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Abstract

Background The Golden Retriever Lifetime Study (GRLS) is a prospective cohort of dogs within the contiguous
United States, designed to investigate health of Golden Retrievers, with cancer as a research focus. Mast cell tumour
(MCT) represents the most common skin malignancy in dogs. This is the first exploration of MCT epidemiology within
the GRLS cohort, and the first epidemiologic report specific to MCT in the Golden Retriever breed.

Methods MCT frequency was reported as proportion of the cohort, and incidence rate for first lifetime diagnosis.

A lifetable was produced to assess incidence risk per year of age. The anatomical location, tissue origin and
histopathologic grade of MCTs themselves were reported descriptively. Dogs with multiple MCT presentations

or metastasis were further explored. Survival was compared between dogs with MCT and the remaining cohort,
followed by a stratified analysis of time from first MCT diagnosis to death using Kaplan-Meier curves and the log-rank
test.

Results Within the cohort of 3,044 dogs, 164 (5.39%) dogs were diagnosed with 234 MCTs, corresponding to an
incidence rate of 5.58 per 1,000 dog years at risk (95% confidence interval (95% Cl): 4.76-6.51). Median overall lifespan
was 11.68 years (95% Cl: 11.25-12.33) in dogs diagnosed with MCT and 11.75 years (95% Cl: 11.61-11.98) within the
remaining cohort - with no statistically significant difference observed (log-rank test, p=0.54). Regarding histologic
grade, 47 of 234 tumours (20.09%) met the GRLS high-grade definition (with either Kiupel high or Patnaik grade 3
characteristics). De novo tumours were diagnosed in 26 dogs (15.85%), local recurrence occurred in 8 dogs (4.88%)
and metastasis in 16 dogs (9.76%). Median survival time from first MCT diagnosis was 1,367 days (95% Cl: 1200-1870)
with only 11.59% (n=19) having MCT recorded as cause of death. After stratification, survival was statistically
significantly decreased in MCT cases where there was presence of local recurrence, presence of metastasis, or high
histopathological grade (log-rank test, p < 0.05).

Conclusions This epidemiological study reports age-specific frequency, clinical features and prognostic factors for
Golden Retrievers with MCT. In this cohort, the lifespan of dogs with MCT diagnosis was not statistically significantly
different from the remaining cohort.
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Background

Mast cell tumours (MCTs) are the most common cuta-
neous malignancy in dogs, representing 16—21% of skin
neoplasias [1-4]. MCTs usually present as integumentary
masses, either cutaneous or subcutaneous, and less often
occur at other mucosal, muscle and visceral sites includ-
ing oral cavity, intestines and spleen [5]. Canine MCT
display a broad spectrum of clinical behaviours, rang-
ing from low-grade lesions that may be cured by surgical
excision, to highly malignant tumours with inflammation
and ulceration at the primary site. Metastasis may affect
the lymph nodes, and visceral organs, the liver and spleen
[5]. Paraneoplastic effects, instigated by release of mast
cell derived inflammatory mediators including heparin,
histamine and proteases, can cause pruritus, bruising,
skin oedema and gastrointestinal signs [6]. Given these
potential sequelae, efforts have been made to analyse fac-
tors which can aid treatment decisions and prognostica-
tion in these patients [7]. Histological grading systems
proposed by Patnaik and Kiupel have been shown to be
consistently prognostic [8, 9], and are optimised when
applied synergistically [10]. A range of histological and
molecular prognosticators are reported in the literature
including, but not limited to, mitotic count, margin sta-
tus, c-kit mutation in exon 11, Ki67 and KIT staining pat-
tern [11-17]. Clinical factors reported to be associated
with prognosis include tumour size (> 3 ¢cm), anatomical
location, and erythema, ulceration and pruritus of the
mass [13, 18-23].

Breed is postulated to be associated with prognosis,
with Pugs and Boxers generally developing low-grade
MCTs whilst Shar-peis tend to develop high grade [4,
24, 25]. Golden Retrievers have consistently been iden-
tified as a breed at increased risk of MCTs [25-30].
Germline risk factors for MCT have been explored in
Golden Retrievers [31, 32], with a mutation of G Pro-
tein Subunit Alpha 12 (GNAI2) and hyaluronidase genes
identified as risk factors for MCT development within
Golden Retrievers in the United States (US) specifically.
However, the associated clinical features of MCT within
a US Golden Retriever cohort have not previously been
reported.

The Golden Retriever Lifetime Study (GRLS) is a pro-
spective cohort study of Golden Retrievers in the United
States (US), managed and funded by the nonprofit Morris
Animal Foundation [33]. Cancer is a major GRLS focus
with primary endpoints of interest including haeman-
giosarcoma, lymphoma, osteosarcoma and high-grade
MCT [34]. The GRLS “high-grade” study definition of
MCT is based on pre-existing Patnaik and Kiupel histo-
logical grading systems [8, 9]. The Patnaik system assigns

grades P1 (low), P2 (intermediate), P3 (high) based on
cellular features and tissue morphology [8] while the Kiu-
pel system includes KL (low) and KH (high) that were
introduced based on more quantifiable features aiming
to improve pathologist agreement [9]. For the purpose of
the GRLS study, MCT which were graded either Patnaik
grade 3, or Kiupel high (P3, P3KH, P2KH, KH) were con-
sidered high grade.

Currently there is limited prognostic information pub-
lished for low-grade tumours, or cases managed in a gen-
eral practitioner setting. The GRLS longitudinal canine
health study aims to provide information on breed-spe-
cific disease features and prognosis within US Golden
Retrievers presenting to general practitioners. The objec-
tives were to report the incidence, clinical and histologi-
cal features and survival of MCT in GRLS, investigating
prognostic factors for this cohort. GRLS provides unique
insight, allowing study of prognosis for affected dogs,
and comparison to their unaffected peers within the
cohort. The study hypothesised that lifespan would be
decreased in dogs diagnosed with MCT when compared
to the remaining cohort. It was hypothesised that cases
with high histologic grade would have decreased survival
when compared to dogs only diagnosed with low-grade
tumours. Likewise, dogs with confirmed metastasis were
hypothesised to have decreased survival.

Methods
Study population
Between June 2012 and April 2015, 3,044 Golden Retriev-
ers with three-generation pedigree, aged six months to
two years, were enrolled to GRLS. Enrolment was bal-
anced by sex and stratified for roughly equal recruitment
across five geographical regions (Midwest, Mountain,
Northeast, Pacific, South, detailed elsewhere [33]). Dogs
with prior malignancy were excluded. Informed consent
was given by dog owners and veterinarians for collection
of medical records and biological samples. Full enrol-
ment and cohort details are described elsewhere [33-35].
Annual observational data collected included: owner
questionnaire, veterinarian questionnaire performed
after annual veterinarian visit, and biological samples
(including whole blood, serum, urine, faeces, hair and
toenails). Inputs from the annual questionnaires were
managed by the Morris Animal Foundation study team
who collate results to an anonymised online secure data
portal [36]. Neoplasia diagnosis was via veterinarian sub-
mission of a biopsy kit connected to the GRLS diagnostic
laboratory account. Two blinded veterinary pathologists
reviewed histopathological samples [33]. When malig-
nant neoplasia was confirmed, a malignancy-related
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questionnaire was completed by the attending study
veterinarian. At end of life of all dogs, postmortem
examination was encouraged, in addition to a submitted
veterinarian report on cause of death. Clinical records
were collated posthumously. Population characteristics
were extracted and formatted from the datasets detailed
in Additional file (1). Exploratory analyses of risk fac-
tors for diagnosis (methods and results) are presented
in Additional file (2) These analyses did not demonstrate
consistent biological or dose-response patterns and were
underpowered to reliably assess rarer exposures. As such,
the findings are presented as exploratory and should be
interpreted cautiously.

For inclusion in the current study, diagnoses of MCT
(MCT events) were identified in the GRLS “Study End-
points” dataset (Additional file 1). This included vet-
erinarian-led diagnoses received by questionnaire
submission, and postmortem diagnoses. Whilst veteri-
narian questionnaire submissions qualified for inclusion
as MCT events, cytology and histology reports were
requested by the study team if not accessible through the
GRLS diagnostic laboratory account. Data censor date
was 31/05/2025. Data were analysed in Excel and R [37,
38] using packages ggplot2, survminer, survival, tidyverse
and powerSurvEpi. MCT cases were defined as dogs who
had received at least one available-lifetime MCT diag-
nosis, whilst the remainder of the cohort who were not
diagnosed with MCT were non-cases. Dogs could be
withdrawn at any point during the study and were classi-
fied as “inactive” if no study components (samples/ques-
tionnaires) were submitted for three consecutive years.

Frequency

Based on a previously reported MCT frequency in a
mixed breed population [39], an a priori sample size cal-
culation based on an expected MCT frequency of 1%
with a precision of + 0.05%, a finite population of 3,044
and 95% confidence, estimated a required sample size of
2,985. To estimate the incidence rate of diagnosis with
first MCT, “dog years at risk” (DYAR) were calculated
for each study dog. For non-cases, DYAR were time from
birth to death or censoring; for MCT cases, DYAR were
time from birth to first MCT diagnosis. Incidence rate
was calculated by dividing the number of MCT cases by
the total DYAR, with a Poisson distribution-based confi-
dence interval calculated [40].

A lifetable was constructed using each year of age as
one-year intervals [40]. Dogs either remained without
MCT, were diagnosed (outcome), or removed from the
denominator (died/alive without MCT diagnosis within
each interval). Based on the assumption that withdrawals
occurred uniformly throughout the interval (mid-interval
assumption [41]), half of the number of withdrawn/inac-
tive dogs were subtracted from the effective denominator
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for the interval. Annual incidence risk and cumulative
percentage of dogs remaining without MCT were calcu-
lated. Confidence intervals were generated via bootstrap-
ping [42, 43].

MCT case descriptives

The “Study endpoints” dataset recorded details of end-
point diagnoses (haemangiosarcoma, lymphoma,
osteosarcoma, MCT), meaning a single dog could have
multiple events. MCT events were extracted and cleaned,
ensuring uniform formatting where multiple tumour
locations were documented at a single date point. Within
the “Study endpoints” dataset, tissue origin of the MCT
were categorised as cutaneous, subcutaneous or “Other”.
Dogs who developed integumentary MCT at multiple
distinct anatomical sites were classed as having de novo
tumours, with an event logged for each, whether these
were diagnosed at the same or differing dates. The “Study
Endpoints” dataset also flagged MCT events which rep-
resented local recurrence at the same site. For the pur-
pose of this study, recurrence of a mass was identified
by The Morris Animal Foundation study team based on
consistent submitted location both in textual format and
as logged on an anatomical map. Anatomical MCT loca-
tions from histopathology reports or malignancy ques-
tionnaires were grouped to axilla, conjunctiva, external
genitalia/perineal (including tail), head/neck, inguinal,
limb, muzzle, torso, liver/spleen or lymph node, along
with a broad grouping of “other” if the primary tumour
was non-integumentary or the location could not be clas-
sified (Additional file 3). Histopathological grades using
Patnaik and Kiupel grading systems were extracted, with
“Unavailable” used when a histopathological grade was
not given. MCT events within each grade were split as to
whether the MCT was cutaneous or subcutaneous.

For dogs with multiple tumours (de novo or local recur-
rence), time interval between masses was calculated.
Median, inter-quartile range (IQR) and range for time
from first MCT to de novo tumour was calculated, and
median time to progression from MCT to local recur-
rence was calculated. Where metastatic MCT events
were recorded, method of diagnosis and site were
reported. Median, IQR and range for time from first
recorded MCT to metastasis was calculated.

Survival

Censor date was set as 31/05/2025. Age at death (or at
censor date if alive) was calculated. The Kaplan-Meier
estimator was used to assess time from birth to death
(lifespan) with 95% confidence intervals calculated, strat-
ified by MCT cases versus non-cases. For MCT cases,
“Malignancy and cause of death” dataset was used to
identify dogs with MCT listed as their cause of death,
based on postmortem or veterinarian questionnaire.
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Kaplan-Meier curves were generated from the date of
first MCT diagnosis to death, for two outcomes: (1)
MCT-related mortality, with censoring for deaths due
to other causes, dogs still alive (as of 31/05/2025), with-
drawn, or inactive; and (2) all-cause mortality, with cen-
soring for dogs still alive or at their withdrawal or inactive
date. Kaplan-Meier curves were stratified by variables:
cutaneous/subcutaneous/other,  low/high-grade/other
grouping and binary outcomes for development of de
novo MCT, local recurrence and metastasis. Group dif-
ferences were assessed using the log-rank test, with
statistical significance set at 5%. Overall survival propor-
tions (all-cause mortality) at 1-, 2- and 5-years were cal-
culated. To assign a singular cutaneous/subcutaneous/
other tumour location to each dog (including those with
multiple MCT events), category was based on all MCTs
(excluding metastatic sites): dogs with cutaneous only or
subcutaneous only were assigned accordingly, whereas
those with both subcutaneous/cutaneous or primary
non-integumentary sites were grouped as “Other” Dogs

Table 1 Golden Retriever Lifetime Study population demographics
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ever diagnosed with a high-grade tumour were assigned
this grouping and the analysis of survival concerning his-
topathological grade was performed from the date of first
high-grade diagnosis.

Results

Population characteristics

The population demographics of the entire cohort
(n=3044) and then the proportion of each category rep-
resented by MCT cases (n=164) is shown in Table 1,
with further information on the data extraction process
in Additional file 1. Cohort median bodyweight was
31.80 kg (inter-quartile range (IQR): 28.32—-35.51, range:
18.51-56.15) and median height to withers was 58.42 cm
(IQR: 55.88-60.06, range: 43.81-86.36). Median body
condition score was 5/9 (IQR: 5-6, range: 3—9). Among
MCT cases, median age at first diagnosis was 8.06 years
(IQR: 6.11-9.56, range: 1.26-13.03) whereas non-cases
had median endpoint (death, inactive, withdrawn) of

Variable Category Cohort number (%) Number of cases with mast cell tumour and percentage within category (%)
Sex Female 1504 (49.41%) 88 (5.85%)
Male 1540 (50.59%) 76 (4.94%)
Neuter Entire 602 (19.77%) 19 (3.16%)
Neutered 2442 (80.22%) 145 (5.93%)
Age at Entire 602 (19.77%) 19 (3.16%)
neuter <6 months 427 (14.03%) 7 (3.98%)
6> 12 months 821 (26.97%) 54 (6.58%)
12>24 months 546 (17.94%) 40 (7.33%)
>24 months 633 (20.83%) 32 (5.05%)
Date unavailable 15 (0.49%) 2 (13.33%)
Height <55cm 335(11.01%) 21 (6.27%)
55-60 cm 961 (31.57%) 54 (5.62%)
>60 cm 699 (22.96%) 52 (7.44%)
Unavailable 1049 (34.46%) 37 (3.53%)
Bodyweight <2500kg 216 (7.10%) 12 (5.56%)
25.01-30.00 kg 821 (26.97%) 39 (4.75%)
30.01-35.00 kg 981 (32.23%) 70 (7.14%)
>35.00 kg 791 (25.99%) 41 (5.18%)
Unavailable 235 (7.72%) 2 (0.85%)
Body 1-3 5(0.16%) 0
Condition 4/5 1383 (57.29%) 88 (11.61%)
score(1-9) 47 697 (22.90%) 55 (15.27%)
8/9 71 (2.33%) 5(13.81%)
Unavailable 888 (29.17%) 16 (1.80%)
US Region Midwest 449 (14.75%) 21 (4.68%)
Mountain 266 (8.74%) 24 (9.02%)
Northeast 373 (12.25%) 21 (5.63%)
Pacific 292 (9.59%) 15 (5.14%)
South 643 (21.12%) 35 (5.44%)
Unavailable 1021 (33.54%) 48 (4.70%)

Population demographics of dogs enrolled in the Golden Retriever Lifetime Study. Category frequencies for the entire cohort (n=3044) and mast cell tumour cases
(n=164) are shown. The dataset source and formatting are detailed in Additional file 1
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10.92 years (IQR: 8.37-11.94, range: 0.74—14.90). Risk
factor exploration is detailed in Additional file 2.

Frequency
Within the cohort of 3,044 enrolled dogs, 164 (5.38%)
dogs were diagnosed with MCT. The total dog-years at
risk of unaffected dogs, plus years to first MCT diagno-
sis, was 29,366.73 years, giving an incidence rate for first
MCT of 5.58 per 1,000 DYAR (95% CI: 4.76-6.51). A
lifetable was created, showing incidence risk by year of
age for dogs in the cohort, the censored cases show dogs
recorded as inactive/withdrawn (Table 2).

The lifetable showed a peak annual incidence risk of
1.39% for Golden Retrievers >89 years of age.

Clinical and histological features

Across the 164 MCT cases, there were 234 MCT events.
Tissue origins of the MCT were cutaneous (n=165/234,
70.51%), subcutaneous (7=39/234, 16.67%) and other
(n=30/234, 12.82%). Within “other’, eighteen were meta-
static entries, six were mucosal or visceral, four entries
involved tumours of the digit which were not classified as
either cutaneous/subcutaneous, and there were a further
two unknown entries. On an individual dog level, 14/164
(8.54%) MCT cases had both cutaneous and subcutane-
ous tumours.

Histopathological grading with either the Patnaik or
Kiupel system, or both, was reported for 165/165 (100%)
and 28/39 (71.79%) cutaneous and subcutaneous MCT
events respectively. The most frequently assigned histo-
pathological grade was P2KL (Fig. 1). Overall, 47 MCT
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events (20.09%) met the high-grade GRLS study defi-
nition (P2KH, P3KH, KH) and 157 MCT events were
low grade (P1, KL, P1KL, P2KL). Of the MCT events
where grade was “Unavailable” (7 =30, 12.82%) were the
ungraded subcutaneous tumours (n=11, 4.70%), events
logging MCT metastasis (n =16, 6.84%) and non-integu-
mentary sites (n=3, 1.28%).

The most common tumour locations were torso (n =69,
29.48%), limb (n=54, 23.07%), and head/neck (n=29,
12.39%). The anatomical locations of the 234 MCT
events, categorised based on the GRLS study definition
of high/low grade are shown in Fig. 2.

Follow-up and recurrence

Median available follow-up for MCT cases was 948
days (IQR: 352.25-1768.25, range: 0-3791). Most
dogs (n=138, 84.15%) had a solitary MCT whilst 26
dogs (15.85%) developed de novo MCT at discrete sites
(Fig. 3). Overall median number of MCT was 1 (range:1—
5). The dogs with multiple MCT had: 2 masses (n=13), 3
masses (n=6), 4 masses (n=4), and 5 masses (n=3) doc-
umented. During the study, 8 dogs (4.88%) had reported
local recurrence. Of the recurrences, 2/8 (25.00%) were
P2KL (low), recurring at the digit and torso. The other
recurrences were classified as high-grade and were P2KH
(n=1,12.50%) and P3KH (1 =5, 62.50%). Six dogs (3.64%)
had both de novo tumours at novel locations and same-
site recurrence during the study period. Median time
from first MCT to a subsequent de novo MCT diagno-
sis was 368 days (IQR: 49-736, range: 0—1938). Median

Table 2 Actuarial lifetable to show age of first mast cell tumour (MCT) diagnosis

Ageinterval Totalat Out- Reached  Withdrawn/inactive Effective One-year incidence Cumulative prob-
(years) risk come: study end denominator risk (95% Cl) ability without

MCT outcome (95% Cl)
0,1 3044 0 1 0 3044 0.00% (CI:0.00-0.20%) 100.0%

(C1:99.8-100.0%)

(1,2 3043 2 46 40 3023 0.07% (C1:0.00-0.41%) 99.9% (C1:99.4-100.0%)
(23] 2995 4 102 87 2951.5 .14% (C1:0.00-0.62%) 99.8% (C1:98.8-100.0%)
(34] 2889 6 105 88 2845 0.21% (Cl:0.07-0.85%) 99.6% (C1:98.1-99.9%)
4,5] 2778 12 94 67 2744.5 0.44% (CI:0.07-0.90%) 99.2% (C1:97.1-99.8%)
(5,6 2672 14 102 59 2642.5 0.53% (Cl:0.14-1.29%) 98.6% (C1:96.2-99.7%)
6,7 2556 23 90 39 2536.5 0.91% (Cl:0.22-1.37%) 97.7% (C1:95.2-99.4%)
(78] 2443 18 124 37 2424.5 0.74% (Cl:0.24-1.45%) 97.0% (C1:94.1-99.0%)
(89] 2301 32 172 13 2294.5 .39% (Cl:0.26-1.54%) 95.7% (C1:93.1-98.3%)
(9,10] 2097 20 277 14 2090 0.95% (Cl:0.15-1.81%) 93.8% (C1:91.8-97.5%)
(10,111 1800 17 402 27 1786.5 0.94% (C:0.55-1.44%) 93.9% (C1:90.2-96.7%)
(11,12] 1381 1 701 38 1362 0.81% (Cl:0.00-2.93%) 1% (C1:88.3-95.9%)
(12,13] 669 3 464 20 659 0.46% (C1:0.00-4.71%) 92.7% (Cl:84.7-95.6%)
(13,14] 202 2 179 7 198.5 1.01% (C1:0.00-3.81%) 91.7% (Cl:79.2-95.5%)

Actuarial life table showing time to development of first mast cell tumour (MCT) by year of age among 3,044 dogs enrolled in the Golden Retriever Lifetime Study
(GRLS). The total at risk represents the Golden Retrievers remaining in the study population in the year interval. Outcome is development of first MCT. Study end
is those dogs who died or are currently alive within the interval. Those withdrawn/inactive within the interval shown contribute /2 to the effective denominator.
Incidence risk for each interval and the cumulative probability of remaining free of MCT are presented alongside 95% confidence intervals (Cl) calculated via

bootstrapping
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Fig. 1 The histopathological grade of identified mast cell tumour events (n = 234). P denotes the Patnaik grade (1-3) and K denotes Kiupel (L-low/H-high).
Lighter colour denotes cutaneous tumours and darker for subcutaneous. “Unavailable”was used when a grade was not given and included 11 subcutane-

ous tumours and 19 other entries which were not typed

progression time from diagnosis to local recurrence was
273 days (IQR: 192.3-383, range: 34—620).

Of the 16/164 (9.76%) MCT cases with documented
metastasis, 8/16 (50.00%) had nodal metastasis, 4/16
(25.00%) had distant metastasis, and 4/16 (25.00%) had
both lymph node and distant metastasis (Table 3). Two
dogs had postmortem confirmed pulmonary metasta-
sis alongside hepatic/splenic metastasis. Of the dogs
with metastasis, 2/16 (12.50%) had a prior subcutane-
ous tumour, 8/16 (50.00%) had a prior cutaneous MCT
and for 6/16 (37.50%) MCT were mucosal or visceral. All
GRLS dogs with metastatic MCT had at least one high
grade tumour; however, for dogs with overt or occult
multiple tumours, the primary lesion responsible for
metastasis could not be definitively identified. Median
time from first MCT diagnosis to metastasis was 38.50
days (IQR: 0-400.50, range: 0—-1315).

Survival
Median lifespan for the 164 MCT cases was 11.68 years
(95% CI: 11.25-12.33) and 11.75 years (95% CIL: 11.61—
11.98) for the non-cases. MCT cases and non-cases were
not statistically significantly different in lifespan (p = 0.54)
(Fig. 4).

Of the 164 MCT cases, enrolment status on 31/05/2025
was alive (n =69, 42.07%), deceased (1 =91, 55.48%), inac-
tive (n=2, 1.22%) and withdrawn (n=2, 1.22%). Median
survival time from first MCT diagnosis to death for all-
cause mortality was 1,367 days (95% CI: 1200—1870) and
for MCT-related mortality was not reached, as only 19
dogs (11.59%) succumbed to MCT-related death. Post-
mortem confirmation was available for 11/19 (57.89%) of
these dogs. Survival probabilities for all-cause mortality
at 1, 2 and 5 years after first MCT diagnosis were: 81.7%
(95% CI: 75.9-88.0), 70.0% (95% CI: 63.1-77.7) and 40.6%
(95% CI: 32.8-50.3) respectively. Of the dogs with MCT-
related mortality, 17/19 dogs (89.47%) had at least one
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Count of mast cell tumours

Anatomical Location

Fig. 2 Low/high-grade distribution across anatomical locations for mast cell tumour events (n=234) diagnosed in Golden Retriever Lifetime Study. The
totals in black show number of mast cell tumours at the location, white % is proportion of high/low/unavailable at each site. (P1, KL, P1KL, P2KL as low;
P2KH, P3KH and KH as high). Other was used for where anatomical location was unrecorded/miscellaneous (Additional file 3)



Stratton et al. Veterinary Oncology (2026) 3:10 Page 8 of 15

|

[
>

QIQQQDOQOPP

[I

500 1000 1500 2000
Days after diagnosis with first MCT

Fig. 3 Timeline of the mast cell tumour (MCT) diagnoses in dogs with recurrent or multiple tumours. Metastases not included. Each dog (n=30) has a
timeline with each MCT represented by a circle for low grade (P1KL, P1, KL, P2KL) or triangle if high grade (P2KH, P3, P3KH, KH). Square outline indicates
local recurrence. Darker purple indicated multiple simultaneous sites on the same date
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Table 3 Documented metastatic sites

Dog Metastasis location: Diagnostic method
1 Kidney, spleen PM
2 L prescapular LN Cytology

Spleen, lungs PM
3 lleocolic LN, Liver PM
4 Liver, spleen PM
5 L submandibular LN Cytology
6 Oral, lung, spleen, liver PM

Mandibular LN, spleen Cytology
7 Spleen, liver, kidney Not documented
8 R prescapular LN Cytology
9 Ringuinal LN Histopathology
10 Spinal cord, liver, LN PM
11 R prescapular LN Histopathology
12 R axillary LN Cytology
13 L inguinal LN Histopathology
14 Pancreaticoduodenal LN Not documented
15 Subcutis and LN PM
16 Liver and spleen Cytology

Documented metastatic sites for the 16 dogs within Golden Retriever Lifetime
Study (GRLS) with recorded metastatic MCT. Multiple rows are shown per dog
if the diagnosis date or method differed. The method of diagnosis is shown.
LN=lymph node, PM=postmortem, L=left, R=right

high grade tumour. Within the remaining two dogs, both
received P2KL grading on histopathology.
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Prognostic factors for survival

Kaplan-Meier curves are shown in Fig. 5. There was
a statistically significantly decreased survival time for
MCT cases where nodal or distant metastasis was docu-
mented, compared to dogs without metastasis, for both
MCT-related and all-cause mortality (log-rank, p<0.01).
Likewise, MCT cases diagnosed with a high-grade
tumour compared to low-grade only, had statistically sig-
nificantly decreased survival time for both MCT-related
and all-cause mortality (log-rank, p<0.01). Presence of
local recurrence was statistically significantly associated
with MCT-related mortality compared to no recurrence
documented (log-rank, p<0.01). For dogs with de novo
tumours, compared to dogs with one solitary MCT, there
was no statistically significant difference in MCT-related
mortality (log-rank, p =0.40). All-cause survival probabil-
ities are shown in Table 4.

Discussion

This is the first evaluation of MCT within the GRLS
cohort, reporting frequency and clinical features. To
the time of analysis, 164 (5.39%) of the cohort of 3044
Golden Retrievers had been diagnosed with MCT, giving
an incidence rate of 55.8 per 10,000 DYAR (95% CI: 47.6—
65.1). This suggests that Golden Retrievers could be up
to ten-times over-represented for MCT given that rates

Non-cases (remaining cohort) =+ Mast cell tumour cases

7 8 9 10 11 12 13 14 15

Time (years)

Fig. 4 Kaplan-meier survival curve for dogs in the golden retriever lifetime study (n=3044), stratified by mast cell tumour (MCT) status: MCT cases
(n=164, 5.38%) and non-cases (n=2880, 94.61%). A dashed horizontal line marks the median lifespan. Log rank p-value is shown
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Fig. 5 Kaplan-Meier survival curves for 164 mast cell tumour (MCT) cases within Golden Retriever Lifetime Study (GRLS) from date of first MCT to death.
95% confidence interval is shaded. Log-rank p-value is shown. Median survival time is dashed line, where reached. A: MCT-related mortality stratified by
tissue origin (cutaneous/subcutaneous/other). B: All-cause mortality stratified by tissue origin (cutaneous/subcutaneous/other). C: MCT-related mortal-
ity stratified by highest diagnosed histopathologic grade (high/low/unavailable). D: All-cause mortality stratified by highest diagnosed histopathologic
grade (high/low/unavailable). E: MCT-related mortality stratified by whether de novo sites were documented. F: All-cause mortality stratified by whether
de novo sites were documented. G: MCT-related mortality stratified by local recurrence. H: All-cause mortality stratified by local recurrence. I: MCT-related
mortality stratified by presence of metastasis (nodal/distant/both). J: All-cause mortality stratified by presence of metastasis (nodal/distant/both)

of 5.23 MCT (95% CI: 4.90—5.58) per 10,000 DYAR were
reported for a population of dogs of multiple breeds in
Sweden [44]. Although there may be geographical differ-
ence in population frequencies due to genetic clusters or
environmental risk factors [31], as well as different study
designs, the tenfold higher incidence rate reported for
Golden Retrievers in GRLS suggests a genuine and sub-
stantial breed predisposition rather than methodologi-
cal or geographical difference alone. Owners of Golden
Retrievers should therefore be vigilant for skin masses
and veterinarians should encourage investigating these
further.

In GRLS, young dogs were rarely diagnosed with MCT,
with 99.1% of the cohort reaching the age of five years
without development of MCT. A peak in annual inci-
dence risk of 1.39% (95% CI: 0.95-1.86) was recorded
for Golden Retrievers aged > 8-9 years old. This aligns
with prior literature reports of median age at diagnosis
with MCT of 7.4-9.0 years in populations with multiple
breeds [8, 27, 45]. An interesting pattern was seen where
incidence risk peaked at > 8-9 years and then decreased
between > 9-13 years. This age/diagnosis pattern follows
reports from other veterinary cancer studies, where geri-
atric cancer risk decreases [46, 47], although this could
partially reflect a diagnostic bias whereby age may be
influencing owner and veterinarian attitudes to investiga-
tions and treatments offered and pursued [48]. However,
there may also be true biological factors at play. Despite
ageing typically being associated with “inflammaging”
that includes genetic errors, mutations and oncogenesis,
there is a conserved pattern also in humans that neo-
plasia incidence rates reduce from 90 years old [49]. It
has been postulated that cellular senescence, stem cell
exhaustion, telomere attrition or a cancer resistant phe-
notype may be contributory to this decline [50, 51].

In the current study, subcutaneous tumours may have
received Patnaik or Kiupel grade, or both, based on the
histopathology report. Although both schemes were
designed for cutaneous MCT, grade is reported as per the
pathologist’s preference and there is evidence for the util-
ity of the Kiupel scheme for subcutaneous tumours also
[14, 52]. The majority of MCTs in the current study were
classified within the GRLS study low-grade definition
(67.09%) compared to high-grade (20.09%); P2KL was
the most common. These findings are similar to previous
studies which reported proportions of high-grade MCTs
from 22.0% to 26.3% [10, 53]. In an Australian study, only

1/27 (3.70%) Golden Retriever MCT were high grade,
suggesting the possibility of lower proportion high grade
in some populations, although caution should be taken
extrapolating from such a small sample size [53]. When
compared to all purebred dogs in the US, Golden Retriev-
ers were previously reported as at increased risk of P3
tumours and reduced risk for P1 [25]. The current study
does not support that Golden Retrievers are more com-
monly diagnosed with high-grade MCTs. Better under-
standing of MCT in the breed will hopefully encourage
treatment, which can have an excellent prognosis, in low-
grade disease [12].

The anatomical site distribution for MCTs in Golden
Retrievers reported in the current study are consistent
with available literature for multi-breed populations,
with torso and limb sites being most common [54]. Inter-
estingly, although numbers were low, axilla and external
genital/perineal tumours within the current study were
all low grade - this differs from the literature where both
sites are associated with decreased survival [20], although
this has been disputed for inguinal and perineal tumours
[55]. Patterns of MCT anatomical locations in Golden
Retrievers seems to align with distributions reported in
mixed breed populations [56].

Golden Retrievers have previously been reported to
be at increased risk of developing multiple MCT during
their lifetime. In a study following 280 dogs with MCT,
Golden Retrievers were shown to be at 3.8 odds com-
pared with crossbreed dogs for developing subsequent
MCT > 10 cm from the original tumour, with 44% of
Golden Retrievers developing these de novo MCTs [13].
In the current study, only 15.85% Golden Retrievers
had de novo tumours (n = 26), which is below the 26.8%
reported for a mixed breed population [17], although this
result potentially underestimates the full lifetime pro-
portion because the cohort is still ongoing. Local recur-
rence (1 = 8, 4.87%) and metastatic rates (both nodal and
distant, #n = 16, 9.76%) within MCT cases in GRLS were
low; and none of the dogs diagnosed with metastasis had
only low-grade MCT. This finding could influence clini-
cal staging recommendations for Golden Retrievers with
low-grade MCT; however, in the absence of standardised
staging data, it is unclear whether staging was performed
and found to be negative, not performed, or not submit-
ted to GRLS as a MCT event. Pulmonary metastasis,
seen in two GRLS dogs in the current study, is consid-
ered uncommon [45]; whether this is breed-specific or if
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Table 4 Survival probabilities at 1,2 and 5 years for all-cause mortality
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Variable Category 1-year survival % (95% Cl) 2-year survival % (95% Cl) 5-year survival % (95% ClI) p-value
Sex Female 81.3(73.4-90.0) 69.6 (60.2-80.4) 40.5 (30.3-54.1) 0.62
Male 82.3(74.0-91.5) 70.5 (60.5-82.0) 40.6 (29.6-55.8)
Neuter Entire 75.0 (58.2-96.6) 70.0 (52.5-93.3) 36.0 (16.7-77.6) 0.72
status Neutered 82.7 (76.6-89.2) 69.9 (62.5-78.2) 0(32.8-51.3)
MCT Cutaneous 89.9 (84.5-95.8) 77 .4 (69.8-85.8) 47.2 (37.9-58.9) <0.001
tissue origin - Subcutaneous 55.9 (38.7-80.7) 445 (27.3-72.5) 356 (18.5-68.6)
Other 69.0 (53.1-89.6) 604 (43.8-83.1) 16.8 (6.1-46.0)
GRLS High 346 (21.1-56.7) 27.7 (154-49.6) 17.3(7.8-38.2) <0.001
Grade Low 94.7 (90.7-98.9) 824 (75.5-89.9) 47 (37.5-58.9)
Unavailable 55.6 (34.3-89.9) 46.3 (254-84.3) 46.3 (25.4-84.3)
De novo Single MCT .1(75.8-88.9) 70.3 (62.7-78.8) 5(32.8-52.5) 091
MCTs >1 MCT diagnosed 80.8 (67.0-97.4) 69.2 (53.6-89.5) 1(22.3-61.8)
Local No recurrence 82.2 (76.3-88.5) 70.5 (63.4-78.4) 5(33.4-51.5) 0.24
recurrence Recurrence 75.0 (50.3-100) 62.5 (36.5-100) 25.0 (7.5-83.0)
Metastasis No metastasis 86 (80.4-91.9) 74.5(67.5-82.2) 453 (36.9-55.6) <0.001

Metastasis

42.8(23.8-76.8)

285 (12.6-64.4)

0

Survival probabilities at 1,2 and 5 years for all-cause mortality in 164 dogs diagnosed with mast cell tumour (MCT) in Golden Retriever Lifetime Study. Stratified
by demographic variables and MCT features explored for association with prognosis. Calculated via Kaplan-Meier estimator with 95% confidence intervals (Cl)

presented. Log-rank p value for all-cause mortality presented

pulmonary metastasis rates need re-evaluation is an area
for future study, thoracic metastasis of MCT has been
previously documented [57, 58].

The median survival time from birth to death of 11.68
years for MCT was not statistically significantly differ-
ent compared to 11.75 years for the non-cases, failing
to support the study hypothesis. This suggests that for
many Golden Retrievers, a MCT diagnosis is not life-
limiting. Golden Retrievers experienced prolonged sur-
vival with a 40.6% overall five-year survival after first
diagnosis with MCT. This is reassuring for owners, par-
ticularly when considering median age of diagnosis was
eight years. Aligning with the available literature and
the study hypothesis, presence of metastasis, and high
histological grade were associated with decreased sur-
vival [12, 13, 21]. Development of de novo tumours was
not associated with a statistically significant difference in
survival (p = 0.40). The proportion of dogs with MCT-
related mortality (n = 19, 11.59%) was too low for robust
multivariable modelling of prognostic factors. Previ-
ous estimates of MCT-related mortality include 17.2%,
25.9% and 30.8% based on total populations of 163, 137
and 149 dogs respectively [10, 12, 59]. Given that post-
mortem was encouraged for enrolled dogs, the lower rate
of MCT-related mortality in the current study compared
to previous work was unexpected. However, this lower
MCT-related mortality may reflect advances in treat-
ment, or potentially earlier, proactive intervention given
that clients whose dogs are enrolled in GRLS are likely
to be highly engaged in their dogs’ healthcare. The pro-
longed survival seen after MCT diagnosis (median sur-
vival time: 1367 days) indicates that extended survival is

achievable in many dogs and promotes consideration of
treatment.

The GRLS cohort provides a unique insight into MCT
cases presenting to general practitioners. Many previous
studies are based on insurance claim submissions with
selection bias for the insured subset of the wider dog
population [60]. Insurance claims tend to capture diagno-
sis frequency but less often capture details on treatment,
sequelae and cause of death [39]. Studies from pathology
laboratory data tend to stratify to high-risk subgroups,
limiting generalisability [14, 61]. Referral cases also tend
to represent more complex cases, less generalisable to
overall populations [22, 62]. However, the current study
had limitations. Recruitment to the cohort used word
of mouth and snowball sampling methods that may
have introduced some selection bias. However, a ran-
domised sample strategy of the population could have
led to higher non-response/drop out [63]. Recruited dogs
were required to show three generations of pedigree, so
they do not necessarily represent the broader Golden
Retriever population in the US, limiting generalisability.
Additionally, inbreeding depression previously shown in
the cohort may be increasing rate of neoplasia [64].

Enrolment into GRLS ended in 2015. At the time of
the current analysis, the youngest enrolled dog was 10.7
years. The MCT probability beyond this age may still be
variable (some lag for data submission and processing
also possible). Clinical notes were unavailable for many
dogs, meaning treatment was not explored and conse-
quently the prognostic impact of treatment, which is
established in MCT [7], is not explored in this analysis.
Staging methods were not standardised, limiting compa-
rability between individual cases, but this heterogeneity
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in management may better reflect the situation in clinical
practice. However, if dogs did not undergo staging, then
the metastatic rates presented in the current study may
be an underestimation. That being said, none of the cases
with only low-grade tumours had metastasis identified in
the current study, supporting that extensive staging has
a low diagnostic yield in dogs with low grade tumours
[65]. The number of MCT cases was too low for prognos-
tic factors to be assessed using a multivariable regression
approach such as Cox proportional hazards modelling.

Participating owners were highly motivated and con-
senting to regular veterinary attendance, potentially
associated with a more proactive approach to masses.
Consequently diagnostic rates in the current study may
be higher than for the wider Golden Retriever population
where socioeconomic factors and access to veterinary
care may constrain the likelihood of receiving a MCT
diagnosis [66]. The increased diagnostic rates in the cur-
rent analysis were compounded by a partial cost subsidy
for histopathology, which introduces incentive-caused
bias. However, this element of the study design may also
have led to more thorough investigation of masses, more
definitive diagnoses and more accurate estimation of fre-
quency, albeit one less generalisable to frequency of diag-
noses in wider populations.

On the other hand, underreporting is also possible. For
dogs where the dedicated laboratory submission pro-
cess was not followed, diagnoses would be dependent
on owner or study veterinarian reporting via question-
naire. Likewise, dogs with prior diagnoses with multiple
low-grade tumours, may not have every additional mass
investigated or logged with GRLS. The questionnaires are
relatively laborious to complete and therefore question-
naire fatigue and recall bias could affect accuracy and
completeness of data.

The GRLS cohort design has allowed presentation of
age-specific MCT incidence, incidence rate and longitu-
dinal tracking of dogs with multiple tumours. This study
demonstrated a high prevalence of low-grade tumours
and a fair to good long-term prognosis with similar life
expectancies between MCT cases to dogs without a diag-
nosis of MCT. Low recurrence and metastatic rates are
reported. This supports that the diagnosis of MCT in this
breed is not necessarily associated with more aggressive
tumour behaviour, and this justifies prompt and appro-
priate management, supporting the health of Golden
Retrievers diagnosed with MCT.

Abbreviations
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IQR Interquartile range
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- high

PM Postmortem

us United States

95% Cl 95% confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/544356-026-00060-9.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements

The authors are grateful to Morris Animal Foundation for their funding of this
research. With thanks to the veterinarians contributing to the GRLS, and to the
owners and dogs involved.

Author contributions

ZS, CT, DCB, AG, DON were responsible for the conception and design. JL/BS
were responsible for collation of the datasets. ZS carried out the analysis and
drafting the manuscript. All authors were involved in editing the manuscript
and gave approval of the published version. Corresponding author: ZS.

Funding

The Golden Retriever Lifetime Study and this manuscript were made possible
through financial support provided by the Morris Family Foundation, the
Mark & Bette Morris Family Foundation, Boehringer Ingelheim, VCA, the V
Foundation, Blue Buffalo Company, Petco Love, Zoetis, Antech Inc,, Elanco,
the Purina Institute, Orvis, the Golden Retriever Foundation, the Hadley and
Marion Stuart Foundation, Mars Veterinary, generous private donors and the
Flint Animal Cancer Center at Colorado State University.

Data availability

The dataset(s) supporting the conclusions of this article is(are) available in the
Bette M. Morris Data Commons & Biorepository, http://datacommons.morrisa
nimalfoundation.org/ (36)

Declarations

Ethics approval and consent to participate

Informed consent was given by dog owners and veterinarians for collection

of medical records and biological samples with overall study approval by the
Morris Animal Foundation Welfare Advisory board, described in full elsewhere
[33]. Ethical approval was granted by the Royal Veterinary College Social
Science Research Ethical Review Board (URN SR2023-0175) for the use of GRLS
data for this study.

Consent for publication
All authors have approved the manuscript for submission, and we can confirm
the manuscript has not been published or submitted elsewhere.

Competing interests

Julia Labadie and Brenna Swafford are employees of the Morris Animal
Foundation and authors Zoe Stratton and Collette Taylor are funded by a
grant from the Morris Animal Foundation. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of
the manuscript. Alexandra Guillen is a member of the Editorial Board of this
journal.

Author details

'Department of Pathobiology and Population Science, The Royal
Veterinary College, Hertfordshire, UK

Department of Clinical Sciences and Services, The Royal Veterinary
College, Hertfordshire, UK

3Scientific Programs Department, Morris Animal Foundation, Denver, CO,
United States of America


https://doi.org/10.1186/s44356-026-00060-9
https://doi.org/10.1186/s44356-026-00060-9
http://datacommons.morrisanimalfoundation.org/
http://datacommons.morrisanimalfoundation.org/

Stratton et al. Veterinary Oncology

(2026) 3:10

Received: 28 December 2025 / Accepted: 5 May 2026
Published online: 08 June 2026

References

1.

Bostock DE. Neoplasms of the skin and subcutaneous tissues in dogs and
cats. BrVet J. 1986;142(1):1-19. https://doi.org/10.1016/0007-1935(86)9000
2-3.

Rothwell TLW, Howlett CR, Middleton DJ, Griffiths DA, Duff BC. Skin neo-
plasms of dogs in Sydney. Aust Vet J. 1987,64(6):161-4. https.//doi.org/10.111
1/j.1751-0813.1987.tb09673 x.

Bronden LB, Eriksen T, Kristensen AT. Mast cell tumours and other skin neopla-
sia in Danish dogs - data from the Danish Veterinary Cancer Registry. Acta Vet
Scand. 2010;52(1):6. https://doi.org/10.1186/1751-0147-52-6.

Smiech A, Slaska B, topuszyriski W, Jasik A, Bochyriska D, Dabrowski R.
Epidemiological assessment of the risk of canine mast cell tumours based on
the Kiupel two-grade malignancy classification. Acta Vet Scand. 2018;60:70.
https://doi.org/10.1186/513028-018-0424-2. PubMed PMID: 30390687;
PubMed Central PMCID: PMC6215678.

Blackwood L, Murphy S, Buracco P, De Vos JP, De Fornel-Thibaud P, Hirsch-
berger J, et al. European consensus document on mast cell tumours in dogs
and cats. Vet Comp Oncol. 2012;10(3):e1-29. https://doi.org/10.1111/j.1476-5
829.2012.00341.x.

Ledur GR, Trindade-Gerardi AB, Pavarini SP, de Oliveira LO, dos Santos KHS,
Ferreiro L, et al. Presence of Gastrointestinal Paraneoplastic Syndrome at
Diagnosis in Dogs With Cutaneous Mast Cell Tumors and lts Influence on
Disease-Free Interval and Survival. Top Companion Anim Med. 2023;56—-
57:100808. https://doi.org/10.1016/j.tcam.2023.100808.

de Nardi AB, dos Santos Horta R, Fonseca-Alves CE, de Paiva FN, Linhares
LCM, Firmo BF, et al. Diagnosis, Prognosis and Treatment of Canine Cutaneous
and Subcutaneous Mast Cell Tumors. Cells. 2022;11(4):618. https://doi.org/
10.3390/cells11040618. PubMed PMID: 35203268; PubMed Central PMCID:
PMC8870669.

Patnaik AK, Ehler WJ, MacEwen EG. Canine cutaneous mast cell tumor: mor-
phologic grading and survival time in 83 dogs. Vet Pathol. 1984;21(5):469-74.
doi:10.1177/030098588402100503 PubMed PMID: 6435301.

Kiupel M, Webster JD, Bailey KL, Best S, Delay J, Detrisac CJ, et al. Proposal of
a 2-tier histologic grading system for canine cutaneous mast cell tumors to
more accurately predict biological behavior. Vet Pathol. 2011;48(1):147-55.
https://doi.org/10.1177/0300985810386469PubMed PMID: 21062911;
PubMed Central PMCID: PMC8369849.

Sabattini S, Scarpa F, Berlato D, Bettini G. Histologic grading of canine mast
cell tumor: is 2 better than 3? Vet Pathol. 2015;52(1):70-3. https://doi.org/10.1
177/0300985814521638 PubMed PMID: 24513799.

Boyd K, Dobromylskyj M, Schofield I, O'Neill D, Figueroa C, Davies O. Clinical
Value of Various Histological Factors in Cutaneous and Subcutaneous Mast
Cell Tumors in 197 Dogs. J Vet Intern Med. 2025;39(6):e70244. https://doi.o
rg/10.1111/jvim.70244. PubMed PMID: 41097986; PubMed Central PMCID:
PMC12528809.

Maglennon GA, Murphy S, Adams V, Miller J, Smith K, Blunden A, et al.
Association of Ki67 index with prognosis for intermediate-grade canine
cutaneous mast cell tumours. Vet Comp Oncol. 2008;6(4):268-74. https://doi.
0rg/10.1111/}.1476-5829.2008.00168.x PubMed PMID: 19178685.

Murphy S, Sparkes AH, Blunden AS, Brearley MJ, Smith KC. Effects of stage
and number of tumours on prognosis of dogs with cutaneous mast cell
tumours. Vet Rec. 2006;158(9):287-91. https://doi.org/10.1136/vr.158.9.287.
Sabattini S, Brocanelli A, Zaccone R, Faroni E, Renzi A, Ciammaichella L, et al.
The 2-tier grading system identifies canine cutaneous and/or subcutaneous
mast cell tumors with aggressive biological behavior regardless of growth
model. Vet Pathol. 2024,61(6):874-81. https://doi.org/10.1177/030098582412
40443 PubMed PMID: 38577816.

Scase TJ, Edwards D, Miller J, Henley W, Smith K, Blunden A, et al. Canine mast
cell tumors: correlation of apoptosis and proliferation markers with progno-
sis. J Vet Intern Med. 2006;20(1):151-8. https://doi.org/10.1892/0891-6640(20
06)20. [151:cmctco]2.0.co;2 PubMed PMID: 16496935.

Romansik EM, Reilly CM, Kass PH, Moore PF, London CA. Mitotic Index Is
Predictive for Survival for Canine Cutaneous Mast Cell Tumors. Vet Pathol.
2007;44(3):335-41. https://doi.org/10.1354/vp.44-3-335.

Tamlin VS, Bottema CDK, Woolford L, Dobson EC, Kessell AE, Peaston AE.
Canine mast cell tumours part I: Clinical and survival outcomes. Veterinary
Med Sci. 2022;8(4):1409-20. https://doi.org/10.1002/vms3.812.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

Page 14 of 15

Gieger TL, Théon AP, Werner JA, McEntee MC, Rassnick KM, DeCock HEV.
Biologic behavior and prognostic factors for mast cell tumors of the canine
muzzle: 24 cases (1990-2001). J Vet Intern Med. 2003;17(5):687-92. https://do
i.0rg/10.1111/j.1939-1676.2003.tb02501. x PubMed PMID: 14529136.

Hillman LA, Garrett LD, de Lorimier LP, Charney SC, Borst LB, Fan TM. Biological
behavior of oral and perioral mast cell tumors in dogs: 44 cases (1996-2006).
J Am Vet Med Assoc. 2010;237(8):936-42. https://doi.org/10.2460/javma.237.
8.936 PubMed PMID: 20946081.

Cahalane AK, Payne S, Barber LG, Duda LE, Henry CJ, Mauldin GE, et al.
Prognostic factors for survival of dogs with inguinal and perineal mast cell
tumors treated surgically with or without adjunctive treatment: 68 cases
(1994-2002). J Am Vet Med Assoc. 2004,225(3):401-8. https://doi.org/10.2460
/javma.2004.225.401 PubMed PMID: 15328716.

Weishaar KM, Thamm DH, Worley DR, Kamstock DA. Correlation of Nodal
Mast Cells with Clinical Outcome in Dogs with Mast Cell Tumour and a
Proposed Classification System for the Evaluation of Node Metastasis. J Comp
Pathol. 2014;151(4):329-38. https://doi.org/10.1016/}jcpa.2014.07.004.

Pierini A, Lubas G, Gori E, Binanti D, Millanta F, Marchetti V. Epidemiology of
Breed-Related Mast Cell Tumour Occurrence and Prognostic Significance

of Clinical Features in a Defined Population of Dogs in West-Central Italy.
Veterinary Sci. 2019;6(2):2. https://doi.org/10.3390/vetsci6020053.

Marconato L, Faroni E, Battisti E, Zaccone R, Stefanello D, Sabattini S. Incor-
poration of Biologic Variables Into the Staging for Canine Cutaneous and
Subcutaneous Mast Cell Tumours: Proposal of the UBo pTNM System. Vet
Comp Oncol. 2024;22(4):513-22. https://doi.org/10.1111/vco.13000. PubMed
PMID: 39099458.

McNiel EA, Prink AL, O'Brien TD. Evaluation of risk and clinical outcome of
mast cell tumours in pug dogs. Vet Comp Oncol. 2006;4(1):2-8. https://doi.or
9/10.1111/j.1476-5810.2006. 00085 x PubMed PMID: 19754824.

Mochizuki H, Motsinger-Reif A, Bettini C, Moroff S, Breen M. Association of
breed and histopathological grade in canine mast cell tumours. Vet Comp
Oncol. 2017;15(3):829-39. https://doi.org/10.1111/vco.12225. PubMed PMID:
27198171,

Smiech A, topuszynski W, Slaska B, Bulak K, Jasik A. Occurrence and Distribu-
tion of Canine Cutaneous Mast Cell Tumour Characteristics Among Predis-
posed Breeds. J Vet Res. 2019;63(1):141-8. https://doi.org/10.2478/jvetres-201
9-0002. PubMed PMID: 30989146; PubMed Central PMCID: PMC6458547.
Shoop SJ, Marlow S, Church DB, English K, McGreevy PD, Stell AJ, et al. Preva-
lence and risk factors for mast cell tumours in dogs in England. Canine Genet
Epidemiol. 2015;2(1):1. https://doi.org/10.1186/2052-6687-2-1.

Warland J, Dobson J. Breed predispositions in canine mast cell tumour: A
single centre experience in the United Kingdom. Vet J. 2013;197(2):496-8.
https://doi.org/10.1016/j.tvjl.2013.02.017.

Villamil JA, Henry CJ, Bryan N, Ellersieck M, Schultz L, Tyler JW, et al. Identifica-
tion of the most common cutaneous neoplasms in dogs and evaluation of
breed and age distributions for selected neoplasms. J Am Vet Med Assoc.
2011;239(7):960-5. https://doi.org/10.2460/javma.239.7.960 PubMed PMID:
21961635.

Catarino J, Pinello K, Niza-Ribeiro J, Santos J, Payan-Carreira R, Reis J, et al.
Exploring canine mast cell tumors: An investigation into demographic
characteristics, and grading system analysis from a pathology lab data
(2019-2021). Prev Vet Med. 2025;236:106416. https://doi.org/10.1016/j.prevet
med.2025.106416.

Arendt ML, Melin M, Tonomura N, Koltookian M, Courtay-Cahen C, Flindall

N, et al. Genome-Wide Association Study of Golden Retrievers Identifies
Germ-Line Risk Factors Predisposing to Mast Cell Tumours. PLoS Genet.
2015;11(11):21005647. https://doi.org/10.1371/journal.pgen.1005647.
PubMed PMID: 26588071; PubMed Central PMCID: PMC4654484.

Biasoli D, Compston-Garnett L, Ricketts SL, Birand Z, Courtay-Cahen C,
Fineberg E, et al. A synonymous germline variant in a gene encoding a cell
adhesion molecule is associated with cutaneous mast cell tumour develop-
ment in Labrador and Golden Retrievers. PLoS Genet. 2019;15(3):e1007967.
https://doi.org/10.1371/journal.pgen.1007967.

Guy MK, Page RL, Jensen WA, Olson PN, Haworth JD, Searfoss EE, et al. The
Golden Retriever Lifetime Study: establishing an observational cohort study
with translational relevance for human health. Philos Trans R Soc Lond B

Biol Sci. 2015;370(1673):20140230. https://doi.org/10.1098/rstb.2014.0230.
PubMed PMID: 26056371; PubMed Central PMCID: PMC4581032.

Labadie J, Swafford B, DePena M, Tietje K, Page R, Patterson-Kane J.

Cohort profile: The Golden Retriever Lifetime Study (GRLS). PLoS ONE.
2022;17(6):20269425. https://doi.org/10.1371/journal pone.0269425.


https://doi.org/10.1016/0007-1935(86)90002-3
https://doi.org/10.1016/0007-1935(86)90002-3
https://doi.org/10.1111/j.1751-0813.1987.tb09673.x
https://doi.org/10.1111/j.1751-0813.1987.tb09673.x
https://doi.org/10.1186/1751-0147-52-6
https://doi.org/10.1186/s13028-018-0424-2
https://doi.org/10.1111/j.1476-5829.2012.00341.x
https://doi.org/10.1111/j.1476-5829.2012.00341.x
https://doi.org/10.1016/j.tcam.2023.100808
https://doi.org/10.3390/cells11040618
https://doi.org/10.3390/cells11040618
https://doi.org/10.1177/0300985810386469
https://doi.org/10.1177/0300985814521638
https://doi.org/10.1177/0300985814521638
https://doi.org/10.1111/jvim.70244
https://doi.org/10.1111/jvim.70244
https://doi.org/10.1111/j.1476-5829.2008.00168
https://doi.org/10.1111/j.1476-5829.2008.00168
https://doi.org/10.1136/vr.158.9.287
https://doi.org/10.1177/03009858241240443
https://doi.org/10.1177/03009858241240443
https://doi.org/10.1892/0891-6640(2006)20
https://doi.org/10.1892/0891-6640(2006)20
https://doi.org/10.1354/vp.44-3-335
https://doi.org/10.1002/vms3.812
https://doi.org/10.1111/j.1939-1676.2003.tb02501
https://doi.org/10.1111/j.1939-1676.2003.tb02501
https://doi.org/10.2460/javma.237
https://doi.org/10.2460/javma.2004.225
https://doi.org/10.2460/javma.2004.225
https://doi.org/10.1016/j.jcpa.2014.07.004
https://doi.org/10.3390/vetsci6020053
https://doi.org/10.1111/vco.13000
https://doi.org/10.1111/j.1476-5810.2006
https://doi.org/10.1111/j.1476-5810.2006
https://doi.org/10.1111/vco.12225
https://doi.org/10.2478/jvetres-2019-0002
https://doi.org/10.2478/jvetres-2019-0002
https://doi.org/10.1186/2052-6687-2-1
https://doi.org/10.1016/j.tvjl.2013.02.017
https://doi.org/10.2460/javma.239.7
https://doi.org/10.1016/j.prevetmed.2025.106416
https://doi.org/10.1016/j.prevetmed.2025.106416
https://doi.org/10.1371/journal.pgen.1005647
https://doi.org/10.1371/journal.pgen.1007967
https://doi.org/10.1098/rstb.2014.0230
https://doi.org/10.1371/journal.pone.0269425

Stratton et al. Veterinary Oncology

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

(2026) 3:10

Simpson M, Searfoss E, Albright S, Brown DE, Wolfe B, Clark NK, et al. Popula-
tion characteristics of golden retriever lifetime study enrollees. Canine Genet
Epidemiol. 2017;4(1):14. https://doi.org/10.1186/540575-017-0053-5.
Swafford B, Labadie J, Knaddison G, Chang J, McVeigh R, Kacenja L, Bette M.
Morris Data Commons & Biorepository | Bette M. Morris Data Commons &
Biorepository [Internet]. 2024 [cited 2025 Jul 14]. Morris Animal Foundation.
Available from: https://datacommons.morrisanimalfoundation.org/

R [Https://www.R-project.org/]. Vienna, Austria: 2009-2025 Posit Software,
PBC; 2024. (R Core Team. R: A language and Environment for Statistical
Computing.).

Microsoft Corporation. Microsoft® Excel® for Microsoft 365 MSO. https://www.
microsoft.com/en-us/microsoft-365/excel: Microsoft Corporation; 2025.
Dobson JM, Samuel S, Milstein H, Rogers K, Wood JLN. Canine neoplasia in
the UK: estimates of incidence rates from a population of insured dogs. J
Small Anim Pract. 2002;43(6):240-6. https://doi.org/10.1111/}.1748-5827.2002
100066 x.

Hillman A, Swafford B, Delavenne C, Fieten H, Boerkamp K, Tietje K. Descrip-
tive analysis of haemangiosarcoma occurrence in dogs enrolled in the
Golden Retriever lifetime study. Vet Comp Oncol. 2023;21(4):700-8. https://d
0l.org/10.1111/vco.12933.

Dohoo WA, Martin' W, Stryhn H. Modelling survival data. Veterinary Epide-
miologic Research. 2nd ed. Charlottetown, PEI, Canada: VER Inc,; 2012. pp.
467-522.

Teng KTyun, Brodbelt DC, Pegram C, Church DB, O'Neill DG. Life tables of
annual life expectancy and mortality for companion dogs in the United King-
dom. Sci Rep. 2022;12(1):6415. https://doi.org/10.1038/541598-022-10341-6.
Teng KTyun, Brodbelt DC, Church DB, O'Neill DG. Life tables of annual life
expectancy and risk factors for mortality in cats in the UK. J Feline Med Surg.
2024;26(5):1098612X241234556. https://doi.org/10.1177/1098612X24123455
6.

Engdahl K, Saellstrom S, Hedhammar A, Dimopoulou M, Ronnberg H. The
epidemiology of mast cell tumours in insured dogs in Sweden. Prev Vet Med.
2025;242:106589. https://doi.org/10.1016/j.prevetmed.2025.106589.

Warland J, Amores-Fuster |, Newbury W, Brearley M, Dobson J. The utility of
staging in canine mast cell tumours. Vet Comp Oncol. 2014;12(4):287-98.
https://doi.org/10.1111/vco.12012.

Barry G, O'Neill D, Guillen A, Taylor C, Labadie J, Swafford B et al. Venting

the epidemiological spleen of haemangiosarcoma in the Golden Retriever
Lifetime Study. 2025 Apr 30.

Irgashev A, Ishenbaeva S, Nurgaziev R, Lykhina L. Influence of age and breed
of dogs on tumour development. Sci Horizons. 2023;26(11):29-38. https://doi
.0rg/10.48077/scihor11.2023.29.

Wallis LJ, Radford AD, Belshaw Z, Jackson J, Kubinyi E, German AJ, et al. Just
old age - a qualitative investigation of owner and veterinary professional
experiences of and attitudes to ageing in dogs in the UK. J Small Anim Pract.
2023;64(7):425-33. https://doi.org/10.1111/jsap.13610.

Leonardi GC, Accardi G, Monastero R, Nicoletti F, Libra M. Ageing: from
inflammation to cancer. Immun Ageing. 2018;15(1):1. https://doi.org/10.1186
/$12979-017-0112-5.

Cooley DM, Schilittler DL, Glickman LT, Hayek M, Waters DJ. Exceptional Lon-
gevity in Pet Dogs Is Accompanied by Cancer Resistance and Delayed Onset
of Major Diseases. Journals Gerontology: Ser A. 2003;58(12):81078-84. https:/
/doi.org/10.1093/gerona/58.12.81078.

Montégut L, Lépez-Otin C, Kroemer G. Aging and cancer. Mol Cancer.
2024;23(1):106. https://doi.org/10.1186/512943-024-02020-z. PubMed PMID:
38760832; PubMed Central PMCID: PMC11102267.

Minnoye S, De Vos S, Beck S, Duchateau L, Hubers M, David S, et al. Histopath-
ological features of subcutaneous and cutaneous mast cell tumors in dogs.
Acta Vet Scand. 2024,66(1):53. https://doi.org/10.1186/513028-024-00775-5.
Reynolds BD, Thomson MJ, O'Connell K, Morgan EJ, Gummow B. Patient and
tumour factors influencing canine mast cell tumour histological grade and

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 15 of 15

mitotic index. Vet Comp Oncol. 2019;17(3):338-44. https://doi.org/10.1111/vc
0.12477.

Welle MM, Bley CR, Howard J, Rifenacht S. Canine mast cell tumours: a review
of the pathogenesis, clinical features, pathology and treatment. Vet Dermatol.
2008;19(6):321-39. https://doi.org/10.1111/}.1365-3164.2008.00694.x.

Shiligoi G, Rassnick KM, Scarlett JM, Northrup NC, Gieger TL. Outcome of dogs
with mast cell tumors in the inguinal or perineal region versus other cutane-
ous locations: 124 cases (1990-2001). J Am Vet Med Assoc. 2005;226(8):1368—
74. https://doi.org/10.2460/javma.2005.226.1368. PubMed PMID: 15844431.
Martins AL, Faria F, Mesquita J, Gartner F, Amorim . Analysis of risk factors for
canine mast cell tumors based on the Kiupel and Patnaik grading system
among dogs with skin tumors. Open Veterinary J. 2021;11(4):619-619. https:/
/doi.org/10.5455/0VJ.2021.v11.i4.12.

Campbell O, de Lorimier LP, Beauregard G, Overvelde S, Johnson S. Presump-
tive primary pulmonary mast cell tumor in 2 dogs. Can Vet J. 2017;58(6):591—
6. PubMed PMID: 28588331; PubMed Central PMCID: PMC5432148.

Yale AD, Szladovits B, Stell AJ, Fitzgerald SD, Priestnall SL, Suarez-Bonnet A.
High-Grade Cutaneous Mast Cell Tumour with Widespread Intrathoracic
Metastasis and Neoplastic Pericardial Effusion in a Dog. J Comp Pathol.
2020;180:29-34.006 PubMed PMID: 33222871.

Horta RS, Lavalle GE, Monteiro LN, Souza MCC, Cassali GD, Araujo RB. Assess-
ment of Canine Mast Cell Tumor Mortality Risk Based on Clinical, Histologic,
Immunohistochemical, and Molecular Features. Vet Pathol. 2018;55(2):212-
23. https://doi.org/10.1177/0300985817747325.

Paynter AN, Dunbar MD, Creevy KE, Ruple A. Animals. 2021;11(7):1872. Veteri-
nary big data: when data goes to the dogs. https://doi.org/10.3390/ani11071
872

Cruz VS, Borges JCA, Nepomuceno LL, Gongalves PAM, Prado YCL, Bianchi

C, et al. Histological classification and expression of markers of canine mast
cell tumors. Vet World. 2020;13(8):1627-34. https://doi.org/10.14202/vet
world.2020.1627-1634. PubMed PMID: 33061237; PubMed Central PMCID:
PMC7522949.

O'Connell K, Thomson M. Evaluation of prognostic indicators in dogs with
multiple, simultaneously occurring cutaneous mast cell tumours: 63 cases.
Vet Comp Oncol. 2013;11(1):51-62. https;//doi.org/10.1111/].1476-5829.2011.
00301.x.

Parker C, Scott S, Geddes A. Snowball Sampling. SAGE Res Methods Found.
2019 Sep;9. https://doi.org/10.4135/9781526421036831710.

Chu ET, Simpson MJ, Diehl K, Page RL, Sams AJ, Boyko AR. Inbreeding
depression causes reduced fecundity in Golden Retrievers. Mamm Genome.
2019;30(5):166-72. https.//doi.org/10.1007/500335-019-09805-4. PubMed
PMID: 31115595; PubMed Central PMCID: PMC6606663.

Fejos C, Troedson K, Ignatenko N, Zablotski Y, Hirschberger J. Extensive
staging has no prognostic value in dogs with low-risk mast cell tumours. Vet
Comp Oncol. 2022;20(1):265-75. https://doi.org/10.1111/vco.12773.

King E, Mueller MK, Dowling-Guyer S, McCobb E. Financial fragility and
demographic factors predict pet owners' perceptions of access to veterinary
care in the United States. J Am Vet Med Assoc. 2022;260(14):1-8. https://doi.o
rg/10.2460/javma.21.11.0486. PubMed PMID: 35482560.

Hart B, Hart L, Thigpen A, Willits N. Best age for spay and neuter: a new para-
digm. Clin Theriogenology. 2019;11(3):3. https://doi.org/10.58292/ct.v11.9493

Purina. Purina Body Condition System [Internet]. Morris Animal Foundation;
2024. Available from: https://www.morrisanimalfoundation.org/sites/default/
files/filesync/Purina-Body-Condition-System.pdf

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s40575-017-0053-5
https://datacommons.morrisanimalfoundation.org/
www.R-project.org
https://www.microsoft.com/en-us/microsoft-365/excel
https://www.microsoft.com/en-us/microsoft-365/excel
https://doi.org/10.1111/j.1748-5827.2002.tb00066.x
https://doi.org/10.1111/j.1748-5827.2002.tb00066.x
https://doi.org/10.1111/vco.12933
https://doi.org/10.1111/vco.12933
https://doi.org/10.1038/s41598-022-10341-6
https://doi.org/10.1177/1098612X241234556
https://doi.org/10.1177/1098612X241234556
https://doi.org/10.1016/j.prevetmed.2025.106589
https://doi.org/10.1111/vco.12012
https://doi.org/10.48077/scihor11.2023.29
https://doi.org/10.48077/scihor11.2023.29
https://doi.org/10.1111/jsap.13610
https://doi.org/10.1186/s12979-017-0112-5
https://doi.org/10.1186/s12979-017-0112-5
https://doi.org/10.1093/gerona/58.12.B1078
https://doi.org/10.1093/gerona/58.12.B1078
https://doi.org/10.1186/s12943-024-02020-z
https://doi.org/10.1186/s13028-024-00775-5
https://doi.org/10.1111/vco.12477
https://doi.org/10.1111/vco.12477
https://doi.org/10.1111/j.1365-3164.2008.00694.x
https://doi.org/10.2460/javma.2005.226.1368
https://doi.org/10.5455/OVJ.2021.v11.i4.12
https://doi.org/10.5455/OVJ.2021.v11.i4.12
https://doi.org/10.1177/0300985817747325
https://doi.org/10.3390/ani11071872
https://doi.org/10.3390/ani11071872
https://doi.org/10.14202/vetworld.2020.1627-1634
https://doi.org/10.14202/vetworld.2020.1627-1634
https://doi.org/10.1111/j.1476-5829.2011.00301.x
https://doi.org/10.1111/j.1476-5829.2011.00301.x
https://doi.org/10.4135/9781526421036831710
https://doi.org/10.1007/s00335-019-09805-4
https://doi.org/10.1111/vco.12773
https://doi.org/10.2460/javma.21.11.0486
https://doi.org/10.2460/javma.21.11.0486
https://doi.org/10.58292/ct.v11.9493
https://www.morrisanimalfoundation.org/sites/default/files/filesync/Purina-Body-Condition-System.pdf
https://www.morrisanimalfoundation.org/sites/default/files/filesync/Purina-Body-Condition-System.pdf

	﻿Mast cell tumours in the Golden Retriever Lifetime Study: a cohort study assessing frequency, clinical features and survival
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Frequency
	﻿MCT case descriptives
	﻿Survival

	﻿Results
	﻿Population characteristics



