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Abstract

Background Immune Checkpoint Inhibitor (ICl) immunotherapy is most effective in immune effector cell infiltrated
‘hot’tumor lesions, such as occurs in deficient mismatch repair, microsatellite instability high (dMMR/MSI-H) colorectal
cancer (CRC). However, most all metastatic CRC tumors are mismatch repair proficient/microsatellite stable (pMMR/
MSS) ‘cold’ lesions, without significant immune cell infiltration, and are unresponsive to ICl. AlloStim®, is an experimen-
tal, allogeneic immunomodulatory cell therapy designed to convert ‘cold’ metastatic tumor lesions to ‘hot’inflamed
lesions. After AlloStim® immunotherapy, this cold to hot inflammatory mechanism can make it difficult to distinguish
between pseudoprogression and actual progression on restaging CT scans, as inflamed metastatic lesions can appear
larger and occult disease can appear as new small lesions.

Methods To explore whether radiological progression after AlloStim® immunotherapy is due to immune-flare

or disease progression, we administered a short course of a combination ICl therapy to a pMMR/MSS chemother-
apy-refractory metastatic colorectal cancer patient enrolled in the StimVax Phase IIb clinical study that presented
with radiological progression after AlloStim® immunotherapy. Our rationale was that an accelerated response to IC|
should occur if the lesions were inflamed, while if the enlarged lesions were due to disease progression there would
not be a response.

Results Here we report a rapid, significant reduction in tumor burden in response to ICl administration
in an AlloStim® primed pMMR/MSS mCRC patient with retroperitoneal and lung metastases.

Conclusion This rare objective response to ICls in a pMMR/MSS mCRC patient supports further evaluation
of the combination of AlloStim® with ICl immunotherapy in MSS mCRC and other cold or ICl refractory tumors.

Trial registration National Library of Medicine (NLM) at the National Institutes of Health (NIH). Registered 22 June
2020, https://clinicaltrials.gov/study/NCT04444622.
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Background

Immune checkpoint inhibitor (ICI)-based regimens have
not yet shown meaningful positive outcomes in proficient
DNA mismatch repair/microsatellite stable (pMMR/
MSS) metastatic colorectal cancers (mCRC). Here we
report a rare objective response in a pMMR/MSS heavily
pre-treated metastatic colorectal cancer (mCRC) patient
subsequent to a short course of an immune checkpoint
inhibitor (ICI) combination after first being primed with
an experimental immunomodulatory cell therapy drug,
AlloStim®, designed to convert immunologically ‘cold’
tumors to ‘hot’ tumors, and a short, low dose course of
regorafenib.

The FDA has approved ICI drugs targeting CTLA-
4, PD-1, PD-L1 and LAG-3 checkpoint molecules for a
variety of solid tumor indications, including melanoma,
renal, bladder, lung, gastric, gastroesophageal junction,
hepatocellular carcinoma and head and neck cancers.
However, ICIs have demonstrated only limited efficacy in
mCRC.

An anti-CTLA4 ICI, pembrolizumab, was approved
in first line mCRC [1] and also approved in combina-
tion with the anti-PD-1 ICI, nivolumab, for a subset
of mCRC patients that have deficient DNA mismatch
repair/microsatellite instability-high (dMMR/MSI-H)
status [2—8]. However, this AMMR/MSI-H subset consti-
tutes only ~5% of mCRC patients [9], while the remain-
ing~95% that present with pMMR/MSS status do not
respond to ICI [6, 8, 10—13].

Most dMMR/MSI-H status tumors are considered
immunologically ‘hot’ tumors, while pMMR/MSS status
tumors are considered to be ‘cold’ [14]. ICI have demon-
strated greater efficacy in hot tumors, characterized by an
inflamed phenotype, including a high level of infiltrating
T-cells and NK cells, an interferon-y (IFN-y) signature
and upregulated PD-L1 expression, while cold tumors
have an absence of tumor-infiltrating lymphocytes [15].

While dMMR/MSI-H mCRC patients are more
responsive to ICI therapy, approximately 50% are refrac-
tory [16—18]. Resistance to ICI responsiveness, regardless
of MMR/MSI status, is correlated with tumor muta-
tional burden (TMB) [19]. Since somatic mutations can
encode immunogenic neoantigens, high TMB is believed
to be more likely to prime for infiltrating tumor-specific
effector immune cells. Consistent with this, the dMMR/
MSI-H patients that present with lower TMB values have
been shown to be the non-responders, whereas patients
with the highest TMB values tend to obtain benefit from
ICI [16], particularly with anti-CTLA-4/PD-1 combina-
tion ICI immunotherapy [20].

Present strategies for increasing the effectiveness of
ICI immunotherapy in pMMR/MSS mCRC cold tumors
include evaluating combinations with other therapeutic
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methods, such as chemotherapy, targeted therapy, and
radiotherapy [21]. In addition, strategies to convert
immunologically cold tumors to hot tumors are thought
to be a fruitful line of investigation for increasing ICI effi-
cacy in ICI refractory tumors [22, 23].

AlloStim® is an experimental cellular immunotherapy
drug designed to convert immunologically cold tumors
to hot tumors by mirroring the graft vs. tumor (GVT)
mechanism of allogeneic stem cell transplant procedures
to create a host vs tumor (HVT) effect without graft vs.
host disease (GVHD) toxicity [24]. AlloStim® is currently
being evaluated as a monotherapy in the STIMVAX
Phase IIB open label clinical trial in third-line chemo-
therapy-refractory pMMR/MSS mCRC (NCT04444622).
The primary end-point in this study is overall survival
(OS) and an exploratory end-point is objective tumor
response by RECIST 1.1.

AlloStim® is a living, allogeneic (“off-the-shelf”), non-
genetically manipulated, activated Thl-like immune cell
therapy derived from CD4+ T-cell precursors isolated
from the blood of healthy donors. The STIMVAX proto-
col provides for three monthly cycles of weekly AlloStim®
administration (intradermal and intravenous) designed to
increase circulating memory Th1/Th2 ratio [25], activate
circulating memory T cells and NK cells, which in turn
causes their extravasation to tumor sites [24]. The anti-
tumor effects are correlated with the establishment of an
IFN-y dominated microenvironment [26]. The systemic
tumor infiltration mechanism serves to convert immu-
nologically cold tumors to hot tumors. The modulation
of the tumor microenvironment (TME) can also counter-
regulate tumor-mediated immune suppression [27].

AlloStim®-mediated intratumoral type I cytokine
production by infiltrating activated T-cells and NK
cells, including IL-12 and IFN-y, is believed to: upregu-
late MHC-I on tumor cells making them susceptible
to CD8+ T-cell recognition; cause maturation of den-
dritic cells to DC1 (IL-124CD80/86 positive, MHC I
and MHC II positive); convert M2 macrophages to M1
[28]; and, release neoantigens into the TME [29, 30]. The
release of neoantigens into an inflammatory TME creates
the conditions for in-situ vaccination [31] where imma-
ture dendritic cells mature to type I dendritic cells (DC1),
process the released chaperoned neoantigens, migrate to
the draining lymph nodes, resulting in a patient-specific
anti-tumor adaptive immune response [32].

In previous clinical studies, the inflammatory mecha-
nism of AlloStim® almost always caused post-treatment
CT scan images to be read as progressive disease (PD),
with systemic increases in size of existing tumor lesions
and often the appearance of new small lesions (especially
in lungs). However, this PD determination did not always
correlate with the clinical status of the patient or with



Hirschfeld et al. Translational Medicine Communications (2024) 9:15

overall survival (OS). As the systemic increase in target
lesion size could be due to peritumoral inflammation that
occurs when tumor lesions convert from cold to hot and
new small lesions could be the result of inflammation of
occult disease, it is difficult to distinguish tumor progres-
sion from pseudoprogression using CT scan imaging
after experimental AlloStim® experimental treatment.

Pseudoprogression after immunotherapy has been
observed in patients with various tumor types and is
thought to be due to transient immune cell infiltration
into the tumor [33]. The phenomenon of pseudoprogres-
sion has led to modification of the RECIST 1.1 evaluation
criteria [34]. The understanding that tumor growth by
RECIST does not necessarily translate to disease progres-
sion in patients treated with immunotherapy has also led
to the development of immune-related response criteria
(irRC) to better surveil these patients [35, 36].

However, it is still considered challenging to distinguish
radiological progression from pseudoprogression and,
consequently, to define the best management for these
patients. In additional, a new category of “hyper-progres-
sion” and dissociated atypical responses have also been
described after immunotherapy [37]. These issues have
resulted in some subjects being prematurely removed
from immunotherapy clinical trials [38].

In the CheckMate 142 clinical trial, nivolumab (3 mg/
kg) plus low-dose ipilimumab (1 mg/kg) provided dura-
ble clinical benefit, and a manageable safety profile in
patients with previously treated dMMR/MSI-H meta-
static CRC [39]. Due to the improved safety profile of the
lower dose ipilimumab in this combination, we decided
to test this regimen in a chemotherapy-refractory
mCRC pMMR/MSS patient presenting with radiologi-
cal progression after 3 cycles of AlloStim® experimental
immunotherapy.

We hypothesized that if the radiological progres-
sion was due to inflammation within the tumor lesions
(hot tumors), a short course of ICI immunotherapy
should result in a rapid reduction in tumor burden, due
to release of suppression of resident infiltrating effector
immune cells. On the other hand, if the enlarged and
increased number of lesions were due to true progres-
sion and no infiltrating effector immune cells were pre-
sent, either no response or further progression would be
expected to be observed.

Case presentation

A 69 yo Caucasian male presented in March 2011 with
blood in the stool. The patient’s medical and social his-
tory was significant for type 2 diabetes, hypertension,
hypercholesterolemia, atrial fibrillation (s/p ablation)
and was a former 2 pack/day smoker. Upon workup, was
found to have a rectal mass and subsequently underwent
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low anterior resection (LAR). 2 of 24 nodes were found
to be positive for adenocarcinoma disease with initial
staging of pT2N1b. The patient was treated with adju-
vant FOLFOX and achieved a complete response (CR). In
August 2014, disease recurred and he underwent transa-
nal resection plus radiation therapy (XRT). In April 2016,
a right inguinal node was identified as metastatic adeno-
carcinoma and he received additional XRT. In January
2022, he presented with enlarged retroperitoneal nodes
and was treated with 22 cycles of FOLFIRI plus Avastin
from January 2022 to November 2022. In January 2023,
was treated again with FOLFOX, but developed a reac-
tion to oxaliplatin.

CT scan on April 26, 2023 showed appearance of
innumerable bilateral pleural parenchymal lung nodules
significantly increased in size and number from prior
examination on March 8, 2023 and significant worsen-
ing of mediastinal and hilar lymphadenopathy consist-
ent with progressive metastatic disease. No suspicious
liver lesions were found and stable non-specific retrop-
eritoneal adenopathy was also noted. Target lesions were
identified in the lungs. The retroperitoneal disease was
too small (<15 mm) to be included in the RECIST 1.1
evaluation.

Patient consented on April 21, 2023 to received
AlloStim® experimental immunotherapy as part of the
STIMVAX Phase IIB clinical trial (NCT04444622). Eli-
gible patients had histologically confirmed pMMR/MSS
adenocarcinoma of the colon or rectum; received all
available standard systemic therapies (fluoropyrimidines,
oxaliplatin, irinotecan, and bevacizumab; cetuximab
or panitumumab if RAS wild-type tumors); were aged
18 years or older; had adequate organ function; Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus of 0 or 1, and measurable disease. The study was con-
ducted in accordance with the Declaration of Helsinki
and Good Clinical Practice Guidelines after approval by
a central institutional review board (IRB) and the ethics
board at each institution where applicable.

Results

The dosing and procedure schedule is shown in Table 1
and longitudinal changes in lung target lesions from CT
scans are shown in Fig. 1. Three 28-day cycles of weekly
AlloStim® immunotherapy were administered per pro-
tocol from May 9, 2023 to September 26, 2023. The CT
scan comparison from baseline (April 26, 2023) to com-
pletion of the AlloStim® three cycles (October 10, 2023)
demonstrated progressive disease (PD) by RECIST 1.1
evaluating target lesions in the lungs and retroperito-
neum (sum of diameters of target lesions= +73%) with
increased non-target retroperitoneal adenopathy and
innumerable enlarging and new thoracic nodules.
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Table 1 Schedule of procedures

Procedure Route (107 cells/ml) Date

CT Scan 26 Apr 23

AlloStim ID (0.5 ml) 09 May 23

AlloStim ID (0.5 ml) 16 May 23

AlloStim ID (0.5 ml) 23 May 23

AlloStim ID (0.5 ml) 30 May 23

AlloStim ID (0.5 ml)+1V (3 ml) 06 Jun 23

AlloStim ID (0.5 ml) 20Jun 23

AlloStim ID (0.5 ml) 27 Jun 23

AlloStim ID (0.5 ml) 04 Jul 23

AlloStim ID (0.5 ml) 11Jul 23

AlloStim ID (0.5 ml) +1V (3 ml) 15 Aug 23

AlloStim ID (0.5 ml) 29 Aug 23

AlloStim ID (0.5 ml) 5Sep 23

AlloStim ID (0.5 ml) 12 Sep 23

AlloStim ID (0.5 ml) 19 Sep 23

AlloStim ID (0.5 ml) +1V (3 ml) 26 Sep 23

CT Scan 10 Oct 23
regorafenib 40 mg bid 11 Oct 23-22 Oct 23
regorafenib 80 mg day 1/120 mg day 2 23 Oct 23-12 Dec 23
Nivolumab 240 mg 23 Oct 23
Ipilimumab 1 mg/kg 23 Oct 23
Nivolumab 240 mg 13 Nov 23
Nivolumab 240 mg 4 Dec 23

Ipilimumab 1 mg/kg 4 Dec 23

Prednisone 60 mg/day taper 12 Dec 23-7 Feb 24
CT Scan 8Feb 24

From October 11, 2023 to October 23, 2023, a short,
reduced dose of regorafenib was administered followed
by a short course of nivolumab (240 mg) and low dose

Baseline
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ipilimumab (1 mg/kg) administered between October 23,
2023 and December 4, 2023. No treatment was admin-
istered from December 12, 2023 and February 8, 2024
during which time a tapering dose of oral prednisone
beginning at 60 mg/day was administered for treatment
of colitis (adverse effect from the combination ICI immu-
notherapy), a restaging CT scan was then obtained on
February 8, 2024.

The February 8, 2024 scan demonstrated a partial
response (PR) by RECIST 1.1 criteria in comparison to
the post-AlIoStim® scan on October 10, 2023 (change in
sum of diameters of target lesions =-48%) with the previ-
ously observed innumerable non-target thoracic lesions
and retroperitoneal adenopathy uniformly decreased
in size and number. Comparison to the April 26, 2023
baseline scan was read as stable disease (SD) with a 10%
decrease in sum of diameters of target lesions (see Fig. 2).

Serum levels of IL-12 levels were negligible prior to
AlloStim® administration. After AlloStim® dosing, IL-12
became detectable after the first cycle and remained
detectible over the 3 cycles of AlloStim® administration.
Soluble heat shock protein (HSP)-70 was also negligible
at baseline but was elevated throughout the experimental
immunotherapy dosing (see Fig. 3).

Discussion

Here we present a rare case of rapid tumor debulking
response subsequent to a short course of combination
ICI immunotherapy in a heavily pre-treated pMMR/
MSS mCRC patient presenting with radiological pro-
gression after third-line experimental AlloStim® immu-
notherapy and a short course of low dose regorafenib.
Here we consider the question whether the ICI immu-
notherapy alone or in combination with previous

Subject #1

tumor.

Coagulative necrosis

Immune cells

Subject #2

All tumor

Fig. 1 Matched CT scans and biopsies of liver target lesions in two MSS mCRC subjects at baseline and at day 84 after 3 AlloStim® cycles. Subject
#1 shows extensive tumor (red circle) on the periphery of areas of fibrosis without immune cell infiltration at baseline. The corresponding CT

scan shows the biopsied target tumor in liver After 3 cycles of AlloStim®, the re-staging CT scan on day 84 shows progressive disease. However,

the corresponding biopsies show areas of coagulative necrosis and immune cell infiltration. Subject #2 has almost completely solid tumor

at baseline. The re-staging CT scan indicates progressive disease, however note the extensive peri-tumoral inflammation. The corresponding biopsy
indicates large area of tumor necrosis and tumor admixed with immune cells
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April 26, 2023

October 10, 2023
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February 8, 2024

Fig. 2 Longitudinal changes in two lung target lesions (orange arrows). The slices are adjusted to show the view with the measurement

in the longest tumor diameter. Red circles indicate presence or absence of non-target lesions in the selected slices. An increase in size of non-target
existing lesions and appearance of new non-target lesions seen on post-AlloStim October 10, 2023 compared to April 26, 2023 baseline.
Elimination or reduction in size of the non-target lesions seen in the post-ICl February 8, 2024 scan. According to RECIST 1.1, the October 10, 2023
scan compared to April 26, 2023 is scored as PD. The February 8, 2024 scan compared to October 10, 2023 is scored as PR. The February 8, 2024

compared to April 26, 2023 is scored as SD.
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Fig. 3 IL-12 and HSP70 serum levels during allostim administration. Whole blood samples were collected longitudinally from subjects in SST
Tiger Top tubes. The tubes were spun at 3000 rpm and shipped overnight at 2-80C to the central lab facility where the serum was aseptically
transferred to cryotubes and stored at -800C until analysis. For analysis, samples were diluted 1:2 and plated in triplicate on ELISA plates (R&D
Systems) and incubated for 2-3h at RT. The plates were read on a Cytation 7 plate reader (Agilent BioTek) at 650nm absorbance. A standard curve
was generated using known samples. Quantitative levels were determined by comparing absorbance values to the standard curve. The bar graph

shows the mean +/- SE at each sample timepoint

AlloStim®, or in combination with previous regorafenib
alone, or with prior AlloStim® and regorafenib together
was most likely responsible for eliciting this rare objec-
tive response in a cold tumor indication.

It seems unlikely that the combination ICI immuno-
therapy could be solely responsible for the observed
response. ICI-based regimens both as monotherapy
[40, 41] or as combination therapies [42] have not pre-
viously shown any meaningful positive outcomes in
PMMR/MSS colorectal cancers.

For example, an initial phase II study assessed the effi-
cacy of tremelimumab, a monoclonal antibody against
CTLA4, in patients with treatment-refractory mCRC,
which resulted in no improvement post-treatment [43].
Furthermore, two phase I studies of anti-PD-1 [44] and
anti-PD-L1 [45] in previously-treated mCRC patients
produced no responses. ICI regimens also failed as
maintenance therapy after first line therapy in the
MODUL study [46].
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In general, ICI immunotherapy combining CTLA-4
and PD-L1 inhibitors have also shown very limited clini-
cal benefit in patients with non-selected mCRC. A rare
partial response (PR) (1/119) was reported in a rand-
omized phase 2 clinical trial which evaluated the efficacy
of combination durvalumab (anti-PD-L1) and tremeli-
mumab (anti-CTLA-4) in patients with advanced refrac-
tory mCRC. In this study, 119 patients were assigned
to the treatment group and 61 patients were assigned
to best supportive care (BSC) alone. Patients in the
treatment group received a median of 12 weeks of dur-
valumab and 12 weeks of tremelimumab [47], while in
the present case only 5 weeks of ICI combination therapy
was administered.

The phase I KEYNOTE-016 trial was performed to eval-
uate the clinical efficacy of single agent pembrolizumab in
patients with pMMR/MSS mCRC, dMMR/MSI-H mCRC
and or dMMR/MSI-H non-CRC. No responses were
noted in 18 patients in the pMMR/MSS mCRC group [48].
In a clinical study which included 59 pMMR/MSS mCRC
patients treated with ICI beyond radiological progression
by RECIST 1.1, no patient demonstrated subsequent radi-
ographical tumor shrinkage at a median of 42 days [49].

It has been reported that a small subset (~2%) of
patients with pMMR/MSS colorectal cancer with a muta-
tion in POLE and POLD1 enzymes and those without
liver metastases have a higher chance of a response to
ICI immunotherapy [50]. While the patient in the pre-
sent case did not have POLE or POLD1 mutations, no
liver metastases were present. Therefore, it is possible
this patient was more susceptible to ICI immunotherapy,
but seems unlikely that the short course of combination
ICI alone was solely responsible for the extensive tumor
debulking observed.

ICI strategies in combination with other drugs or
procedures are under investigation, including evalua-
tions of ICI in combinations with chemotherapy, radio-
therapy, vascular endothelial growth factor (VEGF)/
VEGF receptor (VEGFR) inhibitors, mitogen-activated
protein kinase (MEK) inhibitors, and signal transducer
and activation of transcription 3 (STAT3) inhibitors
[51]. However, these combination approaches have yet
to demonstrate any significant anti-tumor activity in the
clinical setting [12, 52, 53].

Could the short course of regorafenib alone or in com-
bination with ICI immunotherapy be responsible for the
objective tumor response observed in this case?

Regorafenib is approved for third-line mCRC based
on the results of the CORRECT trial which demon-
strated only a 1.4 month increase in the median sur-
vival compared to a placebo control (6.4 months vs.
5.0 months) [54]. In the Phase II TEXCAN trial, no
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objective responses were reported in 35 mCRC patients
after 2 months of treatment with regorafenib according
to RECIST 1.1, Choi, and modified Choi [55]. Therefore,
it seems unlikely that the prior short course of low dose
regorafenib alone could be responsible for the rare objec-
tive response reported here.

Regorafenib is a multi-kinase inhibitor that targets
several receptor tyrosine kinases involved in angio-
genesis and metastases (VEGFR1, VEGFR2, VEGFR3,
FGFR1, FGFR2, TIE2, PDGFRs), oncogenesis (KIT, RET,
RAF1), and tumor immunity (CSF1R). While regorafenib
does not directly convert cold tumors to hot tumors,
regorafenib is believed to possibly contribute to shifting
the tumor microenvironment toward a more immune-
responsive state. This constellation of mechanisms sug-
gests that regorafenib could potentially be a combination
partner for ICIs [56].

There are mixed results on the combination of
regorafenib with ICI in clinical trials. Regorafenib in
combination with PD-1 antibody as a third-line mCRC
therapy has been evaluated in several studies. For exam-
ple, 24 patients with MSS mCRC were included in the
REGONIVO study. In this study, regorafenib was admin-
istered at 80—160 mg once daily for 21 days on and 7 days
off together with nivolumab at 3 mg/kg every 2 weeks. A
33.3% objective response rate was reported with this reg-
imen [57]. However, this promising activity has not been
observed in other studies.

In a single site study, 18 mCRC patients treated with a
combination of regorafenib and nivolumab, no objective
responses were observed. In this study, 13 patients (69%)
had progressive disease, and the median progression-
free survival (PFS) was only 2 months. Four out of five
patients in this study evaluated with stable disease (SD)
occurred in patients without liver metastases, whereas
a short disease stabilization was seen in 1 of 14 patients
with history of liver metastases [58].

In another study in MSS mCRC patients, a com-
bination of regorafenib and toripalimab, an anti-
PD-1 ICI yielded an objective response rate of 15.2%
(5 of 33 patients) with all (3 of 3) with lung-only
metastasis responding [59]. In a retrospective study
that involved 14 Chinese medical centers, a partial
response rate of 5% (4 of 84 patients) was reported in
MSS mCRC patients administered regorafenib com-
bined with ICIs [60].

In a phase 2 study in patients from the USA with
PMMR/MSS mCRC, regorafenib plus nivolumab yielded
an objective response rate of 7%, with all responses
observed in patients without liver metastases [61]. In
this study, regorafenib was administered at 80 mg/day
on a 3 weeks on/1 week off schedule and was increased
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to 120 mg/day if the 80 mg/day was well tolerated.
Nivolumab was administered at 480 mg every 4 weeks.

Based on these data, we cannot rule out the possibil-
ity that the regorafenib pre-treatment may have primed
for responsiveness to the ICI immunotherapy in this
PMMR/MSS mCRC patient that presented without liver
metastases.

However, in this case, the doses and frequencies of both
regorafenib and of the combination ICI immunotherapy
that were actually administered were significantly less
that the doses administered in clinical trials where objec-
tive responses were observed.

In addition, in the present case, corticosteroids (CS)
were administered 6 weeks after start of ICI admin-
istration. In a retrospective single institution study,
patients were evaluated in two cohorts based on timing
of initiation of CS after initiation of ICI immunother-
apy (>2 months vs<2 months). The administration of
CS <2 months after initiation of ICI immunotherapy was
found to significantly hinder ICI efficacy [62].

Since regorafenib does not directly convert cold
tumors to hot tumors, which is necessary for priming ICI
responsiveness, and the doses and frequencies of both
regorafenib and the ICI immunotherapy used in the pre-
sent case were at sub-optimal therapeutic levels, com-
bined with the early use of CS, we believe, while possible,
it is unlikely that the regorafenib priming was responsible
for the rare objective tumor response observed here and
it is more likely that a combination that converted the
cold tumors to hot was responsible.

Therefore, we finally consider whether the experi-
mental AlloStim® priming alone or in combination with
regorafenib contributed to the ICI objective response.

We hypothesized that if the restaging CT scan after
AlloStim® immunotherapy reported as progressive dis-
ease (PD) by RECIST 1.1, was actually pseudoprogres-
sion due to ‘hot’ inflammation of the tumor lesions which
would make them appear to be larger than the actual
tumor burden, that ICI immunotherapy would elicit a
rapid tumor debulking response due to resident infiltrat-
ing effector immune cell release from suppression.

The present subject was negative for serum IL-12 at
baseline. After three cycles of experimental AlloStim®
immunotherapy the subject seroconverted to IL-12
positivity, supporting that the host immune system was
modulated. We previously reported that IL-12 positiv-
ity correlated with long-term survival after AlloStim®
immunotherapy [63].

IL-12 is an effector cytokine that promotes anti-tumor
immunity by activating an effector Th1l response, which
is required for the activation of cytotoxic T and NK cells
[64]. IL-12 promotes production of IFN-y which acts
to upregulate PD-L1 in the tumor microenvironment
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(TME), which may make these tumors more susceptible
to anti-PD-L1 ICI immunotherapy [65-67].

The presence of IL-12 can have many beneficial anti-
tumor effects, including: increasing production of IFN-y
from NK and T cells [68]; stimulation of growth and
cytotoxicity of activated NK cells and CD8" and CD4* T
cells [69], shifting the Th1/Th2 balance in favor of the
Th1 phenotype [70]; induction of antiangiogenic cytokine
and chemokine production [71]; remodeling of the peri-
tumoral extracellular matrix and tumor stroma [72],
reprogramming of myeloid-derived suppressor cells [73],
and increasing expression of MHC class I molecules nec-
essary of cytolytic T-lymphocyte (CTL) recognition of
tumor cells [74].

Soluble heat shock protein (HSP)-70 was also detected
in the serum after AlloStim® administration. HSP-70 is a
stress-inducible chaperone that is overexpressed within
tumor cells, including CRC [75]. The finding of HSP-70
in serum suggests that tumor cells have been killed in a
manner where the cell membrane is disrupted (immuno-
logical cell death), releasing the HSP along with danger
signals into the tumor microenvironment. Hsp70 extra-
cellular function is believed to be immunogenic and
extracellular Hsp70 can serve as an adjuvant to activate
the innate immune system [76] and can eventually lead to
tumor-specific adaptive immunity [77]. Endogenous HSP
chaperone all tumor cell antigens, including self- and
neo-antigens. Tumors accumulate mutations that can
cause tumor-specific neo-antigen expression. Since these
neo-antigens are intracellular, they may not have been
previously exposed to the immune system, as the tumors
sequester these neoantigens. Thus the presence of solu-
ble HSP-70 supports that AlloStim® modified the TME in
a manner that caused tumor lysis and release of chaper-
oned neoantigens. Exposure of tumor neoantigens to the
immune system increases responsiveness to ICI [78].

The mechanism of action of AlloStim® is also consist-
ent with the conclusion that an inflammatory cold to
hot conversion occurred which caused the dramatic 73%
increase in target lesion size by RECIST 1.1. The immune
systems of patients with metastatic cancers are dysregu-
lated resulting in a shift toward Th2 dominance [79-81].
AlloStim® experimental immunotherapy modulates the
dysregulated immune systems of these patients to a Thl
dominance using a strategy of allo-priming [82]. The
STIMVAX protocol incorporated a first series of intra-
dermal injections of AlloStim®. The host rejection of the
intentionally mis-matched AlloStim® cells shortly after
administration results in increased titers of allo-specific
Thl and CTL cells, modulating the resident Th1/Th2
balance.

These allo-specific cells elicited after intradermal
injections are non-specifically activated by cytokine
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release after intravenous infusion of AlloStim® through
a bystander activation mechanism [83]. Activated T-cells
can extravasate and local inflammation attracts these
cells into tissues and sites of inflammation, including
tumors [84]. Thus, the intravenous infusion of AlloStim®
after allo-priming can convert “cold” tumors into “hot”
tumors with extensive infiltration of Th1/CTL memory
cells, which could possibly account for the 73% increase
in target lesion size.

Inflamed tumor lesions can enlarge and appear as PD
by RECIST 1.1. However, the putative anti-tumor mech-
anism leading to tumor debulking immunity may take
several additional months before a radiological response
can be detected and patients are often removed from
the treatment protocols before a later assessment can be
conducted.

We hypothesized that based on the mechanism of
action of AlloStim® that radiological progression after
3 cycles likely represents a beneficial immune response
that has primed the tumor lesions for an eventual debulk-
ing anti-tumor response. In order to support this hypoth-
esis, we administered a short course of combination ICI
immunotherapy. Since pMMR/MSS mCRC is known not
to be responsive to ICI immunotherapy, we predicted
that if a rapid tumor debulking response were observed,
this would provide evidence supporting that the tumor
lesions had been previously primed with infiltrating
effector immune cells.

Conclusion

The available evidence makes it appear likely that
AlloStim® played a role in eliciting the objective
response observed after regorafenib and combination ICI
immunotherapy.

The rare objective response in this case provides sup-
port for further investigation of the combination of
AlloStim® combined with ICI immunotherapy with/or
without regorafenib in ICI resistant patients.
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