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Abstract

Third-line metastatic colorectal cancer (CRC) is refractory to chemotherapy and the available third-
line therapies have limited efficacy with significant toxicities. Approximately 95% of metastatic CRC
patients present with microsatellite stable (MSS)/proficient mis-match repair (pMMR) genotype that
are resistant to immunotherapy. Therefore, there remains a high unmet need for new treatment
options for these patients. Background/Objectives: The aim of this Phase IIB single-arm clinical study
was to evaluate a protocol using a novel living immune cell drug called “AlloStim®” in third-line
metastatic CRC patients with MSS/pMMR genotype tumors. The protocol was designed to
incorporate multiple spatial and temporal immunomodulatory mechanisms, including: enhancing
the circulating Th1/Th2 balance; converting immunologically ‘cold” tumors to ‘hot’ inflamed tumors;
creating conditions for immunological cell death and in-situ vaccination aimed at priming a patient-
specific, anti-tumor adaptive immune response; and, modifying the tumor microenvironment in
order to overcome tumor immunoavoidance and immunosuppression obstacles. Methods: AlloStim®
was administered weekly in intradermal and intravenous doses in 3-five-week cycles, followed by
optional monthly intravenous booster infusions. The intradermal AlloStim® doses are designed to
elicit anti-alloantigen-specific Thl immunity upon rejection of the fully allogeneic AlloStim® cells by
the host. The intravenous doses are designed to cause a rejection response that results in release of
systemic inflammatory cytokines that serve to activate by-stander host memory Thl cells and NK
cells. Activated Thl memory and NK cells extravasate and infiltrate metastatic tumor lesions
converting them from ‘cold’ to ‘hot’. The activated NK cells mediate immunological tumor cell death
of MHC I negative tumors and the infiltrating Th1 cells create an inflammatory micro-environment,
together creating an in-situ anti-tumor vaccine which results in tumor-specific immunity customized
to each individual patient. Results: 29 third-line MSS/pMMR metastatic colorectal cancer patients
were recruited from 4 cancer centers in the USA. The median overall survival (OS) was 16.4 months
(95% CI: 8.6-18mo). Survival at 12 months was 60% and was 39% at 18 months. The immunotherapy
was well tolerated with mostly mild treatment-related adverse events. Conclusion: AlloStim®
immunotherapy demonstrated a strong survival signal in immunotherapy-refractory third-line
metastatic MSS/pMMR CRC compared to historical controls of active drugs in this indication. These
findings support advancement to well-designed, prospective, randomized-controlled clinical studies
powered to confirm the survival signal. (ClinicalTrials.gov ID: NCT04444622).
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1. Introduction

Colorectal cancer (CRC) is the third most common malignancy worldwide and the second
leading cause of cancer-related death [1]. Only approximately 5% of metastatic CRC tumors have the
immunogenic microsatellite instable (MSI)/deficient mismatch repair (dMMR) genotype that
responds to checkpoint inhibitor (CI) immunotherapy [2]. The remaining approximately 95% of
metastatic CRC patients that present with the microsatellite stable (MSS)/proficient mis-match repair
(PMMR) genotype [3] are resistant to CI immunotherapy [4,5].

Cl-resistant metastatic CRC patients that are also refractory to oxaliplatin and irinotecan
chemotherapy regimens are considered third-line treatment eligible. In the third line, there are
currently three FDA-approved treatment options: regorafenib, trifluridine/tipiracil (TAS-102) alone
or with bevacizumab, and fruquintinib [6]. These current treatment options have marginal efficacy
and significant toxicity. Therefore, there remains a high unmet medical need for improved treatment
options in third-line MSS/pMMR metastatic CRC.

Our aim was to design an immunotherapy clinical protocol that might prove capable of
extending survival in third-line metastatic MSS/pMMR CRC patients using the immunomodulatory
properties of an experimental allogeneic living immune cell drug called “AlloStim®”. AlloStim® was
developed by reverse engineering the beneficial graft vs tumor (GVT) effects that occur in non-
myeloablative allogeneic stem cell transplant protocols [7], while eliminating the detrimental graft vs
host disease (GVHD) side-effects, in addition to eliminating the requirements for matched tissue
donors or chemotherapy pre-conditioning [8,9]. Metastatic CRC tumors have been shown to
responsive to the GVT mechanism [7].

We hypothesized that an effective immunotherapy protocol in CI immunotherapy-refractory
MSS/pMMR CRC tumors would need to immunomodulate these tumors to become more like CI
immunotherapy-responsive MSI/dMMR tumors. In order to design a protocol that had potential to
meet our aim, we first explored differences between responsive MSS/pMMR tumors and non-
responsive MSI/dAMMR tumors in order to provide guidance on the design parameters for an
immunotherapy protocol in this immunotherapy-refractory indication.

One of the major reported differences between immunotherapy-responsive MSI/dMMR tumors
and non-responsive MSS/pMMR tumors is that the former carries a higher tumor mutational burden
(TMB), making these tumors more immunogenic, accounting for their increased responsiveness to
immunotherapy [10]. However, from a protocol design point-of-view, it was unlikely that the
immunomodulatory mechanisms of AlloStim® could increase the TMB of MSS/pMMR tumors so that
they might resemble MSI/AMMR tumors. Therefore, we instead focused our protocol design
considerations toward immunomodulation of down-steam mechanisms associated with high TMB
expression.

Since only 20-40% of patients with immunogenic MSI/dAMMR tumors respond to CI
immunotherapy (Wang, He et al. 2019, Shiravand, Khodadadi et al. 2022), it can be assumed that
having a hypermutated genomic profile alone is not the only requirement determining
immunotherapy responsiveness. Further insights for protocol design were obtained by analyzing the
differences between the subset of immunotherapy-responsive MSI/dMMR tumors vs. the non-
responsive MSI/dMMR tumors, both of which have high TMB [11]. Despite high TMB, subsets with
high expression of mutation-associated neoantigens (MANA) were found to be the most responsive
to immunotherapy [12].

Low TMB MSS/pMMR CRC tumors have limited expression of MANA [13]. Thus, the
immunogenic features of Cl-responsive MSI/dMMR tumors can be attributed to both the TMB rates
and the levels of tumor neoantigen expression. However, previous attempts to upregulate expression
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of neoantigens in tumors have had limited success [14]. Therefore, protocol design considerations
focused on incorporating mechanisms that might enhance the recognition of the limited neoantigens
expressed in MSS/pMMR genotype tumors.

Immune recognition of tumors with limited neoantigen expression depends upon the
characteristics of the tumor microenvironment (TME). High TMB MSI/dMMR tumors that are ‘hot’,
characterized by high amounts of immune cell infiltration are responsive to CI immunotherapy,
while “cold’ non-immunogenic MSS/pMMR tumors which lack inflammatory infiltrates are generally
non-responsive to immunotherapy [15]. Hot tumors have high infiltration of CD8+ cytotoxic T
lymphocytes (CTL), CD4+ Thl cells, M1 macrophages, NK cells, and IL-12* dendritic cells (DC1),
which correlates with good prognosis [16-18] [19]. Thus, modulation of the TME to convert non-
inflamed ‘cold” MSS/pMMR CRC tumors to become inflamed ‘hot’ tumors was considered one key
component of an effective immunotherapy strategy [20].

Imprinting a ‘hot’ inflammatory tumor infiltrate upon a pre-existing ‘cold” tumor where the
tumor has been previously exposed to the immune system, resulting in failed immune control over
tumor progression presents a unique challenge. T-cells exposed to tumors which express low levels
of neoantigens are often functionally impaired [13]. This pre-existing dysfunctional immune priming
is likely related to previous exposure to tumor neoantigens in the context of an immunosuppressive
TME [21], resulting in T cell exhaustion and neoantigen tolerance [22].

Primed, functional anti-tumor effector T-cells are necessary to be present within the TME for
responsiveness to CI immunotherapy [23]. In the subset of patients with hot tumors that respond to
CI immunotherapy, the previously primed effector T-cells present in the TME must be functionally
capable of mediating functional tumor killing. These functional immune cells fail to protect due to
negative signaling through checkpoint molecules. Under these circumstances, release of the
suppression signals by using CI blocking antibodies is able to restore anti-tumor immune cell
function [24]. However, without the presence in the TME of primed, functional, infiltrating effector
immune cells that can be released from suppression, treatment with CI is mostly ineffective [25].

Thus, besides converting the TME from cold to hot, it was considered to be necessary to re-
introduce of tumor neoantigens for existing tumor escape mutants to the immune system in the
context of hot inflammatory conditions. This strategy could elicit de-novo anti-tumor immune effector
cells. Such de-novo neoantigen priming requires a protocol with a therapeutic vaccination approach.

Neoantigen-based therapeutic cancer vaccines have the capacity to amplify the endogenous
repertoire of T-cell responses specifically targeting tumors [26]. Despite the paucity of neoantigens
expressed in CRC tumors, some candidate neoantigens have been identified from whole-exome and
RNA sequencing which were found to be immunogenic and able to induce tumor-specific killing
[27], suggesting that vaccination strategies with select neoantigens could be a viable anti-tumor
strategy.

Therapeutic cancer vaccine strategies are being pursued which aim to identify tumor
neoantigens and combine these with immunoenhancing adjuvants [28], including development of
vaccination strategies against CRC [29]. However, most neoantigen-based vaccines under
development are personalized treatments that use the DNA sequence of a patient’s tumor to identify
mutations capable of encoding neoantigens. These personalized neoantigen cancer vaccines, while
promising, have many well documented limitations, including challenges in identifying and selecting
neoantigens from a limited pool of available candidates [30].

Identifying tumor neoantigens for use in cancer vaccines presents several challenges, including
tumor heterogeneity and the high degree of HLA polymorphism [31]. Selection of neoantigens to
incorporate in a vaccine formulation requires that processed antigen epitopes are capable of binding
to a patient’s own major histocompatibility complex (MHC) alleles [32], which further limits
identification and selection of neoantigens for vaccine formulation.

Another major obstacle to designing an effective therapeutic vaccine, especially in late stage,
high tumor burden cancers, such as third-line metastatic CRC, is that the tumors have evolved over
time to favor variant clones which are able to evade host-mediated immune elimination and control.
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Therefore, immunotherapy protocols designed to enhance a resident anti-tumor immune response in
late-stage disease may actually act to enhance an existing non-effective immune response, rather than
create an effective de-novo response.

The in-vivo selection of non-immunogenic tumor variants under immune pressure is proposed
to occur by a mechanism known as “immunoediting” [33]. Immunoediting is described as having: an
initial elimination phase corresponding with immunosurveillance; followed by an equilibrium phase
in which the growth of tumor cells is effectively matched with anti-tumor immune effector
mechanisms; and, finally an escape phase where the resident cancer cells have been selected for
ability to evade host immune control [34].

The existence of clinical disease is evidence of the failure of the immune surveillance phase.
Progression of disease in late stages evidences a failure to maintain the immune-mediated tumor
equilibrium phase. Therefore, in order to design an effective therapeutic vaccine for late stages of
disease that are in escape phase, we believed it would be necessary to “turn back” the immunoediting
process by presenting tumor neoantigens expressed in the escaped resident tumors to the host
immune system in a manner which would create a de-novo anti-tumor response to the immune-edited
variant clones. Subsequently, expand and amplify the de-novo response so that it imprints upon the
host immune system and dominates for the resident failed response.

We considered that an effective strategy for priming of naive T-cells in late-stage disease would
likely require re-presentation of tumor neoantigens in the context of a TME modulated to include
high levels of inflammatory, co-stimulatory and “danger” signal cues [35,36]. The re-introduction of
tumor neoantigens in the context of inflammation and danger signals can create the conditions
necessary for an “in situ vaccine” (ISV). An ISV approach would have the advantage of being capable
of priming a de-novo anti-tumor immune responses in vivo that would result in an immune response
customized to a patient’s own tumor without the need to pre-identify and isolate patient-specific
MANA [37].

An ISV protocol design would require the in-situ release of MANA into the tumor
microenvironment for further processing by antigen-presenting cells (APC). MANA can be found
inside of tumor cells, often associated with heat shock proteins (HSP), such as gp96, HSP70, and
HSP90 [38]. HSP chaperones released into the tumor microenvironment can be engulfed by local
APCs, particularly dendritic cells (DC), which can then process the chaperoned tumor neoantigens
and present neoepitopes to T-helper cells and facilitate cross-presentation to cytotoxic T-lymphocytes
(CTL) on MHC class II and I molecules, respectively. HSP released from killed tumor cells can serve
both to expose tumor neoantigens and also to act as an adjuvant to stimulate a type I immune
response to the neoantigens [39].

Neoantigens are largely patient-specific due to each patient’s unique mutational repertoire.
When cells die by apoptosis an immune response is usually not triggered, in part due to the
neoantigens remaining sequestered inside the protective cell membranes [40]. However, cells that die
due to a disruption of the cell membrane, such as occurs upon necrotic cell death, release internal
HSP neoantigen chaperones into the microenvironment which can trigger an immune response [41].
Necrotic cell death also releases “danger signals” into the microenvironment [42], which can serve as
adjuvants for an ISV capable of initiating development of an adaptive anti-tumor immune response.

Release of internal MANA in-situ requires that the tumor cells die in a manner that disrupts the
integrity of the cell membrane. This type of tumor cell death is known as “immunological cell death”
(ICD) [43]. ICD is characterized by the release of internal danger-associated molecular patterns
(DAMP) into the tumor microenvironment, including uric acid, adenosine tri-phosphate (ATP), and
high-mobility group box 1 (HMGBL1) protein [44]. These DAMP are recognized by toll-like receptors
(TLRs) within antigen-presenting cells (APC). The DAMP-TLR activation of APC then facilitates the
development of adaptive anti-tumor immune responses specific for neoepitopes presented by the
APC in association with MHC I and MHC II molecules [45].

To induce ICD, we incorporated in the protocol a step which would activate NK cells. Activated
NK cells can kill tumor cells by exocytosis of lytic granules (e.g., perforin and granzyme), which can
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disrupt the tumor cell membrane, and also can secrete inflammatory cytokines, such as IL-12 and

IFN-v, which serve to modulate the TME [46]. An advantage of engaging NK cells in the early stages

of de-novo neoantigen presentation is that these cells can recognize and kill tumor cells that lack MHC

I expression [47], as most established tumors downregulate MHC I expression to avoid recognition

and attack by CTLs [48].

An existing tumor has evolved multiple mechanisms to both evade immune recognition and to
suppress anti-tumor immune responses [49]. These tumor-mediated immunoavoidance and
immunosuppressive mechanisms need to be counter-regulated in order to observe anti-tumor effects
after ISV. Large tumor burden can promote a profound state of immunosuppression within the TME
that is associated with infiltrating tumor-associated macrophages (TAM), myeloid-derived
suppressive cells (MDSC) and Treg suppressor cells and their secreted cytokines including TGF-{3,
IL-6, TNF, IL-1p and IL-23 [50].

These immunosuppressive mechanisms can be counter-regulated by M1 macrophages, CTL and
Th1 cells and the inflammatory cytokines they produce, in particular IFN-y [51]. IFN-y has multiple
functions that serve to promote immune surveillance, immune activation, and anti-tumor effector
functions. These include driving Th1 rather than Th2 differentiation, activating NK cells, increasing
MHC expression on cancer cells and mediating anti-proliferative and anti-angiogenic effects [52].
IFN-y can change the TME and promote significant T-cell infiltration and de-novo neoantigen T-cell
responses [53], both which are key mechanisms of an effective immunotherapy.

Th1 cells are a major source of IFN-y secretion. There is a dysregulation in Th1/Th2 balance in
CRC and this imbalance, caused by the loss of Thl cells, is one of the decisive factors in the
development of malignant tumors [54]. The subset of CRC tumors that are immune-responsive are
characterized by a higher density of infiltrating Th1 cells [55]. Similarly, the lack of Th1 cell support
in the TME is a major factor enabling tumors to evade immune destruction [56]. High quantities of
infiltrating Th1 cells correlates with prolonged disease-free survival in CRC [16] and is a hallmark of
MSI/dMMR immunotherapy-responsive CRC tumors [57]. Therefore, modulation of the Th1/Th2
balance and increased infiltration of Thl cells activated to produce intratumoral IFN-y was
considered a key protocol design parameter.

In summary, the following were considered key components for a protocol designed to elicit a
patient-specific, immune-mediated anti-tumor effect in MSS/pMMR third-line metastatic CRC:

1.  Enhancing the Th1/Th2 balance by promoting Th1 cell differentiation and increasing Th1 cells
in circulation;

2. Converting cold MSS/pMMR tumors to hot tumors by activating Th1l and NK cells in
circulation and promoting their extravasation and trafficking to tumor sites;

3. Creating conditions for ISV and de-novo neoantigen priming in the TME, including ICD in the
context of an inflammatory microenvironment conditioned with inflammatory cytokines such
as IFN-y;

4. Counter-regulation of tumor immunoavoidance and immunosuppression in TME by
promoting continuous inflammatory cytokine release, including IL-12 and IFN-y;

5. Immunoenhancement of the de-novo neoantigen-specific anti-tumor adaptive immune response
resulting from the ISV mechanism.

We used the immunomodulatory properties of the experimental drug called AlloStim®to design
an immunotherapy protocol we called “STIMVAX” [58] to accomplish these defined key steps. To
investigate the novel mechanism, we assessed the efficacy and safety of the STIMVAX protocol in a
phase 2B, multicenter, single-arm, open-label clinical trial in third-line MSS/pMMR metastatic CRC
subjects. Overall survival was the primary end-point.
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2. Materials and Methods
2.1. Ethical Approvals

This Phase 2B, open label clinical study (“STIMVAX”) was conducted at 4 outpatient oncology
clinics in the United States. The study was conducted in accordance with Good Clinical Practice
(GCP) guidelines. The STIMVAX study protocol was cleared by the US Food and Drug
Administration (FDA) under an active investigational New Drug (IND) application. The study
documents were independently reviewed and approved by a central institutional review board (IRB)
and in some cases also by a local IRB. An independent data safety monitoring board (DSMB)
reviewed clinical safety and efficacy data as the trial was conducted. All participants provided
written informed consent.

2.2. AlloStim® Manufacturing and Formulation

AlloStim® is a living, activated, non-genetically altered, allogeneic Thl immune cell
immunotherapy. The Th1 cells are differentiated and expanded from CD4+ T-cell precursors purified
from healthy donor whole blood in accordance with current good manufacturing practices (cGMP)
regulations (21 CFR 210, 211 and 600). Source whole blood is collected from known, healthy,
intentionally mis-matched, paid blood donors. Blood donors are screened and tested in accordance
with 21 CFR 1271 requirements for testing of human cells and tissue-based products (HCT/P) in a
licensed facility, including the review of relevant medical history, physical examination, American
Association of Blood Bank (AABB) approved history questionnaire (DHQ v.4) investigating life-style
habits and travel history, and clinical laboratory blood tests for donor screening. FDA-licensed donor
testing for communicable disease agents was conducted at a CLIA certified lab for: HIV-1, HIV-2,
HTLV-1, HTLV-2, CMV, EBV, HBV, HCV, treponema pallidum (syphilis), mycobacterium
tuberculosis and WNV. A Responsible Person, as defined by the regulations, determined the final
donor eligibility after reviewing all relevant information.

Formulated AlloStim® is tested for identity, function and safety (validated USP<71> sterility and
USP <63> mycoplasma) testing prior to release. AlloStim® is formulated with microbeads that have
anti-CD3/anti-CD28 monoclonal antibodies attached. The AlloStim® cells, with beads attached at a
2:1 bead:cell ratio, are suspended at 1 x 107 cells/mL in either 0.5 mL (intradermal dose) or 3mL
(intravenous dose) of formulation buffer containing PlasmaLyteA® with 5% human serum albumin
(HSA) and 2% dimethyl sulfoxide (DMSO). The formulated AlloStim® cells were aliquoted into vials
and cryopreserved in liquid nitrogen (LN2). The vials are transported to clinical sites in validated
LN2 dry shipper containers. Prior to use, the vials were thawed and injected intradermally (ID) or
intravenously (IV) per protocol. AlloStim® has an identity phenotype of: IFN-y+, CD4+, CD45RO+,
CD62L and CD40L" (>80% viable) before and after thawing.

2.3. Eligibility

Eligible patients were required to be 18 to 80 years of age with metastatic MSS colorectal cancer
that received at least two prior chemotherapy treatment regimens, one an oxaliplatin-containing
regimen (e.g., FOLFOX) and one an irinotecan-containing regimen (e.g., FOLFIRI). Prior cetuximab
or panitumumab was required for those with KRAS wild-type tumors. ECOG status 0-1 with disease
progression during or within 3 months after the last administration of standard therapy or stopped
standard therapy because of unacceptable toxic effects. Adequate bone-marrow, liver and renal
function at the start of the trial. Patients could not participate if they had previously received
regorafenib, TAS-102 or fruquintinib, had a history of autoimmune disease, were HIV positive or had
any uncontrolled medical disorders (see ClinicalTrials.gov Identifier: NCT(04444622).
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2.4. Protocol

Patients were administered weekly AlloStim® in three 28-day cycles consisting of 4 weekly ID
injections (days 0, 7, 14, and 21) and a combination ID and IV infusion on the final week (day 28) of
each cycle. Cycle 1: Day 0: 0.5ml ID; Day 7: 0.5ml ID; Day 14: 0.5ml ID; Day 21: 0.5ml ID Day 28: 0.5ml
ID + 3ml IV Cycle 2: Day 42: 0.5ml ID; Day 49: 0.5ml ID; Day 56: 0.5ml ID; Day 63: 0.5ml ID; Day 70:
0.5ml ID + 3ml IV. Cycle 3: Day 84: 0.5ml ID; Day 91: 0.5ml ID; Day 98: 0.5ml ID; Day 105: 0.5ml ID;
Day 112: 0.5ml ID + 3ml IV. Monthly 3ml booster infusions were optionally available for an additional
up to 9 months for each patient that completed the three 28-day cycles.

After 3 cycles, all patients were followed monthly for survival regardless of booster infusion
status, until death, unacceptable toxicity, withdrawal of consent by either the patient or by decision
of the treating physician determining that discontinuation would be in the patient’s best interest. All
patients received best supportive care, excluding other investigational or approved cytotoxic drugs,
hormonal therapy or immunotherapy. Palliative radiation therapy for bone pain was allowed. The
primary end-point was overall survival (OS) defined as the time from signing of the informed consent
until death by any cause. All patients were evaluated by CT scan of the chest, abdomen and pelvis
with and without contrast at baseline and at day 119 which was 7 days after completion of the 3-28-
day cycles.

At each weekly clinical visit, patients were assessed by physical exam, vital signs and clinical
laboratory evaluations, including a complete blood count (CBC), comprehensive metabolic panel
(CMP), liver and kidney function tests, and inflammatory markers (CRP and ESR). Adverse events
were evaluated according to the National Cancer Institute (NCI) Terminology Criteria for Adverse
Events (CTCAE) version 5.0.

2.5. Putative Mechanism of Action

This Phase 2B “STIMVAX” protocol was designed to incorporate multiple cascading
mechanisms, with both spatial and temporal components, using the immunomodulatory properties
of the experimental drug, AlloStim® in order to: (i) enhance the circulating Th1/Th2 balance; (ii)
convert the immunologically ‘cold” MSS/pMMR CRC tumors to ‘hot’” tumors; (iii) cause a tumor ICD
event(s) in the context of the necessary inflammatory and danger signal conditions for successful ISV;
(iv) under ISV conditions, prime a de-novo patient-specific, anti-tumor T-cell immune response; and,
(v) continuously amplify the tumor-specific adaptive immune response while modifying the TME in
a manner which counter-regulates tumor immunoavoidance and immunosuppression obstacles. (see
depiction of this putative mechanism in Figure 1)

2.5.1. Th1/Th2 Imbalance Correction

CRC patients have an imbalance in the circulating Th1/Th2 ratio due to a lack of Th1 cells [59].
Thl cells have a protective role against tumors and are essential for priming anti-tumor CTL [60].
Therefore, in order to mediate de-novo adaptive immunity, modulation of the Th1/Th2 balance was
believed to be a necessary initial step.

The host rejection of AlloStim® cells injected intradermally (ID) can modulate the circulating
Th1/Th2 cell balance by increasing the titer of host-derived, alloantigen-specific Thl cells. Upon
rejection and uptake of the resulting cellular debris by local host antigen presenting cells (APC) in
the dermis, such as Langerhans’ cells. Self-peptides from the allogeneic AlloStim® donor cells are
processed and presented by host APCs on MHC molecules [61]. AlloStim® cells have an activated
Th1 phenotype and produce inflammatory cytokines, including IFN-y, GM-CSF and TNF-a. The host
APC that uptake the allogeneic debris from the rejected AlloStim® cells mature in the AlloStim®-
conditioned microenvironment to produce IL-12 and express CD80/86 co-stimulatory molecules. The
mature APC then traffic to the draining lymph node to activate host allo-specific Th1 and CTL cells.
After multiple ID injections of the allogenic cells, a cohort of memory allo-specific Th1 and CTL cells
enter circulation.
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The rejection of the intentionally mismatched AlloStim® cells occurs through a direct rejection of
the allogeneic cells through host recognition of their foreign MHC molecules and the subsequent
indirect recognition of the foreign self-protein epitopes presented on host MHC molecules after host
APC engulf and process debris from rejected allogeneic cells [62,63]. This rejection essentially
vaccinates the host against alloantigens.

We have previously shown in the Balb/c mouse model, which responds to antigens with a
genetic Th2 bias [64], resembling the Th2 bias in late stage metastatic tumor patients, that rejection of
ID injected, mis-matched AlloStim® could significantly increase circulating Thl cell titers [65]. We
have also shown that ID injections of AlloStim® can result in self-amplifying titers of circulating allo-
specific Thl cells in healthy adults [66]. Therefore, the STIMVAX protocol incorporated multiple
cycles of weekly AlloStim® ID injections, as a strategy for correcting the resident Th1/Th2 imbalance
in CRC patients by increasing the titer of allo-specific Th1 memory cells in circulation.

2.5.2. Conversion of Cold Tumors to Hot Tumors

A strategy to cause the allo-specific Thl memory cells resulting from the rejection of AlloStim®
to extravasate and traffic to metastatic lesions in order to convert the lesions from immunologically
cold to inflamed hot tumors was a required step in the STIMVAX protocol design. The release of IFN-
v into circulation was considered critical for activating inflammatory cells and to enable them to
traffic to tumor lesions. Thl cells are a major source of IFN-y production, which is an important
immunomodulatory cytokine that plays a central role in innate and adaptive anti-tumor immune
responses [67]. In order to activate circulating host allo-specific Th1 cells and cause their subsequent
release of IFN-y into circulation, the STIMVAX protocol included intravenous (IV) infusions of
AlloStim®.

In allo-antigen primed patients, the IV infusion of allogeneic AlloStim® cells will cause a
vigorous rejection response. This allogeneic rejection response can result in an increase in IFN-vy-
producing cells [68]. The rejection of allogeneic cells in the presence of IFN-y has been shown to elicit
powerful, host-mediated, anti-tumor effects [69,70]. The STIMVAX protocol is designed to replicate
these same anti-tumor conditions. The activation of host allo-specific Thl cells and their subsequent
release of IFN-y in circulation can also serve to activate circulating NK cells [71].

Exposure of circulating memory T-cells and NK cells to IFN-y supports their migration to tumor
sites [72]. IFN-y has been shown to enhance the expression of integrins, such as LFA-1 (CD11a/CD18)
and VLA-4 (a4{31), which are critical for T cell and NK cell adhesion to endothelial cells, supporting
their subsequent extravasation into tumors and other inflamed tissues [73].

Tumor-infiltrating Th1l cells produce IFN-y which promotes chemotaxis and immune cell
recruitment to the TME by inducing the transcription and production of C-X-C motif chemokines,
such as CXCL9, CXCL10, and CXCL11 [74]. These chemokines attract dendritic cells (DC) and other
lymphocytes into the TME [75], further increasing inflammation and the ‘hotness’ of the tumor
lesions.

After each subsequent AlloStim® IV infusion, the increasing waves of infiltrating allo-specific
Th1 cells, CTL and DC help to shape the TME in a manner that favors immune control by: increasing
the inflammatory character of the lesions; and, also acting to counter-regulating the TME suppressive
character. In this manner, a first course of multiple ID injections followed by an IV infusion is
designed to activate circulating Thl and NK cells in circulation and cause these cells to migrate to
tumor sites. Upon each subsequent ID/IV AlloStim® administration cycle, the quantity of infiltrating
immune cells into the tumor lesions is expected to increase, converting the tumors from ‘cold” tumors
without significant immune cell infiltration to inflamed “hot” tumors.

2.5.3. Immunological Tumor Cell Death (ICD) and In-Situ Vaccination (ISV)

The induction of ICD is an immunotherapeutic strategy for enhancing immunological responses
and creating conditions for ISV, which both can be harnessed to meet the protocol objective of
creating de-novo tumor-specific priming of resident tumors. ICD is associated with ISV, for example,
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ionizing radiation therapy can cause tumor necrosis, a type of ICD, that can elicit a mechanism known
as the “abscopal effect’. This is an effect where radiation treatment of one metastatic tumor lesion
elicits a tumor-specific immune response against distant, untreated metastatic lesions [76]. However,
clinically observable abscopal effects after radiation therapy are rare [77], likely due to the lack of an
inflammatory TME that would support ISV.

Effective ISV needs ICD to occur in the context of inflammation in order for a tumor-specific
immune response to be elicited. Therefore, the STIMVAX protocol first modulates the Th1/Th2
balance and increases infiltration of activated Th1 and NK cells in the TME. This converts the tumors
from ‘cold’ to “hot’. The inflammatory cytokines from the infiltrating immune cells, in particular the
Thl cells, modify the TME to create the necessary inflammatory conditions to serve as an
inflammatory adjuvant to support an ISV mechanism. Rather than using radiation therapy as a means
to cause an ICD event, the STIMVAX protocol elicits ICD through the effector function of activated
NK cells that infiltrate the tumor lesions after rejection of IV of AlloStim®.

Activated NK cells are expected to infiltrate the metastatic tumor lesions after each AlloStim®
ID/IV cycle. In the early cycles, the cytolytic function of infiltrating NK cells are predicted to mediate
ICD by killing some tumor cells within the metastatic lesions [78]. Most human tumors, including
CRC, have down-regulated MHC I expression which allows them to evade recognition and killing
by CTL [79]. Therefore, early activated NK tumor infiltration can initiate the ISV process for
development of tumor-specific immunity by causing some tumor lysis of MHC I negative tumors.

Cancer vaccines often fail to elicit a strong anti-tumor immune response despite increasing
tumor-specific CTL titers [80]. This may be due, in part, to the inability of any resulting CTL from
vaccination being unable to recognize tumors that do not express MHC I molecules. Unlike T cells,
NK cells can rapidly attack tumor cells without prior antigen presentation or MHC-restriction and
thus are able to initiate the ISV process by mediating ICD in the early part of the protocol.

NK cell release of cytolytic granules upon interaction with the tumor cells causes membrane
disruption of the cancer cells and release of internal chaperoned tumor antigens into the TME,
together with DAMPs, such as mitochondrial DNA, high mobility group box 1 (HMGB1), ATP, and
surface-exposed calreticulin [81]. The released chaperoned tumor antigens and danger signals, along
with IFN-y released from infiltrating, activated allo-specific Thl cells, creates the necessary
conditions for ISV and development of tumor-specific CTL.

Under inflammatory ISV conditions, local APCs are recruited to the tumor lesions. IFN-y
signaling in the TME activates APC, primarily DC, which are essential for ISV induction of anti-tumor
immune responses [82]. We have shown that DC activated in the presence of IFN-y can mediate ICD
in a manner similar to NK cells, providing another intratumoral ICD mechanism to support ISV [83].
The local DC in the inflammatory TME upregulate the expressions of IL-12 and IL-18 and
costimulatory molecules, CD80/86, that act to enhance for tumor-specific CTL priming [80]. These DC
in the inflammatory microenvironment then mature to IL-12+ DC1 and traffic to draining lymph
nodes to prime tumor-specific CTL [84].

Resulting tumor-specific CTL in circulation can be non-specifically activated by inflammatory
cytokines, such as IFN-y, IL-12 and IL-18, released upon rejection of IV AlloStim® through a
bystander activation mechanism [85] and subsequently traffic to tumor lesions. After each AlloStim®
ID/IV administration cycle, increasing numbers of allo-specific Th1 cells infiltrate the tumors and
condition the TME by releasing IFN-y. IFN-y, in turn, upregulates MHC I expression on tumor cells
thus enabling recognition by tumor-specific CTL [86] that traffic to the tumor sites after ISV priming
and by-stander activation.

2.5.4. Counter-Regulation of Tumor Immunoavoidance and Immunosuppression

In contrast to immune enhancing anti-tumor protocols that tend to boost an existing failed
immune response, STIMVAX focused on the immunomodulation of the systemic and local immune
cell balance to shift from anti-tumor immune suppressor cells to between pro-tumor effector cells
[87], in order to targeting tumor-induced immune escape mechanisms.
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Upregulated MHC I expression on tumors through the actions of increased IFN-y in the TME is
a strategy for countering tumor immunoavoidance. IFN-vy signaling in the TME also promotes tumor
elimination by counter-regulating the functions of suppressive immune cells in the TME, such as
regulatory CD4* T cells (Tregs) [88,89], myeloid-derived suppressor cells (MDSCs) [90] and tumor-
associated macrophages (TAMs) [91]. STIMVAX provided for optional monthly AlloStim® booster
infusions in order to maintain the inflammatory TME as a strategy for long-term counter-regulation
of tumor immunoavoidance and immunosuppressive circuits.
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Figure 1. Putative Mechanism of Action. The STIMVAX protocol has 3 five-week cycles. Each cycle consists of
5-weekly intradermal (ID) AlloStim® injections. On the last weekly ID injection day in each cycle, there is also
an intravenous infusion (IV). The following are the steps in the mechanism with the numbers corresponding to
the number labels in the illustration: (1) the fully allogeneic AlloStim® cells are injected ID, the activated Thl
cells condition the local microenvironment by producing IFN-y and expressing CD40L and within this
inflammatory microenvironment are rejected by the host immune system; (2) the debris from the rejected cells
is engulfed by local dendritic cells (Langerhans cells) in the skin and the alloantigens processed and presented
on MHC molecules; (3) the DC mature in the inflammatory microenvironment to DC1, producing IL-12 and
expressing CD80/86 co-stimulatory molecules and traffic to the draining lymph node; (4) cognate CD4+ cells
interact with the DC1 and differentiate into allo-specific Th1 cells that enter circulation, multiple ID injections
result in the differentiation of allo-specific Th1 memory cells; (5) the increase in circulating Th1 cells corrects the
Th1/Th2 balance; (6) infusion of IV AlloStim® after ID priming creates a systemic rejection effect that releases
IFN-y and IL-12, which serve to non-specifically activate allo-specific Thl and NK cells; (7) the activated Thl
and NK cells extravasate and enter tumor lesions and produce inflammatory cytokines converting the tumor
lesions from ‘cold” to ‘hot’; (8) activated NK cells within the lesions cause immunological cell death of some
tumor cells releasing DAMP and inflammation which creates conditions for in-situ vaccination and de-novo
tumor priming; (9) tumor debris resulting from NK rejection is processed by local DC which mature in the
inflammatory microenvironment to DC1, producing IL-12 and expressing CD80/86 co-stimulatory molecules
and then traffic to the draining lymph node and interact with cognate CD8+ T-cells which mature to tumor-
specific CTL; (10) tumor-specific CTL enter circulation; (11) additional ID AlloStim® injections amplify the
circulating allo-specific Th1 in circulation; (12) additional IV AlloStim® infusion results in a rejection response

that releases inflammatory cytokines which activates memory allo-specific Thl cells, NK cells and memory
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tumor-specific CTL; (13) the activated memory allo-specific Th1, NK cells and tumor-specific CTL extravasate
and infiltrate tumor lesions causing both tumor-specific and non-specific immunological cell death,
inflammation and release of danger signals; (14) resulting tumor debris is engulfed by local DC and the tumor
neoantigens processed in the context of inflammation; (15) the DC mature to DC1 and then traffic to the draining
lymph node and interact with cognate CD8+ T-cells which mature to tumor-specific CTL; (16) de-novo tumor-
specific CTL enter circulation increasing the CTL titer; (17) additional ID AlloStim® injections amplify allo-
specific Th1 cells in circulation; (18) rejection of IV AlloStim® infusion releases cytokines which activate NK, allo-
specific Th1 and tumor-specific CTL; (19) activated NK, allo-specific Th1 and tumor-specific CTL extravasate

and enter tumor lesions and cause amplified inflammation and tumor cell death.

3. Results
3.1. Baseline Patient Characteristics

A total of 29 metastatic MSS CRC patients were enrolled in the study between June 30, 2021 and
May 6, 2024. Descriptive statistics are summarized in Table 1. The median patient age was 57 years
old, ranging from 31 to 79 years old. Among the enrolled patients, 18 (62%) were male and 11 (38%)
were female, with the majority Caucasian (82.8%). All patients were ECOG status 0 or 1 at time of
enrollment. All patients received at least two prior lines of chemotherapy, including one prior line of

an oxaliplatin-containing regimen and one prior line of an irinotecan-containing regimen.

Table 1. Descriptive Statistics.

Sex #patients (%)
Male 18 (62.07%)
Female 11 (37.93%)
Age (years) Median (range)
Male 56.5 (31-77)
Female 58.2 (40-79)
Race #patients (%)
Caucasian 24 (82.8%)
Black 4 (13.8%)
Hispanic 1 (3.4%)
ECOG Status #patients (%)
ECOG=0 19 (65.5%)
ECOG=1 10 (34.5%)
KRAS Mutation #patients (%)
positive 16 (55.2%)
negative 13 (44.8%)
Primary Disease Site #patients (%)
Colon 14 (48.3%)
Rectum 13(44.8%)
Colon and Rectum 1 (3.4%)
Cecum 1 (3.4%)
Previous Lines of Treatment #patients (%)
2 Lines 9 (31%)
3 Lines 11 (37.9%)
>4 Lines 8 (27.6%)
Sites of Metastases #patients (%)
Liver Only 9 (31%)
Lung Only 2 (6.9%)
Liver+Lung Only 10 (34.5%)
Liver+Lung+Other 3 (10.3%)
Liver+Other (not Lung) 2 (6.9%)
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Bone Only 1(3.4%)
Other Only 2 (6.9%)

Patients were heavily pre-treated with 34.5% having two prior lines of chemotherapy, 37.9%
having received a total of 3 prior lines of chemotherapy regimens and 27.6% having received 4 or
more prior lines of chemotherapy. 16 of 29 (55.2%) had RAS mutations and received prior anti-EGFR
therapy. 23 of 29 (79%) received prior anti-VEGF (bevacizumab). Approximately 50% presented with
colon cancer and 50% with rectal cancer. Approximately 83% presented with liver metastases and
51% with lung metastases at baseline.

As of the March 31, 2025 data cut-off, 19 of the 29 subjects had undergone at least one tumor
assessment. The average treatment duration was 159.8 days (range: 21-357 days)/5.3 months (range:
0.7-11.9 months) and the average follow-up period was 364 days (35-698 days)/12.1 months (range:
1.1-23.3 months).

3.2. Overall Survival (OS)
3.2.1. Censor Metrics

There were 29 subjects accrued and 17 events (deaths) had occurred at the time of data cut-off.
A total of 12 of the 29 subjects were censored at time of data cut-off. 4 of these 12 (13.8%) were
censored because they were still alive and remained on experimental therapy; 3 of these 12 (10.3%)
were lost to follow-up and censored as of the last date known to be alive; and 5 of 12 (17.2%) withdrew
consent and were censored as of the date of withdraw. Total dropout rate (withdrawn consent or lost
to follow-up) was 27.6% (8 of the 29 subjects), all which occurred prior to completion of the first three
treatment cycles. The 4 censored living subjects were alive at 432, 446, 600 and 698 days at the date of
data cut-off.

3.2.2. Per Protocol Population (PPP)

21 of 29 (72.4%) subjects received the complete protocol of 15 doses over 3 cycles and were
available for follow-up. 10 of 21 (47.6%) of these subjects received at least two IV boosters. The median
OS in the PPP was 377 days (12.6 months) with the 95% confidence interval (CI) lower limit of 237
days (7.9 months) and the upper limit of 625 days (20.8 months).

3.2.3. Intent-to-Treat (ITT) Population

The ITT population included all subjects that signed an informed consent (n=29). The median
OS in the ITT population was 492 days (16.4 months) with a 95% CI lower limit of 258 days (8.6
months) and a upper limit of 541 days (18 months). The longest survival at time of data cut-off was
698 days (23.3 months). Percent survival at 12 months was 60% and was 39% at 18 months. (See Figure
2).
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Figure 2. Kaplan-Meier survival curve in the ITT population (n=29). The dots represent an event (death), the
purple hash marks represent a censor. The pink shaded area represents the 95% CI. The dashed lines show the
calculated survival at 360 days (1 year) and 540 days (18 months). The dotted line shows the median survival.

3.3. Comparison to Historical Controls

The median overall survival (OS) in the ITT population (n=29) in this study was 16.4 months
(95%Cl: 8.6-18). This compares favorably to historical control data from monotherapies approved for
this indication. Regorafenib was approved with a median OS of 6.4 months vs. 5.0 months for placebo
[92]; trifluridine/tipiracil (TAS-102) was approved with a median OS of 7.1 months vs 5.3 months for
placebo [93]; and, fruquintinib was approved with a median OS of 7.4 months (95% CI 6.7-8.2) vs. 4.8
months (95% CI: 4.0-5.8) in the placebo group [94].

Of the approved drugs for metastatic third-line CRC, the fruquintinib registration study was the
only study which reported the 95% CI for OS that would allow comparison of the mean survival to
AlloStim®. However, an analysis of five trials comprising a total of 2586 patients found no statistically
significant differences in median OS between regorafenib, TAS-102 and fruquintinib [95]. Therefore,
the median OS 95% CI upper and lower limits reported for fruquintinib were used for historical
control comparison.

AlloStim® had a wide 95% CI range due to the small sample size (n=29). The 8.6-month 95% CI
lower limit for AlloStim® was 48.3% higher than the 5.8-month 95% CI upper limit for the placebo
control in the fruquintinib registration trial. There was no overlap of the CIs and the difference in the
means was highly significant with a Z-score of 4.75 (p<0.000001). There was also no overlap in CI
when the AlloStim® 8.6 month lower 95% CI limit is compared to the fruquintinib 95% CI upper limit
of 8.2 months (4.9% higher).

The best reported OS among patients with refractory metastatic CRC is treatment with TAS-102
combined with bevacizumab with a median OS of 10.8 months (95% CI: 9.4 to 11.8) [96], which is now
considered the standard of care [97]. The AlloStim® median OS of 16.4 months (95% CI: 8.6-18 months)
is 51.85% greater than the median OS reported for the TAS-102 + bevacizumab combination.
Comparison of the means demonstrates AlloStim® median OS is significantly higher than the
standard of care with a Z-score of 2.26 (p=0.0237).

3.4. RECIST 1.1 Evaluation

19 of the 29 patients had baseline and Day 119 scans available for analysis. 17 of the 19 (89%)
were scored as progressive disease (PD) and 2 of the 19 (10.5%) were scored as stable disease (SD)
using RECIST 1.1 criteria. Upon retrospective analysis, many of the cases that were scored as PD have
lesions of significantly increased size, new punctate lesions and new lymphadenopathy that may
have been due to an inflammatory response to the immunotherapy rather than progression
(pseudoprogression). An example of worsening appearance of lung metastases at Day 119 is shown
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in Figure 3 in a patient that survived 288 days. An example of a possible post-ablation response to
AlloStim® immunotherapy is shown in Figure 4 in a patient that lived 655 days. Ablation can cause
ICD which could enhance the in-situ vaccination effect of AlloStim®. An example of the longitudinal
changes past day 119 in a patient that was still living at time of data cut-off is shown in Figure 5. The
lesions continued to increase in size up to Day 221 and then reduced in size on Day 299, but the lesion
was still larger than at baseline. This patient was still alive at 698 days.

Day 0 Day 119

FIGURE 3: Longitudinal CT scans with lung window view in patient with RECIST 1.1 PD that lived 288 days. Marked
radiological progression with Innumerable new hilateral pulmonary nodules, masses and right upper lobe consolidation at
Day 119 that was not seen at Day O (baseline). May represent an inflammatory response to immunotherapy.

Day 0 Day 119

FIGURE 4: CT scans of abdomen in patient with RECIST 1.1 PD that survived 655 days. Day O baseline demonstrated post-
embolism changes (blue arrow) and complex hypodense lesion with peri-tumoral inflammation at an ablation zone (red arrow).
Day 119 scan demonstrated innumerable new small hepatic lesions (not shown), a majority with heterogenous enhancement,
increase in size of necrotic appearing post-embolism lesion (blue arrow) and decreased size of tumor in the ablation zone (red
arrow).
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FIGURE S: Longitudinal changes in lung lesion (red arrow) in patient still alive at data cut-off for 698 days.

3.5. Safety
3.5.1. Adverse Events (AE)

Adverse events and laboratory abnormalities were summarized for all patients who received at
least one dose of the study drug in accordance with the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) version 5. There were a total of 329 AE
reported, 231 (70%) were grade 1 (mild), 77 (23.4%) were grade 2 (moderate), 20 (6%) were grade 3
(severe), there were no grade 4 (life-threatening) and 1 (0.3%) grade 5 (death related to an AE). The
attributions of the AE to the study drug was assessed by the principal investigators. 111 of the 329
AE (33.7%) were scored as ‘not related’, 105 (31.9%) “possibly related’, 82 (24.9%) ‘unlikely related’,
18 (5.5%) ‘probably related’ and 13 (4%) ‘definitely related’ (see Table 2).

Table 2. Adverse Event Summary.

doi:10.20944/preprints202508.1292.v1

Severity Grade | Definitely | Probably Possibly Unlikely Not Total
Related Related Related Related Related

1 (mild) 7 10 76 60 78 231

2 (moderate) 5 4 27 20 21 77
3 (severe) 1 4 2 2 11 20

4 (life 0 0 0 0 0 0

threatening)

5 (death) 0 0 0 0 1 1

AE were classified using the Medical Dictionary for Regulatory Activities (MedRA) system and
were categorized by System Organ Classes (SOCS) high level group terms. The 318 AE were coded
into 22 SOCS categories. The most common SOC were: gastrointestinal disorders (19.8%); injection
site reaction (16.7%); musculoskeletal/connective tissue disorders (14.2%); respiratory disorders
(12.6%); investigations (liver function test abnormalities) (9.1%); and, nervous systems disorders
(6.3%). All others were below 5% incidence.

3.5.2. Serious Adverse Events (SAE)

There were 12 SAEs reported which included varied clinical manifestations, such as fatigue,
gastrointestinal bleeding, back pain, syncope and a recurrent gluteal abscess. Each of these events
was investigated by the respective medical teams at the study sites. The investigations involved
comprehensive clinical assessments, diagnostic tests, and a review of each patient’s medical history
and concomitant medications. 11 of the 12 SAE were concluded to be ‘not related’ to the study drug.

One subject experienced severe (Grade 3) abdominal pain and jaundice, leading to an emergency
room visit and subsequent hospital admission. Assessment indicated that symptoms could be due to
either disease progression or increased inflammation of hepatic metastases or both combined and
was scored as ‘possibly related” to the study drug.

4. Discussion
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The primary end-point of this Phase 2B open-label clinical trial in third-line metastatic
MSS/pMMR colorectal cancer (CRC) was overall survival (OS). The AlloStim® median OS of 16.4
months (95% CI: 8.6-18 months) compared favorably to the fruquintinib randomized, controlled
registration study that reported a median OS of 7.4 months (95% CI 6.7-8.2) vs. 4.8 months (95% CI:
4.0-5.8) in the placebo group. The median OS for AlloStim® was 53% higher compared to the median
OS of fruquintinib, which supports that AlloStim® immunotherapy has meaningful activity in this
immunotherapy-refractory indication that, if confirmed, would be clinically-relevant.

The AlloStim® 95% CI lower limit of 8.6 months was 48.3% higher than the 95% CI upper limit
of 5.8 months placebo control for the fruquintinib. The difference in the means of AlloStim® at 16.4
months and the placebo at 4.8 months was highly significant with a Z value of 4.75 (p<0.000001). The
non-overlap of the 95% CI intervals supports that AlloStim® is likely active in this indication
compared to placebo historical controls. The 5.6-month difference between the AlloStim® median OS
of 16.4 months (95% CI:8.6-18 months) compared to the median OS of 10.8 months (9.4-11.8 months)
for the standard of care TAS-102 combined with bevacizumab is also statistically significant (Z value
2.27: p=0.023) and, if confirmed, is clinically relevant given the refractory nature of the disease.

However, the small sample size (n=29) for AlloStim® resulted in a wide 95% CI (8.6 to 18 months)
which provides some uncertainty and requires caution when interpreting the statistical results. The
Z-test method used to compare the means of AlloStim® to the published historical control data
approximates standard errors derived from the Cls and does not compare the shape of the survival
curves. The Z-test assumes normal distribution of the survival data and does not take into account
the censored data. More traditional methods for comparison of survival curves, such as Kaplan-Meier
comparisons using the log-rank test or Cox proportional hazards models require access the
individual patient data, which was not available for comparison from the historical control studies.
However, the statistical significance between the OS means provides some support for the
proposition that the 5.6-month difference likely did not happen by chance.

There were 4 of the 29 subjects censored because they were still alive at the data cut-off and all
these surviving subjects were long-term survivors. OS at data cut-off for the surviving subjects were:
23.3 months (698 days); 20 months (600 days); 14.9 months (446 days) and 14.4 months (432 days). At
least two of these subjects were known to be alive 4 months after the data cut-off. This suggests that
the median OS would have likely been skewed more toward the higher end of the 8.6-18-month 95%
ClI range had the cut-off date been extended. This provides additional support for the conclusion that
it is likely that AlloStim® has clinically-relevant activity in this immunotherapy-refractory indication.

The PPP median OS, evaluating subjects that received at least 3 cycles of experimental treatment,
was 12.6 months (95% CI:7.9-20.8) which was lower than the ITT median survival of 16.4 months
(95% CI:8.6-18). This finding suggests that the potential treatment benefit of AlloStim® may not
depend on strict adherence to the 3-cycle protocol. Less AlloStim® dosing may still be providing a
survival advantage in some subjects. Accordingly, future dose optimization studies might be
indicated to optimize the protocol dosing schedule.

Some historical studies in third-line metastatic CRC have reported median OS higher than the
10.8 months (9.4-11.8 months) reported for the standard of care TAS-102 combined with
bevacizumab, mostly in Asian patients. For example, in a real-life retrospective study of Chinese third
line metastatic CRC patients treated with regorafenib combined with PD-1 inhibitors was 19.2
months, TAS-102 combined with bevacizumab was 14.0 months and fruquintinib combined with PD-
1 inhibitors was 16.2 months with no statistically significant differences between the groups [98].

As another example, the median OS benefit in the CORRECT registration trial for regorafenib
was 6.4 months which enrolled only 15% Asian patients [92], mostly from Japan. Whereas, the
CONCUR trial was a phase 3 clinical trial that investigated the efficacy and safety of regorafenib in
Asian patients at 25 centers in mainland China, Hong Kong, Taiwan, Republic of Korea, and Vietnam.
The median OS was 8.8 months in the regorafenib group in the CONCUR trial compared to 6.4
months in the CORRECT trial [99]. The apparent survival benefit for third-line agents in Asian
patients may be due to genetics [100]. As the present study accrued 82.8% Caucasian patients and did
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not accrue any Asian patients, the OS comparisons to the CORRECT study is more relevant for
historical comparison.

AlloStim® had an ORR rate of 0%. The approved third line metastatic CRC agents also provide
a minimal objective response rate (ORR) ranging from 1% to 4% [92,93,99,101]. In a single-arm Phase
II trial, the combination of regorafenib with the CI, avelumab, did not report any objective responses
with stable disease as best response in 53.5% of the 48 patients enrolled with a median OS of 10.8
months [102]. In this study, 89% were scored as progressive disease (PD) and 10.5% as stable disease
using RECIST criteria.

Radiological progression led investigators and patients to discontinue AlloStim®
immunotherapy or to withdraw consent especially in patients accrued early in the study. Generally,
as the trial progressed and patients with radiological progression remained clinically stable,
investigators became more inclined to keep patients on the study and to treat past radiological
progression. The first CT scan in the study was scheduled for day 119, one week after the completion
of the 3 treatment cycles. The timing of the scan was longer than the 2-3 months standard of care for
restaging CT scans practiced by most of the clinical sites. Therefore, many patients received off-
protocol CT scans prior to day 119 which often were interpreted as PD, leading many to withdraw
from the study prior to the completion of the 3 treatment cycles.

The withdrawal rate of 27% was an abnormally high rate. In an analysis of the rates of patient
withdrawal of consent within 2 years of enrollment in cancer clinical trials, 1060 of 11,993 (9%)
patients withdrew consent within 2 yr of enrollment (range,5.7% -9.8%), with most during the early
follow-up period [103]. Withdrawal rates in a separate study were 11.9% (IQR 0-55.1%) across the
100 cancer clinical trials with reasons for study withdrawal mainly disease progression (70.6%),
followed by adverse events (10.4%) [104].

RECIST 1.1 response in cancer generally correlates with survival, however CI immunotherapy
treatments can result in atypical response patterns, such as pseudoprogression and hyperprogression
[105,106]. CI treatment beyond RECIST 1.1-defined progression can subsequently result in reduction
of tumor size compared to baseline [107], suggesting that RECIST 1.1 criteria may underestimate the
benefit of CI immunotherapy [108]. The disparity between the median OS and ORR in this study
suggests that the RECIST evaluations may have over-estimated the actual tumor burden. This can be
due to the inflammatory mechanism of the study drug causing swelling of tumors and the
appearance of new disease as result of previously occult disease becoming visible after becoming
inflamed.

The possible mechanisms that can cause pseudoprogression have been reviewed [109].
Generally, the prognosis for patients with pseudoprogression is better than those with true
progression, but whether pseudoprogression is better than those with an objective response is not
known. Often patients with pseudoprogression have increased OS compared to patients with PD by
RECIST criteria [108,110,111]. However, pseudoprogression after CI immunotherapy is relatively
rare, a pooled estimate of true pseudoprogression in 18 CI immunotherapy clinical trials was 15%
(95%CI: 8%-26%)[112]. However, this study had a high rate of possible pseudoprogression with 89%
of patients with PD.

Since MSS/pMMR CRCs tumors do not accumulate mutations, the TMB is low and TME has few
infiltrating immune cells, defining these as “cold” tumors. Therefore, the baseline RESIST
measurements in this study would be expected to be smaller than the baseline of an inflamed “hot”
tumor. As the baseline size of cold tumors is lower, the conversion of these cold tumors to hot tumors
would be expected to cause an increase in relative tumor size after immunotherapy. Whereas, an
inflamed hot tumor treated with CI immunotherapy is already increased in size at baseline and
would not be expected to swell additionally after immunotherapy. Therefore, the cold tumor baseline
status of MSS/pMMR tumors in this study may explain why the pseudoprogression incidence may
be so much higher than previously reported for CI immunotherapy.

The high number of patients with radiological progression yet appear to have a survival benefit
in this study supports that the radiological progression by RECIST may actually be
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pseudoprogression. In further support, one of the subjects in this study that presented with
radiological progression after AlloStim® immunotherapy, suspected to be due to pseudoprogression,
was treated with CI immunotherapy to test the hypothesis that the increased tumor size was due to
the conversion of non-CI responsive cold tumors to Cl-responsive hot tumors and reached an
objective response [113].

Although RECIST remains the main predictor of treatment benefit in oncology trial, being
closely associated with survival, this method may not be applicable to an immunotherapy with a
mechanism that converts cold tumors to hot tumors. A comprehensive evaluation of other
radiological characteristics could enrich the interpretation of treatment response in patients treated
with immunotherapy agents that cause intra-tumoral inflammation. To date, little is known about
the specific pattern of the response to inflammation-inducing immunotherapy, but some of the
radiological characteristics noted in this study such as heterogenous enhancement, distributed
necrosis, hemorrhage, edema and peritumoral inflammation characteristics deserve future
consideration.

There is a high need for timely diagnosis of pseudoprogression, but there currently is not a
uniform standard for differentiating true progression from pseudoprogression. iRECIST criteria were
established as a possible way to better identify pseudoprogression after CI immunotherapy, which
requires treating past an initial reading of PD until progression is confirmed in a follow scan which
can result in a significant increase in time-to-progression (TTP) [114]. Due to the limited life
expectancy of third-line metastatic CRC patients, the extended evaluation period was not
incorporated into the study design.

There does not appear to be a bias due to patient selection in this study. While there are not any
clear predictors of efficacy in third line metastatic CRC, subgroup analyses in the REGONIVO and
REGOTORI clinical studies revealed varied ORRs. In the REGONIVO study, patients with lung
metastases had a higher ORR (50%) than those with liver metastases (15.4%) [115]. In the REGOTORI
study, patients with liver metastases had a lower ORR (8.7%) than those without (30.0%). Here 24/29
(82.8%) presented with liver metastases, suggesting that the OS data was not biased by location of
the tumor lesions.

Adverse events (AE) are common in this indication due to the late stage of disease. The approved
third-line therapies have a high incidence of > Grade 3 (severe) events. Regorafenib presents with
high rates of non-hematological toxicities, particularly Palmar-plantar erythrodysesthesia (hand and
foot syndrome) and hepatotoxicity, while TAS-102 is primarily associated with hematologic
toxicities, especially anemia, leukopenia, neutropenia and thrombocytopenia [116]. The fruquintinib
safety profile is similar to regorafenib and is associated with hypertension, Palmar-plantar
erythrodysesthesia and hypothyroidism. The AlloStim® AE profile was rather benign in comparison
with a predominance of the AE scored as Grade 1 (mild) events. Only 6% of AE were severe (= grade
3). A high frequency of AlloStim® AE (33%) were scored as “possibly” related to the study drug. This
was mainly due to an inability to distinguish events that may have been due to progressive disease
from those due to inflammation.

5. Conclusion

AlloStim® may be the first immunotherapy demonstrating promising survival benefits in
MSS/pMMR metastatic CRC. The present study provides evidence for a possible future role for this
novel type of immunotherapy in this indication, as well as other immunotherapy-refractory ‘cold’
tumor indications. A randomized, controlled study powered sufficiently to confirm the strong
survival signal observed in this small Phase IIB study will be necessary to confirm the survival
benefit. If the strong survival signal is confirmed, AlloStim® alone or in combination together, or
sequentially, with multi-kinase inhibitors and/or CI offers a potential new line of therapy in this
chemotherapy-refractory and immunotherapy-refractory CRC population.
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