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1 | INTRODUCTION

Canine osteosarcoma (OSA) is the most common primary skeletal
tumour in the dog.! Standard-of-care treatment includes local times are

Abstract

Canine osteosarcoma (OSA\) is an aggressive bone tumour in dogs. Standard-of-care
treatment typically results in relatively short survival times; thus, alternative treat-
ments are needed to confer a survival advantage. It has been shown that OSA is an
immunogenic tumour, suggesting that immune modulation may result in superior out-
comes. A cryopreserved, Listeria-based OSA vaccine was recently developed and an
initial study in dogs reported prolonged survival for patients receiving the vaccine in
conjunction with standard-of-care. The goal of the current observational study was
to report on the safety of the lyophilized formulation of this vaccine (the canine OSA
vaccine, live Listeria vector [COV-LLV]) in a group of dogs previously diagnosed with
OSA. Forty-nine (49) dogs received the COV-LLV and were included for analysis.
Adverse events (AEs) noted during and after vaccinations were recorded. The AEs
observed were typically mild and self-limiting, with nausea, lethargy and fever being
most common. Four dogs (8%) cultured positive for Listeria (three infections including
an amputation site abscess, septic stifle joint and bacterial cystitis; and one dog
whose lungs cultured Listeria-positive on necropsy within 24 hours of COV-LLV
administration). These cases join the previously reported Listeria-positive thoracic
abscess that developed in a canine following use of COV-LLV. Although uncommon,
it is important to realize this clinically significant AE is possible in patients treated
with live therapeutic Listeria vaccines. As Listeria is zoonotic, caution is required not
only for the patient receiving the vaccine, but also for the health care workers and

family caring for the patient.
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disease control with an amputation, limb-salvage procedure, or
stereotactic radiation therapy and adjuvant chemotherapy.?
Despite this relatively aggressive treatment approach, survival
limited (median 9-11

months, depending on
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chemotherapy protocol elected).? Thus, alternative treatment
approaches are needed.

Since the 1890s, OSA has been recognized as a highly immuno-
genic tumour, responding positively to a stimulated immune system
following inoculation with “Coley's Toxins” derived from Streptococcus
pyogenes.® In both humans and dogs, it has been observed that
patients with OSA who underwent limb-salvage surgery and devel-
oped an infection of the surgical site were less likely to develop meta-
static disease or die due to their OSA compared to patients without
an infection.*® In dogs, this resulted in a significant improvement in
median survival time (18 versus 7.6 months, respectively).* A second
canine study corroborated these findings: dogs with OSA undergoing
either endoprosthetic limb-salvage therapy or cortical allograft that
developed a post-operative infection had a significantly longer sur-
vival time (22.8 versus 9.6 months).®

Following these observations, many techniques to harness the
immune system have been applied to OSA patients in an attempt to
improve overall survival time, with varying success. These include
injectable Bacillus Calmette-Guérin immunotherapy,” liposomal mur-
amyl tripeptide phosphatidylethanolamine,® interleukin-2 cytokine
therapy,’ Fas ligand gene therapy,° adoptive transfer of T-cells'! and
therapeutic tumour vaccines.*

In an attempt to expressly induce tumour-specific T-cell
responses, a cryopreserved vaccine targeting the dominant immune
epitopes of HER2 was developed (ADXS31-164/ADXS-HER2,
Advaxis, Inc., Princeton, NJ). This therapeutic vaccine was generated
using a highly attenuated, recombinant Listeria monocytogenes plat-
form that also expressed a chimeric human HER2" fusion protein.
Although this vaccine was developed for human use, escalating doses
were safely administered to 18 dogs with naturally occurring HER2*
OSA. Those that received standard-of-care amputation (or limb-spare)
and platinum chemotherapy, followed by the vaccine, had a signifi-
cantly longer survival time (956 days) compared to a historical control
group of patients that received standard-of-care alone (423 days).?

In 2017, a lyophilized formulation of the live Listeria vector vac-
cine (the canine osteosarcoma vaccine, live Listeria vector [COV-LLV]
(Elanco, formerly Aratana Therapeutics, Inc, Greenfield, IN)) was
granted conditional licensure from the United States Department of
Agriculture (USDA), Center for Veterinary Biologics.*® An initial field
safety study was completed in 33 dogs with non-metastatic OSA.
COV-LLV was administered following amputation and chemotherapy.
Transient, mild-to-moderate fever, decreased appetite, nausea,
vomiting and blood pressure alterations were reported in most dogs.
Occasionally, diarrhoea and lethargy were reported to persist for sev-
eral days following administration of COV-LLV. Two severe adverse
events (AEs) were reported.!* Extended safety field studies of COV-
LLV commenced, although these data have not yet been published.
However, one case report published in 2019 details a patient who
developed a Listeria abscess following the use of this therapeutic vac-
cine, implying significant safety concerns.®®

The purpose of this study was to evaluate the safety of COV-LLV
in a population of dogs with OSA who did not qualify for, or who were

not enrolled in, the extended field safety study, compared to the AEs
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reported in the initial field safety study submitted to the USDA for
conditional licensure.*

2 | METHODS

This observational study was completed by collecting case informa-
tion from dogs receiving COV-LLV at sites participating in the safety
trial, but not enrolled in that study. Clinicians willing to participate
were asked to complete an electronic data capture record for each
patient (REDCap 8.1.10, Vanderbilt University, Nashville, TN, 2020).
Data collected included patient age, breed, gender, neuter status,
weight, diagnosis, presenting clinical signs, staging information (blood
work completed; chest radiographs, computed tomography and
abdominal ultrasound findings; if metastasis was present), concurrent
medications (including chemotherapy and other immunological thera-
pies), concurrent treatments (including radiation therapy), why the
vaccine was used (for primary treatment of a gross OSA, metastatic
disease, and so on), number of vaccines administered, AEs noted dur-
ing and after vaccine administration, outcome (if known) and com-
orbidities. Adverse events recorded included nausea, vomiting,
diarrhoea, hyporexia, lethargy, hypersensitivity reactions, systolic
hypertension (defined as >180 mmHg), systolic hypotension (defined
as <80 mmHg), fever (defined as >39.5°C) and other events not
defined by these categories. All AEs were graded using the Veterinary
Cooperative Oncology Group - common terminology criteria for
adverse events (VCOG-CTCAE) following chemotherapy in biological

1.16

antineoplastic therapy in dogs and cats v1. Data were collected

and descriptive statistical analysis was completed.

21 | Cellline validation statement

No cell line was used in this study.

3 | RESULTS

Data were collected on 50 individual patients from 11 participating
sites. Forty-nine (49) patients were included in analysis; one patient
was excluded as a result of an incomplete REDCap record. Median
age of the population was 8 years (range 3-15 years) with a median
weight of 32.3 kg (range 16.2-94.5 kg). Thirty-eight (78%) patients
were diagnosed with an appendicular OSA; 11 (22%) were diagnosed
with an axial OSA (Additional population information available in Sup-
plementary Table 1).

Initial staging of patients prior to vaccine use was under the pur-
view of the attending clinician and varied, but typically included a
complete blood count, chemistry panel and chest radiographs/com-
puted tomography. Five (10%) of 48 patients with initial staging had
evidence of metastatic disease prior to starting therapy for OSA (one
patient was not fully evaluated). Three had evidence of pulmonary

metastatic disease while two had lymph node involvement. Twelve
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(25%) additional dogs developed metastatic disease after initial stag-
ing and prior to starting the OSA vaccine. Eleven of these dogs had

pulmonary involvement while one had lymph node involvement.

3.1 | Previous treatment

Six patients (12%) had no treatment prior to receiving the COV-LLV.
The remaining patients had a variety of treatments including intrave-
nous (IV) chemotherapy (30), amputation (28), metronomic chemo-
therapy (8), bisphosphonates (6), stereotactic radiation therapy (5),
incomplete surgical excision (3) and limb-salvage surgery (1). No prior
immunotherapeutic use was reported. The most common IV chemo-
therapy administered was carboplatin. Additional chemotherapy
included IV doxorubicin, metronomic satraplatin, metronomic cyclo-
phosphamide, metronomic lomustine, toceranib phosphate and

trametinib.

3.2 | Vaccine use

As reported by the participating clinicians, the COV-LLV was used fol-
lowing standard-of-care amputation and chemotherapy (22;
21 received carboplatin, 1 received alternating carboplatin and doxo-
rubicin), for gross primary disease (11), for gross metastatic disease
(5), for both gross primary and metastatic disease (5), concurrently
with standard-of-care amputation and chemotherapy (4) or following
amputation alone (2).

All patients received pre-vaccine medications as recommended
for dogs in the field safety study,'* including 2 hours of IV fluids at
approximately 3 to 5 mL/kg/hr, maropitant (1 mg/kg IV or subcutane-
ously) and diphenhydramine (approximately 2 mg/kg intramuscularly).
Carprofen (approximately 2.2 mg/kg subcutaneously) was used in
43/49 (88%) of patients. Two patients were already on an alternative
non-steroidal, while the remaining four patients did not receive a non-
steroidal for unknown reasons. Additional supportive medications
included ondansetron (0.2 mg/kg V) in 26 (53%) patients. One addi-
tional patient received oral trazodone. Three doses of the vaccine
3 weeks apart were planned for all patients. No patient received a
booster vaccine or more than three vaccinations.

Thirty-three (67%) of dogs received the vaccine alone regardless
of vaccine intent. Seven dogs (14%) received concurrent metronomic
chemotherapy, 3 (6%) concurrent IV chemotherapy, 3 (6%) concurrent
zoledronate, and one each received concurrent palliative radiation
therapy, IV and metronomic chemotherapy, and both metronomic
chemotherapy and zoledronate. These additional treatments were
given because of progressive disease, pain management, owner
wishes, other reasons not specified or a combination of these.

After the three doses of the OSA vaccine, 34 dogs (69%) received
no additional therapy, 12 dogs (24%) received metronomic chemo-
therapy, 1 dog received additional IV chemotherapy and metronomic
chemotherapy, 1 dog continued to receive zoledronate infusions and

1 dog received an amputation following pathologic fracture. These

treatments were given because of progressive disease, pain manage-
ment, owner wishes, other reasons not specified or a combination of

these.

3.3 | AEs and safety

A total of 123 treatments were given to the 49 dogs included in this
study (not all dogs completed all three planned vaccinations). During
administration of the vaccine, there were 74 individual AEs noted;
60% of vaccine administrations were associated with an AE. These
events included nausea, vomiting, diarrhoea, hyporexia, lethargy,
hypertension and fever. No hypersensitivity reactions or episodes of
hypotension were noted. After vaccination, a total of 72 individual
AEs were noted; 59% of vaccine administrations were followed by
AEs (Table 1).

The most common AEs during vaccination infusion were nausea,
followed by lethargy and fever (Table 1). The majority of these AEs
were considered mild (VCOG-CTCAE grade 1) and were self-limiting
or resolved with supportive care (Table 2). Additional AEs noted dur-
ing the vaccine infusion included VCOG-CTCAE grade 1: increased
pain/limping at the primary tumour site (1), tachycardia (1) and
tachypnea (1).

The most common AEs after vaccine administration were leth-
argy, nausea and fever (Table 1). The majority of these AEs were con-
sidered mild (VCOG-CTCAE grade 1) (Table 2). Additional AEs noted
after vaccine infusion included VCOG-CTCAE grade 1: regurgitation,
acute pain at the stifle in a dog with primary rib OSA (aspirates of the
stifle were consistent with a neutrophilic inflammation that was cul-
ture negative), multiple subcutaneous nodules that progressed during
vaccine use (cytology and/or histopathology were not pursued), neu-
tropenia, polydipsia, abdominal discomfort, a self-limiting dry cough, a
moist cough and general discomfort; VCOG-CTCAE grade 2: pro-
longed hyporexia, uncontrollable bleeding of an oral OSA, self-limiting
ataxia and progressive neck pain; VCOG-CTCAE grade 4: paraparesis
and non-weight bearing lameness. Although all of these clinical find-
ings developed after vaccine infusion, it is not known if they were
directly related to COV-LLV administration.

Of note, four patients (8%) developed Listeria-positive infections
or had tissues that cultured positive for Listeria. The first patient was a
13-year-old spayed female Rottweiler mix who developed an abscess
of the OSA amputation site (VCOG-CTCAE grade 3). Twelve days fol-
lowing the first infusion of COV-LLV, the patient started licking the
previous amputation site and discharge was noted by the owner. The
patient was presented for emergency care, where the abscess was
cultured and flushed. The patient was treated successfully with pain
medications and amoxicillin/clavulanic acid; it was elected to stop
additional vaccinations due to this AE. The second patient was an
8.5-year-old spayed female Great Dane that developed left stifle effu-
sion and pain following the first dose of the OSA vaccine (VCOG-
CTCAE grade 3). Culture of the joint effusion was positive for Listeria.
This patient was successfully treated with cephalexin and amoxicillin/

clavulanic acid. The patient's owners and the attending clinician
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TABLE 1 Adverse events during and after administration of the canine OSA vaccine, live Listeria vector

Treatment Total no of patients

number experiencing AEs Nausea  Vomiting
AEs during administration

1(n=49) 30 18 2
2 (n =40) 23 15 3
3(n=234) 21 11 0
Total (n=123) 74 44 5
AEs after administration

1(n=49) 40 11 2
2 (n = 40) 22 7 1
3(n=34) 10 0
Total (h=123) 72 21 8

Abbreviations: AEs, adverse events; OSA, osteosarcoma.

TABLE 2 Grade of adverse events noted during and after administration of the canine osteosarcoma vaccine, live Listeria vector

VCOG-CTCAE grade Nausea Vomiting Diarrhoea
AEs during administration
1 42 5 3
2 1
3 1
4
5
AEs after administration
1 18 2 8
3 1 3

2
3
4
5

Diarrhoea  Hyporexia Lethargy Hypertension Fever Other
2 4 14 5 10 1
1 2 14 4 11 1
1 2 12 3 7 1
4 8 40 12 28 3
9 6 15 4 11 11
2 3 0 8
0 1 4 0
11 10 24 4 21 19
Hyporexia Lethargy Hypertension Fever Other
40 12 16 3
10
2
9 19 4 18 9
4 2 5
1 1 2
2
1

Abbreviations: AEs, adverse events; VCOG-CTCAE, Veterinary Cooperative Oncology Group-common terminology criteria for adverse events.

elected to continue with subsequent vaccinations despite this AE,
and additional severe AEs were not noted for this patient. The third
patient was a 12-year-old spayed female mixed breed dog that
developed clinical signs consistent with a urinary tract infection
31 days following the third OSA vaccine (VCOG-CTCAE grade 2). A
urine culture was completed and was positive for Listeria. This was
successfully treated with amoxicillin. The fourth patient was a
6-year-old castrated male Bernese Mountain Dog that died unex-
pectedly one day following the third vaccine administration
(VCOG-CTCAE grade 5). Necropsy demonstrated marked, multifocal,
pulmonary and pleural fibrosis and moderate focal to diffuse alveo-
lar histiocytosis with mild haemorrhage of both caudal lung lobes,
with multifocal osteosarcoma emboli noted in the right caudal lung
lobe. The lung lobes cultured positive for Listeria. These patients
experienced other AEs, most commonly fever, during COV-LLV
administration, that were considered mild (VCOG-CTCAE grade 1 or
2). Although these patients did not have genomic testing to confirm

the Listeria present was the same strain as the COV-LLV Listeria,

lack of other historical exposure to Listeria renders the COV-LLV
the most likely source of infection.

The vaccine protocol was prematurely discontinued in 15 patients
(30%). In nine patients (18%), the vaccine administration protocol was
discontinued following the first vaccine administration. One patient
developed increased neck pain, one developed paraparesis and one
discontinued treatment as a result of a previously mentioned abscess
formation. Four patients were euthanized due to disease progression.
One of these patients was a previously mentioned patient with
uncontrollable bleeding from an oral OSA; whether this bleeding was
because of disease progression or secondary to vaccine use is unclear.
One patient was lost to follow-up and in the final patient treatment
was discontinued for an unspecified reason.

In six patients (12%) the vaccine administration protocol was dis-
continued following the second vaccination. One patient developed
progressive cutaneous nodules of unknown aetiology (cytology
and/or histopathology were not pursued); whether this was due to

disease progression or the vaccine was not elucidated. Five patients
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experienced progressive disease after the second vaccination; in four
of these it was elected to discontinue treatment and in the final dog
euthanasia was elected because of declining quality of life.

As a result of significant variation in COV-LLV treatment intent,
follow-up evaluation, concurrent therapy and therapy used after vac-
cination, efficacy and impact of COV-LLV on survival time could not

be assessed in this population of patients.

4 | DISCUSSION

The study reported herein aimed to evaluate and report on AEs
observed during and after administration of the novel COV-LLV. Dur-
ing administration, AEs were mild, mostly consisting of VCOG-CTCAE
grade 1 nausea, lethargy and fever. However, following administration
several VCOG-CTCAE grade 3 AEs were observed. In addition, four
dogs (8%) cultured positive for Listeria following administration of
COV-LLV (VCOG-CTCAE other immunologic event grades 2, 3 and 5).
This is the most concerning finding of this study, as the vaccine is sig-
nificantly attenuated and should not cause clinically relevant
infection.121”

OSA is a devastating and aggressive disease in humans and dogs*
and alternative treatment options are necessary to achieve more suc-
cessful long-term outcomes. Harnessing the immune system is an
attractive, plausible way to potentially increase survival times in those
diagnosed with OSA.! Immunologic therapeutic approaches include
the development of vaccinations to either non-specifically activate
the hosts' innate immunity, or specifically stimulate the hosts' immune
system.*®*? Direct stimulation is frequently achieved using a bacterial
vector, such as Lactococcus, Salmonella, Shigella or Listeria.2®

Listeria is a gram-positive bacterium that typically infects epithe-
lial cells of the small intestine. The body forms both a strong innate
response to the intracellular Listeria via CD4" T-lymphocytes, and a
strong adaptive response to future infections by activating CD8"
T-lymphocytes.'? Highly attenuated Listeria, achieved through dele-
tion of one or more virulence genes and fused to a clinically rele-
vant tumour-associated antigen, can be used to establish a
therapeutic tumour vaccine for multiple tumour types. Listeria-based
vaccines have been developed for the treatment of human cervical
cancer, melanoma, breast cancer, prostate cancer and hepatocellular
carcinoma.*’

Mimicking what has been accomplished in human medicine, esca-
lating doses of a human, attenuated, cryopreserved Listeria vaccine
targeting HER2 (ADXS31-164/ADXS-HER2) were given to dogs with
naturally occurring OSA following standard-of-care treatment.}? In
the initial clinical study of 18 patients without pre-existing metastatic
disease, median survival time of those patients receiving the vaccine
in addition to standard-of-care was significantly longer than historical
controls. AEs reported in that group of patients were all transient and
low grade, including fever, vomiting, arrhythmias, tachycardia, hypo-
tension, hypertension, thrombocytopenia and neutrophilia within
24 hours of vaccine administration, and mild elevations in liver alka-
alanine  aminotransferase and

line  phosphatase, aspartate

aminotransferase. Blood cultures were performed on a subset of
patients 24 hours following vaccine infusion, and all were negative.l?
All dogs in that study were pre-treated with an antiemetic

2 similar to the pre-treatment

(ondansetron) and diphenhydramine,*
regimen in the initial field safety study* and the current study. The
AEs reported in the initial field safety study were also transient, low-
grade, and most commonly included fever, gastrointestinal signs and
blood pressure alterations.'*

These temporary, low-grade AEs are similar to what was found
during the current study. Complete blood counts and chemistry pro-
files were not completed immediately after COV-LLV infusion, and
thus evaluation of the previously reported immediate, transient neu-
trophilia and thrombocytopenia could not be completed. However,
blood work on the day of each vaccination did not reveal significant
cell line changes. Similarly, monitoring chemistry panels were not
required during administration of the COV-LLV. For those patients
who had chemistry panels available for review, significant changes
attributable to the vaccine were not present.

A significant difference between the previous studies and the cur-
rent study was the development of Listeria-positive cultures in 8% of
the study population. These patients are in addition to the previously
reported case that developed an intrathoracic Listeria abscess at a
metastatic site following administration of the COV-LLV.*>

Although listeriosis is an infrequently reported AE following ther-
apeutic vaccination, three human cases have been documented fol-
lowing the use of a live Listeria therapeutic vaccine.?1"2% The Listeria
used in the COV-LLV is highly attenuated by deletion of the virulence
factor ActA, preventing the cell-to-cell spread.’” This interrupts the
intracellular lifecycle, but it does not prevent Listeria from being
phagocytosed by antigen presenting cells, or intracellular replication.
In addition, this deletion does not reduce the Listeria's ability to repair
DNA damage or to replicate. It is possible that the Listeria in these
cases was able to spread throughout the body via alternative viru-
lence factors; the exact mechanism by which this might have occurred
is unknown. Of note, one patient in the current study (that with the
Listeria-positive pulmonary parenchyma on necropsy) and the
previously reported thoracic abscess case®® both developed Listeria-
positive cultures at the site of metastatic OSA.2> The role of meta-
static OSA in the successful development of these Listeria-positive
sites is unknown; it is possible that altered immune surveillance at the
metastatic sites will have aided the growth of the Listeria by offering a
protected niche for replication.2*

Three dogs reported within this study developed Listeria-positive
infections. A fourth patient was discovered to have Listeria-positive
pulmonary parenchyma on necropsy. The clinically relevant infections
developed up to 31 days post COV-LLV infusion, indicating that
Listeria-based infections could develop at a significant time interval
following administration, which is potentially one reason why no
infections were reported in the previous study, as blood cultures were
completed within 24 hours of vaccine administration.'? The human
cases were reported within hours, 22 days?! and months?® following
administration, implying that Listeria infections could occur at any time

following vaccine infusion.
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It is possible that additional dogs in this population could have
developed Listeria infections that were clinical and not investigated/
cultured, subclinical or prevented by concomitant use of antibiotics.
One dog was administered amoxicillin/clavulanic acid for unknown
reasons. This is an acceptable treatment for listeriosis and thus could
have masked or prevented an infection. An additional five dogs were
receiving other antibiotics (one dog received cefpodoxime, four met-
ronidazole). Listeria has been shown to be resistant to all

cephalosporins,?®

so in this particular dog a masked infection is
unlikely. The impact of metronidazole use is unknown. In humans, it is
often included in an empiric cocktail of antibiotics for sepsis with an
unknown focus, including listeriosis, but not as a specific recommen-
dation for Listeria treatment.2

The formulation of the COV-LLV described in this study is a
lyophilized form of the cryopreserved Listeria vaccine. Lyophilization
facilitates storage at multiple types of veterinary facilitates. Although
this technique is widely used to effectively distribute vaccines to the
developing world where consistent cold storage may be impossible,?”
the impact of lyophilization on safety and efficacy of Listeria-based
therapeutic vaccines is unknown. An expanded trial evaluating the
anti-metastatic effects of the original, cryopreserved Listeria vaccine

formulation previously reported*?*”

t.28

recently concluded recruit-
ment.“® Thus, at this time it is unclear if the infection rates between
the two formulations are similar, or if lyophilization may potentially
influence the safety of the vaccine.

The patients in this population were not standardized to treat-
ment intent, concomitant treatments or staging, rendering evaluation
of the impact of the COV-LLV on progression free interval or survival
time impossible. In addition, collection of blood work and other diag-
nostics were not required, so additional AEs concerning blood dyscra-
sias or clinically silent infections could have been missed. Despite
these limitations, the current study revealed that during COV-LLV
infusions, AEs are typically mild and low-grade. However, there is a
chance for the development of a clinically relevant Listeria infection, a
severe AE that could potentially be life threatening. This finding also
highlights the necessary precautions that need to be taken by the vet-
erinarians and families of patients being treated with live vector vac-
cines to limit the potential zoonotic spread of disease. Since the
collection of this safety data, the COV-LLV product licence has been
terminated by the company following an assessment of the risks and
benefits provided by the product (personal communication via CMJ
with Elanco, January 2020).
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