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Abstract
Immune checkpoint inhibition (ICI) is a promising therapeutic strategy for counteracting tumor immune 
evasion. The therapeutic response largely depends on interactions between cancer cells and the tumor 
immune microenvironment (TIME). This study aimed to characterize the TIME and its relationship with the 
immune checkpoint ligand Programmed Death-Ligand 1 (PD-L1) in canine urothelial carcinomas (UCs). UCs 
were retrospectively selected and tested for PD-L1 using single-antibody immunohistochemistry. Multiplex 
immunohistochemistry was performed using anti-CD3, -CD20, and -IBA1 antibodies, to co-localize the immune 
cells (ICs). Both ICs and PD-L1 expression were quantified with computer-assisted image analysis (QuPath software). 
Based on the spatial distribution and density of ICs, tumors were classified in three distinct immune phenotypes: 
immune-inflamed, immune-excluded, and immune-desert. Among the 49 UCs analyzed, 11 (22%) were PD-L1+. 
Forty carcinomas were classified as immune-inflamed (9 PD-L1+; 31 PD-L1-), 7 as immune-excluded (2 PD-L1+; 
5 PD-L1-), and 2 as immune-desert (PD-L1-). Macrophages and T-cells were the most numerous ICs, while B-cells 
were significantly fewer (p < 0.0001). PDL1 + tumors exhibited a significantly higher number of macrophages 
compared to PD-L1- tumors (p = 0.003). Immuno-inflamed tumors showed a higher density of T cells (p = 0.01) 
and a lower macrophages-to-T lymphocytes ratio (p = 0.02) compared to immune-excluded and immune-desert 
phenotypes. In summary, most UCs were immune-inflamed and T-cell rich; a subset of tumors was PDL1 + and 
associated with a higher number of macrophages. Further characterization of T lymphocytes and macrophages 
polarization is necessary to better stratify the immune response.

Keywords  Multiplex immunohistochemistry, Computer-aided image analysis, Canine urothelial carcinoma, PD-L1, 
Tumor immune microenvironment, Immune-inflamed, Immune-excluded, Immune-desert
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Introduction
Although infrequent, urothelial carcinoma (UC), is the 
most common neoplasm of the urinary bladder in dogs 
[5]. Median survival time in treated patients varies based 
on the studies and ranges between 6 and 12 months or 
more [5]. Due to its invasive feature, canine UC is con-
sidered a spontaneous model for human muscle-invasive 
urothelial carcinoma [5]. In humans, immune check-
point inhibitory therapy is the most recent frontier in 
counteracting tumor immune evasion by targeting and 
blocking the PD-1/PD-L1 axis. Two phase three trials 
with the immune checkpoint inhibitors (ICI) anti PD-1 
Nivolumab [2] and anti PD-L1 Atezolizumab [14] dem-
onstrated that immunotherapy was superior to placebo 
or platinum-based chemotherapy in the neoadjuvant 
and metastatic setting of human urothelial carcinoma. 
Although positive results have been obtained, it has been 
demonstrated that the response to ICI is strictly depen-
dent on the interaction between cancer cells and Tumor 
Immune Micro-Environment (TIME), such as the abun-
dance and activation of CD8 + T cells, the presence of 
other immune cells and local cytokine signaling, resulting 
in a plastic interaction [31]. Therefore, the TIME charac-
terization becomes essential to predict the response to 
immunotherapy.

Based on the immunophenotypic and spatial composi-
tion of the TIME, neoplasm can be classified as immu-
nologically active or “hot”, namely immune-inflamed 
phenotype, characterized by tumor-infiltrating lympho-
cytes within the tumor bed [31]. Conversely, tumor can 
be categorized as immunologically inactive or “cold”, so 
called immune-desert phenotype, when immune cells are 
absent both outside and within the tumor. A special type 
is the immune-excluded phenotype, in which the tumor 
is immune cell-rich, but the T lymphocytes fail to infil-
trate the tumor and are located at the invasion front or 
within the tumor stroma. It is not clear whether the lack 
of infiltration into the tumor results from insufficient 
stimulation or whether infiltration is physically prevented 
by other pro-tumorigenic factors, such as the presence of 
macrophages at the invasion front [31].

PD-L1 is a recent topic of investigation in canine 
tumors [18–21, 28]. A previous study focused on stan-
dardizing the immunohistochemical assessment of 
canine tissues [21], and considered only tumors with 
membranous expression to be positive, in alignment with 
human studies [1]. The same study reported that PD-L1 
labeled 11% of canine UC [21]. Building upon these find-
ings, in the present work we aimed to:

1)	 characterize the TIME in canine UC using multiplex 
immunohistochemistry, classifying tumors into 
distinct immunological phenotypes based on the 
spatial distribution of immune cell subsets.

2)	 investigate the associations between the TIME 
profiles, immunological phenotypes, and PD-L1 
expression.

Material and methods
 Case selection
Canine UCs were retrospectively selected from the data-
base of multiple departments: the Pathology Service of 
the Department of Veterinary Medical Science, Univer-
sity of Bologna, the Department of Veterinary Clinical 
Science, City University of Hong Kong and the Veteri-
nary Pathology Unit of the Department of Agricultural, 
Food, Environmental, and Animal Sciences, University of 
Udine. Samples were available as formalin-fixed paraffin-
embedded tissues (FFPE). Hematoxylin and eosin sec-
tions were reviewed by two veterinary pathologists, one 
board certified (L.V.M.) and one experienced pathologist 
(G.S.), to confirm the diagnosis.

Single antibody immunohistochemistry
Immunohistochemistry with antibody against PD-L1 
(PD-L1/CD274 Rabbit pAb, ABClonal, catalog no. 
A1645) was performed manually according to previous 
published method [21]. Three-µm-thick sections were 
dewaxed in xylene substitute solvent and rehydrated. 
Endogenous peroxidase was blocked by immersion in 3% 
H2O2 diluted in methanol for 30  min. Antigen retrieval 
was performed using a pH-6.0 citrate buffer (Sigma- 
Aldrich, Merck KGaA, Darmstadt, Germany) heated for 
10 min in a microwave oven at 750 W. Slides were then 
incubated, for 10 min, in a commercial blocking solution 
(Super Block, Scytek Laboratories, Logan, Utah, USA). 
Sections were incubated overnight at 4 °C with antibody 
against PD-L1 (PD- L1/CD274 Rabbit pAb, ABClonal, 
catalog no. A1645, dilution 1:400). Antibody binding was 
visualized using an anti-Polyvalent HRP Polymer (Scytek 
Laboratories, Logan, Utah, USA). The chromogen DAB 
(3,3′-diaminobenzidine 0.05% w/v, catalog no. ACB999, 
Histo-Line Laboratories, Pantigliate, MI, Italy) was used 
to visualize the reaction. Slides were counterstained with 
Harris’s hematoxylin. Normal canine tonsil and placenta 
were used as positive controls. For negative controls, the 
primary antibody was replaced with an irrelevant, iso-
type- matched antibody, to control for the nonspecific 
binding of the secondary antibody.

Multiplex immunohistochemistry
The entire staining procedure was performed in an auto-
mated immunostainer (Discovery Ultra Roche Diagnos-
tics) on 4  μm thick paraffin-embedded tissue sections. 
Deparaffinization was done with EZ prep solution and 
antigen retrieval was done with CC1 solution (Discovery 
CC1, REF 950 − 500, Ventana Medical Systems, Inc., Ari-
zona, US) at 95°C for 40 min. A triple staining protocol 
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was used to identify T lymphocytes, B lymphocytes, and 
macrophages.

CD3 (Roche; rabbit monoclonal Clone 2GV6, ready to 
use), CD20 (Invitrogen; polyclonal rabbit) at 1:300 dilu-
tion and a polyclonal antibody against IBA1 (Novus; goat 
polyclonal) at 1:2500 dilutions were used as primary anti-
bodies. CD3 was dispensed and incubated for 32 min at 
36°C, the slides were treated with rabbit multimer (Rb-
HRP, Roche) and subsequently with DISCOVERY Chro-
moMap DAB Kit for detection of the reaction. IBA1 was 
dispensed, incubated for 24  min at 36°C and amplified 
(Amp A e B, Roche). After the sections were treated with 
mouse multimer (Rb-HRP), finally the slides were pro-
cessed with the Discovery Purple HRP kit. For the detec-
tion of CD20 we proceeded with “option diluent” that 
blocks nonspecific sites. The antibody was dispensed, 
incubated for 36 min at 36°C and amplified (Amp A e B). 
Rabbit multimer (Rb-HRP) served as secondary antibody, 
followed by the Discovery Teal HRP staining kit. The 
slides were cleaned by washing with Reaction Buffer.

DISCOVERY ChromoMap DAB Kit (RUO) consist of 
three different dispensers. “DISCOVERY DAB CM” con-
tains a phosphate buffer, diaminobenzidine (DAB), and 
gentamicin sulfate. “DISCOVERY H₂O₂ CM” contains a 
phosphate buffer and hydrogen peroxide (H₂O₂). “DIS-
COVERY Copper CM” contains an acetate buffer and 
cupric sulfate and gentamicin sulfate.

DISCOVERY Purple Kit (RUO) is made of two differ-
ent dispensers. “DISCOVERY Purple” contains a Purple 
Chromogen and “DISCOVERY H₂O₂” contains Hydro-
gen Peroxide in an aqueous solution.

DISCOVERY Teal HRP Kit (RUO) consist of three 
dispensers. “DISCOVERY Teal HRP H₂O₂” contains a 
borate buffer and hydrogen peroxide. “DISCOVERY Teal 
HRP Substrate” contains a borate buffer and a reactant 
to a component in the Teal Activator. “DISCOVERY Teal 
HRP Activator” contains a borate buffer and a reactant to 
a component in the Teal Substrate.

In this staining procedure was also used “Amplification 
Kit” that utilizes rabbit anti-mouse IgG heavy and light 
chains, and mouse anti-rabbit IgG heavy chains to bind 
to the primary antibody, increasing the number of anti-
bodies bound at the site of antigen and increasing the 
staining intensity.

Rb-HRP (Anti rabbit HRP) is a biotin-free detection 
systems based on proprietary multimer technology. They 
consist of a robust chemistry that provides clean back-
ground in combination with enhanced specificity and 
sensitivity, which increases the signal-to-noise ratio.

Computer-aided image analysis
Immunohistochemical glass slides were digitalized 
using Grundium Ocus 20 (Tampere, Finland) to obtain a 
whole-slide image (WSI). Computer-aided image analysis 

was performed using the open-access and open-source 
software QuPath for digital pathology [3].

First, the tumor area was selected, including tumor 
cells, intratumoral and peritumoral stroma, and exclud-
ing the adjacent normal tissue.

Quantification of immune cells in multiplex immuno-
histochemistry sections was achieved through the com-
bined detection of object and pixel classification tools. 
The classifiers, for both using the Random Trees algo-
rithm, were trained to recognized tumor tissue and CD3, 
CD20 and IBA1 labelled cells. The training was achieved 
through annotations (average of 20 annotations per vari-
able type) performed under the combined supervision of 
a board-certified veterinary pathologists (L.V.M.) and a 
biotechnologist with experience in using QuPath (C.T.).

T lymphocytes, B cells and macrophages were quan-
tified as number of cells in the selected tumor area. To 
account for differences in tissue area due to variable 
biopsy sizes, absolute cell counts were normalized to tis-
sue area and reported as the number of cells per median 
area size (31,931,886.98 μm²).

PD-L1 expression, macrophage-T lymphocytes ratio and 
immunological classification
PD-L1 expression was assessed in both tumor cells and 
tumor-infiltrating immune cells according to a previously 
published method [21]. PD-L1 scoring was calculated 
using the Combined Positive Score (CPS), defined as the 
ratio of the total number of PD-L1–positive cells (includ-
ing both neoplastic cells and tumor-infiltrating immune 
cells) to the total number of neoplastic cells, expressed as 
a percentage. A CPS value ≥ 1% was considered positive.

Manual scoring of PD-L1 was independently per-
formed by three veterinary pathologists, either board-
certified or with specific expertise in the field (L.V.M., 
G.S., G.A.). Representative tumor areas showing PD-L1 
expression and immune cell infiltration were selected 
for analysis. Images from these areas were acquired and 
processed using ImageJ for manual counting, which was 
performed on a minimum of 500 tumor cells per case, 
including all PD-L1–positive immune cells within the 
selected fields. CPS values were subsequently calculated 
based on the results of this manual count.

PD-L1-positive macrophages were counted manually, 
to discriminate morphology among the immune cells, 
across the entire slide. The data was normalized by per-
forming the ratio with the biopsy area (per 1 mm2).

The macrophage-to-T lymphocyte ratio was obtained 
with the number of IBA1 + cells divided by the number of 
CD3 + cells.

The immunophenotypic and spatial composition of 
the TIME will lead to classify the tumors into distinct 
immune phenotypes [31]; Binnewies et al., [4]:
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 	• immune-inflamed phenotype: defined by a dense 
infiltration of immune cells within the tumor 
parenchyma.

 	• immune-excluded phenotype: defined by the 
accumulation of lymphocytes at the invasive margin 
or in the peritumoral stroma, with scarce or no 
infiltration into the tumor core; the occasional 
presence of macrophages within the tumor nests was 
not considered exclusionary.

 	• immune-desert phenotype: characterized 
by a complete absence of lymphocytes both 
intratumorally and peritumorally; the occasional 
presence of macrophages within the tumor nests was 
not considered exclusionary.

The classification of tumor immune phenotypes was 
based on the qualitative immunohistochemical assess-
ment of the spatial distribution of immune cells. To 
minimize subjective bias, all cases were independently 
evaluated in a blinded manner by two observers (L.V.M. 
and G.S.). Discrepancies were resolved through consen-
sus discussion.

Clinical follow up
Patients were treated with different chemotherapy agents 
and assessment of response and rechecks performed 
every 3–6 weeks at clinician discretion, based on RECIST 
criteria [22]. Tumor-specific survival (TSS) was defined 
as the time elapsed from the tumor diagnosis to the 
tumor related death.

Statistics
Statistical analysis was performed with the software 
GraphPad Prism (version 10.0, La Jolla, San Diego, 
CA, USA). The normality distribution of the data was 
assessed with the D’Agostino and Pearson Omnibus test. 
Data were analyzed with Spearman r, Fisher’s exact test, 
Mann-Whitney test, Kruskal Wallis with Dunn’s mul-
tiple comparisons tests. To assess inter-observer reli-
ability, the Intraclass Correlation Coefficient (ICC) was 
calculated  [10]. ICC values were interpreted as follows: 
<0.5 = poor reliability; 0.5–0.75 = moderate reliability; 
0.75–0.9 = good reliability; >0.9 = excellent reliability. A p 
value ≤ 0.05 was considered significant.

Results
Caseload
Forty-nine cases of canine urothelial carcinoma were 
collected. Of the 49 UCs collected, 11 UCs (22%) were 
PD-L1+ (Supplemental Fig.  1a). PD-L1 specific label-
ing was membranous and detected in tumor cells and 
immune cells (macrophages, lymphocytes and plasma 
cells). The intraclass correlation coefficient (ICC) for CPS 
assessment among the three pathologists was 0.82 (95% 

confident interval = 0.60 to 0.94), indicating good inter-
rater reliability. The mean CPS values assessed by each 
pathologist were as follows:

	 Pathologist 1 : 30.73% (SD = 17.46%).

	 Pathologist 2 : 28.00% (SD = 17.40%).

	 Pathologist 3 : 32.91% (SD = 24.58%).

Immune cells density and topography
Based on the topography of ICs, 40 carcinomas were 
immune-inflamed (82%; Fig.  1a), 7 were immune-
excluded (14%; Fig.  1b), and 2 immune-deserted (4%; 
Fig. 1c).

Overall, the most numerous ICs were macrophages and 
T-cells, that were respectively significantly higher than 
B-cells (p < 0.0001 Kruskal Wallis Dunn’s multiple com-
parisons test; Fig. 2a; Supplemental Fig. 1b).

The macrophages to T-lymphocytes ratio was signifi-
cantly lower in immune-inflamed (mean 1.84% SD = 2.62) 
compared to immune-excluded and immune-desert phe-
notypes (mean 7.5% SD = 8.72, p = 0.02 Mann-Whitney 
test; Fig. 2b). T cells number was significantly higher in 
the immune-inflamed phenotype compared to the other 
immune phenotypes, immune-excluded and immune-
desert (p = 0.01 Mann-Whitney test; Fig.  2c). Further-
more, there were no significant differences in the number 
of B-cells (immune-inflamed vs. other immune pheno-
types; p = 0.20 Mann-Whitney test) and macrophages in 
the different immunophenotypes (immune-inflamed 
vs. other immune phenotypes; p = 0.80 Mann-Whitney 
test). Among the immune-inflamed 9 carcinomas were 
PD-L1+ (22%) and 31 PD-L1- (78%); two immune-
excluded carcinomas were PD-L1+ (28%) and 5 were 
PD-L1- (71%); both tumors with immune-desert pheno-
type were PD-L1-. No statistical association was found 
between PD-L1 expression and immune phenotypes 
(p = 0.79 Fisher’s exact test). Macrophages density was 
higher in PD-L1 + tumors than PD-L1- tumors (p = 0.003 
Mann-Whitney test; Fig.  2d), supported by a moder-
ate positive correlation between PD-L1 and IBA1 + cells 
(p = 0.003 R = 0.41 Spearman test). No statistical correla-
tion between PD-L1 and T and B cells was detected (CD3 
and PD-L1 p = 0.28 R = 0.15; CD20 and PD-L1 p = 0.23 
R = 0.17 Spearman r test).

Because macrophages were the most numerous IC 
cell population assessed in UCs and PD‑L1 + tumors, 
we tested the possibility of a higher amounts of 
PD-L1 + macrophages in immune-inflamed vs. immune-
excluded PD-L1 + tumor cases. The median number of 
PD‑L1 + macrophages was 1.6/mm² (range 0.6–24.2). No 
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Fig. 1 (See legend on next page.)
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association was observed between the different immuno-
phenotypes (p = 0.90, Mann–Whitney test).

Clinical follow up
Median follow up was 238.5 days and follow-up data 
were available in 12 patients: 9 dogs died from progres-
sive disease and 2 from non-tumor related conditions (1 
case due to gastric dilation and volvulus and 1 case due 
to uroperitoneum developed 1  day after surgery); one 
case was lost to follow up. Among the deceased patients, 
9 UCs had an immune-inflamed phenotype, 2 were 
immune-excluded and 1 was immune-desert. PD-L1 
expression was observed in 2 out of 12 deceased patients 
(1 immune-inflamed and 1 immune-excluded). The mean 
TSS of UCs was 295 days (SD = 271.5). The case with 
the shortest survival was PD-L1 positive and immune 
excluded (102 days of TSS). No significant differences in 
TSS were observed between dogs bearing PD-L1 + UCs 
and those with PD-L1- UCs, even if PD-L1 + UCs had a 
lower median survival (172 days) than the other group 
(295 days; p = 0.16 Log-rank Mantel-Cox test). Clinical 
data are summarized in Supplementary Table 1.

Discussion
Immune checkpoint inhibitors (ICIs) are FDA-approved 
standard of care in several human solid tumors [30]. 
Markers able to predict the response to ICIs include 
PD-L1 expression, microsatellites instability and tumor 
mutational burden [27]. PD-L1 is the most used pre-
dictive marker of response to ICIs but there are several 
limitations related to the pre-analytical and analytical 
methods; these include but are not limited to forma-
lin fixation, antibody clones, cut-offs selected, and the 
cell type considered for the evaluation (tumor cells and 
immune cells) [8]. Additionally, the predictive heteroge-
neity of PD-L1 is also intrinsic to its biological variability, 
orchestrated by different TIME components [8]. Resis-
tance mechanisms, including prevention of T cell activity 
through insufficient immunogenicity, irreversible T cell 
exhaustion, IFNγ resistance, and the establishment of an 
immunosuppressive TIME, may affects the ICI response 
[16].

Considering the plethora of mechanisms involved in 
tumor immunological response, the study of the immune 
microenvironment is necessary for a comprehensive 
approach to its modulation and plasticity.

By analyzing the TIME in the canine UCs, we found 
that the most represented cells were macrophages, 

closely followed by T lymphocytes, while B cells were sig-
nificantly lower. Indeed, tumor associated macrophages 
(TAMs) are the largest innate immune population of the 
tumor immune microenvironment and are functionally 
divided into populations that may have an anti-tumori-
genic and a pro-tumorigenic role [31]. Anti-tumorigenic 
TAMs (M1 polarized), maintain antigen presenting cells 
function, express high level of MHCII, and have phago-
cytic and tumor-killing proprieties. Furthermore, they 
support and activate the adaptive immune response [31]. 
By contrast, pro-tumorigenic TAMs (M2 polarized) are 
immunosuppressive, express low level of MHCII and 
high level of inhibitory molecules, such as PD-1 and 
PD-L1 [31].

The number of macrophages is significantly increased 
in human bladder tumor tissue, with M2-polarized mac-
rophages being associated with disease severity and poor 
prognosis [29, 33]. In our study, IBA1⁺ cells were not 
only the most abundant cell population within the tumor 
microenvironment but also predominated in PD-L1–
positive tumors. A similar trend has been observed in 
human cancers such as nasopharyngeal adenocarcinoma, 
and gastric, esophageal, and lung carcinomas [9, 15, 24, 
34]. The role of tumor-associated macrophages (TAMs) 
in regulating PD-L1 expression is currently under inves-
tigation in human oncology, with several inflammatory 
cytokine–mediated pathways implicated [35]. Lim et 
al. reported that TNF-α secreted by TAMs activates the 
NF-κB pathway, leading to the transactivation of CSN5, 
which in turn mediates the deubiquitination and stabili-
zation of PD-L1 [17].

The results of our investigation, according to the lit-
erature [31], confirmed PD-L1 expressed also by mac-
rophages, suggestive of a pro-tumorigenic activity, but 
future studies incorporating established M1/M2 mark-
ers are essential to conclusively characterize macrophage 
polarization in canine urothelial carcinoma.

We quantified PD‑L1⁺ macrophage densities in the 
subset of PD‑L1-positive tumors; however, our find-
ings did not show a substantial association with specific 
immune‑inflamed or immune‑excluded phenotypes. The 
small number of PD‑L1-positive cases likely limited sta-
tistical power and may have impacted these results.

T-lymphocytes are the most important cells of the 
adaptative anti-tumoral immune response [13, 32]. Dif-
ferent studies have demonstrated that the greater the 
tumor infiltration of CD8 + T lymphocytes, the better 
the survival [12, 26] and the response to ICI therapy in 

(See figure on previous page.)
Fig. 1  Immune phenotype characterized by multiplex immunohistochemistry anti-IBA1 (pink), -CD3 (brown), -CD20 (light blue), canine urothelial car-
cinoma; (a) immune-inflamed phenotype: numerous inflammatory cells infiltrate the tumor bed and are composed of a high number of T lymphocytes 
and a smaller number of macrophages and B lymphocytes. b immune-excluded phenotype: numerous T and B lymphocytes are located at the periphery 
of the neoplasm and do not infiltrate the tumor bed; only rare macrophages are present inside the tumor. c immune-desert phenotype: T and B lympho-
cytes are totally absent and only rare macrophages are present in the tumor bed
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human bladder cancer [31]. However, in order to effec-
tively control tumor progression, T lymphocytes need 
to infiltrate the tumors first [13]. Hence the importance 
of evaluating the spatial distribution of T lymphocytes 
and their use as a pathological parameter for the cat-
egorization of predictive classes of ICI response, namely 
immune-inflamed, -excluded and -desert phenotypes 
[31].

In the present work, to classify tumors into immuno-
logical phenotypes, we qualitatively characterized the 
spatial distribution of the immune cells of the TIME 
using multiplex immunohistochemistry. We found 
that most canine urothelial tumors exhibit an immune-
inflamed phenotype (82%), characterized by infiltration 
of immune cells inside the tumor. Similarly, immune-
inflamed are the most common phenotype in human 
UCs (72%) and the response to atezolizumab (PD-L1 

Fig. 2  Results graphs: (a) The number of macrophages and T lymphocytes was statistically higher compared to the B cells (p < 0.0001 Kruskal Wal-
lis Dunn’s multiple comparisons test; **** = asterisks for extremely significant data p < 0.0001; ns = non significant) (bratio was significantly lower in 
immune-inflamed (IF; mean 1.84% SD = 2.62) compared to immune-excluded (IE) and immune-desert phenotypes (ID; mean 7.5% SD = 8.72, p = 0.02 
Mann-Whitney test; * = asterisk for significant data p < 0.05) (c) T cells number was significantly higher in the immune-inflamed phenotype (IF) compared 
to the immune-excluded (IE) and immune-desert (ID) phenotypes (p = 0.01 Mann-Whitney test, * = asterisk for significant data p < 0.05) (d) IBA + cells were 
more numerous in PD-L1 + tumors than PD-L1- tumors (p = 0.003 Mann-Whitney test, ** = asterisks for very significant data p < 0.001)
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inhibitor), depends on the composition of T cell popula-
tions that infiltrate the tumor itself (Powles et al., 2019).

Regarding the composition of the immune microenvi-
ronment in the various immune phenotypes, no differ-
ences were detected for macrophages, but the immune 
inflamed phenotype showed a statistically higher number 
of lymphocytes and a lower macrophage-to-T-lympho-
cyte ratio, demonstrating its richness in T cells com-
pared to the other immune phenotypes. The detection of 
the immune-inflamed as the most common phenotype 
in canine UCs is an interesting finding for therapeutic 
purposes in dog, since in humans the immune-inflamed 
phenotype is a promising marker able to predict favor-
able clinical outcomes of ICI therapy across multiple 
cancer types [27]. This analogy needs to be confirmed, 
following the characterization, also in dogs, of the T cell 
subpopulations that may have opposite roles in tumor 
immunomodulation [23]. Eto et al. [11] conducted an in-
depth analysis of the TIME and its spatial configuration 
in canine urothelial carcinomas, identifying — as in our 
case — the presence of an inflamed immune phenotype. 
Particularly interesting in their study is the observation 
of a high level of CD3 + and CD8 + T lymphocyte infiltra-
tion within the tumor nests in subjects pretreated with 
COX inhibitors, compared to untreated subjects. In our 
study, however, clinical comparison could not be per-
formed due to the limited number of cases with available 
clinical and therapeutic information.

Immune desert tumors are characterized by the 
absence of T cells in the TIME, and the underlying mech-
anisms may involve immunological ignorance, induction 
of tolerance or a lack of appropriate T-cell priming or 
activation [6].

In the immune-excluded phenotype the accumulated 
T cells are unable to infiltrate the TIME and this preven-
tion has a stromal-based inhibition derived by multiple 
chemokines, vascular factors or mediators [6]. TSS avail-
able from this caseload are in line with those from litera-
ture [5], but the robustness of this data requires a larger 
cohort of dogs with adequate follow-up.

These results suggest that integrating the diagnosis 
of UC based on hematoxylin-eosin-stained slides with 
immunophenotypic assessment may be beneficial in pro-
viding additional prognostic information. Regarding the 
role of ICI in the treatment of canine UCs, the data from 
the present investigations are not conclusive. No sig-
nificant differences in TSS were observed between dogs 
with PD‑L1⁺ UC and those with PD‑L1⁻ tumors; median 
survival appeared lower in the PD‑L1⁺ group (172 vs. 
295 days), but the result was not statistically significant 
(p = 0.16, Log‑rank test). However, the relatively small 
number of PD‑L1⁺ cases likely limited the study’s sta-
tistical power, increasing the risk of a Type II error and 
potentially obscuring a true survival difference.

A significant advancement in the knowledge of the 
TIME in canine UCs has been achieved through multi-
plex technology, which can analyze multiple markers 
within the same single tissue section. This technique 
offers the advantage of colocalizing cells expressing the 
different markers tested leading to the topographic map-
ping of the cell populations examined and therefore pro-
viding data on spatiality. Computer-aided image analysis 
is increasingly used in oncology research also in veteri-
nary medicine [25]. Manual scoring for biomarkers quan-
tification is not recommended, because it is subjective 
and often not reproducible [3]. In addition, machine-
learning based digital analysis allows the examination 
of whole tissue sections, further reducing the subjectiv-
ity of the area selection. Objective and reproducible data 
obtained by whole tissue sections allows to collect high-
quality data that can be correlated with clinical param-
eters for new biomarker selection [3].

In conclusion, most urothelial carcinomas were identi-
fied as T cell–rich, immune-inflamed tumors. A subset 
also expressed PD-L1, which was significantly associated 
with a high density of IBA1⁺ cells, suggesting a potential 
role of tumor-associated macrophages (TAMs) in regu-
lating PD-L1 expression. Further investigation into mac-
rophage polarization in relation to PD-L1 expression is 
warranted to better elucidate this interaction.

The identification of tumor immune macro-categories, 
both immunologically reactive and non-reactive, is essen-
tial to guide immunotherapy research in pets. We know 
that this classification is the tip of the iceberg and consid-
ering the complexity of TIME [7], a deeper characteriza-
tion of the diversity of cellular and stromal components 
is essential to understand and therapeutically redirect 
niches of reactive immune system in anti-tumor action.
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