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Protein kinase A, a cyclic adenosine monophosphate (AMP)-dependent enzyme, normally exists

within mammalian cells; however, in cancer cells, it can leak out and be found in the serum.

Extracellular cyclic AMP-dependent protein kinase A (ECPKA) has been determined to increase

in the serum of cancer-bearing dogs. However, there have been no reports in the veterinary lit-

erature on serum ECPKA autoantibody (ECPKA-Ab) expression in dogs with cancer. The aim of

this study was to evaluate ECPKA-Ab and C-reactive protein (CRP) as serum biomarkers for can-

cer in dogs. ECPKA-Ab and CRP levels were detected by an enzyme-linked immunosorbent

assay in serum samples from dogs with malignant tumours (n = 167), benign tumours (n = 42),

or non-tumour disease (n = 155) and from healthy control dogs (n = 123). ECPKA-Ab and CRP

levels were significantly higher in the dogs with malignant tumours than in those with benign

tumours or non-tumour diseases, as well as in the healthy controls (P < 0.001, Kruskal-Wallis

test). There was a significant positive correlation between the neoplastic index, which was

developed using ECPKA-Ab and CRP levels, and the presence of cancer in dogs (P < 0.001); the

area under the receiver-operating characteristic curve was estimated to be >0.85 (P < 0.001). In

conclusion, ECPKA-Ab is a potential serum biomarker for a broad spectrum of cancers. Com-

bined measurement of CRP and ECPKA-Ab levels in serum improves the sensitivity and accu-

racy of a diagnosis of cancer in dogs.
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1 | INTRODUCTION

An early cancer diagnosis is important not only in humans1,2 but also

in companion animals,3 and can lead to better quality of life and lon-

gevity by allowing early and appropriate treatment.1,2 However, most

cancers in dogs are detected by imaging or histopathology when it is

too late to treat them.

Protein kinase A (PKA) is a cyclic adenosine monophosphate

(AMP)-dependent enzyme that participates in the proliferation, differ-

entiation, metabolism and apoptosis of cells in mammals.4 PKA can

leak out of cancer cells; when this occurs, it is known as extracellular

cyclic AMP-dependent protein kinase A (ECPKA).5 ECPKA has been

found to be higher in serum samples from human patients with cancer

than in those from individuals without cancer, suggesting its potential

as a powerful diagnostic marker of cancer in humans.5–8 In a previous

study, we demonstrated a significant elevation in ECPKA levels in

serum samples from dogs with cancer and suggested that ECPKA

could be an important candidate diagnostic biomarker of canine malig-

nancy.9 However, although ECPKA is a powerful predictor of canine

cancer, it is a fragile enzyme in certain situations. For example, it has

only 20% activity after two freeze-thaw cycles.6 Therefore, detection

of ECPKA autoantibodies (ECPKA-Ab) in serum has been investigated

for many years in human medicine, and it has been demonstrated that

an elevated serum ECPKA-Ab level has better diagnostic value for

cancer than ECPKA alone.10 However, as of yet, there have been no

reports in the veterinary literature on serum ECPKA-Ab expression in

dogs with cancer. Therefore, we have been interested in whether the

serum ECPKA-Ab level could be a stable and accurate diagnostic bio-

marker of cancer in dogs.

C-reactive protein (CRP) is well known to be secreted in the acute

phase of inflammation and is also a marker of cancer.11,12 CRP levels

have been shown to be significantly higher in human patients with

colorectal, lung, prostate and breast cancers than in controls.13–16

Various hypotheses have been put forward to explain why inflamma-

tion is a risk factor for cancer and why it occurs when cancer pro-

gresses.16 Several veterinary oncology researchers have suggested

that elevation of serum CRP is not necessarily diagnostic of cancer in

dogs,17,18 even though CRP expression has been found to be higher in

dogs with malignancy than in those without the disease and to indi-

cate the stage of cancer progression.19,20 However, Selting

et al. demonstrated that the serum thymidine kinase 1 activity and

CRP levels in the serum of dogs with cancer have high diagnostic

value as markers of canine malignancy.21–23 They showed that the

thymidine kinase 1 activity was high in dogs with hemangiosarcoma

and other malignant canine tumours and that a combination of thymi-

dine kinase 1 activity and CRP expression levels had increased the

diagnostic accuracy for detection of cancer. Therefore, CRP might be

used as an adjunct to other serum biomarkers to improve our ability

to diagnose cancer in dogs.

The objectives of this study were to evaluate the diagnostic sig-

nificance of ECPKA-Ab in canine malignancy and to determine if com-

bined measurement of CRP and ECPKA-Ab levels in serum improves

diagnostic accuracy for detection of cancer in dogs.

2 | MATERIALS AND METHODS

2.1 | Animals and samples

Four hundred and eighty-seven privately owned dogs (123 control

dogs with no known disease, 42 with benign tumours, 167 with malig-

nant tumours, and 155 with non-tumour disease) were included in the

study. Serum samples were provided by Seoul National University Vet-

erinary Medical Teaching Hospital and several local animal clinics in the

Republic of Korea. All of the dogs included in this study underwent a

physical examination; blood examination including complete blood

counts, serum biochemical profiles and electrolytes; and diagnostic

imaging such as abdominal sonography, radiography (thoracic and

abdominal) and an optional echocardiogram or computed tomography.

Malignant tumours were diagnosed by cytology or/and histopathology.

One hundred and twenty-three controls with no known disease visited

the animal clinic for neutralization or regular checkup and were con-

firmed to have no abnormalities based on medical examination. All

experiments were approved by and followed the policies and regula-

tions of the Laboratory Animals Institutional Animal Care and Use

Committee (SNU-180130-2; Seoul National University, Seoul, Korea).

2.2 | ECPKA autoantibody ELISA

The presence and level of ECPKA-Ab in canine serum samples were

assessed by enzyme-linked immunosorbent assay (ELISA). First,

100 μL of canine serum samples diluted 500-fold in reagent diluent

were added to 96-well ELISA plates pre-coated with canine PKA Cα

and incubated for 1 hour at room temperature. The plates were then

incubated further with anti-dog immunoglobulin G:horseradish peroxi-

dase antibodies for 1 hour at room temperature in a dark room. Next,

the plates were developed with 3,30,5,50-tetramethylbenzidine sub-

strate solution for 15 minutes at room temperature. The reaction was

stopped with 50 μL of stop solution. Absorbance was determined at

450 nm using a scanning multi-well spectrophotometer (Molecular

Devices, Sunnyvale, California).

2.3 | Canine CRP ELISA

The serum CRP concentration was assessed using a canine CRP ELISA

kit (Abcam, Cambridge, UK) following the manufacturer's instructions.

Briefly, 100 μL of canine serum samples diluted in reagent diluent were

added to 96-well ELISA plates pre-coated with anti-canine CRP anti-

bodies and incubated for 10 minutes at room temperature. After wash-

ing, 100 μL of the enzyme-antibody conjugate was added to the plates,

followed by incubation for 10 minutes at room temperature in the dark.

The plates were then developed with 3,30 ,5,50-tetramethylbenzidine sub-

strate solution for 5 minutes at room temperature, and the reaction was

stopped with 100 μL of stop solution. Absorbance was determined at

450 nm with a scanning multi-well spectrophotometer (molecular

devices).

2.4 | Statistical analysis

The data were tested for normality using the Shapiro-Wilk test. Dif-

ferences between more than two groups were analysed using one-
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way ANOVA, and the differences between two groups were analysed

using the t-test, all of which were in parametric distribution. The Bon-

ferroni test was used as post-hoc analysis after the one-way ANOVA

test. Differences between more than two groups were analysed using

the Kruskal-Wallis test and differences between two groups were

analysed using the Mann-Whitney test—all in non-parametric distribu-

tion. Dunn's multiple comparisons test was used as post-hoc analysis

after Kruskal-Wallis test. A neoplastic index (NI) was developed by

binary logistic regression based on the ECPKA-Ab and CRP levels. The

statistical program, SPSS for Windows version 23 (IBM Corp.,

Armonk, New York), was used to create a multivariable equation using

ECPKA-Ab and CRP as the individual variables and the NI as the

result. The cut-off value for discrimination between the two groups

was estimated by analysing the receiver-operating characteristic

(ROC) curve. All graphs are presented as box and whisker plots. All

the data are shown as the median and range obtained in at least three

independent experiments. The statistical analyses were performed

using SPSS and GraphPad Prism version 7 (GraphPad Software, Inc.,

La Jolla, California). A P-value of <0.05 was considered statistically

significant.

3 | RESULTS

We tested serum samples from 167 dogs with a diagnosis of cancer

and 320 dogs without a diagnosis of cancer, including those that were

considered to be healthy or with a benign tumour or non-tumour dis-

ease. The signalment data are summarized in Table 1. The median age

of the total study population was 10.00 (range: 0.25-18.00) years and

the main breeds were Maltese (n = 95) and Shih-tzu (n = 71). The

cancers were categorized according to the cell of origin—carcinoma,

sarcoma, haematopoietic lymphoreticular or neuroendocrine. The final

diagnoses in the group of dogs with cancer (n = 167) are shown in

Table 2. The cancer group included 98 dogs with carcinoma (malignant

mammary gland tumour [MMGT], transitional cell carcinoma [TCC],

hepatocellular carcinoma [HCC], pulmonary adenocarcinoma [PAC]),

33 with sarcoma (melanoma [Mel], hemangiosarcoma [HSA] and soft

tissue sarcoma), 35 with haematopoietic/lymphoreticular disease

(lymphoma and leukaemia), and one with a neuroendocrine tumour

(pheochromocytoma). The three dogs with leukaemia had either

chronic lymphocytic leukaemia (n = 2) or acute megakaryocytic leu-

kaemia (n = 1). The diseases in the 155 dogs in the non-tumour group

are categorized according to organ system in Table 3. The most com-

mon diseases were cardiovascular (n = 42) and urologic (n = 30).

The serum ECPKA-Ab level was analysed by ELISA (Figure 1). The

median ECPKA-Ab levels in the cancer, benign tumour, non-tumour

disease, and healthy control groups were 6540.0 (range:

1665-31 900) ng/mM, 3995.0 (range: 1875-8870) ng/mL, 3695.0

(range: 890-11 900) ng/mL, and 3717.6 (range: 1455-7153) ng/mL,

respectively. The median ECPKA-Ab level in the cancer group was sig-

nificantly higher than the levels in the benign tumour, non-tumour dis-

ease and healthy groups (all P < 0.0001, Kruskal-Wallis test). The

median ECPKA-Ab levels in the dogs with carcinoma, sarcoma and

TABLE 1 Signalment data for dogs included in the present study

Normal Non-tumour diseases Benign tumour Malignant tumour

n 123 155 42 167

Median age (range) 3.00 (0.25-16.00) 10.92 (0.25-18.00) 10.46 (0.50-16.70) 13.00 (0.59-18.00)

Sex (n) CM (25), F (47), M (29),
SF (22)

CM (67), F (18), M (9), SF (61) CM (18), F (11), M (1),
SF (12)

CM (64), F(24), M (3),
SF (76)

Breed (n) Beagle (60), Miniature
poodle (15), Maltese (10),
Pomeranian (7), Bichon
Frise (5), other (26)

Maltese (46), Shih-tzu (19),
Miniature poodle (17),
Mongrel (12), Miniature
schnauzer (11), Cocker
spaniel (10), Yorkshire
terrier (10), other (30)

Cocker spaniel (10),
Maltese (8), Shih-tzu
(4), Miniature Poodle
(4), other (16)

Shih-tzu (47), Maltese (29),
Cocker Spaniel (25),
Mongrel (12) Yorkshire
terrier (11), other (43)

Abbreviations: CM, castrated male; F, female; M, male; SF, spayed female.

TABLE 2 Types of cancer and numbers of affected dogs

Type of cancer (cell
origin) Cancer (n) Total (n)

Carcinoma (epithelial) Malignant MGT (29), TCC
(19), HCC (9), pulmonary
adenocarcinoma (6), RCC
(4), adenocarcinoma of the
prostate (4), ASAC (3), SCC
(3), other (21)

98

Sarcoma (mesenchymal) Hemangiosarcoma (9),
melanoma (9), soft tissue
sarcoma (4), other (10)

33

Haematopoietic or
lymphoreticular

Lymphoma (28),
leukaemia (3), other (4)

35

Neuroendocrine Pheochromocytoma (1) 1

Abbreviations: ASAC, anal sac adenocarcinoma; HCC, hepatic cellular car-
cinoma; MGT, mammary gland tumour; RCC, renal cell carcinoma; SCC,
squamous cell carcinoma;TCC, transitional cell carcinoma.

TABLE 3 Disease types and numbers of dogs with non-tumour

diseases in the present study

Types of non-tumour disease n

Cardiovascular 42

Urologic 30

Gastrointestinal 25

Immune-mediated 25

Neurologic 21

Endocrine 20

Hepatobiliary 13

Dermatologic 12

Infectious 9

Musculoskeletal 7

Respiratory 5
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FIGURE 1 Enzyme-linked immunosorbent assay data for the ECPKA autoantibody, CRP and NI values in each study group. A, ECPKA-Ab levels

in the cancer, benign tumour, non-tumour disease and healthy study groups. B, ECPKA-Ab levels in the different cancer subgroups, including
carcinoma, sarcoma, haematopoietic/lymphoreticular disease and the subcategories therein. C, CRP levels in the cancer, benign tumour, non-
tumour disease, and healthy study groups. D, CRP levels in the different cancer subgroups, including carcinoma, sarcoma, haematopoietic/
lymphoreticular disease and the subcategories therein. E, The NI value in the cancer, benign tumour, non-tumour disease and healthy study
groups. (F) the NI value in the different cancer subgroups, including carcinoma, sarcoma, haematopoietic/lymphoreticular disease and the
subcategories therein. All graphs are shown as box and whisker plots. Each box includes the interquartile range; the line within each box

represents the median and the whiskers represent the range, extending to a maximum of 1.5 times the interquartile range. Ab, antibodies; Car,
carcinoma; CRP, C-reactive protein; ECPKA, extracellular cyclic AMP-dependent protein kinase; HCC, hepatocellular carcinoma; Hema,
haematopoietic/lymphoreticular; HSA, hemangiosarcoma; Lym, lymphoma; Mel, malignant melanoma; MMGT, malignant mammary gland tumour;
NI, neoplastic index; Sar, sarcoma; TCC, transitional cell carcinoma
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haematopoietic/lymphoreticular disease were 6910 (range

2040-31 900) ng/mL, 6165 (range 2720-30 460) ng/mL, and 6690

(range 1665-19 820), respectively, and the level in the dog with the

neuroendocrine tumour was 6440 ng/mL. Higher median ECPKA-Ab

levels were detected in the dogs with diagnoses of MMGT (7270 ng/mL),

lymphoma (6418 ng/mL), HCC (8275) ng/mL, TCC (6310 ng/mL), HSA

(5820 ng/mL), PAC (6258 ng/mL), and Mel (6100 ng/mL).Dog breed

did not appear to have a significant effect on the ECPKA-Ab level in

dogs with or without cancer (P = 0.621 and P = 0.204, respectively).

There was no significant difference between male and female dogs in

both the cancer and non-cancer groups (P = 0.557 and P = 0.624,

respectively). To analyse the effect of neutralization, ECPKA-Ab levels

were compared in both castrated and non-castrated male dogs and in

both spayed and non-spayed female dogs, respectively. In the dogs

with cancer, there was no significant difference between spayed and

non-spayed female dogs in terms of ECPKA-Ab levels (P = 0.08); the

number of male dogs in the cancer group was too small to analyse the

effect of castration. In the non-cancer dogs, there was no difference

between spayed and non-spayed female dogs (P = 0.128) or between

the castrated and non-castrated male dogs (P = 0.778) in terms of

ECPKA-Ab levels.

The CRP levels in the canine serum samples were analysed by

ELISA (Figure 1). The median CRP levels in the cancer, benign tumour,

non-tumour disease, and healthy groups were 12.64 (range: 0.5-348)

mg/L, 4.61 (range: 1.1-178.8) mg/L, 3.47 (range: 0-170.4) mg/L and

2.3 (range: 0.27-18.03) mg/L, respectively. The CRP level in the can-

cer group was significantly higher than the levels in the benign

tumour, non-tumour disease and healthy groups (all P < 0.0001,

Kruskal-Wallis test). The median CRP levels in the carcinoma, sarcoma

and haematopoietic/lymphoreticular disease subgroups were 11.57

(range: 0.52-313.3) mg/L, 27.56 (range: 1-348) mg/L, and 11.9 (range:

0.5-243) mg/L, respectively; the CRP level in the dog with the neuro-

endocrine tumour was 0.9 mg/L. Higher CRP levels were detected in

the dogs with diagnoses of MMGT (18.45 mg/L), lymphoma

(13.24 mg/L), HCC (26.85 mg/L), TCC (3.68 mg/L), HSA (15.91 mg/L),

PAC (8.69 mg/L), and Mel (28 mg/L).

The NI derived from the ECPKA-Ab and CRP levels is shown in

Figure 1E, F. The NI was higher in the cancer group than in the benign

tumour, non-tumour disease and healthy study groups (all P < 0.001,

Kruskal-Wallis test). The subcategories in the cancer group had signifi-

cantly high NI values (Figure 1F).

A ROC analysis was then performed to evaluate the value of

ECPKA-Ab and NI as diagnostic biomarkers of cancer when all dogs in

the study population were classified according to whether they did or

did not have cancer (Figure 2). The non-cancer group included the

benign tumour, non-tumour disease and healthy study groups. Both

the ECPKA-Ab level and the NI value were significantly higher in the

cancer group (both P < 0.001, Mann-Whitney U-test). The area under

the receiver-operating characteristic curve (AUROC) was 0.86 for the

ECPKA-Ab level and 0.89 for the NI value. The diagnostic accuracy of

the combination of ECPKA-Ab and NI is shown in Table 4.

To determine whether the ECPKA-Ab level or NI increases in cer-

tain diseases, the values for these parameters were analysed by type

of disease (Figure 3); there was no significant difference in either of

FIGURE 2 Differences in the ECPKA-Ab level and NI value between dogs with and without a diagnosis of cancer. A, ECPKA-Ab levels. B, NI

levels. C, Receiver-operating characteristic curve for ECPKA-Ab and NI. All error bars represented in this figure are shown as median with
interquartile range. Ab, antibodies; ECPKA, extracellular cyclic AMP-dependent protein kinase; NI, neoplastic index

TABLE 4 Diagnostic ability of ECPKA-ab and neoplastic index

ECPKA-ab NI

AUROC 0.86 0.89

95% cl 0.82-0.90 0.85-0.92

P-value <0.0001 <0.0001

Sensitivity 80.84 82.93

Specificity 79.38 80.88

Accuracy 79.88 81.57

PPV 67.16 69.04

NPV 88.81 90.21

Abbreviations: AUROC, area under the receiver-operating characteristic
curve; ECPKA-Ab, extracellular cyclic AMP-dependent protein kinase
autoantibodies; NI, neoplastic index; NPV, negative predictive value; PPV,
positive predictive value.
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these values between any of the disease groups and the healthy group

(Kruskal-Wallis test with Dunn's multiple comparisons test,

P = 0.1395).

4 | DISCUSSION

The purpose of this study was to determine the presence and level of

ECPKA-Ab in canine serum and to evaluate the value of ECPKA-Ab as

a biomarker of canine cancer. ECPKA-Ab were detected in canine

serum and at higher levels in the cancer group than in the non-cancer

group. The CRP level was also increased in the cancer group, and the

NI, developed by regression analysis of both ECPKA-Ab and CRP, had

a higher AUROC than ECPKA-Ab alone when both NI and ECPKA-Ab

had an AUROC >0.85.

The finding of a significantly higher serum ECPKA-Ab level in

dogs with cancer in our present study (Figures 1 and 2) is consistent

with our previous findings in dogs.9 Moreover, when the cancers were

classified, as shown in Table 2, the ECPKA-Ab level was found to be

increased regardless of the cell of origin (Figure 1B) and was signifi-

cantly higher in the cancer group than in the healthy group; this find-

ing has also been reported in human patients.24 There are many other

studies in the human literature that report the ECPKA-Ab level is

increased in patients with various types of cancer.25–27 Therefore, the

ECPKA autoantibody is regarded as a universal cancer biomarker.27

Whereas other specific biomarkers can detect only one specific type

of cancer, for example, prostate-specific antigen for prostate cancer

and α-fetoprotein for liver cancer,27 ECPKA-Ab can be used to detect

various types of malignancies. Furthermore, based on our findings, it

may be possible for ECPKA-Ab to be used as a screening marker for

occult cancer, considering that cancer in most dogs progresses sub-

clinically and frequently goes undetected using conventional blood

tests. It is ideal for the screening biomarker used to diagnose occulting

cancer to have a high sensitivity >90%, but considering that most dogs

with cancer are diagnosed at the late stages—when clinical symptoms

have begun to manifest—this marker could be a clinically meaningful

biomarker. Additionally, the ECPKA-Ab level can be used to help pre-

dict the risk of malignancy in dogs with masses already detected by

physical examination or imaging, as this level is not increased in the

serum of dogs with benign tumours (Figure 1). Biopsy is the standard

procedure for confirming whether a mass is cancerous or benign,

however, it has several limitations in clinical use, including issues with

anaesthesia, haemorrhage in coagulopathy, and accessibility. Cytology

is a simple diagnostic method that is used clinically, and although it

has a high specificity, the sensitivity is low. Therefore, ECPKA-Ab

levels can provide additional information to determine whether the

mass is malignant or benign.

In the present study, we did not compare the ECPKA and ECPKA-

Ab levels within the same samples, so it was not possible to compare

the diagnostic accuracy of ECPKA with that of ECPKA-Ab. However,

given the findings of studies in humans,10,24 the diagnostic accuracy

of ECPKA-Ab would be expected to be better than that of ECPKA in

dogs. The diagnostic accuracy achieved using autoantibodies of sev-

eral biomarkers of cancer, for example, α-fetoprotein (liver cancer)

and CA125 (ovarian cancer), has been compared with that of the

biomarkers alone in the detection of cancer.24 The presence of

ECPKA-Ab in human serum has been confirmed, and its usefulness in

the diagnosis of human cancer has been suggested.24–26

In the present study, the NI had a higher AUROC and higher sen-

sitivity, specificity, and accuracy than ECPKA-Ab alone (Figure 2,

Table 4), indicating that ECPKA-Ab is a more powerful biomarker of

cancer when combined with CRP. This result is very similar to the

findings for thymidine kinase 1 activity reported by Selting et al.21,22

In their studies, thymidine kinase 1 activity was used as a serum bio-

marker of cancer in dogs, and its diagnostic accuracy was improved

when used with CRP. As in other studies that have demonstrated an

increased CRP level in dogs with cancer,17,18 we found a significantly

higher CRP level in dogs with cancer than in those without cancer

FIGURE 3 Distribution of ECPKA-Ab and NI when the diseases were classified according to organ system. A scatter plot of other disease group

and healthy group was shown in case of A, ECPKA-Ab levels and B, NI value. The data are shown as the mean and SD. The number of dogs are
shown as footnotes. Ab, antibodies; CV, cardiovascular; Der, dermatologic; ECPKA, extracellular cyclic AMP-dependent protein kinase; Endo,
endocrine; FP, false positive; GI, gastrointestinal; HB, hepatobiliary; immune, immune-mediated; Inf, infectious; Neu, neurologic; NI, neoplastic
index; Res, respiratory; SM, skeletomuscular; Uro, urologic [Colour figure can be viewed at wileyonlinelibrary.com]
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(Figure 1(C) (D)). However, because CRP shows a nonspecific increase

in various situations, including inflammation,18 it could not be used as

a sole biomarker for cancer. Although elevated CRP is not in itself a

biomarker of cancer, it may serve as a co-factor to increase the diag-

nostic accuracy of other biomarkers in detecting cancer.

The AUROC of both ECPKA-Ab and NI were 0.86 and 0.89,

respectively. At the best cut-off point, which is determined as the

point where the sum of sensitivity and specificity is highest (at the

same time, when sensitivity is greater than specificity), positive predic-

tive value (PPV) was rather low in both ECPKA-Ab and NI (Table 4).

Although positive and negative predictive values (NPV) are change-

able by included data, these markers have a relatively low PPV and a

high NPV. This result is based on setting the cut-off point to where

the sensitivity is high. These predictive values suggest that ECPKA-Ab

and NI could be used as a rule-in biomarker, but not a rule-out bio-

marker. Similarly, bladder tumour antigen (BTA), a urine biomarker for

transitional cell carcinoma (TCC), has a higher sensitivity (85-90%) and

a much lower specificity (35-94.4%)28,29; therefore, it can rule-in TCC,

but not rule-out TCC. The low specificity of BTA results in the inability

to distinguish bladder cancer from bacterial cystitis or haemorrhagic

cystitis.28,29 On the other hand, the TK1 activity test and B-raf proto-

oncogene serine/threonine kinase gene mutation test have high speci-

ficities and low sensitivities, suggesting that it can be used to confirm

malignant tumours.21–23,30 A high sensitivity test is suitable as a

screening tool, and depending on the result, additional tests may be

needed to confirm the diagnosis. High-specificity tests can confirm

cancer, but they cannot diagnose cancer if the result is negative.

To determine whether a specific variable other than cancer could

lead to a high ECPKA-Ab level in canine serum, we analysed the effect

of sex, castration stratus, breed and type of non-tumour disease. We

found no significant effect of sex, castration status, or breed in this

study. However, only a few breeds and a small number of dogs per

breed were included in this investigation; thus, it is possible that

another result could be obtained in a different study sample with dif-

ferent breeds. Furthermore, there was no significant variation in the

ECPKA-Ab level according to type of disease in the non-tumour dis-

ease group (Figure 3). However, the spectrum of disease included in

this patient group was not necessarily representative, so the ECPKA-

Ab level should be further investigated in various diseases. In particu-

lar, immune-mediated diseases that result from self-perpetuating B-

cells and autoantibodies31 need to be studied in more detail to assess

their potential effect on the ECPKA-Ab level. Moreover, the main

immune-mediated disease in the present study was atopic dermatitis

with lesser numbers of patients with immune-mediated haemolytic

anaemia or thrombocytopenia. Studies that include larger numbers of

patients with these and other autoimmune diseases are needed.

The causes of false-negative canine cases, that is, dogs with can-

cer and low ECPKA-Ab levels, also need to be investigated. ECPKA-

Ab consists mainly of immunoglobulin G, which has antibody-forming

ability in the body and could affect the ECPKA-Ab level. It is pre-

sumed that if a dog with cancer is immunosuppressed, its ability to

form antibodies would decrease and the ECPKA-Ab level would be

low. Furthermore, follow-up investigations are required to confirm the

relationship between occult cancer and survival. Additional studies are

also needed to determine whether the ECPKA-Ab level and the NI

value can be used for therapeutic monitoring.

In summary, we have shown that the ECPKA-Ab level and the NI

value are meaningful serum biomarkers of canine cancer. In the pre-

sent study, dogs with cancer had higher ECPKA-Ab levels than those

without cancer and a combination of the ECPKA-Ab and CRP levels

had increased the diagnostic accuracy for detecting cancer. Therefore,

this combination of biomarkers may help to improve the efficacy of

cancer treatment by increasing the diagnosis rate—even in dogs with

cancer that appear clinically healthy.
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