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Abstract: Critical appraisal of the available literature for the treatment of canine oral malignant
melanoma (OMM)) is lacking. This critical review aimed to evaluate the current literature and provide
treatment recommendations and possible suggestions for future canine OMM research. PubMed, Web
of Science and Google Scholar were searched in June 2021, for terms relevant to treatment of OMM.
Inclusion and exclusion criteria were applied and information on clinical response and outcome
extracted. Eighty-one studies were included. The overall level of evidence supporting the various
canine OMM treatment options was low. The majority of studies included confounding treatment
modalities and lacked randomization, control groups and consistency in reporting clinical response
and outcomes. Within these limitations, surgery remains the mainstay of therapy. Adjunctive
radiotherapy provided good local control and improved median survival times (MST), chemotherapy
did not offer survival benefit beyond that of surgery, while electrochemotherapy may offer a potential
alternative to radiotherapy. Immunotherapy holds the most promise in extending MST in the
surgical adjunctive setting, in particular the combination of gene therapy and autologous vaccination.
Prospective, randomized, double-blinded clinical trials, with a lack of confounding factors and
reporting based on established guidelines would allow comparison and recommendations for the
treatment of canine OMM.
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1. Introduction

Melanomas represent one of the most frequently diagnosed tumors in the oral cavities
of dogs [1-5]. Oral malignant melanomas (OMM) arise from neoplastic transformation of
melanocytes, originating from the neural crest cells and migrating through endodermal
and ectodermal mucosa, including the oral mucosa [3,5-9]. Typically, OMM affects older
dogs, with the average age at presentation being 11 years [3,5,9,10].

Historically, Cocker Spaniels, Poodles and dogs with heavily pigmented oral mucosa
were shown to be at an increased risk for developing OMM [5,11]. However, more re-
cently an overrepresentation of the Chow Chow, Golden Retriever, Labrador Retriever,
and Pekingese/Poodle mixed breeds has been reported [2,10]. Although a male gen-
der predisposition has been suggested, many studies demonstrate no gender predisposi-
tion [3,5,10-13].

Oral melanomas are considered to be the most lethal form of canine melanoma, with
a reported median survival time of just 65 days in dogs left untreated [9,14-16]. A less
aggressive form of OMM has been described and questions the true malignant potential
of OMM [9]. It has been proposed that the true degree of malignancy of OMM may be
less than what their biological behavior suggests, with a study showing only 59% of the
92% of oral melanomas classified to be malignant actually metastasizing or reoccurring [9].
It should also be noted that a different subsection of histologically well-differentiated
melanocytic neoplasms (HWDMNSs), with a mitotic index of less than three per 10 high-
power fields, has been described [17]. Only one study investigated the biological behavior
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of this particular subset of OMM, reporting a favorable median survival time (MST) of
1020 days post-curative intent surgery [18].

Staging of patients with OMM is performed according to the World Health Organiza-
tions (WHO) staging scheme, with stage I patients having a tumor diameter < 2 cm, stage
II having a tumor diameter of 2 cm to < 4 cm, stage Il having a tumor diameter > 4 cm
and/or evidence of lymph node metastasis and stage IV having distant metastasis [19].
Stage of disease, presence of distant metastasis, nuclear atypia, mitotic index, degree of
pigmentation, lymphatic invasion and Ki67 index are the parameters that have been shown
to have statistical prognostic significance [20,21].

Surgery is currently considered standard of care in the treatment of canine OMM [19].
Traditionally, radiotherapy (RT) and chemotherapy (CT) have been used in the adjunctive
setting, with more recent additions to adjunctive therapy including electrochemotherapy
(ECT) and immunotherapy [19,22]. To date, no critical review has evaluated the level of
evidence for the treatment options of canine OMM. The aim of this critical review was
to grade and evaluate the evidence for each treatment option for dogs diagnosed with
OMM, and their respective response rates, median disease-free interval (MDFI) or median
progression-free interval (MPFI), MST and adverse effects compared to controls or other
treatment options. Based on the overall level of evidence for each treatment modality,
suggestions for the treatment of OMM will be made and future studies will be proposed.

2. Materials and Methods

The sites Pubmed, Web of Science and Google Scholar were systematically searched
using the terms ‘melanoma’” AND ‘oral” or ‘tongue” AND ‘surgery’ or ‘chemotherapy’
or ‘tyrosine kinase’ or ‘radiotherapy’ or ‘electrochemotherapy’ or” hyperthermia’ ‘or “im-
munotherapy’ or ‘“vaccine” or ‘gene” AND ‘dog’ or ‘canine’ to identify relevant references.
Only papers published in peer-reviewed journals were considered. Papers published until
the end of June 2021 were included.

Studies were excluded if: (1) they were not in English, (2) only an abstract was
available, (3) outcomes were not specifically detailed for OMM, (4) results for all types of
melanoma were reported as a group and OMM made up less than 80% of the total study
population in these studies, (5) clinical outcomes (response rate or MPFI or MDFI or MST)
were not detailed, and (6) if the response to therapy of melanoma cell lines was investigated.

Categories of treatment in this review are described based on the primary treatment
modality being evaluated in the individual study, with adjunctive therapy reported as
appropriate. Where multiple adjunctive therapies were evaluated in a study, the study
may be referenced in multiple sections and study details found in the table consistent with
the primary treatment modality being investigated. The study type was determined to be
prospective or retrospective, randomized or non-randomized, controlled or not controlled,
or case series or case report. Studies using historical control groups that were not from
the same institution as the treatment group were regarded as case series studies and not
clinical trials.

Data extracted from each study included, where available, response rates, MDFI
or MPFI, MST and adverse effects. Overall response (OR) was defined as the sum of
dogs that showed both a complete response (CR) (complete resolution of measurable
tumor) and partial response (PR), a >50% reduction in tumor volume with no new tumors.
Stable disease (SD) was defined as a <50% change in tumor volume and no new tumors;
and progressive disease (PD) was defined as a >50% increase in tumor volume or the
development of new tumors. Where necessary, times reported in weeks or months were
calculated and reported in this review as days (1 month = 30 days). The MST was reported in
this review as reported by the individual studies and ranges were included where possible.

Each individual study was assigned a level of evidence (LOE) and each category of
treatment was then assigned an overall evidence grade (OEG) according to the previously
published format (Table 1) [23], with the following modifications: (1) “non-randomized
controlled clinical trial/study” was added to LOE 3b; (2) “case report” was created as
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LOE 4d; and (3) “non-randomized controlled clinical trial/study” was added to OEG B.
Suggestions regarding treatment of OMM in this review are based on the LOE of individual
studies and the OEG of treatment groups. Tables are ordered from greatest to least number
of animals included in each study. Where peer-reviewed sources were lacking, statements
should be considered the opinion of the authors.

Table 1. Format used to grade (a) individual references and (b) overall level of evidence. Adapted
from Elwood and others 2010 [23].

(a) Study Type Level of Evidence (LOE) Level of Evidence
Systematic review (with homogeneity) of randomized controlled 1
clinical trials (RCT) a
Individual RCT (with narrow confidence interval) 1b
All or none lc
Systematic review (with homogeneity) of cohort studies 2a
Individual cohort study (including low-quality RCT; for, e.g., <80% b
follow-up) or well-controlled laboratory study

“Outcomes” research; ecological studies 2c
Systematic review (with homogeneity) of case—control studies 3a
Individual case—control study or non-randomized controlled 3b
clinical trial/study or weak laboratory study

Case series > 50 cases 4a
Case series 20 to 50 cases 4b
Case series < 20 cases 4c
Case report 4d
Expert opinion without explicit critical appraisal, or based on 5
physiology, bench research or “first principles”

(b) Types of Study Overall Evidence Grade
Consistent RCT, cohort study, all or none *, decision rule validated A
in different populations

Consistent retrospective cohort, exploratory cohort, ecological

study, outcomes research, good laboratory study, case-control B
study, non-randomized controlled clinical trial/study; or

extrapolations from level A studies

Case series study or extrapolations from level B studies. C
Expert opinion without explicit critical appraisal, or based on D

physiology, bench research or first principles

* The all or none principle is met when all patients died before the treatment became available, but some now
survive on it.

3. Treatment Review
3.1. Surgery Alone

Wide surgical excision has always been the mainstay of treatment for OMM [19,24-26].
The OEG for surgical studies was a C (Table 2). Of the 16 studies reviewed, 14 con-
sisted of case series evaluating the effect of surgery alone (CT and/or radiotherapy
was inconsistently used as a rescue only in cases where the surgical margins were not
clean) [3,16,18,24,26-34], and two were control groups for adjunctive therapy (Tables 3 and
15) [35,36].

Wide resections (unilateral mandibulectomies) compared to partial mandibulectomies
did not show decreased local recurrence or metastatic disease [31,37], a finding consistent
in other studies [27,30]. Clean surgical margins were associated with an increased MST in
one study [24]. However, Tuohy et al. and Hahn et al. did not find a correlation between
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clean surgical margins and an increased MST [26,38], which may be due to the presence
of metastatic disease. Despite clean surgical margins, Sarowitz et al. 2017 reported local
tumor regrowth in 11 of the 40 patients [34].

Four studies reported WHO classifications for the enrolled dogs. Of these, the majority
of the cases were stage II or I1I [26,27,30,36]. Only one study reported MST for the dogs
according to stage (stage I (n = 21)—559 days and stages Il and III (n = 26)—121 days) and
for all stages (n = 47)—228 days [36]. One study reported no correlation between tumor
stage and survival; however, no data was presented [31].

Median disease-free intervals were recorded in only two studies and they were
> 567 days (range not reached) [26] and 152 days (3-2360) [34].

Oral malignant melanoma is a mucosal tumor that often affects the mucosal areas
of the oral cavity only, but may also invade the underlying bone [3,16,18,28,33]. Of the
studies, five evaluated OMM restricted to the soft tissues only [16,18,29,32,33]. Except for
the 1020 day survival in a clearly distinct group of melanomas [18], the MST of the other
four studies (222-570 days) are similar to the remaining 11 studies (90-874 days).

Location of the OMM appeared to affect the prognosis for dogs with OMM, despite
subtle differences in the individual studies’ definition of the divisions of the oral cav-
ity [3,16,24-26,28,34,36]. Hahn et al. 1994 reported a poorer prognosis with caudally
situated OMM [38], supported, in part, by Sarowitz et al. reporting surgical excision in
the caudal maxillary region had an increased risk for incomplete excisions of any oral
tumor [34,38]. In contrast, Schwarz et al. 1991a,b found no significant difference in survival
times for OMM, regardless of location, but did show an increased hazard ratio for reduced
survival times for any oral tumor situated centrally (OR = 3.4) and caudally (2.3) on the
mandible, as well as central (2.6) and caudal (4.3) maxillary tumors [24]. Tuohy et al. found
no difference in MST between caudal and rostral locations [26]. In five studies, the OMM
was localized to the mandible only and their MST was 180 [28], 219 [30], 240 [24], 270 [27]
and 297 (30-1080) days [31]. One study reported on maxillary tumors only with a MST
of 225 days [24]. There were three studies reporting only lingual OMM and the MST was
570 [29], 222 [32] and 241 days (4-1037) [33].

Local tumor regrowth and regional and distant metastasis were reported in most of
the studies and both entities were commonly found [18,24-34]. Metastasis was common
in the regional lymph nodes and the thorax, but spread to other abdominal organs, brain,
heart, abdominal wall and appendicular skeleton was also reported [18,24-34].

The complications experienced after wide and radical excisions were inherent to these
procedures and were not related directly to the tumor, except where the tumor was still
present in the surgical line. The majority of surgical complications were experienced subse-
quent to caudal maxillary excisions where dehiscence was most commonly reported [24].

The studies evaluated indicated that surgical excision alone provides good MST;
however, results are reported without standardized outcomes, making comparison difficult.
Very few studies reported the WHO classification of the tumors and the starting point of
reported MSTs is not clearly defined. Clean surgical margins and location of the tumors in
the oral cavity are two more variables with potentially prognostic value but were seldom
reported in a standardized manner. Further studies are required to investigate the potential
prognostic value of surgical margin and OMM location.
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Table 2. Summary of surgical studies evaluating effectivity in oral malignant melanoma.

Overall Evidence Grade: C

. . Median DFI Median Survival Time Local
Surgical Adjunct Adjuvant Therapy Treatment Study Number WHO Stage of (Range) (Range) Recurrence and Complications Reference LOE
Protocol Protocol Type of Dogs Melanoma . . .
in Days in Days Metastasis
CT (7): carboplatin (300 mg/m?, S .
urgery and adjuvant .
v, Ic\l/%ltd, for 4 t(& "6[ C};c.les) thegrap}; 9 /7&): 041 Stlﬁrgery a(rzugi/a;lo])l:l\gagrgt
v etronomic ): . Surgery only (39/70): erapy , .
combinations of doxycycline 2567 NR Surgery only (39/70):
(ot m%\r/ﬁiga a2 I: 36 (51.4%) I (36/70) >567 NR I (36?77%)) 874
o s " 90 1I: (16/70) >187 NR -
r'al (piroxicam or carprofen at II: 16 (22.9%) IT: (13,/70) 245 II: (16/70) 818
cavity Yes standard labeled dosages) RCS 69,70 1II: 13 (18.6%) IV: N/A 1II: (13/70) 207 LR: 12 NE [26] 4a
Curative intent (n=29/70) cyclophosphamide—low dosage IV: 1 (1.4%) Lohcation' IV:N/A M: 25
surgery (15to 17 mg / mZ, PO, q24h) Unable to Rostral (23 /70'): 360 Llocation:
Xenoggnelc canine rr}elapoma stage: 4 Caudal (14/70): 358 Rostral (23/70): 375
vaccine (1). Combination Margins Caudal (14/70): 416
omomic CT K1, nteer Complete G1/70% Coptene (31/70): 619
ine iomr?m d th enosensic >2310 NR I o f f (19/70): 723
reatment, and the xenogeneic Incomplete (19/70): 446 ncomplete :
canine melanoma vaccine
Malignant
melanomas of
lips and oral No N/A RCS 64 Not NE 1020 LR: 2\64 NE [18] 4a
cavity specified
Surgery alone
HWDMNs
Soft tissue only
Cryo- or
conventional
surgery
7 dogs, no S: 63 Not Surgery: 242
surgery No N/A RCS NT:7 specified NE No treatment: 65 NE NE (16l 4a
All sites
Orazl ﬁzﬁ‘iﬁg{ms 4 cases received 0: 3 (7%) 0: 284-765 0: 284-765
excision and 17 N dichlorapitin T R 1 B o o I 196176 E E 38 4
conservative o ichloroplatinum II, CS 111 (27%) :0-86 :138-179 N N [38] C
(no bone 2 cases were treated IIT: 11 (27%) III: 0-56 IIT: 98-259
. with piroxicam IV: 1 (2%) 1v: 706 1Vv: 706
excised)
Mandible or
maxilla Not All dogs: All dogs: LR: 11 ,
Curative-intent No N/A RCS 40 specified 152 (3-2360) 206 (46-435) M: 12 NE [34] 4b
surgery
Mandible (soft Not LR:8/37 Drifting,
tissue and bone) No N/A RCS 37 specified NE 297 (30-1080) M:16/37 malocclusion (311 4b
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Table 2. Cont.
Overall Evidence Grade: C
. . Median DFI Median Survival Time Local
Surgical Adjunct Adjuvant Therapy Treatment Study Number WHO Stage of (Range) (Range) Recurrence and Complications Reference LOE
Protocol Protocol Type of Dogs Melanoma . . .
in Days in Days Metastasis
For all
lingual
tumors, not
. Rescue: . OMM specific:
ngs‘:‘;l tumors Yes, 2 cases Carboplatin (1 = 1) and RCS 2 \ i\iffie 4 NE 241 (4-1037) 11\“4R191§222 bleeding post-op 133] 4a
gery polyethylated glycol (n = 1) P ' (10/97),
dehiscence (2),
partial tongue
paralysis (2)
Surgical Not
treatment No N/A RCS 16 hys NE 90 NE NE [3] 4c
i specified
All sites
RT (10 doses given over 22
days—no Gy given, RT and
Maxilla (soft hyperthermia (42.5 °C for 15
tissue and bone) min), non-specific immune 12 dogs PM: . o
Maxillary 5 Yes, modulators, chemo or RCS 14/61 Not NE 205 LR:3 Dehlscerécti)(BO % [24] 4
resections cases combinations ONLY as specified M: 20 cauda ¢
rescue protocol
RT (10 doses given over 22 .
days—no Gy given, RT and ? dogs. for PM: Dehiscence,
. K LR:1/9 .
Mandible (soft Y hyperthermia Not M: 4 to lymph prehension
tissue and bone) %S (42.5 °C for 15 min), non-specific RCS 13/81 o NE 240 : =10 fymp dysfunction, [25] 4c
. : (46%) - specified node, 6 to lungs : -
Mandibulectomies immune modulators, chemo or medial drift,
. and 4 .
combinations ONLY as ptyalism
elsewhere
rescue protocol
Lingual tumors Not y LR:2/11 Ptyalism
Surgery alone No N/A RCS 11/42 specified NE 222 (47-840) M:5/11 Dehiscence 32] 4c
Mandible (bone 1:2 (2%) LR:1/10
and soft tissue) No N/A RCS 10 1L: 6 (6%) NE 180 M'.3/1O NE [28] 4c
Mandibulectomies IIT: 2 (2%) :
1 case received 36Gy RT and
hyperthermia
1 case received
Dimethyl-trianzeno-imadozole- 1: 1 (14%) M:3/7
Lingual Yes, 2 cases carboxamide RCS 7/57 1I: 4 (57%) NE 570 LR.' 3/7 NE [29] 4c

(200 mg/m? BSA for 5 days, plus
BCG (unknown dose)
prednisone
(20 mg/m? BSA) sid

ITI: 2 (29%)
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Table 2. Cont.
Overall Evidence Grade: C
. . Median DFI Median Survival Time Local
Surgical Adjunct Adjuvant Therapy Treatment Study Number WHO Stage of (Range) (Range) Recurrence and Complications Reference LOE
Protocol Protocol Type of Dogs Melanoma . . .
in Days in Days Metastasis

Mandible (bone
and soft tissue)

Partial : . 9 :

mandibulec- Yes, 1 case 1 case received RT RCS 7/30 11: 1 (14%) NE 219 LR:1/7 NE 130] 4c
and hyperthermia I1I: 6 (86%) M:5/7

tomy Controls

local

recurrence
Mandibular, 3 ived Ptvali
mandibulec- Yes, 3 cases Cacses recetve RCS 4 II: 4 NE 270 M:3/4 yausm, [27] 4c
. . parvum cheilitis
tomies
Abbreviations: CT: chemotherapy, DFI: disease-free interval, HWDMNSs: histologically well-differentiated melanocytic neoplasms, LR: local recurrence, M: metastasis, N/A: not
applicable, NE: not evaluated, NR: not reached, NT: no treatment, PM: postmortem, RCS: retrospective case series, RT: radiotherapy, S: surgery
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3.2. Chemotherapy

Chemotherapy is usually considered as any drug or chemical substance used to treat
cancer that is toxic to neoplastic or rapidly dividing cells, with tyrosine kinase inhibitors
included—despite them not being cytotoxic [39]. The ideal chemotherapeutic agent would
have selective toxicity, high distribution to tumor burden, be devoid of tumor resistance
development and be non-toxic to the patient [40].

With the exception of two studies [35,37], the studies in which CT were used as a
sole agent were all case series or case reports without the inclusion of a control treatment
group [26,41-49]. The OEG of CT studies for OMM was a C (Table 3). Most studies (8/12)
consisted of twenty dogs or less. When described, the WHO classification showed that
the majority of dogs in these studies were in stage II or III. Drugs evaluated included
carboplatin (30, 25, 17 and 1 dog) [35,41,43,48], intralesional cisplatin implants (20) [42],
masitinib mesylate (14) [47], mitoxantrone (12) [44], cisplatin in combination with piroxicam
(11) [45], artesunate (3) [46], olomoucine (1) [49]; in one study, individual dogs received one
of the following: carboplatin (21), platinum-based treatment (5), lomustine (1), dacarbizine
(1), doxorubicin (1) and metronomic chemotherapy (4) [37]; in another study, individual
dogs received one of the following: carboplatin (7), metronomic CT (7), xenogeneic canine
melanoma vaccine (1), combination therapy (14) of CT, metronomic CT, RT, interferon
treatment, and the xenogeneic canine melanoma vaccine [26].

Response rate was reported in 6/12 studies, and overall response was highest in dogs
treated with intralesional cisplatin (60%) [42]. Despite the good OR, MST was only 116 days
in that study. All other studies had a poor response rate of less than 20%. Boria et al.
reported that after multivariate analysis, only cisplatin dose (mg/kg) was significantly asso-
ciated with response [45]. Mitoxantrone did not appear to be an effective chemotherapeutic,
with only 1/12 cases going into partial remission [44].

Median survival times should be evaluated based on whether the study considered
survival time from the point of diagnosis, surgery, or at the point of the institution of
adjunctive therapy. For studies in which MST was reported (8/12), carboplatin afforded
the longest survival times (440 and 389 day, respectively) [35,43], but these were defined as
survival from the point of diagnosis. Boston et al. reported a MST of 353 days from the point
of surgery [37]. Mastinib, cisplatin in combination with piroxicam and intralesional cisplatin
resulted in what appear to be poorer MSTs (119, 119 and 116, respectively) [42,45,47], but
the survival in these studies were taken from the initiation of CT, most commonly in dogs
with non-resectable tumors or after recurrent disease. The majority of the dogs (26/45)
in those three studies received surgery (or another intervention) before CT and the time
from surgery to CT was not included in the MST. The lack of standardized reporting
and specific outcomes of dogs in the studies that combined dogs with and without prior
surgery, makes evaluation of the effect of prior surgery and subsequent CT compared
to only CT impossible. The exception to this is Brockley et al. and Boston et al. who
identified no significant differences in dogs that underwent only surgery (495 and 335 days,
respectively) compared to dogs that underwent surgery and carboplatin therapy (389 and
352 days, respectively) [35,37]. Interestingly, Brockley et al. showed that carboplatin makes
no significant difference to survival if gross (macroscopic) disease is present (184 days)
compared to palliative therapy alone (141 days). Dank et al. found that stage of disease,
treatment with RT therapy and dosage of carboplatin were not associated with a shorter
progression-free survival or overall survival [43]. The lack of OR and low MST in treated
dogs may be related to dose reductions and subsequent lowered median dose delivered
due to varied chemotherapeutic toxicities in three of the studies [35,41,43]. Tuohy et al.
found that dogs receiving adjuvant therapy (14/29 receiving a form of adjunctive CT) after
surgical excision had a higher hazard of disease progression but not death, compared with
dogs that did not receive adjuvant therapy after adjustment for tumor size and presence of
metastases at diagnosis [26]. Mastinib was evaluated in OMM cases with advanced disease
(stage III and IV only) that were progressive despite conventional treatment with surgery or
RT, despite the advanced disease, survival was comparable to the combination of cisplatin
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and piroxicam as well as intralesional cisplatin implant, of which the majority were stage II
and III [42,45,47].

The majority of adverse events for systemic CT were considered mild to moderate,
and almost all were self-resolving. Carboplatin was associated with the highest grade
of complication, all of which involved gastrointestinal toxicosis—vomiting or diarrhea
(for which two dogs were euthanized), or hematological toxicities such as neutropenia
and thrombocytopenia [35,41,43]. Local intralesional cisplatin was associated with local
necrosis limited to the implant site or oral ulceration, three dogs developed oronasal fistulas
and another two trismus that resolved after a few weeks [42].

From the limited studies available, that lacked uniformity in design, control groups,
and reporting of response and survival variables, it would appear that the inclusion of
chemotherapeutics after surgery for non-resectable or progressive tumors does not offer
significant survival benefit beyond that of surgery [26,35,37,43]. Further studies with
Mastinib, Toceranib and other chemotherapeutics are required.

3.3. Radiotherapy with Adjunctive Therapy

Radiotherapy utilizes ionizing radiation to control or kill cancer cells and is normally
delivered by a linear accelerator. It has long been utilized for adjunctive therapy of sarcomas
and carcinomas in veterinary medicine.

Two of the studies in which RT was used with CT as an adjunctive included a control
group that received only RT to evaluate the effect of CT in combination with RT, although
the RT-only groups were small (Table 4) [50,51]. Three studies, were retrospective case
series [52-54]. One study used the melanoma vaccine as an adjunctive in 9/11 (82%) of
dogs [55]. The OEG of the RT with adjunctive therapy studies for OMM was a C. Two
studies consisted of over 100 dogs [53,54], while the remainder had less than 40 dogs per
study, all at various WHO stages, and the majority of dogs classified at stage II and III.

Treatment regimens varied from 3 fractions to up to 8 fractions. Total Gys varying
from 24 to 50 Gy, depending on study design and intention with therapy. Carboplatin was
the most commonly used systemic chemotherapeutic, followed by cisplatin and only one
study used melphalan [50-52,54]. Cisplatin was used as a local chemotherapeutic in one
study [53].

Radiotherapy is more effective on microscopic disease than macroscopic disease [56].
Only one study did not include surgery before the initiation of RT, meaning only gross
disease was present in that study [50]. The remaining studies varied widely with the
number of dogs that received surgery before RT and the number of dogs treated that
had only microscopic disease. In studies where more than one chemotherapeutic was
administered to different dogs, the survival was reported as a group rather than per
treatment, making identification of individual treatment advantages impossible [26,52-54].
Kawabe et al. compared orthovoltage x-ray (OVX), megavoltage x-ray (MVX) and electron
beam RT, but the results were difficult to interpret as 52/111 dogs received local (26) or
systemic therapy (26) in addition to the RT [53].
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Table 3. Summary of chemotherapeutic studies evaluating effectivity in oral malignant melanoma.

Overall Evidence Grade: C

Initial . . . .
. Chemotherapy . . Median PFI Median Survival Time
Chemotherapeutic Surgery or Treatment Adjunctive Study Number WHO Stage of Response Rate (Range) (Range) Adverse Events Reference  LOE
Evaluated Other P Therapy Type of Dogs Melanoma . .
rotocol in Days in Days
Treatment
All OMM: 389
(251-527),
from diagnosis
I: 242 (292-556)
LRC: 17 Planned: 300 mg/m2 II: 246 (56—436)
Sur er- 11 q21d, 4-6 treatments I11: 495 (363-627)
Sur ger y.an d Actual: mean dose: 1: 9 (30%) Iv: 147 Neutropenia
carb% lztin‘ 6 288 mg/m?, median 30 L 11(37(;) LRC Grd 4: 2
Carboplatin GB, 13 treatments: 4 No RCCs LRC: 17 I 9 (300/0 ) NE NE Surgery: Death [35] 3b
C T (range 1-11) GD: 13 . o 495 (246-1460) (severe gastritis and
arboplatin . IV: 1 (3%) LN,
only: 8 Dose reduced by: Surgery and azotemia): 1
Palliazlikfe' 5 20%—2 dogs carboplatin:
' 10%—2 dogs 389 (21-560)
GD
Carboplatin:
184 (93-275)
Palliative: 141 (6-276)
Planned: 300 (16 dogs) 300 mg/m?:
-350 (11 dogs) mg/m? Anorexia
IV until no further Grd1:1
Initially response . o Grd 2: 3
surgical observeld. I:2 ((8%)) ORC]Z/125(4(§E) ) GI
. resection: 13 Actual: I: 3 (12% v o toxicity )
Carboplatin Radiation prior median No RCS 2 III: 13 (52%) gIS 8 gééo ; 66 NE Grd 2: 2 [41] 4b
to treatments: 2 1V: 7 (28%) PD: 9 (36"/0) Grd 3: 3
carboplatin: 7 (range 1-18) ’ © Grd 4: 3
Dose reduced by 350 mg/m?:
25% in 2 dogs (from Vomiting
300 mg/m?) Grd 2: 1
Necrosis
Weekly limited to
implants: mean 5.2 1 MTX PCS OR: 12/20 implant site: 17,
. ) Surgical treatments _after‘ Only mea- I 4 (20%) (60%) Ulceration: 14
ntralesional d AN (range 2-15), 17 cisplatin g X o Oro-
. . ebulking: 12 . . . X surable Il and III: CR:9/20 (45%) )
cisplatin . cisplatin only implants; 2 20 o ; o NE 116 nasal [42] 4b
. Cryosurgery: 1 tumors 15 (75%) PR:3/20 (15%) .
implants L Mean dose of MTX o § o fistula: 3
Dacarbazine: 1 . . X were IV: 1 (5%) SD: 2 (10%) . . .
cisplatin/treatment: followed by . : o, Fibrosis of the jaw
3 . included PD: 6 (30%) .
4.9 mg/cm’ carmustine with

(range 0.3-22.1)

trismus with
resolution: 2
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Table 3. Cont.

Overall Evidence Grade: C

Initial

. Chemothera . . Median PFI Median Survival Time
Cher]l;otherapeutlc Surgery or TreatmentPy Adjunctive Study Number WHO Stage of Response Rate (Range) (Range) Adverse Events Reference  LOE
valuated Other P Therapy Type of Dogs Melanoma N .
Treatment rotocol in Days in Days
Actual: RT: 11 Neutropenia
Median of 8 Gy q7d, Grd1: 1
300 mg/m? 4 fractions: Grd 2: 1
(range 150-300), 5 dogs Grd 3: 1
median of 4 6 Gy qf'5—4d, 6 I:2 (12"({0) All: 259 Grd 4: 3 )
(range 2-11) fractions: 11: 9 (53%) (CI: 119-399) All: 440 Thrombocytopenia
Carboplatin Surgery: 17 treatments 4 dogs RCS 17 111: 4 (23%) NE Sx aﬁ d CT: 210 (CI: 247-633), Grd1:1 [43] 4c
300 mg/m?: 10 Gy q7d, Not staged: Sx. RT CT: 291 from diagnosis Renal toxicity
11 dogs 3 fractions: 2 (12%) s Grd 1: 1
250-300 mg/m?: 1dog GI
4 dogs 6 Gy q7d, toxicity
150-250 mg/m?: 4 fractions: Grd 1: 2
2 dogs 1 dog Grd 2: 2
Initially:
2.5mg/m?, PCS OR: 1 (8%)
num\l:iisr’s for increased to num{)ii,s for All dogs Not CR: 0 Remission
Mitoxantrone OMM not 4-5mg/m? in OMM not had mea- 12 specified PR: 1 (8%) time for PR: NE NE [44] 4c
o 0.5 mg/m? s surable pectiie SD or PD: 21 days
specified . 8 specified Yy
increments. tumors 11 (92%)
Total of 1-5 doses
Piroxicam
(0.3 mg/kg, PO,
q24 h) from 5 days
No before PCSs
Only dogs cisplatin. (Phase I & OR: 2/11 (18%) Not
. . 1y cog MTD of 1I clincal CR:2/11 (18%) specifically
Cls.p lat'm and with tn %rll_ cisplatin No trial— 11 Nf)ft. d PR: 0 NE 10 119370 evaluated for OMM. [45] 4c
piroxicam re’tier;grse ) wi'th pharmz'aco— specihie SD-: 1/11 (9"?) (10 to 370) Renal tox%city in
included piroxicam kinetic PD: 8/11 (73%) 7/20 dogs in study
was 50 mg/m? IV study)
every 3 weeks with
standard
saline diuresis
First five days
increased
stepwise from 600 to SD: 1 (day 25)
No 1000 mg/m? /day, PCS SD: 1 (day 14, Fever
Only dogs maintained till day (Safety/ PD at day 42) Grd 3: 1
A with non- 7-14. If no adverse ety Not Treatment GI )
rtesunate No efficacy 3 e NE NE L. [46] 4c
resectable effects, field specified stopped at 10 toxicity
tumors increased to tudy) days: 1 Grd1: 1
included 1200 mg/m?. study (response Grd 2: 1
3 OMM cases: 688, unknown)
895 and 938

mg/m?/kg
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Table 3. Cont.
Overall Evidence Grade: C
Chemotherapeutic SuIrrl l:mlor Chemotherapy Adjunctive Stud Number WHO Stage of Median PFI Median Survival Time
E P gery Treatment J y 8 Response Rate (Range) (Range) Adverse Events Reference  LOE
valuated Other P Therapy Type of Dogs Melanoma N N
T rotocol in Days in Days
reatment
; 2
Carboplatin Surgical 250 mg/mc’, IV, No Case 1 v NE NE 90 None 48] 4d
resection q3 week report
Cell cycle inhibitors
Various Xenogeneic Anemia
combination of Standard dose: human Grd2: 1
surgery or ’ tyrosinase OR:2/14 (14%) . . Neutropenia Grd
Masitinib radiothérapy 12.5 mg/kg DNA 14 OMM, IT: 4 (29%) PR: 2 (14%) All dogs: All dogs: 11 ,
(mean dose . PCS 2 digital, o o 66 119 . [47] 4c
mesylate Enrolled 12.08 mg/kg) PO canine 1 anal IV: 10 (71%) SD: 6 (43%) (25-124) (21-255) Anorexia
due to ’ 2g4 hg ! melanoma ana PD: 6 (43%) Grd2:1
progressive q vaccine Diarrhea
disease (Oncept®): 6 Grd1: 1
Olomoucine (cyclin- Olomucine at Ye:{:esrull:cl)ng Case D(;fgtg‘lieiga\zﬁeks Severe
dependent No 8 mg/kg/day IV, sery 1 IM: 1 CR NE 8 ; [49] 4d
: remove report therapy, necrosis of mass
kinases) q24 h, for 7 days . !
necrotic tumor post-operatively
Abbreviations: CI: confidence interval, CR: complete response, CT: chemotherapy, GD: gross disease, GI: gastrointestinal, Grd: grade, Gy: Gray, LRC: loco-regional control, MTD:
maximum tolerable dose, MTX: methotrexate, NE: not evaluated, OR: overall response, PCS: prospective case series, PD: progressive disease, PFI: progression-free interval, PO: per os,
PR: partial response, RCCS: retrospective controlled clinical study, RCS: retrospective case series, and SD: stable disease.
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Similar OR response was reported across the studies and ranged from 73% to 93%.
Dogs that underwent RT only had similar overall response (77%) compared to dogs that
received adjunctive carboplatin (81%) [50]. At the four—eight-week post-RT re-examination
time point, the proportion of dogs showing either a complete or a partial response to therapy
was not significantly different between the RT alone and adjunctive carboplatin [50]. Prolux
et al. reported that neither the administration of CT nor the RT therapy protocol used had a
significant effect on local response [54], and systemic CT was not related to the development
of metastasis in univariate analysis. When comparing the MPFI with treatment response
with the type of treatment, no statistically significant differences were observed [51].

Median survival time for RT and an adjunctive chemotherapeutic in the reported
studies was between 134 [55] and 396 [26] days. Proulx et al. reported that the adminis-
tration of systemic CT (carboplatin or melphalan) had no effect on the time to first event,
the development of pulmonary metastasis, or survival [54]. Additionally, Murphy et al.
showed no evidence of beneficial effect of carboplatin therapy in conjunction with RT
on median survival (MST: 286 days) over RT alone (MST: 307) [50]. The median dose of
chemotherapeutic, particularly carboplatin, was below the recommended dose in three
of the larger studies and may be responsible for the lack of response, and higher doses
may result in longer MSTs [50,53,54]. The MST of dogs receiving only RT in these studies
is similar to dogs in other studies receiving only RT, although radiotherapy protocols
differed [57,58]. Tuohy et al. showed 14/29 dogs receiving a combination of adjunctive
RT, CT and/or immunotherapy after surgical excision had an earlier likelihood of disease
progression, but not death, compared to dogs that did not receive adjuvant therapy after
adjustment for tumor size and presence of metastases at diagnosis [26]. In contrast, Cunha
et al. showed dogs receiving surgery/CT/RT had a greater MST (380 days), followed by
dogs treated with CT/RT therapy (150 days), and finally, than those treated with RT alone
(60 days) [51]. Unfortunately, there were only three dogs in the RT-only group and all were
in stage IV while the 4/5 dogs receiving surgery /CT/RT were in stage III and one was in
the stage II. Additionally, dogs at stage Il had a significantly longer survival time when
compared to dogs at stage IV [51]. When evaluating the 107 dogs in one study that received
OVX (68 dogs) or MVX (39 dogs) therapy, a significantly longer survival was identified
with MVX (233 days) compared to OVX therapy (121.5 days) [53]. In the same study, when
WHO classification was evaluated, only dogs with stage III OMM showed significance
difference between survival if OVX or MVX was used, with MVX showing longer survival.
As would be expected, MST differed significantly between dogs with stage I disease and
those with all other disease stages [53].

Grade 1 and 2 acute RT side effects were most commonly reported, with only one study
reporting hematological and gastrointestinal toxicities from chemotherapeutics (specifically
carboplatin) [50-53]. Adverse side effects do not appear to be a reason to withhold RT and
adjunctive chemotherapeutics.

Due to the heterogeneity of study design and dosages of RT and chemotherapeutics,
clear treatment guidelines cannot be provided. Based on the available evidence, although
overall response to RT with an adjunctive chemotherapeutic was good, MST varied widely.
Two studies identified no advantage of chemotherapeutics over RT alone while the only
study that did find a benefit over RT alone, consisted of only three dogs in the RT-only
group. The available evidence does not support the use of adjunctive chemotherapeutics
over RT alone to improve MST, but further studies are required with chemotherapeutics
administered at higher dosages. If a patient suffers from Stage IIl OMM, MVX RT should
be prioritized.
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Table 4. Summary of radiotherapy with adjunctive therapy studies evaluating effectivity in oral malignant melanoma.

Overall Evidence Grade: C

Median Survival

Radiotherapy i, Chemotherapy Treatment Study Number WHO Stage of Median PFI .
Treatment Protocol Initial Surgery Protocol Type of Dogs Melanoma Response Rate (Range) in Days Tmi: 1(31:1 a;]r;ge) Adverse Events Reference LOE
(1) 30 Gy in 69 (49%)
dogs at 3 x 10 Gy
fractions on day Yes: 84 CT: 80 (57%)
07 qnd 21 AtRT ir{iﬁationz - Carbo (225 mg/ m?, 1V, 86 dogs
(2) 36 Gy in 54 (39%) 93 (66%) had q 3 weeks): 60 dogs <L 62 (42%) OR: 71 (82%)
. . 0, .
dogs at4 x 9 Gy macroscopic - Melphalan 0.5 mg/kg, IV, Reg 140/150 TIT: 69 (49%) CR: 44 (51%) All dogs: All dogs: 210 NE [54] da
fractions on day . 47 (349 q4 weeks): 17 dogs v 49 PR: 27 (31%) 150
o tumor; 47 (34%) : weel 2 1) V9 (64%) SD: 14 (16%
0,7, 14 an had microscopic Cisplatin (40 mg/m?, IV): : 14 (16%)
(3) Median of 46 Gy moscop 3 dogs PD: 1 (1%)
in 17 (12%) dogs with
varied fractionation
schemes
Acute
OVX (68): radiation
40-50 Gy at damage:49
6.3-10.0 Gy/fraction OVX:
in 4-6 fractions at Cisplatin All dogs: 171 Toxicity scores
7-10 day intervals (0.5 mg/dog/treatment, q 1 to 87 dogs (3-1620) Grd: 1=18
41(\)/[_\5/())(((;39):t Yes 2 wk) 1n]tel‘ftet_cl~l1 directly into I: 19 (17%) OR: 74 (85%) III:' 7257§3 (érié:_lf
yat Surgery: 45 € tumor I: 24 (22%) CR: 38 (44%) : o=
6.0-10.0 Gy/fraction Carboplatin RCS 111 o o NE 1II: 163 MVX: [53] 4a
. . Surgery and CT: ? 1II: 37 (33%) PR: 36 (41%) . .
in 4-8 fractions at 27 /111 (180-250 mg/m?, IV, q 3 weeks) IV: 31 (28%) SD: 7 (8%) 1V: 80 Toxicity scores
7-10 day intervals Local treatment only: 26 ’ PD: 6 (7%) OVX:121.5 Grd1=31
EBR (4): Systemic treatment only: 26 : © (11-1620) Grd2=21
6.0 Gy/fraction in Both: 14 MVX: 233 (3 -966) Grd3=5
6 fractions at 7 day EBR
intervals, total dose Toxicity scores
of 36 Gy gr(cil ; = i
rd2 =
36 Gy in 6 weekly
6-gray (Gy) Yes Cisplatin (36 dogs):
fractions of I letel 10-30 2 IgV : Grd1
megavoltage ncompletely . a r'ng/ m . rd 1 acute
. . resected OMM during 4 h saline and mannitol 1: 22 (56%) . radiation effects
irradiation . . . o 139 All dogs: 363 .
Administered 60 min with no diuresis RCS 39 1I: 3 (8%) NE (20-1077) (24-7163) Grd 1 chronic [52] 4b
after identifiable Carboplatin 1II: 14 (36%) radiation
administration of metastasis (3 dogs): 90 mg/m?, IV, over effects
stration o included 30-45 min

platinum-containing
CT
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Table 4. Cont.

Overall Evidence Grade: C

Median Survival

TreI:::llet::lf’;iIt)Zcol Initial Surgery ChemothPerrstlz };;l;reatment it;:ey Nugl(l).)gesr of Wﬁgasr:zﬁle:f Response Rate (Rx;del)aalg:ys Time g{a:;r;ge) in Adverse Events Reference LOE
RT only: RT:
1: 2 (15%) OR: 10 (77%) .
Planned: 2-6 doses 1 7((54%) CR: 7 (54%) Neg;zo%%e;ua.
carboplatin at 11I: 3 (23%) PR: 3 (23%) Grd 2: 1
36 Gy in four weekly 300 mg/m? q 21 days 08 Unknown: 1 SD: 1 (8%) RT: 307 (108-585) GI.
- . L : o :
fractions of 9 Gy No Actual: medlzan. RCCS RT only: 13 (8%) PD: 2 (15%) NE RT and CT: 286 toxicity: [50] 3b
(to primary and 282 mg/m?, RT and CT: 15 RT and CT: RT and CT: (87-707) Grd 3: 1
metastatic nodules) median of 3 doses : 1: 1 (7%) OR: 13 (81%) RT.
(range 2-6). 11: 6 (40%) CR: 8 (50%) Mucositis
All doses at 300 mg/m?: 6/15 1IL: 7 (46%) PR: 5 (31%) Grd1: 4
Unknown: 1 SD: 1 (6%) :
7%) PD: 2 (13%)
RT: 60
(1) 24 Gy in three Carboplatin 24 RT and Carbo: 150
weekly sessions of 8 Yes (250-300 mp /m2), 1V, RT and CT: 15 I: 1 (4%) OR: 14 (93%) Surgery, CT and Numbers not
Gy in 16 cases Prior surgery: 6 21-30 davs togtal of;l d(,)ses RCCS Surgery then 11: 4 (17%) CR: 4 (26%) CR: 213 RT: 380 specified: [51] 3b
(2) 32 Gy in four As part of q Firs{ ciose iven . RT/CT:3 1II: 12 (50%) PR: 10 (67%) ’ 1: 390 Cutaneous:
weekly sessions of 8 therapy: 5 5.7 davs beforegs tart of RT RT only: 3 1V: 7 (29%) SD: 1 (7%) 1I: 277 Grd 1
Gy in 8 cases y ECT and RT: 1 1II: 120
IV: 90
(1) 8-Gy fractions q7
days for 4 weeks
(2) 6-Gy fractions q 3 Yes: 7 Not
r7 da . Melanoma vaccine as adjuvant o D: 8 (73% 134 oo
f(())r 6 wele(s 4 Only_ gross € Ct)reatmecrit iﬁ 95/11] RCS 11 Not specified IS)D: g 22;02 ; NE (2]_:151) specified for [55] 4c
. isease included OMM
(3) 3.5-Gy fractions q
3 days for 2

consecutive days

Abbreviations: CR: complete response, CT: chemotherapy, ECT: electrochemotherapy, EBR: electron beam radiotherapy, Grd: grade, Gy: Gray, MVX: megavoltage x-ray, NE: not
evaluated, OVX: orthovoltage x-ray, OR: overall response, PCS: prospective case series, PD: progressive disease, PFI: progression-free interval, PR: partial response, PRT: palliative
radiation therapy, RCCS: retrospective controlled clinical study, RCS: retrospective case series, RT: radiotherapy, and SD: stable disease.
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3.4. Radiotherapy without Adjunctive Therapy

Three prospective, and one retrospective case series were included in the evaluation
of RT without adjunctive CT (Table 5) [57-59]. One study included dogs that did not have
macroscopic disease recurrence after initial surgery and the study design was to identify
prognostic factors in dogs treated with MVX [59]. Only Boston et al. included a control
group of dogs treated with surgery and no systemic adjunctive therapy (98 dogs), but
included only twelve dogs treated with RT alone [37]. The overall level of evidence for
RT therapy alone was a C. Total planned RT delivered ranged from 24 to 48 Gy, and the
fraction dosage differed from 4 to 7 Gy/treatment and number of treatments from 3 to 12.
Dogs with metastatic disease were not included in any of these studies.

Overall response in two studies ranged between 83% and 94%, although the MST for
the dogs that showed an OR of 94% was short (147 days) [57,58]. Theon et al. reported a
good MPFI based on tumor stage [59]. Although MDFI cannot be substituted for median
survival time, it does give an impression of duration of effectiveness of therapy based
on the tumor stage. Overall response was markedly higher than in studies utilizing CT
alone [41,42,45].

MST for dogs receiving RT alone (147-307 days) [50,57,58], was similar to RT with
adjunctive CT (171-363 days) [52,53], and appeared to result in a longer MST compared
to CT alone (116-184 days) [35,42]. The exception to these MSTs was the Boston et al. that
showed a MST of 1747 days for RT only compared to 335 with surgery alone [37]. Among
dogs that received RT alone in that study, the effect of radiotherapy was confounded by
age, with the dogs being younger. The association of RT and increased survival time was
not significant in multivariate analysis.

Two studies reported adverse reactions [57,58]. These reactions were only well de-
scribed by Bateman et al. with mainly low-grade cutaneous reactions with two possible
late RT complications, that may not have been related to the RT [58].

Improved survival beyond palliative care with minimal adverse reactions is likely
with RT, but due to the lack of uniform RT protocols and reporting of clinical outcomes,
further conclusions based on the available studies are not possible. RT alone is best suited
to local control with good OR, with RT alone showing only a longer MST compared to
CT alone. Further studies are required to investigate if higher total Gy delivered in small
fractions is superior to lower Gy delivered in smaller fractions.

3.5. Electrochemotherapy

Electrochemotherapy (ECT) combines the administration of a poorly permeant cyto-
toxic agent with the local application of electric pulses that induce reversible electropolation,
thus improving drug diffusion into the cells, providing good local tumor control [60].

One large-scale prospective clinical series (67 dogs) [22] and a smaller prospective case
series (<10 dogs) [61] evaluated ECT in dogs with OMM, but did not include a control
group or compare it to an alternative therapy (Table 6). The larger study included only
dogs that were not candidates for first-line therapy such as surgery. In a smaller study,
Maglietti et al. evaluated the use of ECT with bleomycin in a variety of tumors (including
six dogs with OMM) comparing only systemic administration to systemic and intratumoral
(IT) administration, in dogs that had failed to achieve a complete response after one ECT
session [62]. The remaining two studies were case reports [63,64]. The overall LOE for
studies evaluating ECT was C.
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Table 5. Summary of radiotherapy without adjunctive therapy studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: C
Radiotherapy Treatment Initial S Study T Number of D WHO STAGE of Response Median PFI in D hﬁl/“['edia(x;{Surv;\{al Adverse Ref LOE
Protocol nitial Surgery udy Type umber of Dogs Melanoma Rate edian in Days ime D;;r;ge in Events eference
48 Gy given in 12 fractions 237
over 4 weeks Yes [IIE: numbers not I: 564
(Monday /Wednesday /Friday No recurrence PCSs 38 Fnum i © ds ° NE I: 180 NE NE for OMM [59] 4b
schedule) at included speciie Hi' 201
4 Gy/fraction ’
36 Gy in 4 fractions of 9 Gy at <III: 26 (72%) OR: 34 (94%) “Most dogs”: Grd 1
ay intervals. . ! o A o cutaneous
Ipsilateral lymph nodes Yes: 24 PCS 36 IL: 9 (25%) CR:25 (69/)) NE 147 Late radiation [57] 4b
k . R 22 had recurrence Not staged: PR: 9 (25%) (35-1491) o
radiated in 17 dogs: 18-27 Gy 163%) SD: 2 (6%) toxicities
in 2 or 5 fractions ° . ° (necrosis): 2
CR Acute cutaneous
Regrowth: 2 Grd 1: 12
(90 and 195) Grd2: 5
Yes: 11 I: 6 (33%) OR: 14 (83%) Disease free: 5 (270, Late radiation
z : . . . 0, T,
24 Gy in 7 Gy fractions on day Only macroscopic PCS 18 1L 6 (33%) CR: 9 (530/0) 270, 405, 450, 570) 237 toxicity: 58] 4e
0,7 and 21 disease included IT: 6 (33%) PR: 5 (30%) Death from Tooth root abscess
u : ° SD: 3 (17%) metastasis: 1 (5 months later)
Death from Chronic sialocele
intercurrent abscessed
disease: 10 (3 months later)
Abbreviations: CR: complete response, Grd: grade, Gy: Gray, NE: not evaluated, PCS: prospective case series, PFI: progression-free interval, OR: overall response, PR: partial response,
and SD: stable disease.
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Table 6. Summary of electrochemotherapy studies evaluating effectivity in oral malignant melanoma.

Overall Evidence Grade: C

. . Median PFI Median Survival
Electrochemotherapy CT Drug and Adjunctive Number of WHO Stage of . Adverse
Treatment Protocol Dosage Treatment Study Type Dogs Melanoma Response Rate TRange) Tm.le (Range) Events Reference LOE
in Days in Days
Eight minutes after IV
bleomycin, electropolation (BTX
ECM 830) with each train of
pulses: eight square wave
monopolar pulses of 400 V
* . 10/
(1000 V/em) 100 ps long at I: 11 (16%) OR: 47 (70%) 1. 330 (120-900) I: 495 (120-900)
10 Hz. Number of trains applied . CR: 14 (21%) . .
. . . Bleomycin, IV, 1I: 19 (29%) ; o II: 210 (90-630) 1I: 270 (120-630) Bleeding, pain,
varied according to tumor size, > No PCS 67 PR: 33 (49%) cop . [22] 4a
Lon 15,000 IU/m’ 1II: 26 (39%) : . III: 120 (60-120) III: 225 (90-510) difficulty eating
aiming to cover the whole tumor IV 11 (16% SD: 11 (17%) IV: 120 (30-120 IV: 135 (60-210
volume plus safety margins +11.(16%) PD: 9 (13%) +120 (30-120) 135 (60-210)
beyond it.
A 6-needle electrode used for all
cases, but for nasal duct
invasion, the single needle
electrode® was indicated
Four sessions of ECT, 1 week
apart. Five minutes after
bleomycin, sequential bursts of .
eight biphasic pulses lasting Bleorgr}:;m, IT Surgery:
50 + 50 ms were applied at a eri- re-ECgF ir}:six OR: 8 (80%) Mucosal
voltage of 800 V/cm using tuml::)r (Iem P dogs with PCS 10 IL: 6 (60%) CR =7 (70%) NE 180 discoloration at [61] 4c
modified caliper and needle . 111: 4 (40%) SD =2 (20%) (CI: 0-514) e
; surrounding the ~ subsequent local _ o, tumor site: 3
electrodes using a Chemopulse. PR =1 (10%)
” tumor at recurrence
The pulse repetition frequency 1.51U/mL
was 1 Hz, burst repetition : m
frequency was 1 kHz, total burst
duration of 7.1 ms
Eight minutes after IV and IT
bleomycin, electroporation (BTX
ECM 830) pulses were Bleomycin, IV, Control: C
. . 2 . ontrol
administered using a 15,000 IU/m I:1 !
6-needle electrode. after bleomycin, No PNRCT Control: 3 1I: 2 II~Ii’?Ql)(2) NE NE toxicitN Zr side [62] 3b
A train of 8 electric pulses IT, 125 TU/cm? Study: 3 Study: c Y >
X : Study effects
(1000 V/cm, 100 microseconds, of I: 1 All: CR (3)
10 Hz) tumor IIL: 2 ’

was applied, covering the whole
tumor
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Table 6. Cont.
Overall Evidence Grade:
. . Median PFI Median Survival
Electrochemothera; CT Drug and Adjunctive Number of WHO Stage of . Adverse
Treatment Protom};y Dosagge Tre]atment Study Type Dogs Melano;gna Response Rate fRange) Tm.le (Range) Events Reference LOE
in Days in Days
At the time of surgery, 8 min
after IV and IT bleomycin,
electropolation (BTX ECM
830 square wave) using two
types of electrodes 1)
two-needle-array (BTX model
532), and 2) Petri Pulser
Electrode was Surgery:
performed. Debulking (CO, Inflammation
Additional Rx on day 14 when Bleomycin, laser, 60 day and
metastasis dgtected in In.: ECT 0.3 mg/kg 0.25 mm spot Case 1 Ve 1 N/A N/A (euthanized due to necrosis of tissue [63] 4d
with calcium ions (CaCl2 in low IV and diameter, report unrelated that received
concentration at 5 mM, 10 mL 3 mg/mL IT in the seizures) ECT
delivered i.t.) performed directly continuous
on the metastatic lymph nodes wave mode
and remaining tumor mass. Only
two-needle-array electrodes
were used and in each
application the electric field was
8 square wave pulses of 100 pus
each, delivered at 1 Hz and
voltage of 650 V.
Eight minutes after bleomycin, a
6-needle electrode applied 33 .
8 pulses of 1000 V/cm with a Bleomycin, 1V, N Case 1 I PR NE (death due to zhort-h\fui;i [64] 4d
length interval of 100 psec at a 15,000 IU/m? ° report unrelated € etma Of the
repetition frequency of 10 Hz, condition) ongue
using a BTX ECM 830
Abbreviations: CI: confidence interval, CR: complete response, CT: chemotherapy, ECT: electrochemotherapy, IV: intravenous, IT: intratumoral, IU: international units, IV: intravenous,
In.: lymph node, N/A: not applicable, NE: not evaluated, OR: overall response, PCS: prospective case series, PD: progressive disease, PFI: progression-free interval, PNRCT: prospective

non-randomized controlled clinical trial, PR: partial response, and SD: stable disease. * Based on a median of 1.5 treatment sessions.
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The electric pulse, frequency delivered and type of needle electrode used varied
between studies. Tellado et al. based the number of ECT sessions on whether it was
deemed necessary based on recurrence of the primary tumor [22]. A total of 61% of
the patients (41) required a single session, 30% (20) required two, 7% (5) required three
and 1% (1) required four procedures. Local response was determined after a median
of 1.5 treatments. In contrast, Spugnini et al. delivered a standard four sessions and
evaluated the response after the last session [61]. Bleomycin was consistently used for all
studies as the cytotoxic agent with all studies administering electropolation 8 min after
intravenous administration with the exception of Spugnini et al. in which electropolation
was administered five minutes after intravenous administration of bleomycin. Three of the
five studies also gave IT bleomycin [61-63].

Overall response in the two larger studies was 70-80% [22,61]. The lower response
seen in Tellado et al. may have been due to the lack of IT administration of bleomycin, but
could also have been due to the higher proportion of dogs in stage III and IV, compared to
Spugnini et al. [22]. A complete response was reported in all three dogs given both systemic
and local bleomycin compared to partial response (2) and stable disease (1) in dogs given
only systemic bleomycin [62].

Median survival time in the Tellado et al. was only reported according to stage,
making comparison to other treatment modalities difficult. As would be expected, the
MST decreased as the stages increased [22]. A MST of 180 days was reported in the second
largest study [61], while the two case reports had shorter survival times than compared
to the same WHO stage in the Tellado et al. study [22], but were euthanized for reasons
unrelated to OMM and ECT administration [63,64]. The MST achieved with ECT seem
comparable to RT therapy, with or without CT, but further studies evaluating MST with
ECT and OMM are required.

Adpverse side effects following ECT were minor and included bleeding, inflammation
and necrosis of the tumor, difficulty eating, tongue edema and mucosal discoloration at the
tumor site [22,61-64].

Electrochemotherapy seems a reasonable option in dogs that are not candidates for
surgery or when surgery is declined, and the lack of significant side effects reported for
OMM support the therapy as a viable option. The OR is similar to RT, but further studies
are required to determine which therapy would afford the longest MST. Although the
ideal ECT protocol requires further investigation, systemic and local bleomycin should be
considered in all cases.

3.6. Hyperthermia

Hyperthermia (HT) is a therapy during which body tissue is heated to as high as 44 °C
to damage and ultimately kill cancer cells with little or no harm to surrounding normal
tissue. Hyperthermia is not a widely used treatment modality in veterinary medicine
due to the need for specialized equipment. Five prospective clinical studies report the
use of hyperthermia for the local control of OMM (Table 7) [65-69]. The largest study, a
prospective randomized controlled clinical trial consisting of 29 dogs evaluated combined
RT and HT compared to RT alone [65]. The remaining studies consisted of four cases or
less and were not specifically designed to evaluate OMM, but rather the response across
a number of different tumor types and locations [66-69]. Adjunctive RT was included in
three studies [65,66,68], intratumoral cisplatin in another [67] and one case report without
the addition of RT or CT [69]. Only two of the smaller studies reported the WHO stage of
melanoma [67,68].
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Table 7. Summary of hyperthermia studies evaluating effectivity in oral malignant melanoma.

Overall Evidence Grade: C

Hyperthermia Initial Adjunctive Study Number of WHO Response Median PFI M.edlarE Adverse
Treatment Surge Treatment Protocol Type Dogs Stage of Rate in Days Survival Time Events Reference LOE
Protocol gery M & Melanoma y in Days
HT: 500 kHz
high-frequency
current or
2450 MHz
microwaves.
(1) 30 min at ao RT alone:
minimum of 42 °C
once weekl OR: 11
imme diately’ RT to primary and (100%)
prior to y Yes accessible regional 29 CR: 2 (18%)
. / In.: 36.8 Gy in RT alone: 11 Not PR: 9 (78%) RT alone: 262
radlothera}py (17 numb(?rg not 8 fractions of PRCT RT & HT: specified RT and HT: NE RT and HT: 165 NE (651 2
(2) 60 min at a specified .
. o 4.6 Gy/fraction, 15 OR: 15
minimum of 42 °C .
twice weekl twice weekly (100%)
. ; Y CR: 12 (80%)
immediately prior PR: 3 (20%)
to radiotherapy (5) ' °
(3) 60 min at a
minimum of 42 °C
twice weekly,
2-3 h after
radiotherapy (1)
RT planned protocol: i‘zzﬁiﬁ}:’
lor2 36-40 Gys in OR: 4 (100%) localize d,
treatments within 9-10 Gy fractions at Not CR: 3 (75%) hair loss
10-20 min of RT. No weekly intervals PCS 4 o PR: 1 (25%) NE NE / [66] 4c
. specified tumor
Water was over 4 weeks. Final All showed necrosis. Not
circulated at 40 °C dose for OMM recurrence CCTosts. IO

not specified

specified for

OMM
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Table 7. Cont.
Overall Evidence Grade: C
Hyperthermia Initial Adjunctive Study Number of WHO Response Median PFI M'edlart Adverse
Treatment Surge Treatment Protocol Type Dogs Stage of Rate in Days Survival Time Events Reference LOE
Protocol sery M 8 Melanoma y in Days
Localized cisplatin
therapy, q7 days,
4 .conse.cutwe weeks. Grd 1: Local
Initiated 15 min Cisplatin formulated erythema: 1
fter intratumoral to deliver to Grd 2: '
aci:pla ﬁna ¥urr(1)o? Yes, in some. 3.3 mg/mL with pa tch};
goal temperature All hac% post- a collag.en PCS II:'2 SD or PD: 3 NE 14, 112 mucositis: 1 [67] 4c
was 42 °C for surgical concentration of Iv:1 and 168 Grd 3:
. recurrence 32.5mg/mL. ’
30 min at . . Confluent
steady state Delivered into fibrinous
y tumors until mucositis: 1
mixture extruded )
throughout the
treatment volume
Once a week for
3 sessions.
Effective heating
time: 45 min, from RT: 32 Gy delivered
the first in4 x 8 Gy weekly Grd 1: Acute
intra-tumoral Addltlo'nally: PCS 1 PR 178 360 radiation [68] 4d
temperature Metronomic chemo therapy
sensor reached Temozolomide toxicity
>41°C, or (2 cycles)

after 15 min of
heating-up time
had elapsed
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Table 7. Cont.

Overall Evidence Grade: C

Median

Hyperthermia
Treatment
Protocol

Initial
Surgery

Adjunctive
Treatment Protocol

Study
Type

WHO
Stage of
Melanoma

Number of
Dogs

Response
Rate

Median PFI
in Days

Survival Time
in Days

Adverse
Events

Reference LOE

Laser-induced HT:
60-Watt surgical
diode laser with
a spectral output

of 810 nm
(£20 nm),
directed into a
4-way
beamsplitter and
launched through
four 400-um
diameter quartz
microlens fibers.
Each tumor was
treated with
500 mW/cm? laser
energy for 30 min,
weekly for

Yes.
Post-
. No
surgical
recurrence

PCS

Not
specified

PR

21

NE

Not
reported
for OMM

[69] 4d

4 treatments

Abbreviations: CR: complete response, Grd: grade, Gy: Gray, HT: hyperthermia, In: lymph node, NE: not evaluated, OR: overall response, PCS: prospective case series, PRCT: prospective
randomized controlled clinical trial, PFI: progression-free interval, PR: partial response, RT: radiation therapy, SD: stable disease, and Sx: surgery.
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Dewhirst et al. showed a greater number of dogs with a CR when RT was combined
with HT (80%) compared to RT alone (18%) [65], although the 18% CR reported was
markedly lower than those reported by Blackwood et al. (69%) and Bateman et al. (53%),
in which RT alone was delivered at lower total doses [57,58]. Additionally, Dewhirst et al.
showed evidence for significant improvement in long-term control without an increase in
the potential for metastatic spread, but dogs with RT alone had a longer MST than with
combination HT and RT therapy [65]. Thompson et al. showed a complete response in
3/4 OMM, but no survival times were reported [66]. Stable or progressive disease was noted
in all three dogs that underwent hyperthermia and intralesional cisplatin, with survival
times for the 3 dogs reported as varying from 14 to 168 days [67].

Adverse events, when reported, were minor and self-resolving, commonly including
erythema, mucositis and alopecia [66-68].

With the limited available information, HT in combination with RT appears effective
for the control of local disease but did not result in longer MST than RT alone. It is likely
that RT therapy alone can achieve the same or better outcomes [65]. Further prospective
studies with larger numbers are required to further evaluate if HT in combination with RT
is more effective than RT alone.

3.7. Alternative Therapy

Lupeol is a triterpene found in certain fruits, vegetables and several medicinal plants [70].
Melanoma cell proliferation inhibition has been reported in vitro and in vivo due to lupeol’s
antitumor properties [71-73]. Melanoma tumor growth was inhibited by systemic lupeol
in a mouse model [71].

One prospective case series (OEG C, Table 8) investigating lupeol included eleven
dogs that had partial resection and one dog that had complete resection of their tumors [74].
Lupeol was subsequently given subcutaneously at tapering doses for several months. Three
dogs received additional adjunctive therapy. At the end of the experimental period, all
the dogs remained alive. Of the 12 dogs, 10 had survived for >180 days after surgery.
Moreover, only two dogs had local recurrence, and no distant metastasis was observed
during the experimental period. No adverse events were noted. No other studies have
evaluated Lupeol in canine tumors, but the results from this one study appear promising
and lupeol requires further investigation to determine efficacy against OMM and possibly
other canine tumors.

One prospective case series (LOE 4) evaluating the effect of liposome-encapsulated
curcumin for naturally occurring canine cancers showed that the only patient with OMM
treated had progressive disease [75].

3.8. Immunotherapy

The immune system actively attempts to prevent the development of tumors, a pro-
cess known as ‘cancer immunosurveillance’ [76]. Its ability to recognize and eliminate
cancer cells forms the fundamental rationale behind immunotherapy [77], with the focus of
the various immunotherapy strategies available being either to stimulate an antitumoral
immune response or to minimize the immunosuppressive nature of the tumor microenvi-
ronment [78].

3.8.1. Vaccination

Therapeutic vaccination serves to educate the immune system to recognize tumor-
specific antigens [79]. Whole-cell tumor vaccines and deoxyribonucleic acid (DNA) vaccines
represent the most widely adopted vaccination strategies available for the treatment of
canine OMM. Whole-cell tumor vaccines consist of irradiated or lysed tumor cells, with or
without immunostimulatory cytokines, and stimulate an immune response against many
tumor antigens [80]. While DNA vaccination, mostly bacterial plasmid based and rarely
dendritic cell based, encode tumor-specific xenoantigens and elicit antigen-specific humoral
and cellular immunity [79].
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Table 8. Summary of an alternative study evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: C
- CT Treatment Adjunctive Number of Stage of Melanoma Response Median DFI Survival Time Adverse
Drug Initial Surgery Protocol Therapy Study Type Dogs Evaluated Rate in Days in Days Events Reference LOE
10 mg/kg, SC, 1 week
post-operatively.
Initially administered
twice a week for
2 weeks 1 = melphalan >180 aft
Then, decreased to and piroxicam I: 3 (25%) CR:1/11 surgera;' e&)
once a week for 1 = photodynamic 1I: 5 (42%) (9%) » No severe ’
Lupeol Yes, all dogs 4 weeks; then hyperthermal CT Pcs 12 1II: 3 (25%) PR:10/11 170 liAH 1t(1§t111n d adverse effects (74 4c
alternate weeks for 1 = photodynamic Not staged: 1 (8%) (91%) a Vefa ‘rucf e
8 weeks; then once a hyperthermal therapy orstudy
month for
several months

(>2 administrations);
finally, discontinued

Abbreviations: CT: chemotherapy, CR: complete response, DFI: disease-free interval, PCS: prospective case series, PR: partial response, and SC: subcutaneous.
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Oncept™ (Merial, Duluth, GA, USA), a bacterial plasmid DNA vaccine encoding the
tumor-targeted antigen human tyrosinase (huTYR pDNA), was the first cancer vaccine to
receive full approval from the US Department of Agriculture and is the most extensively
investigated vaccine used in dogs with OMM [37,81-86].

Case series comprise the body of literature in support of Oncept’s™ role in improving
survival times in dogs with OMM in the surgical adjunctive setting (Table 9) [81-83,85,86].
Studies incorporating additional treatment modalities, such as RT, CT or tyrosine kinase
inhibitors, reported MSTs of 335-455 days in dogs with stage I-1II disease [81,85,86]. Ad-
junctive RT was shown to confer protection against tumor progression in the largest of
these studies involving 131 dogs [85]. Only two studies have compared Oncept’'s™ efficacy,
as a surgery adjunctive, to appropriate control groups and found it to provide no survival
advantage [37,84], with MSTs in dogs that received adjunctive vaccination ranging from
335 to 485 days compared to surgical controls with MSTs of 352-585 days [37,84]. The
presence of confounding adjunctive treatments, in addition to surgery, as well as the use of
another DNA vaccine with unknown constituents (Wisconsin vaccine) in the Boston et al.
2014 study, does, however, complicate the interpretation of these findings [37,84]. Those
in which vaccination was evaluated as the sole surgical adjunctive were without control
groups and largely involved stage II OMM patients [82,83]. In one of these studies, the
MST of stage II vaccinates was not reached by the time of last data analysis, with the lower
25th percentile of survival time in all vaccinates being reported as 464 days [83]. The other,
reporting a MST of 806 days in the six dogs still alive at the end of the study period and
357 days in the sixteen that died of progressive disease during the course of the study [82].

The use of dendritic cell-based DNA vaccines has only been described in case re-
ports [87]. Administration of autologous bone marrow derived dendritic cells, expressing
xenogeneic human melanoma antigen gp100 (BM-DC Adhgp100), to patients with stage I
OMM has shown conflicting results with one patient showing no evidence of disease recur-
rence at 1440 days and the other a survival time of 210 days [87]. One stage III patient that
received treatment survived until drowning at 660 days, with no postmortem examination
being conducted to evaluate for presence of disease [87].

Combining whole-cell and DNA vaccination strategies, using an allogenic whole-cell
tumor vaccine expressing xenogeneic human glycoprotein 100 (Hgp100-ATCV), resulted in
a response rate of only 16% (4/25) and a MST of only 153 days (responders 417 days vs.
non-responders 95 days) in a case series of dogs with mainly advanced stage disease [88].

The current available literature lacks sufficient high-quality evidence to support the
use of vaccination in dogs with OMM in the surgical adjunctive setting, with the OEG being
a C. The survival benefit conferred by vaccination is confounded by a lack of consistent
comparative control groups and confounding adjunctive treatment modalities [37,81-86].
Randomized, double-blinded, controlled clinical studies evaluating the utility of melanoma
vaccines in the surgical adjunctive setting as well as their possible role beyond that of just a
surgical adjunctive are warranted.

3.8.2. Electrovaccination and Microseeding

The safety and possible potentiating role of novel vaccine delivery systems, namely
microseeding and electrovaccination, have also been evaluated in dogs with OMM [89-93].
DNA microseeding makes use of a modified tattooing device to deposit vaccine at a
controlled rate into micropunctures created intradermally (Table 10) [89]. In a pilot study
including four dogs with OMM, delivery of a xenogeneic human tyrosinase plasmid DNA
vaccine via microseeding was found to be well tolerated but the study lacked sufficient
power to evaluate true antitumoral effects [89].
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Table 9. Summary of vaccination studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: C
. . . . Median Survival .
Immunotherapeutic Primary Adjunctive Number of WHO Stage of . Median DFI (Range) Adverse
Agent Evaluated Treatment Therapy Study Type Dogs Melanoma Response Rate Tmi: ]()I:,x;ge) in Days Events Reference LOE
I: 25 (19%) . o :
T Vi Lot oo
melanpma reported Surgery and/or RT RCS 131 III: 37 (28 /o.) PR 17/37 (46%) 442 (352-663) NE Systemic: Lethargy [85] 4a
vaccine Unknown: SD: 9/37 (24%) and coughing: 1
41 (31%) : ghing:
Local:
Pain at injection
site: 4
Local erythema: 2
OR: 4/13 (31%) I: NR R .
. (o .
ONCEPT™ nd ot other Lo CRIBEW 2y 1111 222 "3 hemortiger 1
melanoma Surgery RCS 69 : PR: 1/13 (8%) 1I: 342 (214-470) ) \age: [86] 4a
. (NSAIDs and 111:23 (33%) ) o N (175-269) Systemic:
vaccine Toceranib) V: 3 (5%) SD: 3/13 (23%) 1v: 178 Letharey: 2
’ PD: 6/13 (46%) I-I11: 455 (324-586) sy
Lethargy and
anorexia: 1
SCC at injection
site: 1
Local: wheal,
ONCEPT™ !
11: 44 (76%) II: NR hematoma, pain,
mf;i?gé‘a Surgery No PCS 58 IT: 14 (24%) NE 1IT: 235 NE bruising. 831 4a
Systemic: none
RT and/or . .
surgery and/or I: 10 (22%) SItIua;d 21717 Sgue:jnc.l ?40
ONCEPT™ Surgery alone or MCT and/or Total: 45 IL: 22 (49%) Contr%l' 491 Contr}(l).l' 331
melanoma gery tyrosine RCCS Study: 22 1I1: 8 (18%) NE - . None [84] 3b
. surgery and RT : ;] . -1 I-1II:
vaccine kinase Control: 23 Unknown: Study: 485 Study: 171
inhibitor 5 (11%) Control: 585 Control: 258
and/or CT
ONCEPT™ I: 9 (28%) A}ll3;§5(1(221;f§;))
melanoma Surgery RT RCS 32 II: 17 (53%) NE H" 383 (60-1078) NE None [81] 4b
vaccine IIT: 6 (19%) TIT: 189 (60-428)
ONCEPT™ 10: 23 (92%) Ah"e( by ;’;‘)d of study
melanoma IIL: 1 (4%) . ’ .
vaccine Surgery No RCS 25 IV: 1 (4%) NE Died of progressive NE None [82] 4b

disease (16/25): 357
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Table 9. Cont.
Overall Evidence Grade: C
. . . . Median Survival .
In[;munotherapeutlc Primary Adjunctive Study Type Number of WHO Stage of Response Rate Time (Range) Medla.n DFI (Range) Adverse Reference LOE
gent Evaluated Treatment Therapy Dogs Melanoma in Days in Days Events
CT: 32
Carboplatin (21)
platinum-based
treatment (5)
lomustine (1)
.. Study: 24
ONCEPT™ dacarbizine (1) Onc}épt:
doxorubicin (1)
melanoma and 14 dogs Studv: 335
vaccine or Surgery . RCCs Wisconsin NE NE 4 NE NE [37] 3b
Wi . metronomic . Control: 352
isconsin vaccine:
. chemotherapy (4)
vaccine OR 10 dogs
Control: 98
RT:12
Protocol varied but
most often hypo-
fractionated
protocol
Mild induration and
OR: 4/25 (16%) erythema at
1I: 9 (36%) CR:1/25 (4%) All dogs: 153 vaccination site
Hglf/ﬁgﬁgcv o l\l‘r’:e q No PCS 25 IT: 6 (24%) PR: 3/25 (12%) Responders: 417 NE 1 dog— 88] 4
P IV: 10 (40%) SD: 3/25 (12%) Non-responders: 95 depigmentation of
PD: 18/25 (72%) oral tumor and
mucosa
BM-DC Adhgp100 1: 2 (67%) I:CR1/3 I: 210
vaccine Surgery RT PCs 8 1IT: 1 (33%) at 1440 days IT: 660 NE None 871 de

Abbreviations: Adj.: adjunctive, BM-DC Adhgp100: autologous bone marrow-derived dendritic cells expressing xenogeneic human melanoma antigen gp100, CR: complete response,
CT: chemotherapy, Hgp100-ATCV: allogeneic tumor cell vaccine expressing xenogeneic human melanoma antigen gp100, MCT: metronomic chemotherapy, NE: not evaluated, NR: not
reached, NSAID: non-steroidal anti-inflammatory drug, OR: overall response, OS: overall survival, PCS: prospective case series, PR: partial response, RCCS: retrospective controlled case

study, RCS: retrospective case series, RT: radiotherapy, SC: subcutaneous, and SD: stable disease.
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Electrovaccination involves the application of an electric field that serves to increase
cell membrane permeability thus facilitating the introduction of molecules such as plasmid
DNA [90]. Two prospective non-randomized controlled clinical trials, with no additional
confounding treatment modalities, have shown electrovaccination with human chondroitin
sulfate proteoglycan-4 DNA vaccine (hCSPG4-DNA) to significantly prolong survival
in dogs with surgically resected OMM (Table 11) [91,92]. One study reported a MST of
653 days in CSPG4-positive vaccinates compared to 224 days in both CSPG4-positive and
-negative surgical controls [91]. The second prospective study reported CSPG4-positive
vaccinates and surgical controls as having a MST of 684 days and 220 days and lung
metastatic rates of 39% and 79%, respectively, with dogs less than 20 kg reported as having
improved survival times [92]. The extent of surgical excision was shown to significantly
influence disease progression in a case series of CSPG4-DNA electro-vaccinated dogs also
receiving other therapeutic adjunctives, with a MST of 1333 days reported in dogs under-
going curative intent surgery compared to 470 days in those undergoing only marginal
excision [93].

Good-quality evidence supports the use of electrovaccination with hCSPG4-DNA in
dogs with OMM, with the OEG for electrovaccination being a B. High-quality studies, with
larger case numbers are, however, needed to support the findings of these existing studies.

3.8.3. Gene Therapy

Viral or non-viral vectors, namely liposome delivery or DNA protein complexes, can be
used to facilitate the delivery of foreign DNA into cells, a process known as transfection [79].
Local delivery of various gene products results in unique antitumoral responses while
limiting the potential toxicity associated with systemic exposure [79,94].

The combined intratumoral administration of suicide gene therapy, where infection
of cells with the herpes simplex virus thymidine kinase gene facilitates the activation
of ganciclovir, and xenogeneic cells secreting cytokines, specifically human granulocyte—
macrophage colony-stimulating factor (hnGM-CSF) and interleukin-2 (hIL-2), was shown to
significantly delay or prevent distant metastasis and extend survival times in a prospective
non-randomized clinical trial, in which 95% of the enrolled melanoma bearing dogs had
OMM (Table 12) [95]. With the percentage of metastasis-free patients at study end in the
combined treatment group (76%) being significantly higher than the untreated controls
(29%), surgery-treated controls (48%) and the suicide gene-treated only controls (56%) [95].
Both the MST and the metastasis-free survival were significantly extended in the combined
treatment group (160 days; >509 days, respectively) as compared to untreated controls
(69 days; 41 days), surgery-treated controls (82 days; 133 days) and suicide gene-treated only
controls (94 days; >159 days) [95]. The overall response rate for the combined treatment
group reached 46%, with complete remission of pulmonary metastasis being achieved in
one dog that was later euthanized due to primary tumor progression at 123 days post-
treatment initiation [95]. This study showed that repeated injections of the suicide gene
system and cytokine-secreting xenogeneic cells into the tumor bed could substantially
control tumor growth, delay or prevent distant metastasis and significantly extend survival
rate [95].

In a prospective non-randomized clinical trial, in which 82% of the enrolled population
had OMM, peri-tumoral injection of xenogeneic Vero cells expressing human interleukin-2
as an adjunctive to surgery or RT resulted in a MST of 270 days as compared to 72 days in
those receiving only the primary treatment modality [96].

The remaining literature specific to gene therapy is of a low LOE and is presented in
the form of case reports and small case series. Inmunogene injections encoding potent T-
cell activators, namely adenovector CD40 ligand (AdCD40L) or staphylococcal enterotoxin
B and canine GM-CSF, or apoptosis promoter, Fas-ligand (FasL) have proved to be safe
and resulted in promising antitumoral effects with reported ORs ranging between 55% and
100%, such findings warranting further research [97-100].
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Table 10. Summary of vaccine microseeding studies evaluating effectivity in oral malignant melanoma.

Overall Evidence Grade: C

Immunotherapeutic Primary Adjunctive Number of WHO Stage of Median PFI Survival
Agent Evaluated Treatment Therapy Study Type Dogs Melanoma Response Rate in Days in Days Adverse Events Reference LOE
Xenogeneic human . o . . Local irritation at
tyrosinase .plasrr'\id Surgery No PCS 4 IIIIf: 11 ((2255£Z,)) CR: 1/4 (25%) IIIH451§ 111114;12; vaccine site within (89] 4c
DNA vaccine with IV: 2 (50%) PD 3/4 (75%) IV 0 IV: 14 and 101 24 h. Resolved at
microseeding 2 week f/up.
Abbreviations: CR: complete response, PCS: prospective case series, and PD: progressive disease.
Table 11. Summary of electrovaccination studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: B
. . . . Median DFI Median Survival
Immunotherapeutic Primary Adjunctive Number WHO Stage of . Outcome Adverse
Agent Evaluated Treatment Therapy Study Type of Dogs Melanoma Response Rate '(Range) T1n.1e (Range) (Other) Events Reference LOE
in Days in Days
RT and/or CISs
Surgery . I-IV not . o . . LRR:
CSPG4-DNA (Curative metronomic 82 specified for SD: 19 (37%) CIS: 324 CIS: 1333 CIS: 45.1%
. R treatment . . PD: 32 (63%) (37-2632) (78-2632) X o
vaccine intent and RCS CIS: 51 patients - - MES: 54.8% None [93] 4a
with EP marginal (NSAID/CT) MES: 31 receivin MES MES: 184 MES: 470 CM: 51.3%
exd‘fion) and/or CT : Vaccineg SD: 4 (13%) (13-1049) (187-1063) M 89,49
and/or ECT PD: 27 (87%) S
V: LRR:
0 1I: 9 (39%) V: 477 V: 684 V: 34.8%
hCSPG4-DNA § III: 14 (61%) (50-1694) (78-1694) NV: 42%
vaccine with EP Surgery No PNRCT 1\\17{/?%9 NV: NE NV: 180 NV: 220 LM: None %21 3b
’ 1I: 6 (32%) (38-1250) (75-1507) V:39%
I1I: 13 (68%) NV: 79%
V:
33 1I: 5 (36%) V: 477 V: 653 Local:
hCSPG4-DNA . 1II: 9 (64%) (207-00) (458-00) Transient
vaccine with EP Surgery No PNRCT ]\\]fvlfg NV: NE NV: 180 NV: 224 NE erythema at 1l 3
: II: 5 (26%) (165-00) (185-00) injection site

1II: 14 (74%)

Abbreviations: CSPG4-DNA: chondroitin sulfate proteoglycan-4 deoxyribonucleic acid, CIS: curative intent surgery, CM: clean margins, CT: chemotherapy, ECT: electrochemotherapy,
EP: electroporation, hCSPG4-DNA: human chondroitin sulfate proteoglycan-4 deoxyribonucleic acid, huTYR pDNA: xenogeneic human tyrosinase plasmid deoxyribonucleic acid,
IM: infiltrated margins, LM: lung metastasis, LRR: local recurrence rate, MES: marginal excision surgery, NE: not evaluated, NSAID: non-steroidal anti-inflammatory drug, NV: non-
vaccinates, PD: progressive disease, PNRCS: prospective non-randomized controlled clinical trial, RCS: retrospective case series, RT: radiation therapy, SD: stable disease, and

V: vaccinates.



Vet. Sci. 2022, 9, 196

31 of 47

Although these study populations largely consisted of dogs with the oral form of MM,
higher-quality studies specific to OMM or at least with more targeted analysis of the oral
subpopulation are needed in order for meaningful conclusions to be reached. The OEG for
gene therapy isa C.

Electrogene therapy and electrochemogene therapy in dogs with OMM are represented
by an OEG of D and C, respectively. Only case reports and small case series detailing the
safety and vague antitumoral effects of interleukin-12 (canine-cIL-12 pDNA, feline-fIL-12
pDNA and human-hlL-12 pDNA) electrogene therapy and additional bleomycin therapy
are available [101-104]. Further studies are necessary.

3.8.4. Combination of Gene Therapy and Vaccination

High-quality studies investigated combination gene therapy and vaccination in dogs
with OMM (Table 13). Two, large, prospective non-randomized clinical trials, each incor-
porating over 400 dogs of varying metastatic stage, receiving no additional confounding
therapeutics, evaluated a combined immunotherapy strategy in the surgical adjunctive
setting [105,106]. In both studies, suicide gene therapy (lipid-complexed thymidine ki-
nase suicide gene in combination with ganciclovir) and plasmid DNA-encoding canine
interferon-beta (cIFNf3), with the addition of local bleomycin therapy in the second study,
was co-injected with an autologous, tumor cell, cytokine-enhanced (hIL-2 and hGM-CSF)
vaccine [105,106].

In the first study, long-term follow up, six years post-treatment, showed this combi-
nation therapy to be safe and capable of delaying or preventing post-surgical recurrence
and distant metastasis [105]. Adjunctive combination therapy was shown to increase MST
in dogs undergoing complete surgical resection of their primary tumors from 101 days to
704 days, their median DFI from 62 days to >2251 days, the proportion of local disease-
free patients from 11% to 83% and distant metastasis-free patients from 44% to 89% [105].
Even in dogs undergoing partial resection of their primary tumor, adjunctive combination
immunotherapy increased MST from 78 days to 323 days and increased the proportion of
metastasis-free patients from 48% to 82% [105].

The second study highlighted the added benefit of combination therapy, compared
to autologous tumor vaccine therapy alone, as an adjunctive to surgery [106]. Median
survival times in dogs undergoing complete surgical resection of their primary tumor
were increased from 95 days to 614 days in vaccinates and 880 days in those receiving
combination therapy [106]. The proportion of local disease-free patients was increased
from 20% in surgical controls undergoing complete resection to 74% in those receiving
adjunctive vaccination and 89% in those receiving combination therapy, with the proportion
of distant metastasis-free patients being increased to 84% in vaccinates and 87% in combined
therapy patients from 45% in surgical controls undergoing complete resection [106]. As
demonstrated in the previous study, adjunctive combination immunotherapy was beneficial
even in dogs undergoing partial resection of their primary tumor, increasing the percentage
of distant metastasis-free patients from 44% to 80% [106].

It is proposed that this combined immunotherapy strategy is capable of altering the
course of a once lethal disease, supported by the fact that 1% of dogs undergoing complete
surgical resection of their primary tumors died of melanoma-unrelated causes compared
to 51% who received adjunctive vaccination and 70% receiving combined immunother-
apy [106]. The OEG of a combined immunotherapy strategy incorporating both vaccination
and gene therapy is a B. This combined immunotherapy strategy compromises the highest
level of evidence available in support of an immunological surgical adjunctive for extending
survival in dogs with OMM. Further prospective randomized, double-blinded, controlled
clinical trials are warranted.
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Table 12. Summary of gene therapy studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: C
Median Survival Metastasis-Free
Immunotherapeutic Primary Adjunctive Study Type Number of WHO Stage of Response Rate Time (Range) Survival Adverse Events Reference LOE
Agent Evaluated Treatment Therapy Dogs Melanoma . (Range)
in Days N
in Days
Lipid-complexed SG:
herpes simplex OR:7/16 (44%)
thymidine PR: 6/16 (38%)
kinase with ganciclovir R:sﬁﬁscgot 101 CR:1/16 (6%) ]n'ectli?)tn site:
(suicide gene therapy) specific to uc:17 T & IT: 22 (22%) SD: 4/16 (25%) UC: 69 (10-169) UC: 41 (10-169) ) De- :
alone 3 : e se e PD: 5/16 (31%) SC: 82 (43-2160) SC: 133 (43-216) ) X ,
NE No OMM. SC: 23 1II: 67 (66%) . R ; pigmentation (20%) [95] 3b
(SG) OMM G 1e IV 12 (12%) CT: SG: 94 (46-159) SG: >159 (41-159) Edema (30%)
or with o ; ’ OR: 21/45 (46%) CT: 160 (57-509) CT: >509 (57-509) ) o
. . . > 80% CT: 45 X o Swelling & itching
irradiated transgenic of cases PR: 14/45 (31%) (T7%)
xenogeneic cells CR: 7/45 (15%) °
secreting hGM-CSF and SD: 12/45 (27%)
hIL-2 (CT) PD: 12/45 (27%)
PNRCT
Results not 0 Local
Xenogenic Vero cells Surgery and RT No specific to Study: 16 NE NE Study: ?70 NE inflammation at [96] 3b
secreting hIL-2 OMM. C 1: 16 Control: 72 e
OMM> 80% ontrol: injection site
of cases
OR:
PCS ; . .
Results not I: 3 (14%) HIV:12/22 I 427 Transient peri-
Intratumoral of specific to Total: 22 I: 5 (23%) (55%) IT: 399 tumoral edema
Staphylococcal NE No pOMM OMM' 20 III: 12 (542/) 1: 100% HI" 168 NE after [99] 4b
enterotoxin B DNA OMM> 8'00/ ) IV' 2 (9% )0 1I: 60% IV‘ 0 injection: 1
of cases ° : © 1II: 33% ’ Transient anorexia: 1
1V: 0%
Mild
transient fever: 7
12 (14%) OR: 11/14 (79%) Mild
Surgery o1 (7(7”) CR: 4/14 (29%) I-1V: 160 anorexia: 5
Intratumoral ) he PR:7/14 (50%) (20-1141) Injection site
AdCD40L NE or Pcs 14 IIL: 8 (57%) SD: 3/14 (21%) TLIV: 131 NE swelling: 3 1971 4e
chemotherapy 1V: 3 (22%) Specifi ifi OMM Mild iont li
Specific to OMM pecific to Not specific to il transmnt' iver
P OMM enzyme elevation:2
Not
specific to OMM
Intratumoral NE Surgery PCS 4 IL: 4 (100%) %%42//%1((15%270)) (91-574) NE None [100] 4c
FasL DNA and/or RT PR: 2/4 (50%)
Intratumoral Local . .
human dia- CRS Caset 1 IV: 1 (100%) CR: 1 (100%) 401 NE Mild fwe”mg of [98] 4d
AdCD40L thermia repor umor

Electrogene therapy
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Table 12. Cont.

Overall Evidence Grade: C

Immunotherapeutic

Metastasis-Free

Median Survival .
Survival

Primary Adjunctive Number of WHO Stage of

Agent Evaluated Treatment Therapy Study Type Dogs Melanoma Response Rate Tu?lf ]()Raar;ge) (Range) Adverse Events Reference LOE
¥ in Days
Intratumoral MCT Case Local swelling &
hIL-12 pDNA NE (cyclophosphamide)  report 1 IV: 1 (100%) PD NE NE erythema [101] 4d
with EP cyclophosphamide po 2-3 days later
Regression-
progression
Intratumoral Case 155 }filels.)R
hIL-12 pDNA NE No 1 IV: 1 (100%) ond Ty: PR NE NE None [102] 4d
with EP report X:
34 Tx: PD
4 Tx: N/A
5t Tx: SD
Electrochemogene therapy
cIL-lécl:le_D NA L2 Transient
& NE CRS PCS 9 II: 4 OR: 6/9 (67%) 180 NE leucocytosis & [104] 4c
IV bleomycin II: 3 neutrophilia: 4
fIL-12 pDNA
ECT Piroxicam
& NE & rcas’it 1 v:1 PR: 1 NE NE 4%:2;‘?? [103] 4d
Intralesional tramadol po tarrhe
bleomycin

Abbreviations: AdCD40L: adenovector CD40 ligand, cIL: canine interleukin, CR: complete response, CRS: cytoreductive surgery, CT: combined therapy group, DNA: deoxyribonucleic
acid, ECT: electrochemotherapy; EP: electroporation, FasL: Fas ligand, fIL: feline interleukin, GM-CSF: granulocyte-macrophage colony-stimulating factor, hGM-CSF: human granulocyte—
macrophage colony-stimulating factor, hIL: human interleukin, IV: intravenous, MCT: metronomic chemotherapy, N/A: not applicable, NE: not evaluated, OR: overall response,
PCS: prospective case series, PD: progressive disease, pPDNA: plasmid deoxyribonucleic acid, PNRCT: prospective non-randomized controlled clinical trial, PR: partial response,
RT: radiotherapy, SC: surgical control group, SD: stable disease, SG: suicide gene treated group, Tx: treatment, UC: untreated control group, and US: ultrasound.
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Table 13. Summary of vaccination and gene therapy combination studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: B
Median
Immunotherapeutic Primary Adjunctive Number of WHO Stage of Survival Time Median DFI (Range)
Agent Evaluated Treatment Therapy Study Type Dogs Melanoma (Range) in Days Outcome (Other) Adverse Events Reference LOE
in Days
CS:
Local cIFNf and I 'Ig;IHSf }5(;15 ;0)
suicide gene therapy Total: 464 v: 6 6"/)0 Proportion local
(lipid-complexed ” ot disease free:
thymidine kinase PNRCT OMM: 400 L& H.C §5C(ZO 59%) CS: 101 (11-568) CS: 11% Induration at
suicide gene plus Results not S 163 I é9 3 5'0 ’ )o éS—CT- 704 CS-CT: 83% injection site (14%) &
ganciclovir) specific for Cé- 98 IvV: 11 (6V%) (99_22'51) CS: 62 (8-425) 24 hours lethargy
and Surgery No pOMM PS: 65 ’ PS: PS: 78 (29-206) CS-CT: >2251 Proportion (22%) [105] 3b
Vaccine composed of OMMA : [&IL: 17' (26%) I;S-CT' 323 (69-2251) metastasis free: Itching & swelling
tumor extracts and > 80% S-CT: 301 L 41 (63% )0 (46—1(")21) CS: 44% (19%) 12-36 hours
lipoplexes carrying of case[z)s CS—CT' 185 V.7 (110/; CS-CT: 89% after surgery
hIL-2 and hGM-CSF PS-CT: 116 1.’S—CT' ° PS: 48%
genes 4 11 & I1I: 29 (25%) PS-CT: 82%
=CT IL: 75 (65%)
IV: 12 (10%)
CS:
I &1II: 41 (39%)
. 0,
Local cIFNf3 plus HII\'/PS gf/)")
bleomycin CS-V: ° Proportion local
and 1& 1T 55 (.36‘7) disease free:
suicide gene therapy PNRCT Total: 537 L é7 G 6%)0 CS: 95 (10-540) CS: 20%
(lipid-complexed OMM' 439 IV" 12 (8%) CS-V: 614 CS-V: 74%
thymidine kinase Results not S 1'73 CS—CT‘ ° (121-1896) CS: 66 (8-425) CS-CT: 89%
suicide gene plus specific to Cé- 105 &1L 38 (?;90/) CS-CT: 880 CS-V: >1896 Edema &
ganciclovir) Surgery No pOMM PS.' 8 I 51 (529% )0 (177-2129) (49-1896) Proportion induration at [106] 3b
and (=CT) OMM > CS—\}' 154 IV' 9 (90/)0 PS: CS-CT: >2129 metastasis free: vaccine site
/or (=V) 0% of CocT: 98 ps. 77 (30-225) (46-2129) CS: 45%
Vaccine composed of Cas"ez PS-CT: 112 1& 1L 24 (35%) PS-CT: 415 CS-V: 84%
tumor extracts & : I 3 6 (53Y% )0 (92-1781) CS-CT: 87%
lipoplexes carrying v: 8 (120/‘; PS: 44%
hIL-2 & hGM-CSF : ° PS-CT: 80%

genes

PS-CT:
1 & 11: 42 (37%)
I11: 59 (53%)
IV: 11 (10%)

Abbreviations: cIFNf: canine interferon-3, CS: complete surgery, CS-CT: complete surgery and combined therapy, CS-V: complete surgery and vaccination, hGM-CSF: human
granulocyte-macrophage colony-stimulating factor, hIL: human interleukin, PNRCT: prospective non-randomized controlled clinical trial, PS: partial surgery, PS-CT: partial surgery and
combined therapy, S: surgery group, S-CT: surgery and combined therapy.
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3.8.5. Checkpoint Inhibitors

T lymphocytes are the primary effector cells involved in the adaptive immune response
against tumors [79]. Immune checkpoints are surface receptors on T lymphocytes that
provide regulatory feedback to limit the effector phase of T-cell expansion and function [79].
Immune checkpoints play a key role in the development of tolerance to self-antigens in
health but their upregulation in many tumors plays a critical role in tumor-associated
immune suppression and evasion [79].

Inhibiting tumor-associated immunosuppression and thus enhancing autoimmunity
can be achieved through the targeting of inhibitory immune checkpoints using monoclonal
antibodies [79,107]. A chimeric anti-programmed cell death ligand 1 (PD-L1) monoclonal
antibody (c4G12) has been shown in a prospective non-randomized clinical trial to improve
survival in dogs with stage IV disease, with a MST of 143 days being achieved in the treat-
ment group compared to 54 days in the institutional historical control group (Table 14) [108].
Its antitumoral response, however, is less apparent in another retrospective study, with an
OR rate of just 14% (1/7) and no statistically significant change in MST in dogs with stage
IV disease being achieved [108,109]. A MST of 166 days compared to 55 days in institutional
historical controls was reported in a prospective non-randomized clinical trials evaluating
variable (chimeric rat-dog-ch-4F12-E6 and caninized-ca-4F12-E6) anti-programmed cell
death protein 1 (PD-1) monoclonal antibodies in dogs with late-stage disease (91% stage
IV) [108,110]. Adjunctive therapies do, however, unfortunately complicate the applica-
bility of the findings from these studies [108-110], with adjunctive RT being shown to
improve the overall survival of the treatment group in one [108]. Another monoclonal
antibody, chimeric mouse-dog anti-podoplanin (PDPN)-P388f, has been investigated in a
small case series involving three dogs, but the focus of this study was on the treatment’s
safety profile rather than antitumoral effects [111]. The OEG for checkpoint inhibitors is a
B, although sufficient good-quality evidence supporting the use of checkpoint inhibitors in
dogs with OMM, in the surgical adjunctive setting, is lacking. Well-designed studies with
less confounding elements and investigation into the utility of this treatment modality in
less advanced stages of disease are warranted.

3.8.6. Bacteria

In the infancy of immunotherapies, bacteria, particularly Corynebacterium parvum,
was injected intratumorally in an attempt to stimulate an antitumoral immune response
(Table 15). A non-randomized, well-designed study, involving 89 dogs (stage I-1II) evenly
split between treatment and control groups, showed the capability of this adjunctive
treatment to prolong survival, with a MST of 370 days reported in treated patients as
compared to 228 days in surgical controls [36]. A case series describing the same treatment,
published at a similar time, found it to be unsuccessful in dogs with gingival melanoma,
with all dogs dying due to disease progression within six months of treatment [112]. The
OEG for this modality is a B. Minimal, dated literature and a focus on advances in more
current immunotherapy strategies have resulted in this strategy largely falling out of favor.

3.8.7. Stimulatory Cytokines

The only prospective, randomized, double-blinded controlled trial investigating im-
munotherapy in dogs with OMM evaluated the efficacy of systemic administration of
liposome encapsulated muramyl tripeptide-phosphatidylethanolamine (L-MTP-PE) alone
or in combination with GM-CSF in the surgical adjunctive setting (Table 16). Whether used
alone or in combination with GM-CSF, L-MTP-PE was found to have a minimal antitumoral
effect in dogs with advanced stage disease. However, in dogs with early, stage I disease, it
was shown to prolong survival time with the MST not being reached in treated patients as
compared to 414 days in the surgical controls [113].
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Table 14. Summary of checkpoint inhibitor studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: B
Immunotherapeutic Prima; Adjunctive Stud WHO Stage of Median Survival Adverse
p ry ) Yy Number of Dogs & Response Rate Time (Range) Reference LOE
Agent Evaluated Treatment Therapy Type Melanoma in Days Events
Anorexia: 1
Vomiting: 4
Dogs with Diarrhea: 3
measurable Thrombocytopaenia:2
Chimeric rat-dog . SG: disease SG: 143 Hypoalbuminaemia:1
anti-PD-L1 NE RT and/or surgery g:ﬁcg Tgtca.l'zg‘* IV: 29 (100%) (13/19) (91-194) Elevated ALT: 8 (108] -
monoclonal antibody and/or CT HCC%) HCC' 15 HCG: OR: 1/13 (8%) HCG: 54 Elevated AST: 3
(c4G12) : IV: 15 (100%) CR: 1/13 (8%) (25-NA) Elevated ALP: 1
PD: 10/13 (77%) Elevated lipase: 3
NE: 2/13 (15%) Elevated CPK: 1
Conjunctivitis: 1
Pneumonitis: 1
Fatigue:
Grd 1: 3
Grd 2: 1
Anorexia:
Grd 1: 3
Chimeric rat-dog Stage IV dogs Fever:
(ch-4F12-E6) SG: with measurable . Grd 1: 4
or Slgg:;g /a;‘rdé%r PNRCT Total: 44 II: 4 disease (15/17) SG(Sg_Vgé;)% Grd2: 1
caninized NE nd/or DNA (using a HCG) SG: 21 v:17 OR: 4/15 (26.7%) HCG (IV): 55 GI toxicity: [110] 3b
(ca-4F12-E6) anda/or. using a HCG: 23 HCG: PR: 4/15 (26.7%) 27-143) Grd1: 12
anti-PD-1 monoclonal vaccine IV: 23 PD: 10/15 (66.7%) Tachypnoea:
antibodies SD: 1/15 (6.6%) Grd 1: 2
Grd2: 1
Tremor
Grd1: 1
Death: 1
(pneumonitis)
II: 1 (14%) MN&II&IV:
IL: 2 (29%) OR: 1/7 (14%) NE ) )
PCs Total OMM: 7 IV: 4 (57%) PR: 1/7 (14%) %féri‘_ei“ [109] b
Chimeric rat-dog Yes PD: 6/7 (86%) '
anti-PD-L1 Surgery and/or
monoclonal antibody NE RTgang Jor CT
(c4G12)
Stage IV OMM SG
fg’f ;};‘ég SG:4/7 IV: 4 (100%) NE SG: 94 (89-220) As [09] b
to aPI)-ICG HCG: 15 HCG: HCG: 54 (7-111) above
—RCCS 1V: 15 (100%)
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Table 14. Cont.

Overall Evidence Grade: B

Median Survival

Immunotherapeutic Primary Adjunctive Study WHO Stage of . Adverse
Agent Evaluated Treatment Therapy Type Number of Dogs Melanoma Response Rate Tu;: lgli;r;ge) Events Reference LOE
Chimeric mouse-dog RT & CT: I:1 SD: 1 Increase in C-RP: 3
anti-PDPN monoclonal Surgery 1 PCS 3 II: 1 PD: 1 NE GI toxicity: [111] 4c
antibody (P38Bf) Iv:1 PD: 1 Grd 2: 1
Abbreviations: ALT: alanine aminotransferase, AST: aspartate aminotransferase, CPK: creatine phosphokinase, CR: complete response, C-RP: C-reactive protein, CT: chemotherapy,
GI: gastrointestinal, Grd: grade, HCG: historical control group, NE: not evaluated, OR: overall response, PCS: prospective case series, PD: progressive disease, PNRCT: prospective
non-randomized controlled clinical trial, PD-1: programmed cell death protein 1, PD-L1: programmed cell death ligand 1, PDPN: podoplanin, RCCS: retrospective controlled clinical
study, PR: partial response, RT: radiation therapy, and SG: study group.
Table 15. Summary of bacterial inoculation studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: B
Immunotherapeutic Primary Adjunctive Study Type Number WHO Stage of M;ﬂ;aen(ls{\;rrlviev)al Outcome Adverse Reference LOE
Agent Evaluated Treatment Therapy Y yP of Dogs Melanoma in Daysg (Other) Events
SG: SG:
1: 17 (41%) I-111: 370 N vomitin
S ) I1: 19 (45%) I: 360 Death due to ausea, vomiting
ystemic 89 10%: 6 (14%) T & TIT: 288 OMM: or diarrhea within
Corynebacterium Surgery No PNRCT SG: 42 . G ° CG‘ SG: 570} 12 hr. of injection. [36] 2b
paroun CG: 47 I: 21 (45%) L-1IL: 228 CG: 75% mlf‘]‘;‘ﬁf;fgf 6
11: 20 (42%) I: 559 :
III: 6 (13%) II & III: 121
SG:42 sG: SG: SG: 57% g site
inflammation: 6
1: 17 (41%) I-111: 370
11: 19 (45%) I: 360
III: 6 (14%) II and III: 288
CG:47 CG: CG: CG: 75%
1: 21 (45%) I-I1T: 228
1I: 20 (42%) 1: 559
II1: 6 (13%) II'and II: 121
All dogs died from
metastasis and/or
Local Corynebacterium Surgery No PCS 8 NE NE reoccurrence NE [112] 4e

parvum

mostly within
6 months of
injections

Abbreviations: CG: control group, Inj.: injection, NE: not evaluated, PC: prospective cohort, PCS: prospective case series, PNRCT: prospective non-randomized controlled clinical trial,

and SG: study group.
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Table 16. Summary of stimulatory cytokine studies evaluating effectivity in oral malignant melanoma.
Overall Evidence Grade: B
. Median
. . . . Median DFI . .
Immunotherapeutic Prima Adjunctive Number WHO Stage of Survival Time
Agent Evaluated Treatmglt T{lerapy Study Type of Dogs Melano;gna Response Rate fRange) (Range) Adverse Events Reference LOE
in Days N
in Days
SG: SG:
SG: I-1IT: 346 I-1IT: 504
L11 (4'4%) II & III: 152 1I & III: 258
Total: 98 10:8 (32%) I: NR I: NR
I 6 (24%) 1I: 152 1I: 254 Elevation in body
’ G NE III: 85 III: 338 temp. (1-2°C) [113] 1b
L-MTP-PE alone Surgery No PRDBCT SG: 25 L9(3 6'0/ CG: CG: lasting 1-4 h after -
CG:25 H" 11( “ 43/1) I-II: 174 I-1IT: 271 treatment
Hi' 5 (20%) II & I1I: 156 1I & III: 243
’ I: 396 1: 414
1I: 150 1I: 293
IIT: 147 IIT: 157
SG: SG:
I-1IT: 212 I-1II: 498
SG: 1T & III: 90 1T & II1: 286 Thrombocytopenia: 4
1: 13 (54%) 1: 489 1: 573 Anterior uveitis: 2
1I: 7 (29%) 1I: 118 II: 261 Lethargy & mild
SG: 24 1II: 4 (17%) III: 35 III: NR diarrhea: 2
CG: 24 CG: NE CG: CG: Gastritis: 1 (1131 b
or with I: 12 (50%) I-III: 290 I-III: 501 Polyuria &
1I: 8 (33%) II & III: 112 II & III: 306 polydipsia: 1
1cGM-CSF II: 4 (17%) I 532 I: NR
1I: 117 1I: 228
III: 92 III: 275
o Mild-
. 20 11 7 (35%) SG: 894 moderate ’
Interferon-alpha Surgery CT (carboplatin) RCCS SG: 17 1II: 12 (60%) NE NE CG: 86 mvel . [114] 2b
CG:3 IV: 1 (5%) : yelosuppression
(carboplatin)
Vomiting
Surgery and/or . o Diarrhea
rhTNF RgT a}r,1d/0r IL: 7 (54 é)) OR5/13 Fever -
and NE . PCS 13 1II: 3 (23%) o NE NE [115] 4c
hiL-2 immunotherapy IV: 3 (23%) (38%) Wefaknes§
and/or HT 1 patient died
(rhTNEF)

Abbreviations: CG: control group, CT: chemotherapy, HT: hyperthermia, L-MTP-PE: liposome encapsulated muramy]l tripeptide-phosphatidylethanolamine, NE: not evaluated,
NR: not reached, OR: overall response, PCS: prospective case series, PRDBCT: prospective, randomized, double-blinded controlled trial, RCCS: retrospective controlled clinical study,
rcGM-CSF: recombinant canine granulocyte macrophage colony-stimulating factor, rhIL-2: recombinant human interleukin 2, thTNF: recombinant human tumor necrosis factor,

RT: radiotherapy, and SG: study group.
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A recent retrospective non-randomized clinical trial has demonstrated the ability of
combination therapy with interferon-alpha and carboplatin to increase the overall survival
times in dogs when used in the surgical adjunctive setting [114], with a MST as high as
894 days being achieved in the 17 dogs undergoing treatment as compared to 86 days in
the 3 surgical controls [114].

A small case series describing the systemic administration of recombinant human tu-
mor necrosis factor (thTNF) and recombinant human interleukin 2 (rhIL-2), in combination
with a variety of other adjunctive treatments, reported tumor regression in 39% of treated
patients (OR 38%), with one death being reported after TNF administration [115].

The OEG for the use of stimulatory cytokines as surgical adjunctives is a B. Currently
there is only sufficient evidence to support their use, in dogs with stage I disease [113].
Recent findings do, however, suggest that interferon-alpha in combination with carbo-
platin could show promise as a surgical adjunctive and warrants further investigation in a
prospective setting [114].

3.8.8. Nanotechnology

Low-quality evidence, in the form of case reports without consideration for clin-
ical stage, attempt to describe the additional immunostimulatory benefit conferred by
‘in situ’ vaccination with nanoparticles to traditional RT and hyperthermia treatment
(Table 17) [116,117]. Survival times of up to 780 and 1350 days were reported in dogs
receiving magnetic iron oxide nanoparticle hyperthermia (mNPH) treatment in isolation,
remission at 600 days when plant-based virus-like nanoparticles (VLP) treatment was
used in combination with RT and remission at 300 and 540 days in dogs undergoing a
combination of all three therapies [116,117]. The use of nanotechnology in dogs with OMM
lacks good-quality supporting evidence with an OEG of D.

3.8.9. Immunotherapy Conclusions and Future

Adjunctive immunotherapy shows promise for a significant survival advantage in
dogs with oral malignant melanoma as compared to previous standards of care, namely:
surgery, CT and RT, when used in isolation [107]. This most evident in combination
gene therapy and vaccination’s ability to increase MST from 95-101 days to 704-880 days
in dogs undergoing complete surgical resection of their primary tumors, with 70% of
dogs undergoing adjunctive combination therapy dying of melanoma-unrelated causes
compared to 1% in those undergoing surgical resection of their tumor in isolation [105,106].

Although immuno-oncology currently offers the most targeted, precise approach to
cancer therapy, this field is still in its infancy and future advances with regard to predictors
of response will allow for further tailoring of treatments to the factors that make each tumor
and host a unique pairing [76,107].
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Table 17. Summary of nanotechnology studies evaluating effectivity in oral malignant melanoma.

Overall Evidence Grade: D

Immunotherapeutic Agent

Primary

WHO Stage of

Survival Time

Evaluated Treatment Adjunctive Therapy Study Type Number of Dogs Melanoma in Days Adverse Events Reference LOE
mNPH alone No Case report 1 NE 780 [117] 4d
1 dog: 150
OR (Unrelateil )
Plant-based VLP al cause-tumor free

ant-base alone E RT Case report 2 NE 1dog: NR NE [117] 4d

(Tumor free at 600

days)
300
OR . RT Case report 1 NE (Unrelated cause None [117] 4d
In combination -tumor free)
mNPH alone No Case report 1 NE 1350 None [116] 4d
or with NE HRT Case report 1 NE Alive &aitn5z%mission None [116] 4d
VLP

Abbreviations: HRT: hypo-fractionated radiation therapy, mNPH: magnetic iron oxide nanoparticle hyperthermia, NE

VLP: virus-like nanoparticle.

: not evaluated, NR: not reached, RT: radiation therapy, and
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4. Conclusions

Numerous factors affected the interpretation of the studies presented above; of partic-
ular importance was the classification and staging of OMM, the presence of confounding
treatment modalities, as well as a lack of randomization, control groups, consistent re-
porting of prognostic indicators, treatment protocols and clinical outcomes. The current
adoption of the WHO classification for melanocytic tumors may be problematic as the
current WHO classification system was not seen as appropriate to determine prognosis
based on clinical stage of OMM [38]. An alternate staging system was proposed that
included tumor volume rather than diameter, tumor location and mitotic index, as these
were found to be prognostic in a study of forty-one dogs [38]. This system has, however,
not been accepted universally as no studies reviewed used this system. In the human
literature, melanomas of the oral cavity (mucosal melanomas) have their own classification
system (mmTNM), separate from skin melanomas, as mucosal melanomas are so much
more aggressive [118,119]. Currently, identified prognostic indicators in dogs include
stage of disease, presence of distant metastasis, nuclear atypia, mitotic index, degree of
pigmentation, lymphatic invasion and Ki67 index [120]. Many of the studies evaluated here
were published before these prognostic indicators were identified and were therefore not
reported in many of the studies. In future studies evaluating the response to a particular
therapy, the identified prognostic indicators should be described to allow comparison
between studies. Further to this classification and staging system, the following param-
eters have been shown to be prognostic in humans and it is advised that studies should
report these additional features: ulceration, tumor infiltrating lymphocytes and melanoma
subtype [121].

The mitotic index has been identified as a prognostic indicator in humans and dogs [120,121].
A mitotic index of 3 or less per 10 high-power fields was among the defining criteria for
the HWDMN group of melanocytic tumors, together with being highly pigmented and
round to elongated nuclei [18]. Future studies should elucidate if these are indeed a
different subset of mucosal melanocytic tumors as this would affect prognostic indicators
and survival times.

Complete excision and local adjunctive therapy did not prevent metastasis, with
studies reporting metastasis even in the event of histologically “clean” margins [26,34,38].
Metastatic disease is an important variable associated with survival, as is control of local
disease [26,31,34,38]. The evaluation of histologic margins is essential for the selection of
appropriate treatment for the local control of OMM. Terminology such as clean, dirty, close
or narrow surgical margins leads to inconsistency in reporting and recently a standardized
margin assessment was suggested [120,122]. The residual tumor classification scheme
requires the pathologist to report the actual distance in millimeters from the inked surgical
edge to tumor cells. A surgical clean margin is described where the distance from inked
surgical margin to tumor cells is greater than 0 mm [122]. The advantage of such a system
would be to investigate the benefits of a clean margin on the prognosis and allow easier
comparison of adjunctive therapy studies in future [122].

Reporting guidelines as suggested by the Recommended Guidelines for the Conduct
and Evaluation of Prognostic Studies in Veterinary Oncology were not adhered to by the
studies evaluated here, but many of the studies were published before the establishment
of the guidelines [21]. Established guidelines for the reporting of treatment response
or prognosis should be adhered to in order to allow for appropriate evaluation of data.
Additionally, many studies lacked control groups, making the evaluation of the efficacy of
the adjunctive therapy difficult.

Based on the information and grade of evidence in this critical review, surgery remains
the mainstay of therapy, with no difference in the MST if the tumors are restricted to the
oral mucosa, invading bone or are only localized to the tongue. Throughout the reported
studies, no comparable criteria were used for location of the tumor, making the evaluation
of location as a prognostic indicator very difficult. Adjunctive RT provides good local
control and longer MSTs compared to CT alone. Addition of CT to radiotherapy did not
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appear to improve survival times. Electrochemotherapy seems a reasonable alternative
to RT, but further studies are required. In the relatively newer field of immunotherapy,
electrovaccination and in particular the combination of gene therapy and vaccination
appear to be the most promising in prolonging survival time in the surgical adjunctive
setting, but further prospective, double-blinded, randomized, controlled studies without
confounding adjunctive therapies are required.
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