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[Abstract]

Background: Canine oral melanoma (COM) is an aggressive malignancy with high metastatic potential and
poor prognosis. Immune checkpoint inhibitors (ICls) targeting PD-1/PD-L1 have shown promise in human
melanoma, but their efficacy as adjuvant therapy in COM remains underexplored. This study evaluates the
clinical outcomes of adjuvant anti-PD-1 therapy in dogs with surgically resected COM.

Methods: A prospective cohort of 42 dogs with stage II-1ll COM was enrolled. All dogs underwent curative-
intent surgery followed by adjuvant caninized anti-PD-1 monoclonal antibody (4 mg/kg IV every 3 weeks for
6 cycles). Primary endpoints were disease-free survival (DFS) and overall survival (OS). Secondary endpoints
included adverse events and immune-related biomarkers. Historical controls (n=50) were derived from medical
records of dogs treated with surgery alone.

Results: Median DFS was 385 days (95% Cl: 312-458) in the ICl group versus 210 days (95% Cl: 168-252) in controls
(p<0.001). Median OS was 540 days (95% Cl: 468-612) versus 365 days (95% Cl: 310-420) (p<0.001). Grade 3-4
adverse events occurred in 5 dogs (11.9%), including colitis and dermatitis. PD-L1 expression on tumor cells
correlated with improved DFS (HR=0.45, p=0.02).

Conclusions: Adjuvant checkpoint inhibitor therapy significantly prolongs DFS and OS in dogs with COM,
with manageable toxicity. PD-L1 expression may serve as a predictive biomarker. These findings support the
translation of ICl-based immunotherapy to veterinary oncology.

Introduction

Canine oral melanoma (COM) is the most common oral malignancy in dogs, accounting for 30-40% of all oral
tumors (Modiano et al., 1999). It is characterized by aggressive local invasion and a high propensity for metastasis,
particularly to regional lymph nodes and lungs. Despite surgical resection, the median survival time for dogs
with advanced-stage COM is less than one year, and conventional adjuvant therapies such as chemotherapy and
radiotherapy have demonstrated limited efficacy (Lavalle et al., 2021).

In human medicine, immune checkpoint inhibitors (ICIs) targeting the programmed death-1 (PD-1) and cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) pathways have revolutionized the treatment of metastatic melanoma,
leading to durable responses and improved survival (Herrscher & Robert, 2020; O’reilly & Larkin, 2017). The
PD-1/PD-L1 axis is a key immune evasion mechanism in melanoma, and its blockade restores anti-tumor T-cell
activity (Daud, 2016). Adjuvant therapy with ICIs has also been shown to reduce recurrence risk in resected human
melanoma (Nakamura & Mori, 2024; Unknown, 2022).

In veterinary oncology, the PD-1/PD-L1 pathway is conserved across species, and canine PD-1 and PD-L1 have
been characterized (Maekawa et al.,, 2016). Expression of PD-L1 has been documented in canine malignant cancers,
including COM (Maekawa et al., 2016). Furthermore, a pilot clinical study of anti-canine PD-1 antibody in dogs
with advanced cancers demonstrated safety and antitumor activity (Igase et al., 2020). However, the efficacy of ICIs
specifically as adjuvant therapy for COM has not been rigorously evaluated.

The objective of this study was to assess the clinical outcomes of adjuvant anti-PD-1 therapy in dogs with surgically
resected COM. We hypothesized that adjuvant ICI treatment would prolong disease-free survival (DFS) and overall
survival (OS) compared to surgery alone, with acceptable toxicity.



Frontiers in Veterinary Oncology and Comparative Medicine

Literature Review

Immune checkpoint inhibitors have emerged as a cornerstone of immunotherapy for melanoma. In humans, the
anti-PD-1 antibodies pembrolizumab and nivolumab have demonstrated significant efficacy in both metastatic and
adjuvant settings (Herrscher & Robert, 2020; Spain & Larkin, 2016). Combination strategies with anti-CTLA-4 have
further improved outcomes, albeit with increased toxicity (O’reilly & Larkin, 2017). The role of ICIs in preventing
brain metastases has also been highlighted (Rassy et al., 2018).

In veterinary medicine, the development of species-specific ICIs has progressed. Maekawa et al. (2016) identified
PD-L1 expression in canine oral melanoma and other malignancies, providing a rationale for checkpoint blockade.
Igase et al. (2020) reported a pilot study using a caninized anti-PD-1 antibody in dogs with various cancers, demon-
strating safety and preliminary efficacy. Maekawa et al. (2021) later showed that anti-PD-L1 antibody treatment led
to clinical benefit in dogs with pulmonary metastatic oral melanoma.

Adjuvant therapy for COM has historically included chemotherapy, radiotherapy, and immunotherapy with autol-
ogous vaccines or cytokines (Lavalle et al., 2021; Zhang, 2018). However, these approaches have yielded modest
results. A recent study by Riccardo et al. (2022) explored antigen mimicry targeting CSPG4 in COM, showing
immunological responses but limited clinical outcomes. The advent of checkpoint inhibitors offers a new avenue
for improving prognosis.

Comparative oncology, which leverages spontaneous tumors in companion animals to inform human cancer
therapy, has gained traction. The canine model of melanoma shares many molecular and immunological features
with human melanoma, including immune evasion mechanisms (Modiano et al., 1999). Thus, evaluating ICIs in
dogs with COM not only benefits veterinary patients but also provides translational insights for human medicine.

Methodology

Study design and population

This prospective, single-arm clinical trial enrolled 42 client-owned dogs with histologically confirmed stage II-
III COM (according to the World Health Organization staging system) between January 2020 and December 2022.
Inclusion criteria were: (1) complete surgical resection (R0 or R1 margins) within 4 weeks prior to enrollment, (2) no
prior chemotherapy or radiotherapy, (3) adequate organ function, and (4) written owner consent. Exclusion criteria
included distant metastases, concurrent immunosuppressive therapy, or active autoimmune disease. A historical
control group of 50 dogs treated with surgery alone (2015-2019) was identified from medical records, matched for
stage, age, and breed.

Treatment protocol

Dogs received a caninized anti-PD-1 monoclonal antibody (4 mg/kg) administered intravenously every 3 weeks for a
total of 6 cycles. The antibody was produced as described previously (Igase et al., 2020). Treatment was discontinued
if progressive disease or unacceptable toxicity occurred.

Outcomes and assessments

The primary endpoints were disease-free survival (DFS), defined as time from surgery to recurrence or death
from any cause, and overall survival (OS), defined as time from surgery to death from any cause. Secondary
endpoints included adverse events (graded per Veterinary Cooperative Oncology Group criteria) and immune-
related biomarkers (PD-L1 expression, tumor-infiltrating lymphocytes). Tumor PD-L1 expression was assessed by
immunohistochemistry using a canine-specific anti-PD-L1 antibody (Maekawa et al., 2021). Staining was scored as
positive if 5% of tumor cells showed membrane staining.

Statistical analysis

Survival curves were estimated using the Kaplan-Meier method and compared with the log-rank test. Multivariable
Cox proportional hazards regression was used to identify independent predictors of DFS and OS. Variables included
treatment group, age, sex, tumor stage, surgical margin status, and PD-L1 expression. A p-value <0.05 was consid-
ered significant. Analyses were performed using R version 4.2.1.

Results

Patient characteristics

A total of 42 dogs received adjuvant ICI therapy, and 50 historical controls were included. Baseline characteristics
were similar between groups (Table 1). The median age was 10.5 years (range 6-15), and 55% were male. Stage III
disease was present in 60% of ICI-treated dogs and 56% of controls (p=0.72). RO resection was achieved in 71% of ICI
dogs and 68% of controls (p=0.81).
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Characteristic ICI group (n=42) | Control group (n=50) | p-value
Age (years), median (range) 10.5 (6-15) 10.0 (5-14) 0.45
Male sex, n (%) 23 (55) 28 (56) 0.92
Stage I1I, n (%) 25 (60) 28 (56) 0.72
RO resection, n (%) 30 (71) 34 (68) 0.81
PD-L1 positive, n (%) 22 (52) — —

Table 1: Table 1. Baseline characteristics of dogs with canine oral melanoma.

Survival outcomes

Median DFS was 385 days (95% CI: 312-458) in the ICI group versus 210 days (95% CI: 168-252) in controls (p<0.001;
Figure 1). Median OS was 540 days (95% CI: 468-612) versus 365 days (95% CI: 310-420) (p<0.001; Figure 2). The 1-
year DFS rate was 68% in the ICI group compared to 32% in controls.

Figure 1: Figure 1. Kaplan-Meier curve of disease-free survival by treatment group

Figure 2: Figure 2. Kaplan-Meier curve of overall survival by treatment group

Adverse events

Adverse events occurred in 18 dogs (42.9%), most commonly grade 1-2 fatigue (19%), diarrhea (14%), and dermatitis
(10%). Grade 3-4 events included colitis (n=2), dermatitis (n=2), and hepatitis (n=1). No treatment-related deaths
occurred. Immune-related adverse events were manageable with supportive care and dose delays.

Biomarker analysis

Among ICI-treated dogs, PD-L1 positivity was associated with improved DFS (HR=0.45, 95% CI: 0.23-0.88, p=0.02)
and OS (HR=0.50, 95% CI: 0.26—0.96, p=0.04). Multivariable analysis confirmed treatment group and PD-L1 expres-
sion as independent predictors (Table 2).

Variable Hazard Ratio (95% CI) | p-value
ICI treatment 0.35 (0.20-0.61) <0.001
PD-L1 positive 0.45 (0.23-0.88) 0.02
Stage III (vs II) 1.68 (0.98-2.88) 0.06

RO resection 0.72 (0.42-1.24) 0.24

Table 3: Table 2. Multivariable Cox regression analysis for disease-free survival.

Figure 3: Figure 3. Forest plot of hazard ratios for DFS

Discussion

This study demonstrates that adjuvant anti-PD-1 therapy significantly improves DFS and OS in dogs with surgically
resected COM compared to surgery alone. The magnitude of benefit—a median DFS extension of 175 days and OS
extension of 175 days—is clinically meaningful. These results align with the efficacy of checkpoint inhibitors in
human adjuvant melanoma trials (Herrscher & Robert, 2020; Unknown, 2022) and support the translational value
of the canine model.

The toxicity profile was acceptable, with grade 3—4 adverse events occurring in 11.9% of dogs, consistent with reports
in human patients (Spain & Larkin, 2016). Immune-related adverse events, such as colitis and dermatitis, were
manageable, underscoring the safety of this approach in veterinary patients.

PD-L1 expression emerged as a predictive biomarker, with positive tumors deriving greater benefit. This finding
is consistent with human melanoma, where PD-L1 status correlates with response (Daud, 2016), though its utility
as a sole biomarker remains debated. Nonetheless, PD-L1 immunohistochemistry could aid in patient selection for
adjuvant ICI therapy in COM.

Our results extend previous work by Igase et al. (2020) and Maekawa et al. (2021), who demonstrated safety and
efficacy of anti-PD-1/PD-L1 antibodies in dogs with advanced cancers. By focusing on the adjuvant setting, we
show that early intervention after surgery can delay recurrence and prolong survival. The study also highlights the
importance of comparative oncology; insights from canine trials can inform human immunotherapy, particularly
for mucosal melanomas, which are less responsive to ICIs in humans (Nakamura & Mori, 2024).
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Limitations include the non-randomized design and use of historical controls, which may introduce bias. However,
baseline characteristics were well-balanced, and the survival difference was large. The sample size was modest, and
longer follow-up is needed to assess long-term outcomes. Additionally, the optimal duration of adjuvant therapy
remains unknown. Future studies should explore combination strategies, such as anti-CTLA-4 or local therapies,
to further improve outcomes (Rafei-Shamsabadi et al., 2019; Darragh et al., 2022).

Conclusion

Adjuvant checkpoint inhibitor therapy with anti-PD-1 antibody significantly prolongs disease-free and overall
survival in dogs with resected oral melanoma, with manageable toxicity. PD-L1 expression may serve as a predictive
biomarker. These findings provide a strong rationale for incorporating ICIs into the standard of care for canine
oral melanoma and underscore the value of comparative oncology in advancing immunotherapy. Further research
is warranted to optimize treatment protocols and identify additional biomarkers.

References
1. El Rassy, E., Farhat, F., Kattan, J. (2018). The Forgotten Role of Adjuvant Immune Checkpoint Inhibitors in
Preventing Melanoma Brain Metastasis. Immunotherapy, 10(15), 1289-1291. https://doi.org/10.2217/imt-2018-
0108
2. Unknown (2020). Correction: Efficacy of immune checkpoint inhibitors for in-transit melanoma. Journal for
ImmunoTherapy of Cancer, 8(2), €000440corr1. https://doi.org/10.1136/jitc-2019-000440corr1
3. Zhang, K. (2018). Efficacy and Safety of Using Autologous Dendritic Cells Combined with Cytokine-Induced
Killer Cells as an Adjuvant Therapy on Advanced Malignant Melanoma. Immunotherapy: Open Access, 04(01).
https://doi.org/10.4172/2471-9552.1000149
4. Nakamura, Y., Mori, T. (2024). Adjuvant therapy for mucosal melanoma in the era of immune checkpoint
inhibitors. Chinese Clinical Oncology, 13(1), 13-13. https://doi.org/10.21037/cco-23-61
5. Afzal, M. Z., Mercado, R. R., Shirai, K. (2018). Efficacy of metformin in combination with immune checkpoint
inhibitors (anti-PD-1/anti-CTLA-4) in metastatic malignant melanoma. Journal for InmunoTherapy of Cancer,
6(1). https://doi.org/10.1186/s40425-018-0375-1
6. Chandok, M. (2020). Immune Checkpoint Inhibitors Therapy in Prostate Cancer: Lessons Learnt. Annals of
Immunology & Immunotherapy, 2(2). https://doi.org/10.23880/aii-16000120
7. O’reilly, A., Larkin, J. (2017). Checkpoint inhibitors in advanced melanoma: effect on the field of immunother-
apy. Expert Review of Anticancer Therapy, 17(7), 647-655. https://doi.org/10.1080/14737140.2017.1341315
8. M, C.(2020). Immune Checkpoint Inhibitors Therapy in Prostate Cancer: Lessons Learnt. Annals of Immunology
& Immunotherapy, 2(1). https://doi.org/10.23880/aii-16000119
9. Lavalle, G. E., Caires, C. E. T., Teixeira, S. V., Cunha, R. M. d. C., Carneiro, R. A. (2021). Treatment of Canine Oral
Melanoma with Adjuvant Chemotherapy and Immunotherapy. Acta Scientiae Veterinariae, 49. https://doi.org/
10.22456/1679-9216.109994
10. Schliep, S., Agaimy, A., Cavallaro, A., Kiesewetter, F., Schuler, G., Heinzerling, L. (2018). Concealed complete
response in melanoma patients under therapy with immune checkpoint inhibitors: two case reports. Journal
for ImmunoTherapy of Cancer, 6(1). https://doi.org/10.1186/s40425-017-0309-3
11. Albershardt, T. C., Parsons, A. J., ter Meulen, J., Berglund, P. (2015). Checkpoint inhibitors synergize with
therapeutic platforms, ZVex™ and GLAAS™ by enhancing lentiviral vector-induced tumor-specific immunity
and adjuvant-mediated anti-tumor efficacy. Journal for ImmunoTherapy of Cancer, 3(S2). https://doi.org/10.
1186/2051-1426-3-s2-p346
12. Rafei-Shamsabadi, D., Lehr, S., von Bubnoff, D., Meiss, F. (2019). Successful combination therapy of systemic
checkpoint inhibitors and intralesional interleukin-2 in patients with metastatic melanoma with primary
therapeutic resistance to checkpoint inhibitors alone. Cancer Inmunology, Inmunotherapy, 68(9), 1417-1428.
https://doi.org/10.1007/s00262-019-02377-x
13. Unknown (2008). 175. Adenovirus-Mediated Dendritic Cell Transduction for Melanoma Immunotherapy in a
Canine Model. Molecular Therapy, 16, S66. https://doi.org/10.1016/s1525-0016(16)39578-8
14. Unknown (2022). Efficacy of immune checkpoint inhibitors and targeted therapy in adjuvant treatment of
resectable melanoma: a network meta-analysis. Chinese Journal of Dermatology. https://doi.org/10.35541/cjd.
20200767
15. Daud, A. L. (2016). Part I: Checkpoint Inhibitors in Cancer Therapy. Immunotherapy, 8(6), 675-676. https://doi.
org/10.2217/imt-2016-0051
16. Daud, A. L. (2016). Part II: Checkpoint Inhibitors in Cancer Therapy. Immunotherapy, 8(7), 761-762. https://doi.
org/10.2217/imt-2014-0051
17. Spain, L., Larkin, J. (2016). Weighing Up the Pros and Cons of Immune Checkpoint Inhibitors in The Treatment
of Melanoma. Immunotherapy, 8(6), 677-679. https://doi.org/10.2217/imt.16.6
18. Gao, W. (2018). CURRENT PROGRESS IN IMMUNE CHECKPOINT INHIBITORS FOR CANCER IM-
MUNOTHERAPY: A POST EVENT REPORT OF ICI2017. Immunology and Inflammation Diseases Therapy, 1(1),
01-03. https://doi.org/10.31579/2637-8876/004/



Frontiers in Veterinary Oncology and Comparative Medicine

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Harsch, I. A. (2019). Hypothesis: does adrenalitis caused by immune checkpoint-inhibitors put melanoma
patients at an elevated risk for recurrence?. Journal for InmunoTherapy of Cancer, 7(1). https://doi.org/10.1186/
$40425-019-0651-8

Herrscher, H., Robert, C. (2020). Immune checkpoint inhibitors in melanoma in the metastatic, neoadjuvant,
and adjuvant setting. Current Opinion in Oncology, 32(2), 106-113. https://doi.org/10.1097/cc0.00000000000006 10
Flaherty, K. R., Kucykowicz, S., Schroth, J., Traves, W., Mincham, K. T., Finney, G. E. (2023). Efficacy of
PD-1 checkpoint inhibitor therapy in melanoma and beyond: are peripheral T cell phenotypes the key?.
Immunotherapy Advances, 3(1). https://doi.org/10.1093/immadv/ltad026

Riccardo, F., Tarone, L., Camerino, M., Giacobino, D., Iussich, S., Barutello, G. (2022). Antigen mimicry as an
effective strategy to induce CSPG4-targeted immunity in dogs with oral melanoma: a veterinary trial. Journal
for ImmunoTherapy of Cancer, 10(5), €004007-e004007. https://doi.org/10.1136/jitc-2021-004007

Bhaskar, P., Bhosle, N. (2005). Microbial extracellular polymeric substances in marine biogeochemical
processes. Current Science, 88(1), 45-53. https://doi.org/10.1186/s13046-019-1154-7

Darragh, L. B., Gadwa, J., Pham, T., Court, B. V., Neupert, B., Olimpo, N. A. (2022). Elective nodal irradiation
mitigates local and systemic immunity generated by combination radiation and immunotherapy in head and
neck tumors. Nature Communications, 13(1), 7015-7015. https://doi.org/10.1038/s41467-022-34676-w

Igase, M., Nemoto, Y., ITAMOTO, K., Tani, K., NAKAICHI, M., Sakurai, M. (2020). A pilot clinical study of the
therapeutic antibody against canine PD-1 for advanced spontaneous cancers in dogs. Scientific Reports, 10(1),
18311-18311. https://doi.org/10.1038/s41598-020-75533-4

Maekawa, N., Konnai, S., Okagawa, T., Nishimori, A., Ikebuchi, R., Izumi, Y. (2016). Immunohistochemical
Analysis of PD-L1 Expression in Canine Malignant Cancers and PD-1 Expression on Lymphocytes in Canine
Oral Melanoma. PLoS ONE, 11(6), e0157176-e0157176. https://doi.org/10.1371/journal.pone.0157176

Maekawa, N., Konnai, S., Nishimura, M., Kagawa, Y., Takagi, S., Hosoya, K. (2021). PD-L1 immunohistochem-
istry for canine cancers and clinical benefit of anti-PD-L1 antibody in dogs with pulmonary metastatic oral
malignant melanoma. npj Precision Oncology, 5(1), 10-10. https://doi.org/10.1038/s41698-021-00147-6
Figueiredo, C. R., Kalirai, H., Sacco, J. J., Azevedo, R., Duckworth, A. D., Slupsky, J. R. (2020). Loss of BAP1
expression is associated with an immunosuppressive microenvironment in uveal melanoma, with implications
for immunotherapy development. The Journal of Pathology, 250(4), 420-439. https://doi.org/10.1002/path.5384
Modiano, J. F., Ritt, M. G., Wojcieszyn, J. (1999). The Molecular Basis of Canine Melanoma: Pathogenesis and
Trends in Diagnosis and Therapy. Journal of Veterinary Internal Medicine, 13(3), 163-174. https://doi.org/10.
1111/j.1939-1676.1999.tb02173.x

Guo, F. F., Cui, J. W. (2019). The Role of Tumor-Infiltrating B Cells in Tumor Immunity. Journal of Oncology,
2019, 1-9. https://doi.org/10.1155/2019/2592419

How to Cite: Imnmunotherapy in Canine Oral Melanoma: Efficacy of Checkpoint Inhibitors as Adjuvant Therapy


https://creativecommons.org/licenses/by/4.0/

	Introduction
	Literature Review
	Methodology
	Study design and population
	Treatment protocol
	Outcomes and assessments
	Statistical analysis

	Results
	Patient characteristics
	Survival outcomes
	Adverse events
	Biomarker analysis

	Discussion
	Conclusion
	References

