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1 | INTRODUCTION

Abstract

Background: Antemortem definitive diagnosis of lymphoma in horses is often difficult.
Thymidine kinase 1 (TK1) assay is a potentially useful biomarker for lymphoma in horses.
Hypothesis/objectives: To report the clinical performance of a commercially available
TK1 assay for diagnosis of lymphoma in horses. We hypothesized that there would be
no association between serum TK1 activity and a diagnosis of lymphoma in horses.
Animals: Forty-two hospitalized horses, 14 with a definitive diagnosis of lymphoma,
4 with other neoplasia, and 24 with inflammatory disease.

Methods: Retrospective medical record review, groups were compared via Kruskal-
Wallis and Mann-Whitney tests, and logistic regression was performed.

Results: Median (range) TK1 was 3 U/L (0.4-17.7 U/L) in horses with lymphoma and
3.9 U/L (0.8-94 U/L) in horses without lymphoma (P = .59). There was no significant
difference in total protein between horses with and without lymphoma (6.6 g/dL
[5.5-8.3 g/dL] vs 6.6 g/dL [4.7-10.4 g/dL]; P = .83). There was no significant differ-
ence in fibrinogen between horses with and without lymphoma (447 [100-1364]
mg/dL vs 433 [291-2004] mg/dL; P = .47). On logistic regression, serum TK1 activity
was not associated with a diagnosis of lymphoma (odds ratio, 0.97; 95% confidence
interval, 0.9-1.05, P = .48).

Conclusion and Clinical Importance: Serum TK1 values were not predictive of lym-
phoma diagnosis in this cohort of horses.
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fever, lymphadenopathy, weight loss, colic, ventral or peripheral edema,

cutaneous lesions, diarrhea, and/or inappetence.? Antemortem diagnosis

Lymphoma is a common malignant neoplasia in horses, with a reported of equine lymphoma often remains a diagnostic challenge for clinicians.
prevalence as high as 14% in some cohorts.* Common clinical signs asso- Because of the invasive nature of obtaining biopsies to confirm a diagno-
ciated with lymphoma in horses are vague and variable and can include sis of lymphoma, an accurate serum biomarker would be an attractive

Abbreviation: TK1, thymidine kinase 1.

alternative. An assay for such a biomarker, thymidine kinase 1 (TK1), has

been validated for use in horses.®
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Thymidine kinase 1 is a cytosolic enzyme involved in pyrimidine
salvage during DNA synthesis.* Thymidine kinase 1 is upregulated
during rapid cell proliferation and serum activity of this enzyme corre-
lates with levels of cell proliferation within neoplasms. Increased
serum TK1 activity is seen associated with leakage of the enzyme
from dying cells during replication and increased activity of TK1 is
associated with hematologic neoplasia in humans.>® Serum TK1 activ-
ity is used as a marker of lymphoma in dogs and cats.*”® The use of
TK1 has expanded in other species, including monitoring progression
of disease and remission in dogs, cats, and humans.”*? Serum TK1
activity in horses can be transiently elevated with inflammatory condi-
tions and is consistently elevated in horses with lymphoma.®> How-
ever, despite its clinical utility in other species, as well as the recent
study suggesting its use in horses, our clinical impression has been
that TK1 is not a clinically useful marker for lymphoma in horses.
Therefore, the objective of this study was to report the results of a
commercially available thymidine kinase assay in a cohort of hospital-
ized horses in which lymphoma was suspected or diagnosed. We
hypothesized that there would be no association between serum TK1

activity and a diagnosis of lymphoma in horses.

2 | MATERIALS AND METHODS

21 | Datacollection

Cases were identified by search of electronic medical records from 2017
to 2020 at the George D Widener Hospital for Large Animals at the Uni-
versity of Pennsylvania's New Bolton Center. Case inclusion criteria con-
sisted of (a) horses >6 months of age with (b) serum thymidine kinase
assay (VDI Labs, Simi Valley, California) and (c) cytologic or histologic diag-
nosis of lymphoma attempted, and/or necropsy results (where applicable).
Additional information gathered from medical record review included sig-
nalment, presenting complaint, total protein, fibrinogen, diagnostics per-
formed (biopsy, cytology, and/or necropsy), if lymphoma was identified,
and any other neoplasia or underlying disease that was identified in the
course of hospitalization. If lymphoma was identified, the tumor location
and cell type was characterized as previously described.? Horses were
dichotomized as either lymphoma (based on histopathologic diagnosis) or
as not lymphoma (based on a final diagnosis obtained and lack of confir-

mation of lymphoma on histopathologic or cytologic analysis).

2.2 | Laboratory and clinical methods

Whole blood was collected from the jugular vein of all horses to evaluate
serum TK1 activity. The serum was collected, frozen, and shipped for sub-
sequent analysis by a commercially available TK1 assay (Veterinary Diag-
nostics Institute, Simi Valley, California). The LIASION TK assay (DiaSorin,
Stillwater, Minnesota) is an indirect, modified 2 step, competitive chemilu-
minescence immunoassay for the quantitative determination of serum
TK1, which has been validated for use in monitoring lymphoma in dogs as

a nonradiometric assay.2*3* The laboratory reference range reports that

aresult >3.3 U/L is consistent with a diagnosis of lymphoma, while evalu-
ation of a radioimmunoassay method in horses found a result of >2.7 U/L
to be consistent with a diagnosis of lymphoma.® Plasma fibrinogen con-
centrations were evaluated via immunoturbidometric assay by an auto-
mated analyzer (ACL Elite, Instrumentation Laboratory, Bedford,
Massachusetts). Total protein was assessed by automated serum bio-
chemistry analyzer (VITROS 350 Chemistry System, Ortho Clinical Diag-

nostics, Buckinghamshire, England).

2.3 | Statistical methods

Statistical analysis was performed using standard statistical software
(Stata 15.1MP, StataCorp, College Station, Texas; WIinSAAM, University
of Pennsylvania, Kennett Square, Pennsylvania). Data were assessed for
normality using the Shapiro-Wilk test for normality. Descriptive analyses
included computation of medians and ranges of continuous variables and
tabulation of categorical variables.

A Wilcoxon rank-sum (Mann-Whitney U) test was performed to
test for difference between horses diagnosed with lymphoma, and
those that were not. Kruskal-Wallis test was performed to compare
the groups of horses diagnosed with lymphoma, other neoplasia, or
inflammatory diagnosis. Univariate logistic regression was performed
to evaluate for an association of serum TK1 with a diagnosis of lym-
phoma. A P-value of <.05 was set as the criterion for statistical

significance.

3 | RESULTS

Forty-two horses met the inclusion criteria, with a median age of
13 years (range, 1-28 years). There were 13 mares, 23 geldings, and
6 stallions. A diverse set of breeds were represented in this sample
including: Warmbloods (12), Thoroughbreds (10), Standardbreds (6),
Quarter Horses (2), American Miniature Horses (3), Arabians (2), Pony
(2), Connemara (1), Norwegian Fjord (1), Morgan (1), Missouri Fox
Trotter (1), and Draft cross (1). The most common presenting com-
plaints were colic (9), weight loss (9), and fever (7). Of the 42 horses in
this sample, 14 horses were diagnosed with lymphoma antemortem
either via biopsy (8 horses) or at postmortem examination (6 horses).
These horses were further categorized via tumor location and cell line
based on previously reported description: multicentric (2), alimentary
(2), cutaneous (3), mediastinal (2), central nervous system (2), ocular
(1), and splenic (1).2 One horse in the lymphoma group had chronic
lymphocytic leukemia. The remaining 28 horses were further charac-
terized into 2 additional groups based on their final diagnosis: inflam-
matory (24) or other neoplasia (4). Postmortem examinations were
performed and used for final diagnosis in 8/24 horses with inflamma-
tory conditions and 4/4 horses with other neoplasia. Inflammatory
conditions included: lymphoplasmacytic duodenitis and/or colitis (5),
gastritis (3), gastric ulcers (2), enteritis (2), hepatitis (2), hepatic abscess
and peritonitis (1), neutrophilic duodenitis (1), splenomegaly and fever

of undetermined etiology (1), cellulitis (1), tenosynovitis (1), equine
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TABLE 1 Median (range) thymidine
kinase 1 (TK1), total protein, and
fibrinogen concentrations in 42
hospitalized horses with a final diagnosis
of lymphoma, other neoplasia,
inflammatory conditions, or
noninflammatory conditions

TK1 (U/L)
Total protein (g/dL)
Fibrinogen (mg/dL)

odontoclastic tooth resorption and hypercementosis (1), enteric sal-
monellosis (1), eosinophilic enteritis (1), pulmonary fibrosis (1), and
endocarditis (1). Other neoplasia included: metastatic squamous cell
carcinoma (2), rhabdomyosarcoma (1), and pheochromocytoma (1).

The highest value of TK1 (94 U/L) was obtained from a horse that
had a pheochromocytoma (other neoplasia). Other markedly elevated
values included a horse with massive splenomegaly which was accompa-
nied by a febrile illness, though unfortunately at post mortem, a definitive
diagnosis was not identified (52.4 U/L); a horse with mediastinal lym-
phoma (17.7 U/L); and a horse with chronic active hepatitis (10.9 U/L).

Table 1 summarizes TK1 activity and fibrinogen and total protein
concentrations by final diagnosis. No significant differences were
identified for any values between groups. There was no significant dif-
ference in TK1 between groups (median [range]: 3.0 U/L [0.4-17.7 U/L]
vs 3.9 U/L [0.8-94 U/L] vs 3.9 U/L [0.9-52.4 U/L], P = .87). There was
no significant difference in total protein (median [range]: 6.6 g/dL
[5.5-83 g/dL] vs 7.5g/dL [6.5-7.7 g/dL] vs 6.5 g/dL [4.7-10.4 g/dL],
P = .45) or fibrinogen (median [range]: 447 mg/dL [100-1364 mg/dL] vs
745 mg/dL [650-841 mg/dL] vs 388 mg/dL [291-2004 mg/dL], P = .33)
between groups.

Table 2 summarizes TK1 activity and fibrinogen and total protein
concentrations for horses with and without a final diagnosis of lymphoma.
There were no significant differences in TK1 between horses diagnosed
with lymphoma and those without lymphoma (median [range]: 3.0 U/L
[0.4-17.7 U/L] vs 3.9 U/L [0.8-94 U/L], P = .59). There were no signifi-
cant differences in total protein (median [range]: 6.6 g/dL [5.5-8.3 g/dL]
vs 6.6 g/dL [4.7-10.4 g/dL], P = .83) or fibrinogen (median [range]:
447 mg/dL [100-1364 mg/dL] vs 433 mg/dL [291-2004 mg/dL], P = .47)
between horses with and without lymphoma.

Table 3 summarizes TK1 activity and fibrinogen and total protein
concentrations for horses with and without a final diagnosis of any neo-
plasia. There were no significant differences in TK1 between horses diag-
nosed with neoplasia and those without neoplasia (median [range]:
3.0 U/L [0.4-94 U/L] vs 3.9 U/L [0.9-52.4 U/L], P = .69). There were no
significant differences in total protein (median [range]: 6.6 g/dL
[5.5-8.3 g/dL] vs 6.5 g/dL [4.7-10.4 g/dL], P = .6) or fibrinogen (median
[range]: 473 mg/dL [100-1364 mg/dL] vs 388 mg/dL [291-2004 mg/dL],
P = 1.0) between horses with and without any neoplasia.

Univariate logistic regression revealed no association between
serum TK1 activity and a final diagnosis of lymphoma (odds ratio,
0.97; 95% confidence interval [CI], 0.9-1.05, P = .48). Figure 1 shows
the receiver operating characteristic curve for diagnosis of lymphoma,
with an area under the curve of 0.551. Additionally, there was no
association between serum TK1 activity and a final diagnosis of any
neoplasia (odds ratio 1.01; 95% Cl: 0.97-1.06, P = .51).

Ve

Inflammatory (n = 24)
3.9 (0.9-52.4)

6.5 (4.7-10.4)

388 (291-2004)

Other neoplasia (n = 4)
3.9 (0.8-94)
7.5(6.5-7.7)

745 (650-841)

Lymphoma (n = 14)
3(0.4-17.7)
6.6 (5.5-8.3)
447 (100-1364)

TABLE 2 Median (range) thymidine kinase 1 (TK1), total protein,
and fibrinogen concentrations in 42 hospitalized horses with a final
diagnosis of lymphoma (n = 14) or no lymphoma (n = 28)

Lymphoma Not Lymphoma
(n=14) (n = 28)
TK1 (U/L) 3.0(0.4-17.7) 3.9 (0.8-94)
Total Protein (g/dL) 6.6 (5.5-8.3) 6.6 (4.7-10.4)

Fibrinogen (mg/dL) 447 (100-1364) 433 (291-2004)

TABLE 3 Median (range) thymidine kinase 1 (TK1), total protein,
and fibrinogen concentrations in 42 hospitalized horses with a final
diagnosis of any neoplasia (n = 18) or no neoplasia (n = 24)

Any neoplasia No neoplasia
(n=18) (n =24)
TK1 (U/L) 3(0.4-94) 3.9 (0.9-52.4)
Total Protein (g/dL) 6.6 (5.5-8.3) 6.5 (4.7-10.4)

Fibrinogen (mg/dL) 473 (100-1364) 388 (291-2004)

1.00
1

0.75
1

Sensitivity
0.50
1

0.25
1

AUC =0.551

0.00
1

O.ISO
1 - Specificity

FIGURE 1 Receiver operating characteristic (ROC) curve for
diagnosis of lymphoma using a commercially available serum
thymidine kinase 1 assay in 42 hospitalized horses. AUC, area under
the curve

4 | DISCUSSION

In this retrospective evaluation of 42 hospitalized horses, there was
no association between serum TK1 activity and a diagnosis of lym-
phoma. This is in contrast to the results previously reported in horses,

dogs, and cats. 101>
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The horses within our sample diagnosed with other neoplasia had a
similar median serum TK1 when compared to those diagnosed with
lymphoma. This could be owed to the non-specific nature of the cyto-
solic enzyme which is not limited to hematopoietic cells. This is evident
in hepatocellular damage in viral hepatitis, where death of hepatocytes
can spill TK1 into the circulation.® Two horses with hepatitis in our
study had TK1 values of 7.0 U/L and 10.9 U/L, while a third horse with
a hepatic abscess had a TK1 of 6.9 U/L. Given the non-specific nature
of the enzyme, it has been utilized in humans in 15 types of malignan-
cies, both solid tumors and hematopoietic.*? Within our sample, no sig-
nificant difference was found between horses diagnosed with any form
of neoplasia and those who did not, despite a variety of tumor types
being represented in the sample. In contrast, dogs with leukemia and
lymphoma showed marked increases in TK1 activity, when compared to
dogs with inflammatory disease, healthy controls, and those in remis-
sion.r” However, in another study, dogs diagnosed with B-cell lym-
phoma did have higher TK1 activity than those with T-cell lymphoma.*°
The most common immunophenotype identified in horses is T-cell rich
large B-cell lymphoma, as demonstrated in previous reports of equine
lymphoma.21”*® Given this variation between immunophenotypes in
canines, it could be that this specific immunophenotype in horses does
not reliably cause elevations in serum TK1 activity. Therefore, another
immunophenotype or neoplasm could cause more reliable elevations in
TK1 activity in horses. However, it is difficult to support that assertion
from our sample, as only 2 immunophenotypes were reported: 1 T-cell
rich large B-cell and 1 B-cell lymphoma.

Another possible explanation for the lack of association in our
sample is a lack of understanding of the temporal trends of TK1 in
horses with lymphoma. In contrast, serum TK1 has been utilized as a
diagnostic in human oncology since the 1980s, and therefore this
value has been well-established throughout the course of disease,
even preceding the diagnosis of neoplasia. In humans, TK1 elevation
is associated with numerous comorbidities such as obesity, fatty liver,
and pre-cancerous lesions. Patients within this cohort also had a 3- to
5-fold risk of developing cancer in the subsequent 6 years.?? It is
therefore reasonable that horses without a histopathologic diagnosis
of lymphoma that displayed elevated TK1 in our sample could repre-
sent a pre-cancerous group. However, because our sample represents
horses at a single time point, this precludes the recognition of trends
over time. It also should be noted that several horses within our sam-
ple had cutaneous topography, which in dogs have been noted to
have less marked TK1 activity.’® Some equine lymphoma subtypes
might have a more indolent course, leading to inherently lower
serum TK1.

Because of the retrospective nature of this study, the study was lim-
ited by small sample size, the information available within the medical
record, lack of a validated assay, and a lack of follow-up. The lack of vali-
dation of the TK1 assay used in this study presents a major limitation.
The commercially available TK1 assay used in this study (chemilumines-
cence immunoassay) is a different method from the method previously
evaluated in horses (radio enzyme immunoassay).® In a previous study in
dogs, the chemiluminescence assay had good correlation with the radio-

immunoassay, but similar validation has not been performed in horses.**

Further research comparing the 2 methods in horses is warranted. The
horses reflected in the study cohort likely represent selection bias, as the
TK1 assay was submitted by clinicians based on a clinical indication or
suspicion of lymphoma, and no normal horses were included in this study.
It is possible that prior treatment could affect TK1 results, although none
of the horses diagnosed with lymphoma in this study were treated before
diagnosis, therefore reflecting naive disease. Further limitations include
the lack of concurrent diagnostics that could impede a definitive diagnosis
in horses. Perhaps most relevantly, 11 horses in this study had only duo-
denal biopsies in conjunction with their serum TK1 activity. Seven of
these horses were determined to have a histopathological abnormality
with various cellular infiltrates: lymphoplasmacytic duodenitis (5), neutro-
philic (1), and eosinophilic (1). While this is certainly a reasonable clinical
diagnostic tool, it is possible that some horses were wrongly attributed to
other groups (ie, inflammatory). While data do not exist regarding the sen-
sitivity of endoscopic biopsy in diagnosis of lymphoma in horses, a recent
study examined the accuracy of full thickness biopsies when compared
with endoscopic biopsies in cats with alimentary tract lymphoma.?° A dif-
ference existed between the 2 techniques, where endoscopic biopsy was
unable to definitively diagnose cats with intestinal lymphoma when com-
pared to full thickness biopsies. However, when gastric neoplasia was the
definitive diagnosis, endoscopic biopsies and full thickness biopsies were
equally successful in reaching that conclusion. This speaks to the difficulty
of obtaining a histopathological diagnosis in diffuse gastrointestinal lym-
phoma in small animal species, without resorting to more invasive biopsy
techniques. This is amplified in large animal species where it has been
reported that even despite exhaustive attempts to obtain an ante-
mortem diagnosis of lymphoma, 62% could only reach the diagno-
sis of intestinal lymphoma at postmortem.?* While the availability
of diagnostics has improved since the publication of that study,
the clinical experience in the pursuit of a diagnosis of lymphoma in
horses is still difficult for clinicians. In conclusion, this study
showed no association between a diagnosis of lymphoma and

serum TK1 activity in a sample of 42 hospitalized horses.
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