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Background: T-zone lymphoma (TZL), an indolent disease in older dogs, comprises approxi-

mately 12% of lymphomas in dogs. TZL cells exhibit an activated phenotype, indicating the dis-

ease may be antigen-driven. Prior research found that asymptomatic aged Golden Retrievers

(GLDRs) commonly have populations of T-zone-like cells (phenotypically identical to TZL) of

undetermined significance (TZUS).

Objective: To evaluate associations of inflammatory conditions, TZL and TZUS, using a case-

control study of GLDRs.

Animals: TZL cases (n = 140), flow cytometrically diagnosed, were identified through Colorado

State University's Clinical Immunology Laboratory. Non-TZL dogs, recruited through either a

database of owners interested in research participation or the submitting clinics of TZL cases,

were subsequently flow cytometrically classified as TZUS (n = 221) or control (n = 147).

Methods: Health history, signalment, environmental, and lifestyle factors were obtained from

owner-completed questionnaires. Odds ratios (ORs) and 95% confidence intervals (95% CIs)

were estimated using multivariable logistic regression, obtaining separate estimates for TZL and

TZUS (versus controls).

Results: Hypothyroidism (OR, 0.3; 95% CI, 0.1-0.7), omega-3 supplementation (OR, 0.3; 95% CI,

0.1-0.6), and mange (OR, 5.5; 95% CI, 1.4-21.1) were significantly associated with TZL. Gastroin-

testinal disease (OR, 2.4; 95% CI, 0.98-5.8) had nonsignificantly increased TZL odds. Two shared

associations for TZL and TZUS were identified: bladder infection or calculi (TZL OR, 3.5; 95% CI,

0.96-12.7; TZUS OR, 5.1; 95% CI, 1.9-13.7) and eye disease (TZL OR, 2.3; 95% CI, 0.97-5.2;

TZUS OR, 1.9; 95% CI, 0.99-3.8).

Conclusions and Clinical Importance: These findings may elucidate pathways involved in TZUS

risk and progression from TZUS to TZL. Further investigation into the protective association of

omega-3 supplements is warranted.
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1 | INTRODUCTION

Peripheral T-cell lymphomas (PTCLs) are a heterogeneous group of malig-

nancies derived from mature T cells and natural killer cells.1 The etiology

of most PTCL subtypes is poorly understood, largely because of their low

incidence in people, which makes it difficult to study subtypes indepen-

dently. T-zone lymphoma (TZL), an indolent subtype of PTCL, accounts

for approximately 12% of all lymphomas in dogs.1 T-zone lymphoma can

be readily diagnosed by histopathology or by identification of a homoge-

neous expansion of T cells lacking expression of the pan-leukocyte

surface marker CD45 using flow cytometry.2–4 To our knowledge, no

studies have evaluated risk factors for TZL. However, this disease

appears to have a striking predilection for Golden Retrievers (GLDRs),

with over 40% of TZL cases occurring in this breed,2,5 suggesting a

genetic risk factor. We previously observed that >30% of GLDRs without

lymphocytosis or lymphadenopathy have CD45-negative (CD45−) T cells

in their blood.6 The clinical relevance of these cells currently is undeter-

mined. At the time of publication of the cited study, no dogs had

progressed to overt TZL, with a median follow-up of 1 year. We have

adopted the term T-zone-like cells of undetermined significance (TZUS)

for these dogs. This term mirrors the use in human literature, in which

monoclonal gammopathy of undetermined significance occasionally pro-

gresses to hematopoietic neoplasms.7 Because the lack of CD45 expres-

sion may be associated with decreased apoptosis, antigen stimulation

could lead to CD45− T cells undergoing unregulated division.8

Multiple studies have provided evidence for the plausibility of

chronic antigen stimulation playing a role in the pathogenesis of TZL.

First, TZL cells have an activated phenotype, expressing high levels of

CD21 and CD25,2,3,9 suggesting the tumor arises from a T cell that

has been activated by antigen. Second, epidemiologic evidence from

the human population suggests that autoimmune disease and allergy

are associated with PTCL.10,11 Third, a recent study12 of PTCL in mice

showed that the cells have a chronically activated phenotype and

demonstrated decreased tumor growth by blocking antigen binding to

the T cells. Thus, we suspect chronic inflammatory diseases persis-

tently stimulate CD45− T cells to proliferate, predisposing them to

progress to clinically apparent TZL. As such, our objective was to

evaluate the association of inflammatory conditions, TZL and TZUS,

using a case-control study of GLDRs.

2 | METHODS

2.1 | Study subjects

We conducted a case-control study of purebred GLDRs through the

Colorado State University (CSU) Clinical Immunology Laboratory from

October 2013 through March 2016. Golden Retrievers with TZL were

identified through submissions from clinics throughout the United

States (Figure 1). Two series of lymphoma-free GLDRs, aged ≥9 years,

were recruited as our comparison group: database-recruited and

clinic-recruited. Dogs were restricted to age ≥9 years to allow

reasonable time to develop TZL while mitigating risk of survival bias.

Database-recruited dogs were enrolled by email solicitation of a data-

base of GLDR owners developed as part of the Canine Lifetime Health

Project,13 which allowed owners to register with their dogs' breed and

age to receive information about studies for which they may be eligi-

ble. Clinic-recruited dogs were enrolled from the submitting clinic of

TZL cases; veterinarians were asked to recruit their next 1-2 GLDR

patients that met our enrollment criteria (GLDR aged ≥9 years with

no history or suspicion of a lymphoproliferative disorder [LPD]). Dogs

in the comparison group subsequently were categorized as TZUS or

control using flow cytometry, as described below. Our desired sample

size was calculated using PS: Power and Sample Size Calculation

(Nashville, Tennessee)14 to detect an odds ratio (OR) of 1.5-2.5.

Assuming an exposure percentage of 30%-50% among controls, a 2:1

ratio of controls to TZL cases, an alpha of 0.05, and 80% power, we cal-

culated an estimated 80 cases and 160 controls to detect an OR > 2.0.

FIGURE 1 Diagram of recruitment and study population. TZL cases were recruited from veterinary clinics throughout the U.S. Lymphoma-free

GLDRs aged 9 years and older were recruited from both veterinary clinics and the Canine Lifetime Health Project database as the comparison
group. All dogs recruited for the comparison group were tested via flow cytometry for designation as either TZUS or control. Recruitment
strategies were subsequently combined based on flow cytometric categorization to create 3 groups: TZL, TZUS, and controls.
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Because the TZUS population was discovered while conducting this

study, they were not considered in our power calculations.

2.2 | Disease definition

Golden Retrievers were classified as TZL, TZUS, or controls based on

clinical presentation, flow cytometric analysis of peripheral blood sam-

ples, and CBC. Clinical presentation, including the presence of periph-

eral and visceral lymphadenopathy, was obtained from the

veterinarian-completed CSU Clinical Immunology Laboratory standard

submission form. Complete blood counts were performed by the CSU

Clinical Pathology Laboratory (Advia 120 Hematology Analyzer;

Siemens, Tarrytown, NY) at the time of sample submission. Flow cyto-

metry was conducted as previously described,2 and samples were ana-

lyzed with the antibody combinations listed in Supporting Information

Table 1 using a 3-laser cytometer (Coulter Gallios, Beckman Coulter

Inc., Brea, California). T-zone lymphoma definition included a homoge-

neous expansion of CD5+CD45− T cells and lymphocytosis (>5000

lymphocytes per microliter on CBC), lymphadenopathy (noted on

veterinarian-completed submission form), or both (Supporting Infor-

mation Figure 1A); only incident TZL cases were included. Dogs with

TZUS had no history (based on owner report at the time of enroll-

ment) or clinical signs (no lymphadenopathy or lymphocytosis) of an

LPD but had a small population of CD5+CD45− T cells on flow

cytometry (>1% of total T cells; Supporting Information Figure 1B).

Controls also had no history or clinical signs of an LPD and had no

population of CD5+CD45− T cells identified by flow cytometry (≤1%

of total T cells; Supporting Information Figure 1C).

2.3 | Data collection and exposure assessment

We developed a comprehensive questionnaire for owners, based on

the GLDR Lifetime Study questionnaire,13 to capture potential TZL risk

factors and information about study population characteristics. Modifi-

cations to the existing questionnaire included altering phrasing to cap-

ture the dog's lifetime exposures (versus annual updates) and adjusting

language about medications and health history for a lay audience (ver-

sus veterinarian). The resulting web-based (SurveyMonkey, San Mateo,

CA) questionnaire included 44 multipart questions (Supporting Informa-

tion Figure 2). Information ascertained included the dog's health history

(eg, cancer, infectious diseases), environmental exposures (eg, time in

rural areas, exposure to smoke), medications (eg, antihistamines, corti-

costeroids, other anti-inflammatory drugs), signalment (age, sex, timing

of spay or neuter, location of residence), preventive care (flea and

heartworm preventives, dental care, vaccinations), and diet. All disease

history information was obtained based on age at diagnosis (catego-

rized as <1 year of age, 1-3 years, 4-6 years, 7-10 years, or >10 years),

but was collapsed into ever/never diagnosed because of sparse data

within categories. Health history variables were left as broad categories

unless we had a specific hypothesis to evaluate a subcategory, as

detailed below. Owners were instructed to complete the questionnaire

and submit a blood sample within 3 months and were considered lost

to follow-up if they did not complete both in this time frame.

2.3.1 | Health history

Specific factors of interest included infectious diseases, allergic disor-

ders, autoimmune diseases, and inflammatory disorders that could

cause chronic immune stimulation. Among infectious diseases, we were

particularly interested in history of parasitic or nematode infection as a

result of preliminary evidence from our laboratory that suggests TZL

cells may be of Th2 origin; this information was gathered as a history of

“worms” in the questionnaire. All other infectious diseases evaluated

within this section of the questionnaire (depicted in Supporting Infor-

mation Figure 2) were collapsed into a single category (ie, any infectious

disease versus none). We evaluated bladder and ear infections sepa-

rately from other infectious diseases because they were ascertained

within different sections of the questionnaire (urinary/reproductive

conditions and eye, ear, nose, and throat conditions, respectively).

Allergic and autoimmune disorders of interest included skin dis-

ease, vaccine reactions and hypothyroidism. Owing to the likely mis-

classification of skin disease categories using owner reporting, all skin

diseases except mange were collapsed into 1 variable. Previous

reports5 have indicated 10%-50% of TZL cases present with demo-

dectic mange,3,5 leading to an a priori decision to evaluate mange sep-

arately from other skin diseases.

Other inflammatory disorders of interest included dental or oral

disease, eye disease, cardiovascular disease, gastrointestinal disease,

and orthopedic conditions. Uveitis was evaluated separately from

other eye diseases because of the strong genetic component of this

disease.15–17 In addition, orthopedic disease was divided into cruciate

ligament rupture and “degenerative joint disease,” which included

elbow and hip dysplasia, intervertebral disc disease, and osteoarthritis,

because of differences in underlying disease processes.

2.3.2 | Environmental exposures

We hypothesized that environmental exposures may stimulate an

immune response. Average lifetime exposure to rural environments,

parks, lawn chemicals, cigarette smoke, and household chemicals as

well as frequency of swimming in irrigation water, ponds, or canals,

lakes or streams, or the ocean were ascertained as daily, weekly,

monthly, occasionally, or never. To avoid sparse cells, these categories

were collapsed as “frequent” (daily, weekly, monthly exposure) versus

“infrequent” (occasional or null exposure).

2.3.3 | Medications

Certain medications dampen the immune response and therefore

hypothetically could decrease TZL risk. Our main categories of inter-

est included “ever” (versus never) use of antihistamines, nonsteroidal

anti-inflammatory medications, corticosteroids, antibiotics, immuno-

suppressive drugs (eg, cyclosporine, azathioprine), and nonprescription

supplements. Supplementation with omega-3 fatty acids was a

hypothesized protective factor because of their anti-inflammatory

properties.18–21 Thus, use of nonprescription supplements was

divided into omega-3 and “other.”

2.3.4 | Signalment

We evaluated sex and age at spay or neuter, because multiple recent

studies have indicated an association of early spay or neuter and
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lymphoma.22–25 Age at spay or neuter was categorized as female

spayed <1 year of age (used as the reference), female spayed >1 year

of age (or intact), male neutered <1 year of age, and male neutered

>1 year of age (or intact).

2.4 | Statistical analysis

Inclusion criteria were rechecked based on survey results and non-

TZL dogs whose owners indicated they had been diagnosed with lym-

phoma or were <9 years old were excluded. In addition, dogs were

excluded if only the signalment portion of the survey was completed.

If >5% of questionnaires were blank for a given variable, a “missing”

category was created and subsequently used in analyses. If <5% of

questionnaires were blank for a given variable, those observations

were removed from analyses involving those variables. Variables were

summarized as frequency and percent or median and range as

appropriate.

2.4.1 | Evaluation of selection bias

To determine whether systematic differences existed between

database- and clinic-recruited dogs in the TZUS and control groups,

we conducted univariable analyses to assess the association of

recruitment strategy and each variable of interest between (1) TZUS

and (2) controls. Fisher's exact tests were calculated for all variables;

variables significantly associated with recruitment strategy (P < .05)

between both TZUS and controls were noted as potential indicators

of selection bias and thus included in multivariable modeling, as

described below.

Because TZUS versus control status was not known at the time

of enrollment and survey completion, we hypothesized that any bias

in recruitment strategy should affect both TZUS and controls equally.

Therefore, indicators of selection bias were not included in the TZUS

versus control models. We conducted a chi-square test to evaluate

whether an indicator variable for recruitment strategy was associated

with TZUS versus control status.

2.4.2 | Modeling strategy

We implemented a data-driven approach to evaluate variables that

aligned with our hypothesized role of chronic antigen stimulation. Uni-

variable associations for TZL versus control and TZUS versus control

were calculated using logistic regression. We analyzed TZUS as a dis-

tinct group because we hypothesized their exposure levels would

either be (1) similar to controls, under the hypothesis that a genetic

risk exists for the presence of CD45− T cells and chronic antigen

stimulation is needed for progression from TZUS to TZL, or (2) inter-

mediate between controls and TZL, under the hypothesis of a dose-

response relationship for disease progression. Variables were selected

for consideration in the multivariable model if they (1) had significant

univariable association (using P < .25) with non-near-zero variance or

(2) were a potential indicator of selection bias (TZL versus control

analysis only). Variables that met the above criteria were included in a

model and assessed for collinearity using variance decomposition pro-

portions and condition indices26 before performing best subsets

regression (Supporting Information Figure 3). Indicator variables were

created for best subsets regression, and the Score test was used for

subset optimization.27,28 A consensus model then was built using vari-

ables deemed important by best subsets and their required constitu-

ents (ie, if only 1 indicator variable from a multilevel variable was

chosen by best subsets, all categories were included in the consensus

model). Our goal was to choose a consensus model with no more than

1 category per 10 participants in the smallest group (ie, no more than

14 categories/14 degrees of freedom (df ) in a model assessing

140 TZL cases).

The consensus model was considered the “full” model, and vari-

ables were eliminated in a stepwise manner.26 At each step, (1) the

variable with the highest, nonsignificant P-value (>.05) was removed,

(2) confounding was assessed based on a >10% change in OR esti-

mates from the full model, and (3) a likelihood ratio test (LRT) was

used to compare the reduced model to the prior model. This process

was repeated until all variables were significant at P < .05, removal of

a variable changed at least 1 OR by >10%, or the LRT suggested the

prior model performed better than the reduced model.

2.4.3 | Sensitivity analyses

For our final models, we conducted sensitivity analyses to evaluate

the impact of age and non-lymphoma cancers on our results. Age was

restricted to ≥9 years among TZUS and control populations, but youn-

ger TZL cases were enrolled in the study. Thus, we first removed TZL

cases that were<9 years of age and reanalyzed the TZL versus control

final model. Non-lymphoma cancers were highly represented in both

our TZUS and controls because of recruitment from cancer specialty

clinics and a vested interest among owners of dogs with cancer. For

our second sensitivity analysis, we removed all dogs (TZL, TZUS, and

controls) with diagnoses of non-lymphoma cancer and reanalyzed

both the TZL versus control and TZUS versus control models.

This study was conducted with prior approval from the CSU Insti-

tutional Animal Care and Use Committee (Protocol 13-4473A). All

data management and analyses were conducted using SAS 9.4 (Cary,

North Carolina) and R version 3.2.2 was used to calculate near-zero

variance.29

3 | RESULTS

3.1 | Participants

Owners of 805 dogs expressed interest in our study. Of these, 46 did

not meet eligibility criteria (37 had history of or concurrent non-TZL

LPDs, 6 were non-TZL <9 years of age, 3 were not purebred GLDRs),

246 were lost to follow-up (at least 12 dogs died before enrollment

was completed), and 5 owners only completed the signalment portion

of the survey. In total, 508 dogs (140 TZL, 221 TZUS, 147 controls)

were eligible and completed enrollment (both a blood sample and

owner-completed questionnaire). These dogs represented at least

46 states (1 unknown) and Canada (Figure 2). Descriptive statistics for

all variables, stratified by disease status, are shown in Table 1. The

median age of the TZL population was 10 years (range, 7-15), TZUS

11 years (range, 9-18), and controls 10 years (range, 9-15). Approxi-

mately 45% of the population was male, independent of disease sta-

tus. The majority of the study population received multiple preventive
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care treatments, including flea and heartworm preventive medications

(84% and 91% respectively) and regular rabies vaccinations (93%).

3.2 | Evaluation of selection bias

The distribution of most variables did not differ based on recruitment

strategy (Table 1). Only 2 variables differed significantly among both

controls and TZUS (age at spay or neuter and DHPP vaccination fre-

quency) and thus were considered potential markers of selection bias

in our TZL versus control multivariable models. Differences in age at

spay or neuter appeared to be largely driven by a higher proportion of

female database-recruited dogs being spayed after 1 year of age

(>35% among database-recruited dogs versus <20% among clinic-

recruited dogs; P = .01). A higher proportion of information on timing

of spay or neuter was missing among clinic-recruited controls (14%

versus 2% among database-recruited dogs; P = .04). For DHPP vacci-

nation frequency, database-recruited dogs were less likely to be vacci-

nated as directed (62%-63% among database-recruited dogs versus

80-86% among clinic-recruited; P = .02). Database-recruited owners

were anecdotally more likely to use titers to dictate vaccination

(versus a conventional vaccination schedule, as indicated by question-

naire free text options associated with vaccination questions), poten-

tially driving this observed difference.

Once a final TZL versus control model was chosen, we removed

these variables one-by-one to determine if confounding existed.

When DHPP vaccination frequency was removed, ORs for spaying

after 1 year of age, bladder infection or calculi, hypothyroidism, and

gastrointestinal disease changed by >10%. When age at spay or

neuter was removed, ORs for DHPP vaccination frequency, mange,

and hypothyroidism changed by >10%. The LRTs suggested our

chosen final model performed better than the models without DHPP

vaccination frequency (P = .001) or age at spay or neuter (P = .02).

The proportion of TZUS and controls was equal for both recruit-

ment strategies (60% of database-recruited and 61% of clinic-

recruited dogs had TZUS), and the indicator variable for recruitment

strategy was not significantly associated with TZUS versus control

status (chi-square P = .81).

3.3 | Univariable results

Eight variables not suspected to be indicators of selection bias were sig-

nificantly (P < .05) associated with TZL (versus control) (Figure 3).

History of or concurrent mange was associated with increased TZL odds

in the univariable setting (OR, 6.2; 95% CI, 1.8-21.8). Variables associ-

ated with decreased TZL odds included history of or concurrent hypo-

thyroidism (OR, 0.31; 95% CI, 0.13-0.72), receiving nonprescription

supplements (both omega-3 supplements [OR, 0.37; 95% CI, 0.18-0.73]

and “other” supplements [OR, 0.41; 95% CI, 0.24-0.70]), frequent expo-

sure to rural environments (OR, 0.47; 95% CI, 0.29-0.77), and frequent

swimming in irrigation water (OR, 0.27; 95% CI, 0.10-0.76) or lakes/

streams (OR, 0.41; 95% CI, 0.20-0.84). Four variables were significantly

(P < .05) associated with TZUS (versus control). Bladder infection or cal-

culi (OR, 4.5; 95% CI, 1.7-11.8) and eye disease (OR, 2.0; 95% CI,

1.1-3.9) were associated with increased TZUS odds; receiving immuno-

suppressants (OR, 0.16; 95% CI, 0.03-0.78) and frequent exposures to

parks (OR, 0.60; 95% CI, 0.38-0.96) were associated with decreased

TZUS odds.

3.4 | TZL versus control modeling

Variables included in each step of our modeling strategy are shown in

Figure 3. Our full model included 9 variables and 14 df. From there,

our elimination strategy removed frequency of swimming in lakes or

streams, resulting in an 8-variable final model (LRT P = .15).

Our final model identified 2 variables with significantly decreased

TZL odds, including receiving omega-3 supplements (OR, 0.29; 95%

CI, 0.13-0.63) and hypothyroidism (OR, 0.25; 95% CI, 0.10-0.66)

(Figure 4). History of or concurrent mange (OR, 5.5; 95% CI, 1.4-21.1)

was associated with increased TZL odds. Bladder infection or calculi

(OR, 3.5; 95% CI, 0.96-12.7), gastrointestinal disease (OR, 2.4; 95% CI,

0.98-5.8), and eye disease (OR, 2.3; 95% CI, 0.97-5.2) did not reach

statistical significance (P-value between .05 and .10). These generally

were uncommon outcomes (mange: 11% TZL versus 2% controls;

bladder infection or calculi: 7% versus 3%; gastrointestinal disease:

14% versus 8%; eye disease: 15% versus 10%). Two variables were

included in the model as potential indicators of selection bias: timing

of spay or neuter and DHPP vaccination frequency.

FIGURE 2 State of residence for 508 dogs enrolled in the study. Not depicted: 2 dogs from Canada, 1 with unknown zip code of residence, and

2 with invalid zip codes
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TABLE 1 Distribution of variables, stratified by disease status and recruitment strategy

TZL
Controls TZUS

All All Database Clinic All Database Clinic
n (n = 140) (n = 147) (n = 111) (n = 36) (n = 221) (n = 164) (n = 57)

Missinga n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Signalment

Age (years) Median (range) 0 10 (7-15) 10 (9-15) 10 (9-15) 11 (9-15) 11 (9-18) 10 (9-18) 11 (9-15)

Sex Female (versus male) 0 76 (54) 85 (58) 67 (60) 18 (50) 120 (54) 96 (59) 24 (42)*

Age at spay/neuter Female < 1 year 45 (32) 32 (22) 23 (21) 9 (25)* 47 (21) 32 (20) 15 (26)*

Female > 1 year 24 (17) 48 (33) 42 (38) 6 (17) 68 (31) 61 (37) 7 (13)

Male < 1 year 35 (25) 37 (25) 26 (23) 11 (31) 36 (16) 18 (11) 18 (32)

Male > 1 year 22 (16) 23 (16) 18 (16) 5 (14) 61 (28) 47 (29) 14 (25)

Missing 14 (10) 7 (5) 2 (2) 5 (14) 9 (4) 6 (4) 3 (5)

Preventive care

Flea preventives Ever (versus never) 9 116 (84) 121 (83) 92 (84) 29 (83) 180 (83) 135 (84) 45 (82)

Heartworm preventives Ever (versus never) 17 124 (91) 130 (92) 100 (93) 30 (88) 191 (90) 145 (91) 46 (87)

Rabies vaccination As directed (versus not) 4 128 (93) 137 (94) 104 (94) 33 (94) 205 (93) 150 (91) 55 (96)

DHPP vaccination As directed (versus not) 8 119 (88) 100 (68) 70 (63) 30 (86)* 145 (66) 100 (62) 45 (79)*

Bordetella vaccination Frequent (versus not) 80 (57) 70 (48) 52 (47) 18 (50) 113 (51) 78 (48) 35 (61)

Missing 13 (9) 6 (4) 3 (3) 3 (8) 10 (5) 6 (4) 4 (7)

Teeth cleaned Ever (versus never) 3 58 (42) 64 (44) 45 (41) 19 (53) 98 (45) 70 (43) 28 (49)

Infectious diseases

Worms Yes (versus no) 0 17 (12) 16 (11) 12 (11) 4 (11) 28 (13) 24 (15) 4 (7)

Bladder infection or stones Yes (versus no) 0 10 (7) 5 (3) 4 (4) 1 (3) 30 (14) 23 (14) 7 (12)

Mange Yes (versus no) 0 16 (11) 3 (2) 1 (1) 2 (6) 5 (2) 4 (2) 1 (2)

Ear infection Yes (versus no) 1 65 (46) 53 (36) 41 (37) 12 (34) 102 (46) 73 (45) 29 (51)

Other infectious disease Yes (versus no) 0 25 (18) 35 (24) 31 (28) 4 (11)* 52 (24) 41 (25) 11 (19)

Inflammatory disorders

Eye disease Yes (versus no) 1 21 (15) 14 (10) 10 (9) 4 (11) 39 (18) 32 (20) 7 (12)

Uveitis Yes (versus no) 1 7 (5) 7 (5) 3 (3) 4 (11) 10 (5) 7 (4) 3 (5)

Tooth or gum disease Yes (versus no) 17 22 (16) 20 (14) 15 (14) 5 (14) 27 (13) 21 (13) 6 (11)

Gastrointestinal disease Yes (versus no) 0 19 (14) 12 (8) 10 (9) 2 (6) 27 (12) 18 (11) 9 (16)

Cruciate ligament rupture Yes (versus no) 0 8 (6) 7 (5) 5 (5) 2 (6) 9 (4) 5 (3) 4 (7)

Degenerative joint disease Yes (versus no) 0 22 (16) 23 (16) 19 (17) 4 (11) 41 (19) 31 (19) 10 (18)

Non-mange skin disease Yes (versus no) 0 60 (43) 53 (36) 38 (34) 15 (42) 89 (44) 61 (37) 28 (49)

Vaccine reaction Ever (versus never) 2 4 (3) 12 (8) 9 (8) 3 (8) 20 (9) 16 (10) 4 (7)

Other diseases

Hypothyroidism Yes (versus no) 0 8 (6) 24 (16) 22 (20) 2 (6) 40 (18) 33 (20) 7 (12)

Other endocrine disorder Yes (versus no) 0 6 (4) 2 (1) 1 (1) 1 (3) 3 (1) 2 (1) 1 (2)

Cardiovascular disease Yes (versus no) 0 6 (4) 10 (7) 8 (7) 2 (6) 13 (6) 11 (7) 2 (4)

Non-lymphoma cancer Yes (versus no) 0 21 (15) 36 (24) 25 (23) 11 (31) 55 (25) 33 (20) 22 (39)*

Medications

Antihistamines Ever (versus never) 56 (40) 63 (43) 49 (44) 14 (39) 106 (48) 81 (49) 25 (44)

Missing 38 (27) 35 (24) 25 (23) 10 (28) 41 (19) 29 (18) 12 (21)

Anti-inflammatories Ever (versus never) 67 (48) 87 (59) 72 (65) 15 (42)* 126 (57) 94 (57) 32 (56)

Missing 32 (23) 21 (14) 13 (12) 8 (22) 35 (16) 24 (15) 11 (19)

Steroids Ever (versus never) 50 (36) 45 (31) 34 (31) 11 (31) 87 (39) 69 (42) 18 (32)

Missing 40 (29) 38 (26) 28 (25) 10 (28) 44 (20) 31 (19) 13 (23)

Antibiotics Ever (versus never) 103 (74) 118 (80) 94 (85) 24 (67)* 173 (78) 130 (79) 43 (75)

Missing 25 (18) 14 (10) 6 (5) 8 (22) 29 (13) 23 (14) 6 (11)

Immunosuppressants Ever (versus never) 4 (3) 8 (5) 7 (6) 1 (3) 2 (1) 2 (1) 0 (0)

Missing 64 (46) 52 (35) 35 (32) 16 (44) 84 (38) 58 (35) 26 (46)

Omega-3 supplements Yes (versus no) 14 (10) 34 (23) 28 (25) 6 (17) 66 (30) 52 (32) 14 (25)

Missing 30 (21) 28 (19) 21 (19) 7 (19) 32 (14) 22 (13) 10 (18)

(Continues)
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3.5 | TZUS versus control modeling

The 8 variables that passed our screening step for the TZUS versus

control model only accounted for 14 df, so we did not proceed with

best subsets and instead included all variables in the initial full model

(Figure 3). Our elimination strategy removed all variables except

bladder infection or calculi, eye disease, and age at spay or neuter

(Figures 3 and 4). Eye disease was borderline significant (OR, 1.9; 95%

CI, 0.99-3.75), but the model including eye disease performed better

than the model without eye disease (LRT; P = .04). Dogs with history

of or concurrent bladder infection or calculi had significantly increased

TZUS odds (versus control) (OR, 5.1; 95% CI, 1.9-13.7). Bladder infec-

tion or calculi and eye disease were relatively uncommon in TZUS,

present in 14% and 18%, respectively (versus 3% and 10% of con-

trols). The difference in age at spay or neuter for TZUS versus controls

appeared to be driven by males neutered after 1 year of age (versus

females spayed before 1 year) (OR, 2.2; 95% CI, 1.1-4.4).

3.6 | Sensitivity analyses

We removed 20 TZL cases <9 years of age and saw no appreciable

differences in effect estimates or variable significance (Supporting

Information Table 2). Removal of 112 dogs with non-lymphoma can-

cers (21 TZL, 55 TZUS, 36 controls) led to model instability, evidenced

by large confidence intervals (CIs) (Supporting Information Tables 2

and 3). However, effect estimates had a similar magnitude and direc-

tion of association.

4 | DISCUSSION

The etiology of PTCL subtypes is not fully understood, but chronic

antigen stimulation is suspected to play a role in some forms of this

disease. We undertook a large case-control study of TZL and TZUS in

GLDRs to investigate the hypothesis that inflammatory conditions

increase TZL risk. Our study found dogs that received omega-3 sup-

plements, which may decrease inflammation,20,30–32 had decreased

TZL odds. Hypothyroidism, which can arise through autoimmune

mechanisms,33,34 also was associated with decreased TZL odds. Con-

sistent with prior reports,3,5 we found a significant association of

mange and TZL. In our multivariable models, bladder infection or cal-

culi and eye disease had positive associations with both TZL and

TZUS, although P-values were between .05 and .10. We noted a simi-

lar increased TZL odds with borderline significance among dogs with

gastrointestinal disease. No environmental exposures were signifi-

cantly associated with TZL in the multivariable setting.

4.1 | Omega-3 supplements may protect against TZL

The use of omega-3 supplements was associated with decreased TZL

odds. Omega-3 supplementation may have anti-inflammatory and

immunomodulatory effects,20,21,30–32 so it is possible they can miti-

gate the effects of inflammatory diseases. This finding is in agreement

with previous studies suggesting omega-3 supplementation is associ-

ated with a decreased risk of lymphoma in humans35,36 and can delay

onset of T-cell lymphomas in mice.37 If corroborated in future studies,

TABLE 1 (Continued)

TZL
Controls TZUS

All All Database Clinic All Database Clinic
n (n = 140) (n = 147) (n = 111) (n = 36) (n = 221) (n = 164) (n = 57)

Missinga n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Other supplements Yes (versus no) 38 (27) 67 (46) 55 (50) 12 (33) 98 (44) 71 (43) 27 (47)

Missing 30 (21) 28 (19) 21 (19) 7 (19) 32 (14) 22 (13) 10 (18)

Environmental exposures

Lawn exposure Frequent (versus not) 6 56 (41) 72 (49) 57 (51) 15 (43) 108 (50) 83 (52) 25 (44)

Rural environment Frequent (versus not) 46 (33) 72 (49) 59 (53) 13 (36) 109 (49) 85 (52) 24 (42)

Missing 6 (4) 10 (7) 6 (5) 4 (11) 8 (4) 5 (3) 3 (5)

Parks Frequent (versus not) 54 (39) 52 (35) 40 (36) 12 (33) 54 (39) 33 (20) 21 (37)*

Missing 6 (4) 5 (3) 2 (2) 3 (8) 12 (5) 8 (5) 4 (7)

Tick on dog Ever (versus never) 4 77 (55) 93 (64) 72 (65) 21 (58) 133 (61) 98 (60) 35 (63)

Toxins

Lawn chemicals Frequent (versus not) 10 17 (13) 9 (6) 4 (4) 5 (14)* 20 (9) 15 (9) 5 (9)

Cigarette smoke Frequent (versus not) 16 3 (2) 10 (7) 9 (8) 1 (3) 10 (5) 8 (5) 2 (4)

Paints/solvents Frequent (versus not) 19 6 (5) 3 (2) 2 (2) 1 (3) 7 (3) 5 (3) 2 (4)

Swimming

Ocean Frequent (versus not) 4 (3) 1 (1) 1 (1) 0 (0) 6 (3) 4 (3) 2 (4)

Missing 35 (25) 44 (30) 35 (32) 9 (25) 75 (34) 60 (37) 15 (26)

Irrigation water Frequent (versus not) 5 (4) 18 (12) 17 (15) 1 (3)* 23 (10) 16 (10) 7 (12)

Missing 10 (7) 6 (4) 3 (3) 3 (8) 19 (9) 12 (7) 7 (12)

Lakes/streams Frequent (versus not) 12 (9) 27 (19) 24 (22) 3 (8)* 29 (13) 22 (13) 7 (12)

Missing 6 (4) 8 (5) 6 (5) 2 (6) 10 (5) 6 (4) 4 (7)

*p < .05 when comparing database-recruited to clinic-recruited by Fisher's exact test; aFor variables without a missing category.
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this observation suggests an inexpensive preventative strategy that

can be used in high-risk breeds such as GLDRs.2 Omega-3 supple-

ments are already recognized as adjunctive treatments for dogs with

atopic skin disease38,39 and osteoarthritis.40,41 In future studies,

detailed information about omega-3 use, dose, duration of use, and

composition (ie, ratio of eicosapentaenoic acid to docosahexaenoic

acid) would be valuable to determine, because this information was not

available in our data set. Doing so also would aid in the ability to evalu-

ate effect modification of omega-3 use and inflammatory disorders.

4.2 | Variables associated with increased odds of
TZL and TZUS

History of concurrent eye disease or bladder infection or calculi was

associated with increased odds of both TZL and TZUS (Figure 4).

The individual ORs for TZL and TZUS differed slightly, but the CIs had

substantial overlap. The power to detect an association for bladder

infection or calculi and eye disease was diminished because of small

sample sizes, and thus the consistency of these associations for

both TZL and TZUS supports the notion that these are biologically

important associations. Because of our questionnaire design, we were

unable to determine the frequency of urinary tract infections (UTIs)

versus calculi in our data set. Owners may misreport bladder infection

with underlying incontinence or sterile inflammation, limiting the

conclusions we can draw from this finding. Bladder infections, more

generally UTIs, are commonly bacterial in origin.42,43 Bacterial UTIs

are the most common infectious disease of dogs, affecting 14% of

dogs during their lifetime.43,44 Studies have shown asymptomatic bac-

teriuria may be present in 2%-14% of dogs,45,46 which may suggest

that diagnosed UTIs represent underlying chronic inflammation.

FIGURE 3 Flowchart of variables selected based on criteria to be assessed in multivariable modeling, best subsets, and backward selection
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One study47 evaluated UTIs (categorized as cystitis, prostatitis, and

pyelonephritis) as a risk factor for non-Hodgkin's lymphoma (NHL) in

humans and found that prostatitis increased risk of overall NHL but

not T-cell NHL. This may be a novel association for TZL or may reflect

differences in UTI etiology between people and dogs. Although UTIs

are most common in spayed female dogs,48 we believe bladder infec-

tion is an independent risk factor because our multivariable models

adjusted for sex and neuter status. A study evaluating urinary calculi

and cancer risk found an increased standardized incidence ratio for

cancers of hematologic origin but did not specifically evaluate lym-

phoma.49 Urinary calculi can cause inflammation of the urinary tract

and predispose dogs to UTIs, and thus an association with TZL is

plausible based on our hypothesis.

The association of eye disease and TZL appears to be driven

predominately by owner-reported cataracts in both TZL and TZUS.

Cataracts often are an inherited disease but can form as a result of

trauma or secondary to diabetes mellitus.50,51 Because lenticular

sclerosis also causes a cloudy appearance to the eye,50–52 it may be

misreported as cataracts by owners. Because our study relied on

owner-reported diagnoses, we were unable to differentiate true cata-

racts from lenticular sclerosis. Both diseases are common in older dogs

(>9 years),50–52 and the mechanism by which they would influence

TZUS or TZL odds is unclear. To our knowledge, no prior studies have

assessed eye disease as a risk factor for lymphoma.

Because of the retrospective nature of our study design, we can-

not assess the temporality of these associations. We hypothesized

TZUS would either be similar to controls (assuming a genetic predis-

position to developing CD45− T cells) or intermediate between con-

trols and TZL (suggesting a dose-response relationship for progression

from normal to TZUS to TZL). However, the magnitude of the associa-

tions of eye disease and bladder infection or calculi was similar for

TZUS and TZL. It is possible that these variables represent risk for

developing CD45− T cells, whereas other factors mediate disease

progression. Prospective analyses will be key to understanding the

relationship between TZUS and TZL.

4.3 | Variables associated with increased odds for
TZL only

As with prior reports,3,5 we found 11% of TZL cases (n = 16) had a recent

or concurrent diagnosis of mange, compared to 3 controls (2%) and

5 TZUS (2%). Because diagnosis of mange and TZL is often concurrent, it

is unclear whether mange is a risk factor for TZL or whether TZL causes

immunosuppression, making dogs more susceptible to mange. We could

not fully evaluate temporality in our data set because we had wide age

categories that generally overlapped with age at diagnosis. A sensitivity

analysis indicated TZL was significantly associated with diagnoses of

mange at ≥7 years of age (P = .004) but not with diagnoses of mange at

≤6 years of age (P = .41), supporting the belief that TZL-induced immuno-

suppression may precede mange diagnosis. Prospective studies would be

beneficial in elucidating the natural history of TZL and mange.

Gastrointestinal disease had a borderline association with TZL

(P-value between .05 and .10). Gastrointestinal diseases were relatively

evenly split across the specific disease categories (colitis, diarrhea, gas-

tritis). These categories are nonspecific and often interrelated, and thus

reliability of owner reporting may be poor. As with mange, we were

unable to distinguish temporality and it is possible that TZL-induced

immunosuppression could lead to gastrointestinal disease. However,

concurrent diagnosis of TZL and gastrointestinal disease is not a com-

mon finding in our laboratory submissions nor based on prior literature.

Prior studies47,53 have found no association of ulcerative colitis, inflamma-

tory bowel disease, or gastroenteritis with NHL in humans, but the associ-

ation may have been masked by using overall NHL instead of specific

T-cell subtypes. Certain long-term gastrointestinal infections, including

Helicobacter pylori and Campylobacter jejuni, have been associated with

mucosa-associated lymphoid tissue lymphomas in humans,54–56 highlight-

ing the possibility that these may be subtype-specific risk factors.

4.4 | Variables associated with decreased TZL odds

In dogs, hypothyroidism generally is caused by destruction of the thy-

roid gland by either lymphocytic thyroiditis (likely immune-mediated)

Age at spay/ 
neuter 

(versus spayed <1 
year)

Disease 

history 
(yes versus no)

Omega-3 

supplements
(versus never)

Bladder infection or stones

Eye disease 

Mange 

Gastrointestinal disease 

Hypothyroidism

Spayed >1 year 

Neutered >1 year 

Neutered <1 year 

Unknown age

Ever

Unknown

FIGURE 4 Final multivariable modeling results for TZL versus control model and TZUS versus control model. Odds ratios (ORs) and 95%

confidence intervals (CIs) are shown in log scale. Age at spay or neuter and DHPP vaccination frequency were included in the TZL versus control
model as indicators of selection bias, so their ORs are not shown in this figure
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or idiopathic atrophy.34 Overall, the breakdown of these 2 etiologies

is believed to be 1:1, but some research indicates GLDRs may be

more likely to have immune-mediated disease (based on increased

prevalence of autoantibodies to thyroid peroxidase and thyroglobu-

lin).34,57 Unfortunately, autoantibodies are not routinely measured

and we do not know their frequency in the dogs in our study.

Hypothyroidism was associated with decreased TZL odds, which is in

contrast to previous studies that have found that autoimmune disor-

ders increase risk for multiple NHL subtypes in humans, including

PTCL.10,53,58–60 It is plausible that the positive metabolic and growth-

promoting effects of thyroid hormone could play a role in facilitating

CD45− T-cell proliferation. As such, lack of this hormone feasibly

could decrease TZL risk. We were not able to confirm hypothyroidism

diagnosis using the laboratory data in our data set. However, hypothy-

roidism is a common disease in GLDRs and owners in our study

appear prudent about veterinary care, as evidenced by high use of

preventive care measures. Overall, the potential mechanism by which

hypothyroidism may decrease TZL odds is still unclear and may

require future laboratory studies.

4.5 | Variables that may be indicators of
selection bias

The database-recruited owners in our study were highly invested in

GLDR health, and many showed or bred GLDRs or both. It is possible

that this population is not representative of the TZL source population

with respect to exposures of interest, thereby raising the concern of

selection bias. We addressed this concern by conducting stratified

analyses for all variables, and suspected selection bias for variables

with significant differences between recruitment strategies (database

versus clinic) in both TZUS and controls. Using this criteria, DHPP vac-

cination frequency and age at spay or neuter remain potential indica-

tors of selection bias, and we believe controlling for these variables in

our TZL versus control model decreased bias in our effect estimates.

Our clinic-recruited control series may better represent the TZL

source population, but our sample size was too small to use only this

control series for multivariable modeling. However, there was no dif-

ference in DHPP vaccination frequency or percent of females spayed

after 1 year of age between TZL (88% received DHPP as directed,

17% spayed >1 year) and clinic-recruited controls (86% received

DHPP as directed, 17% spayed >1 year).

A potential role of sex hormones in TZL pathogenesis is plausible

based on prior research that indicates late spay or neuter may

decrease the incidence of many diseases, including lymphoma (nonsig-

nificant reduction for females, significant reduction for males).22,23

However, a sex hormone association has not been evaluated for

specific lymphoma subtypes in dogs, and lymphoma research in

humans only has identified a sex predilection for some subtypes.61–64

Future studies may better evaluate subtype-specific sex influences for

lymphoma in dogs.

An association with vaccination status was not considered a

priori. Among database-recruited dogs, we observed increased use

of titers to dictate vaccination schedules, reflected as decreased

vaccination frequency. This may explain why only DHPP vaccination

frequency was associated with TZL, and not rabies vaccination

frequency, which is dictated by state laws, or Bordetella vaccination

frequency, which depends on the dog's lifestyle and likelihood of

exposure.

4.6 | Variables not associated with TZL

Multiple variables that fit our inflammation hypothesis were not asso-

ciated with TZL in our study, including infectious diseases, skin dis-

eases other than mange, and environmental exposures. These

variables had significant associations with TZL in univariable, but not

multivariable, models which could suggest correlation with other vari-

ables, measurement error, or lack of statistical power. Alternatively,

these variables may not be involved in TZL pathogenesis. Prior

research has found inconsistent evidence for associations of eczema,

atopic dermatitis, hay fever, and allergy with NHL and PTCL in

humans,10,65,66 and thus it is unclear whether they have an etiologic

role or not. Future investigations into these variables may be war-

ranted because we cannot confidently differentiate measurement

error from a lack of biologic significance in our study.

4.7 | Strengths and limitations

Prior epidemiologic studies of PTCL have been limited by small sample

sizes, requiring researchers to consider PTCL as a whole instead of

evaluating subtype-specific risk factors. Our study considers only

1 PTCL subtype among a relatively genetically homogeneous popula-

tion, enhancing our ability to detect risk factors. In addition, we used a

comprehensive questionnaire to evaluate disease history and environ-

mental exposures, allowing us to assess a greater scope of risk factors

than prior studies. To our knowledge, ours is the largest study asses-

sing subtype-specific risk factors for lymphoma in dogs.

Another strength of our study is the ability to rule out LPD in the

control population using flow cytometric screening, thereby minimiz-

ing misclassification of disease status. It is still possible that our

control dogs will develop TZL later in life, but we have minimized that

likelihood by selecting older dogs and ruling out current disease.

Because TZUS have not been described previously, there are no clear

diagnostic criteria for this group. We chose a systematic flow cyto-

metric cut point to minimize the number of TZUS in the control group,

thereby maximizing specificity.

Measurement error is a concern with self-reported question-

naires, especially because we asked owners to recall exposures and

disease histories over the course of their dog's lifetime. Because the

questionnaire was long and comprehensive and owners did not know

our exposures of interest, we believe it is unlikely that there was

extreme over-(or under-) reporting of our exposures of interest.

However, measurement error likely arose through the collapsing of

variables because of (1) sparseness of data and (2) our hypothesis that

owners were unable to distinguish among certain diseases. In both

these circumstances, collapsing variables resulted in an inability to

evaluate distinct disease mechanisms individually, which likely attenu-

ated effect estimates. Collapsing also limited incorporation of age at

diagnosis in our analysis of health history variables, restricting tempo-

rality assessment. However, our study has provided a valuable foun-

dation to inform further investigation into TZL pathogenesis. Future
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studies may be able to obtain larger sample sizes and more detailed

information, including veterinarian-confirmed diagnoses for the vari-

ables suggested to be important in our study.

5 | CONCLUSIONS

Overall, our study contributes to the body of evidence that chronic

immune stimulation may be important in TZL pathogenesis. Our find-

ings raise the possibility that dampening inflammation using omega-3

supplements may help prevent TZL. We also identified hypothyroid-

ism as a potential protective factor, but the mechanism of this rela-

tionship is unclear.

The ability to identify TZUS poses a unique opportunity to evalu-

ate factors involved in progression from TZUS to TZL. Although we

cannot directly evaluate TZL pathogenesis in our study, we can gain

insights from our results. We identified risk factors unique to TZL

(mange and gastrointestinal disease). Although the temporality of

these associations is not clear, they may reflect likelihood of progres-

sion from TZUS to TZL. We also identified factors that may be associ-

ated with likelihood of developing CD45− T cells (TZUS), including

eye disease and bladder infection or calculi. Prospective studies that

obtain detailed health and exposure histories throughout a dog's life

will be paramount in furthering our understanding of the natural his-

tory of TZL.
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