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BACKGROUND:
Head and Neck Squamous Cell Carcinoma (HNSCC) is associated with multiple immune suppression and avoidance mechanisms. Blocking the PD-1
signal axis in second line recurrent and/or metastatic HNSCC (r/m HNSCC)
provides a significant survival advantage compared to chemotherapy. However, a majority of r/m HNSCC patients are resistant to checkpoint blockade.
We investigated a novel therapeutic vaccine designed to increase the infiltration of anti-tumor effector cells against a patient’s own tumor and simultaneously counter-regulate the suppressive tumor microenvironment.
METHODS:
Pre-treated r/m HNSCC patients with externally visible tumors were accrued. Tumor biopsy samples were collected at baseline and lysed ex-vivo.
Endogenous heat shock protein (HSP) antigen chaperones were purified
from the lysate producing a chaperone-rich cell lysate (CRCL) enriched in
hsp70, hsp90, gr94/gp96 and calreticulin. CRCL was used as a source of
tumor neoantigen. Bioengineered allogeneic graft (BAG) cells derived from
healthy blood donors were used as adjuvant. BAG are ex-vivo differentiated
and expanded, intentionally-mismatched, allogeneic Th1 memory cells with
CD3/CD28-coated microbeads attached. BAG express CD40L and IFN-γ and
have immunomodulatory properties. Subjects were primed once a week for
three weeks with BAG intradermal (ID) injections to increase allo-specific
Th1 memory titers. In cycle 1, primed subjects were then provided ID injec-

tions of CRCL + BAG once a week for 3 weeks to increase tumor-specific Th1
memory titers followed a week later by an IV infusion of BAG. This cycle was
repeated 3 additional times as tolerated. The IV infusion of BAG activates circulating memory cells through CD40L:CD40 interaction and causes extravasation of memory cells to sites of inflammation, including tumor lesions.
The host allo-rejection response to BAG in circulation produces a sustained
Type 1 cytokine release which dys-regulates immune suppressor circuits.
RESULTS:
Ten subjects with r/m HNSCC and visible tumors were accrued. All subjects
had prior platinum-based radiochemotherapy. Visible tumor debulking responses were observed in 50% (5/10). Vaccine was well tolerated. Debulking
response correlated with increased CD3+ immune cell infiltration and decreased CTLA-4 expression.
CONCLUSIONS:
This individualized vaccine caused increased immune cell infiltration in
tumors and down-regulation of CTLA4 which correlated with a visible tumor
debulking response in this chemotherapy-refractory population. These results provide rationale for further evaluation of this vaccine in this and other
chemotherapy-resistant indications that are not responsive to checkpoint
blockade immunotherapy.

Priming Phase

In the priming phase, BAG cells are injected intradermally in order to elicit high titers of allo-specific Th1/CTL in circulation. These activated T-cells in turn non-specifically activate circulating NK cells, M1 macrophages and
memory T-cells through production of IFN-γ and CD40:CD40L interaction. All these non-specific effector cells traffic to tumor sites and condition the local microenvironment with Type 1 cytokines In the presence of Type 1 cytokines, all these non-specifically activated cells can lyse tumor cells. This tumor lysis results in the release of endogenous heat shock proteins (HSP) and danger-associated molecular patterns (DAMP) from the lysed tumors.
HSP chaperone the complete tumor antigen repertoire, including neoantigens. Therefore, released HSP in the context of the Type 1 cytokine environment and DAMP, provides an in-situ vaccine with tumor neoantigen and adjuvant danger signals for eliciting tumor-specific immunity.

This was a Phase I/II proof-of-concept trial evaluating whether intentionally
mis-matched bioengineered allogeneic graft (BAG) cells combined with endogenous heat shock proteins purified from a patient’s tumor sample could
elicit a host immune-mediated tumor debulking response in pre-treated r/m
HNSCC patients. Subjects were selected that had lesions that were visible on
the skin surface or by endoscopy.
Recently, checkpoint blockade drugs have been approved by the FDA as new
standard-of-care options for the second-line treatment of r/m HNSCC. These
drugs demonstrated modest response rates (13-16%) and durable clinical benefit in a fraction of patients. In order to be responsive to checkpoint blockade
immunotherapy, the tumors must have suppressed infiltrating anti-tumor
Th1/CTL effector cells in the microenvironment.
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RESULTS
The external/endoscopic photos of 5 responding subjects shown at baseline and Day 56
of vaccination. Corresponding immunohistochemical and vital dye stains from biopsy
samples are also shown. Visible tumor debulking response correlated with increased
CD3 and NK cell infiltration and down-regulation of CTLA4. Treg infiltration levels varied.

In order to customize an immune
response against a patient’s own
tumor cells and increase the
titers of activated allo-specific
and tumor-specific Th1/CTL
in circulation, a biopsy
sample of a tumor is collected and sent to Jerusalem for
processing. In Jerusalem,
the tumors are processed
under Good Manufacturing
Practices (GMP) to isolate
endogenous HSP, including

hsp70, hsp90, gr94/gp96 and
calreticulin. This Chaperone-Rich
Cell Lysate (CRCL) is quality
tested to assure the identity,
purity, sterility, low endotoxin and integrity of the
chaperoned tumor antigens. The purified HSP are
injected intradermally
together with BAG cells.
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Initiation:

Dendritic Cell Maturation:

In the priming phase, there are multiple intradermal (ID) injections of
BAG cells. GM-CSF produced by the BAG, attracts NK cells and immature
DC (iDC), such as Langerhans’s cells, to the injection site. NK cells in the
presence of IFN-γ upregulate NKG2D-L expression enabling recognition
and lysis of the allogeneic NKG2D+ BAG cells. Lysing of the BAG cells
causes release of endogenous DAMP and HSP chaperones of the
alloantigens into the microenvironment, creating an in-situ
anti-alloantigen vaccine. iDC engulf and process the alloantigens to
initiate the anti-alloantigen immune cascade. Once allo-specific
immunity is established, subsequent ID BAG injections can also be
rejected by the allo-specific Th1/CTL.

The HSP are engulfed by iDC which process
the alloantigens chaperoned on the
released HSP. In the presence of DAMP, the
iDC mature to IL-12+ DC1. These activated
DC1 traffic to the draining lymph nodes,
upregulate CD80/86 co-stimulatory
molecules and present the processed
alloantigens on MHCI and MHCII.
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In the draining lymph nodes, the DC1 interact with naïve
CD4+ and CD8+ T-cells and produce IL-12. In the
presence of IL-12, naïve CD4+ and CD8+ T-cells, which
recognize the alloantigens, differentiate to allo-specific
Th1 and CTL, respectively. These activated, allo-specific
T-cells produce IFN-γ , upregulate CD40L and
down-regulate CD62L. Down-regulation of CD62L
permits their entry into the circulation.

Bloodstream Activation

Non-Specific Lysis of Tumor Cells

Once in circulation, the activated, non-memory, allo-specific Th1 and CTL T-cells produce
IFN-γ and express CD40L. This causes activation of circulating NK cells and memory T-cells.
Activated NK cells and memory cells traffic to the tumor sites. Activated memory cells
express ‘death receptors’ such as FasL, TRAIL and TWEEK which can non-specifically kill
tumors in a Type 1 cytokine environment. Subsequent BAG injections release additional
waves of activated, non-memory, allo-specific Th1 and CTL T-cells into circulation which,
in turn, causes new waves of activated NK cells and memory cells to infiltrate tumor sites.
After each BAG injection, a portion of the activated, non-memory, allo-specific Th1 and
CTL will differentiate into memory cells. As the titer of circulating memory allo-specific
Th1 and CTL increases in circulation, each wave of activated, non-memory, allo-specific
Th1 and CTL will non-specifically activate increasing numbers of allo-specific Th1 and CTL
cells from the circulating memory pool . As increased numbers of activated NK and
Th1/CTL memory cells enter the tumor microenvironment, the production of Type 1
cytokines modulates the tumor environment from Type 2 to Type 1 dominance.

The extravasating waves of activated NK cells and activated Type 1 memory cells encounter a tumor
microenvironment that is profoundly immunosuppressive, with resident myeloid-derived suppressor
cells (MDSC), Treg, Th2/Tr1, tumor-associated macrophages (TAM) and cancer-associated fibroblasts
(CAF). These suppressor cells maintain a Type 2 cytokine environment dominated by IL-10, TGF-β and
IL-6 which suppresses cellular immune function. In a Type 2 environment, tumor cells down-regulate
MHC I and co-stimulatory molecule expression and upregulate expression of checkpoint molecules
(e.g., CTLA4/PD-L1) all which inhibit recognition and attack by CTL. Infiltrating activated NK cells and
Type 1 memory cells condition the tumor microenvironment by contributing Type 1 cytokines such as
IFN-γ , TNF-α and IL-2. These Type 1 cytokines cause differentiation of resident macrophages to the M1
tumoricidal phenotype, counter-regulate the effects of infiltrating suppressor cells, and upregulate
counter death receptors, MHC I and co-stimulatory molecules on tumor cells. Under these conditions,
non-specific tumor lysis can occur through activated NK cells, M1 macrophages and activated memory
cells. Tumor lysis releases endogenous DAMP and endogenous tumor neoantigens chaperoned on HSP.
The released HSP are engulfed and processed by iDC, which in the presence of DAMP and Type 1
cytokines mature to IL-12+ DC1 and traffic to the draining lymph node to initiate the tumor-specific
immune cascade.
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Amplification

In order to amplify the anti-tumor effects of priming and accelerate the development of anti-tumor-specific memory cells in the tumor sites, a biopsy sample of a select tumor lesion is lysed
ex-vivo and the endogenous HSP chaperones, including hsp70, hsp90, gr94/gp96 and calreticulin are purified from the debris using an isoelectric focusing technique. The purified HSP is called
Chaperone-Rich Cell Lysate (CRCL). CRCL is injected Intradermally at the same time as BAG cells.
The BAG cells condition the environment with Type 1 cytokines and attract NK cells and memory
allo-specific Th1/CTL to the injection site. These cells reject the BAG, which causes the release of
endogenous HSP and DAMP. iDC in the skin respond to process the debris from the rejected BAG
and engulf the HSP released from BAG and the CRCL. In the presence of DAMP and Type 1 cytokines the iDC mature to IL-12+ DC1, traffic to the draining lymph nodes and facilitate development of activated allo-specific and tumor-specific Th1/CTL, which in turn cause extravasation of
memory allo-specific and tumor-specific Th1/CTL to tumor sites. Subsequent injections of
CRCL+BAG cause some of the activated allo-specific and tumor-specific Th1/CTL to differentiate
into memory cells. Each subsequent injection of CRCL+BAG produces activated allo-specific and
tumor-specific Th1/CTL which in turn activate these circulating memory allo-specific and tumor-specific Th1/CTL causing them to extravasate to tumor sites.
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Activation:

The vaccination phase serves to increase the infiltration and effector function of tumor antigen
specific Th1/CTL within the tumor lesions and development of tumor-specific memory. Each
priming injection of BAG cells causes waves of activated non-memory allospecific Th1/CTL and
memory allospecific Th1/CTL. Each wave of non-memory allospecific Th1/CTL causes activation
and extravasation of memory allospecific Th1/CTL and NK cells which conditions the tumor microenvironment with Type 1 cytokines. In this environment, NK cells and activated memory
allo-specific Th1/CTL along with resident M1 macrophages mediate non-specific tumor lysis. The
non-specific lysis of tumor cells releases endogenous chaperoned tumor neoantigens and
DAMP. The presence of tumor neoantigens and DAMP in a Type 1 environment creates an in-situ
anti-tumor vaccine. iDC process the tumor antigens, traffic to lymph nodes and cause release of
activated non-memory tumor-specific Th1/CTL in circulation. These cells activate circulating
memory cells the same as activated non-memory allo-specific cells. As additional waves of
tumor lysis occur, a portion of the activated non-memory tumor-specific Th1/CTL differentiate to
memory cells. As the titers of both allo-specific and tumor-specific memory cells increase in circulation, each wave of activated non-memory allo-specific and tumor specific cells activates
increased numbers of allo-specific and tumor-specific memory cells.
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Intentionally-mismatched, ex-vivo expanded and differentiated memory CD4+ Th1 cells with anti-CD3/CD28
microbeads attached that express high density CD40L,
MHC II, NKG2D and Type 1 cytokines including IFN-γ,
TNF-α and GM-CSF.

HNSCC is one of the most highly immune-infiltrated cancer types, which may
contribute to the reason why these tumors are responsive to this approach.
However, the majority of these tumors still remain resistant to checkpoint
blockade immunotherapy. The nature of the immune cell infiltrates and the
influence of immunosuppressive factors both systemically and in the tumor
microenvironment may contribute to reason why the majority of HNSCC patients are still unresponsive to checkpoint blockade immunotherapy.
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The priming and vaccination phases serve to increase the titers of allo-specific and tumor-specific Th1/CTL memory cells. BAG produce IFN-ϒ and express high density CD40L. Intravenous infusion of BAG increases the extravasation of these memory cells to tumor lesions through
CD40L:CD40 interaction in a Type 1 cytokine environment. The allo-specific rejection response
to BAG in circulation serves to release endogenous DAMP which activates circulating monocytes
causing a Type 1 “cytokine storm”. The Type 1 cytokines serve to counter-regulate immunosuppressive and immunoavoidance mechanisms and support on-going anti-tumor cellular immune
responses. In the event that the Type 1 cytokine storm wanes between dosing and prior to complete elimination of tumor, the anti-tumor effects of can be re-activated through subsequent
BAG intravenous booster infusions.
In the event of over-activation of the immune system, resulting in immune-mediated toxicity,
steroids can be administered. Since dexamethasone causes apoptosis of activated Th1/CTL, it
may serve as a “reversal” agent.
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