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METHODS AND AGENTS FOR TREATING SOLID TUMOR CANCERS

RELATED MATTERS
[0001] This application claims priority to US Provisional Patent Application No.
62/953,792, filed December 26, 2019. The entire contents of which are incorporated herein

by reference.

TECHNICAL FIELD
[0002] This disclosure relates to methods and agents for treating cancer, and more
particularly, to methods and agents for treating solid tumor cancers using attenuated

Salmonella typhimurium.

BACKGROUND
[0003] Despite great progress in oncologic therapy, cancer remains the second most common
cause of death worldwide. The mainstay of cancer treatment is chemotherapy with the aim of
curing or controlling the cancer using the highest dose of a drug with tolerable side effects.
Strategies employed to decrease the side effects include, for example, varying the
combination of anti-neoplastic agents, metronomic dosing, and delivery of the
chemotherapeutic agent directly to the affected organ. In the last several years, advancements
have been made with immunotherapy for cancer treatment and many immunologic agents
have demonstrated promise in this field. However, significant toxicities and tumor resistance
limit this treatment strategy.
[0004] Due to their intrinsic immune-stimulating and cancer-targeting properties, microbial-
based entities are a potential treatment for cancer. However, the results of many animal
studies and limited human trials to date have been mixed. Most studies administered bacterial
therapy intravenously and have been associated with significant toxicities, long after the
development of metastatic disease was established, or the bacteria administered did not
contain any immunomodulatory proteins.
[0005] Thus, it would be desirable to provide a microbial-based entity for use in cancer
treatment that contains such an immunomodulatory protein. It would also be desirable to

provide such a treatment that is both non-toxic and effective in treating cancer.
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SUMMARY
[0006] The present disclosure relates to methods and agents for treating solid tumor cancers
in a subject by administering to the subject a composition consisting essentially of attenuated
S. Typhimurium with concomitant standard of care chemotherapy.
[0007] In one embodiment, the present disclosure provides a method of treating a solid tumor
cancer. The method comprises administering a combination to a subject in need thereof. The
combination can comprise a single chemotherapy agent or a combination of two or more
chemotherapy agents, together with a dose of a composition consisting essentially of
attenuated Salmonella typhimurium.
[0008] In another embodiment, the present disclosure provides a method of treating
pancreatic cancer. The method comprises administering a combination to a subject in need
thereof. The combination can comprise a single chemotherapy agent or a combination of two
or more chemotherapy agents, together with a dose of a composition consisting essentially of
attenuated Salmonella typhimurium containing a plasmid carrying a coding sequence
encoding a truncated human interleukin-2. The truncated human interleukin-2 consists of the
amino acid sequence shown in SEQ ID NO: 2. In some cases, the combination of two or
more chemotherapy agents comprises gemcitabine and capecitabine. In other cases, the
combination of two or more chemotherapy agents comprise leucovorin, 5-fluorouracil,
irinotecan, and oxaliplatin.
[0009] In yet another embodiment, the present disclosure provides a method of treating a
solid tumor cancer. The method comprises administering a combination to a subject in need
thereof. The combination can comprise a single chemotherapy agent or a combination of two
or more chemotherapy agents, together with a dose of a composition consisting essentially of
attenuated Salmonella typhimurium containing a plasmid carrying a coding sequence
encoding a truncated human interleukin-2. The truncated human interleukin-2 consists of the
amino acid sequence shown in SEQ ID NO: 2.
[0010] In another embodiment, the present disclosure provides an anti-tumor agent for use in
a method of treating cancer. The anti-tumor agent comprises a combination that can comprise
a single chemotherapy agent or a combination of two or more chemotherapy agents, together
with a dose of a composition consisting essentially of attenuated Salmonella typhimurium for
use in treating a solid tumor cancer. The method comprises administering the combination to
a subject in need thereof.
[0011] In still another embodiment, the present disclosure provides an anti-tumor agent for

use in a method of treating cancer. The anti-tumor agent comprises a combination that can
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comprise a single chemotherapy agent or a combination of two or more chemotherapy agents,
together with a dose of a composition consisting essentially of attenuated Salmonella
typhimurium containing a plasmid carrying a coding sequence encoding a truncated human
interleukin-2. The truncated human interleukin-2 consists of the amino acid sequence shown
in SEQ ID NO: 2. The method comprises administering the combination to a subject in need

thereof.

BRIEF DESCRIPTION OF DRAWINGS
[0012] FIG. 1 shows the pIL2 plasmid containing the coding sequence encoding the human
interleukin-2 protein, used to construct attenuated S. typhimurium with the IL-2 gene (also
referred to herein as “SalpIL2").
[0013] FIG. 2 is a flow diagram of a method of treating cancer with a combination of
attenuated S. fyphimurium and at least two chemotherapy agents according to various
embodiments.
[0014] FIG. 3 is a bar graph showing effects of SalpIL2 on blood lymphocyte population five
weeks after SalpIL2 has been orally administered.
[0015] FIG. 4 is a line graph showing CA 19-9 levels versus weeks of treatment for Patient 1.
[0016] FIG. 5 is a line graph showing various cell percentages versus weeks of treatment for
Patient 1.
[0017] FIG. 6 is a line graph showing percent of CD56 Bright NK cells versus weeks of
treatment for Patient 1.
[0018] FIG. 7 is yet another line graph showing CA 19-9 levels in Patient 1 from 0 to 15

months (based on time from initial diagnosis with metastatic pancreas cancer).

DETAILED DESCRIPTION
[0019] The following detailed description is exemplary in nature and is not intended to limit
the scope, applicability, or configuration of the disclosure in any way. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as those
commonly understood by one of ordinary skill in the art to which this invention belongs.
Although methods and materials similar or equivalent to those described herein may be used
in the invention or testing, suitable methods and materials are described herein. The
materials, methods and examples are illustrative only, and are not intended to be limiting.
Those skilled in the art will recognize that many of the noted examples have a variety of

suitable alternatives. The nomenclatures utilized in connection with, and the laboratory
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procedures and techniques of, analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described herein are those well-known and
commonly used in the art. Standard techniques may be used for chemical syntheses, chemical
analyses, pharmaceutical preparation, formulation, and delivery, and treatment of patients.
[0020] As used in the description herein and throughout the claims that follow, the meaning
of “a,” “an,” and “the” includes plural reference unless the context clearly dictates otherwise.
[0021] “Attenuated,” as used herein, means bacteria selected or altered to greatly diminish its
capacity to cause disease, but still able to retain its ability to colonize the gut associated
lymphoid tissue.

[0022] “Coding sequence™ and “coding region,” as used herein, are used interchangeably and
refer to a polynucleotide that encodes a protein and, when placed under the control of
appropriate regulatory sequences, expresses the encoded protein. The boundaries of a coding
region are generally determined by a translation start codon at its 5* end and a translation stop
codon at its 3" end.

[0023] “IL-2,” as used herein, means the protein human interleukin-2.

[0024] “NK” or “NK cell,” as used herein, means natural killer cell.

[0025] Due to their intrinsic immune-stimulating and cancer-targeting properties, microbial-
based entities are a potential treatment for cancer. Importantly, the side effect profile from
some of these microbial-based options appears far superior to cytotoxic chemotherapy and
immunotherapy. However, results from animal studies and limited human trials to date have
been mixed, although most studies administered bacterial therapy intravenously and have
been associated with significant toxicities, long after the development of metastatic disease
was established, or the bacteria administered did not contain any immunomodulatory
proteins.

[0026] Attenuated Salmonella typhimurium has been developed as a vector to deliver
therapeutic agents to tumors. The potential of S. typhimurium is largely due to its reported
propensity to accumulate at greater than 1,000-fold higher concentration in tumors relative to
healthy tissues. In addition, the genetic manipulability of S. fyphimurium allows for the
expression of foreign recombinant proteins, making these bacteria an effective delivery
system for proteins that may be toxic when administered systemically.

[0027] Salmonella typhimurium (S. Typhimurium) has been shown to preferentially colonize
solid tumors. In particular, it infects and colonizes solid tumors and stimulates a cellular
immune response after infecting cells intracellularly. As a result, it is believed to be an

extremely efficient method to deliver immune modulating proteins directly to the tumor
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microenvironment. As one example, it has been shown that S. Typhimurium accumulates
within solid tumors at a ratio (1000:1 to 10,000:1) that is much higher than the “natural”
target organisms of Salmonella colonization during an infection, namely the liver and spleen.
[0028] Interleukin-2 (IL-2) is a protein naturally produced by the human body which
promotes lymphocyte proliferation and enhances the cytolytic function of T cells and natural
killer (NK) cells. It is thus able to stimulate the immune system to produce cancer-destroying
white blood cells. IL-2 based immunotherapy in certain types of cancer has been studied for
years with limited success. The amino acid sequence (SEQ ID NO: 3) of the normal human
IL-2 protein encoded by SEQ ID NO: 4 (the DNA sequence encoding normal human IL-2) is
shown in FIG. 3 of U.S. patent application Ser. No. 13/524,503, which issued as U.S. Pat.
No. 8,647,618, which is a continuation of U.S. Patent Application Ser. No. 12/425,927, filed
Apr. 17, 2009, which issued as U.S. Pat. No. 8,221,739, which is a continuation-in-part of
and claims priority to U.S. Patent Application Ser. No. 10/834,587, filed Apr. 29, 2004, now
abandoned, the contents of each of which applications are hereby incorporated by reference
in their entirety.

[0029] While IL-2 is naturally produced by the human body, its maximum effectiveness
requires a higher concentration and more specific delivery vector to the disease site.
However, high doses of IL-2 are found to result in severe toxicity in many patients. A
solution to this problem is using a live bacterial strain of Salmonella typhimurium which was
attenuated to greatly diminish its capacity to cause disease. S. typhimurium is used due to its
natural ability to colonize the gut associated lymphoid tissue (GALT), liver and spleen.
Colonization of the liver by the attenuated S. fyphimurium further initiates a generalized
cellular response against the bacteria or can persist as a carrier state. The ¥4550 strain of S.
typhimurium used in the present disclosure contains a gene deletion constructed by
transposon mutagenesis with Tn10 followed by selection for furasic acid resistance. This
method of genetic alteration leads to deletional loss of Tn10 and adjacent DNA sequences to
produce a deletion of aspartate semialdehyde dehydrogenase (asd). This mutation imposes a
requirement for diaminopimelic acid. The lack of the asd enzyme in these bacteria leads to
the inability to construct a stable cell wall causing lethal lysis of the S. fyphimurium. Thus, to
ensure stable expression of a desired protein, a plasmid (pY A292) was constructed which
carries the asd gene.

[0030] FIG. 1 shows the pIL2 plasmid containing the coding sequence encoding the human
interleukin-2 protein, used to construct SalpIL2, attenuated S. fyphimurium with the I1L-2

gene. In order to ensure avirulence of the S. fyphimurium strain, standard P22 phage
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transduction of the mouse virulent S. fyphimurium SR-11 strain 3306 was employed to
construct the 4550 strain that lacks the ability to synthesize adenylate cyclase and the cAMP
receptor protein (CRP). Cyclic AMP and cAMP receptor protein are necessary for the
transcription of many genes and operons concerned with the transport and breakdown of
catabolites. Although cAMP is found in mammalian tissue and theoretically could be used by
the bacteria to increase the potential for virulence, the lack of a cAMP receptor protein should
abolish any benefit that could occur by the uptake of cAMP by these mutant bacteria.

[0031] A synthetic cDNA (SEQ ID NO: 5), coding for a truncated human IL-2 protein,
optimized for expression in Escherichia coli was inserted into plasmid pY A292 using well-
known methods. The truncated cDNA (SEQ ID NO: 1) is a part of the synthetic IL-2
nucleotide sequence (SEQ ID NO: 5). This sequence is one nucleotide short of the sequence
that was intended to code for a full-length mature human IL-2 protein. As used herein,
“mature” means a protein lacking the beginning (N-terminal) 20 amino acid signal sequence
that is cleaved off as the molecule is secreted from a human cell. The mutation that occurred
is a deletion of a “t” nucleotide between the “a” at position 272 and the “g” at position 273.
This resulted in an in-frame taa stop codon at position 274 that truncated the resultant IL-2
protein. The resulting DNA nucleotide sequence is SEQ ID NO: 1 and the expressed protein
is SEQ ID NO: 2.

[0032] Both the aspartate semialdehyde dehydrogenase (asd+) vector and the synthetic
truncated human IL-2 ¢cDNA were digested to completion with restriction enzymes EcoRI
(Promega, Madison, Wis.) and HindIII (New England Biolabs, Beverly, Mass.). The about
~3.4 kb linearized vector fragment of pY A292 and the EcoRI-HindIII fragment of the IL-2
gene were isolated following agarose gel electrophoresis using the PrepaGene Kit (BioRad,
Hercules, Calif.). The IL-2 gene fragment was ligated into the pY A292 vector using T4 DNA
ligase (Promega, Madison, Wis.) with a 3:1 molar excess of insert and incubating for 4 hours
at 16 °C. The ligation mix was then electroporated into the y4550 strain of attenuated S.
typhimurium. S. typhimurium, Acya-1 Acrp-1 AasdAl strain 4550 was grown in Luria Broth
(Sigma, St. Louis, Mo.) containing 50 mg/ml diaminopimelic acid (DAP).

[0033] Cultures were grown to an absorbance of 0.200 at ODsoo (approximately 10% colony
forming units (cfu)/ml broth) and the cells were prepared for electroporation. Plasmid vector
PY A292 and the ligation mix were electroporated into 4550 utilizing an electroporation
device (BioRad) with 0.2 cm disposable cuvettes. Cells were pulsed at 2.5 kV and 25 pF with
a pulse controller at 200 ohms. Cells were then subsequently plated on Luria agar without

DAP and recombinant clones were identified using the Magic Mini-Prep DNA Purification
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System (Promega), and restriction enzyme digestion with EcoRI and HindIII and gel
electrophoresis with 1.2 agarose. The restriction enzyme mapping revealed a plasmid
corresponding to that expected for an insert of the IL-2 fragment in pY A292 and the plasmid
was renamed pIL2. The new transformant was renamed 4550 (pIL2), also referred to herein
as “SalplL2.”

[0034] Transforming an asd deleted strain with the plasmid (pIL2) allows for the stable
expression of IL-2. As discussed above, stability of this vector is maintained because the
particular strain of S. fyphimurium used here (y4550) lacks the enzyme aspartate semialdehyde
dehydrogenase (asd), which, conversely, the plasmid containing the IL-2 gene (pIL2) contains.
Bacteria lacking asd cannot make diaminopimelic acid (DAP), an essential component of the
bacterial cell wall and, thus, would not long survive. Thus, if the attenuated S. fyphimurium
were to attempt to revert to its wild-type strain and lose the plasmid, it would die a “DAP-less”
death. Because the loss of the IL-2 containing plasmid would also result in the loss of the
plasmid encoded asd, stable expression of the IL-2 gene is achieved.

[0035] FIG. 2 is a flow diagram of method 200. Method 200 relates to a method of treating
cancer with a combination of attenuated S. typhimurium and a single chemotherapy agent or a
combination of two or more chemotherapy agents according to various embodiments. The
cancer being treated in method 200 can be any solid tumor cancer, including, but not limited
to, liver cancer, lung cancer, pancreatic cancer, breast cancer, prostate cancer, skin cancer,
kidney cancer, bone cancer, gastrointestinal cancers, cancers of the soft tissue (e.g., muscle
cancer), adrenal cancer, colon cancer, and bladder cancer. In certain exemplary embodiments,
the cancer being treated is pancreatic cancer. In any embodiment of the present disclosure,
the cancer being treated can be a metastatic or non-metastatic cancer and can optionally be a
refractory cancer.

[0036] Method 200 includes administering a combination treatment to a subject in need
thereof. The combination treatment can include a step 201 of administering a first dose of
attenuated S. fyphimurium and a first dose of a single chemotherapy agent (or a combination
of two or more chemotherapy agents) to the subject. In some embodiments, the subject is a
mammal. In any embodiment of the present disclosure, the mammal can be a human.

[0037] The method 200 can involve administering a single dose of the combination to the
subject (i.e., administering only the first dose of attenuated S. typhimurium and a first dose of
a single chemotherapy agent, or a combination of two or more chemotherapy agents, to the
subject). Alternatively, the method 200 can involve administering multiple doses to the same

subject over a certain period of time (e.g., over a period of weeks, such as every two weeks,
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every three weeks, every four weeks, etc.). For example, the method 200 can include any one
or more of the following steps: administering a second dose of attenuated S. typhimurium
(202); administering a second dose of a single chemotherapy agent or a combination of two
or more chemotherapy agents (203); administering a third dose of attenuated S. typhimurium
(204); and administering a third dose of a single chemotherapy agent or a combination of two
or more chemotherapy agents (205). The steps of administering a second dose of attenuated
S. typhimurium (202) and administering a second dose of a single chemotherapy agent or a
combination of two or more chemotherapy agents (203) can occur on the same day, or such
treatment can be staggered (such that these steps occur on different days). Similarly, the steps
of administering a third dose of attenuated S. typhimurium (204), and administering a third
dose of a single chemotherapy agent or a combination of two or more chemotherapy agents
(205) can occur on the same day, or such treatment can be staggered (such that these steps
occur on different days).

[0038] As discussed above, method 200 need not include all the steps shown in FIG. 2. For
example, in some embodiments, method 200 may exclude the steps of administering a second
dose of attenuated S. typhimurium (202) and administering a third dose of attenuated S.
typhimurium (204). Additionally, method 200 can include additional steps, such as
administering a fourth dose of attenuated S. fyphimurium and/or administering a fourth dose
of a single chemotherapy agent or a combination of two or more chemotherapy agents. In
addition or alternatively, method 200 may exclude the steps of administering a second dose
of a single chemotherapy agent or a combination of two or more chemotherapy agents (203);
and may exclude the steps of administering a third dose of a single chemotherapy agent or a
combination of two or more chemotherapy agents (205).

[0039] The number of doses of both the attenuated S. typhimurium and the single
chemotherapy agent (or combination of two or more chemotherapy agents) in method 200
can be varied depending on the particular patient, the type of cancer being treated, and the
patient’s response to previous doses.

[0040] Each dose of attenuated Salmonella typhimurium can be part of a composition
consisting essentially of attenuated Salmonella typhimurium. In some such cases, the dose of
attenuated Salmonella typhimurium contains a plasmid carrying a coding sequence encoding
a truncated human interleukin-2, wherein the truncated human interleukin-2 consists of the
amino acid sequence shown in SEQ ID NO: 2. Thus, in such cases, the attenuated strain of
Salmonella typhimurium has been engineered to carry the human gene for IL-2 to impart an

immunologically mediated tumor cell kill within the tumor microenvironment.
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[0041] In some embodiments, the dose of attenuated Salmonella typhimurium administered
(during steps of method 200) can be from 10° to 10'? colony forming units (e.g., from 10° to
10" colony forming units, or from 10° to 10'° colony forming units). However, such dosages
are not required in all embodiments, and alternative S. fyphimurium dosages are also
contemplated.

[0042] In certain embodiments, administering each dose of the attenuated S. fyphimurium can
include orally administering the attenuated S. typhimurium. By administering Salmonella-IL2
orally, systemic toxicity related to the gram-negative bacteria itself can be avoided. In one
embodiment, administering a dose of attenuated S. fyphimurium includes administering an
oral dose of SalpIL2 of from 10° to 10" colony forming units.

[0043] In certain embodiments, the single chemotherapy agent or combination of two or
more chemotherapy agents are administered intravenously or orally. However, skilled
artisans will appreciate that any suitable administration route can be used to administer the
chemotherapy agent(s) of method 200.

[0044] In some embodiments, administering a dose of a single chemotherapy agent or a
combination of two or more chemotherapy agents includes administering gemcitabine and
capecitabine. In other embodiments, administering a dose of a single chemotherapy agent or a
combination of two or more chemotherapy agents includes administering two or more of (and
in some cases, each of) leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin. The
combination of each of leucovorin, S-fluorouracil, irinotecan, and oxaliplatin is commonly
referred to as “FOLFIRINOX.” In other embodiments, the at least two chemotherapy agents
can comprise two or more chemotherapy agents not specifically recited herein.

[0045] Method 200 is advantageous, because the combination allows a lower and less toxic
dose of the chemotherapy agent(s) to be used. This provides effective treatment while
minimizing side effects caused by toxicity of the chemotherapy agents.

[0046] Certain embodiments of the present disclosure provide an anti-tumor agent for use in
a method of treating cancer. In some cases, the anti-tumor agent can be used in method 200

discussed above.

EXAMPLES
[0047] Safety Study

[0048] This study was a dose escalation study to determine the safety of administering
SalpIL2. Patients with histologically confirmed solid tumors metastatic to the liver and no

effective therapy available were enrolled in the study.
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[0049] Immediately prior to administration, each patient was given 30 mL of orally
administered Maalox or Mylanta to neutralize gastric acid. A single dose of orally
administered SalpIL2 was then given. The dose was prepared by diluting a thawed glycerol
stock in 30 mL saline. Immediately after administration of the dose of SalpIL2, each patient
was given 200 mL saline orally, and then took nothing orally for at least one hour.

[0050] The planned dose escalation began with 10° colony forming units of bacteria with an
increase by one order of magnitude until a maximum dose of 10'° colony forming unit, while
monitoring for dose limiting toxicity (DLT). Description and grading scales for adverse event
reporting were adopted from the revised National Cancer Institute Common Toxicity Criteria
(CTC) version 3.0 guidelines. DLT was defined as sepsis syndrome, grade 4 vomiting or
diarrhea, or other grade 3 toxicities. Close follow-up was planned for 11 weeks post
administration with enrollment of one to two patients per month.

[0051] Patients with measurable disease were assessed for response and progression using
the Response Evaluation Criteria in Solid Tumors (RECIST) Committee criteria. In addition
to adverse event monitoring, flow cytometry was conducted on peripheral blood samples to
look at immune cell sub-populations to determine the immunologic effect from the study

biological drug.

Results and Conclusion

[0052] In total, 22 patients were enrolled and administered SalpIL2. Eight patients did not
complete the trial, as shown in Table 1 below. No adverse events were judged to be likely or
definitely due to study enrollment. All blood and stool cultures were negative for the study
organism.

[0053] Table 1: Enrollment and Study Completion

Dose (Bacteria | Patients Patients enrolled | Reason for failing to complete

Administered) at 5 weeks the study
10° 1-6 6
10° 7-9 2 Patient 9 died.
107 10-12 2 Patient 11 died.
108 13-15 1 Patient 14 removed from study

due to disease progression.
Patient 15 died.
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10° 16-18 1 Patient 16 hospitalized at local
hospital. Patient 17 died.
10 19-22 2 Patients 19 and 22 died.

[0054] Overall, there was no statistically significant difference between serum chemistries
and complete blood counts tested at the pre-study visit compared with 5 weeks after
administration (N=14). Comparing the low dose (10°) versus the high dose (10'°) cohorts,
there was a slight difference in the mean change in platelet count between pre-study and 5
weeks after administration (+58,500+/-86,720 versus -40,667+/-356,978/mL, p=0.046), but
there were no other statistically significant differences in the laboratory values tested.

[0055] FIG. 3 is a bar graph showing a comparison of samples taken pre-administration with
samples drawn 5 weeks post oral administration for all doses administered. As illustrated in
FIG. 3, post-administration samples demonstrated a statistically significant increase in the
percent peripheral blood NK cells (mean=12.1 vs 14.6%, p=0.02) and NK T cells (mean=3.4
vs 5.6%, p=0.02), but no statistically significant difference in the other cell populations
measured. The number of patients with 5-week post administration samples for each dose
arm was six (103 CFU), 2 (10° CFU), 2 (107 CFU), 1 (10® CFU), 1 (10° CFU), and 2 (10*°
CFU).

[0056] Subsequently to demonstrating the absence of toxicity and an immunologic response
to a single oral dose of Salmonella-IL2 in this Phase I study, approval from Health Canada
was granted for a n=1 trial for a multiple dose trial of Salmonella-IL2 with adjuvant
chemotherapy for a patient with Stage 4, metastatic pancreas cancer (referred to below ad
throughout this disclosure as “Patient 17). SalpIL2 was administered to Patient 1 every two
weeks with standard of care chemotherapy. Now, 11 months following diagnosis, Patient 1
has not experienced any toxicity to SalpIL2 and continues her therapy, has normalized her
carbohydrate antigen (CA) 19-9 values, demonstrated a strong NK response with
fluorescence-activating cell sorting (FACS) analysis, and demonstrated a radiologic
regression of metastatic tumor burden.

[0057] The results of this Phase I dose escalation study show that oral attenuated S.
Typhimurium containing the human IL-2 gene (SalpIL2) demonstrated an immunologic
response and caused no significant toxicities up to doses of 10'° CFU. Previous studies
utilizing attenuated Salmonella or other bacteria have not been as promising as this one. A

trial utilizing VNP20009 with patients with metastatic melanoma did not demonstrate
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survival efficacy and revealed toxicity with intravenously administered bacteria. Similarly, a
recent report of a Phase IIb study in patients with metastatic pancreas cancer that were
randomized to receive chemotherapy or a Listeria vaccine did not demonstrate a survival

difference.

[0058] Case Study

[0059] A patient with metastatic pancreas cancer (hereinafter referred to as “Patient 17)
individually sought out the possibility of receiving SalpIL2 in addition to her standard of care
chemotherapy.

[0060] Patient 1 was a 70 year old female with a past medical history of
hypercholesterolemia and presented with a several week history of abdominal pain and
bloating. Patient 1°s workup eventually elucidated a 3.9 x 5.7cm mass in the tail of the
pancreas with invasion of the splenic hilum and left adrenal gland. In addition, there were
multiple metastatic nodules in the lungs and liver of Patient 1. Subsequent fine needle
aspiration and biopsy confirmed the diagnosis of Stage 4 pancreatic ductal adenocarcinoma.
Patient 1 was immediately started on the FOLFIRINOX regimen of leucovorin, 5-
fluorouracil, irinotecan, and oxaliplatin administered every two weeks. Well aware of her
prognosis of a median survival of 11.1 months, Patient 1 reached out for the possibility of
adding SalpIL2 to her treatment regimen. Thus, five months after starting the
chemotherapeutic regimen, and after receiving approval for a n=1 Investigational New Drug
Application from Health Canada and approval from the Research Ethics Board (REB) of the
Jewish General Hospital and the Faculty of Medicine Research of McGill University in
Montreal, Quebec, Canada, Patient 1 started a regimen of oral SalpIL2 given concomitantly
every two weeks for six doses. If a response was noted, the treating oncologist could opt for
continued administration of SalpIL2 every two weeks indefinitely. To evaluate Patient 1°s
response and to monitor for potential toxicity, scheduled visits with her oncologist included
the following: CA19-9 evaluation, complete blood count, comprehensive metabolic panel,
periodic MRI of chest and abdomen, and blood drawn for flow cytometric analysis sent to
MD Biosciences, Oakdale, MN.

[0061] Upon diagnosis, Patient 1°s CA19-9 level was markedly elevated and there was a
positive response to FOLFIRINOX over five months with a plateauing of the CA19-9 level to
75-100 kU/L for one month (see FIGs. 4 and 7). In addition, by month six, Patient 1 began to
experience severe neurotoxicity from oxaliplatin as manifested by absence of feeling in both

her hands and feet. Thus, administration of oxaliplatin to Patient 1 was stopped. At month
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five, SalpIL2 was added to Patient 1°s treatment regimen and by the sixth month, her CA19-9
levels normalized and have stayed in the normal range for the past eleven months.
Furthermore, periodic magnetic resonance imaging revealed overall reduction in size of the
primary pancreatic mass from 5.4 x 3.4cm to 4.9 x 2.2cm. In addition, there were interval
decreases in the size of the hepatic metastases from an average of 1.7cm in greatest
dimension to 1.1cm. The MRI also revealed that there were no new metastatic lesions in the
liver or anywhere else and the signal intensity of these metastatic deposits was appreciably
much less than when the patient initially presented. Lastly, flow cytometric analysis of
peripheral blood performed every two weeks prior to administration of systemic
chemotherapy has demonstrated a significant increase in the CD56" 8" NK cells (315) when
compared to baseline (FIGs. 5 and 6). CD4 T cells (320) also have demonstrated a significant
increase. However, as also shown in FIG. 5, despite the cytotoxic chemotherapy, there has
been no decrease in Patient 1°s other major cell populations, including B cells (300), T cells
(305), NKT cells 310, and CD8 T cells (325). Additionally, although there was no PET scan
obtained at diagnosis, a scan obtained at month 14 did not demonstrate any metabolic activity
in the metastatic tumor deposits (i.e., showing a complete absence of tumor activity by PET
scan).

[0062] Patient 1 has not reported any adverse effects from the SalpIL2. Namely the patient
has not had any fevers, diarrhea, nausea, or vomiting. To date, all stool cultures of the patient
taken every two weeks have been negative for Salmonella, including stool cultures obtained
after an episode of diarrhea at approximately week 48.

[0063] Typically, treatment of metastatic pancreatic cancer with FOLFIRINOX demonstrates
a therapeutic response for approximately six to eight months and then the majority of patients
experience a significant progression of their disease with median survival of 11.1 months. In
this case, despite eliminating oxaloplatin because of the neurotoxic side effects, now at month
15, the patient continues to feel well and is vigorously participating in activities of daily
living. Furthermore, given this response seen in her CA19-9 levels and radiologic response,

it was decided to continue SalpIL2 indefinitely.

Results and Discussion

[0064] The results of a Phase I dose escalation study show that a single oral dose of SalpIL2
caused no significant toxicities up to doses of 10'° colony forming units. The most commonly
reported adverse events included pain in the abdomen or sides, weakness, and loose stools.

Some patients experienced self-limiting diarrhea. However, no Salmonella was cultured in
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the stool of any of the patients. Peripheral blood chemistries and CBC with white cell
differential showed no significant differences between the pre and post administration time
periods. The cause of a slight difference in platelet count changes between the low and high
dose cohorts is not readily apparent. Although no patients had a clinical response during the
study period, all patients already had significant metastatic disease prior to enrollment.
[0065] The flow cytometric analysis of peripheral blood showed a statistically significant
increase in the percentage circulating NK cells and NK T cells when comparing the pre-study
period to five weeks post administration. These finding were not dose-dependent and were
consistent with previous pre-clinical studies that showed an increase in systemic NK cell
activation after administration of oral SalpIL2, which may account for the effect of this
therapy in decreasing the rate of metastatic osteosarcoma to the lung in a dog (an organ not
typically associated with S. Typhimurium infiltration).

[0066] In addition, the portion of the present disclosure relating to this case study outlines the
first use of SalpIL2 in a multiple dosing strategy in a patient (Patient 1) with metastatic
pancreas cancer. Pre-clinical studies demonstrated synergism between SalpIL2 and
doxorubicin and various mechanisms for this synergism have been suggested. Patient 1
demonstrated a significant increase in CD568 NK cells, which have been shown to be one
of the major subsets infiltrating some cancers and, upon cytokine stimulation of this cell line,
can undergo a significant differentiation into a highly cytotoxic NK cell.

[0067] Despite having to stop a component of the chemotherapeutic strategy, namely
oxaloplatin, Patient 1 is demonstrating a major response clinically and radiologically. In
addition, flow cytometry revealed that despite cytotoxic chemotherapy, immunologic cell
populations were maintained. With these encouraging results, an expanded multiple dose
Phase II trial of Salmonella-IL2 of up to 60 patients with metastatic pancreas cancer will be
initiated.

[0068] When various cancer cell lines were studied in vitro, it was discovered that
Salmonella-IL2 invaded hepatocytes most readily when compared with hepatoma,
neuroblastoma, adenocarcinoma, and osteosarcoma. However, when examining the division
efficiency (i.e., the ability to divide in a tumor once colonization occurred), osteosarcoma and
neuroblastoma had the highest division efficiency.

[0069] Furthermore, in vivo experimentation has demonstrated that orally administered
Salmonella-IL2 can robustly colonize a variety of tumor types. Because Salmonella can

colonize solid tumors, Applicant believes that Salmonella-IL2 can act as a “‘smart bomb” by
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invading and locally releasing IL-2 into the tumor microenvironment, while avoiding any
systemic toxicity from the IL-2.

[0070] While some preferred embodiments of the present disclosure have been described, it
should be understood that various changes, adaptations, and modifications may be made
therein without departing from the spirit of the invention and the scope of the appended

claims.
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DNA sequence for truncated interleukin-2 (homo sapiens) (SEQ ID NO: 1)

ATGGCTCCTA CTAGCTCGAG

GATCTGCAGA TGATTCTGAA

CTGACTTTCA AATTCTACAT

GAAGAGGAAC TGAAGCCGCT

CTGCGTCCGC GTGACCTGAT

CTCCAACATC AAGTAA

CACTAAGAAA ACTCAACTGC AATTGGAGCA TCTGCTGCTG

TGGCATCAAT AACTACAAGA ACCCTAAGCT GACTCGCATG

GCCGAAAAAG GCTACCGAGC TCAAACATCT CCAGTGCCTG

GGAGGAAGTA CTTAACCTGG CACAGTCTAA GAACTTCCAC

60

120

180

240

276

Protein sequence for truncated interleukin-2 (homo sapiens) (SEQ ID NO: 2)

Met
1

His

Lys

Lys

Lys

65

Leu

Ala

Leu

Asn

Lys

50

Pro

Arg

Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu

Leu

Pro

35

Ala

Leu

Pro

Leu

20

Lys

Thr

Glu

Arg

5

Asp

Leu

Glu

Glu

Asp

Leu

Thr

Leu

Val

Leu

Gln

Arg

Lys

55

Leu

Ile

Met

Met

40

His

Asn

Ser

Ile

25

Leu

Leu

Leu

Asn

10

Leu Asn Gly Ile

Thr Phe Lys Phe
45

Gln Cys Leu Glu
60

Ala Gln Ser Lys
75

Ile Lys
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CLAIMS

1. A method of treating a solid tumor cancer, the method comprising:
administering a combination to a subject in need thereof, the combination comprising at
least two chemotherapy agents and a dose of a composition consisting essentially of

attenuated Salmonella typhimurium.

2. The method of claim 1 wherein the at least two chemotherapy agents comprise

gemcitabine and capecitabine.

3. The method of claim 1 wherein the at least two chemotherapy agents comprise two or

more of leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin.

4. The method of claim 3 wherein the at least two chemotherapy agents comprise each of

leucovorin, S-fluorouracil, irinotecan, and oxaliplatin.

5. The method of any of claims 1-4 wherein the solid tumor cancer is selected from liver
cancer, lung cancer, pancreatic cancer, breast cancer, prostate cancer, skin cancer, kidney
cancer, bone cancer, gastrointestinal cancers, cancers of the soft tissue, muscle cancer,

adrenal cancer, colon cancer, and bladder cancer.

6. The method of claim 5 wherein the solid tumor cancer is pancreatic cancer.

7. The method of any of claims 1-6 wherein the at least two chemotherapy agents are

administered intravenously or orally.

8. The method of any of claims 1-7 wherein the dose of attenuated Salmonella typhimurium

is administered orally.
9. The method of any of claims 1-8 wherein the subject is a mammal.
10. The method of claim 9 wherein the mammal is a human.

11. The method of any of claims 1-10 wherein the dose of attenuated Sa/monella

typhimurium is from 10° to 10*° colony forming units.
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12. The method of any of claims 1-11 wherein the solid tumor cancer is a metastatic cancer.

13. The method of any of claims 1-12 wherein the at least two chemotherapy agents and/or
the attenuated Salmonella typhimurium is administered to the subject every two to four

weeks.

14. A method of treating a solid tumor cancer, the method comprising:

administering a combination to a subject in need thereof, the combination comprising at
least two chemotherapy agents and a dose of a composition consisting essentially of
attenuated Salmonella typhimurium containing a plasmid carrying a coding sequence
encoding a truncated human interleukin-2, wherein the truncated human interleukin-2

consists of the amino acid sequence shown in SEQ ID NO: 2.

15. The method of claim 14 wherein the at least two chemotherapy agents comprise

gemcitabine and capecitabine.

16. The method of claim 14 wherein the at least two chemotherapy agents comprise two or

more of leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin.

17. The method of claim 16 wherein the at least two chemotherapy agents comprise each of

leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin.

18. The method of claim any of claims 14-17 wherein the solid tumor cancer is selected from
liver cancer, lung cancer, pancreatic cancer, breast cancer, prostate cancer, skin cancer,
kidney cancer, bone cancer, gastrointestinal cancers, cancers of the soft tissue, muscle cancer,

adrenal cancer, colon cancer, and bladder cancer.

19. The method of claim 18 wherein the solid tumor cancer is pancreatic cancer.

20. The method of any of claims 14-19 wherein the at least two chemotherapy agents are

administered intravenously or orally.

21. The method of any of claims 14-20 wherein the dose of attenuated Sa/monella

typhimurium is administered orally.
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22. The method of any of claims 14-21 wherein the subject is a mammal.
23. The method of claim 22 wherein the mammal is a human.

24. The method of any of claims 14-23 wherein the dose of attenuated Salmonella

typhimurium is from 10° to 10'° colony forming units.
25. The method of any of claims 14-24 wherein the solid tumor cancer is a metastatic cancer.

26. The method of any of claims 14-25 wherein the at least two chemotherapy agents and/or
the attenuated Salmonella typhimurium is administered to the subject every two to four

weeks.

27. An anti-tumor agent for use in a method of treating cancer, the anti-tumor agent
comprising a combination comprising at least two chemotherapy agents and a dose of a
composition consisting essentially of attenuated Salmonella typhimurium containing a
plasmid carrying a coding sequence encoding a truncated human interleukin-2, wherein the
truncated human interleukin-2 consists of the amino acid sequence shown in SEQ ID NO: 2,
the method comprising:

administering the combination to a subject in need thereof.

28. The anti-tumor agent of claim 27 wherein the at least two chemotherapy agents comprise

gemcitabine and capecitabine.

29. The anti-tumor agent of claim 27 wherein the at least two chemotherapy agents comprise

two or more of leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin.

30. The anti-tumor agent of claim 29 wherein the at least two chemotherapy agents comprise

each of leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin.

31. The anti-tumor agent of any of claims 27-30 wherein the solid tumor cancer is selected
from liver cancer, lung cancer, pancreatic cancer, breast cancer, prostate cancer, skin cancer,
kidney cancer, bone cancer, gastrointestinal cancers, cancers of the soft tissue, muscle cancer,

adrenal cancer, colon cancer, and bladder cancer.

32. The anti-tumor agent of claim 31 wherein the solid tumor cancer is pancreatic cancer.
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33. The anti-tumor agent of any of claims 27-32 wherein the at least two chemotherapy

agents are administered intravenously or orally.

34. The anti-tumor agent of any of claims 27-33 wherein the dose of attenuated Salmonelia

typhimurium is administered orally.
35. The anti-tumor agent of any of claims 27-34 wherein the subject is a mammal.
36. The anti-tumor agent of claim 35 wherein the mammal is a human.

37. The anti-tumor agent of any of claims 27-36 wherein the dose of attenuated Salmonella

typhimurium is from 10° to 10'° colony forming units.

38. The anti-tumor agent of any of claims 27-37 wherein the solid tumor cancer is a

metastatic cancer.

39. The anti-tumor agent of any of claims 27-38 wherein the at least two chemotherapy
agents and/or the attenuated Salmonella typhimurium is administered to the subject every two

to four weeks.

40. A method of treating pancreatic cancer, the method comprising:

administering a combination to a subject in need thereof, the combination comprising at
least two chemotherapy agents and a dose of a composition consisting essentially of
attenuated Salmonella typhimurium containing a plasmid carrying a coding sequence
encoding a truncated human interleukin-2, wherein the truncated human interleukin-2
consists of the amino acid sequence shown in SEQ ID NO: 2, wherein the at least two

chemotherapy agents comprise leucovorin, 5-fluorouracil, irinotecan, and oxaliplatin.
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