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Abstract
Background: Animal cancer registry data are important for monitoring animal health,
for prevention and research in veterinarymedicine, and for comparative oncology. Since
people and animals share the same environment and are exposed to many common risk
factors, cancer patterns in animals may have a sentinel function for human health. We
collected cancer cases among livestock, pets and wildlife in the Aosta Valley region in
Italy from January 2004 to May 2024 to assess the feasibility of a regional animal cancer
registry.
Methods: The clinical variables of every case were recorded and submitted to quality
assessment. The tumour frequencies in the three animal populations were analysed.
Results: During the study period, we identified 106 farm animals (8%), 1154 pets (91%)
and eight wild animals (1%) with tumours. The most frequent cancer sites in livestock
were liver (10 cases of hepatocellular carcinoma, 20.8%) and eye (eight cases of squamous
cell carcinoma, 16.7%). Cancers of the skin (56 cases in dogs, 11.76%; 61 cases in cats, 23%)
and mammary gland (94 cases in dogs, 19.7%) were most frequent in pets. The skin was
the most frequent site in wild animals (two of eight cases).
Limitations: Critical issues concerned the collection of incident cases in livestock and
wildlife and the completeness of denominators in pets.
Conclusions:This study demonstrated the feasibility of a registry based on an innovative
model of collaboration between epidemiologists and veterinarians.
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INTRODUCTION

Recent pandemics around the world, such as Ebola and
COVID-19, have highlighted the importance of linking dis-
ciplines that study animal, human and environmental health
in order to strengthen the World Health Organization’s One
Health focus on zoonotic diseases.1 The impact of human
activities on the natural environment and their implications
for the onset of cancer in humans and animals have been
documented, and their consequences may be amplified in the
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current setting of climate change.2 The One Health approach
takes a holistic view of health, but has focused mostly on
zoonotic diseases, while not addressing oncogenic processes.
Cancer registration, an information systemdesigned for the

collection, storage and management of data on cancer cases,
plays a key role in cancermonitoring.Human cancer registries
have been established inmany countries, with collaboration at
the national and international levels.
Cancer is widespread in animal populations as well, affect-

ing pets, livestock and wildlife. Integrating animal cancer
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registration into the One Health approach involves collect-
ing and analysing cancer data in animals to better understand
the relationships between animal and human cancers and the
environment.
To date, systematic cancer registration in animals has been

limited. Published data on livestock tend to merely report
series of cases, although there have been efforts to implement
systematic registration.3,4 A remarkable report from Nigeria
describes a network of universities registering data on neo-
plastic diseases in livestock as well as pets and birds.5 Pet
cancer registries are few, and there tends to be a lack of com-
munication and collaboration between registries. Brønden
et al. stated in a seminal paper published in 2007 that the
different methods used to collect data and estimate refer-
ence animal populations were among the main limitations
of animal cancer registration, making it difficult to conduct
comparative analyses between animal and human cancers.6
Most existing animal cancer registries work with clini-

cal cases or pathology-based data. Thirteen registries are
associated in the Global Initiative for Veterinary Cancer
Surveillance,7 which aims to support registration processes
and the harmonisation of data. Some networks, such as the
Small Animal Veterinary Surveillance Network in the UK,8
have developed advanced methodologies for the production
of detailed morphological data from electronic pathology
records. Others, such as the Italian Network of Public Vet-
erinary Laboratories, focus particularly on the morphological
aspects of animal cancer.9
As far as we know, there are no published data on can-

cer registration in wildlife. The literature only refers to case
reports in various wildlife species, despite the growing need to
develop standardised systems for monitoring and registering
cancer in wildlife as well.10–13
Population-based human cancer registries are charac-

terised by the completeness and validity of the registered data,
which are the result of standardised methodology for cancer
registration and quality control.14 Moreover, for the registra-
tion of human cancers, the geographical reference population
is readily identifiable, while for animal cancers, complete and
up-to-date reference populations are often lacking.
The main objective of this study was to assess the feasibility

of setting up a cancer registry for animals in the Aosta Val-
ley region of Italy. To create an animal registry from a One
Health and comparative oncology perspective, it is important
to make sure the cancer classifications and quality checks are
comparable to those used in humans.
TheAostaValley region hasmaintained a population-based

human cancer registry since 2003. The data it produces are
accredited by international registration systems.15 The registry
utilises the Open Registry software for human cancers.16 We
created amodified system for animal cancer registration using
the same software. Also the methodology for data production
and processing is the same, making human and animal data
easily comparable.
We conducted a pilot study to ascertain whether (i) sources

of information exist that can be used systematically to iden-
tify cancer cases in animals; (ii) this information is sufficiently
accurate to establish the site and morphology of animal can-
cers; and (iii) it is possible to reconstruct with sufficient
approximation the denominator required to calculate the inci-
dence rate in the observed populations. A further objective of
the study was to produce an initial descriptive report on the
frequency of cancer in animals in Aosta Valley.

MATERIALS ANDMETHODS

Registry area

Aosta Valley (Valle d’Aosta) is a mountainous region in the
northwest of Italy bordering France and Switzerland. It has
a human population of 122,957, with 21,126 dogs and 6889
cats being registered in the pet registry in 2024 (mean one
pet every four inhabitants) and a total of 39,175 registered
livestock (mean one animal every three inhabitants).

Registration rules and software

For the registration of cases in the animal cancer registry,
we followed the rules laid down by international, European
and Italian networks for the registration of human cancer
cases. These included the International Agency for Research
on Cancer (IARC), the International Association of Can-
cer Registries, the European Network of Cancer Registries
and theAssociazione Italiana Registri Tumori.17 Furthermore,
we integrated and expanded the International Classification
of Diseases for Oncology, third edition (ICD-O-3)18 with
the specially developed Veterinary International Classifica-
tion of Diseases for Oncology, first version (Vet-ICD-O-1), a
standardised system for coding canine tumours.19 The pro-
tocol was to register all animal tumours with benign, in situ,
borderline or malignant behaviour.20
Almost all cases (94%) were microscopically confirmed by

means of biopsy or postmortem examination. The remaining
cases had a death certificate-based (5.6%) or clinical diagnosis
(0.4%). All cases were classified according to the Interna-
tional Classification of Diseases, 10th revision (ICD-10) for
frequency analysis.
The Open Registry software,16,21 revised and adapted to a

veterinary oncology setting, was used for case registration. In
addition to automating the registration of cases, the software
performs the main quality checks, signalling inconsistencies
and errors. The structure and functions of the registration
system are summarised in Supporting Information S1.

Data quality control

All the registered data were additionally subjected to quality
checkswith the tools developed by the IARC for human cancer
registries.22

Data sources

To test the functionality of the registry pilot project, histori-
cal cases of animal tumours from 1 January 2004 to 31 May
2024 were entered into the database. The data sources were as
follows:

1. Tumours in livestock: unit for animal-derived foodhygiene
(Struttura Complessa Igiene Alimenti Origine Animale),
which reportsmalignancies in livestock detected at slaugh-
ter to the Experimental Zooprophylactic Institute of Pied-
mont, Liguria and Aosta Valley (Istituto Zooprofilattico
Sperimentale del Piemonte Liguria e Valle d’Aosta).

2. Tumours in pet animals: private veterinary clinics treat-
ing pet animals (10 of the 13 private clinics in the region
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TABLE  Incident cases in livestock (female and not determined): tumour sites and morphology.

Site
Morphology
code

No. of
cases

Percentage overall
and by morphology Morphology term

Liver, biliary tract and pancreas 19 39.6

8170/3 10 20.8 Hepatocellular carcinoma, NOS

8160/3 6 12.5 Cholangiocarcinoma

8240/3 2 4.2 Carcinoid tumour, NOS

8246/3 1 2.1 Neuroendocrine carcinoma, NOS

Eye and adnexa 8 16.7

8070/3 8 16.7 Squamous cell carcinoma

Lung 6 12.5

8140/3 5 10.4 Adenocarcinoma, NOS

8070/3 1 2.1 Squamous cell carcinoma

Lymphomas 4 8.3

9591/3 3 6.3 Non-Hodgkin lymphoma, NOS

9590/3 1 2.1 Malignant lymphoma, NOS

Skin and adnexa 3 6.3

8070/3 2 4.2 Squamous cell carcinoma

8010/3 1 2.1 Carcinoma, NOS

Head and neck 2 4.2

9120/3 2 4.2 Haemangiosarcoma

Unknown primary site 2 4.2

8140/3 1 2.1 Adenocarcinoma, NOS

8084/3 1 2.1 Squamous cell carcinoma, clear cell type

Kidney 2 4.2

8960/3 1 2.1 Nephroblastoma, NOS

8010/3 1 2.1 Carcinoma, NOS

Bladdera 1 2.1

8620/1 1 2.1 Granulosa cell tumour, malignant

Spleen 1 2.1

9120/3 1 2.1 Haemangiosarcoma

Total 48 100.0

Note: Distribution by site andmost frequent morphologies according to International Classification of Diseases, 10th revision (ICD-10) (site) and Veterinary International Classification
of Diseases for Oncology, first version (Vet-ICD-O-1) (morphology).
Abbreviation: NOS, not otherwise specified.
aAll tumours except those of the bladder present invasive behaviour (/3).

participated in the project) and the Experimental Zoopro-
phylactic Institute of Piedmont, Liguria and Aosta Valley.

3. Tumours in wildlife: National Reference Centre for Dis-
eases in Wildlife (Centro Referenza Malattie Animali
Selvatici [CeRMAS]).

4. Historical cases archived by the Veterinary Epidemiology
Unit of the Regional Health Authority (Azienda Unità
Sanitaria Locale Valle d’Aosta).

In addition, a specially designed Google form23 was sent to
all self-employed veterinarians in the region to enable them
to record and submit new cancer cases diagnosed in their
practice.

Animal databases

The number of livestock was obtained from the regional vet-
erinary database.24 The number of pets was provided by the

regional pet database. It is important to take into account that
dog registration is compulsory in Aosta Valley, whereas cat
registration is optional.25

Forwild ungulates, the numberwas obtained from censuses
carried out by the regional forestry service and published on
the official website of the Autonomous Region of Aosta Valley,
with data updated to May 2024.26

RESULTS

A total of 1268 records of animals with tumours were regis-
tered in the database, including 106 farm animals (8%), 1154
pets (91%) and eight wild animals (1%). Of the 1298 tumours
detected in these animals, 832 (64%) exhibited invasive
behaviour. The results are expressed as frequencies because
the denominators in the animal populations are incomplete
and therefore cannot be used to generate epidemiological
indicators such as incidence rates.
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F IGURE  Site distribution of tumours in livestock according to International Classification of Diseases, 10th revision (ICD-10) classification.

Livestock

Among livestock, cattle were themost represented species (101
cases, 95%), which can be explained by the fact that the col-
lected cases were obtained from abattoir inspection activities.
Goats accounted for 3% (three cases) and donkeys and horses
accounted for 1% each (one and one case, respectively).
The most frequent cancer sites were liver and biliary tract

(19 cases, 39.6% of the total), followed by eyes (eight cases,
16.7% of the total), lung (six cases, 12.5% of the total) and
lymphomas (four cases, 8.3% of the total); other sites and
ill-defined sites together accounted for two cases (4.2% of
the total) (Figure 1). Liver cancers comprised hepatocellular
carcinomas (10 cases), cholangiocarcinomas (six cases), carci-
noids (two cases) and one neuroendocrine tumour (Table 1),
whereas lung tumours comprised five adenocarcinomas and
one squamous cell carcinoma. Two cases of kidney cancer
were recorded, a renal cell carcinoma and a neuroblastoma,
the latter arising in a young animal. Of the three skin can-
cers, two were squamous cell carcinomas and one was an
unspecified carcinoma.
Last, there were four cases of malignant lymphoma (large

B-cell lymphoma and unspecified B-cell lymphoma); two of
these originated in the liver.

Pet animals

Among pet animals, 72% of the registered tumours (828 cases,
of which 476 were malignant) occurred in dogs, 27% (317
cases, of which 265 were malignant) occurred in cats and 1%
(nine cases) occurred in other species, including rabbits, birds
and rodents.
In dogs, the most frequent cancer sites were the mammary

gland (94 cases, 19.7% of the total) and connective tissue (56

cases, 11.8% of the total), followed by non-melanoma skin
cancer (56 cases, 11.8%), lymphoma, head and neck cancer,
mastocytosis, genital tract cancer (17 cases in males, 3.6% of
the total; eight cases in females, 1.7% of the total), digestive
system cancer, lung cancer and melanoma (Figure 2).
Four percent of tumours in dogs (19 cases) were coded as

arising at poorly defined sites. This code was more frequently
used at the beginning of the registration period, while its use
tended to decrease as the workflow stabilised.
Mammary gland tumours comprised carcinomas (31 cases),

tubular adenocarcinomas (29 cases) and adenocarcinomas
arising within a tubular villous adenoma (12 cases). Sar-
comas accounted for 42 cases (Figure 2); 28 were hae-
mangiosarcomas of the neck, liver and spleen, while one
case involved a cardiac valve chord (data not shown). The
skin tumours included epitheliomas (six cases), adenocar-
cinomas of the cutaneous adnexa (five cases), malignant
melanomas (17 cases) and mast cell tumours (29 cases)
(Table 2).
Cancers of the haematopoietic system comprised three

plasma cell neoplasms, three cases of leukaemia (two lym-
phoid leukaemias and one precursor B-cell lymphoblastic
leukaemia; data not shown) and 34 cases of malignant
lymphoma.
In the female genital tract, three granulosa cell tumours and

two uterine leiomyosarcomas occurred; in the male genital
tract, 12 cases of seminoma (Table 2).
In cats, 57 cancer cases (21.5% of the total) were lym-

phomas (including three intestinal T-cell lymphomas arising
in the ileum, three large-cell lymphomas and one cutaneous
T-cell lymphoma). Other frequent cancers were skin can-
cers (61 cases, 23% of the total), connective tissue cancers
(42 cases, 15.8% of the total) and head and neck cancers (21
cases, 7.9% of the total). Lung cancers amounted to 19 cases
(7.2% of the total), liver cancers to nine cases (3.4% of the

 20526113, 2026, 1, D
ow

nloaded from
 https://bvajournals.onlinelibrary.w

iley.com
/doi/10.1002/vro2.70026 by IR

C
C

S T
U

M
O

R
I M

IL
A

N
O

, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



VETERINARY RECORD OPEN  of 

TABLE  Incident cases in dogs (male, female and not determined): tumour sites and morphology.

Site
Morphology
code No. of cases

Percentage overall
and by morphology Morphology term

Mammary gland 94 19.75

8010/3 31 32.98 Carcinoma, NOS

8211/3 29 30.85 Tubular adenocarcinoma

8263/3 12 12.77 Tubulopapillary adenocarcinoma

Skin and adnexa 56 11.76

9150/3 9 16.07 Haemangiopericytoma, malignanta

8011/3 6 10.71 Epithelioma, malignant

8390/3 5 8.93 Adnexal carcinoma

Connective and soft tissues 56 11.76

8800/3 35 62.50 Sarcoma, NOS

9120/3 7 12.50 Haemangiosarcoma

Unknown primary site 49 10.29

8000/3 46 93.88 Neoplasm, malignant

Lymphomas 34 7.14

9590/3 15 44.12 Malignant lymphoma, NOS

9591/3 6 17.65 Non-Hodgkin lymphoma, NOS

Head and neck 33 6.93

9120/3 12 36.36 Haemangiosarcoma

8800/3 6 18.18 Sarcoma, NOS

Mastocytoma/histiocytosis 32 6.72

9740/3 29 90.63 Malignant mastocytoma

Malignant melanoma of skin 21 4.41

8720/3 17 80.95 Melanoma, NOS

Other and ill-defined sites 19 3.99

9120/3 7 36.84 Haemangiosarcoma

8800/3 4 21.05 Sarcoma, NOS

Male genital organs 17 3.57

9061/3 12 70.59 Seminoma, NOS

Digestive organs 11 2.31

8010/3 5 45.45 Carcinoma, NOS

8140/3 2 18.18 Adenocarcinoma, NOS

Trachea and lung 11 2.31

8010/3 4 36.36 Carcinoma, NOS

8250/3 2 18.18 Bronchioloalveolar adenocarcinoma

Liver, biliary tract and pancreas 10 2.10

8170/3 3 30.00 Hepatocellular carcinoma, NOS

9120/3 2 20.00 Haemangiosarcoma

Bone 9 1.89

9180/3 5 55.56 Osteosarcoma, NOS

Female genital organs 8 1.68

8620/3 3 37.50 Granulosa cell tumour, malignant

8890/3 2 25.00 Leiomyosarcoma, NOS

Bladder 6 1.26

8120/3 3 50.00 Transitional cell carcinoma, NOS

Eye and adnexa 4 0.84

8726/3 2 50.00 Anterior uveal melanocytoma

Myeloma and plasma cell neoplasms 3 0.63

9731/3 3 100.00 Plasmacytoma, NOS

(Continues)
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TABLE  (Continued)

Site
Morphology
code No. of cases

Percentage overall
and by morphology Morphology term

Leukaemias 3 0.63

9820/3 2 66.67 Lymphoid leukaemia, NOS

9835/3 1 33.33 Precursor cell lymphoblastic leukaemia

Total 476 100.00

Note: Cancer sites and morphology according to International Classification of Diseases, 10th revision (ICD-10) (site) and Veterinary International Classification of Diseases for
Oncology, first version (Vet-ICD-O-1) (morphology).
Abbreviation: NOS, not otherwise specified.
aAll presented cases of haemangiopericytoma occurred prior to the implementation of the Vet-ICD-O-1 classification (2022) and therefore still follow the International Classification
of Diseases for Oncology, edition 3.2 (ICD-O-3.2) coding system.

total) and digestive tract cancers to six cases (2.3% of the total)
(Figure 3).

The most frequent tumour morphology in the lung was
adenocarcinoma (11 cases). In the liver, hepatocellular carci-
noma topped the list with four cases, while bone tumours
comprised three cases of osteosarcoma. Last, a follicular car-
cinoma was recorded in the thyroid of a female cat (Table 3).

Wildlife

Eight postmortem examinations of wild animals were
recorded in the registry during the period 2004‒2021
(Table 4). The postmortem reports are detailed in Supporting
Information S2.

DISCUSSION

Our objective was to carry out a feasibility study for an ani-
mal cancer registry in the Aosta Valley region in Italy. For this
purpose, we collected incident cases of animal cancer as well
as historical cases, even though these were often incomplete.
Despite the inevitable bias due to the limited data sources, we
were able to perform an initial analysis of the cases.
Several Italian regions have established animal cancer

registries, but mostly focused on pet animals.27 In the inter-
national literature, cancer case reports of livestock are few
and cancer in wildlife is even more rarely reported. More-
over, comparison of information from different registries is
difficult due to variable data collectionmethods and inclusion
criteria.6

F IGURE  Site distribution of tumours in dogs (male, female and not determined) according to International Classification of Diseases, 10th revision
(ICD-10) classification.
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TABLE  Incident cases in cats (male, female and not determined): tumour sites and morphology.

Site
Morphology
code No. of cases

Percentage overall
and by morphology Morphology term

Skin and anexa 61 23.0

8070/3 27 44.3 Squamous cell carcinoma

8810/3 10 16.4 Fibrosarcoma, NOS

8420/3 5 8.2 Ceruminous adenocarcinoma

Lymphomas 57 21.5

9590/3 24 42.1 Malignant lymphoma, NOS

9591/3 19 33.3 Non-Hodgkin lymphoma, NOS

Connective and soft tissues 42 15.8

8800/3 18 42.9 Sarcoma, NOS

8810/3 13 31.0 Fibrosarcoma, NOS

9120/3 4 9.5 Haemangiosarcoma

Head and neck 21 7.9

8070/3 9 42.9 Squamous cell carcinoma

8010/3 3 14.3 Carcinoma, NOS

Trachea and lung 19 7.2

8140/3 11 57.9 Adenocarcinoma, NOS

8250/3 2 10.5 Bronchioloalveolar adenocarcinoma

Mammary gland 15 5.7

8211/3 10 66.7 Tubular adenocarcinoma

Liver, biliary tract and pancreas 9 3.4

8170/3 4 44.4 Hepatocellular carcinoma, NOS

8140/3 3 33.3 Adenocarcinoma, NOS

Bone 7 2.6

9180/3 3 42.9 Osteosarcoma, NOS

9250/3 1 14.3 Giant cell tumour of bone, NOS

Digestive organs 6 2.3

8140/3 2 33.3 Adenocarcinoma, NOS

9120/3 1 16.7 Haemangiosarcoma

Other and ill-defined sites 6 2.3

8800/3 3 50.0 Sarcoma, NOS

Eye and adnexa 6 2.3

8010/3 2 33.3 Carcinoma, NOS

8720/3 1 16.7 Malignant melanoma, NOS

Mastocytoma/histiocytosis 4 1.5

9740/3 4 100.0 Malignant mastocytoma

Bladder 3 1.1

8120/3 2 66.7 Transitional cell carcinoma, NOS

8010/3 1 33.3 Carcinoma, NOS

Kidney except renal pelvis 3 1.1

8010/3 2 66.7 Carcinoma, NOS

8140/3 1 33.3 Adenocarcinoma, NOS

Unknown primary site 2 0.8

8230/3 1 50.0 Solid carcinoma, NOS

8000/3 1 50.0 Neoplasm, malignant

Leukaemias 2 0.8

9861/3 1 50.0 Acute myeloid leukaemia, NOS

9820/3 1 50.0 Lymphoid leukaemia, NOS

Melanoma of skin 1 0.4

8770/3 1 100.0 Mixed epithelioid and spindle cell melanoma

(Continues)
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TABLE  (Continued)

Site
Morphology
code No. of cases

Percentage overall
and by morphology Morphology term

Thyroid gland 1 0.4

8330/3 1 100.0 Follicular adenocarcinoma

Total 265 100.0

Note: Cancer sites and morphology according to International Classification of Diseases, 10th revision (ICD-10) (site) and Veterinary International Classification of Diseases for
Oncology, first version (Vet-ICD-O-1) (morphology).
Abbreviation: NOS, not otherwise specified.

Livestock

The most frequent tumour site among livestock in our case
series was the liver and biliary tract. This could be due to the
methodological issue mentioned earlier of cattle being over-
represented in the livestock population. Next in frequency
were tumours of the eye and lung, lymphomas and tumours
of the skin, head and neck, and kidney.
Abattoir data from the UK collected in the 1950s indicated

a markedly higher frequency of hepatocellular neoplasms in
cattle than in sheep or pigs,28 and at Bishoftu Elfora Abattoir
(Ethiopia), hepatocellular carcinomas were among the most
frequent neoplasms in cattle, although its aetiology remained
unknown.29
In a Brazilian study of bovine postmortem examinations,

most of the 586 identified neoplasms occurred in the alimen-
tary tract (139 cases), followed by the skin and subcutis (129
cases), haematopoietic tissue (101 cases), eye and periorbital
tissues (88 cases), urinary system (44 cases), female reproduc-
tive system (21 cases), endocrine system (16 cases), liver and
pancreas (12 cases) and mammary gland (one case). Interest-
ingly, the site of the primary lesion of 16 tumours could not be
determined at postmortem examination. This study reports
the morphologies of all identified tumours, both malignant

and benign, thereby providing a comprehensive description
of neoplastic diseases arising in various tissues and organs.
The methodological issues we encountered during the collec-
tion of cases for our registry were absent from the Brazilian
study, as the case series in the Brazilian study was provided by
a university laboratory of veterinary pathology.30

In another recently published series of cases from slaugh-
tered cattle in Brazil aimed at studying lymphnode diseases, 71
cases of cancer (3.5%) were found in 2000 samples examined,
including 18 B-cell lymphomas (0.9%). In addition, four cases
of mesothelioma, one meningioma, one seminoma, 17 cases
of T-cell lymphoma and 106 cases of metastatic tumours in
the lymph nodes were diagnosed.31 These results indicate the
importance of extending postmortem inspection to all organs
of the animal.
Data from a study of 45 postmortem examinations of cat-

tle in the Lombardy region in Italy showed highest tumour
frequencies in the digestive and haematopoietic systems (22%
each), followed by the respiratory (7.3%), urinary (4.9%),
endocrine (4.9%), musculoskeletal (4.9%), nervous (2.4%)
and cardiovascular (2.4%) systems. Six malignant tumours
were diagnosed in the peritoneum (14.6%), while the site of
origin of three connective tissue tumours and threemetastatic
carcinomas (14.6%) could not be established.3

F IGURE  Site distribution of tumours in cats (male, female and not determined) according to International Classification of Diseases, 10th revision
(ICD-10) classification.
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TABLE  Incident cases in wildlife: tumour sites and morphology.

Species ICD-O--T Site ICD-O--M Morphology term

Chamois C44.9 Skin, NOS 8810/0 Fibroma, NOS

Chamois C22.0 Liver, NOS 8170/3 Hepatocellular carcinoma, NOS

Chamois C00.8 Overlapping lesion of lip 8050/0 Papilloma, NOS

Roe deer C76.0 Head, NOS 8070/3 Squamous cell carcinoma

Deer C44.5 Skin of trunk 8070/3 Squamous cell carcinoma

Marten C64.9 Kidney, NOS 8202/0 Microcystic adenoma

Otter C23.9 Gallbladder 8010/3 Carcinoma, NOS

Ibex C06.0 Cheek mucosa 8070/3 Squamous cell carcinoma

Note: Site and morphology according to the Veterinary International Classification of Diseases for Oncology, first version (Vet-ICD-O-1) classification.
Abbreviations: ICD-O-3, International Classification of Diseases for Oncology, third edition; NOS, not otherwise specified.

In the Lombardy series, tumours of the gastrointestinal
tract were predominant; this aligns with findings from Aosta
Valley. In Aosta Valley, on the other hand, eye tumours were
frequent among cattle but there were no cases of peritoneal
cancer, which made up 14.6% of cases in the Lombardy series.
This suggests environmental and possibly genetic factors that
predispose animals to the onset of these types of neoplasms.
Among the 56 cases of cancer identified in a study of slaugh-

tered pigs in Catalonia (Spain), there were 28 lymphomas,
seven melanomas and three nephroblastomas. In 12 animals
only one organ was examined, while multiple organs were
inspected in the other 44.4 These animals are different from
the ones in the Aosta Valley registry, but in the Catalonia
study, a more thorough inspectionmade it possible to identify
both a greater number of tumours and their site of origin.
Our registry included eight cases ofmalignant eye tumours,

all of which presenting squamous cell histology, which could
be attributed to a species characteristic: Aosta Valley cat-
tle belong to the Aosta Red Pied breed, which has reduced
skin and periocular pigmentation. Exposure to solar radia-
tion in high-altitude pastures is responsible for the onset of
eye tumours in these animals.32 The occurrence of ocular
squamous cell carcinoma has been reported worldwide and
is considered to cause significant economic losses, mainly due
to abattoir condemnation.33
In the United States, the prevalence of bovine ocular squa-

mous cell carcinoma varieswith geography and is higher in the
southwestern region and in lower latitudes with higher levels
of sunlight.34 This pattern is similar to that observed in human
eye and skin cancer.35

In their review of cancer cases in livestock (cattle, sheep,
goats and domestic pigs), Vasconcelos et al.36 found the most
affected organ system in cattle to be the integumentary sys-
tem with 35.0% of cases, followed by the alimentary system
(16.9%), haematopoietic system (13.5%), eyes and ears (10.5%),
female andmale genital systems (7.3%), urinary system (4.3%)
and liver and biliary tract (3.1%). Given the different methods
of analysis, these data are only partially comparable with ours,
but they highlight that squamous cell tumours of the eye are a
common neoplasm in cattle.

Pet animals

More than four million dogs in the United States suffer from
cancer every year, showing a markedly higher cancer inci-

dence than humans.37 Pets share the same habitat as their
owners but are not exposed to human carcinogens such as
alcohol, although they are exposed to passive smoking.38 In
pets, cancers occur spontaneously and are therefore important
for studying the mechanisms of carcinogenesis.
Among the registered cases of our study, the most frequent

tumour site in dogs was the mammary gland (19.7%), fol-
lowed by skin and connective tissues (11.8% each); in cats, skin
tumours (23%), lymphomas (21.5%) and connective tissue
tumours (15.8%) were the most frequent.
The Swiss canine cancer registry recorded the high-

est tumour frequencies for skin (34.6%), connective tissue
(20.2%), mammary gland (14.5%), unknown sites (8.7%) and
lymphomas (2.8%). The difference between these and our data
is likely attributable to the stability of the Swiss registry, which
has been operative since the early 2000s. The different fre-
quency of tumours of unknown primary sites (10.3% in dogs
inAostaValley vs. 8.7% in the Swiss registry) seems to confirm
this assumption.39
Vascellari et al.,40 reporting on canine and feline cancer

incidence in two provinces of northern Italy, found the high-
est canine cancer frequency in skin and soft tissues (40.8%),
followed by mammary gland (34.8%) and genital tract (7.2%).
In cats, liver tumours accounted for 2.5% of the total. These
figures are similar to our findings, particularly with regard to
liver tumours, which accounted for 3.4% in cats.
It is also interesting to compare our findings with data

from the Genoa animal cancer registry, where the highest
rates (number of cases per 100,000 animals) were recorded
for malignant lymphomas, followed by skin, connective tissue
and mammary gland cancers.41
The Portuguese animal cancer registry’s data (2020 Report)

on sites with the highest tumour frequencies in dogs and
cats were reassuringly consistent with ours, namely, skin
(47%),mammary gland (25.3%), urogenital system (6.3%) and
connective tissues (5.7%).42
In our series, the most frequent tumour site in cats was the

skin (23% of cases). This is in line with the data of the Swiss
feline registry (27%)43 and those of aMoroccan study,44 where
skin and soft tissue tumours accounted for 55.1% of cases. The
high frequency of skin tumours may be due to sun exposure
as well as to the site of onset, which makes these tumours easy
to diagnose.
There were nine cases of haemangiopericytoma in our

series. This tumour is common in dogs and its histological
features support an origin from perivascular cells. For this
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reason, the term ‘perivascular wall tumour’ has been adopted
to replace ‘haemangiopericytoma’. In addition, since this
tumour is poorly aggressive, mostly locally invasive and
rarely metastasises, its behaviour has been downgraded from
invasive to borderline.45
All cases in our series occurred prior to the introduction

of the Vet-ICD-O-1 classification in 2022, which features the
updated terminology. They were registered as haemangioper-
icytomas with malignant behaviour according to the current
ICD-O-3.2 classification for human tumours.
This illustrates a key registration rule for population-based

systems: while retroactively updating the coding could be
interesting from a pathological perspective, it would impede
any comparisons with consolidated (registered and/or pub-
lished) data.43

Wildlife

In recent years, there has been increased interest in the study
of cancer in wild animals in the context of global environmen-
tal change and increased air and water pollution.46
It is essential to study cancer onset patterns in wild ani-

mals that live at the interface between humans and the
environment. Such patterns may have a sentinel function
for the health of both animals and humans. The prevalence
and variety of neoplastic diseases in wildlife are probably
underestimated and, with a few exceptions, surveillance pro-
grammes are limited and often targeted at specific diseases or
pathogens.10 However, identifying and diagnosing cancer in
wild animals remains a challenge. Carcasses are often difficult
to recover, and when histopathological examination is possi-
ble, it is frequently conducted on decomposing remains with
high levels of autolysis.47
In wild animals with cancer, the emphasis is usually not on

treatment but on understanding tumour biology and develop-
ing prevention and intervention strategies that can influence
conservation policies to implement measures for reducing
environmental impact.48
Aosta Valley is home to several nature reserves, including

the Gran Paradiso National Park, established in 1922 for the
protection of the Alpine ibex and later extended to the pro-
tection of all wildlife in the valleys of the park.49 Additionally,
the region houses the National Reference Centre for Diseases
in Wildlife (CeRMAS).50
Registration of cases of neoplasia in wild animals is the

result of active reporting by those who care for this part of the
region’s fauna; there are few cases in the registry and the inter-
national literature on this subject for study and comparison is
scarce.
One case in our registry concerns a roe deer found in termi-

nal conditionwith an oral squamous cell carcinoma associated
with a severe bacterial infection, which has been described in
a case report.51
Oral squamous cell carcinomas have also been described

in other wild animals.52 Their occurrence is probably related
to nutritional factors and viral infections, mostly by papillo-
maviruses. A papillomavirus was responsible for the fibroma
on the upper lip of a chamois among our cases that showed
invasive growth and partially occluded the animal’s nostrils.
Papillomaviruses are responsible for skin and mucous mem-

brane infections in human beings and various animals. In roe
deer and chamois, most of the detected viruses bring about
changes in cell growth.53,54

Two studies, from Slovenia55 and Sweden,56 presented a
series of neoplasms in roe deer, including tumours of the
lung, spleen and liver (cholangiocarcinoma), lymphomas,
fibrosarcomas, rhabdomyosarcomas, renal adenomas and
skin tumours similar to the cases recorded in wild animals in
Aosta Valley.
While infections are considered responsible for 13% of the

global cancer burden in humans,57 the number of cancers
in wild animals caused by infections is unknown. However,
there are indications to suggest that wildlife may bear an even
greater burden of pathogen-associated cancer.58
A further case in our registry concerned a chamois that

was found to have disseminated liver cancer at postmortem
examination. As suggested by a previous study conducted on
cervids, liver tumoursmay be linked to the abundant presence
of fir needles in the diet.59
Finally, in a female otter, a tumour was diagnosed orig-

inating from the gallbladder and invading the liver. There
are a number of reports on otter tumours in the litera-
ture, such as a liver adenoma combined with pancreatic
nodular hyperplasia60 and splenic T-cell lymphoma.61 One
report described a melanoma associated with trichoblastoma
and mammary adenoma in a dead otter in poor nutritional
condition.62 Cases of intestinal T-cell lymphoma have also
been reported,63 as well as a seminoma in a male otter with
a large retained testicle and numerous lymph nodemetastases
on postmortem examination.64 A giant otter in captivity was
diagnosed with a pancreatic adenocarcinoma.65
A study investigated the spread in Great Britain of a

parasite, Pseudamphistomum truncatum, a trematode of the
Opisthorchiidae family known to infect otters.66 This flat-
worm has been found in the waters of many European
countries67 and is associated with pathological damage to
the otter gall bladder.68 Otters were recently reintroduced
in Aosta Valley69 and we do not know whether they have
been screened for this infection. The trematode belongs to
the same family as Opisthorchis viverrini, a parasite impli-
cated in the aetiology of human cholangiocarcinoma.70 The
study of this parasitic disease as a sentinel phenomenon can
be approached from a One Health perspective, which con-
nects humans, animals and the environment. This holistic
view helps address the entire spectrum of disease control—
from prevention and detection to preparedness, response
and management—and can contribute to global health
security.

Strengths and limitations

The newly established Aosta Valley animal cancer registry has
two main strengths, namely, the method of registration and
the animal populations studied.
The methodology chosen for registration is based on the

methodology used for human cancer.Human cancer registries
apply sound methods based on international standards con-
trolled by standardised tools. They register cases according
to very strict criteria, developed over more than 60 years by
international registration networks.71–73
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The animal populations in which the occurrence of can-
cer was studied comprised both livestock and pets owned by
residents of the region, as well as wild animals identified by
the pertinent regional services.
Several critical issues were encountered during this phase

of the project, which will need to be managed to improve the
functionality of the registry:

∙ The cases recorded among livestock were almost exclu-
sively from slaughtered animals that came under obser-
vation during postmortem inspection. They are repre-
sentative of a mostly healthy population and the num-
ber of incident cases collected is therefore undoubtedly
underestimated.

∙ Registration of cats in the regional pet database is optional
and therefore the denominator generated by this population
is largely incomplete.

∙ Wildlife was underrepresented. The cases in the cancer
registry comprised animals hunted or found dead in the
area. Postmortem examination was carried out for research
purposes.

For continuation of the project, it will therefore be neces-
sary to develop methods to identify actual case numbers and
establish accurate denominators.

CONCLUSIONS

Our study has provided sufficient evidence for the feasibility
of a regional animal cancer registry. To our knowledge, our
model is the first to include pets, livestock and wildlife of the
Aosta Valley region.
Despite the limited number of cases, the registry has

turned out to be highly promising, as these epidemiologi-
cal data are important not only for animal health and care
but also for research in veterinary medicine and comparative
oncology.
The registry was created with an interdisciplinary vision,

where epidemiology provided the technical and research
expertise in cancer registration and veterinary medicine
addressed the clinical aspects of animal cancer.
With the registered data it will be possible to monitor the

oncological health of animals, identify risk factors, and study
disease trends. Furthermore, by using a shared methodology
with the regional human cancer registry, we will be able in
future to conduct comparative studies that are beneficial to
both human and animal health.
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