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Abstract Head and neck squamous cell carcinoma
(HNSCC) is an aggressive epithelial malignancy that is
the sixth most common neoplasm in the world. Despite
numerous advances in treatments involving surgery,
radiation, and chemotherapy, the 5-year survival has
remained at less than 50% for the last 30 years primarily
due to local recurrences [66]. Consequently, the possi-
bility of developing immunotherapeutic approaches as a
treatment for HNSCC has gained interest. The present
review has 3 objectives pertaining to immunotherapeutic
means to treat HNSCC patients: (1) to summarize the
feasibility of such approaches, (2) to provide an over-
view of the obstacles to attaining protective immune
reactivity, and (3) to consider how these obstacles can be
overcome to stimulate immune reactivity to HNSCC.
These objectives will also be considered in the context of
what lessons have been learned from immunotherapeu-
tic trials for other solid malignancies and the applica-
bility of this information to HNSCC.
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Feasibility of immunotherapeutic means
for the treatment of HNSCC patients

Cancers are vulnerable to immune effector cells such as
macrophages, natural killer (NK) cells, and cytotoxic T
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lymphocytes (CTL) [16, 35, 40, 72]. Anticancer immune
responses include presentation of cancer antigens, pro-
duction of T,l cytokines, and activation of CTL.
HNSCC cells can also be killed through antibody-
dependent cell-mediated cytotoxicity (ADCC), although
NK cells have been shown to be the prominent cells
mediating such cytotoxicity [10].

Many, although not all, HNSCC preferentially ex-
press tumor antigens, including members of the families
of the MAGE, RAGE, and GAGE antigens, making
these tumor antigens possible targets for stimulating
reactivity to HNSCC tumors [29, 37, 53]. Also, carci-
noembryonic antigen, which is a known tumor antigen
for gastrointestinal cancers, is expressed on cancers of
the head and neck [36]. Cells that overexpress carcino-
embryonic antigen can become targets of CTL. Other
embryonic antigens that are expressed on HNSCC and
whose inhibition with antibody has antitumor effects
include Wnt and frizzled (Fz) family members [61]. To
reinforce the concept of immune recognition of tumor
antigens, a study with a murine HNSCC model dem-
onstrated that tumor cells expressing alloantigens were
able to stimulate immunity that was then protective to
the wild-type tumor [28].

Monoclonal antibodies to tumor surface antigens
have been used in several studies with animal tumor
models and cancer patients to localize as well as treat
tumors [46, 62]. Such studies have shown the feasibility
of using tumor antigens as therapeutic targets. In vitro
studies with human HNSCC cells showed that anti-
bodies to HER2 could augment the growth-inhibitory
effects of irradiation [71]. In vivo studies with adeno-
carcinoma patients showed some clinical responses to
treatment with antibody to the carcinoma surface
adhesion molecule 17-1A [46]. Using a nude mouse
xenograft model, antibody to this adhesion molecule
was shown to inhibit growth of human colon carcino-
mas through its facilitation of ADCC [54]. Antibody
conjugates have also been tested to target delivery of the
conjugate to tumor. For example, administration of a
chimeric variant of anti-Lewis¥ monoclonal antibody
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conjugated to doxorubicin, to patients with Lewis’-
expressing gastric carcinomas resulted in stabilization of
disease in one third of the patients [1]. Among the few
antibody trials conducted with head and neck cancer
patients, a phase I study showed the safety of a mono-
clonal antibody to the EGF receptor in patients with
HNSCC of the larynx and hypopharynx [11]. In separate
studies, the combination of EGR receptor antibodies
with cisplatin showed major responses in HNSCC pa-
tients [67]. These studies show that tumors express tu-
mor antigens that can be targets of immune recognition.

The clinical role of active immune reactivity, rather
than passively administered antibody treatments, to
achieve recognition of tumor has been suggested in
several different studies. For example, improved prog-
nosis of patients with esophageal squamous cell carci-
noma was associated with an increase in intratumoral
CD4" and CD8" T cells, although not with the intra-
tumoral content of natural killer cells [14]. Increased
expression of class I MHC antigens on HNSCC cells
coincided with reduced lymph node metastasis [30].
Overall, these studies indicate the feasibility of immune
recognition and immune reactivity to HNSCC and raise
the question of why the immune recognition does not
result in a protective immune response.

Obstacles to protective immune reactivity to tumor

In contrast to the potential antitumor responses that can
be generated, growth of a wide variety of solid cancers
leads to alterations in immunologic parameters [20]. For
example, lymphocyte functions are suppressed in cancer
patients and in animal tumor models [2, 52, 58, 59, 79].
Tumor-infiltrating T cells from patients with melanoma
or with colorectal carcinoma have reduced expression of
T-cell activation markers [19]. Among the immunologic
alterations that have been described in cancer patients
and in animals bearing tumors are reductions in CD4 ™
cell numbers, responsiveness to cytokines, and prolifer-
ation in response to stimuli [32, 60, 87]. This depressed
immune function is seen in vivo as well, such as by the
reduced skin test reactivity to recall antigens [39].

HNSCC patients and mouse models of HNSCC are
particularly deficient in their immune responsiveness [59,
69, 81]. Lymph nodes of HNSCC patients have been
shown to be reduced in size and to have diminished
T-cell content [49]. In one study, T cells from about one
third of HNSCC patients were shown to be unresponsive
to stimulation through the CD3/T-cell receptor [65]. The
impact of this immune depression in HNSCC patients
on the clinical course of disease is indicated by the
association between reduced T-cell function and poorer
disease-specific survival [32]. Efforts to enhance immune
competence have resulted in tumor regression and, in
preliminary analyses, have suggested enhanced survival
[9, 31].

The immune defects of cancer patients are most likely
due to a multiplicity of mechanisms, making the reversal

of this immune inhibition more difficult. These include
mechanisms by which the tumor directly and indirectly
inhibits immune reactivity (Table 1) (Fig. 1). Direct
inhibition of immune function can occur by HNSCC
production of immune inhibitory factors such as pros-
taglandin E, (PGE,) and transforming growth factor f
(TGF-p) [44, 59, 63, 84]. In fact, blocking the inhibitory
effects of TGF-f has been suggested as a means to en-
hance immune function of HNSCC patients [38, 77].
Similarly, the effectiveness of reducing PGE, levels to
lessen the immune inhibitory effects that are mediated by
tumor-derived prostaglandins has long been known [80].
Treatment of HNSCC patients with cyclooxygenase-2
inhibitors to block production of PGE, has been shown
to result in restoration of immune functions and in-
creased T-cell infiltration into the tumor mass, suggest-
ing this to be a mechanism that contributes to the
clinical responses to cyclooxygenase inhibitors [17, 41].

Although tumors can inhibit immune responses, their
presence can lead to a shift from responses that are
beneficial for antitumor reactivity to responses that are
less effective. Thus, the absence of antitumor reactivity
cannot necessarily be attributed to immune depression.
For example, melanoma patients who are undergoing
immunization to tumor antigen have CD4"CD25" T
cells that can restrict effectiveness of the immunization

Table 1 Obstacles to protective immune reactivity to tumor

References
Direct immune inhibition by tumor:
PGE, [63, 84]
TGF- [44, 59, 84]
IL-6 [48]

IL-10 [68]
Indirect immune inhibition References
Blockage of dendritic cell maturation [3, 24, 56]
Skewing toward T,2 reactivity [55, 64, 76]

T.2-skewing monocytes | dendritic cells [34, 91]

Mobilization of CD34 ™" precursor cells [57, 74, 83, 85]

Tumor}
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Fig. 1 Schematic of the pathways by which tumors block antitu-
mor immune reactivity. Direct blockage of immune reactivity
occurs through production of cytokines that are inhibitory to Tyl
antitumor responses. Tumor-derived cytokines can skew responses
to Tu2 cytokine production, which also blocks Tyl reactivity.
Finally, tumors can mobilize immune inhibitory CD34 " precursor
cells and block maturation of dendritic cells, both of which result in
the failure to stimulate T,,1 antitumor activity



[33]. Immune responses in tumor bearers have been
shown to be biased toward a T2 cytokine profile, which
prevents the antitumor reactivity that can be induced
through Tyl responses [64]. Tyl responses include the
production of interferon y (IFN-y) and interleukin 2 (IL-
2). Ty2 responses are classified as those involving in-
creased production of IL-4, IL-6, and IL-10. Primary
cultures of head and neck squamous cell carcinoma cells
have been shown to produce IL-4, IL-6, and granulo-
cyte-macrophage colony-stimulating factor (GM-CSF)
[48]. Once triggered, production of T,2 cytokines can be
escalated, for example, by the capacity of IL-6 to stim-
ulate production of IL-10 by tumor cells such as human
colon carcinoma cells [68]. IL-10 diminishes production
of Tu1 cytokines, further exaggerating the shift toward a
T.2 immune profile [15, 21]. The T.2 cytokine bias in
tumor bearers is also reflected by the cytokine profiles of
intratumoral T cells. For example, T cells that infiltrate
cervical cancers are skewed toward the T,2 phenotype,
with increased production of IL-4 and IL-6 [64]. The
biological impact of the T2 bias was shown with a
mouse melanoma model in which tumor presence elic-
ited a Ty2 cytokine response that resulted in failure of
protective immunity to a tumor vaccine strategy [76].
However, a shift to a Tyl cytokine bias allowed for
therapeutic responsiveness to tumor. Studies of patients
with non—small cell lung cancer showed that reduced
survival correlated with a reduced capacity to produce
the Tu1 cytokine IL-2 [55]. While HNSCC patients have
been noted to have pronounced immune dysfunctions,
their immune parameters have not been defined to the
extent that has been accomplished for patients with
other malignancies. Our studies have suggested a
prominent shift to a T2 bias in the HNSCC patients
and, to a lesser extent in patients with non-HNSCC
malignancies. However, the T,2 shift in HNSCC pa-
tients appears to be incomplete since levels of only select
Tyl cytokines were reduced. This may suggest an arrest
at the T,0 stage without full commitment to T,2 skew-
ing. What was surprising was that the skewing toward a
T.2 cytokine profile was dependent on tumor presence
and, for most cytokines, was not associated with either
the extent of tumor burden or extent of metastasis
(unpublished data).

Tumor-induced bias of immune responses toward a
Tu2 cytokine profile may also be mediated through the
tumor’s effects on the monocyte/macrophage or den-
dritic cell populations. For example, gliomas can change
monocyte cytokine expression to increase their produc-
tion of IL-10, which leads to the secretion of a T,2
cytokine repertoire from T cells [91]. That this is relevant
to the tumor in vivo is suggested in breast cancer by the
association of an increased intratumoral macrophage
content with inhibited T-cell activity [70]. However, this
has not been determined for HNSCC tumors and was
shown not to be the case in colorectal tumors. What has
been known is that monocytes of HNSCC patients can
inhibit T-cell reactivity through their production of
PGE, [6, 73].
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The Ty2 skewing of immune responses of cancer
patients is not only mediated by T cells, but can be in-
duced by antigen-presenting cells. For example, den-
dritic cells of cancer patients can also skew T-cell
cytokine profiles toward T2 responses. Dendritic cells
that are exposed to IL-10 or PGE,, both being factors
that are produced by multiple tumor types, produce
diminished levels of IL-12 and, in turn, preferentially
stimulate T2 responses [34]. The maturation and dif-
ferentiation of dendritic precursors into cells that can
trigger antitumor reactivity is also diminished in tumor
bearers as well as in cancer patients, including those with
HNSCC [3, 24, 56]. Tumor-derived VEGF contributes
to this blockage of dendritic cell development. Consis-
tent with this blockage in maturation of dendritic cells is
an increased appearance of immature myeloid precursor
cells [4, 25, 83, 87, 90].

Our studies with HNSCC patients and with the
murine Lewis lung carcinoma (LLC) model have shown
the appearance of immune inhibitory cells that are dis-
tinct from mature lymphoid or monocytic cells and
which can be recognized by intense surface expression of
CD34 [57, 83, 85]. This suppressor cell population is an
immature progenitor cell having clonogenic capabilities
in soft agar and whose mobilization results from tumor
production of GM-CSF [83]. In fact, studies with the
murine lung cancer model showed a shift in immune
suppressor cells from PGE,-secreting monocytes/mac-
rophages during early periods of tumor growth, to the
less mature CD34 ™ precursor cells during later phases of
tumor progression [82]. The levels of the immune sup-
pressive CD34" progenitor cells are increased in the
peripheral blood of HNSCC patients and in the bone
marrow, spleen, and blood of LLC-bearing mice. Of
greater importance is that the immune inhibitory
CD34 " cells are also present within the HNSCC and
LLC tumor tissue where they inhibit the activity of in-
tratumoral T cells [57, 74]. These tumor-mobilized
CD34™" cells inhibit T-cell reactivity through their pro-
duction of TGF-f and, to a lesser extent, nitric oxide
[78, 83, 85]. Of additional interest is that the CD34"
cells from tumor bearers are more resistant to apoptosis
following cytokine withdrawal than are CD34" cells
from normal animals, and that they persist in increased
numbers in mice and patients whose cancers have been
surgically removed [88]. That tumor production of GM-
CSF and the increased appearance of these cells could
impact on antitumor immune reactivity in HNSCC pa-
tients and on progression of HNSCC disease was sug-
gested by the reduced activity levels of intratumoral T
cells and the reduced 2-year survival of HNSCC patients
whose primary tumors released high levels of GM-CSF
and which contained high levels of CD34" progenitor
cells [84, 86].

Clearly tumors, including HNSCC, are either inhib-
itory or divert immune responses to those that are less
effective against tumors through multiple means. These
include direct inhibition of immune reactivity by their
production of immune inhibitory products and indirect
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inhibition by modifying immune cell function to, in turn,
minimize immune reactivity toward tumor. In this sense,
HNSCC tumors are similar to other solid malignancies,
and it is very likely HNSCC are altering reactivity
through multiple concurrent means. However, there
have been no comprehensive studies that have tested the
spectrum of approaches that are utilized by HNSCC to
subvert immune antitumor defenses.

Overcoming obstacles to stimulate immune reactivity
to cancer

Studies with a variety of solid cancers have shared the
disappointment that no individual immunotherapy has
become the means by which to stimulate curative re-
sponses against solid tumors. This has led to the in-
creased testing of multimodality treatment approaches
(Table 2), although such studies have lagged behind
with HNSCC patients. Combining chemotherapy with
immunotherapy, such as administering S5-fluorouracil/
leucovorin and tumor cell / bacille Calmette-Guérin
(BCG) vaccines to patients with stage III colon carci-
noma has shown some success at improving effectiveness
of immunotherapy [5]. Realizing the immune inhibitory
effects of HNSCC presence, an alternative approach that
was tested was to incorporate treatment that can
diminish inhibitory effects of T cells, treatment to block
the inhibitory effect of prostaglandins, along with a
natural cytokine mixture containing IL-2 activity. Such
treatment was shown to restore the depleted T-cell
content of lymph nodes, increase immune infiltration
into tumor, reduce tumor mass, and increase mean
survival time of HNSCC patients [31, 49]. Using the
SCC VII/SF immune competent murine HNSCC
model, cyclophosphamide treatment was also tested to-
gether with IL-12. While the tumors were shown to be
nonimmunogenic, the sequential administration of IL-
12 followed by cyclophosphamide plus IL-12 converted
them into immunogenic tumors and resulted in a high
number of tumor cures [47]. Combination cytokine gene
therapeutic approaches consisting of IL-2 with either
GM-CSF or IL-12 in a murine HNSCC model resulted
in increased immune reactivity and clinical antitumor
responses [18, 44].

The immune stimulatory activity of dendritic cells is
the basis for their use in cancer immunotherapy and
several dendritic cell-based cancer vaccine trials have
been initiated with patients having various cancers [12,
45]. To capitalize on the potent antigen-stimulatory
capabilities of dendritic cells and to overcome the
tumor-induced blockades in their differentiation, a vac-
cine of dendritic cells that were infected with adenovirus
was tested in a murine tumor model, with the rationale
that this infection can facilitate dendritic cell differenti-
ation [50]. Alternative approaches to enhancing the
functional competence of dendritic cells have included
use of GM-CSF to enhance their development [51].
Since HNSCC tumors have also been shown to hamper

Table 2 Overcoming obstacles to stimulate immune reactivity to
cancer

References
In vivo immune stimulatory approaches
B Combination chemoimmunotherapy [5, 47]
B Block production of prostaglandins [31, 49]
and other inhibitory factors
m Cytokine therapies [18, 44]
B Tumor vaccines [12, 45]
® Differentiation of mobilized immune [4, 8, 43]
inhibitory CD34 " precursor cells
Ex vivo preparatory strategies prior to References
in vivo administration
B Dendritic cell maturation and pulsing [7, 12, 22, 27]
B T-cell expansion and activation [13, 65]

dendritic cell maturation and function, such approaches
could be highly relevant to approaches in the treatment
of HNSCC cancers.

Recognizing that the tumor environment may be
detrimental to the effective generation of antitumor
immune reactivity, immune activation in vitro has been
tested in animal tumor models as well as in patients. A
number of trials have tested dendritic cell vaccines in
which the dendritic cells were generated and pulsed with
tumor antigens in vitro and then administered to pa-
tients (Table 2). Administration of such CD34" cell-
derived dendritic cells that were pulsed in vitro with a
panel of melanoma antigens resulted in varied degrees of
immune responses, but clinical responses coincided with
the number of tumor antigens of the tumor vaccine to
which melanoma patients mounted immunologic re-
sponses [7]. In a study with prostate cancer patients,
dendritic cells that were pulsed in vitro with murine or
human prostatic acid phosphatase were able to break
patient unresponsiveness to the human tumor antigen
[12, 22]. Dendritic cells that were generated by in vitro
culture from monocytes and pulsed with tumor lysates
were effective at stimulating delayed-type hypersensi-
tivity responses and stabilization of disease in a number
of pediatric malignancies [27].

In a different approach to avoid the immune inhibi-
tory effects of the tumor environment, HNSCC patients
were immunized with irradiated autologous tumor cells
admixed with BCG, their primed lymph node cells were
collected, more fully activated in vitro and reinfused
[13]. While clinical responses were not observed, these
studies demonstrate that removing primed T cells from
the tumor environment can allow for the successful
activation of the T cells to tumor. In contrast, studies
with lymph node and peripheral blood mononuclear
cells of HNSCC patients have shown T cells of some
patients to be nonresponders to stimulation through the
CD3/T-cell receptor complex, even in vitro and removed
from the tumor environment [65]. These nonresponders
could, however, become responsive upon exposure to
anti-CD3/anti-CD28 coated beads, with responsiveness
being seen as a Tyl response and a cytolysis of autolo-
gous tumor.



Several approaches have been used to capitalize on the
increase in immature precursor cells that accumulate in
tumor bearers, including in HNSCC patients [3, 23, 83,
84]. Treatment of these immature cells with all-trans-
retinoic acid facilitates their differentiation into dendritic
cells, and restores that capacity of the resulting dendritic
cells to stimulate antigen-specific T-cell responses [4]. The
CD34™ cells that are mobilized by tumors, including in
HNSCC patients, can also be directed to differentiate
into dendritic cells, with active vitamin D3 analogs [26,
42,43, 75, 89]. In a phase 1B study, treatment of HNSCC
patients with 25-hydroxyvitamin Dj resulted in not only
a reduction in the frequency of immune inhibitory
CD34 " cells in the peripheral blood, but also an increase
in expression of activation markers on blood antigen-
presenting cells and an increase in T-cell responsiveness
to activation [43]. In a mouse tumor model, the increased
presence of immature CD34 " precursor cells was capi-
talized on by recruiting the immature CD34 " cells to the
tumor surgical excision site as a first step to differentiate
them in situ into mature dendritic cells capable of stim-
ulating immune reactivity to residual tumor cells [8].
Whether or not the resulting dendritic cells will maintain
the functional capability to stimulate protective immune
reactivity to tumor within the environment of residual
tumor cells has yet to be tested.

With the realization that tumors inhibit antitumor
immune defenses through a multitude of mechanisms,
approaches to overcome this immune inhibition and to
generate protective immune reactivity have become
increasingly more complex. What has become most
apparent is the importance of not only attempting to
stimulate immune reactivity, but to first overcome the
immune suppression or immune unresponsiveness that is
induced by tumor. Many of these lessons have been
learned from studies of patients with cancers other than
HNSCC. However, the highly immune inhibitory nature
of HNSCC emphasizes the importance of applying these
lessons of how to overcome the immune inhibitory
properties of HNSCC and how to then stimulate the
restored immune capability so as to confer protective
immune reactivity in HNSCC patients toward autolo-
gous cancer.
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