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Canine high-grade mast cell tumours (HGMCT) are associated with a poor prognosis,

are inherently more invasive, and have higher rates of local recurrence. The primary aim

of this retrospective study was to assess the efficacy of intratumoural tigilanol tiglate (TT)

as a local treatment option. Eighteen dogs with mast cell tumours (MCT) cytologically

diagnosed by veterinary pathologists as either high-grade or suspected high-grade MCT

were treated with TT. The TT dose was based on tumour volume (0.5mg TT/cm3 tumour

volume) and delivered intratumourally using a Luer lock syringe and a fanning technique

to maximise distribution throughout the tumour mass. Efficacy was assessed on the

presence/absence of a complete response (CR) to therapy at days 28 and 84 using

response evaluation criteria in solid tumours (RECIST). For dogs not achieving a CR

after 28 days, the protocol was repeated with a second intratumoural TT injection.

Ten out of 18 dogs (56%) in this study achieved and maintained a CR to at least

84 days after their first or second treatment. Six patients were alive and available for

evaluation at 2 years, three of those were recurrence free, and a further three patients

were recurrence free following a second treatment cycle. Tigilanol tiglate shows efficacy

for local treatment of HGMCT, with higher efficacy noted with a second injection if a CR

was not achieved following the first treatment. In the event of treatment site recurrence

(TSR), the tumour may be controlled with additional treatment cycles. Tigilanol tiglate

provides an alternative local treatment approach to dogs with HGMCT that would either

pose an unacceptable anaesthetic risk or the tumour location provides a challenge when

attempting surgical excision.

Keywords: high-grade,mast cell tumour,mast cell tumor, tigilanol tiglate, intratumoural, intratumoral, canine (dog),

cytological grading

INTRODUCTION

Mast cell tumours (MCT) are a common canine skin cancer accounting for up to 21% of all
skin tumours (1–4). Common treatment options include surgery, radiation, and chemotherapy
used alone or in combination based on tumour location, size, and prognostic factors including
tumour grade and markers of cellular proliferation (1, 3–8). Using a 2-tier system, high-grade

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2021.675804
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2021.675804&domain=pdf&date_stamp=2021-08-27
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:graham.brown@qbiotics.com
https://doi.org/10.3389/fvets.2021.675804
https://www.frontiersin.org/articles/10.3389/fvets.2021.675804/full


Brown et al. Intratumoural Treatment With Tigilanol Tiglate

mast cell tumours (HGMCT), are reported in the literature to
make up between 11 and 35% of diagnosedMCT (2, 9–11). High-
grade mast cell tumours have a comparatively poor prognosis
because of higher rates of local recurrence, regardless of resection
with histologically tumour free margins, and a high propensity
for metastasis to distant sites (2, 12). For most HGMCT patients,
the recommended mainstay of treatment is complete surgical
resection of the lesion combinedwith chemotherapy as a systemic
adjunct or alternatively, prophylactic irradiation of local lymph
nodes (2, 13–15). Where local control has been inadequate,
radiation therapy may be used alone or in combination with
chemotherapy for improved outcomes (1, 5, 6, 8, 12–14, 16–20).
Lesion proximity to critical structures, patient co-morbidities,
anaesthetic risk, and financial constraints are factors that may
limit the application of these treatment modalities in some
clinical situations (1, 4, 8, 21). In these situations, intratumoural
therapy (which achieves high local drug concentrations
of potent chemotherapeutics while minimising systemic
toxicity) may provide a viable treatment option where surgical
intervention alone is unlikely to be curative without additional
therapy (22, 23).

Tigilanol tiglate (TT) is a novel small molecule approved
by the European Medicines Agency (EMA), Swissmedic
and United Kingdom Veterinary Medicines Directorate in
January 2020, United States Food and Drug Administration
(USFDA) in November 2020, and Australian Pesticides and
Veterinary Medicines Authority (APVMA) in July 2021
as a local intratumoural treatment for canine MCTs (24–
26). The approved indication varies between countries. All
approved labels are indicated, regardless of grade, for the
intratumoural treatment of non-metastatic cutaneous MCT
anywhere on the body and non-metastatic subcutaneous
MCT at or below the elbow or hock. However, the EMA
confines treatment to “non-resectable” tumours where the
USFDA and APVMA does not restrict use to non-resectable.
Finally, the USFDA and APVMA labels are less restrictive
with regard to maximum treatment tumour volumes ≤10 cm3

and maximum dose based on body weight of <0.25mg/kg
(24, 25). Intratumoural TT elicits a rapid but localised
inflammatory response, recruitment of immune cells, loss
of tumour vasculature integrity, and induction of tumour cell
death by oncosis (27).

In a multicentre, investigator- and owner-blinded study 120
dogs in the US were randomised into a treatment group (80
patients) and a control group (40 patients). Eligible MCT were
not ulcerated or a recurrence from a previous surgical excision.
Mast cell tumours were required to have a volume <10 cm3 and
a minimum diameter >1 cm (≥1 cm diameter was required to
use RECIST 1.1) (28). In addition, the calculated dose rate was
required to be<0.25mg TT/kg body weight. Seventy-five percent
(60 out of 80) of dogs that received a single intratumoural TT
treatment maintained a complete response (CR) in the target
tumour to Day 84. A second intratumoural TT treatment for
dogs that did not achieve a CR by Day 28 increased the CR
rate to 88% (29). Longer term response durability was assessed
for that study and at 12 months, 89% (57 out of 64) of patients
that had a CR at Day 28 following a single treatment and were

available for evaluation were still recurrence free at the treatment
site (30).

This field study was designed as a safety and efficacy trial for
the drug and pet owners were offered standard of care options
for treatment before enrolment. Complete clinical staging was
determined by the investigators with patients staged as Ia or
IIIa (World Health Organisation staging criteria) at the time
of screening based on absence of systemic signs of MCT
metastasis using a combination of history, physical examination,
systemic health assessment, and the absence of palpably enlarged
locoregional lymph nodes (31). If enlarged lymph nodes were
detected, a fine needle aspirate of the node was used to assess
for potential metastasis. Finally, grading of the target MCT
was determined via the Scarpa system of cytological grading
(32). Dogs with all cytological grades of MCT were eligible
for recruitment. The majority diagnosed were low grade MCT,
with only nine diagnosed as HGMCT or suspect HGMCT, a
prevalence broadly consistent with HGMCT occurrence in the
general patient population (2).

While first-line standard of care for local MCT treatment is
surgery and if clean margins are not possible, the addition
of radiation therapy, chemotherapy, or both are often
recommended for best outcomes (4, 14, 16, 20, 33). These
adjunctive therapies would also be recommended for those
patients presenting with high grade tumours or poor prognostic
factors (4, 7, 11). It must be observed that although referral
for these treatments may be offered, many owners may choose
to not pursue such therapy for several reasons including cost,
required time commitment, the need to regularly travel to a
geographically distant specialist centre, or their pet’s prognosis.
For these situations an opportunity exists for an efficacious
alternative to surgery that may provide local palliation of the
tumour or longer durability of local tumour control (30).

The primary aim of this retrospective cohort study was to
assess the efficacy of TT as a local treatment for cytologically
graded canine HGMCT or suspected HGMCT and the long-term
durability of that response.

METHODS

Study records from the US field study and from Australian
studies were scanned for patients diagnosed with single
cytologically confirmed HGMCT or suspected HGMCT treated
with TT (1 mg/mL in buffered 40% propylene glycol) between
2013 and 2019 (29). Eighteen dogs, nine from Australian
studies and nine from the US study, were included. Patients
in the US trial had tumours graded using the Scarpa system
(IDEXX Laboratories) and Australia enrolled patient tumours
were graded using the Camus method (Independent Veterinary
Pathology) (2, 29, 32). All patient owners were offered and
declined referral or alternative therapies, including further
staging after obtaining a HGMCT grading on fine needle aspirate
cytology. All enrolled patients followed a mandated concomitant
medication regimen before and after TT administration (Table 1)
to reduce the potential for degranulation reactions (1, 6, 29).
On the day of treatment, the target tumour was measured
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TABLE 1 | Dosing schedule for concomitant medications to minimise risk of degranulation reactions with Day 0 the day of treatment.

Day −2 Day −1 Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m.

CS-I X X X X X X X X X X X X X X X X X

H‡
1 X X X X X X X X X X X X X X X X

H∧

2 X X X X X X X X X X X X X X X X

-ICorticosteroid: prednisolone/ prednisone 0.5 mg/kg PO bid.
‡H1 blocker: diphenhydramine 2 mg/kg PO bid [in Australian studies the H1 blocker used was chlorpheniramine (0.25–0.5 mg/kg)].
∧H2 blocker: famotidine 0.5 mg/kg PO bid.

with calipers, and tumour volume calculated using the modified
ellipsoid method: tumour volume = 0.5 × length (cm) ×

width (cm) × depth (cm) (29, 34–36). The TT dose was based
on tumour volume (0.5mg TT/cm3 tumour volume) and
delivered intratumourally using a Luer lock syringe and a fanning
technique to maximise distribution throughout the tumour mass
(22, 29). Patients were restrained by hand during the procedure,
sedation was permitted if considered necessary by the treating
veterinarian, and personal protective equipment worn during
administration of the TT dose (24, 29).

Although this evaluation is retrospective in nature, these
patients were assessed at regular intervals as part of larger
cohort studies on Day 1, 7, 14, 28, and 84 for treatment
response assessment and adverse event recording (37). Efficacy
was assessed for each treated tumour at days 28 and 84 using
response evaluation criteria in solid tumours (RECIST 1.1)
and adverse events classified using the veterinary cooperative
oncology group—common terminology criteria for adverse
events (28, 37). For this study, responses were classified as either
a CR or grouped as a not complete response (not-CR) if the
patient response was classified as a partial response, progressive
disease or stable disease. For dogs classified as not-CR after 28
days, the protocol was repeated with a second intratumoural TT
injection. After the Day 84 treatment response assessment, long-
term follow-ups were conducted at 6, 12, 18, and 24 months to
assess presence or absence of a treatment site recurrence (TSR)
with local recurrence defined as development of a cytologically
confirmed MCT at or within 2 cm of the original TT treatment
site (38–40). In the event of a TSR, patients involved in the
Australian studies were reassessed, and if eligibility criteria were
met, a repeat treatment cycle was administered. US patients
could receive a single retreatment if on Day 28 a CR had
not been achieved. If a patient in the US study was in the
control group or diagnosed after Day 28 as not-CR, or with a
TSR, they were ineligible for further treatment as part of that
study (29).

RESULTS

Patient demographics of the 18 dogs included in this study
are summarised in Table 2. Larger breed or mixed breed dogs
were over-represented with Staffordshire Bull Terriers making up

TABLE 2 | Summary of patient characteristics.

Median age in years on Day 0 (range) 8.5 (2–15)

Number of patients of each sex

Female neutered (%) 9 (50)

Male neutered (%) 9 (50)

Breed

Staffordshire bull terrier (%) 5 (28)

Median weight, kg (range) 18.7 (9.0–43.7)

Number of patients 9 ≤ 18 kg (%) 7 (39)

Number of patients >18 kg (%) 11 (61)

over a quarter of the group and no other breed had more than
one individual.

On Day 28, a CR was recorded in 44 % (8 out of 18) of
patients after a single TT injection. Eight patients that did not
achieve a CR with the first injection received a second injection.
On Day 28, a CR was recorded in 67 % (12 out of 18) of
patients after one or two injections. Eighty-three percent (10 out
of 12) of patients maintained a CR to Day 84 (Figure 1: primary
treatment phase). Eight patients were not-CR at Day 84 and of
those, seven developed progressive disease and four subsequently
died as a direct result within four months of treatment. Of the
patients that died, two were classified as suspected HGMCT
and two confirmed HGMCT. The remaining patient (US study)
was recorded as a CR at Day 28 and not-CR at Day 84. This
was likely a partial response on Day 28 and would have been a
candidate for retreatment later but was ineligible because of the
study design.

The median HGMCT volume on Day 0 (first treatment) was
1.1 cm3 (range 0.2, 10.4) and suspected HGMCT volume was 2.6
cm3 (range 0.3, 3.8). The corresponding number and percentage
of CRs for each tumour location, volume, and tissue layer is
summarised in Table 3. Seventy percent (7 out of 10) of smaller
volume (≤2 cm3) confirmed or suspected HGMCT had a CR.
Thirty-eight percent (3 out of 8) of larger volume (>2 cm3) had a
CR, and all three were classified as suspected HGMCT.

Of the 18 patients in this cohort, five patients recorded 15
adverse events that were graded 3 or 4 (37). One patient had a
degranulation reaction, as a result of not receiving concomitant
medications and two patients experienced significant pain
requiring additional analgesia. Lameness was an expected adverse
event, but two experienced a higher severity during this study.
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FIGURE 1 | A patient response flowchart illustrating the Primary Treatment Phase response 84 days after Day 0 for 1, or 114 days for 2 tigilanol tiglate injections, and

the Durability Monitoring Phase.

A further patient developed a large tissue deficit (1 of the 2 two
largest in theUS pivotal study) that healed fully but was 1 of 3 (out
of 117 patients) that took longer than 84 days to heal (29, 41).

For the 10 dogs that maintained a CR to 84 days after their
last TT treatment, durability of the target tumour response was
followed (Figure 1: durability monitoring phase, Table 4). At 1-
year post-treatment 70% (7 out of 10) of patients that had a
CR, maintained that response and were recurrence free. At 2
years post-treatment, 60% (6 out of 10) of patients were alive,

50% (3 out of 6) of those had remained recurrence free at
the treatment site. The remaining three patients, enrolled in
Australian studies, received a second treatment cycle and had at
least a further 18 months recurrence free. Of the five patients
that developed a TSR, two did within 6 months and both were
US study participants not eligible for a second treatment cycle
as part of the US study design. In addition, two of the TSRs
were from cases that had been classified as suspected HGMCT
(Table 4).

Frontiers in Veterinary Science | www.frontiersin.org 4 August 2021 | Volume 8 | Article 675804

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Brown et al. Intratumoural Treatment With Tigilanol Tiglate

TABLE 3 | Summary of cytological grade classification with number of patients and complete responses for each tumour location, volume, and tissue layer 84 days after

1, or 114 days for 2 TT treatments.

Cytological grade classification

Confirmed high Suspected high*

No. of cases

(% of total)

No. of CRs

(% of group)

No. of cases

(% of total)

No of CRs

(% of group)

Tumour location

Trunk (%) 4 (22) 2 (50) 2 (11) 1 (50)

Limb (%) 4 (22) 2 (50) 3 (17) 2 (67)

Genital/Perianal (%) 2 (11) 1 (50) 1 (6) 1 (100)

Head (%) 1 (6) 1 (0) 1 (6) 1 (100)

Tumour volume on Day 0 (cm3)

≤2 (%) 7 (39) 5 (71) 3 (17) 2 (67)

2-10.4 (%) 4 (22) 0 (0) 4 (22) 3 (75)

Tissue layer-I

Cutaneous (%) 9 (50) 3 (33) 5 (28) 5 (100)

Subcutaneous (%) 2 (11) 2 (100) 2 (11) 0 (0)

Total number (%) 11 (61) 5 (45) 7 (39) 5 (71)

*Inclusive of 1 sample classified likely and 1 sample classified as possible.
-ITissue layer was visually assessed and not confirmed by surgical biopsy.

TABLE 4 | Long-term treatment durability responses after high-grade and

suspected HGMCT patients recorded a complete response 84 days after 1 or 2

TT treatments.

Durability

classification

Cytological grade

Total

Confirmed

high-grade

Suspected

high-grade

1 year 4 3 7

2 years 1 2 3

TSR 3 2 5

Over 2 years with

>1 treatment cycle
2 1 3

DISCUSSION

The aim of this retrospective cohort study was to assess the
efficacy and long-term durability of TT as a local treatment for
canine HGMCT. This study found that 56% (10 out of 18) of
patients had a complete treatment response, after one or two
TT injections and maintained that response beyond 84 days.
Forty percent (4 out of 10) of patients achieving a CR required
2 injections in the primary treatment phase. The Day 28 response
rate to the first injection (8 out of 18, 44%) was comparable to
the second injection (4 out of 8, 50%). Likewise, the utilisation
of repeat treatment cycles to prolong response durability in the
event of a TSR was used to beneficial effect. At 2 years, three out
of six patients that were alive and available for evaluation had
required a second treatment cycle and all had a further tumour
free interval >18 months.

High-grade mast cell tumours have a more aggressive
biological behaviour that warrants an appropriate treatment

approach and guarded expectations of patient prognosis.
Metastatic rates for HGMCT or undifferentiated tumours are
reported to be over 50% with most dogs dying within a year
of diagnosis (11, 42). Numerous clinical reports have shown
improved survival with multimodality treatment including
surgery or radiation therapy for locoregional control and
chemotherapy (12–14, 16, 17, 19). Studies have also suggested
that locoregional control may be more important regarding
improving progression free survival times in dogs with HGMCT
(14, 16, 19). These studies have demonstrated survival times
ranging between 1 and 2 years with locoregional surgery
or irradiation. It is not surprising that the patients in this
current study that did not respond to TT treatment developed
progressive disease and 4 died from complications related to their
MCT disease within 4 months. This is consistent with median
survival times of HGMCT patients reported in other studies (11).

Our study demonstrated a potential relationship between
response rate and tumour volume. The smaller volume (≤2 cm3)
HGMCT had a response rate comparable to other studies, but the
larger volume (>2 cm3) had a poorer response rate (29). Tumour
volume has been confirmed as a prognostic factor for HGMCT in
other studies (14, 16). This relationship has not been found with
TT treatment across much larger sample sizes when treating low
grade MCT (29, 41). Owing to the small retrospective cohort size
there were too few larger volume HGMCT cases for significant
comparison and the post-hoc nature of any statistical analysis
regarding efficacy of subgroups would be inaccurate (43).

The creation of a tissue deficit appropriate to tumour volume
is an indicator of efficacy (29, 41). In the event of a perceived
incomplete tumour response the treatment interval should not
be <28 days and any tissue deficit should be allowed to heal
before retreatment. In most cases, this allows for the true extent
of any residual tumour to be assessed, confirmed, measured, and
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treated. This study showed a benefit to repeat doses of TT with an
increase in CR rate from 44 to 56% with two injections with local
tumour control leading to improved survival. A new treatment
cycle should be considered for any subsequent TSR. In Australian
studies there has been no detection of reduced efficacy related to
the number of treatment cycles on a location or the subsequent
use on de novo tumours arising at a distant location. There is
a low likelihood of the development of resistance to TT given
the host’s immune response plays a role in TT mode of action
and may improve patient survival (27, 44, 45). The beneficial
effect of the combination of TT for local tumour control with
adjunctive systemic chemotherapy protocols or tyrosine kinase
therapy is unknown and prospective studies are necessary to
provide the answer.

The population characteristics of this small cohort of patients
were consistent with other larger studies. The median age was
8.5 years, all the patients had been neutered and there was an
even distribution of gender. There was an overrepresentation of
medium to large dogs with Staffordshire Bull Terriers featuring
prominently (46–49). The number of patients in this study
was limited by its retrospective nature, and the small sample
size was too low for any definitive statistical analysis. The US
clinical study evaluated the efficacy of a single intratumoural
dose of TT compared to a control, and strategies to improve
the treatment efficacy of HGMCT was beyond the scope of that
study. We recognize the repeat treatment of selected US study
participants may have improved overall treatment efficacy or
enabled prolonged durability in four out of nine US patients.

There are several weaknesses with this study, with regard to
its retrospective nature, including the small cohort of patients,
the use of cytologic grading and inconsistent staging. Histologic
grading criteria is perhaps the most often used prognostic factor
to predict MCT biological behaviour and a patient’s prognostic
outcome. As with any single diagnostic test, Patniak (1984) and
Kiupel (2011) methods of grading have limitations regarding
interobserver agreement and clinical outcomes (50). These
methods also require incisional tissue biopsy or excision of the
tumour for grading assessment. Although more comprehensive
validation of cytological grading is required, this method is better
suited to an intratumoural approach. A tissue biopsy results in
damage to the surface integrity of a tumour and is likely to result
in drug leakage at a biopsy site. Cytological evaluation has the
added benefits of being less invasive, less expensive, and not
requiring anaesthesia for sample collection.

Fine needle aspirate samples were taken from all the MCT
in this study and graded using either the Scarpa (US study) or
Camus (Australian studies) cytological 2-tier system (2, 32). The
Camus (2016) 2-tier cytological system has 88% sensitivity and
94% specificity when compared to Kiupel, but with a positive
predictive value of 68% there is a tendency to overestimate the
number of HGMCT. False positives (up to 32% of HGMCT
cases) which in turn may increase the overall reported survival
times (2, 3, 11). Whilst a cytological 2-tier (high or low)
grading system was followed, 39% (7 out of 18) of samples were
classified as suspected high-grade with four out of the seven
from Australian studies. These patients were included in this
study and the distinction of those classified as confirmed and

suspected HGMCT is clearly reported in the Results section
(Tables 3, 4). The CR rate of confirmed HGMCT was 45% (5 out
of 11) compared to 71% (5 out of 7) in suspected HGMCT. In
addition, four MCT in this study were classified as subcutaneous
HGMCT by investigators based on palpation. These were not
confirmed as subcutaneous by biopsy as is standard for accurate
differentiation (42). Efforts have been made to utilize grading
schemes for subcutaneous MCT and not surprisingly, there
continues to be controversy in its accuracy and use for the
subcutaneous variants. A recent study evaluated the pathology
of subcutaneous MCT to predict prognosis. Similar to the Camus
and Scarpa cytological grading systems, this study found mitotic
index and presence of multinucleation linked to poorer prognosis
(11, 32, 42). In addition, repeat testing of samples classified as
suspected HGMCT may have clarified the cytologic grade and
reduced ambiguity when assessing the results of this study.

Routine diagnostic staging was often not completed as the
pet owners had elected no further treatment, assuming a poor
prognosis. Despite the lack of consistent staging, several of
these patients remained tumour free and exhibited long survival
times and inconsistencies of this nature have been described
in other retrospective studies (39). A more recent evaluation
of patients with HGMCT with clinical stage 1 disease treated
with combination therapy reported a median survival time of
1,046 days with 1 and 2-year survival rates of 79.3 and 72.9%
(39). In retrospect, under-staging patients with the assumption
of no metastasis would decrease survival times due to potential
recruitment of patients with higher stages of disease at the time
of diagnosis (39).

Tigilanol tiglate was chosen as a method of local tumour
control in this subgroup with the intent to improve patient
quality of life or prevent its decline due to local tumour
progression. As a result, adverse events were experienced that
were consistent and expected, in line with TT’s mode of action.
At first glance, the creation of a wound secondary to tumour
necrosis may seem counterintuitive toward improved quality
of life, however within 2 weeks of TT treatment there were
no reports of deterioration by the owners or the investigating
veterinarians. Owners of dogs receiving TT considered their dog’s
health to have improved compared to owners of control dogs
that had not at that point received treatment since the initial
diagnosis (29).

This cohort of HGMCT cases highlights that TT has efficacy
as a local treatment for this grade of tumour but suggests that it is
more efficacious for smaller volume (≤2 cm3) tumours. Larger
diameter HGMCT have been found to have reduced median
survival times in other studies (14, 16, 39). This is not the case
for low grade MCT, where lesions up to 10 cm3 in volume can
be treated efficaciously with TT (29). Lower recurrence rates
have been observed in Australian studies with low grade MCT,
but the same principal of retreatment can be applied (30, 51).
A retreatment strategy, wherever a TSR is diagnosed, after 28
days should be implemented to prolong response durability
and this should be a straight-forward consideration if pre-
treatment criteria are still met. Tigilanol tiglate provides an
alternative treatment approach to local treatment in patients
with cytologically diagnosed HGMCT that would either pose an
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unacceptable anaesthetic risk, the tumour location provides a
challenge when attempting surgical excision, or where the pet
owner refuses referral for combination therapy and opts for
palliative care.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by Queensland
Department of Agriculture and Fisheries, Community Animal
Ethics Committee (Australian participants). Institutional animal
ethics was not required for US participants as the study was
under a USFDA Protocol—Investigational New Animal Drug
(No. 1-012436, July 25, 2016). Written informed consent was
obtained from the owners for the participation of their animals
in this study.

AUTHOR CONTRIBUTIONS

GB was responsible for data compilation and manuscript
preparation. GB and JC performed components of the clinical
work. PJ, JC, TD, PR, andCJ reviewed themanuscript. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was funded by QBiotics Group Limited.

ACKNOWLEDGMENTS

The authors would like to thank and acknowledge the co-
investigators in the US multi-centre study, Drs. Jennifer Pruitt,
JulieWhite, Stephen Pittenger, Samuel Geller, Wendy Kozak, and
Cheryl Burke-Schwarz. Other members of the QBiotics team, Dr.
Peter Schmidt, Mary Phipps, Dr. Wade Smorfitt, Dr. Cassandra
McGee, and Sheryl Pacchiardi provided valuable comments on
earlier drafts and proof-reading of the final manuscript.

REFERENCES

1. Blackwood L, Murphy S, Buracco P, de Vos JP, de Fornel-Thibaud

P, Hirschberger J, et al. European consensus document on mast

cell tumours in dogs and cats. Vet Comp Oncol. (2012). 10:e1–29.

doi: 10.1111/j.1476-5829.2012.00341.x

2. Camus MS, Priest HL, Koehler JW, Driskell EA, Rakich PM, Ilha

MR, et al. Cytologic criteria for mast cell tumor grading in dogs

with evaluation of clinical outcome. Vet Pathol. (2016). 53:1117–23.

doi: 10.1177/0300985816638721

3. Sledge DG, Webster J, Kiupel M. Canine cutaneous mast cell tumors: a

combined clinical and pathologic approach to diagnosis, prognosis, and

treatment selection. Vet J. (2016). 215:43–54. doi: 10.1016/j.tvjl.2016.06.003

4. Warland J, Brioschi V, Owen L, Dobson J. Canine mast cell tumours: decision-

making and treatment. In Pract. (2015). 37:315–32. doi: 10.1136/inp.h3440

5. Welle MM, Bley CR, Howard J, Rüfenacht S. Canine mast cell tumours: a

review of the pathogenesis, clinical features, pathology and treatment. Vet

Dermatol. (2008) 19:321–39. doi: 10.1111/j.1365-3164.2008.00694.x

6. London CA, Seguin B. Mast cell tumors in the dog. Vet Clin North Am Small

Anim Pract. (2003) 33:473–89. doi: 10.1016/s0195-5616(03)00003-2

7. Thamm DH, Weishaar KM, Charles JB, Ehrhart EJ. Phosphorylated KIT

as a predictor of outcome in canine mast cell tumours treated with

toceranib phosphate or vinblastine. Vet Comp Oncol. (2020). 18:169–75.

doi: 10.1111/vco.12525

8. Dank G. Review of the treatment of canine cutaneous mast cell tumors. Israel

J Vet Med. (2016) 71:3–9. Available online at: http://www.ijvm.org.il/sites/

default/files/dank.pdf

9. Sabattini S, Scarpa F, Berlato D, Bettini G. Histologic grading of canine

mast cell tumor: is 2 better than 3? Vet Pathol. (2015) 52:70–3.

doi: 10.1177/0300985814521638

10. Kiupel M, Webster JD, Bailey KL, Best S, DeLay J, Detrisac CJ, et al. Proposal

of a 2-tier histologic grading system for canine cutaneous mast cell tumors

to more accurately predict biological behavior. Vet Pathol. (2011) 48:147–55.

doi: 10.1177/0300985810386469

11. Kiupel M, Camus M. Diagnosis and prognosis of canine cutaneous mast

cell tumors. Vet Clin North Am Small Anim Pract. (2019) 49:819–36.

doi: 10.1016/j.cvsm.2019.04.002

12. Donnelly L, Mullin C, Balko J, Goldschmidt M, Krick E, Hume C, et al.

Evaluation of histological grade and histologically tumour-free margins as

predictors of local recurrence in completely excised canine mast cell tumours.

Vet Comp Oncol. (2015). 13:70–6. doi: 10.1111/vco.12021

13. ThammDH, Turek MM, Vail DM. Outcome and prognostic factors following

adjuvant prednisone/vinblastine chemotherapy for high-risk canine mast

cell tumour: 61 cases. J Vet Med Sci. (2006) 68:581–7. doi: 10.1292/jvms.

68.581

14. Hume CT, Kiupel M, Rigatti L, Shofer FS, Skorupski KA, Sorenmo KU.

Outcomes of dogs with grade 3 mast cell tumors: 43 cases (1997-2007). J Am

Anim Hosp Assoc. (2011) 47:37–44. doi: 10.5326/JAAHA-MS-5557

15. Barker DA, Foale RD, Holmes MA, Demetriou JL. Survey of UK-based

veterinary surgeons’ opinions on the use of surgery and chemotherapy

in the treatment of canine high-grade mast cell tumour, splenic

haemangiosarcoma and appendicular osteosarcoma. Vet Rec. (2016).

179:572. doi: 10.1136/vr.103479

16. Hahn KA, King GK, Carreras JK. From gulf coast veterinary oncologists.

JAVMA. (2004) 224:79–82. doi: 10.2460/javma.2004.224.79

17. Hay JK, Larson VS. Lomustine (CCNU) and prednisone chemotherapy

for high-grade completely excised canine mast cell tumors. Can Vet J.

(2019) 60:1326–30.

18. Garrett L. Canine mast cell tumors: diagnosis, treatment, and prognosis. Vet

Med (Auck). (2014). 5:49–58. doi: 10.2147/VMRR.S41005

19. Mendez SE, Drobatz KJ, Duda LE,White P, Kubicek L, Sorenmo KU. Treating

the locoregional lymph nodes with radiation and/or surgery significantly

improves outcome in dogs with high-grade mast cell tumours. Vet Comp

Oncol. (2020). 18:239–46. doi: 10.1111/vco.12541

20. Miller RL, van Lelyveld S, Warland J, Dobson JM, Foale RD. A retrospective

review of treatment and response of high-risk mast cell tumours in dogs. Vet

Comp Oncol. (2016). 14:361–70. doi: 10.1111/vco.12116

21. Brodbelt DC, Pfeiffer DU, Young LE, Wood JLN. Results of the confidential

enquiry into perioperative small animal fatalities regarding risk factors for

anesthetic-related death in dogs. J Am Vet Med Assoc. (2008). 233:1096–104.

doi: 10.2460/javma.233.7.1096

22. Marabelle A, Andtbacka R, Harrington K, Melero I, Leidner R, de Baere

T, et al. Starting the fight in the tumor: expert recommendations for the

development of human intratumoral immunotherapy (HIT-IT). Ann Oncol.

(2018) 29:2163–74. doi: 10.1093/annonc/mdy423

23. Goldberg EP, Hadba AR, Almond BA, Marotta JS. Intratumoral

cancer chemotherapy and immunotherapy: opportunities

for nonsystemic preoperative drug delivery. J Pharmacy

Pharmacol. (2002) 54:159–80. doi: 10.1211/0022357021

778268

24. United States Food and Drug Administration. Freedom of Information

Summary for the Original New Animal Drug Application. STELFONTA.

Frontiers in Veterinary Science | www.frontiersin.org 7 August 2021 | Volume 8 | Article 675804

https://doi.org/10.1111/j.1476-5829.2012.00341.x
https://doi.org/10.1177/0300985816638721
https://doi.org/10.1016/j.tvjl.2016.06.003
https://doi.org/10.1136/inp.h3440
https://doi.org/10.1111/j.1365-3164.2008.00694.x
https://doi.org/10.1016/s0195-5616(03)00003-2
https://doi.org/10.1111/vco.12525
http://www.ijvm.org.il/sites/default/files/dank.pdf
http://www.ijvm.org.il/sites/default/files/dank.pdf
https://doi.org/10.1177/0300985814521638
https://doi.org/10.1177/0300985810386469
https://doi.org/10.1016/j.cvsm.2019.04.002
https://doi.org/10.1111/vco.12021
https://doi.org/10.1292/jvms.68.581
https://doi.org/10.5326/JAAHA-MS-5557
https://doi.org/10.1136/vr.103479
https://doi.org/10.2460/javma.2004.224.79
https://doi.org/10.2147/VMRR.S41005
https://doi.org/10.1111/vco.12541
https://doi.org/10.1111/vco.12116
https://doi.org/10.2460/javma.233.7.1096
https://doi.org/10.1093/annonc/mdy423
https://doi.org/10.1211/0022357021778268
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Brown et al. Intratumoural Treatment With Tigilanol Tiglate

Available online at: https://animaldrugsatfda.fda.gov/adafda/app/search/

public/document/downloadFoi/9988 (accessed July 8, 2021).

25. EuropeanMedicines Agency. Summary Product Characteristics. STELFONTA.

Available online at: https://www.ema.europa.eu/en/medicines/veterinary/

EPAR/stelfonta (accessed July 8, 2021).

26. Australian Pesticides and Veterinary Medicines Authority. New Veterinary

Active Constituent and New Chemical Product STELFONTA Containing the

Active Tigilanol Tiglate. Gazette: Agricultural and Veterinary Chemicals. (2021)

p. 27–32. Available online at: https://apvma.gov.au/sites/default/files/gazette_

20210309.pdf (accessed July 8, 2021).

27. Boyle GM, D’Souza MMA, Pierce CJ, Adams RA, Cantor AS, Johns

JP, et al. Intra-lesional injection of the novel PKC activator EBC-46

rapidly ablates tumors in mouse models. PLoS ONE. (2014). 9:e108887.

doi: 10.1371/journal.pone.0108887

28. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R. et al.

New response evaluation criteria in solid tumours: Revised RECIST guideline

(version 11). Eur J Cancer. (2009) 45:228–47. doi: 10.1016/j.ejca.2008.10.026

29. de Ridder TR, Campbell JE, Burke-Schwarz C, Clegg D, Elliot EL, Geller S,

et al. Randomized controlled clinical study evaluating the efficacy and safety

of intratumoral treatment of canine mast cell tumors with tigilanol tiglate

(EBC-46). J Vet Intern Med. (2021). 35:415–29. doi: 10.1111/jvim.15806

30. Jones PD, Campbell JE, Brown G, Johannes CM, Reddell P. Recurrence-free

interval 12 months after local treatment of mast cell tumors in dogs using

intratumoral injection of tigilanol tiglate. J Vet Intern Med. (2021). 35:451–5.

doi: 10.1111/jvim.16018

31. Owen LN, World Health Organization. TNM Classification of Tumours in

Domestic Animals. SKIN (Mastocytoma). (1980) p. 14–15. Available online

at: https://apps.who.int/iris/bitstream/handle/10665/68618/VPH_CMO_80.

20_eng.pdf?sequence=1&isAllowed=y (accessed July 8, 2021).

32. Scarpa F, Sabattini S, Bettini G. Cytological grading of canine cutaneous

mast cell tumours. Vet Comp Oncol. (2016). 14:245–51. doi: 10.1111/vco.

12090

33. Olsen JA, Thomson M, O’Connell K, Wyatt K. Combination vinblastine,

prednisolone and toceranib phosphate for treatment of grade II and III

mast cell tumours in dogs. Vet Med Sci. (2018). 4:237–51. doi: 10.1002/vms

3.106

34. Miller J, Campbell J, Blum A, Reddell P, Gordon V, Schmidt P, et al. Dose

characterization of the investigational anticancer drug tigilanol tiglate (EBC-

46) in the local treatment of canine mast cell tumors. Front Vet Sci. (2019).

6:106. doi: 10.3389/fvets.2019.00106

35. Tomayko MM, Reynolds CP. Determination of subcutaneous tumor size

in athymic (nude) mice∗. Cancer Chemother Pharmacol. (1989) 24:148–54.

doi: 10.1007/BF00300234

36. Jensen MM, Jørgensen JT, Binderup T, Kjær A. Tumor volume in

subcutaneous mouse xenografts measured by microCT is more accurate and

reproducible than determined by 18F-FDG-microPET or external caliper.

BMCMed Imaging. (2008) 8:1–9. doi: 10.1186/1471-2342-8-16

37. LeBlanc AK, Atherton M, Bentley RT, Boudreau CE, Burton JH,

Curran KM, et al. Veterinary Cooperative Oncology Group-Common

Terminology Criteria for Adverse Events (VCOG-CTCAE v2) following

investigational therapy in dogs and cats. Vet Comp Oncol. (2021) 19:311–52.

doi: 10.1111/vco.12677

38. Scarpa F, Sabattini S, Marconato L, Capitani O, Morini M, Bettini G. Use of

histologic margin evaluation to predict recurrence of cutaneous malignant

tumors in dogs and cats after surgical excision. J Amer Vet Med Assoc. (2012).

240:1181–7. doi: 10.2460/javma.240.10.1181

39. Moore AS, Frimberger AE, Taylor D, Sullivan N. Retrospective outcome

evaluation for dogs with surgically excised, solitary Kiupel high-grade,

cutaneous mast cell tumours. Vet Comp Oncol. (2020). 18:402–8.

doi: 10.1111/vco.12565

40. Saunders H, Thomson MJ, O’Connell K, Bridges JP, Chau L. Evaluation of

a modified proportional margin approach for complete surgical excision of

canine cutaneous mast cell tumours and its association with clinical outcome.

Vet Comp Oncol. (2020) 1–12. doi: 10.1111/vco.12630

41. Reddell P, de Ridder TR, Morton JM, Jones PD, Campbell JE, Brown G, et

al. Wound formation, wound size, and progression of wound healing after

intratumoral treatment of mast cell tumors in dogs with tigilanol tiglate. J Vet

Intern Med. (2021). 35:430–41. doi: 10.1111/jvim.16009

42. Patnaik AK, Ehler WJ, MacEwen EG. Canine cutaneous mast cell tumor:

morphologic grading and survival time in 83 dogs. Vet Pathol. (1984) 21:469–

74. doi: 10.1177/030098588402100503

43. Wang R, Lagakos SW,Ware JH, Hunter DJ, Drazen JM. Statistics inMedicine-

reporting of subgroup analyses in clinical trials. N Engl J Med. (2007).

357:2189–94. doi: 10.1056/NEJMsr077003

44. Holohan C, van Schaeybroeck S, Longley DB, Johnston PG. Cancer drug

resistance: an evolving paradigm. Nat Rev Cancer. (2013). 13:714–26.

doi: 10.1038/nrc3599

45. Melero I, Castanon E, Alvarez M, Champiat S, Marabelle A. Intratumoural

administration and tumour tissue targeting of cancer immunotherapies. Nat

Rev Clin Oncol. (2021). doi: 10.1038/s41571-021-00507-y

46. Dobson JM. Breed-predispositions to cancer in pedigree dogs. SRN Vet Sci.

(2013) 2013:941275. doi: 10.1155/2013/941275

47. Mochizuki H, Motsinger-Reif A, Bettini C, Moroff S, Breen M. Association

of breed and histopathological grade in canine mast cell tumours. Vet Comp

Oncol. (2017). 15:829–39. doi: 10.1111/vco.12225
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