity-conferring extracellular antibody
single-chain variable fragment (scFV), a CD3¢ domain, and one or more intracellular
costimulatory domains. CAR allow for highly specific targeting of a cell surface antigen in
an MHC-independent fashion. Compared to TCRs, a primary limitation of CAR T cells in
head and neck cancer is they cannot recognize intracellular peptide targets (such as the viral
oncoproteins E6 and E7). However, one of the benefits is that CAR T cells do not require
patients to have a matched HLA type to be treated. Also, CAR are less vulnerable to the
tumor escape mechanisms of acquired impairment in tumor antigen presentation machinery
or HLA expression [55].

Data on the efficacy of CAR T cells to treat HNSCC is limited to in vitro and pre-clinical
studies. Targets that have been tested in these models for HNSCC have included chondroitin
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sulfate proteoglycan-4 (CSPG4), HER2, and ErbB [56-58]. Of these targets, there is an
active phase I clinical trial evaluating the safety of intratumoral delivered CAR T cells
targeting the ErbB receptor family (NCT01818323). Intratumoral delivery of CAR T cells is
a relatively novel approach aimed at avoiding associated toxicities, such as cytokine release
syndrome and neurologic dysfunction [59]. Most recent data on the dose escalation in 13
patients displayed no dose-limiting toxicities with an overall disease control rate of 69%
using RECIST 1.1 criteria despite rapidly progressing tumors on trial entry [36]. Given the
accessibility of disease sites in head and neck cancer in the oropharynx and cervical neck
nodes, HNSCC is ideal cancer to investigate the intratumoral delivery of T cells.

T cell approaches for EBV+ head and neck cancer

Nasopharyngeal cancer is a unique subset of head and neck cancer, which is endemic in
Southern China, Southeast Asia, and North Africa, and is characterized by the presence

of intratumoral Epstein-Barr virus DNA [60]. As in HPV-positive oropharyngeal cancer,
EBYV infection leads to the incorporation of foreign oncogenes that can then serve as

a potent immunogenic target. In the 1990s, the exploration of T cell strategies against

EBV antigens had an early start through the investigation of the adoptively transferred
EBV-specific cytotoxic T cells for EBV-associated lymphoproliferative disease in transplant
recipients. Straathof et al. showed safety and feasibility of EBV-specific T cells in 10
patients with nasopharyngeal cancer, including 6 patients who had disease refractory to
intensive chemotherapy and radiation, and achieved complete or partial responses in 3 of
the 6 patients with relapsed disease [37]. Comoli et al. similarly studied the use of EBV-
specific T cells in patients with stage 1V EBV-related nasopharyngeal cancer refractory to
conventional therapy and observed disease control in six of 10 patients (two with partial
response and four with stable disease) [38]. Smith et al. investigated the use of T cells
specific for EBV latent membrane proteins LMP1 and LMP2 in 24 patients with recurrent
and metastatic nasopharyngeal carcinoma and demonstrated an increase in median overall
survival to 17 months, from 7 months in patients who did not receive these T cells [39].
There is an ongoing phase | clinical trial of TGF-beta resistant, EBV-specific T cells for the
treatment of EBV-positive nasopharyngeal carcinoma (NCT02065362).

Future directions

The advent of adoptive T cell strategies for HNSCC is still in its infancy; however, there

is growing interest and hope for their potential to improve the poor prognosis associated
with recurrent and metastatic HNSCC. Challenges that need to be overcome to increase
treatment responses include identifying target peptides with higher specificity on HNSCC
cells. Initiatives, such as The Cancer Genome Atlas (TCGA), and efforts at other institutions
to further identify and profile genes expressed in tumor cells as well as intracellular and
extracellular neoantigens in HNSCC would aid in the discovery of new potential targets for
TCR and CAR T cell therapy. TIL therapy has already demonstrated itself to be not only a
therapeutic end but also a simultaneous platform for further antigen discovery through the
interrogation of TIL populations that successfully mediate tumor regression [61]. Further
optimization of the design of receptor constructs for TCR-engineered T cells to minimize
auto-immunity and the design of CAR T cells to enhance T cell signaling and persistence, as
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well as identification of the ideal T cell subsets for genetic modification, is an active area of
research.

HNSCC is an immunosuppressive malignancy with lower absolute numbers of circulating
T cell lymphocytes, higher levels of immunosuppressive cytokines, and higher numbers

of immunosuppressive regulatory T cells compared to healthy subjects [40]. A greater
understanding of the immune suppressive entities specific to the HNSCC tumor
microenvironment is also needed to develop other strategies to diminish its intrinsic
immunosuppressive nature, optimize T cell trafficking to tumor sites, and help potentiate
overall responses to adoptive T cell strategies as well as other immunotherapy approaches.
Lastly, combination approaches of adoptive T cell therapy with other cancer treatments for
HNSCC, such as immune checkpoint inhibitors, are starting to be explored in the next wave
of trials and may achieve higher and/or more durable responses than either treatment alone.

Conclusions

HNSCC is a heterogeneous disease group with distinct pathways of oncogenesis and
immunogenicity. The emerging understanding of antigenicity combined with the early
successes of PD-1 therapy has positioned HNSCC in a historically new light, as cancer

that can be recognized by endogenous immune responses in a significant number of patients
and a promising target for the next wave of T cell-based strategies. All three of the major
modalities of T cell therapy—TIL, TCR, and CAR—are actively being investigated in
HNSCC. In turn, the diversity of HNSCC provides a unique platform to improve our
understanding of the factors influencing the efficacy of different T cell approaches and
ultimately inform the development of cellular therapy in other cancers as well. Many
challenges remain in identifying effective target antigens, optimizing T cell design for
improved efficacy and persistence, identifying biomarkers to predict treatment response,
and ultimately, developing a cost-effective and scalable manufacturing process to ensure

the accessibility of effective T cell therapy to patients. In the coming years, adoptive cell
therapy will hopefully usher in a new era of personalized treatment, with greater precision,
decreased morbidity, and more lasting responses, and in doing so transform the prognosis of
HNSCC along the way.
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