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Abstract

We conducted a prospective phase I study to evaluate safety of an orally administered Salmonella encod-
ing IL-2 (SalpIL2) in combination with amputation and adjuvant doxorubicin for canine appendicular
osteosarcoma. Efficacy was assessed as a secondary measure. The first dose of SalpIL2 was administered
to 19 dogs on Day 0; amputation was done after 10 days with chemotherapy following 2 weeks later.
SalpIL2 was administered concurrent with chemotherapy, for a total of five doses of doxorubicin and six
doses of SalpIL2. There were six reportable events prior to chemotherapy, but none appeared due to Sal-
pIL2. Dogs receiving SalpIL2 had significantly longer disease-free interval (DFI) than a comparison group
of dogs treated with doxorubicin alone. Dogs treated using lower doses of SalpIL2 also had longer DFI
than dogs treated using the highest SalpIL2 dose. The data indicate that SalpIL2 is safe and well tolerated,
which supports additional testing to establish the potential for SalpIL2 as a novel form of adjuvant therapy
for dogs with osteosarcoma.
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Introduction

Osteosarcoma is the most common primary bone

tumour of dogs (Bailey et al. 2003). Current standard

of care for the treatment of canine appendicular

osteosarcoma involves removal of the primary

tumour (amputation or limb sparing surgery) fol-

lowed by adjuvant chemotherapy (Berg et al. 1995;

Bell et al. 2015). The median overall survival (OS)

time for dogs treated with surgery and adjuvant

chemotherapy ranges from 235 to 479 days and the

median disease-free interval (DFI) ranges from 135

to 435 days (Greco et al. 2003; Dow et al. 2005;

Coburn et al. 2007; Crull et al. 2011; Ehrhart et al.

2013; Fenger et al. 2014). Despite the use of various

chemotherapy protocols, the prognosis for dogs with

appendicular osteosarcoma remains poor. In order to

improve survival of dogs with osteosarcoma without

increasing morbidity, safe and more effective thera-

pies are needed.

Interleukin-2 (IL-2) is a pleiotropic cytokine

released early during an immune response (Haags-

man et al. 2013). A property that has made IL-2

attractive as the basis for cancer immunotherapy, is

enhancement of the tumoricidal capacity of lym-

phoid cells, specifically T lymphocytes and natural
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killer cells (Helfand et al. 1992). IL-2 has several

potential uses in cancer therapy including: the

augmentation of specific T-cell-mediated anti-

tumour immunity and the activation of non-specific

cytolytic effector cells, termed lymphokine-acti-

vated killer (LAK) cells (Helfand et al. 1994a). Use

of IL-2 has shown success in treatment of meta-

static melanoma and renal cell carcinoma and is

part of the standard of care for these diseases in

human patients (Helfand et al. 1994b). The canine

and human IL-2 proteins are evolutionarily con-

served (87% conservation and 75% identity at the

amino acid sequence), and human IL-2 binds

canine IL-2 receptors and has biological activity in

dogs in vivo (Jia et al. 2007; Krick et al. 2012; Lane

et al. 2012). In dogs, IL-2 has been shown to have

clinical efficacy against soft tissue sarcomas and

osteosarcoma (Mengesha et al. 2006; Liao et al.

2013). However, severe dose-limiting toxicities are

associated with systemic administration of IL-2 to

humans and dogs, including fever, nausea, jaundice,

capillary leak syndrome and death (Lane et al.

2012; Modiano et al. 2012). One approach to main-

tain the efficacy of IL-2-based immunotherapies

while limiting systemic toxicity is to use biologic

vectors that can deliver the cytokine directly to

the local tumour environment (Morrisse et al.

2010).

Salmonella spp. are Gram-negative, intracellular,

facultative anaerobic bacteria that can cause a wide

spectrum of diseases in humans and animals (Patyar

et al. 2010). Following oral administration, Sal-

monella colonize the liver, spleen and lymph nodes

(Phillips et al. 2009). The innate biodistribution

properties and affinity for hypoxic or anaerobic envi-

ronments, such as those found in tumours (Saltzman

et al. 1996; Rosenberg 2014), make these bacteria

suitable delivery vectors for molecules such as IL-2

that can mediate tumour immunotherapy (Schodel

et al. 1994; Saltzman et al. 1997a,b). This is the basis

for the generation of SalpIL2, an avirulent, but

highly immunogenic Salmonella enterica serovar

Typhimurium strain engineered to act as a systemic

delivery vector for IL-2-based tumour immunother-

apy (Schwartz et al. 2002; Phillips et al. 2009;

Morrisse et al. 2010; Selmic et al. 2014).

Oral delivery of Salmonella transfected with a

plasmid construct with a truncated gene for human

IL-2 (Selmic et al. 2014), is associated with lower

adverse events than intravenous dosing in laboratory

animals, and it is a major innovative step in this tech-

nology. In laboratory animals, the maximum toler-

ated dose for the most widely used intravenous

formulation of Salmonella, called VNP20009, is

106 cfu/mouse (Sim & Radvanyi 2014).In contrast,

the oral approach takes advantage of the unique

propensity of Salmonella to track tumour tis-

sues in vivo, while also colonizing liver and spleen

where SalpIL2 induces enhanced immune responses

to tumours with no evidence of severe adverse events

even when used at 108 cfu/mouse, which is two

orders of magnitude higher than the MTD for

VNP20009 (Sorenson et al. 2008a; Skorupski et al.

2016). Intravenous VNP20009 has also been used in

dogs and humans with spontaneous tumours (Soren-

son et al. 2008b, 2010). Objective responses were

seen in six out of 35 dogs treated, including a partial

response in one out of four dogs with osteosarcoma,

but none were observed in 24 human patients with

metastatic melanoma or in one patient with meta-

static renal carcinoma (Sorenson et al. 2008b, 2010).

However, severe, dose-limiting toxicities occurred in

both dogs and humans with spontaneous cancer,

establishing maximal tolerated doses of 3 9 10 7 cfu/kg

for dogs (Sorenson et al. 2008b) and 3 9 108 cfu/m2

in humans (Sorenson et al. 2010).

The safety margin of SalpIL2, combined with its

preference for colonization of cultured osteosarcoma

cells as compared, for example, to hepatocellular car-

cinoma and neuroblastoma cells and its capacity to

reduce the metastatic potential of osteosarcoma in

mouse models (Soto et al. 2003), supported transla-

tion of SalpIL2 to dogs with spontaneous osteosar-

coma (Soto et al. 2004).

For this study, we hypothesized that oral SalpIL2

administered with standard of care (amputation and

adjuvant chemotherapy) would be safe and well tol-

erated in dogs with non-metastatic appendicular

osteosarcoma. We specifically designed and imple-

mented this phase I dose escalation study to evaluate

safety (hypothesis testing), and to assess efficacy as a

secondary measure (hypothesis generating).
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Materials and methods

Participant selection

Client-owned dogs presented to the University of

Minnesota, Veterinary Medical Center (VMC) with

previously untreated osteosarcoma underwent initial

screening followed by procurement of signed owner

informed consent. All enrolled dogs had histologic

confirmation of appendicular osteosarcoma. Inclu-

sion criteria included dogs of any age, weighing

between 20–70 kg, without evidence of gross metas-

tasis on thoracic radiographs, and whose owners

agreed to follow through with standard care that

included amputation of the affected limb plus adju-

vant chemotherapy using doxorubicin. To avoid

potential confounders for our assessment of shedding

into the environment during therapy, a negative fae-

cal culture for Salmonella was also required for eligi-

bility. Dogs were excluded from study participation

if they had evidence of gross metastasis or concur-

rent illness.

Data collected for each dog included signalment,

weight, tumour location, pre- and post-amputation

total serum alkaline phosphatase, chemotherapy tox-

icity, dose reductions, treatment delays, outcome,

rescue therapy, cause of death and necropsy informa-

tion, if available. Tumour location was based on

radiographic reports, and for classification purposes,

tumours were categorized as located in the distal

radius, proximal humerus, distal femur, distal tibia or

other location. All radiographs were taken at the

VMC and were reviewed by a board-certified radiol-

ogist. Total serum alkaline phosphatase activity was

classified as normal or elevated based on the VMC

laboratory reference range. Adverse chemotherapy-

related toxicity was graded using the Veterinary

Cooperative Oncology Group common terminology

criteria for adverse events (VCOG-CTCAE) v 1.0

(Spodnick et al. 1992). Two historical control groups

of dogs from the University of Minnesota VMC were

used for comparison. These dogs were treated

between the years 2003 to 2014 and had appendicular

osteosarcoma that was staged, evaluated, and treated

with five doses of doxorubicin alone (30 mg/m2, i.v.)

or three doses of each carboplatin (300 mg/m2, i.v.)

and doxorubicin on an alternating schedule. We

chose the past 10 years as our comparison group

since numerous chemotherapeutic protocols have

been described during this time period for the adju-

vant treatment of appendicular osteosarcoma but,

despite this, there is no consensus as to the optimal

protocol. All of the study dogs and comparison

groups were staged every month for the first

3 months and then every 3 months thereafter.

Trial design

The clinical protocol was approved by the University

of Minnesota Animal Care and Use Committee (pro-

tocol 1103A96836). This study was conducted as a

prospective, open label, phase I, dose-cohort (3 + 3)

escalation design that investigated the maximally tol-

erated dose (MTD) and dose-limiting toxicity (DLT)

of neoadjuvant + adjuvant SalpIL2 in dogs with

appendicular osteosarcoma treated with the standard

of care (amputation and adjuvant doxorubicin-based

chemotherapy) (Table S1) (Straw et al. 1990). Dogs

enrolled in the study received an oral dose of Sal-

pIL2 on Day 0 with a starting dose of 1 9 105/dog

(cohort 1; Table 1), which was based on laboratory

animal data from one of our laboratories (Saltzman).

A logarithmic dose escalation was carried out in

cohorts of three dogs. Establishment of an MTD

would be based on the number of dogs experiencing

a DLT, defined as grade ≥ 3 for any adverse event

with the exception of haematologic toxicity, where

grade 3 neutropenias or thrombocytopenias that

resolved before the next scheduled doxorubicin

treatment were not deemed to be dose-limiting.

Grade 4 neutropenia or thrombocytopenia was

deemed as DLT. If no DLTs were observed in the

first cohort of dogs, a second cohort of three dogs

was treated at the next higher dose. If a DLT was

observed in one dog, the cohort was expanded by an

additional three dogs. If ≥2 DLTs were noted in any

initial or expanded cohort, no further dose escala-

tions were performed and the MTD was considered

to have been reached or exceeded. There were no

intra-dog escalations.

Day 0 was considered as that day when bone biop-

sies were collected and the first dose of neoadjuvant
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SalpIL2 was administered. On days 3 and 7, follow-

up physical examination, complete blood count,

serum chemistry, urinalysis and faecal culture were

performed. The affected limb was amputated on day

10 after the prescribed delay, and 2 weeks later, dogs

received the first dose of doxorubicin (30 mg/m2,

i.v.). All doses of adjuvant doxorubicin and SalpIL2

were prescribed at 21-day intervals (concurrent

administration) for a total of five doses of doxoru-

bicin and six doses of SalpIL2. Dose adjustments and

treatment delays due to gastrointestinal toxicity or

myelosuppression were allowed at the discretion of

the treating clinician. Routine monitoring for pul-

monary metastasis with thoracic radiographs

occurred during therapy at the time of the third

chemotherapy dose, at the time of the fifth dose of

chemotherapy and every 3 months thereafter. Any

reported lameness or bone pain was further evalu-

ated by radiographs of the affected bone.

SalpIL2

Attenuated Salmonella enterica serovar Typhimurium

strain v4550 has mutations in the adenylate cyclase,

cyclic adenosine monophosphate receptor protein and

aspartate semialdehyde dehydrogenase (asd) genes,

which impair its survival and make the organism much

less virulent than wild-type S. Thyphimurium,

although it retains its immunogenicity (Thamm et al.

2005). The genetically engineered SalpIL2 was con-

structed by inserting the human IL-2 gene into v4550

downstream in an asd-based plasmid. This restores

the capacity of the organism to survive, but then every

surviving Salmonella v 4550 also must synthesize IL-2.

The bacteria used for the clinical study were grown in

Luria broth, and doses of 1 9 105–1 9 109 cfu were

encapsulated into double-cased capsules (CustomRx

Compounding Pharmacy, Minneapolis, MN, USA)

and stored at �86°C. After frozen storage, capsules

thawed and bacterial viability was confirmed by

plating serial dilutions in agar. The yields obtained

from the frozen capsules were equivalent to the

encapsulated doses. The investigational use of

S. Typhimurium therapy was approved by the Univer-

sity of Minnesota Institutional Biosafety Committee

(protocols 1106H00404 and 1306-30688H).

SalpIL2 dosing

All personnel wore protective equipment when orally

administering the SalpIL2. SalpIL2 was given orally

Table 1. Patient demographics

Comparison groups

Characteristics SalpIL2

(n = 19)

Doxorubicin

(n = 16)

Alternating

doxorubicin

and carboplatin

(n = 23)

Age (years)

Mean 7.2 7.5 6.9

Median 7.0 7.0 6.0

Range 3.5–10 2–10.5 3.5–9.0

Body weight (kg)

Mean 43.8 36.9 37.3

Median 38.8 35.5 35.6

Range 27.5–70.0 22.2–70.2 22.3–68.2

Gender

Male intact 0 0 0

Male neutered 12 7 9

Female intact 0 0 0

Female spayed 7 9 14

Breeds

Golden retriever 2 3 7

Labrador retriever 8 5 4

Greyhound 2 0 1

Saint bernard 4 0 0

Irish wolfhound 1 0 0

Siberian husky 1 1 1

German shepherd 1 3 2

Great pyrenees 0 0 1

Mastiff 0 1 2

Rottweiler 0 0 1

Newfoundland 0 1 1

Dalmation 0 0 1

Vizsla 0 0 1

Boxer 0 1 0

Doberman pinscher 0 1 0

Mixed breed 0 0 1

Location of tumour

Proximal humerus 9 4 5

Distal radius 3 5 9

Distal tibia 5 1 3

Distal femur 2 6 6

Total alkaline phosphatase activity

Before amputation

Normal 16 13 17

Elevated 3 3 6

After amputation

Normal 18 15 19

Elevated 1 1 4
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to each dog at 21-day intervals compounded into four

double-cased capsules in a small bolus of food. The

initial cohort started at a dose of 1 9 105 cfu/dog and

five cohorts were included for escalation up to a dose

of 109 cfu/dog, which was approximately equivalent to

a clinically active dose of 107 cfu/kg in mice (Toso

et al. 2002). The last cohort at this dose was then

expanded to include of seven dogs.

Salmonella cultures

Faecal samples were collected weekly until 1 week

after completion of the last concurrent dose of

doxorubicin and SalpIL2 and submitted to Marshfield

Laboratories (Marshfield, WI) for culture to identify

the presence of Salmonella sp. Samples were han-

dled using Marshfield’s preferred method (https://

www.marshfieldlabs.org/sites/ltrm/Vet/Pages/484.aspx).

Enrichment of positive faecal cultures was followed by

genomic DNA extraction and real-time PCR assay to

target Salmonella species-specific DNA segments.

Samples of tumour tissue were minced and then

homogenized in 3 mL of sterile PBS using gentle-

MACS M Tubes (Miltenyi Biotec: Bengisch Gladbach

Germany) with a gentleMACS Tissue Dissociator

(program RNA_01). The homogenate was serially

diluted in sterile PBS, plated on LB agar and incu-

bated for 16–18 h at 37°C for enumeration of colony

forming units (cfu).

Statistical analysis

Kaplan–Meier analysis was used to calculate median

DFI and median OS. DFI was calculated as the

number of days from the date of diagnosis to the

date when metastases were detected. Dogs were cen-

sored in the DFI analysis if they did not have docu-

mented metastases at the time of last follow-up or at

the time of death when it was due to a cause other

than osteosarcoma. OS was defined as the time from

diagnosis to death. Dogs were censored in the OS

analysis, if they were alive at last follow-up, lost to

follow-up or if they died from other causes. The log-

rank test was used to compare DFI and OS between

the study population and each historical control

group.

Cox proportional hazard regression and the Fish-

er’s exact test were used to evaluate associations

between baseline characteristics, including age and

body weight at diagnosis, breed, previously identified

prognostic factors (proximal humeral tumour site

and total serum alkaline phosphatase activity) and

outcome measures. Statistical analyses were per-

formed using RStudio (Integrated development envi-

ronment for R (Version 0.98.1091), Boston, MA)

and a P-value of <0.05 was considered significant for

all analyses.

Results

Demographic characteristics of study

populations

A consort flow diagram with details of enrolment

and study design is shown in Fig. 1. Fifty-eight dogs

were screened for eligibility. Thirty-nine dogs were

excluded due to the presence of metastasis or a

pathologic fracture at diagnosis. The remaining 19

dogs were enrolled between March 2012 and January

2014.

Two separate groups of dogs with non-metastatic

appendicular osteosarcoma treated at the University

of Minnesota VMC between 2003 and 2014 were

used as comparison groups. Comparison group 1

consisted of 16 dogs treated with amputation plus

adjuvant doxorubicin; comparison group 2 consisted

of 23 dogs treated with amputation plus three doses

each of carboplatin and doxorubicin on an alternat-

ing schedule.

The demographic characteristics of the dogs in this

study and in the two comparison groups are

described in Table 1. There were no significant dif-

ferences in the demographic characteristics between

the study dogs and the two comparison groups,

although a greater proportion of dogs had humeral

osteosarcoma in the study group (47%) compared

with the comparison groups (≤ 25%).

Assessment of safety

The study was designed to measure safety as the

principal measure. Six reportable events from study
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participants are summarized in Table 2. These

events were equally distributed among the study

cohorts and none appeared to be due to the SalpIL2

organism.

Faecal Salmonella cultures were used to assess

shedding of SalpIL2. The organism was not cultured

from faeces of any dog during the study period. One

dog was positive for a Salmonella sp, which was

genetically unrelated to that used to generate the

recombinant SalpIL2, and was subsequently deter-

mined to be due to contamination of the dog’s food.

Chemotherapy-related adverse events were ob-

served in 17/19 (89%) study dogs (Table 3). These

were transient, self-limiting and consistent with those

previously reported. No grade 3 or 4 events were

observed. Doxorubicin was reduced to 25 mg/m2 due

to grade 2 neutropenia in four study dogs. There

were no treatment delays required during the dox-

orubicin protocol.

Fig. 1 A consort flow diagram with details of patient enrolment and study design.

Table 2. Reported events by cohort

Dose cohort Reported events

1 9 10^5 None

1 9 10^6 Gastric dilatation and volvulus

1 9 10^7 Staph aureus wound infection

Recurrent urinary tract infections

1 9 10^8 Beta-haemolytic streptococcus wound infection

Urine crystals

1 9 10^9 Enterobacter wound infection

Staphylococcus wound infection

© 2016 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2016), 2, pp. 179–190

S.E. Fritz et al.184



Eighteen of the 19 study dogs showed an increase

in the total white blood cell count at day 10 before

limb amputation Table S3. The total white blood cell

count returned to baseline within 3 weeks, during

which time all dogs also had a limb amputation. Such

an increase in the total white blood cell count was

not consistently observed when SalpIL2 was given

concurrently with doxorubicin for the rest of the

study.

Immediately following amputation, tumours from

five dogs were assayed for the presence of SalpIL2.

No SalpIL2 colonies were observed on agar plate

cultures from any of the tumour tissue homogenates.

Assessment of outcome

Efficacy was a secondary measure based on the

phase I design of this study. DFI and OS from this

study cohort and from the two comparison groups

were used to assess if SalpIL2 altered the outcome

expected with amputation and adjuvant chemother-

apy.

The DFI for the study dogs ranged from 69 days

to more than 880 days with a median of 199 days

(Fig. 2). Three of the 19 dogs did not develop metas-

tases during the study period. The DFI for the three

dogs that had wound infections were 330, 349 and

250 days, which was not different (P = 0.30) from

the study dogs.

Interestingly, the dogs treated using lower doses of

SalpIL2 (cohorts 1–4, combined) had longer DFI

than the dogs treated using the highest SalpIL2 dose

(cohort 5) (P < 0.01). (Fig. S1). The median DFI for

the comparison groups 1 and 2 were 142 days and

211 days, respectively. The DFI for comparison

group 1 was significantly shorter (P = 0.004) than

that of the dogs treated with SalpIL2. The DFI for

comparison group 2 was not a significantly different

(P = 0.189) from that of the dogs treated with Sal-

pIL2. In addition, the dogs treated using lower doses

of SalpIL2 (cohorts 1–4) also had longer median DFI

than the two comparison groups. As noted above,

the total white blood cell count was the only labora-

tory value that was consistently altered (increased)

in the dogs treated with SalpIL2. However, there was

no correlation between the increased white blood

cell counts and the observed DFI.

Table 3. Chemotherapy-related toxicities by grade and cohort

Dose cohort (Dogs)

Adverse event classification Grade 1 9 10^5 (n = 3) 1 9 10^6 (n = 3) 1 9 10^7 (n = 3) 1 9 10^8 (n = 3) 1 9 10^9 (n = 7)

Neutropenia 2 1 1 2

Thrombocytopenia 1 1

2 1

Anaemia 1 1 1 2

Anorexia 2 1 1 1

Diarrhoea 2 1 1 1

Fig. 2 Kaplan–Meier curves plotting disease free interval in dogs

with non-metastatic appendicular osteosarcoma receiving SalpIL2

(solid line), doxorubicin alone (dotted line) or doxorubicin and car-

boplatin (dashed line). Cross marks represents censored dogs. The

disease-free interval (DFI) for dogs treated with doxorubicin alone

was significantly shorter (P = 0.004) than that of the dogs treated

with SalpIL2. The DFI for dogs treated with carboplatin and doxoru-

bicin was not a significantly different (P = 0.189) from that of the

dogs treated with SalpIL2.
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The proportion of dogs that did not develop

metastasis at 360 days in the study group (22%, rang-

ing from 422 days to more than 880 days of follow-

up) was significantly different (P = 0.034) than that

for the two comparison groups (<10%, ranging from

376 days to 426 days of follow-up). The median OS

for the study dogs was 294 days (Fig. 3) and five dogs

(26%) were alive at 360 days. The median OS for

the three dogs that had wound infections was 350,

354 and 288 days. The median OS for comparison

groups 1 and 2 were 259 days and 300 days, respec-

tively. Ten dogs (25%) in the combined comparison

groups were alive at 360 days. The median OS for

the study dogs and the dogs in the comparison

groups considered alone or in combination was not

significantly different.

As was true for DFI, the dogs treated using lower

doses of SalpIL2 (cohorts 1–4, combined) had signifi-

cantly longer OS (P = 0.02) than the dogs in cohort 5

treated using the highest SalpIL2 dose (Fig. S2). By

the end of the study, 13 dogs had died due to disease

progression (metastasis) that precipitated euthanasia

and one dog was killed without disease progression

due to doxorubicin cardiotoxicity. Metastatic

osteosarcoma was confirmed in each of the nine

study dogs for which a necropsy was performed.

Discussion

The use of both Salmonella and IL-2 in cancer has

been limited by systemic toxicity (Sorenson et al.

2010; Modiano et al. 2012). Here, we report the

results of a prospective, open label, phase I dose-

cohort escalation clinical study evaluating safety of

orally administered, genetically engineered S. Typhi-

murium in combination with amputation and adju-

vant doxorubicin in dogs with non-metastatic

appendicular osteosarcoma. The data show that Sal-

pIL2 was safe and well tolerated. We did not observe

any toxicity that could be unambiguously attributed

to SalpIL2. Furthermore, we detected a preliminary

efficacy signal, which supports additional testing to

establish the potential for SalpIL2 as a novel form

of adjuvant therapy for dogs with appendicular

osteosarcoma.

This therapeutic platform includes several

novel aspects. First, after oral administra-

tion, S. Typhimurium has been shown to invade the

intestinal epithelium, colonize in Peyer’s patches and

enter the lymphatics and bloodstream in humans and

mice by infecting macrophage and dendritic cells

(Vaupel 2004). Microscopic histopathological analy-

sis of SalpIL2-treated experimental animals revealed

that the intestine, liver and spleen underwent the

most changes of all tissues (Morrisse et al. 2010). In

addition, oral SalpIL2 administration resulted in spo-

radic increases in inflammatory cells determined by a

complete blood count (Morrisse et al. 2010). Second,

attenuated S. Typhimurium strains have a propen-

sity to colonize tumours (Veterinary cooperative

oncology group, 2004). In vitro experiments have

demonstrated the ability of SalpIL2 to invade and

divide favourably within osteosarcoma cells when

compared to primary murine hepatocytes (Soto et al.

2004). Thus, SalpIL2 may be able to persist for long

periods in malignant tissues providing prolonged

antigen presentation and enhanced immune response

in tumours. In previous experiments, female Balb/c

mice were administered murine osteosarcoma cells

by tail vein injection (Selmic et al. 2014). Three days

Fig. 3 Kaplan–Meier curves plotting overall survival (OS) in dogs

with non-metastatic appendicular osteosarcoma receiving SalpIL2

(solid line), doxorubicin alone (dotted line) or doxorubicin and car-

boplatin (dashed line). Cross marks represents censored dogs. The

median OS for the SalpIL2 dogs and the dogs treated with doxoru-

bicin or doxorubicin and carboplatin considered alone or in combina-

tion were not significantly different.
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later, the mice were orally gavaged with SalpIL2 and

killed on day 21 for tumour enumeration, volume

and assessment of lymphocyte populations. SalpIL2

reduced the overall volume and mean number of

metastatic nodules with respect to saline controls.

Histological analysis of the metastatic tissues in mice

treated with SalpIL2 showed an increased invasion

of mononuclear cells into the tissue. Furthermore,

splenic NK cell populations increased in SalpIL2-

treated mice compared to the saline controls. Third,

intravenous administration of Salmonella sp has

been associated with severe and life-threatening

adverse events in humans and dogs, including

thrombocytopenia, anaemia, persistent bacteraemia,

hyperbilirubinemia, diarrhoea, vomiting, nausea, ele-

vated alkaline phosphatase, hypophosphatemia and

treatment-related death in one dog (Sorenson et al.

2008b, 2010). An inherent safety concern is apparent

with intravenous administration of bacterial-based

cancer therapies to dogs with cancer, as evidenced by

the observation that a trial using Clostridium-novyi

spores was discontinued due to dose-limiting toxici-

ties (Watson & Holden 2010). In contrast, adminis-

tration of attenuated SalpIL2 by the oral route

avoids these adverse effects (Schwartz et al. 2002;

Soto et al. 2003; Phillips et al. 2009; Morrisse et al.

2010).

Our study was primarily designed to measure the

safety of oral SalpIL2 in a realistic clinical setting.

Oral administration of SalpIL2 did not create detect-

able systemic toxicity. None of the six reportable

events in the study dogs were obviously attributable

to the SalpIL2; therefore, we conclude this therapy

was well tolerated. Also, the absence of dose-limiting

toxicity allowed us to expand the last study cohort to

include four additional dogs. SalpIL2 was not cul-

tured from faeces of any dog during the study period.

This could be due to efficient small intestinal absorp-

tion of SalpIL2 or the biological mass of SalpIL2, rel-

ative to normal flora, was under the threshold of

detection using routine anaerobic cultures. We can-

not completely exclude the possibility that SalpIL2

failed to survive passage through the gastrointestinal

system, but we favour one of the first two alterna-

tives. The data suggest that SalpIL2 was biologically

active as determined by the presence of an increased

in the total white blood cell (lymphocytosis and

monocytosis) count at day 10 in 18/19 study dogs.

The total white blood cell count returned to baseline

within 3 weeks in each of these dogs. The presence

of an inflammatory leukogram supports a biologi-

cally response to the SalpIL2, but we cannot prove

successful colonization. These observations are con-

sistent with previous data in mice, where oral Sal-

pIL2-induced peripheral inflammatory responses in

mice as determined by splenic lymphocytosis (ele-

vated numbers of cytotoxic T cells and NK cells) that

returned to normal within 4 weeks after administra-

tion (Selmic et al. 2014). No prolonged alterations in

the peripheral leukogram were observed in the study

dogs. However, this could be attributable to the con-

current administration of SalpIL2 with chemother-

apy, so the peak leukocytosis associated with

SalpIL2 might have coincided with the leukopoenic

nadir induced by chemotherapy, resulting in attenu-

ated peripheral inflammation.

Efficacy was a secondary measure in this study.

Limitations of this study were those inherent to using

retrospective, historical comparison groups. The

increased DFI observed in the study dogs vs. com-

parison group 1 that received the same chemother-

apy protocol suggests that a further investigation of

efficacy of SalpIL2 is warranted. Interestingly, com-

parison group 1, which was treated with doxorubicin

alone, had the shortest DFI and did worse than what

has been previously reported. Comparison group 2,

which was treated with alternating doxorubicin and

carboplatin, showed prolonged DFI vs. dogs treated

with doxorubicin alone. A benefit of this combina-

tion has not been reproducibly reported by other

groups (Whittington & Faulds 1993; Coburn et al.

2007; Fenger et al. 2014). The DFI in the study group

was comparable to that of comparison group 2.

The median OS for the study dogs was not signifi-

cantly different than that observed in the two com-

parison groups, and this was not due to the variable

use of rescue therapies. Interestingly, study dogs

treated using lower doses of SalpIL2 had longer OS

than the dogs treated using the highest dose of Sal-

pIL2. We are unclear why our study dogs treated at

lower doses had longer DFI and OS, but the biologi-

cally active dose in biological therapies is often not
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the same as the therapeutic dose. This is counterintu-

itive because low doses of IL-2 might provide greater

stimulation for regulatory T cells (Tregs), whereas

higher doses should lead to activation of effector

cells and eosinophilia (Krick et al. 2012; Bell et al.

2015). This phase I trial successfully showed that Sal-

pIL2 was safe, and the potential efficacy signal allows

us to generate testable hypotheses to design future

studies, using one of the first four doses of SalpIL2.

The lack of Salmonella growth from the tumours

after amputation suggests that any possible advan-

tage of the SalpIL2 group must have been secondary

to a systemic immunologic effect rather than direct

tumour targeting that Salmonella is supposed to

engender. Therefore, we are working to identify

methods of conditioning tumours to be more read-

ily colonized by administered bacteria (Drees,

et al., ”Vasculature Disruption Enhances Bacterial

Targeting of Autochthonous Tumors,” manuscript

submitted). Assessment of a primary outcome mea-

sure assessing infection (e.g. culture of SalpIL-2)

from amputated tissue or tissue IL-2 assays would be

a valuable outcome measure in similar studies con-

ducted in the future.

Currently, there is no consensus among veterinari-

ans as to the optimal chemotherapy protocol for dogs

with appendicular osteosarcoma (Dow et al. 2005;

Coburn et al. 2007; Crull et al. 2011; Ehrhart et al.

2013; Fenger et al. 2014). Our data indicate that Sal-

pIL2 in combination with amputation and adjuvant

doxorubicin is safe and well tolerated, and it might

provide clinical benefit for dogs with non-metastatic

appendicular osteosarcoma.
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ted using the highest SalpIL2 dose (cohort 5).

Fig S2. Dot plot diagram of the overall survival for
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the highest (cohort 5) SalpIL2 dose.
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